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FOREWORD

It is a pleasure to write a Foreword for the second edition
of Professor Raj’s great book on interventional pain man-
agement. This world-renowned leader in pain treatment
has again assembled a superb group of editors and con-
tributors to create the definitive, authoritative text on in-
terventional techniques for the management of acute and
chronic pain. The book is profusely illustrated and is
aimed at teaching physicians how to safely and effectively
carry out the procedures that can be useful for pain man-
agement. Each chapter is written by an internationally
recognized expert. This book is not a source of evidence-
based medical studies; rather, it is a compendium of inter-
ventional strategies that have been found to be useful in
properly selected patients.

Pain management began with the efforts of John J.
Bonica, M.D. in the post-World War II era. He was able to
launch pain research and management from his position as
Professor and Chairman at the University of Washington and
was the primary force behind the formation of IASP in 1975.
As the field grew, many others earned leadership positions,
but few achieved the successes of Prithvi Raj. His many pub-
lications reveal the importance of his work, and this book is
the climax of those efforts. His friends and colleagues have all
been willing contributors to his great efforts.

There are many approaches to the management of the
patient with chronic or acute pain: pharmacologic, psycho-
logical, interventional, alternative medical, to name the
most common. Each of these ways of treating patients has
its advantages and disadvantages; patient selection is a criti-
cal part of deciding which strategies to employ for the pa-
tient’s benefit. Knowing how to carry out a treatment strat-
egy is also critically important, and that is the facet of pain
management that this book addresses. There are numerous
developments in our ability to image the human body dur-
ing interventional procedures. These include ultrasound,
fluoroscopy, CT scanning and the injection of agents that
can be visualized on imaging studies. These advances are the
cornerstone of this treatise on interventions for pain relief.

Professor Raj has devoted his career to the education
and training of interventional pain specialists and this book
is a glorious monument to his life-long educational efforts.

JOHN D. LOESER, M.D.
SEATTLE, WASHINGTON

Interventional Pain Management: Image-Guided Procedures
is a remarkable publication completed by one of the
marvelous minds of medicine in the modern world,
Phulchand Prithvi Raj, M.D., fondly known to the world
as Dr. Raj. Needless to say, it was both an honor and a
privilege to be asked to write the Foreword to this seminal
work, a textbook that I believe will be an essential, prized
guide for all interventional pain physicians, irrespective of
their specialties and countries of origin. Interventional
pain management is a new specialty with its own identity
and definition dating back to 2003. However, interven-
tional pain management is not new to Dr. Raj. Since the
1970s, along with Drs. John Bonica, Gabor Racz, and
Nikolai Bogduk, he has nurtured and raised interventional
pain management to an energetic emerging specialty.

The first edition of Dr. Raj’s book was published in
2002 to fulfill a clearly felt need. The need derived from a
desire to raise standards, and to provide easy-to-follow
materials. Through the years, Dr. Raj has shown us his
remarkable ability to blend cutting edge clinical care with
incredible common sense and creativity. In this atlas, Raj
and others purposely supply the readers with a text that is
designed to provide direct, simple instructions for those
who desire to perform modern interventional pain man-
agement. The book is clearly arranged with up-to-date
details, basic science, clinical relevance and radiographic
figures, with appropriate conclusions.

The book is arranged in multiple sections for discrimi-
nate and interested readers detailing imaging, radiation
safety, drugs, and a multitude of spinal and non-spinal in-
terventional techniques. The book is the single-best source
for interventional pain management physicians, and in my
personal opinion, should be owned by each and every inter-
ventional pain physician, who must read and re-read this
book in order to understand and practice interventional
pain management. Each topic is arranged in a manner
that is easy to understand and in an easy-to-follow format
beginning with history, followed by anatomy, indications,
contraindications, and descriptions of required equipment,
drugs, preparation of the patient and procedural details.
Further, each topic also describes complications and
efficacy with appropriate and up-to-date references. One
should have a copy of this book in the office, at home, and
in the operating room for ready reference.

vii
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It would be impossible for one to practice modern
interventional pain management without thinking of
Dr. Raj. In his long career, he has tirelessly and diligently
provided tools for physicians across the world to use in
practicing interventional pain management. I met Dr. Raj
as a first-year resident in 1977, while he was demonstrat-
ing the technical aspects of caudal epidural injections in
San Francisco, California at an annual meeting of the In-
ternational Anesthesia Research Society. It was quite a
memorable event, meeting such a distinctive personality
in the specialty who was also so kind, considerate and in-
formative. No one can claim that Dr. Raj does not have
original ideas. He is the author of the first comprehensive
understandable textbook in pain management that has
been followed by many other publications. He has guided
literally hundreds of thousands of physicians, both di-
rectly and indirectly, to practice kind, comprehensive,
modern interventional pain management over the years.
Many of the developments we enjoy in interventional pain
management today, including Comprehensive Compe-
tency Certification in Interventional Pain Management
worldwide, are due to the dedication, unbelievable hard
work, and the compassion of Dr. Raj. Needless to say,
with delight and exuberance I credit most of my career
developments to Dr. Raj, who has helped me with publi-
cations, research, and inspired me to start the American
Society of Interventional Pain Physicians. I am very proud
to let you know, those of you who do not know, that
Dr. Raj received the first Lifetime Achievement Award
presented by the American Society of Interventional Pain
Physicians, as a small token of gratitude for his dedication
to the specialty and what he has given to us which we can
pass on to future generations.

Thanks to this book and the hard work and founda-
tion laid out by Dr. Raj, the subspecialty of interven-
tional pain management has developed from three
epidurals in a recovery room, to a subspecialty and hope-
fully to a full-fledged specialty in the near future. This
book brings many specialties together, discounting the
dissenting voices of turf protection, dispelling the myths
that one specialty can do it better than the other, and
proving the necessity for the integrated practice of inter-
ventional pain management. Finally, this is a book that
guides the reader in detail through the use of imaging to
accomplish interventional pain management techniques.
Dr. Raj, his coeditors and authors have provided us with
hundreds of years of combined experience in this com-
prehensive encyclopedia. It was an honor for me to
review a number of chapters, and I found them to be
so well done, detailed, and clear, that a novice practitio-
ner may feel like they can do any procedure. However,
this book is not only for novices but also for well-
experienced clinicians to be refreshed on techniques and
to be exposed to varying perspectives.

Dr. Raj and his co-editors have produced a significant
and comprehensive treatise on interventional pain manage-
ment. After reading and reviewing advanced manuscripts

submitted for this book, I know that Dr. Raj and his co-
editors have succeeded in all their aims. Of course, it takes
much more than a single book to provide complete knowl-
edge and technical expertise required for the practice of
interventional pain management, but this book lays out es-
sential and valid foundation of knowledge. I congratulate
Dr. Raj and all of those involved in the new edition of this
seminal textbook, one that I believe will be a required,
prized possession of all interventional pain physicians, ir-
respective of their specialty.

LAXMAIAH MANCHIKANTI, M.D., FIPP, ABIPP
PADUCAH, KENTUCKY

The book that you are about to read will certainly become
the “bible” of interventional pain management techniques.
The editors have succeeded in gathering a first class faculty
around them, and they have done an excellent job. The
result is a book in clear language, explaining the state-of-
the-art of the various techniques for invasive pain treat-
ment. A word of congratulation for the editors and for the
faculty is in order.

The book has filled me with amazement about the
rapid growth of invasive pain treatment. I started treating
pain in 1972, and it was a very different world at that time.
I vividly remember attending a meeting of the English
Pain Society. There must have been an attendance of
around 15 doctors, constituting almost the complete mem-
bership of the society. It was necessary to travel over the
world to pick up techniques and wisdom, and often one
came back poorer but not wiser.

I think that the Tsars of that period should be men-
tioned before they pass into oblivion, because we all have
so much to thank them for, and they would all have loved
to read this book. I shall do that in random order and with-
out pretending completeness. There was Samson Lipton in
Liverpool. Sam brought the percutaneous cordotomy from
USA to England, and within a few years he had more expe-
rience with it than anyone in the world. He must have
taught the technique to hundreds of doctors. They must all
remember his wit and his charming personality.

My close friend Mark Mehta, from Norwich, was
more interested in spinal pain and he left a great im-
pression on his numerous visitors. John Lloyd, from
Oxford, invented cryotherapy. A visit to Guido Moricca
in Rome was an unforgettable experience. He injected
alcohol into the hypophysis in cancer patients with
widespread metastases. He was a great and courageous
man. I am proud to have been awarded the prize that
carries his name.

All these legendary men had one thing in common.
They were always willing to receive visitors, to teach and
to share their knowledge. They offered their time freely,
without ever requesting an honorarium, because they real-
ized how important the spread of knowledge is. This
resulted in a tightly knit small community, where many
personal friendships were born.
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In the USA there was less activity. Whatever there
was, was focal and mostly in the hands of neurosurgeons.
There is nothing against that, but the fertile interdisciplin-
ary exchange was more a European affair. Needless to say
Prof. William Sweet played a prominent role, and we have
to thank Norman Shealy for his inventive mind, introduc-
ing both radiofrequency treatment for spinal pain and
epidural stimulation.

This is all about the seventies, and in retrospect the
harvest of that period was modest, despite many individual
efforts. At the end radiofrequency was only practiced by a
handful of doctors, who were regarded as eccentrics by
their colleagues. Epidural stimulation was still in its in-
fancy. Possibly the lack of proper instrumentation was a
decisive factor. Untl 1980 the only electrode that was
available for spinal work was the formidable Shealy elec-
trode. As an example, the technique that was proposed by
Uematsu to treat radicular pain in 1974 would have met a
better fate if more advanced equipment would have been
used.

The big boom only came after 1980. In 25 years inva-
sive pain treatment evolved from the Middle Ages to
where we are now. That may rightly be called an explosive
growth. The question is now if these 25 years have led us
on the right path. If you read this book, everything is fine
and dandy. A diagnosis is made, if necessary we confirm it
with a diagnostic block, we then do a logical treatment that
we are fully justified to do because evidence based medi-
cine tells us so. But is it really that simple?

I think that there are two viewpoints from which to
look at invasive pain treatment. The first one is the simple
one. We follow the steps as indicated above. The patient
gets better, the insurance company pays the bill and every-
body is happy. Is that good or is it not? Yes, of course it is.
Many patients tell us that we have literally given them
their life back and we can only be content that invasive
pain treatment has grown so fast that a majority of patients
can find a competent doctor not too far away.

But practicing invasive pain treatment as we do is like
playing music on an old violin. The music is beautiful and
we love finding new tunes to play, but we have no idea
what makes the instrument produce such a wonderful
tone. By the time that we feel that we need something new,
we have no idea how to produce a new instrument, and
progress is halted. From the second viewpoint therefore
we are not only interested in the result, we also want to
know what our motivation is and by what mechanism our
procedure works.

Now life is no longer a rose garden. Let’s start with our
motivation. The thing that we don’t realize in everyday
medical praxis life is that our appreciation of a procedure is
not governed by strict logic, it is part of a subtle system.
The procedure must of course be generally accepted, not
only in the medical world but also by the general public,
who finds it a logical and understandable thing to do. In-
surance companies pay for it, it is well within your technical
capabilities. There is the factor of habitation. You’ve been

used to doing this for years, and you have been using the
vocabulary for years. We may even make up new words,
because a good term gives substance and standing to a pro-
cedure or an idea. For example, some doctors search for
instability following a spinal fusion, and when they don’t
find it and yet the patient hurts when he moves, they name
it micro instability. The condition would be meaningless
without the term. Then there is the industry, they don’t sit
still. Every now and then they send somebody to make you
feel good and to brush up the image of the procedure.

Once this whole machinery has been set in motion it
is almost impossible to stop, even if there comes a slight
spot on the image. As an example, look at the root sleeve
injections that are done by radiologists for patients with a
herniated disc. Let me make it clear that I have the highest
regards for radiologists and that I enjoy doing procedures
under CT regularly. It is my contention however that this
particular procedure must not be done under CT monitor-
ing because with that type of monitoring there is no way
to detect a partially intravascular injection. More than a
few people have become hemiplegic because of this prac-
tice, but since the incidence is low and because the ma-
chinery is alive and kicking it is business as usual, until
predictably the next complication will occur.

Another example is what happens around IDET. A
number of patients have now acquired a cauda equina
syndrome. Here is another low incidence but serious com-
plication that is inherent to the method. If you burn seri-
ously so close to the spinal canal, you can just wait for the
next disaster. The chance that it will happen to you in a
lifetime is minimal, so nobody thinks about stopping the
machine. Ironically I just read in a journal a meta-analysis,
stating that the procedure was very safe with a complica-
tion rate of just 0.8%. Just to remind you to stay alert
while you are reading. It may be a good exercise to imagine
yourself as being one of the victims. This will bring you to
the conclusion that you must not be caught in automa-
tisms, and that the primum nil nocere must prevail always.
Now let’s turn to mechanisms. Hopefully it is superfluous
to remind you that evidence based medicine ignores
mechanisms. If tomorrow somebody publishes a random-
ized controlled trial showing that eating a cucumber a day
prevents Alzheimer’s disease, then insurance companies
will instantly provide free cucumbers to anyone over 60.
No questions asked.

The largest part of this book is taken up by three types
of procedures: ablation, neuromodulation and steroid in-
jections. For brevity, let me deal with the last item first.
Steroid injections usually have a short lasting effect and
they are dangerous. If injected intravascularly close to the
spine, they may cause paraplegia, brain stem infarction and
death. Long-term use may cause severe osteoporosis. The
injection of steroids should therefore only be used as a last
resort. Unfortunately steroid injections are an overused
procedure, because the machinery around it is very much
alive. It is my private opinion that we should collectively
be ashamed.
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Ablation is a procedure that appeals to the public
opinion. If you tell a patient that you are going to burn the
nerve that caused him his misery he relishes. But you did
not tell the whole story, because in fact the situation is
more complicated. The classic example of ablation is of
course the destruction of the medial branch for facet pain,
which is a form of nociceptive pain. Certainly burning the
medial branch has a measure of success, be it for a limited
period, and one may wonder why.

Success of an ablative procedure is a rare bird. I don’t
need to remind you that all the neurosurgical ablative pro-
cedures that were initiated during the seventies have with-
out exception ended in failure, and in many instances in an
exacerbation of pain. Cutting a nerve has never been a
solution and finding the reason for that is not so difficult.
If the archetype of chronic nociceptive pain, the myofas-
cial trigger point, is injected with a local anesthetic solu-
tion, the pain goes away. If you now inject nalorphin, while
the local anesthetic is still active, the pain returns. That
means that in case of chronic pain there is a center in the
dorsal horn or further up, that is able to fire spontaneously
and to maintain the pain. It is only kept silent during the
duration of action of the local anesthetic (or possibly
shorter than that) by complex supraspinal mechanisms.
This however is an acute situation, mediated by the sudden
loss of peripheral input. In the chronic situation there is
nothing to prevent firing of the dorsal horn focus.

Why does this not happen after burning the medial
branch? We don’t really know. The denervated area may
be too small to cause trouble, or - more likely - the dener-

vation may be incomplete despite the latest fashion of
making large burns. If one looks at the innervation of the
joint, complete denervation seems a tall order, not count-
ing the capability of nature to restore what has been dam-
aged. So, in summary, it works, but boasting that we have
bravely denervated a joint is probably a bridge too far.

As for neuromodulation, despite many efforts the
mechanism is stll unclear. There is a chapter in this
book about brain stimulation, and the author, Ricardo
Ruiz-Lopez, is true to his character as I know him. He
frankly states that we do implant electrodes in the brain
but we don’t know how it works.

The mode of action of pulsed radiofrequency is not
clear either. Eric Cosman’s new theory, that pulsed radio-
frequency may cause Long Term Depression of the first
synapse is a work of art, but it does not explain the delay
in clinical improvement of a few weeks that we so often
see. There must be another, possibly additional mecha-
nism that is presently unknown.

So in summary, our music sounds reasonably well, and
there are many tunes as you can read, but we make a very
poor show of understanding our violin. We’re playing in
the concert hall now, but we cannot go on interminably
this way. If we do, we’ll end up being street fiddlers.

After reading all this, do you feel just a little uncom-
fortable? Excellent! You should, to be a responsible inter-
ventionist. Enjoy the book!

MENNO E. SLUUTER, M.D., PH.D., FIPP
NOTTWIL, SWITZERLAND



PREFACE

It has been six years since the publication of the first
edition of Radiographic Imaging for Regional Anesthesia and
Pain Management. It was conceived to fill a void for a
“how-to” manual for medical practitioners who wanted to
develop their careers as interventional pain physicians. By
all accounts the book was a success in that regard; however,
several experts in interventional techniques noted that
some procedures were not covered and that the book was
geared more toward anesthesiologists than other medical
specialists who practice interventional pain management.

We took all of our reader feedback into account when
drafting the outline of the second edition. The table of
contents was completely revised to include all the proce-
dures relevant to the modern practice of interventional
pain management. The coverage of regional anesthesia
procedures for surgery was minimized and coverage of
procedures for chronic pain management, such as catheter
placement for various nerve blocks, was expanded. This
book should be useful not only to anesthesiologists but to
all those who practice neurosurgery, neurology, physical
medicine and rehabilitation, orthopedics and interven-
tional radiology who wish to include interventional pain
techniques in their armamentarium of services.

The book contains 37 chapters, divided into a general
section, a topographical section of common interventional
procedures by body region, an advanced interventional
procedure section, and an emerging techniques section.
Although the general format of chapters remains un-
changed from the first edition, the content of each chapter
is either brand new or completely rewritten. Many chapters

have benefited from expert illustrations by medical artist
Meadow Green.

Presently, there is still a disparity between education
and training of pain physicians around the world. To help
standardize teaching and practice, experts in interventional
pain procedures affiliated with the World Institute of Pain
regularly conduct cadaver workshops in the United States
and Europe. We also hope that this second edition will
help set appropriate universal guidelines, based on best
evidence and clinical experience, that can be followed and
periodically reviewed.

The World Institute of Pain’s Section of Pain Practice
conducts an examination in Interventional Pain Proce-
dures and certifies the successful candidate as a Fellow of
Interventional Pain Practice (FIPP). The WIP Board of
Examinations has endorsed this book as appropriate read-
ing material for the theoretical and practical exam. We
also hope that pain fellowship programs will make this
book a part of their curriculum for interventional pain
procedures.

During the writing and editing of this book one of
our esteemed editors, Professor David Niv, passed away
unexpectedly. His passing is an enormous loss to everyone
involved in this project as Dr. Niv was a tremendous clini-
cian, scientist, teacher and innovator. He will be missed by
colleagues who worked with him, but more importantly by
the patients he treated. With a heavy heart we mourn his
loss with his family.

THE EDITORS
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HISTORY

Radiology began with the discovery of x-rays by William
Conrad Roentgen in 1895, but it was not long after that
the discovery of harmful effects was published. The first
report of harmful physical effects was made in the British
Medical Fournal.!

The early workers who were developing the technique
in the United Kingdom all had radiation injuries by 1903,
and one died in 1911 after taking photographs of his hands
showing progressive bony damage.

Public concern after the death of one of the first radi-
ologists (William Ironside Bruce) from radiation-induced
injuries in 1921 led to the establishment of the British
X-Ray and Radium Protection Committee.? After the Sec-
ond International Congress of Radiology in Stockholm in
1928, their recommendations were adopted and the Inter-
national (X-ray and Radium) Protection Committee began.
This was later to be renamed the International Commis-
sion on Radiation Protection and still exists today.

DEVELOPMENT OF INTERVENTIONAL RADIOLOGY

The possibility of intervention started with the development
of angiography in the late 1920s by a Portuguese group.
Many people have been involved in its progress since then,
such as Werner Forssman, who performed the first cardiac
catheter on himself in 1929, using a ureteric catheter, and
Charles T. Dotter who introduced the concept of remodel-
ing the artery by transluminal angioplasty in 1964.°

Coronary angioplasty began in humans with the first
case in 1977 by Andreas Gruentzig and has since developed
rapidly, at an annual increase of 8%; almost 2 million proce-
dures were performed in 2001.* The successful use of angio-
plasty in an evolving myocardial infarct by Geoffrey Hartzler
in 1980 and the development of stents in the late 1980s wid-
ened the indications and reduced the complications of the
procedure, making it widely acceptable. It is now the most
common interventional procedure in the world.

1 Imaging Technigues
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Interventional radiology in other anatomical systems
has also developed dramatically and can be classified into
types of procedure—for example, drainage, coil emboliza-
tion, filter placement, stenting, and foreign body retrieval—
or into anatomical systems, such as vascular, gastrointestinal,
and urological. The most frequently performed angioplasties
are in peripheral, as well as coronary arteries.

INTERVENTIONAL PROCEDURES FOR PAIN
MANAGEMENT

Interventional procedures for pain management have been
developing new techniques and precision techniques since
1960. What was previously the role of anesthesiologists to do
such procedures is now open to many other specialists
(physical medicine and rehabilitation, neurologists, neuro-
surgeons, and so on). Imaging techniques have become a
part of this new advance and are considered a good practice
for interventional procedures in pain management.

USE OF RADIOLOGY IN PAIN MANAGEMENT

The role of radiology in pain management is primarily
diagnostic. In patients with pain symptoms, the goal is to
establish the specific etiology of the pain to be able to di-
rect proper therapeutic measures.

A proper radiological workup should provide a thor-
ough, diagnostically accurate evaluation of the specific
disorder. Consideration should be given to cost, availabil-
ity, risk or side effects, and acceptability to the patient. A
radiographic test should be obtained only when the results
may alter the patient’s subsequent management.

With the advent of multiple new radiographic mo-
dalities, the thoughtful selection and planning of radio-
logical evaluation becomes crucial to efficiently derive the
diagnostic benefits and control the substantial costs (and
sometimes risk or discomfort) involved.

More than ever, it is important to consult with a radi-
ologist when any doubt exists regarding the efficacy or

3
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appropriateness of a planned radiological workup for a
patient to avoid unnecessary studies. Furthermore, radio-
logical examinations are often tailored to fit the individual
patient to best answer the diagnostic question presented.
Communication between clinician and radiologist thus
directly results in a more accurate diagnosis and ultimately
benefits the pa tient.

HISTORY OF RADIOLOGICAL IMAGING

Before the mid-1970s, plain film radiography, conven-
tional tomography, and myelography with either gas or
oily material as contrast agents were the only methods
available for imaging abnormalities involving the vertebrae,
intervertebral disks, spinal cord, or cauda equina. By 1975,
a nonionic intrathecal contrast agent, metrizamide, was
approved for clinical use. Unlike oily agents, nonionic
contrast carried negligible risk for arachnoiditis and was
absorbable, and thus eliminated the need for its removal
from the thecal sac. Second, its neurotoxicity was minimal,
compared with ionic water-soluble media, which never
achieved widespread acceptance in the United States.

In 1977, the introduction of whole-body computed to-
mography (CT) permitted direct cross-sectional imaging of
both spinal and paraspinal structures. However, the margins
of the spinal cord could only be reliably demonstrated after
the intrathecal administration of water-soluble contrast.
This procedure is known as CT myelography (CTM). Be-
cause of the greater contrast sensitivity of CT, as compared
with plain film myelographic technique, a smaller, less po-
tentally neurotoxic dose of contrast agent could be adminis-
tered for CTM. Nevertheless, this procedure still requires a
lumbar puncture, with its attendant hazards to the patient.

By 1982, magnetic resonance imaging (MRI) became
clinically feasible. MRI has proven to be superior to CT
because the spinal cord and nerve roots could be visualized
directly without the requirement for intrathecal contrast
material. Most significantly, the parenchyma of the spinal
cord could now be imaged and assessed for intrinsic pa-
thology, such as multiple sclerosis plaques. These lesions
may not alter the shape of the spinal cord, and, therefore,
would be undetectable by CTM. Second, MRI provides
multiplanar imaging, including sagittal and coronal orien-
tations, with spatial and contrast resolution equivalent to
the axial plane. Lastly, MRI poses no known health risk, as
it uses only radiofrequency energy, not ionizing radiation
as is the case with CT.

FUNDAMENTALS OF RADIOGRAPHY

ATOMS

Matter is composed of atoms that occupy space. Atoms can
be further broken down into electrons, protons, and neutrons.
All known substances, living and nonliving, are comprised of
these elemental components. Combinations of these ele-

mental particles determine atomic structure. Each element
has an atomic number based on the number of protons.

Protons, which have a positive charge, and neutrons,
which have a neutral charge, together form the nucleus of
the atom. The electrons are often compared to “planets”
that orbit the nucleus or “sun” of the atom (Figure 1-1).
The negative charge from the electrons keeps them orbit-
ing the nucleus in five electron shells labeled K, L, M, N,
and O (Figure 1-2). The K shell is the strongest and re-
quires the most energy to displace an electron from its
orbit. If an electron is moved from a higher energy shell to
a lower one, energy is released.

An atom in a nonionized state has an equal number of
protons and electrons. A displaced orbital electron and the
atom from which it originated is called an ion pair. This situ-
ation can occur with electron bombardment of matter, x-ray
bombardment of matter, thermionic emission with electron
release, and chemically, among other means. If the ionized
electron is moved to a higher orbit, this is called excization. In
an excited state, the displaced electron will return to its
original orbit or be replaced by another electron. Often the
additional energy to ionize the atom is released as photons of
electromagnetic energy, heat, or chemical energy.

ELECTROMAGNETIC RADIATION

Electromagnetic energy is arranged in an orderly fashion
according to the wavelength. For medical x-rays, this
range is from approximately 0.1 angstrom to 0.5 angstrom
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FIGURE 1-1

Atomic structure. A typical atom consists of a nucleus (N), which contains
positively charged photons and neutrons (no charge) and negatively
charged electrons (e). The electrons orbit around the nucleus. This rep-
resentation of the carbon atom is not in scale. In actuality, neutrons and
protons each constitute 1838 times more mass than electrons.
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FIGURE 1-2

Electron shell arrangement and binding power. The binding force on
the electron shells holding the electrons in orbit around the nucleus
weakens as the number of shells increase. The five electron shells shown
are labeled K, L, M, N, and O. The K shell possesses the strongest bind-
ing power. The electrons in the K shell require the most energy to dis-
lodge from orbit, whereas the electrons in the peripheral shells are easier
to displace.

(0.01-0.05 nm) (Figure 1-3). This energy travels in the
form of sine wave-like oscillations at the speed of light.
The oscillations are measured as amplitude, wavelength,
and frequency. Amplitude is the height of the wave from
the crest to midpoint or trough to midpoint. Wavelength
(angstrom) is the distance from one wave to the next.
Frequency (hertz) is the measurement of the number
of waves passing by a specific point in a given unit of
time (Figure 1-4). X-ray photons are commonly between
0.1 and 0.5 angstrom and 10'® to 10! hertz.

ELECTRICAL ENERGY CONVERSION TO RADIANT
ENERGY RADIATION

Alternating current (AC) is converted into direct current
(DC) by an electrical transformer. DC is then put into mo-
tion (kinetic energy) from cathode to anode in the x-ray
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FIGURE 1-3

The relationship of medical x-ray to the electromagnetic spectrum. In
this abbreviated illustration the electromagnetic spectrum runs from
gamma radiation (short wavelength) to electrical waves (long wave-
length). Within the medical x-ray portion of the spectrum, wavelengths
may be short (0.1 A) or long (0.5A). In the medical x-ray range, a short
wavelength will be produced with high kilovoltage values, whereas a long
wavelength will be generated by low kilovoltage values.

FIGURE 1-4

Sine wave. Electromagnetic energy is transported through space in the
form of sine wave-like oscillations. This energy travels at the speed of
light, about 186,300 miles per second, and can be schematically illus-
trated. Components of the sine wave include amplitude, wavelength and
frequency. Amplitude refers to the height of the wave from crest to mean
value (A). Wavelength describes the distance from one crest of the wave
to another and represents the distance between two corresponding points
on the wave (B and C). Frequency is determined by the number of crests
or valleys passing through a specific point in a given time. There are
more wavelengths in B compared with C. Shorter wavelengths (B) will
result in increased frequency of the wave.

tube to produce heat (thermal energy) and x-radiation
(radiant energy).

The filament (cathode) of the x-ray tube is heated to
incandescence, causing electrons to “boil off” in a process
known as thermionic emission. The electrons’ energy is con-
verted into heat and x-ray energy.

The milliampere (mA) setting selects the tube cur-
rent and determines the heat of the filament. This set-
ting determines the number of released electrons avail-
able for interaction. The range of the applied voltage
(kVp) determines the wavelength and thus the energy of
the x-ray photons. The relation of voltage and amperage
to resistance can be expressed by Ohm’s law, which states
that

I =V/R

where I = amperage, V = voltage, and R = resistance.
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Electron Interaction with Anode of X-ray Tube

More than 99% of the energy is converted to thermal energy
(heat). The remaining energy is divided among bremsstrah-
lung and characteristic radiation. Heat is produced by the
energy derived from the movement of the atoms and their
quick return to a normal state. The greater the kinetic en-
ergy (energy of motion or vibration) produced, the greater
the temperature.

Bremsstrahlung radiation is also known as general radia-
tion, the continuous spectrum, or white radiation. Production of
bremsstrahlung radiation is from the “braking” action that
occurs as the electrons interact with the anode. This process
involves electrons that pass by the heavy nuclei of the metal-
lic atoms in the target material. The attraction between the
negatively charged electrons and the positively charged nu-
clei causes the electrons to be deflected and decelerated
from their original path and to lose energy. Since energy
cannot be destroyed, the energy lost by the electrons is
transformed and emitted as x-ray photons.

The considerable rate of deceleration causes the
emission of short-wavelength radiation in the form of x-
rays. As this braking action varies, so does the intensity of
the resultant x-ray energy. In the 80- to 100-kVp range,
using tungsten anode, these bremsstrahlung rays consti-
tute about 90% of the radiation emitted as x-rays. For
example, to produce characteristic radiation with a tung-
sten target, at least 70 kVp are required for K-shell inter-
action because the K-shell electron of tungsten is held
with 69.53 effective kilo voltage (Figure 1-2). Character-
istic radiation produced in the interaction of x-rays with
matter is usually referred to as secondary radiation and is a
form of scatter.

X-ray Interaction with Matter

In diagnostic radiology, there are three types of x-ray ener-
gies of importance: primary x-rays or photons emitted by
the x-ray tube; scattered x-rays or photons produced when
primary photons collide with electrons in matter; and rem-
nant radiation, or x-rays that pass through the patient and
strike the image detector.

When discussing x-ray interactions with matter,
photoelectric and Compton effects are important. The
photoelectric effect is the absorption of energy. When
the x-ray photon collides with the inner shell electron
of an atom, the photon may give off all its energy and
the collision causes the photoelectric effect along with
ionization.

The Compton effect refers to the scatter of the ions or
radiation as it interfaces with different radiographic densi-
ties. If the incoming x-ray photon has increased energy
resulting from increased kilo voltage applied to the x-ray
tube, some of that energy is transferred to other atoms
with the x-ray photon passing with a decreased energy and
slower wavelength. This principle is relevant to the five
basic medical radiographic densities: air, fat, water (soft
tissue), bone, and metal.

ELECTRICAL CURRENT

Alternating current of sinusoidal wave shape results from
the application of an alternating voltage with its polarity and
values reversing direction at regularly occurring intervals,
typically 60 times per second (60 Hz) in the United States.
Electrical energy in the form of voltage and amperage is
usually supplied by commercial power companies and deliv-
ered as alternating current because it is easier to produce
and transfer from place to place in this form. AC can be
greatly increased or decreased by employing a simple device
called a transformer (see “Iransformers” section).

Direct current may be steady or may be intermittent.
The direction of flow does not change with direct current.
"To operate many devices, DC is created from AC. This
current is easier to put to use but difficult to transmit over
great distances.

TYPES OF ELECTRICAL CIRCUITS

In a series circuit, the current will pass consecutively through
each individual component and can be expressed as I =i!
=i =1’. In a parallel circuit, current flow is divided among
the branches of the circuit and is expressed as I =i! =i? =i’.

An electrical circuit is used to gather, carry, or direct
flowing electron energy. Electrical energy is carried
through the circuit by electrical current (electrons in mo-
tion). Volts (V) measure the potential difference from the
start to the end of a path. Current (I) or electron flow is
measured in amperes (A). There is resistance (opposition)
to the electron flow in all circuits, with some absorption
and thus loss of energy.

Electrical resistance (R) is measured in ohms (€2). The
term resistance is used in reference to simple DC. Imped-
ance denotes resistance in AC. The resistance of a conduc-
tor is directly proportional to the resistivity of the material
of which the conductor is formed. Resistance is also di-
rectly proportional to the length of the conductor, but in-
versely proportional to the width (cross-sectional area) of
the conductor.

Conductors are materials that transport electrons at
all levels of energy output. Some materials are able to con-
duct only when they receive a specific increment of en-
ergy; these are known as semiconductors. Materials that
do not conduct are referred to as insulators.

TRANSFORMERS

A transformer does not produce energy; it transforms volt-
age and current by way of the ratios of respective windings.

Air-Core Transformer. By placing a coil of wire
with current flowing through it, called a
solenoid, adjacent to a second coil of wire, an
air core transformer is formed. This is the
simplest type of transformer.
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Open-Core Transformer. To form an open core
transformer, soft iron bars are placed in both
the primary and secondary coils. The cores
are not electrically connected; they only
conduct field line.

Closed-Core Transformer. A continuous lami-
nated iron bar forming a rectangular annulus
is used to support the primary and secondary
windings in a closed-core transformer. Again,
there are no electrical connections between
the coils.

Shell-Core Transformer. A continuous lami-
nated iron bar forming a rectangular figure
eight, with the primary and secondary wires
wound around the center support, is called a
shell-core transformer.

Step-Up Transformer. The ratio between the
primary and secondary currents is related to
the number of turns in the wires in the
individual coils. If the number of turns in the
wire of the secondary coil exceeds the number
of turns in the wire of the primary coil, the
transformer becomes a step-up transformer
and voltage will be increased.

Step-Down Transformer. If more turns exist
in the wire of the primary coil than in that
of the secondary coil, the transformer is a
step-down transformer and voltage will
be reduced. The filament circuit uses a
step-down transformer.

Three-Phase Transformers. Three-phase trans-
formers are used for three-phase equipment to
generate a more homogenous x-ray beam.
Three separate circuits are required in an x-ray
machine using three-phase power, one for each
phase. Each circuit requires its own transformer,
rectifiers, line voltage compensator, and so on.

The basic components of an x-ray generating system
are illustrated in Figure 1-5.

ELECTROMAGNETICS

Electrical charges may be static (at rest) or dynamic (in
motion). Electrical current is always surrounded by a mag-
netic field, which exists only while the current is flowing.
The process of electromagnetic induction can induce cur-
rent induced in a second wire if the wires cut through the
magnetic field lines produced by an electrical current.
Since both coils are not electrically connected, placing a
second coil of wire adjacent to the first coil induces an
electrical current in the second coil by mutual induction.
The force in the second wire loop is directly proportional
to the number of turns in the first wire loop.

When the wire of a conductor is coiled, a helix is
formed. A helix with current flowing through it is called a
solenoid. The solenoid, an electromagnet, has a strong

SIREMOBIL Iso-C fl

FIGURE 1-5
A typical fluoroscopy C-arm.

magnetic field in its center when current is flowing through
the coiled wire.

Rheostats are controls used to add resistance to the
circuit in order to adjust incoming voltage and amperage
values. A break in the circuit can be achieved with switches
that are used to control the length of time that the current
may flow. Fuses or circuit breakers are protective devices
that open at present levels of current and thus prevent
circuit overloading and damage.

X-RAY CIRCUIT

The x-ray circuit is divided into subsections called pri-
mary (low voltage) and secondary (high voltage) circuits
(Figure 1-6A and B).

The primary circuit consists of the following compo-
nents:

1. Main switch: Power from an electrical source is
turned off and on at this point.

2. Line voltage compensator: This is used to
compensate for variations in power supply. It is
important to monitor the incoming line voltage.
Line voltage compensation is automatic in some
units.

3. Fuses or circuit breakers: These are used to
prevent equipment overload or tube damage.

4. An autotransformer: This is used to control
voltage supplied to the primary of the step-up
transformer, to allow for minimal variations in
kilo voltage selection.

5. A prereading voltmeter: This indicates the
amount of voltage being sent to the primary
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PRIMARY

SECONDARY

of the step-up transformer. Kilo voltage is
determined by the amount of voltage supplied to
the step-up transformer and is present only when
the exposure is being made.

6. Timer and exposure switches: Timers are used

for manual or automatic exposure control. The
timer is situated between the autotransformer
and the primary of the step-up transformer.

7. A filament circuit: Thermal energy is created

from this circuit to heat the filament of the x-ray
tube. High amperage is used to heat the filament
for production of the thermionic emission. The
heating of the filament is then controlled by the
rheostats or resistors, which regulate the
milliamperage delivered to the filament circuit
and resultant heating.

FIGURE 1-6

(A) The x-ray-generating circuit is divided into a primary (low-voltage)
and secondary (high-voltage) circuit. The primary circuit consists of (1) a
main switch (2) an autotransformer (3) a prereading voltmeter (4) fuses
or circuit breakers (5) the primary coil of the step-up transformer (6) a
timer that includes exposure switches (7) a filament circuit and rheostat,
used to vary current to the primary circuit of a step-down transformer to
illuminate the filament of the x-ray tube (8) a filament amp meter (9) the
primary coil of the step-down transformer (10) the step-down trans-
former and (11) the secondary coil of the step-down transformer. The
secondary or high-voltage circuit consists of (12) the secondary of the
step-up transformer, (13) an mA meter, (14) ground, (15) step-up trans-
former, (16) a rectification system, (17) the x-ray tube, (18) cathode of the
x-ray tube, and (19) anode of the x-ray tube, including shock-proof
grounded cables to conduct high voltage from the secondary of the step-
up transformer to the tube. Solid state rectifiers are used to illustrate the
rectification segment, since valve tubes (vacuum tubes with illuminated
filaments) are no longer in common use. Valve tubes require step-down
transformers. (B) Schematic representation of x-ray circuit components.
(A) The filament ammeter is usually designated in the circuit by a circular
meter containing the symbol A. (B) A voltmeter is similarly indicated by
the symbol V. (C) A circuit breaker or a timer is often represented as an
open-ended switch. (D) A rheostat is used to vary electrical current to the
primary circuit of the step-down transformer. (E) The step-down trans-
former shown has more turns in the coils of the primary than in the
secondary windings. (F) The universal symbol for ground. (G) Vacuum
tubes that contain a filament and flat anode can be used for rectification
of alternating current to direct current. (H) A solid-state rectifier. Three-
phase transformers used for three-phase equipment generate a more
homogenous x-ray beam. Three separate circuits are required in an
x-ray machine using three-phase power, one for each phase. Each circuit
requires its own transformer, rectifiers, line-voltage compensator, and so
on. In the high-tension transformer, the primary coils are wound around
separate arms of a core common to all three transformers. (1) A “delta”
configuration depicts this arrangement of the coils. (J) The secondary
high-tension coils have a common center, each coil radiating outward in
a star (“Wye”) pattern.

8. A filament amp meter is used to measure the
filament current.

9. The primary coil of the step-up transformer.

Components of the secondary or high-voltage circuit
follow:

1. The secondary coil of the step-up transformer,
which is “center-tapped” to allow an mA meter
to be installed at ground potential.

2. The mA meter, used to measure tube current.

3. A milliampere-second (mAs) meter used to
measure mAs values at short time intervals.

4. Rectifiers. The x-ray tube is most efficient when
unidirectional high-voltage current is used.
Current is made unidirectional for use by the
x-ray tube by means of a rectification system that
converts alternating current to DC.
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5. Shockproof, grounded cables, which conduct
high-voltage current from the secondary of the
step-up transformer to the x-ray tube.

6. The x-ray tube.

BASIC COMPONENTS OF X-RAY TUBE

The basic components of the x-ray tube start with the fila-
ment. From the source of electrons or cathode side of the
tube, the electron stream passes through a “focusing cup”
or area and is directed into the anode. A rotating anode
with a high positive potential is often used instead of a
stationary anode in a fluoroscope (Figure 1-7).

This rotating anode allows for quicker dissipation of
the heat generated. An extremely high-speed stator motor
system is needed to keep the heat produced even and avoid
damage to the anode. The x-ray is projected from the x-ray
tube into the target area and gathered by the imager to be
transformed into a radiographic image.

BASIC OPERATION OF X-RAY TUBE

Once the electrical signal is sent through the circuitry, the
filament is energized to “boil off” electrons as a thermionic
emission. As the increase of kVp passes through the fila-
ment, the creation of a higher potential difference results
in the emission of electrons beyond the “cloud” of elec-
trons that are found in the vicinity of the filament. The
attraction of the electrons into the metal anode (+) surface
and the following abrupt stopping of the electrons pro-
duces x-radiations and heat. Unfortunately, 99% of this
energy is converted into undesired heat and less than 1%
is converted into x-radiation.

The variation of the kilo voltage affects the speed of
the electrons directed at the anode and generates various

Stator

Filament Target

FIGURE 1-7

Basic components of an x-ray tube. A basic component of a radiographic
tube is the filament, the source of electrons, at the cathode side of the
tube. The cathode, a high negative potential, includes the focusing cup,
which has a negative charge applied to it to “focus” the stream of electrons
by the repulsion of like charges. The anode, a high positive potential,
serves as a target for the focused electron stream. A stator rotor system
that uses an induction motor rotates the anode at extremely high speed,
usually 3000 rpm or 10,000 rpm. A Pyrex envelope houses the cathode and
rotating anode and is placed in an oil-filled, lead-lined housing.

x-ray wavelengths. For example, a shorter wavelength
makes the beam more penetrating. A longer wavelength
x-ray is less energetic and less penetrating.

Control Panel

In clinical practice, the control panel is the most com-
mon interface of the fluoroscope and the radiographer
(Figure 1-8). From this panel variations in power deliv-
ered through the x-ray tube can be controlled for im-
proved images. The milliamperage (mA) determines the
intensity of the x-ray beam. Kilo voltage determines
the speed of the electrons and quality of the x-ray beam.
The length of exposure is often measured in seconds and
is the most obvious factor in measuring x-ray exposure.

The milliamperage is important in determining the
quantity of x-rays produced. In combination with the length
of exposure, the mA is important to the quality of the image
produced. For a stop-motion situation, the operator may
need to combine a high mA with a short exposure time.

Kilo voltage determines the penetrating ability and
quality of the x-ray beam. The higher energy release of
x-rays results in a greater number of photons to be cap-
tured by the imager. This allows for a more detailed and
wider range of contrast of the gray scale.

Collimator buttons on the control panel are usually of
two varieties, a circular shape and horizontal bars. Ideally
the collimators should be used as much as possible to reduce
the amount of radiation exposure. For this purpose, the ra-
diographer may choose horizontal collimation for facet in-
jections. The circular or “shutter” collimation is best used in
techniques when a “tunneled approach” is used.

The timer is also located on the control panel. There
are audible alerts set at 5-minute intervals to remind the
fluoroscopist of the actual time of x-radiation exposure.
Exposure is best limited by minimizing fluoroscopy time.
To simplify the measurement of time, the timer should be
reset prior to each new procedure.

Many of the other buttons available for manual con-
trol involve the orientation of the fluoroscopic image from
left to right, inversion, or rotation. This function is impor-
tant for the interventional physician in the performance of
the procedure. A consistent habit provides continuity and
accordingly limits risk and mistakes. For example, left
sided procedures should always be correlated with left
sided radiographic image to prevent accidentally perform-
ing the procedure on the wrong side.

IMAGING MODALITIES

PLAIN RADIOGRAPHY

Since the discovery of x-rays by Wilhelm Conrad Roentgen
in 1895, plain films have been the mainstay of radiologic
imaging. Even with the technological advances of recent
decades, plain film radiography remains on the front line
of imaging in the initial evaluation of musculoskeletal
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FIGURE 1-8

Operator controls of an x-ray machine. This representation of a control panel is divided into the following seg-
ments: kilovoltage and related circuits (center), milliampere settings and focal spot size selection (right), and
timer control (left). A representative schematic of the x-ray circuit is shown above the control panel. Depending
on the equipment design, these controls can be presented in many configurations. Additional meters such as tube
load limits, heat displays, and a direct readout of the fluoroscopic examination time are often found on control
panels. Kilovoltage can be raised or lowered (center) as required to adequately penetrate the part being exam-
ined. A power “on” and “off” button and a circuit breaker are shown. The rotor control, as well as the expose
button, is on the left. At bottom are fluoroscopic kilovoltage and milliampere stations and a fluoroscopic timer
that can be set to limit the length of the fluoroscopic procedure. The milliampere (mA) readout is shown on the
right. Milliamperage can be raised or lowered depending on technical needs. A high mA value combined with a
short exposure time is sometimes needed to overcome motion. The selection of a moderate mA value often
permits the use of a small focal spot. The focal spots represented in this panel are 0.6 mm and 1.0 mm in size.
Directly above the focal spot selection indicators is a mA meter. This device is required when extremely short
exposures are used so that an accurate reading of the mAs used can be obtained. Below the focal spot size selec-
tion are the Bucky “on” and “off” buttons and tomographic selector control. At the top left of the control panel
is the manual timing section. The time of exposure can be raised or lowered by the radiographer or an AED can
be selected. Specific AED sensor indicators for the chest (posteroanterior or lateral) or other Bucky stations are
shown. Table Bucky is represented by A, the upright Bucky by B, and the radiographic spot-film component of
the fluoroscope by C. The darkened sensors (left, right, or center) indicate the sensors selected for the part under
study. In the lower portion of the AED section on the control panel, density adjustment controls are shown. The
center button, labeled N, is intended for use when a normal or preselected density is desired. The (-) control can
be adjusted for a 1/4 or 1/2 decrease in density. The (+) control can be adjusted in a similar fashion for an in-
crease in density. When an examination must be repeated, image density should be adjustable by the use of the
(-) or (+) setting.

complaints, chest pathology, and the acute abdomen,
including the preliminary search for the presence of radi-
opaque calculi in the kidneys, ureters, bladder, or gallblad-
der. Additionally, plain films are standard in the initial
assessment in most cases of trauma. Plain films can fre-
quently provide an accurate diagnosis and can do so in the
most efficient and cost-effective manner possible.
Conventional radiographs are often used as an initial
evaluation, especially in patients with musculoskeletal
pain. Radiographs are readily available in nearly all

medical facilities; they may be obtained and interpreted
quickly, and cost is substantially less than other special
modalities. Their noninvasive nature and short exposure
times (a fraction of a second) make plain radiographs
acceptable to most patients. Patients with moderate dis-
comfort may be able to cooperate with radiographic po-
sitioning for a short duration, whereas the necessity of
longer immobilization for magnetic resonance imaging,
computed tomography (CT), or nuclear scanning may
not be feasible.
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Radiographs are indicated for evaluation of a number
of skeletal abnormalities. Their obvious primary use is for
diagnosis of fracture (including documentation of healing
or complications), arthritis, and primary bone tumors. The
fine anatomical resolution is not equaled by any other mo-
dality and maximizes precision of diagnosis in these types
of disorders.

FLUOROSCOPY

Fluoroscopy is a technique for generating x-ray images
and presenting them continuously as visible images during
a diagnostic or interventional procedure. It is usually used
to track the movement of a dye (contrast agent) or object
through the body. Some examples of fluoroscopy include
viewing contrast agents moving through the upper GI
tract, examining blood flow to organs, or directing the
placement of a catheter.

The two major risks associated with fluoroscopy are
radiation-induced injuries to the skin and underlying tis-
sues (“burns”), and the small possibility of developing a
radiation-induced cancer later in life.

MYELOGRAPHY

Myelography has been performed since 1919, when Dandy
introduced air contrast into the spinal canal.>® Shortly
thereafter, Mixter and Barr used the technique to investigate
intervertebral disk protrusion and nerve root irritation.’
In 1944, iophendylate (Pantopaque) was introduced into
the subarachnoid space, and untl recently myelography
was most often performed with this agent (Figures 1-9
and 1-10).

Various water-soluble agents have been tried over the
years, including methiodal sodium (Abrodil), meglumine
iothalamate (Conray meglumine), and meglumine iocar-
mate (Dimer-X). Because of neurotoxicity, these agents
have been discarded. Since 1978, metrizamide (Amipaque)
has all but replaced Pantopaque for lumbar myelography
(Figure 1-11).

Pantopaque remains the agent of choice for evaluating
spinal block, for postherapeutic follow-up studies, for
evaluating obese patients, and in cases where there are
contraindications to metrizamide. The reader is referred
to Sachett and Strother’s excellent work on the techniques
of using metrizamide.®

Myelography with Pantopaque clearly shows large
extradural defects. The most laterally located or subtle le-
sions on the nerve root sleeve are easier to visualize with
the less viscous metrizamide. When myelographic studies
are done, one must keep in mind that disk protrusion may
be seen in the asymptomatic patient.” This finding is not
uncommon.

Myelography has been employed for more than 50 years
as a safe, effective, and established method of imaging
the spinal canal and thecal sac.!®* The procedure involves

FIGURE 1-9

Pantopaque myelogram showing arachnoiditis (see arrow). (From Raj
PP, editor: Practical Management of Pain. St. Louis, Mosby, 1986, figure
15B-6, p. 163, with permission.)

introducing a small amount of nonionic contrast into the
thecal sac following a lumbar puncture. Imaging is then per-
formed in multiple projections, allowing the contrast to de-
lineate the subarachnoid space, spinal cord, and the nerve
root sleeves. 101115

Myelography can be used alone or in conjunction with
CT examination of the spine to evaluate intradural, extra-
dural, or intramedullary lesions. Post myelography CT is
of significant clinical value in many situations, such as in
arachnoiditis or extradural abscess (Figure 1-12).

Myelography uses a contrast solution in conjunction
with plain radiography to improve visualization of the spi-
nal cord and intrathecal nerve roots. Water-soluble con-
trast agents (iohexol and iopamidol) are injected into the
subarachnoid space. After injection, AP lateral and oblique
views are obtained.

Myelography can be helpful in detecting a herniated
disc above or below a segment that may be ambiguous or
distorted on MRI secondary to metal placement. It is also
useful in patients who are claustrophobic or have a pace-
maker, or for whom MRI is otherwise contraindicated. A
CT scan performed within 2 hours of completing myelog-
raphy enhances the diagnostic quality and reliability of the
imaging study by more accurately depicting osteophytes,
disc herniations, and spinal cord contour.!6

Myelography is an invasive technique and lacks diag-
nostic specificity. Recent advancements in technology have
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FIGURE 1-11

Metrizamide myelogram showing right L5 nerve root sleeve cutoff.
(From Raj PP, editor: Practical Management of Pain. St. Louis, Mosby,(see
arrow) 1986, figure 15B-8, p. 164, with permission.)

FIGURE 1-10

Pantopaque myelogram showing disk prolapse. (From Raj PP, editor:
Practical Management of Pain. St. Louis, Mosby, 1986, figure 15B-7, p.
164, with permission.)

FIGURE 1-12

Epidural hematoma causing compression of the thecal sac. (A) Convention myelogram demonstrates narrowing
of the thecal sac at L5 following intrathecal injection of water-soluble contrast. (B) Post-myelography CT shows
both the epidural mass and impingement on the subarachnoid space and spinal cord. (From Raj PP, editor:
Practical Management of Pain, 3rd ed. St. Louis, Mosby, 2000, figure 27-19, p. 397, with permission.)
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allowed noninvasive procedures such as CT and MRI to
equal the accuracy of myelography in detecting herniated
lumbar discs.!”-18

The most important limitation of myelography is its
inability to visualize entrapment of the nerve root lateral
to the termination of the nerve root sheath. It is thus
unable to detect any far lateral disc herniations, which
reportedly account for 1 to 12% of all lumbar disc hernia-
tions and occur most often at the L4-L5 and L3-L4
levels.!%:20

Possible side effects of myelography include dural
tear, which can cause headaches, nausea, vomiting, pain or
tightness in the back or neck, dizziness, diplopia, photo-
phobia, tinnitus, or blurred vision.?!*? It is thought that a
dural tear can result in a loss of cerebrospinal fluid volume,
decreasing the brain’s supporting cushion, so that when
the patient is standing there is tension on the brain’s an-
choring structures.”® A persistent postmyelography head-
ache can be treated with an epidural blood patch, in which
10 to 20 ml of autologous blood is injected into the epidu-
ral space under sterile conditions.**

Myelography may have significant side effects and
should not be undertaken without careful clinical evalua-
tion. Lumbar puncture is obviously an invasive procedure.
Pantopaque may induce aseptic inflammatory changes,
central nervous system (CNS) hypersensitivity reactions,
and arachnoiditis. Water-soluble media, which pass easily
into the intracranial space, may induce acute cerebral
cortical irritation with headache, seizures, and confusion.
Meningeal and radicular irritation may also occur. Major
adverse reactions are rare, however, occurring in approxi-
mately .02% of patients.”” Newer nonionic agents (e.g.,
iohexol or iotrol) may have a decreased incidence of arach-
noiditis or CNS side effects,!6!7 as well as lower cost than
metrizamide.

Indications for myelography include (1) exclusion of
a surgically correctable lesion when the working diagno-
sis is that of a degenerative process, and (2) localization
of the exact level of a lesion before surgery. Evaluation of
herniated disk falls into these categories and is a frequent
indication for myelography. Characterization of a known
lesion or evaluation for multiple lesions may also be per-
formed.

Masses in the spinal cord may appear as local filling
defects or obstruction of the opacified subarachnoid space.
Herniated disk fragments produce extrinsic impression on
the thecal sac, compression of a nerve root, or both of
these findings (Figure 1-13). Adhesive arachnoiditis may
result from agents introduced into the subarachnoid space,
infection, hemorrhage or trauma, or may be idiopathic.
Progressive, chronic, poorly localized signs and symptoms
may develop. Myelography is an important diagnostic tool
in arachnoiditis, demonstrating irregular filling defects,
fusion of nerve roots, absent filling of nerve root sleeves,
and constriction or obstruction of the thecal sac.?’

CT is the appropriate study of choice in the evaluation
of many intrathoracic and intra-abdominal processes.

FIGURE 1-13

Metrizamide myelogram demonstrates localized impingement on the
contrast filled thecal sac (arrow) by the herniated nucleus pulposus.
(From Raj PP, editor: Practical Management of Pain, 2nd ed. St. Louis,
Mosby, 1992, figure 12-3, p. 188, with permission.)

Other indications include the preliminary assessment for
trauma, without the need for patient repositioning. Al-
though coronal CT images of the head or an extremity can
be acquired directly, this acquisition frequently comes at
the cost of great discomfort to the patient.

The advent of MRI has seen a significant decrease in
the number of myelograms performed in most institutions.
MRI is considered to be superior in both specificity and
sensitivity in the evaluation of the spinal cord. However,
myelography is still advantageous when:

1. MRI or CT provides no diagnosis despite
continued patient symptomatology.

2. The abnormality detected on MRI or CT does
not correlate with the clinical picture.

3. The patient is unable to tolerate MRI or CT sec-
ondary to pain, claustrophobia, or body habitus.

CONVENTIONAL TOMOGRAPHY

Linear and complex motion tomography are other mo-
dalities that have been made somewhat obsolete by recent
technological advances yet still have their place in patient
evaluation as an adjunct to plain films. Tomography can be
used in the evaluation of joint spaces where the anatomical
features are complex and are often obscured by overlying
structures. Examples include exclusion of an odontoid
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fracture in the patient who is unable to cooperate for the
open-mouth view or for more detailed examination of a
tibial plateau fracture. Conventional tomography can fur-
ther aid in the evaluation of solitary bone lesions, healing
fractures, arthrodeses, and osteotomies.

COMPUTED TOMOGRAPHY

Computed tomography, first introduced in the 1970s, was
utilized primarily in neuroradiology, having a dramatic
impact on the fields of neurology and neurosurgery. It was
not long afterward that CT had a similar impact on body
imaging. CT is a computer-based, cross-sectional imaging
technique that provides detailed images of virtually any
region of the body. Although initially acquired in the axial
plane, images can be reformatted in order to obtain sagit-
tal and coronal planes as well. In patients with musculosk-
eletal problems, reformatted images can be particularly
helpful in determining the three-dimensional extent of a
fracture (Figure 1-14).

CT is used to complement information obtained from
other diagnostic imaging studies such as radiography, my-
elography, and MRI. The principal value of CT is its abil-
ity to demonstrate the osseous structures of the lumbar
spine and their relationship to the neural canal in an axial
plane. A CT scan is helpful in diagnosing tumors, frac-
tures, and partial or complete dislocations. In showing
the relative position of one bony structure to another,
CT scans are also helpful in diagnosing spondylolisthesis.
They are not as useful as MRI in visualizing conditions of
soft tissue structure, such as disc infection. The data used

FIGURE 1-14

Jefferson fracture. Axial CT images showing fractores involving the pos-
terior arch of C;.

to generate the axial images are obtained in contiguous,
overlapping slices of the target area. The axial image data
can be reformatted to construct views of the scanned area
in any desired plane.

The limitations of CT include less-detailed images
and the possibility of obscuring nondisplaced fractures or
simulating false ones. In addition, radiation exposure
limits the amount of lumbar spine that can be scanned,
and results are adversely affected by patient motion; spi-
ral CT addresses these weaknesses because it is more
accurate and faster, which decreases a patient’s exposure
to radiation.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging has been the premier devel-
opment in imaging technology in the last two decades.
Like CT, MRI is also a computer-based imaging modality
that allows cross-sectional imaging with superb anatomic
detail. Unlike CT, MRI has no spatial restriction; images
can be generated in any plane.

The technology behind MRI takes into consideration
the potential of hydrogen nuclei within the body to dem-
onstrate a magnetic moment when placed in a large mag-
neticfield. Electromagneticradiationin theradiofrequency
portion of the spectrum is then applied in order to
change the direction of the net magnetization. MRI can
produce cross-sectional images that provide similar ana-
tomic information to those obtained through CT scan-
ning. In CT, however, the gray scale spectrum, which
represents tissue and body structures, does not change.
The densest materials, such as bone and metal, are always
white; less dense media, such as fat and air, are black; and
soft tissue and fluids are the intermediate gray shades.
Manipulation of the pulse sequences and the recording
parameters causes differences in the appearance of tissues
in MRI. The technology and physics of MRI are quite
complex; however, one should have a basic understanding
of the science behind MRI in order to fully comprehend
the capabilities and applications of this modality. The
description that follows is highly simplified. For a
more detailed explanation of the principles and the phys-
ics of MR, many texts are available that can be con-
sulted.!1:26:27

The principles behind MRI take advantage of the
abundance of hydrogen atoms within the tissues of the
body and the effect that a large magnet has on their
intrinsic magnetization. Any nucleus that possesses an
odd number of protons can be forced to align within a
magnetic field, analogous to a small bar magnet. After a
new magnetization of the dipoles is established, the mag-
netic vector is manipulated with a series of radio pulses.
This causes the magnetization to tip into a different
plane. Upon cessation of the pulses, the nuclei then re-
align with the larger magnetic field. The time elapsed
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until realignment is recorded, and through computer
analysis, all the data collected are reconstructed into
images.

The process of realignment with the larger magnetic
field after the radio pulse has ended is termed relaxation.’’
These components are reached at varying rates, depending
on intrinsic characteristic of the tissues; each tissue has its
own characteristic T1 and T2 relaxation times. Addition-
ally, images can be obtained that emphasize either the T'1
or T2 properties. T'1 relaxation, also known as spin-lattice
relaxation, is dependent on the transfer of energy of the
radio pulse from the protons back to the surrounding lat-
tice configuration. Large molecules, such as proteins, and
small molecules, such as water, do not exhibit efficient
energy transfer; hence, their T'1 relaxation times are long.
These tissues appear relatively dark on T1-weighted im-
ages. Fat, however, has an efficient energy transfer and
exhibits short T'1 relaxation, causing it to appear bright on
images.

As each substance possesses its own T'1 and T2 relax-
ation times, imaging can be performed in such a way to
enhance either characteristic—T'1-weighted or T2 -weighted
images, depending on the task at hand.

In general, T1-weighted images illustrate anatomi-
cal detail and are well suited for localization of masses
and demonstration of mass effect on adjacent structures
(Figure 1-15). T2-weighted images, although less aes-
thetic than T1-weighted images, provide information
on many disease processes, such as infection, neoplasm,
infarction, and white matter disease, that would not oth-
erwise be well visualized.

FIGURE 1-15

Meningioma. (A) Axial T1-weighted image shows a large isointense mass in the left frontoparietal region causing
midline shift and effacement of the sulci and ventricles. (B) A T'1-weighted post-contrast image shows intense
enhancement of the meningioma. (From Raj PP, editor: Practical Management of Pain, 3rd ed. St. Louis, Mosby,
2000, figure 27-12, p. 393, with permission.)

FUNCTIONAL MAGNETIC RESONANCE IMAGING

The recent discovery that magnetic resonance imaging can
be used to map changes in brain hemodynamics that cor-
respond to mental operations extends traditional anatomi-
cal imaging to include maps of human brain function. The
ability to observe both the structures and also which struc-
tures participate in specific functions is due to a new tech-
nique called functional magnetic resonance imaging, fMRI,
and provides high resolution, noninvasive reports of neural
activity detected by a blood oxygen level-dependent sig-
nal.?®33 This new ability to directly observe brain function
opens an array of new opportunities to advance our under-
standing of brain organization, as well as a potential new
standard for assessing neurological status and neurosurgi-
cal risk. The following briefly introduces the fundamental
principles of fMRI, current applications at Columbia, and
some potential future directions.

Functional MRI is based on the increase in blood flow
to the local vasculature that accompanies neural activity in
the brain. This results in a corresponding local reduction
in deoxyhemoglobin because the increase in blood flow
occurs without an increase of similar magnitude in oxygen
extraction.**?’ Since deoxyhemoglobin is paramagnetic,
it alters the T2*-weighted magnetic resonance image
signal.?8-33:383% Thus, deoxyhemoglobin is sometimes re-
ferred to as an endogenous contrast enhancing agent, and
serves as the source of the signal for fMRI. Using an ap-
propriate imaging sequence, human cortical functions can
be observed without the use of exogenous contrast en-
hancing agents on a clinical strength (1.5 T) scanner.*-*
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FUTURE ROLE OF FUNCTIONAL MAGNETIC
RESONANCE IMAGING IN PAIN MANAGEMENT

The experience of chronic and persistent pain is a debilitat-
ing condition for which the role of cortical processing is
not well understood. We have focused on the identification
of cortical areas that are modified by the reduction of pain
following pain therapy. This novel approach to investigate
the cortical representation associated with relief of pain has
originated from our pilot studies where patients with
chronic sympathetically maintained pain affecting one ex-
tremity (postherpetic neuralgia) were studied by comparing
brain responses to light touch applied to the “now-affected”
limb and to the “painful” limb before and after treatment.”
These studies indicate that the cortical representation of
sympathetically maintained pain involves specific and iden-
tifiable cortical activity, as well as does the relief of that pain
achieved by a peripheral nerve block procedure. Continu-
ing investigations will extend these findings to other pain
treatments to determine the extent to which this finding is
generalizable to other approaches using fMRI to investi-
gate cortical representations of specific pain types, and
therefore, new specific therapy options.

NUCLEAR MEDICINE

Bone Scanning

Radionuclide bone scanning has long been well known for
its high degree of sensitivity in the detection of a variety
of bone lesions. In recent years, applications of bone scan-
ning to various orthopedic, traumatic, neoplastic, and
infectious processes have proven the usefulness of this
modality in the detection of clinically significant but often
radiographically elusive problems.

The value of bone scanning, as in many nuclear imag-
ing studies, lies in its ability to reflect physiological changes
rather than anatomic detail. While other radiographic
modalities excel in providing well-defined, precise ana-
tomic information, nuclear scans by their inherent nature
are not able to define small structures or provide high-
resolution images. In fact, radiographs and bone scanning
often provide complementary information in evaluation of
skeletal pain. The greatest value of bone scanning is its
high degree of sensitivity for detection of early or subtle
bone abnormalities, and for this purpose the technique of
bone scanning is not likely to become obsolete in the face
of new anatomically oriented modalities.

Physiological Basis for Bone Scanning

Technedum-labeled, bone-seeking radiopharmaceuticals
localize in bone by exchange or adsorption onto the hy-
droxyapatite component of bone. The amount of deposition
of tracer is affected by two factors: (1) the rate of local repair
and remodeling of bone* and (2) local skeletal blood flow,
which delivers the tracer to the extracellular space, thus
making it available for local exchange and adsorption.’

Any active process in bone that results in a local in-
crease in bone turnover results in a larger surface area of
bone available for tracer accumulation. Thus, a region of
active bone turnover such as normal growth plate, frac-
ture, tumor, infection or any other active process results in
locally increased tracer deposition or a “hot spot.” At the
same time, any process that results in increased blood flow
(e.g., cellulitis or sympathectomy) will locally increase
tracer deposition based on increased tracer delivery to the
site," also resulting in a “hot” area on bone scan.

Technique

Bone scanning is performed following IV injection of 99m
technetium-methylene diphosphonate (99mTe-MD) or
similar diphosphonate compound. Approximately 2 to
3 hours after injection, scintigraphic images are obtained
with a gamma camera to include the specific areas of inter-
est or the entire skeleton.

In some cases, a “three-phase bone scan” may be
utilized:

1. A radionuclide angiogram, or flow study, over
the area of interest is obtained during the IV
injection of tracer. As the tracer passes through
the arterial circulation, rapid-sequence images
are obtained to evaluate vascularity to the region
being scanned.

2. The “blood pool” image, obtained immediately
after the flow study, displays regional perfusion
including that of soft tissues.

3. The routine, delayed “static” images, taken after
2 to 3 hours, demonstrate active bony
abnormality, reflected as locally increased
deposition of tracer in the skeleton.

Comparison of early (flow and blood pool) phases
with the delayed (static) phase may yield useful informa-
tion about inflammatory processes and other vascular
changes such as those found in reflex sympathetic dystro-
phy (complex regional pain syndrome [CRPS]).

The radiation dose to the patient is relatively low, giv-
ing a whole body dose of approximately 0.02 rad per mCi
administered.*® Assuming a usual adult dose of 20 mCi, a
total body dose of 0.4 rad per examination is obtained.
This is less than the radiation dose from lumbar spine se-
ries.*” Since iodinated contrast material is not used, side
effects and allergic contrast reactions do not occur.

ULTRASONOGRAPHY

Diagnostic ultrasound is a widely used method of body
imaging. A transducer converts an electrical pulse into a
high frequency sound pulse, which is then transmitted
through soft tissues of the body. Ultrasound is based on
the amplitude of the refracted sound wave as it returns to
the receiving transducer. The amplitude of the sound wave
and, therefore, the echogenicity of a structure on images
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are dependent on mass density and speed of sound through
that particular substance. Because of the difference in the
speed of sound between fluid and soft tissue, ultrasound
provides accurate information regarding the cystic and
solid nature of the lesion (Figure 1-16). Transducers em-
ployed in diagnostic imaging emit pulses within the 1- to
10-MHz range.

Ultrasound evaluation of the body can be severely
hampered by very dense material, such as bone and gas
containing organs (e.g., bowel). Sound waves do not con-
duct well through either medium.

Acquisition of good images in sonography is also
largely a function of the ultrasonographer’s technique,
skill, and experience. Ultrasound is an excellent modality
for evaluation of the liver, breast, soft tissue masses, and
vascular structures of the neck and extremities. Doppler
ultrasonography allows documentation of blood flow in
the vessel, as well as direction and velocity of flow. This
makes possible the evaluation of suspected carotid arterial
stenosis or evaluation of DVT. Doppler examination of
patency of venous structures of the thigh (84%) is much
more sensitive than in the lower leg (25%).

Ultrasound is one of the most important and most
rapidly progressive imaging modalities. By using an ultra-
sound beam that is transmitted and reflected from tissues,
images are obtained without patient discomfort and with-
out using ionizing radiation.

Ultrasound excels in characterizing tissues based on
their echogenicity or reflective characteristics. Fluid can
easily be distinguished from solid tissue in the kidney, liver,
or thyroid, allowing the differentiation of cysts from solid
masses. Fluid-containing structures (e.g., the common bile
duct and renal collection systems) are likewise well delin-

FIGURE 1-16

Soft tissue abscess. Grayscale ultrasound images show a complex cystic
mass with septations and internal debris representing recurrent abscess in
the soft tissues surrounding the sacrum. (From Raj PP, editor: Practical
Management of Pain, 3rd ed. St. Louis, Mosby, 2000, figure 27-26, p. 403,
with permission.)

eated. Gallstones are identified clearly; ultrasound has
replaced the oral cholecystogram in the evaluation of sus-
pected gallbladder disease. Using the fluid-filled bladder as
a “window,” the uterus and adnexa are easily visualized.
The lack of ionizing radiation makes ultrasound examina-
tion ideal for women of child-bearing age and children
since no adverse effects have been demonstrated.

Masses or abscesses may be visualized provided these
are located in the pelvis or upper abdomen, where bowel
gas does not interfere with transmission of the sound
beam. Bone and air do not adequately transmit sound,
precluding evaluation of the chest, mid abdomen, and
musculoskeletal system.

Doppler flow scanning, in conjunction with ultra-
sound imaging of the vascular system, has become popu-
lar for the detection of arterial occlusions and venous
thrombosis. New transcranial Doppler is being applied to
cerebrovascular disease. Ultrasound has gained wide
popularity with both patients and physicians and will
certainly remain one of the most versatile and informa-
tive modalities in future years.

EPIDUROGRAPHY

Sanford and Doub introduced air into the epidural space
in 1941.°% Injection of contrast to improve visualization of
the epidural space and nerve root sleeve to delineate the
pressure change from disk protrusion was first reported in
1963 .51 Its use is suggested when myelography is equivocal
or normal, especially when the L5-S1 epidural space is
wide (Figure 1-17). Gupta correlated epidurograms with
clinical and operative findings in 255 patients with spinal
disorders.”? In most cases, the caudal approach was used to
facilitate the study of the sacral canal. The dispersion of
the solution in the epidural space was directly proportional
to the speed of injection. When 80 ml of contrast material
was used, the cervical space was visualized without tilting
the table. Contrast material dispersal was symmetric in
88.2% of cases and was not related to the direction of the
tip of the needle. There was a negative correlation be-
tween epidurographic findings and surgical findings in
10% of patients. Gupta found epidurography useful for
repeated visualization of the epidural space following sur-
gery for spinal compression.

Some adverse reactions can occur on epidurography.
In Gupta’s study, 56% of patients complained of severe
backache and 82 of 90 patients with prolapsed disk com-
plained of sciatica. The pain lasted for 10 minutes and did
not require treatment. Water-soluble agents such as meglu-
mine iothalamate can produce CNS toxicity. Patients may
experience muscle twitchings, difficulty breathing, and
clonic convulsions. The treatment for such cases is intrave-
nous diazepam with barbiturates for 24-48 hours. Usually
patients recover fully after this period. Metrizamide has
been shown to be the least toxic agent to the CNS and is
now routinely recommended for epidurograms.
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FIGURE 1-17

Lateral view lumber epidurogram showing contrast material in the epidural
space.Note disc bolge at L ;—.(From Raj PP, editor: Practical Management
of Pain. St. Louis, Mosby, 1986, figure 15B-14, p. 167, with permission.)

UTILIZATION OF CONTRAST AGENTS

Up to a third of all radiological imaging utilizes contrast
material either systemically or locally for improved visual-
ization of vessels, organs, body cavities, or pathological
processes.

Barium sulfate, an inert substance, is the standard gas-
trointestinal contrast agent used to visualize the esophagus,
stomach, small and large bowel, and rectum in examina-
tions such as barium enemas and enteroclysis, as well as for
opacification of the gastrointestinal system during CT ex-
aminations. Double-contrast or single-contrast techniques
can be employed for visualization of the mucosa, gross
anatomy, and motility. Water-soluble contrast material can
be substituted for barium for delineation of bowel perfora-
tion, fistulae, or swallowing abnormalities, leading to aspi-
ration.

Intravenously injected iodinate contrast material is
excreted by the kidneys and thus provides excellent
visualization of the renal collecting system, ureter, and
bladder, as well as the renal parenchyma. The excretory
urogram, also known as an intravenous pyelogram, is fre-
quently used for initial evaluation of the patient with sus-
pected urolithiasis. Oral cholecystography once was the
“gold standard” for the diagnosis of cholelithiasis. Orally
ingested contrast excreted by the biliary system allowed
visualization of the gallbladder and its contents. This tech-
nique has largely been made obsolete by ultrasonography.

Intravenously injected contrast medium is also em-
ployed in CT examinations. Enhancement of vessels and
organs with contrast improves visualization; contrast ma-
terial is used to assess tumor vascularity, organ and tissue
perfusion, and the renal collecting system.

The U.S. Food and Drug Administration (FDA) has
approved gadolinium-containing agents for the purpose of
contrast-enhanced MRI; this has significantly increased the

sensitivity and specificity of the modality.!%!127335¢ Gado-
linium is a paramagnetic contrast agent that causes focal ir-
regularities in the magnetic field, with a resultant shortening
of T'1. Thus, enhancing tissues appear bright on T'1-weighted,
contrast-enhancing tissues appear bright on T1-weighted,
contrast-enhanced images (Figure 1-18). These agents con-
tain no iodine and are safe for use in patients with iodine
allergy.?”* Additionally, gadolinium is not nephrotoxic and
can be used in those patients with renal failure.

Scanning times are relatively short compared with
those for CT, and the tight confines of the scanner itself
can pose problems for obese patients or for patients with
claustrophobia. Critically ill patients on life support sys-
tems cannot be accommodated unless the systems are
nonferromagnetic. Technical limitations of MRI include
the inability to detect bone detail and calcification.

CLINICAL APPLICATION OF VARIOUS
IMAGING MODALITIES

IMAGING BASED ON TISSUE TYPE AND
DIAGNOSIS

Given the multitude of imaging modalities available to the
clinician and their differences in sensitivity and specificity,
examination should be selected according to the type of

FIGURE 1-18

Subarachnoid hemorrhage. Axial CT demonstrates blood along the ante-
rior falx and in the sulci along the convexities secondary to rupture of
anterior communicating artery aneurysm (see also Figure 1-19). (From
Raj PP, editor: Practical Management of Pain, 3rd ed. St. Louis, Mosby,
2000, figure 27-27, p. 403, with permission.)
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tissue warranting the evaluation, as well as the presumptive
diagnosis.

HEAD AND NECK

Evaluation of particular areas of the body, however, is bet-
ter served by newer modalities such as CT and MRL%
Instead, plain films are most often ordered to resolve a
question raised by CT or MRI. Additionally, facial bone
films have become nearly obsolete because the anatomical
definition of CT is superior.

Severe and sudden-onset headaches are most effi-
ciently and effectively evaluated by CT to exclude sub-
arachnoid hemorrhage (Figure 1-19) or other intracranial
hemorrhage as the cause!'*’-7 for patients presenting with
subacute, chronic, and unremitting headache, the most
appropriate initial study is MRI.

Facial pain that is presumed to originate from sinusitis
is best assessed with CT; facial bone fractures are also best
evaluated in this manner. Panorex studies and MRI imag-
ing of the temporomandibular joint are also appropriate
for the evaluation of orofacial pain.’%>?

NECK AND UPPER EXTREMITY

Causes of neck and upper extremity pain and discomfort
are multiple. Pain can originate from soft tissues, spinal
cord or nerve roots, or musculoskeletal structures, or it can

FIGURE 1-19

Cerebral angiography shows anterior communicating artery aneurysm
(arrowhead) in a patient with subarachnoid hemorrhage. (From Raj PP,
editor: Practical Management of Pain, 3rd ed. St. Louis, Mosby, 2000, fig-
ure 27-20, p. 398, with permission.)

be referred from viscera. Naturally, degenerative disease of
the cervical spine and herniated or bulging disks are the
culprits behind the majority of complaints, causing nerve
root compression with resultant neck and upper extremity
numbness, weakness, and pain.

Following initial plain films, MRI is the study of
choice for further evaluation. It is superior in demonstrat-
ing not only disk disease and cervical spondylosis but also
primary or metastatic lesions within the cord and spinal
canal. Joint pain of the upper extremity is also best evalu-
ated with MRI to follow up the initial plain films.

As already mentioned, arthrography can also be used
alone or in conjunction with MRI for evaluation of entities
such as rotator cuff tears, scapholunate dissociation, or
glenoid labrum lesions.

CHEST AND ABDOMEN

Chest and abdominal pain is frequently addressed by the
emergency department physician or primary care physi-
cian. Complaints due to gastroesophageal reflux disease,
angina, peptic ulcer disease, pancreatic disease, prostate
disease, or renal abnormalities are but a few examples from
a host of disorders not seen by the pain physician until
they have become chronic.

In the initial evaluation of chest and abdominal pain,
plain films can be advantageous in ruling out processes such
as pneumothorax, congestive heart failure, free intraperito-
neal air from ruptured viscus, or calcifications in a distribu-
tion, which suggest cholelithiasis or urolithiasis. In the
absence of findings on plain film or other diagnostic studies,
such as echocardiography or electrocardiography (EGG),
CT, ultrasound, or gastrointestinal contrast examinations
are the next recommended course of action (Figure 1-20).

As previously noted, evaluation of the soft tissues with
vascular structures is also accomplished with MRI. This
includes visualization of the articular cartilage, ligaments
and tendons, and bursal spaces. Hence, MRI is the study
of choice for evaluation of joints and joint pathological
processes (Figure 1-21).26:6061

LOW BACK PAIN

The causes of low back and lower extremity pain are almost
innumerable. Low back pain is a common complaint
among patients of all ages and patients in both acute care
and pain clinic settings. Causes include, but are not limited
to, degenerative disease of the spine or hips, nerve root
compression, referred visceral pain, pathology affecting the
nerves, musculoskeletal pain, lower extremity joint disease,
soft tissue pathological processes, or myofascial pain.

Low back pain is known to affect 80% of adults during
their lifetime.®? Spinal disorders represent the most com-
mon cause of disability among workers in the United
States and account for the chief medical condition on
which health care dollars are spent.¥
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FIGURE 1-20

Stress fracture of the tibia. (A) Frontal area plain film of the tibia and fibula was nondiagnostic.
A subtle linear area of increased density is seen in the midshaft of the tibia (arrowhead).
(B) Coronal T1-weighted image shows a linear area of decreased signal intensity (arrowheads)
consistent with stress fracture surrounding marrow edema. (From Raj PP, editor: Practical
Management of Pain, 3rd ed. St. Louis, Mosby, 2000, figure 27-15, p. 395, with permission.)

Degenerative changes of the spine are the primary
reason for spinal imaging. CT,* MRI,%1133.356% and my-
elography!®121315 3l provide valuable information in the
evaluation of a patient with back pain. As in the assessment
of intracranial lesions, the development of MRI has drasti-
cally improved the ease and accuracy of diagnosis and
management of patients and has become the primary mo-
dality for diagnosis of low back pain.!%11:33,55,:64

MRI has advantages over both CT and myelography
in the evaluation of degenerative disk disease.* The mul-
tiple terms commonly used to describe degenerative disk
disease are frequently poorly understood and used incor-
rectly. For example, the terms “bulging” disk and “herni-
ated” (protruded, extruded, or sequestered) disk cannot be
used interchangeably. Furthermore, the distinction has
considerable effect on patient treatment, as follows:

= A bulging disk extends past the cortical margins
of the adjacent vertebral bodies.®*

= In a herniated disk, a defect in the annulus fibro-
sis allows extension of the nucleus pulposus

through this defect producing a focal extension
of the margin of the disk. The herniated nucleus
pulposus is still attached posteriorly by some
uninterrupted fibers.5*

= In an extruded disk, no annular fibers remain
intact. The nuclear material bulges into the spinal
canal or intervertebral foramen (Figure 1-22).%*

m A sequestered disk describes disk material that is
no longer contiguous with the remaining nuclear
material. This fragment can be located anterior or
posterior to the posterior longitudinal ligament.!

Impingement on nerve roots or the spinal canal by bony
structures is better evaluated with CT.

MRI can also be used to evaluate the extent of spinal
trauma by an assessment of the condition of the ligaments
and spinal cord and the presence or absence of hematoma
(Figure 1-23). MRI also demonstrates spinal alignment
and the relationship of the vertebrae to the cord. MRI is
superior to other modalities in detection of infection in-
volving the cord, disks, or vertebral bodies.” It is also the
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FIGURE 1-21
Bucket-handle meniscal tear. Sagittal T'1-weighted image of the knee
with the “double PCL sign.” Normal posterior collateral ligament (PCL)
(arrowheads) is intact; the torn and displaced meniscus is seen anteriorly

(arrow). (From Raj PP, editor: Practical Management of Pain, 3rd ed.
St. Louis, Mosby, 2000, figure 27-16, p. 396, with permission.)

method of choice for evaluation of intramedullar, intradu-
ral-extramedullary, and extradural lesions.>>¢*

In patients with facet syndrome, bone scans have not
proven useful to determine levels at which facet blocks
may be successful. Despite the good sensitivity of bone
scanning, scan abnormalities in this clinical setting usu-
ally correspond to radiographically obvious degenerative
changes and do not correlate with clinical outcome of
facet blocks.

Following lumbar spinal fusion, postoperative back
pain may result from pseudoarthrosis or from other causes
such as degenerative disease, musculoskeletal pain, or spinal
stenosis. Radiographs may not demonstrate the failure of
fusion, even with flexion-extension views, in which mobility
may be precluded by metallic fixation. Bone scanning, aug-
mented by single photon emission computed tomography,
which provides tomographic views without superimposition
of multiple structures, may be more sensitive than radiogra-
phy in detecting focal areas of increase tracer uptake indica-
tive of local bone reaction to pseudoarthrosis.’’

Metastatic disease, fracture, and infection in the spine
are frequent causes of back pain. Although routine bone
scans may appear similar in all these entities, enhanced
resolution by pinhole collimation may more precisely lo-
calize abnormal tracer uptake within the vertebra, allowing
some differentiation between these conditions.®

Patients with hematogenous vertebral osteomyelitis
may present with nonspecific back pain. Whereas radio-
graphs may be normal or demonstrate only the advanced
stages of vertebral and disc space destruction, bone scans

FIGURE 1-22

Left lateral disk herniation. (A) Sagittal T1-weighted images showing left lateral disk herniation into the neural
foramen at L4-L5 with compression of the 1.4 nerve root (arrowheads). (B) Axial T'1-weighted image illustrating
left lateral disk herniation (arrowheads). (From Raj PP, editor: Practical Management of Pain, 3rd ed. St. Louis,
Mosby, 2000, figure 27-28, p. 404, with permission.)
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FIGURE 1-23

Traumatic spinal cord transsection. A T-1 weighted sagittal MR image
demonstrates fracture dislocation at T3-T4 with complete transsection of
the spinal cord. Decreased spinal intensity is noted in the involved verte-
bral bodies consistent with marrow edema. (From Raj PP, editor: Practical
Management of Pain, 3rd ed. St. Louis, Mosby, 2000, figure 27-29, p. 405,
with permission.)

have been reported to be 100% sensitive for this condition
even in the early stages of the infection.5?

FAILED BACK SURGERY SYNDROME

Failed back surgery syndrome (FBSS) is a large contributor
to both medical and socioeconomic problems in the United
States. More than two thirds of those patients enrolled in

FIGURE 1-24

Epidural fibrosis. Pre-contrast (A) and post-contrast (B) enhanced axial T'1-weighted images show significant
epidural fibrosis involving the left lateral aspect of the spinal canal following lumbar spinal surgery. Postgado-
linium images show characteristic enhancement of the scar tissue. (From Raj PP, editor: Practical Management of
Puin, 3rd ed. St. Louis, Mosby, 2000, figure 27-30, p. 406, with permission.)

pain centers complain of FBSS. It is for that reason that
additional consideration is given to this disorder.

By definition, FBSS is the persistence of back or leg
symptoms following lumbar surgery. Any patient with
multiple previous low back surgeries should be evaluated
using a systematic and uniform approach to differentiate
between low back pain and leg symptomatology.

First, there must be a differentiation between me-
chanical causes of FBSS. Mechanical lesions such as spinal
stenosis, recurrent disk, or spinal instability can cause
compression of the adjacent cord or nerve roots. These
problems can often be corrected with an additional surgi-
cal procedure.®® Nonmechanical lesions include epidural
fibrosis or arachnoiditis, psychosomatic pain, and systemic
medical illness; these entities are not amenable to treat-
ment by additional surgery.5®

Causes and prevalence of FBSS include the follow-

ing:69v72

= Recurrent disk herniation (12-16%)

m Stenosis not identified in the preoperative period
(central spinal stenosis, 7-40%)

= Lateral recess stenosis (50%)

m Epidural fibrosis (6-8%) (Figure 1-24)

= Arachnoiditis (6-16%)

Additional entities include postoperative bone over-
growth, postoperative nerve injury, pseudomeningocele,
postoperative spondylolisthesis, operation at the wrong level,
incomplete removal of herniated disk, or unsuccessful spinal
fusion.”® Pregadolinium and postgadolinium enhanced MRI
is the method of choice for evaluating FBSS.6366

PLAIN RADIOGRAPHY

Traditonally, the plain radiograph has been the first imaging
test performed in the evaluation of low back pain because it
is relatively inexpensive, widely available, reliable, quick, and
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portable. Two major drawbacks to radiography are difficulty
in interpretation and an unacceptably high rate of false-
positive findings.’* Plain radiographs are not required in the
first month of symptoms unless the physical examination
reveals specific signs of trauma or there is suspicion of tumor
or infection.” It is important to obtain pictures that are free
of motion or grid artifacts and that display soft tissue and
osseous structures of the entire lumbar spine.

Having a standard approach to evaluating radiographs
can help prevent a missed diagnosis; it is crucial to develop
and maintain a specific sequence of observation. The tra-
ditional sequence includes anteroposterior (AP) and lateral
views of the lumbar spine, primarily to detect tumors or
spinal misalignments such as scoliosis. In the AP view, in-
dicators of a normal spine include vertical alignment of the
spinous processes, smooth undulating borders created by
lateral masses, and uniformity among the disc spaces.

Misalignment of the spinous processes suggests a ro-
tational injury such as unilateral facet dislocation. The AP
view of the lumbar spine should include the whole pelvis;
this allows for evaluation of the acetabulum and femoral
heads and for the detection of possible degenerative
changes to the pelvis.

The lateral view (Figure 1-25) provides a good image
of the vertebral bodies, facet joints, lordotic curves, disc

FIGURE 1-25

Sagittal lumbar spine radiograph showing degenerative changes (includ-
ing decreased disc space heights and osteophyte formation) that are com-
monly found in patients of increased age. (From Humphreys SC, Eck JC,
Hodges SD: Neuroimaging in low back pain. Am Fam Physician 65:
2217-2218, 2002, figure 3, with permission.)

space height, and intervertebral foramen. Decreased disc
space height can be indicative of disc degeneration, infec-
tion, and postsurgical condition. Unfortunately, there is
poor correlation between decreased disc height and the
etiology of low back pain.

The standard anteroposterior (AP), lateral, and oblique
projections are the ones most commonly used in screening
the cervical, thoracic, and lumbosacral spine and various
joints of the body. Spot films coned to the area of pathol-
ogy (e.g., angled AP and oblique views of the sacroiliac
joints) may supplement the standard views, if clinically
indicated.

Readily diagnosed by these studies are cases of ankylos-
ing spondylitis with bamboo spine appearance, spondylolis-
thesis, a defect of the pars interarticularis, disk space
narrowing, sclerosis of adjoining end-plates, fractures,
anomalies, osteo-phytes, osteolytic neoplasms, scoliosis,
abnormalities of joints, calcification, arthritis, and derange-
ments of the joints (Figures 1-26 through 1-29).

Standard plain radiography may be supplemented by
complex motion tomography to improve assessment of
interosseous lesions or anatomical alignment of fractures.

Unfortunately, there are limitations to these studies.
Limitations include significant radiation exposure, in-
creased pain during the study (the patient must be in an
uncomfortable difficult position), poor detail of the region
under study, and absence of soft tissue for radiographic
detail.7*+7?

Bone metastases normally appear as multiple foci
of increased tracer uptake asymmetrically distributed
(Figure 1-30). In extreme cases of bone metastases, diffusely
increased uptake of tracer results in every bone being

FIGURE 1-26

Plain radiograph showing a kylosing spondylitis in the sacroiliac joints.
(From Raj PP, editor: Practical Management of Pain. St. Louis, Mosby,
1986, figure 15B-1, p. 161, with permission.)



24 General Considerations

FIGURE 1-27

Plain radiograph showing severe degenerative arthritis of the lumbar spine
at L4-L5 and L5-L1 levels. (From Raj PP, editor: Practical Management of
Puin. St. Louis, Mosby, 1986, figure 15B-2, p. 161, with permission.)

uniformly illustrated and can be falsely interpreted as
negative. Aggressive tumors that do not invoke an osteo-
blastic response, such as myeloma, can also yield a negative
examination.

Primary spine tumors are usually benign. Osteoid os-
teoma, osteoblastoma, aneurismal bone cyst, and osteo-
chondroma produce an active bone scan. These tumors

FIGURE 1-29

Plain radiographs showing Sudek’s atrophy of the left foot (bottom).
(From Raj PP, editor: Practical Management of Pain. St. Louis, Mosby,
1986, figure 15B-4, p. 162, with permission.)

FIGURE 1-28

Plain radiograph showing osteoblastic lesion of the L;-L, vertebra
due to prostatic cancer with metastases. (From Raj PP, editor: Practical
Management of Pain. St. Louis, Mosby, 1986, figure 15B-3, p. 162, with
permission.)

generally affect the posterior elements of the spine. CT
must be used to differentiate them and isolate their ana-
tomic position.

Recent studies®®®! have evaluated the ability of bone
scans, with the addition of single-photon emission com-
puted tomography (SPECT), to distinguish benign lesions
from malignant lesions. SPECT scan differs from bone
scan because it provides a three-dimensional image that
enables physicians to locate the lesion more precisely. Le-
sions that affect the pedicles are a strong indicator of ma-
lignancy, while lesions of the facets are likely to be benign.
Lesions of the vertebral body or spinous process are just as
likely to be benign as malignant and, therefore, offer little
diagnostic evidence.®

Gallium 67 is the most effective radioactive tracer in
assessing infectious spondylitis. One study® compared
bone scans using gallium 67 and Tc 99m with radiography
and MRI. Gallium 67 had a sensitivity of 92%, a specificity
of 100%, and an accuracy of 95%.%> MRI was the second-
best method of evaluation for infection, with a sensitivity
of 96%, a specificity of 93%, and an accuracy of 94%.%

Beam-hardening artifacts or problems caused by fil-
tration of low-energy photons, as occurs in the skull base
in CT imaging, is not a concern with MRI. This modality
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FIGURE 1-30

Bone scan showing metastatic disease of the spine. Areas of increased
tracer uptake represent areas of active bone growth common in patients
with osteoblastic cancer. (From Humphreys SC, Eck JC, Hodges SD:
Neuroimaging in low back pain. Am Fam Physician 65:2217-2218, 2002,
figure 7, with permission.)

allows clear visualization of the posterior and middle cra-
nial fossae.

MRI is also better suited for defining and staging sub-
acute and chronic hematomas, as well as for defining the
contents of a cystic lesion.

Finally, patients with iodine allergy or those with
acute renal failure can be evaluated safely with MRI be-
cause the contrast used contains no iodine and is not neph-
rotoxic.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) has emerged as the
procedure of choice for diagnostic imaging of neurologic
structures related to low back pain (Figure 1-31). Although
a significant variation can exist in the quality of lumbar
spine MRI images as a function of the imaging center and
the image interpreter,> MRI is better than CT in showing
the relationship of the disc to the nerve and at locating soft
tissue and non-bony structures. For this reason, it is better
than CT at detecting early osteomyelitis, discitis, and epi-
dural-type infections or hematomas.

MRI provides high-resolution, multiaxial, multiplanar
images of tissue with no known biohazard effects. The only
contraindication to MRI is the presence of ferromagnetic

FIGURE 1-31

Lumbar herniated disc. T2 Sagittal view MRI shows disc material im-
pingingon neighboring neural structures (arrow). (From Humphreys SC,
Eck JC, Hodges SD: Neuroimaging in low back pain. Am Fam Physician
65:2217-2218, 2002, figure 6, with permission.)

implants, cardiac pacemakers, intracranial clips, or claus-
trophobia. Two different types of images are generally ob-
tained using MRI: T'1-weighted images in the sagittal plane
and T2-weighted images in the axial and sagittal planes.

Spin echo is the standard pulse sequence when using
T1-weighted images, which are commonly used to con-
trast tissues such as neural foramina and nerve roots. Spin
echo provides good spatial resolution, allowing for confir-
mation of disc herniation, although the size of the hernia-
tion is difficult to determine. It can also detect metastatic
disease by surveying the marrow signal intensity or by
showing loss of fat.

T2-weighted spin echo images enhance the signal of
the cerebrospinal fluid, making this more sensitive to spi-
nal pathology (such as tumor, infection, osteomyelitis, and
discitis), but it is often more time consuming with the
pulse sequence.

As with other imaging techniques, MRI can identify
abnormalities in asymptomatic persons. In one study,
21 MRIs of 67 asymptomatic persons 20-80 years of age
were obtained. At least one herniated disc was identified in
20% of persons younger than 60 years and in 36% of per-
sons older than 60 years.®* Another study® discovered that
63% of asymptomatic persons had disc protrusion, and
13% had disc extrusion.

Many imaging centers use contrast-enhanced MRI to
increase the visualization of herniated discs. Recent studies®
have concluded that contrast enhancement in patients
with previous lumbar spine surgery added limited diagnostic
value and often resulted in more inaccurate interpretations.
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Gadolinium is thought to enhance the appearance of nerve
roots in viral or inflammatory conditions and can help dis-
tinguish recurrent disc herniation from scar tissue in the
postoperative spine.5

MAGNETIC RESONANCE IMAGING OF THE SPINE

Magnetic resonance imaging has the distinct advantages
of versatility and noninvasiveness. MRI may delineate
normal spinal anatomy and a variety of pathological con-
ditions. By using a combination of techniques, including
T1 and a combination of techniques, including T1- and
T2-weighted images, in sagittal and axial planes, most of
the spinal structures can be well-delineated. For example,
the spinal cord can be separated from cerebrospinal fluid
and extradural structures by sagittal, T1-weighted se-
quence. A T2-weighted, spin-echo sequence may be used
for evaluation of disk hydration and the cerebral spinal
fluid (CSF)-extradural interface. Extradural defects
are therefore detected, similar to those seen on contrast
myelography (Figure 1-32). Lateral disk herniation
and neural foramina are best visualized with transverse
images.®’

Because MR signals are based on T'1 and T2 relaxation
times and tissue characteristics other than electron density,
greater tissue contrast can be achieved than with CT or
radiography. Therefore, MR excels in evaluation of the
intervertebral disk. Changes because of disk degeneration

FIGURE 1-32

MRI. Extradural filling defects because of bulging and herniated disks at
C45,Cs.6 and C4; ND (arrows) obliterate the CSF space at these levels.
The CSF appears white on the sagittal, T2-weighted image. (From Raj
PP, editor: Practical Management of Pain, 2nd ed. St. Louis, Mosby, 1992,
figure 12-4, p. 189, with permission.)

are manifested by changes in signal intensity within the
disk. In addition, sequelae of disk degeneration, such as
spinal stenosis, ligamentous hypertrophy, and facet disease
can be demonstrated.®

MRI is applicable to a number of other spinal condi-
tions including subluxation, vertebral osteomyelitis, diskitis,
trauma, neoplasm, arteriovenous malformation, syringomy-
elia, and intramedullary neoplasms.

Since MRI excels in delineation of soft tissues, without
the necessity of contrast or hospitalization, it has become
the examination of choice in many spinal conditions. Disad-
vantages include long imaging time, discomfort for the pa-
tient, and sometimes a need for sedation. Magnetic hazards
require that metalworkers and patients with intracranial
aneurysm clips or cardiac pacemakers be excluded. Heating
of metallic prostheses, or movement of other metallic clips,
appears not to be a significant hazard.®’

SKELETAL SCINTIGRAPHY

The bone scan is the study with which referring physicians
are the most familiar. The scan can be used either alone or
in conjunction with other imaging procedures as either the
initial or a follow-up examination. A bone scan is a sensitive
and relatively inexpensive method of acquiring images of
the skeletal system. Because of its method of localization,
however, it is not highly specific, methylene diphosphonate
(MDP) and hydroxy-methylene and diphosphonate (HDP),
the agents most commonly used for skeletal scintigraphy
today, absorb to the hydroxyapatite crystal of the surface
bone.” Technetium 99m is the radioisotope used for label-
ing these biological markers. The labeled phosphate local-
izes at sites with active osteoblastic activity and increased
blood flow. Hence, uptake occurs throughout the axial and
appendicular skeleton. Areas of focally increased uptake are
seen with both benign conditions, such as healing fractures,
as well as malignant processes, such as osseous metastases
(Figure 1-33).

Because minute differences in bone remodeling can be
demonstrated, abnormalities and bone pathology can be
uncovered prior to their visualization on plain film. Detec-
tion of a lytic lesion on plain radiographs requires loss of
approximately 50% of the calcification, whereas scintigra-
phy can detect a lesion with as little as a 1% loss, much
earlier in the disease process.”

There are many indications for skeletal scintigraphy:

m Assessment of bone or joint pain when plain
films are nondiagnostic or normal

Detection of osseous metastatic disease
Ligamentous injury

Detection of stress fractures or occult fractures
Evaluation for osteomyelitis

Evaluation of avascular necrosis

Evaluation for suspected loose or injection joint
prosthesis

Primary bone tumor
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FIGURE 1-33

Metastatic breast carcinoma. This technetium 99m methylene diphos-
phonate (*”"Tc-MDP) bone scan in a patient with breast carcinoma
shows multiple foci of increased activity throughout the appendicular and
axial skeleton, representing widespread metastases. (From Raj PP, editor:
Practical Management of Pain, 3rd ed. St. Louis, Mosby, 2000, figure
27-21, p. 399, with permission.)

= Diagnosis and assessment of Paget’s disease
= Determination of biopsy sites
= Assessment of viability of bone graft

The most frequent clinical use of skeletal scintigraphy
is in the evaluation of osseous metastases. It is used not
only to detect but also to stage many malignancies and to
monitor disease progression. Primary tumors most com-
monly metastasizing to bone include prostate, breast, renal
cell, lung, and thyroid carcinomas.'»!3*? Lymphomas and
neuroblastomas are also monitored through the use of
bone scanning.

Most fractures pose no serious diagnostic dilemma
and can be easily identified on plain radiographs. Occa-
sionally, however, a hairline fracture that is elusive on plain
film can be easily detected on a bone scan. These are most
notably fractures involving the femoral neck, scaphoid,
spine, and pelvis.”” The majority of adult patients and all
pediatric patients demonstrate increased activity at the
fracture site within 72 hours of injury. Some fractures
in older patients, however, are not identified until up to

5 days after the injury.

Bone scintigraphy can also be used to estimate the age
of a fracture, as with compression deformities of the verte-
bral bodies. Elderly, osteopenic patients often complain of
back pain; plain films might show compression fractures of
the spine but provide no clues as to the age of the fracture.
In 95% of patients under 65 years of age, an increase in
bone remodeling is evident by 48 hours; by 72 hours after
injury, almost all patients show radionuclide uptake. Lack
of uptake or normal activity in a collapsed vertebra is suf-
ficient evidence that the fracture is not an acute event.”!
Additionally, approximately 60% of vertebral body com-
pression deformities show normal uptake after 1 year, 90%
after 2 years, and more than 95% 3 years after the initial
trauma.”

Bone scanning is also helpful in the evaluation of a
stress fracture (Figure 1-34). Plain radiograph findings in
stress fractures can be extremely subtle, comprising a thin
line or radio density, or they may not be apparent at all.
Stress fractures may be the result of the overuse of nor-
mally mineralized bone, as with the classic March fracture
of the third metatarsal described in military recruits, or
they may be insufficiency fractures caused by normal use
of inadequately mineralized bone.

Early detection of acute osteomyelitis is yet another
indication for the use of bone scintigraphy. Changes due
to osteomyelitis can be detected on a bone scan up to 7 to
10 days prior to their appearance on plain film. The bone
usually demonstrates abnormal uptake within as little as
24 hours. However, because the radiolabeled phosphates
localize to sites of increased blood flow, as well as those of

FIGURE 1-34

Stress fracture. Technetium 99m methylene diphosphonate (***Tc-MDP)
scan demonstrating stress fracture of the second metatarsal in a female
runner complaining of pain over the dorsum of the foot. This is a classic
March fracture. There is also slightly increased uptake in the anterior
cortices of the distal tibia, consistent with shin splints. (From Raj PP,
editor: Practical Management of Pain, 3rd ed. St. Louis, Mosby, 2000, fig-
ure 27-22, p. 400, with permission.)
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increased bone turnover, this can present a diagnostic di-
lemma in differentiating osteomyelitis from cellulites.

This is commonly seen in the diabetic patient with
non-healing ulcers. The use of the dynamic, or three-
phase, bone scan can aid in differentiation by acquiring
early flow study and blood pool images, followed by the
routine delayed, skeletal phase images. Osteomyelitis shows
uptake on the flow study due to arterial hyperemia, fol-
lowed by diffuse or focal uptake on the blood pool images.
There is focal uptake within the involved segments of bone
on the delayed images (Figure 1-35). Cellulitis, however,
shows delayed activity owing to venous hyperemia on flow
study after which intense and diffuse uptake occur on the
blood pool images. Uptake does not appear on the delayed
images secondary to the lack of bony involvement.

Gallium 67 citrate can also be employed in the at-
tempt to diagnose osteomyelitis.”’”* There are presently
multiple theories on the mechanism of gallium 67 localiza-
tion in tumors at sites of inflammation. Gallium is known
to bind to transferrin, thereby localizing at sites of infec-
tion or inflammation secondary to the increase in vascular
permeability. Gallium also binds to lactoferrin; the known
affinity of gallium for leukocytes can be explained by the
high concentration of lactoferrin therein. In addition, gal-
lium may bind to the siderophores produced by bacteria
living in low iron-containing environments, such as areas
of inflammation (Figure 1-36).%*

Occasionally, as frequently occurs in infants, bone scin-
tigraphy may appear normal despite the presence of osteo-
myelitis.”> Gallium 67 can be used for further evaluation,

FIGURE 1-35

Osteomyelitis. Delayed images in three-phase bone scan with techne-
tium 99m methylene diphosphonate (*’"Tc-MDP) showing increased
activity about the tarsal bones, calcaneus, and tibiotalar joints bilaterally.
(From Raj PP, editor: Practical Management of Pain, 3rd ed. St. Louis,
Mosby, 2000, figure 27-23, p. 400, with permission.)
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FIGURE 1-36

Seven-day gallium 67 scan. Planar images 7 days after injection with
gallium 67 citrate in a 17-year-old patient with persistent abdominal pain.
Images show increased uptake within the right lower quadrant. Follow-
up CT examination revealed a large inflammatory mass in the region of
the cecum. Periappendiceal abscess was confirmed at surgery. (From Raj
PP, editor: Practical Management of Pain, 3rd ed. St. Louis, Mosby, 2000,
figure 27-24, p. 401, with permission.)

as it localizes to the site of infection. Differentiation of
infection and loosening of orthopedic prostheses may also
present a diagnostic problem. Use of gallium 67 in addition
to MDP bone scanning is often sufficient to provide the
answers.

Indium 111 is another tool in the arsenal for evalua-
tion of osteomyelitis. When it is used together with tech-
netium 99m MDP, the specificity and sensitivity of the
combined examination are quite high.”¢ Advantages of in-
dium 111 over a gallium include absence of bowel activity,
which can obscure sites of infection, particularly within the
pelvis and shorter time to completion of the study. Indium
scanning begins within 18 to 24 hours; most gallium imag-
ing begins after 7 days. Indium 111-labeled white blood
cells (WBCs) distribute to the site of active infection in
any tissue. This method is often used in evaluation of post-
operative patients with suspected sepsis. The tagged WBCs
do not localize in noninfected granulation tissue, sites of
osteoarthritis, bony non-unions, heterotopic bone forma-
tion, or inactive, chronic osteomyelitis. Disadvantages of
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indium 111 WBC scanning in the diagnosis of osteomyeli-
tis include:

1. Obscuration of the thoracolumbar junction due
to high activity within both the liver and spleen.

2. Misinterpretation of uptake in an accessory
spleen.

3. Activity in an additional area, such as decubitus
ulcer or an area of bowel infarction.

Whereas a substantial loss of bone substance must oc-
cur before a destructive lesion or demineralization becomes
radiographically visible, bone scanning does not rely on the
actual amount of bone loss to demonstrate pathology. Con-
sequently, destruction from metastases and osteomyelitis
may be detected on bone scans much earlier than on radio-
graphs. Similarly, subtle trauma sufficient to incite a local
repair process, such as stress fracture, may also be obvious
on bone scans but radiographically invisible.

The phrase “sensitive but nonspecific” is commonly
applied to bone scanning. Although many different bone
abnormalities result in so-called hot spots, careful attention
to characteristics of the lesions usually reveals a specific
diagnosis when interpreted in light of appropriate clinical
information. The number, location, and distribution of le-
sions are important, as is clinical history (e.g., trauma or
known primary malignancy). When radiographic correla-
tion is obtained, even more precise and specific diagnosis is
possible.

Since the advantage of bone scanning is its high sensi-
tivity, certain painful conditions are more appropriately
detected by bone scanning than by radiographs, in which
findings may be subtle or even undetectable.

REFLEX SYMPATHETIC DYSTROPHY/COMPLEX
REGIONAL PAIN SYNDROME

This syndrome is characterized clinically by pain, dimin-
ished function, joint stiffness, skin and soft tissue trophic
changes, and vasomotor instability.

Bone scanning is highly sensitive and specific in estab-
lishing the diagnosis of reflex sympathetic dystrophy
(RSD)?7 and in excluding other causes for significant ex-
tremity pain. Three-phase bone scanning usually shows
hypervascularity to the affected extremity on early images,
followed by diffusely increased uptake, in a periarticular
distribution, on delayed images (Figure 1-37).

Recently, RSD has been found to yield varying scan
appearances in different stages of evolution of the syn-
drome.” In early stages, there is the typical bone scan
appearance of increased flow and increased delayed periar-
ticular uptake. Later, as the syndrome progresses to stage II
clinically, the flow normalizes but delayed views remain dif-
fusely intense. In later, chronic (stage III) patients, flow is
reduced, and delayed images return to a normal appearance.
Therefore, in patients with a definite clinical diagnosis of
RSD, the bone scan may be useful in staging the process.

However, its usefulness in monitoring response to therapy
is not well defined, since it may be difficult to distinguish
true improvement from progression to a more advanced
stage by bone scan alone. When the diagnosis of RSD is not
firmly established, bone scanning is certainly helpful in rul-
ing out other occult skeletal lesions that could be the cause
for the patient’s pain; osteomyelitis, occult or stress fracture,
degenerative arthritis, bone infarction, malignancy, or be-
nign bone lesion (e.g., osteoid osteoma) may be radiograph-
ically subtle or invisible but easily detected on scans. In
these cases, the bone scan may detect the cause of otherwise
“unexplained” pain and lead to definitive treatment. These
other lesions are easily differentiated from RSD by their
focal, rather than diffuse, appearance on the scan.

DISCOGRAPHY

Discography is used in conjunction with CT or MRI to
localize disc herniation or fissure in the annulus fibrosis. A
volume of contrast media is injected into the disc space to
determine the integrity of the intervertebral disc. In the
normal disc, the annulus fibrosis solidly encloses the nu-
cleus pulposus and is only capable of accepting 1 to 1.5 ml
of contrast media. If 2 ml or more of contrast media can be
injected, there is likely to be a degenerative change in the
disc.

In addition to determining the available volume of
the disc, discography is used to reproduce the symptoms
associated with a possible herniated disc. The patient’s
response to pain can help confirm the source of the symp-
toms. When saline or dye is injected, it pressurizes the
disc, and the patient is able to confirm that this pain is the
same as the pain he or she has been having.

Discography should be used cautiously because of the
possibility of false-positive results. In one study,”” lumbar
discography was performed on 26 volunteers who were
pain-free or had chronic cervical pain or primary somati-
zation disorders without low back pain. Significant positive
pain responses were reported in 10% of the pain-free
group, 40% of the chronic cervical pain group, and 83%
of the primary somatization disorder group.”” Based on
these results, the findings from discography should be in-
terpreted cautiously. Discography is an invasive test that
has an inherent risk of infection and neural injury. It
should be used only to confirm an initial diagnosis, not as
the primary diagnostic tool.

RADIATION SAFETY

Interventional radiology procedures can require substan-
tial amounts of ionizing radiation and therefore necessitate
particularly close attention to radiation management. This
section reviews radiation units, regulations, and the funda-
mental principles of radiation management for patients
and personnel and examines the procedures and devices
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FIGURE 1-37

CRPSI (A) Flow study performed during bone scan shows increased vascularity to right hand. (B) Delayed bone scan shows periarticular uptake of
tracer throughout the right hand, typical of RSD. (C) Initial radiograph at the time of the bone scan was normal. (D) One month later, osteoporosis
has become radiographically evident. (From Raj PP, editor: Practical Management of Pain, 2nd ed. St. Louis, Mosby, 1992, figure 12-7, p. 194, with
permission.)

designed to reduce patient and staff exposure in interven-
tional radiology.

RADIATION UNITS

The fundamental interactions of x-rays with matter pro-
duce ion pairs via photoelectric absorption and Compton
scattering.!”’ The coulomb per kilogram (C/kg) is the unit

used to measure the electrical charge produced by x- or
gamma-radiation in a standard volume of air by ionization.
Previously the roentgen unit (about 0.25 mC/kg) was used
for this purpose. Radiation exposure is the formal term for
the process of ion-pair productions.

The number of ion pairs produced in air does not di-
rectly measure the amount of energy deposited in another
medium because of the differences in x-ray absorption by
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different materials.!® The gray (Gy) is used as a measure
of the radiation absorbed dose (energy deposited per unit
mass). A gray is equal to 1 J/kg. The older unit of the rad
is equal to 0.01 Gy. These units are of fundamental impor-
tance in patient dosimetry.

Ionizing radiations other than x- and gamma rays,
such as particles or neutrons, may induce a greater biologic
effect for a given absorbed dose. To quantitate this obser-
vation, the sievert (Sv) is used to measure the dose equiva-
lent. The sievert is equal to the number of grays multiplied
by a quality factor ranging from 1 to 20 that expresses the
degree of biologic insult for equal doses of different types
of ionizing radiation. The quality factor for x and gamma
radiation is equal to 1. The older unit of the rem is equal
to 0.01 Sv. This unit is most often utilized in health physics
and radiation-monitoring measures for personnel.

RADIATION PROTECTION FUNDAMENTALS

In order to decrease the absorbed dose to the patient and
the staff, the radiation protection principles of time, dis-
tance, and shielding must be considered. Radiation dose is
directly related to exposure time, so by halving the expo-
sure time, one halves the radiation dose. Personnel who do
not need to be in the fluoroscopy suite during all or part of
a procedure can reduce their exposure time by simply leav-
ing the area. For other individuals the time is totally con-
trolled by the fluoroscopist. Therefore, to reduce exposure
time, the fluoroscopist should never depress the foot
switch except while observing the fluoroscopic image.

Because an x-ray beam diverges as it passes through
space, radiation intensity decreases as the inverse square of
the distance from the radiation source:

o/l = di2/dy?

Hence, the distance from a radiation source is dou-
bled; the radiation intensity decreases to one-fourth its
original value (Figure 1-38). Although this relation holds
strictly only for a point source, the distance principle is
useful in reducing radiation dose to clinical personnel
when the patient is the principal source of scattered radia-
tion. Personnel who do not need to be in the immediate
vicinity of the patient should always stay as far away as is
reasonable from the portion of the patient that is being
imaged.

The attenuation of an x-ray beam (loss of intensity as
it passes through matter) is exponential, where I and 10 are
the initial and transmitted radiation intensity, respectively;
W is the attenuation coefficient of the material (which de-
pends on the atomic number and density of the material
and on the energy of the photons); and x is the thickness
of the attenuating material. Therefore, small amounts of
attenuating (shielding) material can greatly reduce the
intensity of an x-ray beam. For example, more than
90% reduction of a diagnostic x-ray beam is obtained by
using material equivalent to 0.5 mm of lead (the nominal
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FIGURE 1-38

Reduction of radiation intensity (y axis) according to the inverse square
of distance law.

equivalent of a typical lead apron). Examples of exponen-
tial attenuation for diagnostic radiology x-ray beams are
shown in Figure 1-39. Lead aprons should always be worn
by anyone in a fluoroscopy suite. Because fluoroscopy is
utilized extensively during some interventional radiology
procedures, the continual observation of these fundamen-
tal principles is of far greater importance than in other
areas of diagnostic radiology.

RADIATION PROTECTION REGULATIONS

Unlike other areas in medicine in which ionizing radiation
is used to diagnose or treat disease (e.g., therapeutic radi-
ology, nuclear medicine), x-ray use is not completely regu-
lated at the federal level. No one federal body analogous to
the Regulatory Commission exists to supervise x-rays. In-
stead regulations concerning equipment are handled by
the Center for Devices and Radiology Health within the

1.0 -
0.8
0.6 -
0.4 -

0.2

0.0 T T
0.0 0.1 0.2 0.3

Thickness (mm)

FIGURE 1-39

Reduction of radiation intensity with increasing thickness of lead (Pb)
and bone at 60 kVp (20 kev) and 120 kVp (40 kev).
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FDA!% the Occupational Safety and Health Administra-
tion (OSHA) places limits on the radiation doses of
employees in the workplace; and individual states’ depart-
ments of services place additional regulations on users of
x-ray equipment. Although one might expect this decen-
tralization of regulations to be confusing, the state-to-state
variation actually is very minimal, since most states have
patterned their regulations after the recommendations of
the National Council on Radiation Protection and Mea-
surements (NCRP). This body has developed an extensive
set of regulatory guidelines that have become de facto
standards for the safe and proper use of ionizing radiation
(summarized in Tables 1-1 and 1-2). Other sources give
further details of the general philosophy of radiation
protection, as well as specific recommendations for par-
ticular situations.!"1% Two other bodies also publish rec-
ommendations for radiation protection: the International
Commission on Radiation Protection ICRP) and the In-
ternational Council on Protection and Units (ICRU).

The presence of these diverse recommendations is
particularly important in interventional radiology, since
the maximum quarterly dose to the eyes permitted by
OSHA is one-third that recommended by other regula-
tory organizations. These quarterly allowances are in-
tended for sporadic exposure, not continuous exposure.
Doses should always be kept “as low as reasonably achiev-
able” (ALARA).

Concern is often expressed about the absorbed dose to
the eye of the fluoroscopist because of the risk of radia-
tion-induced cataracts. This biologic effect appears to have
a threshold, in that about 6 Gy of diagnostic x-irradiation
over several weeks are necessary to produce cataracts in
humans.!0219%110 Tt may be that absorbed doses of about
15 Gy are necessary to induce cataracts in the diagnostic
radiology setting.!0%10?

TABLE 1-=1 Maximum Permissible Dose Equivalents (mSv)

Area 13 Weeks Yearly Cumulative
Total effective dose equivalent 12,5 50 Age X 10
Lens of eye 315 150

Other organs (individually) 125 500

TABLE 1-2 Maximum Number of Fluoroscopic Procedures in 3-Month Period
without Exceeding Eye Exposure of 12.5 mSv/Quarter

Fluoroscopic
Time per

Procedure (hr) Radiation Exposure at Eye Level (mSv/hr)

10 25 50 100 200 300

0.25 500 200 10.0 5.0 2.5 1.2
0.50 25.0 10.0 50 25 1.2 0.8
1.00 12.5 5.0 25 1.2 08 04
2.00 6.2 2.5 1.2 0.6 0.3 0.2

STAFF RADIATION DOSE MONITORING

In general, monitoring devices must be worn if it is reason-
ably likely that a person could receive 25% of the maxi-
mum permissible dose in the discharge of his or her duties.
"This rule most assuredly mandates dose monitoring of the
interventional radiologist and anyone else routinely in the
fluoroscopy suite during these procedures.

The radiation exposure of the fluoroscopist is heavily
dependent on imaging geometry. Figure 1-40 shows typical
ISO exposure lines for several imaging configurations; note
the tremendous increase in operator exposure with configu-
rations in which the x-ray tube is above the patient. This
increase occurs for two reasons: the overall intensity of the
scattered radiation beam is approximately 985 times greater
at the entrance site on the skin compared to the exit site,!*
and there is less attenuating material (e.g., image intensifier)
between the patient and the operator. As a rule of thumb,
the maximum operator exposure at a given distance occurs
when there is an unobstructed path between an object and
the location at which the x-ray beam enters the patient.

In addition to time, distance, and shielding, another
important radiation protection parameter is x-ray beam
size (Figure 1-41). The amount of scattered radiation expo-
sure is directly related to beam size. In addition, the patient
dose and image quality are affected by changes in collima-
tion. Hence, by limiting the beam size to the smallest nec-
essary area, the fluoroscopist can decrease both personnel
and patient doses while improving image quality.

RADIATION MANAGEMENT DURING IMAGE
RECORDING

Because cine is an extension of fluoroscopy, all of the pre-
vious radiation protection considerations apply; however,
radiation doses are significantly higher for the patient, as
well as the staff. Typical patient skin entrance dose rates
can range from 200 to 900 mGy/min skin entrance doses
in fluoroscopy.!11-113

MEASURING RADIATION DOSAGE

The scientific unit of measurement for radiation dose,
commonly referred to as effective dose, is the millisievert
(mSv). Other radiation dose measurement units include
rad, rem, roentgen, and sievert.

Because different tissues and organs have varying sen-
sitivity to radiation exposure, the actual dose to different
parts of the body from an x-ray procedure varies. The term
“effective dose” is used when referring to the dose aver-
aged over the entire body.

The effective dose accounts for the relative sensitivi-
ties of the different tissues exposed. More importantly, it
allows for quantification of risk and comparison to more
familiar sources of exposure that range from natural back-
ground radiation to radiographic medical procedures.
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FIGURE 1-40

Scatter radiation from several equipment configurations. ISO exposure lines are given in mR/hr. (A) Con-
ventional fluoroscopy. (B) Overhead tube. (C) Posteroanterior fluoroscopy with C-arm or U-arm. (D) Cross-
table lateral fluoroscopy with C-arm or U-arm. (Courtesy of General Electric Medical Systems Division.)
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FIGURE 1-41

Scatter radiation reduction with surface shielding (2.8 R/min patient skin entrance exposure). (A)
Vertical fluoroscopy without shielding. (B) Oblique (45°) fluoroscopy without shielding. (C) Vertical
fluoroscopy with a 25 X 15 cm (0.75-mm lead equivalent) surface shield. (D) Oblique (45°) fluoros-
copy with surface shielding in place. (From Young AT, Morin RL, Hunter DW, et al: Surface shield:
device to reduce personnel radiation exposure. Radiology 159:801-803, 1986, with permission of the
Radiological Society of North America, Inc.)
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NATURALLY OCCURRING “BACKGROUND”
RADIATION EXPOSURE

We are exposed to radiation from natural sources all the time.
The average person in the United States receives an effective
dose of about 3 mSv per year from naturally occurring radio-
active materials and cosmic radiation from outer space. These
natural “background” doses vary throughout the country.

People living in the plateaus of Colorado or New
Mexico receive about 1.5 mSv more per year than those liv-
ing near sea level. The added dose from cosmic rays during
a coast-to-coast round-trip flight in a commercial airplane is
about 0.03 mSv. Altitude plays a big role, but the largest
source of background radiation comes from radon gas in
our homes (about 2 mSv per year). Like other sources of
background radiation, exposure to radon varies widely from
one part of the country to another.

"To explain it in simple terms, we can compare the ra-
diation exposure from one chest x-ray as equivalent to the
amount of radiation exposure one experiences from natu-
ral surroundings in 10 days.

X-RAY SAFETY

As with other medical procedures, x-rays are safe when
used with care. Radiologists and x-ray technologists have
been trained to use the minimum amount of radiation
necessary to obtain the needed results. The amount of ra-
diation used in most examinations is very small, and the
benefits greatly outweigh the risk of harm.

X-rays are produced only when a switch is momen-
tarily turned on. As with visible light, no radiation remains
after the switch is turned off.

LIFETIME X-RAY EXPOSURE

"The decision to have an x-ray exam is a medical one, based
on the likelihood of benefit from the exam and the poten-
tial risk from radiation. For low-dose examinations, usually
those that involve only films taken by a technologist, this is
generally an easy decision. For higher-dose exams such as
computed tomography (CT) scans and those involving the
use of contrast materials (dyes) such as barium or iodine,
the radiologist may want to consider your past history of
exposure to x-rays. If you have had frequent x-ray exams
and change health care providers, it is a good idea to keep
a record of your x-ray history for yourself. This can help
your doctor make an informed decision. It is also very im-
portant to tell your doctor if you are pregnant before hav-
ing an exam that involves the abdomen or pelvic region.

PREGNANCY AND X-RAYS

As with any aspect of medical care, knowing that a patient
is or could be pregnant is important information. Preg-
nancy, for example, might explain certain symptoms or

medical findings. When a pregnant patient is ill or injured,
the physician will carefully select medications to avoid
potential risks to the developing child. This is also true of
X-rays.

While the vast majority of medical x-rays do not pose
a critical risk to a developing child, there may be a small
likelihood of causing a serious illness or other complica-
tion. The actual risk depends on how far along the preg-
nancy is and on the type of x-ray. Ultrasound studies, for
example, do not use x-rays and have never demonstrated
any potential for risk to a pregnancy. X-ray studies of the
head, arms, legs, and chest do not usually expose the fetus
directly to x-rays, and typically the technologist who takes
the x-rays will implement special precautions to ensure that
the fetus of a pregnant patient is not directly exposed.

Sometimes patients need examinations of the abdo-
men or pelvis while they are pregnant. When studies of the
abdomen or pelvis are required, the physician may prefer
to order a different type of exam for a pregnant patient or
reduce the number of x-rays from that which is normally
acquired. Therefore it is important that you inform your
physician or the x-ray technologist about your reproduc-
tive status before the x-ray study is performed.

Radionuclide exams, also known as nuclear medicine,
also use x-ray-like radiation. But the method of use is quite
different from x-rays, and they produce very different-
looking images. The same advice for informing your phy-
sician or the nuclear medicine technologist about any
possible pregnancy before the examination begins is im-
portant.

However, in nuclear medicine another precaution is
advised for women who are breast-feeding. Some of the
pharmaceuticals that are used for the study can pass into
the mother’s milk, and subsequently the child will con-
sume them. To avoid this possibility, it is important that a
nursing mother inform her physician and the nuclear
medicine technologist about this before the examination
begins. Usually, the mother will be asked to discontinue
breast-feeding for a short while and pump her breast in the
interim and discard the milk. Breast-feeding can often re-
sume shortly afterwards.

RADIATION DOSE FROM INTERVENTIONAL
RADIOLOGY PROCEDURES

Interventional radiologic procedures use diagnostic-type
imaging equipment to assist a physician in the treatment of
a patient’s condition. These procedures frequently provide
favorable medical results with minimal recovery time. In
some cases, these procedures avoid the need for conven-
tional surgery or improve the prospects for a favorable
outcome from surgery. As with any medical procedure,
there are associated risks and the nature of these risks de-
pend on the procedure.

Use of interventional therapies has increased for
hemodialysis access failure as it has for other vascular
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diseases. Balloon angioplasty, stent angioplasty, throm-
bolysis, and thrombectomy are special techniques that
provide great benefits to patients with access failure.

Potential health risks from occupational radiation
exposure in many populations have been reported re-
cently.!'*!5 Schubauer-Berigan and WenzI!'!* reviewed the
relationship between leukemia mortality and radiation ex-
posure. Strong evidence existed that nuclear workers world
wide have experienced slight but meaningful elevations in
leukemia mortality that can be related to increases in low-
linear-energy transfer radiation doses. Berrington et al.!’’
also reported on 100 years of observations of British radi-
ologists. The fact that cancer mortality increased in those
radiologists who had job tenure of more than 40 years was
attributed to the long-term effects of radiation exposure.
Conversely, Niklason et al.!!¢ calculated the risk of fatal
cancer in interventional radiologists based on annual ra-
diation exposure to be less than one per 10,000 for almost
the entire career of an interventional radiologist. However,
it may be difficult to establish the potential risk of occupa-
tional exposure from image-guided intervention because
only approximately 20 years have passed since the intro-
duction of the techniques and recent improvements in
devices, equipment, and procedures have accelerated the
widespread use of many interventions. Operators and
assistants must attempt to reduce occupational radiation
exposure and optimize patient exposure doses.

Marx et al.!"” reported that the number of performances
and the lead apron thickness were the primary determinants
of total body dose in occupational radiation exposure.
Although thicker lead coverage is effective in reducing ra-
diation exposure, thicker lead aprons are heavy and uncom-
fortable to wear during the frequent performances and
lengthy procedures of every intervention. Special procedure
aprons may weigh as much as 8 kg!!” and are too heavy to

wear for extended periods of time. Shielding devices near
the scattering source should be developed instead of heavier
and thicker lead coverage. Ito et al.'!® reported a radiation
protection system for angiography of the cerebral, thoracic,
abdominal, and lower extremity regions.

PERSONAL REPORT BY PAIN PHYSICIAN ON
RADIATION INJURY TO HANDS AND FOREARM

In the early years, there was no serious recognition of haz-
ards associated with radiation exposure by having the
physician’s hands visible on the fluoroscopic picture for
minutes at a time. During a period of approximately seven
years, the increased utilization of fluoroscopy resulted in
incidentally noticed changes, such as opening an envelope
would lead to stinging pain. Yet, there were no serious
relationships between the changes that were the conse-
quence of the cumulative radiation to the digits and the
hand until 1986 (Figure 1-42A).

In 1986, a rather surprising finding was the wasting of
the fingers in the terminal phalanges of the fifth, fourth,
and third, and dorsum of the thumb and the terminal pha-
langes, index finger, and more so on the middle ring and
fifth finger. Additionally, disappearance of the hair and
wrinkles in the dorsum of the hand were noted. The thin-
ness of the skin was so noticeable that a piece of paper
placed in the pocket would cause the stinging and full
thickness cut when the hand would be placed blindly to
pick something out of the pocket. Also noted were up-
curling and brittleness of the nails, pain of the joints of the
hand, and light shining through the digits after closing the
fingers.

Upon noting these changes, radiation protection mea-
sures were initiated in the form of wearing leaded gloves,

FIGURE 1-42
Appearance of a pain physician’s hands due to radiation injury in 1986 (A), 2001 (B), and 2007 (C). (Courtesy of Gabor Racz, MD.)
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and the changes gradually reversed. A conscious effort was
made to avoid direct exposure to radiation and training the
x-ray personnel to watch the operator’s eyes and only turn
the fluoroscopic unit on when requested. In the following
15 years to 2001, the digits regained connective tissue so
that the fingers opposed to each other could keep the light
out, the nails became less brittle, and the wrinkles returned
to the dorsum of the hand together with some hair (Figure
1-42B and C). At this point, above the leaded glove line,

forearm changes were still noted from the scatter radiation

and this was seen as loss of hair and spotty hyperkeratosis
without any pain or noted skin changes (Figure 1-43A).
To prevent further deterioration, forearm shields were
constructed with Velcro to use for most repetitive proce-
dures. The next set of pictures taken over the subsequent
6 years resulted in further normalization of the digits, hair,
and skin, including the forearm (Figure 1-43B). At present,
there are some achy feelings in the joints of the hand, but
the skin has regained additional thickness (Figure 1-44).

X-ray exposure is limited to accidental miscommunication,

FIGURE 1-43

Radiation injury and recovery in
the forearm of a pain physician in
2001 (A) and 2007 (B). (Courtesy of
Gabor Racz, MD.)

FIGURE 1-44
Appearance of pain physician’s hands as seen from the dorsal side (A) and thenar side (B) in 2007. (Courtesy of Gabor Racz, MD.)
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but never intentional or without protection unless it is
for a very brief period of time. For comparative purposes,
another senior pain physician who has been doing interven-
tional pain procedures for many years with complete disre-
gard for radiation protection with a rather similar attitude
to that of the author was asked to compare hands in 2005
and found that the terminal parts of the digits were losing
connective tissue, the skin was thin, and the hair was absent
(Figure 1-45). Shortly after the picture in Figure 1-45B was
taken in 2005, the physician reported a tendency of bleeding

FIGURE 1-45

(A and B) Dorsum of hands of two physicians who sustained radiation
injury. (Courtesy of Gabor Racz, MD.)

in the hand. Restorative measures have been initiated with
early evidence of reversal of the radiation changes.

Radiation exposure indeed has cumulative effects;
however, if protective measures are initiated early or when
the changes are recognized, serious sequelae of radiation
injury can be reversed.
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LOCAL ANESTHETICS

Local anesthetics are used to prevent or treat acute pain (in-
cluding procedure-related pain), to treat inflammatory, can-
cer, and chronic pain, and for diagnostic and prognostic
purposes. Drugs classified as local anesthetics bind to a spe-
cific receptor site within the pore of the Na* channels in
nerves and block ion movement through this pore. As a
result, propagation of action potentials in nerve axons is
blocked. Other actions of these drugs, such as anti-inflamma-
tory by interaction with G-protein receptors,! also are
thought to be relevant to their use to prevent or treat pain.
Nociceptive pain, as well as neuropathic pain, is targeted with
this group of drugs. Any part of the nervous system, from the
periphery to the brain, may be where local anesthetics act to
produce a desired anesthetic or analgesic effect.

A variety of formulations of local anesthetics, routes of
administration, and methods of administration are used.
They are injected as a single bolus, administered by constant
infusion or by topical application and even orally. The
drugs are formulated commercially or by medical person-
nel according to intended route of administration and/or to
address specific concerns or needs. In general, their action
is restricted to the site of application and rapidly reverses
on diffusion from the site of action in the nerve. The
chemical and pharmacologic properties of each drug deter-
mine its clinical use. Local anesthetics can be administered
by a variety of routes, including topical, infiltration, field or
nerve block, intravenous regional, spinal, or epidural, as
dictated by clinical circumstances. Lidocaine, bupivacaine
(racemic and levo forms), and ropivacaine probably are the
local anesthetics most commonly used in interventional
pain management.

EFFECTS ON SYSTEMS

As suggested above, local anesthetics have desirable effects
on a number of body systems but they also have many
undesirable effects. Local anesthetics interfere with the
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function of all organs in which conduction or transmission
of electrical impulses occurs. Thus, they have important
effects on the central nervous system (CNS), cardiovascu-
lar system (CVYS), the autonomic ganglia, neuromuscular
junction, and all forms of muscle.”™*

Central Nervous System

When local anesthetics enter the brain via systemic circula-
tion, they may cause stimulation of the CNS, producing
restlessness and tremor that may proceed to clonic convul-
sions. They may also produce depression manifested as
sleepiness, loss of consciousness, or respiratory depression
or arrest. These effects are dependent on the concentration
of local anesthetic in the blood and other drugs the patient
has received. Central stimulation is followed by depression;
death is usually caused by respiratory or CVS failure.
Although drowsiness is the most frequent complaint
that results from the CNS actions of local anesthetics,
local anesthetics such as lidocaine and mepivacaine may
produce dysphoria or euphoria and muscle twitching. Both
lidocaine and procaine may produce loss of consciousness
that is preceded only by symptoms of sedation.” Other
local anesthetics also show the effect, but cocaine has a
particularly prominent effect on mood and behavior.

Cardiovascular System

Local anesthetics, lidocaine in particular, are used to treat
certain cardiac arrhythmias. However, if local anesthetic
concentration in the blood reaches toxic concentration,
life-threatening or lethal cardiovascular events may occur.
The primary site of action is the myocardium, where elec-
trical excitability, conduction rate, and force of contraction
are altered. In addition, high concentrations of most local
anesthetics cause arteriolar dilation. The cardiovascular
effects usually are seen only after high systemic concentra-
tions are attained and effects on the CNS are produced.
However, on rare occasions lower doses cause cardiovascu-
lar collapse and death, probably due to either an action on
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the pacemaker or the sudden onset of ventricular fibrilla-
tion. However, ventricular tachycardia and fibrillation are
relatively uncommon consequences of local anesthetics
other than bupivacaine.

Neuromuscular Junction and Ganglionic Synapse

Local anesthetics affect transmission at the neuromuscular
junction. Procaine, for example, can block the response of
skeletal muscle to maximal motor-nerve volleys and to ace-
tylcholine at concentrations where the muscle responds
normally to direct electrical stimulation. Similar effects oc-
cur at autonomic ganglia. These effects are due to blockade
of the ion channel of the acetylcholine receptor.t

Smooth Muscle

Local anesthetics depress contractions in the intact bowel
and in strips of isolated intestine.” They also relax vascular
and bronchial smooth muscle, although low concentrations
may initially produce contraction.” Spinal and epidural an-
esthesia, as well as instillation of local anesthetics into the
peritoneal cavity, cause sympathetic nervous system paraly-
sis, which can result in increased tone of gastrointestinal
musculature. Local anesthetics may increase the resting
tone and decrease the contractions of isolated human uter-
ine muscle; however, uterine contractions seldom are de-
pressed directly during intrapartum regional anesthesia.

BIOTRANSFORMATION OF LOCAL ANESTHETICS

The rate of local anesthetic biotransformation is of great
practical importance because the toxicity of local anes-
thetics depends largely on the balance between their rates
of absorption, biotransformation, and elimination. The
rate of absorption of many local anesthetics can be re-
duced considerably by the incorporation of a vasocon-
strictor agent in the anesthetic solution. However, the
rate of biotransformation of local anesthetics varies greatly,
and this is a major factor in determining the safety of a
particular agent. Since toxicity is related to the free con-
centration of drug, binding of anesthetic to proteins in the
serum and to tissues reduces the concentration of free
drug in the systemic circulation and, consequently, re-
duces toxicity. For example, in intravenous regional anes-
thesia of an extremity, about half of the original anesthetic
dose is still tissue bound 30 minutes after release of the
tourniquet. The lungs also bind large quantities of local
anesthetic.®

Aminoester-linked local anesthetics are hydrolyzed
at the aminoester linkage in plasma-by-plasma pseudocho-
linesterase. This enzyme also hydrolyzes natural choline
esters and the neuromuscular blocking agent, succinylcho-
line. The rate of hydrolysis of aminoester-linked local
anesthetics depends on the type and location of the substitu-
tion in the aromatic ring. For example, 2-chloroprocaine is
hydrolyzed about four times faster than procaine, which in

turn is hydrolyzed about four times faster than tetracaine. In
the case of 2-chloroprocaine, the half-life in the normal
adult is 45 seconds to 1 minute. In individuals with atypical
plasma pseudocholinesterase, the rate of hydrolysis of all
the ester-linked local anesthetics is markedly decreased,
and a prolonged half-life of these drugs results. Therefore,
whereas the potential for toxicity from plasma accumulation
of the ester-linked local anesthetics (e.g., 2-chloroprocaine)
is extremely remote with repeated dosing of the drug
in normal individuals, this likelihood should be considered
with the administration of large doses or repeated doses to
individuals with the atypical pseudocholinesterase enzyme.’

The hydrolysis of all aminoester-linked local anesthet-
ics leads to the formation of para-aminobenzoic acid (PABA)
or a substituted PABA. PABA and its derivatives are associ-
ated with a low but real potential for allergic reactions.!® A
history of an allergic reaction to a local anesthetic agent
should be considered primarily as resulting from the pres-
ence of PABA or derived from aminoester-linked local an-
esthetics. Allergic reactions may also develop from the use
of multidose vials of aminoamide-linked local anesthetics
that contain PABA as a preservative. Allergic reactions to
aminoamide-linked local anesthetics without preservatives
are rare. However, Mackley and colleagues!! concluded
that contact type IV sensitivity to lidocaine may occur more
frequently than previously thought.

The aminoamide-linked local anesthetics, in contrast
to the aminoester-linked drugs, are biotransformed pri-
marily in the liver by cytochrome P450 enzymes. Two
major factors controlling the clearance of aminoamide-
linked local anesthetics by the liver are (1) hepatic blood
flow (delivery of the drug to the liver) and (2) hepatic func-
tion (drug extraction by the liver). Factors that decrease
hepatic blood flow or hepatic drug extraction result in an
increased elimination half-life.

Renal clearance of unchanged local anesthetics is a
minor route of elimination. For example, the amount of
unchanged lidocaine excretion in the urine in the adult is
small, roughly 3% to 5% of the total drug administered.
For bupivacaine, the renal excretion of unchanged drug is
also small but somewhat higher, in the 10-16% range of
the administered dose.

Lidocaine biotransformation occurs following uptake
of the drug by the liver. The primary biotransformation
step for lidocaine is a dealkylation reaction in which an
ethyl group is cleaved from the tertiary amine (Figure 2-1).
Interestingly, this primary step in lidocaine’s biotransfor-
mation appears to be only slightly slower in the newborn
than in the adult, indicating functional maturity of this
particular enzyme system in the newborn. However, an
increase in the elimination half-life of lidocaine in the new-
born of about twofold is seen, which is believed to result
not from enzymatic immaturity but, instead, to reflect the
larger volume of distribution for lidocaine in the newborn.
A larger volume of distribution means that a given dose of
drug achieves a lower plasma concentration; thus, less drug
would be delivered to the liver for metabolism per unit
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Metabolism of lidocaine illustrating a dealkylation reaction. (From Raj
PP, editor: Textbook of Regional Anesthesia. Philadelphia, Churchill Living-
stone, 2002, figure 13-9, p. 188, with permission.)

time and to the kidney for excretion. Thus, it would take
longer to clear a drug from the body when the drug has a
larger volume of distribution.

As with the biotransformation of lidocaine, that of
bupivacaine progresses with a dealkylation reaction as
the primary step (Figure 2-2). Again, in the newborn an
increased volume of distribution is present for bupiva-
caine and a longer half-life is thus anticipated compared
with that expected in the adult. Other reactions in
the biotransformation of amide-linked local anesthetics
include hydrolysis of the amide link and oxidation of
the benzene ring portion of the drug. The products of

Bupivacaine
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FIGURE 2-2

Metabolism of bupivacaine. (From Raj PP, editor: Textbook of Regional
Anesthesia. Philadelphia, Churchill Livingstone, 2002, figure 13-10,
p- 188, with permission.)

biotransformation can be cleared by the kidney as un-
changed or conjugated compounds. For example, when
hydroxy derivatives are formed from the oxidation of the
benzene ring, they are conjugated and excreted as the
glucuronide or sulfate conjugate.

With mepivacaine, the primary metabolic pathway is
the oxidation of the benzene ring portion of the molecule,
producing 3-hydroxy and 4-hydroxymepivacaine. Because
this oxidation metabolic pathway is less well developed in
the newborn, mepivacaine metabolism occurs much slower
in the newborn than in the adult.

Ropivacaine metabolism in humans has been studied
extensively (Figure 2-3). At low plasma concentrations,
the drug is primarily metabolized by ring oxidation to
3-hydroxyropivacaine, which is conjugated and excreted in
the urine.!? Significantly less drug is metabolized by deal-
kylation at low concentrations to PPX. At high concentra-
tions in vitro, dealkylation to PPX becomes an important
pathway.! The metabolites formed are much less active
than the parent compound ropivacaine. Renal clearance of
ropivacaine also is relatively small, with only about 1% of
the administered dose excreted unchanged in the urine.

The metabolism of local anesthetics, as well as that of
many other drugs, occurs in the liver by the cytochrome
P-450 enzymes. This enzyme family has been subdivided
into a number of isoenzymes, with those predominantly
involved in local anesthetic biotransformation reactions
being CYP-1A2 and CYP-3A4. The predominant cyto-
chrome P-450 isoenzyme present in the human liver is
CYP-3A4. This isoenzyme accounts for approximately
30-60% of the total cytochrome P-450 content in the
liver. It is primarily responsible for the dealkylation reac-
tion in drug metabolism, which, in the case of lidocaine,
produces MEGX; with bupivacaine and ropivacaine, PPX
is produced.
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FIGURE 2-3

Schematic diagram showing the two major pathways of ropivacaine me-
tabolism. (From Raj PP, editor: Textbook of Regional Anesthesia. Philadelphia,
Churchill Livingstone, 2002, figure 13-11, p. 189, with permission.)
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SPECIFIC LOCAL ANESTHETICS

Local anesthetics are classified as either aminoester or
aminoamide agents. Clinically useful ester agents are pro-
caine, 2-chloroprocaine, and tetracaine.

Procaine

Procaine (Novocain), introduced in 1905 as the first
synthetic local anesthetic, is an amino ester (Figure 2-4).
Although it formerly was used widely, it is now confined to
infiltration anesthesia and occasionally to diagnostic nerve
blocks. This is because of its low potency, slow onset, and
short duration of action. While its toxicity is fairly low, it
is hydrolyzed in vivo to produce PABA, which inhibits the
action of sulfonamides. Thus, large doses should not be
administered to patients taking sulfonamide drugs.

2-chloroprocaine

2-chloroprocaine (Nesacaine), an ester local anesthetic
introduced in 1952, is a chlorinated derivative of procaine
(Figure 2-4). Its major assets are its rapid onset and short
duration of action and its reduced acute toxicity due to
its rapid metabolism (plasma half-life of approximately
25 seconds). Enthusiasm for its use has been tempered by
reports of prolonged sensory and motor block after epidural
or subarachnoid administration of large doses. This toxicity
appears to have been a consequence of low pH and the
use of sodium metabisulfite as a preservative in earlier for-
mulations. There are no reports of neurotoxicity with newer
preparations of chloroprocaine, which contain calcium
EDTA as the preservative, although these preparations also
are not recommended for intrathecal administration. A
higher-than-expected incidence of muscular back pain fol-
lowing epidural anesthesia with 2-chloroprocaine also has
been reported.'* This back pain is thought to be due to
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Local anesthetic chemical structures illustrating ester linkage. (From Raj
PP, editor: Textbook of Regional Anesthesia. Philadelphia, Churchill Living-
stone, 2002, figure 13-12, p. 193, with permission.)

tetany in the paraspinous muscles, which may be a conse-
quence of Ca?* binding by the EDTA included as a preser-
vative; the incidence of back pain appears to be related to
the volume of drug injected and its use for skin infiltration.

PHARMACOLOGY AND PHARMACODYNAMICS

2-chloroprocaine is procaine with the addition of a chlorine
group to the benzene ring. This drug has a very rapid onset
of action and a short duration of activity (30-60 minutes).
Once absorbed into the circulation, the drug is rapidly me-
tabolized. The approximate half-life in plasma in adults is
45 seconds to 1 minute; hence, it is the most rapidly me-
tabolized local anesthetic currently used. Because of this
extremely rapid breakdown in plasma, it has very low po-
tential for systemic toxicity and has been particularly at-
tractive to obstetric anesthesiologists for use when elevated
maternal blood levels of local anesthetic can cause major
problems for the fetus and mother. This drug is also fre-
quently used for epidural and peripheral blocks in an am-
bulatory care setting when short duration of anesthesia is
needed and rapid recovery is highly desirable.

The epidural use of this drug, however, has been
limited because of several reported problems. Prolonged
and profound motor and sensory deficits occurred with
the unintentional subarachnoid injection of the original
2-chloroprocaine commercial preparation marketed with the
preservative bisulfite. The classic work by Gissen and co-
workers!® and Wang and colleagues!'® demonstrated that bi-
sulfite in the presence of a highly acidic solution releases
sulfur dioxide (SO,), which equilibrates in solution into sul-
furous acid, which is neurotoxic. Gissen postulated that the
injecton of the highly acidic commercial 2-chloroprocaine
(pH 3) solution into the spinal sac resulted in the slow for-
mation of and prolonged exposure to sulfurous acid, causing
spinal cord damage. More recently, a 2-chloroprocaine
preparation was released in which the bisulfite was removed
and EDTA was substituted as the preservative. This change,
however, has not been totally satisfactory because there ap-
pears to be a significant occurrence of back muscle spasm
after epidural application of this formulation.'” It has been
postulated that the EDTA in this commercial preparation
binds calcium and causes spasm in the paraspinal muscles.

A new 2-chloroprocaine commercial preparation has
been released in which all preservatives have been removed.
Initial studies with this formulation appear to be promising.
No preparations of 2-chloroprocaine are recommended for
either spinal or intravenous regional anesthesia.

Aminoamide local anesthetics currently used are lido-
caine, mepivacaine, bupivacaine, ropivacaine, and levobu-
pivacaine.

Lidocaine

Lidocaine, introduced in 1948, is now the most widely
used local anesthetic. The chemical structure of lidocaine
is shown in Figure 2-5.
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Local anesthetic chemical structures illustrating amide linkage and indi-
cating an asymmetric carbon atom (asterisk) when present. (From Raj PP,
editor: Textbook of Regional Anesthesia. Philadelphia, Churchill Living-
stone, 2002, figure 13-13, p. 194, with permission.)

Pharmacologic action: The pharmacologic actions
that lidocaine shares with other local anesthetic drugs have
been described widely. Lidocaine produces faster, more
intense, longer lasting, and more extensive anesthesia than
does an equal concentration of procaine. Unlike procaine,
it is an aminoethylamide and is the prototypical member
of this class of local anesthetics. It is a good choice for
patients sensitive to ester-type local anesthetics.

Absorption rate and excretion: Lidocaine is absorbed
rapidly after parenteral administration and from the gas-
trointestinal and respiratory tracts. Although it is effective
when used without vasoconstrictor, in the presence of epi-
nephrine the rate of absorption and the toxicity are de-
creased and the duration of action usually is prolonged.
Lidocaine is dealkylated in the liver by mixed-function
oxidases to monoethylglycine xylidide and glycine xyli-
dide, which can be metabolized further to monoethylgly-
cine and xylidide. Both monoethylglycine xylidide and
glycine xylidide retain local anesthetic activity. In humans,
about 75% of xylidide is excreted in the urine as the fur-
ther metabolite, 4-hydroxy-2, 6-dimethylaniline.?

Toxicity: The side effects of lidocaine seen with in-
creasing dose include drowsiness, tinnitus, dysphagia, diz-
ziness, and twitching. As the dose increases, seizures,
coma, and respiratory depression and arrest occur. Clini-
cally significant cardiovascular depression usually occurs at
serum lidocaine levels that produce marked CNS effects.
The metabolite monoethylglycine xylidide and glycine
xylidide may contribute to some of these side effects.

Clinical uses: Lidocaine has a wide range of clinical
uses as a local anesthetic; it is useful in almost any applica-
tion where a local anesthetic of intermediate duration is
needed. Lidocaine also is used as an antiarrhythmic agent.

Mepivacaine

Mepivacaine, introduced in 1957, is an intermediate-acting
aminoamide (see Figure 2-5). Its pharmacologic properties
are similar to those of lidocaine. Mepivacaine, however, is
more toxic to the neonate and thus is not used in obstetric
anesthesia. The increased toxicity of mepivacaine in the
neonate is related not to its slower metabolism in the neo-
nate but to ion trapping of this agent because of the lower
pH of neonatal blood and the pKa of mepivacaine. Despite
its slow metabolism in the neonate, it appears to have a
slightly higher therapeutic index in adults than lidocaine.
Its onset of action is similar to that of lidocaine, and its
duration slightly longer (about 20%) than that of lidocaine
in the absence of a coadministered vasoconstrictor. Mepi-
vacaine is not effective as a topical anesthetic.

Bupivacaine

Bupivacaine, introduced in 1963, is a widely used amide
local anesthetic; its structure is similar to that of lidocaine,
except the amine-containing group is a butyl piperidine
(see Figure 2-5). It is a potent agent capable of producing
prolonged anesthesia. Its long duration of action plus its
tendency to provide more sensory than motor block has
made it a popular drug for providing prolonged analgesia
during labor or the postoperative period. By taking advan-
tage of indwelling catheters and continuous infusions, bu-
pivacaine can be used to provide several days of effective
analgesia.

Bupivacaine was developed as a modification of mepiva-
caine. Its structural similarities with mepivacaine are readily
apparent. Bupivacaine has a butyl (four-carbon substitution)
group on the hydrophilic nitrogen.

Bupivacaine has made a contribution to regional anes-
thesia second in importance only to lidocaine. It is one of
the first of the clinically used local anesthetic drugs that
provides good separation of motor and sensory blockade
after its administration. The onset of anesthesia and the
duration of action are long and can be further prolonged
by the addition of epinephrine in areas with a low fat con-
tent. Only small increases in duration are seen when bupi-
vacaine is injected into areas with a high fat content. For
example, a 50% increase in duration of brachial plexus
blockade (an area of low fat content) follows the addition
of epinephrine to bupivacaine solutions; in contrast, only a
10-15% increase in duration of epidural anesthesia results
from the addition of epinephrine to bupivacaine solutions,
since the epidural space has a high fat content.

Toxicity: Bupivacaine is more cardiotoxic than equief-
fective doses of lidocaine. Clinically, this is manifested by
severe ventricular arrhythmias and myocardial depression
after inadvertent intravascular administration of large doses
of bupivacaine. The enhanced cardiotoxicity of bupivacaine
probably is due to multiple factors. Lidocaine and bupiva-
caine both block cardiac Na* channels rapidly during sys-
tole. However, bupivacaine dissociates much more slowly
than does lidocaine during diastole, so a significant fraction
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of Na* channels remains blocked at the end of diastole (at
physiologic heart rates) with bupivacaine.!® Thus, the block
by bupivacaine is cumulative and substantially more than
would be predicted by its local anesthetic potency. At least
a portion of the cardiac toxicity of bupivacaine may be me-
diated centrally, as direct injection of small quantities of
bupivacaine into the medulla can produce malignant ven-
tricular arrhythmias.!” Bupivacaine-induced cardiac toxic-
ity can be difficult to treat, and its severity is enhanced in
the presence of acidosis, hypercarbia, and hypoxemia.

NEWER LOCAL ANESTHETICS

Chiral Forms

An area of newfound importance for anesthesiologists is in
the use of stereoisomers of drugs to take advantage of dif-
ferences in activity or toxicity of the isomers. For stereo-
isomerism to be present, an asymmetric carbon (a carbon
atom in the molecule that has four distinctly different sub-
stitution groups) must be present in the molecule. Stereo-
isomers are possible for the local anesthetics etidocaine,
mepivacaine, bupivacaine, prilocaine, and ropivacaine, and
some of these drugs have differences in potency or toxicity
for the isomers. For these local anesthetics, the asymmet-
ric carbons are indicated in Figure 2-6 with an asterisk.

In the older literature, isomers were described as L
and D on the basis of chemical configuration and as (+) or
(—) on the basis of topical rotation, that is, L (+) or D (-).
More recent literature describes isomers as R or S, and the
optical rotation is still included in the parentheses as (+)
and (-). R and S basically correspond to the D and L, re-
spectively, in the older nomenclature.

As a rule, when differences between the activity of iso-
mers are present for local anesthetics, the S form is less
toxic and has a longer duration of anesthesia.'®*’ For in-
stance, anesthesia produced by bupivacaine infiltration was
of longer duration when the S isomer was used compared
with the R isomer. Also, the S isomer had lower systemic
toxicity. The mean convulsant dose of R bupivacaine was
57% of the S bupivacaine convulsant dose. When the iso-
mers of ropivacaine were evaluated, the S isomer of the
drug had a longer duration of blockade and a lower toxicity
than its R isomer. Additionally, when cardiac electrophysi-
ologic toxicity was evaluated in animal studies, ropivacaine
(the commercial preparation is the S form of drug) at equi-
potent nerve blocking doses appears to have a safety margin
that is almost twice that of commercial bupivacaine, which
is a mixture of the R and S isomers.?’ Recent studies with
the R and S bupivacaine isomers indicate that the R form is
apparently more arrhythmogenic and more cardiotoxic.

Ropivacaine

The cardiac toxicity of bupivacaine stimulated interest in
developing a less toxic, long-lasting local anesthetic. The
result of that search was the development of a new amino
ethylamine, ropivacaine (Figure 2-7), the S-enantiomer of
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Stereoisomers are possible for local anesthetics: etidocaine, mepivacaine,
bupivacaine, prilocaine, and ropivacaine. The asymmetric carbons are
indicated with an asterisk. (From Raj PP, editor: Textbook of Regional An-
esthesia. Philadelphia, Churchill Livingstone, 2002, figure 13-14, p. 197,
with permission.)
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Ropivacaine. This chemical structure is the S-enantiomer of 1-propyl-
2’,6’-pipecoloxyclidide. (From Raj PP, editor: Textbook of Regional Anesthe-
sia. Philadelphia, Churchill Livingstone, 2002, figure 13-15, p. 197, with
permission.)

1-propyl-2’,6’-pipecolocylidide. The S-enantiomer, like
most local anesthetics with a chiral center, was chosen
because it has a lower toxicity than the R isomer. This is
presumably due to slower uptake, resulting in lower blood
levels for a given dose. Ropivacaine is slightly less potent
than bupivacaine in producing anesthesia. In several
animal models, it appears to be less cardiotoxic than
equieffective doses of bupivacaine. In clinical studies,
ropivacaine appears to be suitable for both epidural and
regional anesthesia, with duration of action similar to that
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of bupivacaine. Interestingly, it seems to be even more mo-
tor sparing than bupivacaine.

Ropivacaine is a long-acting, enantiomerically pure
(S-enantiomer) amide local anesthetic with a high pKa and
low lipid solubility that blocks nerve fibers involved in pain
transmission (A8 and C fibers) to a greater degree than
those controlling motor function (AP fibers). The drug
was less cardiotoxic than equal concentrations of racemic
bupivacaine, but more so than lidocaine (lignocaine) in
vitro, and had a significantly higher threshold for CNS
toxicity than racemic bupivacaine in healthy volunteers
(mean maximum tolerated unbound arterial plasma con-
centrations were 0.56 and 0.3 mg/l, respectively).

Extensive clinical data have shown that epidural ropi-
vacaine 0.2% is effective for the initiation and maintenance
of labor analgesia and provides pain relief after abdominal
or orthopedic surgery, especially when given in conjunc-
tion with opioids (coadministration with opioids may also
allow for lower concentrations of ropivacaine to be used).
The drug had an efficacy generally similar to that of the
same dose of bupivacaine with regard to pain relief but
caused less motor blockade at low concentrations.

Levobupivacaine

Levobupivacaine injection contains a single enantiomer of
bupivacaine hydrochloride that is chemically described as
S-1-butyl-2-piperidylformo-2’, 6’-xylidide hydrochloride
and it is related chemically and pharmacologically to the
amino amide class of local anesthetics (Figure 2-8).

Levobupivacaine hydrochloride, the S-enantiomer of
bupivacaine, is a white crystalline powder with a molecular
formula of C;gH;sN,O*HCI, a molecular weight of
324.9.

The solubility of levobupivacaine hydrochloride in
water is about 100 mg/ml at 20°C, and the partition coef-
ficient (oleyl alcohol/water) is 1624; the pKa of levobupi-
vacaine hydrochloride is the same as that of bupivacaine
hydrochloride, and the partition coefficient is very similar
to that of bupivacaine hydrochloride (1565).

Levobupivacaine is a sterile, nonpyrogenic, colorless
solution (pH 4.0-6.5) containing levobupivacaine hydro-
chloride equivalent to 2.5 mg/ml, 5.0 mg/ml, and 7.5 mg/ml
of levobupivacaine, sodium chloride for isotonicity, and wa-
ter for injection. Sodium hydroxide and/or hydrochloric acid
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A single enantiomer of levobupivacaine hydrochloride (Chirocaine) chem-
ically described as S-1-butyl-2-piperidylformo-2’,6’-xylidide hydrochlo-
ride. (From Raj PP, editor: Texthook of Regional Anesthesia. Philadelphia,
Churchill Livingstone, 2002, figure 13-16, p. 200, with permission.)

may be added to adjust the pH. Levobupivacaine is preserva-
tive free and is available in 10- and 30-ml single-dose vials.

Mechanism of action. Levobupivacaine is a member of
the amino amide class of local anesthetics. Local anesthet-
ics block the generation and the conduction of nerve im-
pulses by increasing the threshold for electrical excitation
in the nerve, by slowing propagation of the nerve impulse,
and by reducing the rate of rise of the action potential. In
general, the progression of anesthesia is related to the di-
ameter, myelination, and conduction velocity of affected
nerve fibers. Clinically, the order of loss of nerve function
is as follows: (1) pain, (2) temperature, (3) touch, (4) pro-
prioception, and (5) skeletal muscle tone.

Pharmacokinetics. After intravenous infusion of equiva-
lent doses of levobupivacaine and bupivacaine, the mean
clearance, volume of distribution, and terminal half-life
values of levobupivacaine and bupivacaine were similar.
No detectable levels of R(+)-bupivacaine were found after
the administration of levobupivacaine.

Plasma-protein binding of levobupivacaine evaluated
in vitro was found to be greater than 97% at concentrations
between 0.1 and 1 pg/ml. The association of levobupiva-
caine with human blood cells was very low (0-2%) over the
concentration range 0.01 to 1 pg/ml and increased to 32%
at 10 pg/ml. The volume of distribution of levobupivacaine
after intravenous administration was 67 liters.

Levobupivacaine is extensively metabolized with no
unchanged levobupivacaine detected in urine or feces. In
vitro studies using ['*Cllevobupivacaine showed that
CYP3A4 isoform and CYP1A2 isoform mediate the me-
tabolism of levobupivacaine to desbutyl levobupivacaine
and 3-hydroxy levobupivacaine, respectively. In vivo, the
3-hydroxy- levobupivacaine appears to undergo further
transformation to glucuronide and sulfate conjugates. Met-
abolic inversion of levobupivacaine to R(+)-bupivacaine
was not evident both in vitro and in vivo.

Following intravenous administration, recovery of the
radiolabeled dose of levobupivacaine was essentially quanti-
tative, with a mean total of about 95% being recovered in
urine and feces in 48 hours. Of this 95%, about 71% was in
urine, whereas 24% was in feces. The mean elimination half-
life of total radioactivity in plasma was 3.3 hours. The mean
clearance and terminal half-life of levobupivacaine after in-
travenous infusion were 39 I/hr and 1.3 hours, respectively.

Toxicity. Levobupivacaine can be expected to share the
toxicity properties of other local anesthetics. Systemic ab-
sorption of local anesthetics can produce effects on the
CNS and CVS. At blood concentrations achieved with
therapeutic doses, changes in cardiac conduction such as
excitability, refractoriness, contractility, and peripheral vas-
cular resistance have been reported. Toxic blood concentra-
tions depress cardiac conduction and excitability, which
may lead to atrioventricular block, ventricular arrhythmias,
and cardiac arrest, sometimes resulting in death. In addi-
tion, myocardial contractility is depressed and peripheral
vasodilation occurs, leading to decreased cardiac output
and arterial blood pressure.
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Chiral local anesthetics, such as ropivacaine and le-
vobupivacaine, have the potential advantage over racemic
mixtures in showing reduced toxic side effects. However,
these isomers also have reportedly lower potency than their
optical antipode, possibly resulting in no advantage in
therapeutic index. Potency for local anesthetics inhibiting
Na™ channels or action potentials depends on the pattern
of membrane potential, and so also does the stereopotency
ratio. Here the authors have quantitated the stereopoten-
cies of R-, S-, and racemic bupivacaine, comparing several
in vitro assays of neuronal Na* channels with those from in
vivo functional nerve block, to establish relative potencies
and to understand better the role of different modes of
channel inhibition in overall functional anesthesia.

CHEMICAL NEUROLYTIC AGENTS

Prolonged interruption of painful pathways may be ac-
complished by the injection of neurolytic agents. This
form of chemical neurolysis has been performed for many
years. The first reported injection of a neurolytic solution
in the treatment of pain was probably by Luton,?® who in
1863 administered subcutaneous injections of irritant sub-
stances into painful areas. Levy and Baudouin (1906) were
the first to administer the injection of neurolytic agents
percutaneously.’! Doppler, in 1925, was the first to report
the use of phenol for neurolysis.?! The first use of phenol
for subarachnoid neurolysis was reported by Maher in
1955.2122 Today, phenol and ethyl alcohol (ethanol) are the
most commonly used agents. It is indicated for patients
with limited life expectancy and patients who have recur-
rent or intractable pain after a series of analgesic blocks.?

CONSIDERATIONS PRIOR TO USE OF NEUROLYTIC
AGENTS

Diagnostic blocks are considered of prime importance
due to the undesirable side effects of the neurolytic agents
combined with a limited duration of analgesia. Potential
side effects of neurolytic agents include neuritis and deaf-
ferentation pain, motor deficit when mixed nerves are
ablated, and unintentional damage to nontargeted tis-
sue.” Therefore, careful selection of patients combined
with clinical expertise is of the essence. The following
criteria should be considered before peripheral neurolysis
is performed?*:

m Determine and document that the pain is severe.

= Document that the pain will not be relieved by
less invasive therapies.

= Document that the pain is well localized and in

the distribution of an identifiable nerve.?*

Confirm that the pain is relieved with a diagnostic

block performed with local anesthetic.

m Document the absence of undesirable deficits
after the local anesthetic blocks.??

ETHYL ALCOHOL

Ethyl alcohol is commercially available in 1- or 50-ml
ampules as a colorless solution that can be injected readily
through small-bore needles.?’ It is hypobaric with respect
to cerebrospinal fluid (CSF). However, specific gravity is
not of concern when injecting on the peripheral nerve
because injection takes place in a nonfluid medium.?? It is
usually used undiluted (absolute or >95% concentration).
The perineural injection of alcohol is followed immedi-
ately by severe burning pain along the nerve’s distribution,
which lasts about a minute before giving way to a warm,
numb sensation. Pain on injection may be diminished by
the prior injection of a local anesthetic.”? To precede the
injection of any neurolytic drug with an injection of local
anesthetic optimizes comfort and serves as a “test dose.”?
The alcohol spreads rapidly from the injection site. When
injected in the CSE, only 10% of the initial dose remains
at the site of the injection after 10 minutes and about 4%
remains after 30 minutes.”’ Between 90% and 98% of the
ethanol that enters the body is completely oxidized.?¢ This
occurs chiefly in the liver and is initiated principally by
alcohol dehydrogenase.”” Denervation and pain relief ac-
crue over a few days after injection, usually after 1 week. If
no pain relief is present in weeks, then the neurolysis is
incomplete and needs repetition.”?

Various concentrations and mixtures of alcohol have
been studied in an attempt to determine selectivity for
sensory nerves.”®?’ Schlosser’® studied the effect of alcohol
on somatic nerves. He reported that alcoholization was
followed by degeneration and absorption of all the compo-
nents of the nerve except the neurilemma. There is general
agreement that with 95% absolute alcohol, the destruction
involves the sympathetic, sensory, and motor components
of a mixed somatic nerve, and therefore it is undesirable to
block a mixed nerve with such concentrations of alcohol.
However, there is a great discrepancy in determining the
effects when the alcohol is placed on motor fibers at less
than 80% concentration.

Despite the inconsistency in results for varying concen-
trations of alcohol, there is consensus regarding maximum
and minimum concentrations. For complete paralysis, the
concentration must be stronger than 95%. From Labat and
Greene,*® it may be concluded that a minimum concentra-
tion of 33% alcohol is necessary to obtain satisfactory anal-
gesia without any motor paralysis.

Mechanism of Action

Histopathologic studies have shown that alcohol extracts
cholesterol, phospholipids, and cerebrosides from the
nerve tissue and causes precipitation of lipoproteins and
mucoproteins.*!*? This results in sclerosis of the nerve fi-
bers and myelin sheath.?*** Alcohol produces nonselective
destruction of nervous tissue by precipitating cell mem-
brane proteins and extracting lipid compounds, resulting
in demyelination and subsequent Wallerian degeneration.
Because the basal lamina of the Schwann cell tube is often
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spared, however, the axon often regenerates along its for-
mer course.** If injection is into a ganglion, it may produce
cell body destruction without subsequent regeneration.**
Topical application of alcohol to peripheral nerves pro-
duces changes typical of Wallerian degeneration. A sub-
arachnoid injection of absolute alcohol causes similar
changes in the rootlets.’’** Mild focal inflammation of
meninges and patchy areas of demyelination are seen in
posterior columns, Lissauer’s tract, and dorsal roots and
rootlets. Later, Wallerian degeneration is seen to extend
into the dorsal horns. Injection of a larger volume can re-
sult in degeneration of the spinal cord.*> When alcohol is
injected near the sympathetic chain, it destroys the gan-
glion cells and thus blocks all postganglionic fibers to all
effector organs.’® A temporary and incomplete block re-
sults if the injection affects only the rami communicantes
of preganglionic and postganglionic fibers. Histopatho-
logically, Wallerian degeneration is evident in the sympa-
thetic chain fibers.*?

For subarachnoid block, concentrations between
50% and 100% are generally selected (Figure 2-9). Alco-
hol is hypobaric in nature relative to CSFE. Therefore, the
position of the patient must be in the lateral decubitus
position with the painful site uppermost. Then, the pa-
tient must be rolled anteriorly approximately 45 degrees
to place the dorsal (sensory) root uppermost.’’” The re-
ported volumes required for neurolysis have ranged from
0.3 ml to a maximum of 0.7 ml of absolute alcohol per
segment’® to 0.5 to 1 ml to a maximum of 1.5 ml per seg-
ment.?**} For celiac plexus block, volumes of 10 to 20 ml
of absolute alcohol bilaterally may be used.?* Similar vol-
umes have been reported for lumbar sympathetic block.
Often, 100% alcohol is diluted 1:1 with a local anesthetic
prior to injection.?”

The most ominous complication associated with the
use of alcohol is the possible occurrence of alcoholic neu-
ritis. It has been postulated that alcoholic neuritis is due to
incomplete destruction of somatic nerves. This seems
plausible, in that neuritis has not been observed following
the intraneural injection of a cranial or somatic nerve that
produces a complete block.?? Alcoholic neuritis occurs
frequently following paravertebral block of the thoracic
sympathetics. This may be due to the close proximity of
the sympathetic ganglia to the intercostal nerves. The al-
cohol, which is intended for the ganglion, inadvertently
bathes and partially destroys the somatic nerve.?? During
the period of regeneration, hyperesthesia and intense
burning pain with occasional sharp, shooting pain occurs.
These pains may be more intense than the original pain
complaint. Fortunately, in most instances, these symptoms
subside within a few weeks or a month. Occasionally, how-
ever, this complication persists for many months, requir-
ing sedation, and in some instances, the performance of a
subsequent rhizotomy or sympathectomy.?’ As a prophy-
lactic measure, Mandl*® recommends the injection of
a local anesthetic during the insertion of the needle, at
the site of injection before the alcohol is injected, and on

B

FIGURE 2-9

A, Effect of alcohol on the spinal cord 4 days after neurolytic block.
A cross section through the spinal cord at T4 shows degeneration of
the dorsal fascicularis (DF) after injection of 100% alcohol several
interspaces lower. B, Effect of alcohol on the spinal cord 50 days after
direct cord injection. Note the necrosis and degeneration (arrows)
following accidental injection of 100% alcohol into the spinal cord.
(From Gallagher HS, Yonexawa T, Hay RC et al: Subarachnoid alcohol
block: II. Histologic changes in the central nervous system. Amz J Pathol
35:679, 1961, with permission.)

withdrawing the needle. With this technique he has ob-
served only two instances of alcoholic neuritis.

Mild cases of alcoholic neuritis are treated conserva-
tively with mild analgesics such as aspirin or with small
doses of codeine.?” Moderate cases of alcoholic neuritis may
require more active therapy. In some cases, the administra-
tion of intravenous local anesthetics has been helpful. Bon-
ica’” determined that 250 mg of tetracaine dissolved in
500 ml of fluid was superior to procaine.’” In one case in
which intravenous procaine had been administered several
times with only transient relief of pain, one infusion of tet-
racaine effected prolonged pain relief. In some cases, daily
sympathetic blocks have been employed with excellent
results.?” In the case of lumbar nerve neuritis following lum-
bar sympathetic blocks, serial caudal blocks done at regular
intervals can effect complete relief of pain.?” Severe cases
of alcoholic neuritis that do not respond to these conserva-
tive methods may require sympathectomy or rhizotomy.
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De Takats* reported three such cases in which sympathec-
tomy was required.

Another complication associated with alcohol nerve
block includes hypoesthesia or anesthesia of the dermato-
mal distribution of the nerve roots treated with neurolysis.
The lack of sensation can overshadow the pain relief ob-
tained by the procedure. Fortunately, this complication is
rare and recovery is relatively quick.’> Loss of bowel or
bladder sphincter tone, leading to bowel or urinary incon-
tinence, has also been reported with intrathecal alcohol
neurolysis in the lower lumbar and sacral areas.’? To de-
crease the risk of this complication, it is recommended that
during sacral neurolysis, only one side should be blocked
ata time.*?> A complication of lumbar sympathetic neuroly-
sis with alcohol is the development of genitofemoral neu-
ralgia, which can cause severe groin pain. This is referred
pain caused by the degeneration of the rami communican-
tes from the L2 nerve root to the genitofemoral nerve.’>*
Paraplegia can result if injection of alcohol causes spasm of
the artery of Adamkiewicz.’

PHENOL

Phenol is a combination of carbolic acid, phenic acid, phe-
nylic acid, phenyl hydroxide, hydroxybenzene, and oxy-
benzene. It is not available commercially in the injectable
form but can be prepared by the hospital pharmacy. One
gram of phenol dissolves in about 15 ml of water (6.67%).
It is very soluble in alcohol, glycerol, and a number of
other organic substances. It is usually mixed with saline or
glycerin. It may be mixed with sterile water or material
used for contrast radiography.?* Because it is highly soluble
in glycerin, it diffuses from it slowly. This is an advantage
when injecting intrathecally because it allows for limited
spread and highly localized tissue fixation. This also makes
it hyperbaric relative to CSE. When mixed with glycerin,
it is so viscid that even when warmed, injection must be
through at least a 20-gauge needle. This mixture must be
free of water or the necrotizing effect will be much greater
than anticipated.”” When phenol is mixed in an aqueous
mixture, it is a far more potent neurolytic.*? Phenol oxi-
dizes and turns red when exposed to air and light.?* It has
a shelf life that is said to exceed 1 year when preparations
are refrigerated and not exposed to light. Phenol acts as a
local anesthetic at lower concentrations and as a neurolytic
agent in higher concentrations. It has an advantage over
alcohol in that it causes minimal discomfort on injection.
Doppler was the first to use phenol to deliberately
destroy nervous tissue in 1925.% After painting it on hu-
man ovarian vessels, he noted downstream vasodilation
and flush. Later, he reported treating peripheral vascular
disease in the lower extremity by exposing and painting the
femoral arteries with a 7% aqueous solution. In 1933,
Binet* in France reported painting ovarian vessels with
7% phenol. Both researchers attributed their good results
to destruction of perivascular sympathetic fibers.?” In

1933, Nechaev® reported the use of phenol as a local
anesthetic. This was followed in 1936 by Putnam and
Hampton,* who used an injection of phenol to perform a
neurolysis of the gasserian ganglion.

In 1947, Mandl*’ suggested the injection of phenol to
obtain permanent sympathectomy. In 1950, he reported its
use in 15 patients without complications, suggesting that it
was preferable to alcohol.?*8 The paravertebral injection
of phenol for peripheral vascular disease was also reported
by Haxton*® and Boyd and coworkers* in 1949. In 1955,
Maher®® introduced it as a hyperbaric solution for intra-
thecal use in intractable cancer pain, with the famous
remark that “it is easier to lay a carpet than to paper a ceil-
ing.” Thereafter, he reported its epidural use as well.

By 1959, phenol was established as a neurolytic agent
for the relief of chronic pain.?’ Then Kelly and Gautier-
Smith’! and Nathan’? simultaneously reported the use of
phenol for the relief of spasticity caused by upper motor
neuron lesions. Phenol, in hyperbaric solution, was in-
jected intrathecally with proper patient positioning to “fix”
it on the anterior nerve roots, thus relieving the spasticity
(Figure 2-10).

Mabher studied varying concentrations (10% to 3.3%)
of phenol in glycerin in the subarachnoid space in an effort
to determine the ideal neurolytic strength solution.’®
There was a graduation of block according to the concen-
tration. The stronger concentration produced motor dam-
age. Pain sensation was blocked at lower concentrations
(5%) than were touch and proprioception. The 3.3% con-
centration was ineffective. Iggo and Walsh®® determined
that 5% phenol in either Ringer’s solution or oil contrast
medium produced selective block of the smaller nerve fi-
bers in cat spinal rootlets. The same conclusions were
drawn from the investigations by Nathan and Sears.”* For
a long time thereafter, the idea prevailed that phenol
caused selective destruction of smaller nerve fibers with
slower conduction rates, the C afferents carrying slow
pain, the A afferents carrying fast pain, and the Ay con-
trolling muscle tone.?’

Mechanism of Action

Histopathologic studies by Stewart and Lourie’® demon-
strated nonselective degeneration in cat rootlets, the severity
being parallel to the concentration.?” Nathan and associates’
found evidence of Ao and AP damage in electrophysiologic
experiments and confirmed the nonselectivity of damage by
histologic examination.

At concentrations less than 5%, phenol produces pro-
tein denaturation. Concentrations greater than 5% cause
protein coagulation and nonspecific segmental demyelin-
ation and orthograde degeneration (i.e., Wallerian degenera-
tion).** Concentrations of 5% to 6% produce destruction of
nociceptive fibers with minimum side effects. Higher con-
centrations result in axonal abnormalities, nerve root dam-
age, spinal cord infarcts, and arachnoiditis or meningitis.***’
These characteristics may explain the long-lasting results of
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FIGURE 2-10

Effect of phenol on the spinal cord. Micrographs of transverse section at
levels L2, L3, L4-5, and S3 show degeneration of the posterior column
following subarachnoid injection of phenol at L3-L4. (From Smith MC:
Histological findings following intrathecal injections of phenol solutions
for relief of pain. Br 7 Anaesth 36:387, 1964, with permission.)

neurolytic blocks performed with 10% phenol in the sympa-
thetic axis.**

The block produced by phenol tends to be less intense
and of shorter duration than that produced by alcohol.
Moller and associates®® compared various concentrations
of alcohol with phenol and concluded that 5% phenol
equaled 40% alcohol in neurolytic potency. Axons of all
sizes are affected by therapeutic concentrations and, as
described by ethyl alcohol, appear edematous. The poste-
rior root ganglia are unaffected by phenol.’? Similar patho-
logic changes occur in peripheral nerves when exposed to
phenol.?? The process of degeneration takes about 14 days,
and regeneration is completed in about 14 weeks. After an
intrathecal injection of phenol, its concentration decreases
rapidly to 30% of the original concentration in 60 seconds
and to 0.1% within 15 minutes.’%6

Phenol is efficiently metabolized by liver enzymes.
The principal pathways are conjugation to the glucuro-
nides and oxidation to equinal compounds or to carbon
dioxide and water. It is then excreted as a variety of conju-
gates via the kidney.*

A higher affinity for vascular tissue than for neuronal
tissue has been suggested by Wood.”” The interference
with blood flow is believed to be the etiology for the ob-
served neuropathy.®®> However, Racz and associates®
studied the morphologic changes that occurred following
epidural and subarachnoid injection. They found that mas-
sive tissue destruction was present after subarachnoid in-
jection as compared with epidural injection despite intact
vasculature in areas of spinal cord destruction.®® These
findings support a direct neurotoxic effect of phenol rather
than an effect secondary to vascular destruction.’*6*

Large systemic doses of phenol (>8.5 g) cause convul-
sions and then CNS depression and cardiovascular collapse.
Chronic poisoning results in skin eruptions, gastrointestinal
symptoms, and renal toxicity.** Clinical doses between 1 and
10 ml of 1-10% solutions (up to 1000 mg) are unlikely to
cause serious toxicity.*+%

GLYCEROL

Glycerol is used mostly for neurolysis of the gasserian
ganglion to treat idiopathic trigeminal neuralgia.¢ Con-
sidered a mild neurolytic, like other alcohols, it produces
localized perineural damage, whereas intraneural injection
results in Schwann cell edema, axolysis, and Wallerian
degeneration.’* In one histologic study, intraneural injec-
tion of glycerol was more damaging than topical applica-
tion, although significant, localized, subperineural damage
occurred after local application of a 50% glycerol solu-
tion.**¢” Histologic changes included the presence of
many inflammatory cells, extensive myelin swelling, and
axolysis. Myelin disintegration occurs weeks after the in-
jury along with ongoing axolysis during periods of myelin
restitution, indicating an ongoing nerve fiber injury pos-
sibly caused by secondary events such as compression of
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transperineal vessels and ischemia.’*$7%% Electron micros-
copy shows evidence of Wallerian degeneration; with in-
traneural injection, all nerve fibers are destroyed.*’

Mechanism of Action

The mechanism of action is not clear. Sweet and colleagues®
suggested that glycerol affected primarily small myelinated
and unmyelinated fibers.’* Bennett and Lunsford,”®’! using
trigeminal evoked-potential studies, concluded that glyc-
erol more specifically affects the damaged myelinated axons
implicated in the pathogenesis of trigeminal neuralgia. Be-
cause there is no permanent injury to surrounding struc-
tures and facial sensation is preserved in most patients,
Feldstein’? thought that glycerol was superior to radiofre-
quency rhizotomy for the treatment of tic douloureux.
However, potential spread to the subarachnoid space, the
risk of neuropathy, and poor control of the spread of a fluid
agent have made radiofrequency a continued attractive
alternative. With the recent use of pulsed radiofrequency,
the advantage of a discrete, controlled lesion remains with-
out the concern for neuritis or loss of facial sensation.
However, long-term follow-up on its effectiveness has not
been reported.

HYPERTONIC AND HYPOTONIC SOLUTIONS

Hypertonic or hypotonic subarachnoid injections have
been used for achieving neurolysis.”> The intrathecal in-
jection of cold (2-4°C) 0.9% NaCl is supposed to have a
specific action on the pain-carrying C fibers, sparing the
larger fibers that subserve sensory, motor, and autonomic
functions.”* The technique requires the spinal fluid to be
withdrawn and replaced with cold saline as rapidly as pos-
sible.?” Up to 40—-60 ml of saline has been injected. Local
anesthetic should be used concomitantly or the procedure
can be quite painful. The pain relief is usually brief.”

Injections of hypertonic saline can be quite painful;
therefore, local anesthetics are generally injected before
the saline.”® The intrathecal injection of hypertonic saline
can produce a variety of complications.”” Some degree of
complications occurred in 11% and significant morbidity
in 1% of patients. Two deaths have been reported second-
ary to myocardial infarction. During saline injection, sinus
tachycardia or premature ventricular contraction have
been seen,’® and localized paresis lasting for many hours
and paresthesia extending for weeks have been observed.”’
Other complications reported include hemiplegia, pulmo-
nary edema, pain in the ear, vestibular disturbances, and
loss of sphincter control with sacral anesthesia.?*’87

Mechanism of Action

Pathologic changes due to hypertonic and hypotonic solu-
tions have been extensively studied.?’8%8! Microscopic
changes seen on the peripheral nerves do not correlate with
clinical effects of differential C fiber block.”8° However,

application of distilled water on the dorsal root ganglia for
5 minutes produced a differential C fiber block similar to
that seen with in vitro hypertonic saline. The mechanism of
action seems to be the intracellular shifts of water with ex-
tracellular change in osmolarity.?”

AMMONIUM SALTS

In 1935, Judovich used pitcher plant distillate for prolonged
analgesia. The active component of the distillate was deter-
mined to be ammonium sulfate, ammonium chloride, or
ammonium hydroxide, depending on the acid used to neu-
tralize the distillate and on the pH.?*#? Limited pathologic
studies suggested that ammonium salts in concentrations of
greater than 10% caused acute degenerative neuropathy.
This degeneration is nonselective, affecting all types of
nerve fibers.?” More recent in vitro studies with pitcher
plant distillate attributed the effects to benzyl alcohol con-
tained in the vehicle.?33 Associated complications such as
nausea and vomiting, headache, paresthesia, and spinal cord
injury have led to the clinical abandonment of ammonium
salt solutions, including pitcher plant distillate.?”

The action of ammonium salts on nerve impulses
produces obliteration of C fiber potentials with only a
small effect on A fibers.3*% Limited pathologic studies
suggest that injection of ammonium salts around a periph-
eral nerve causes an acute degenerative neuropathy affect-
ing all fibers.”8

Hand® reported the use of subarachnoid ammonium
salts in 50 patients. Transient complications were nausea
and headache, whereas paresthesias or burning sensation
occurred in 30% of patients at doses of 500 mg of ammo-
nium salt and lasted 2 to 14 days.?’

SUMMARY

The use of chemical neurolytic agents for the interruption
of painful pathways is one option for the treatment of
intractable chronic pain. Owing to the undesirable side
effects, it is imperative that this method be used by an ex-
perienced clinician. The use of fluoroscopic or radiographic
guidance is strongly encouraged for accurate placement of
the needle and the injection of the solution because the le-
sion created is not discrete. The patients must be carefully
selected and give fully informed consent.

WATER-SOLUBLE RADIOPAQUE AGENTS

The first report describing a water-soluble contrast agent
for myelography was published in 1931.87 Its lower viscos-
ity and density and improved miscibility with CSF
allowed finer detail to be detected. Methiodal was sponta-
neously absorbed, which eliminated the need for removal
following each investigation. Sodium methiodal was
highly irritating.
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TABLE 2-1 Recommended Concentration and Doses of lohexol

Procedure Formulations® Concentration (mg/ml) Volume (ml) Dose (g)
Lumbar myelography (via lumbar injection) Omnipaque 180 180 10-17 1.8-3.06
Omnipaque 240 240 7-12.5 1.7-3
Thoracic myelography (via lumbar or cervical injection) Omnipague 240 240 6-12.5 1.7-3
Omnipaque 300 300 6-10 1.8-3
Cervical myelography (via lumbar injection) Omnipaque 240 240 6-12.5 1.4-3
Omnipaque 300 300 6-10 1.8-3
Cervical myelography (via C1-(2 injection) Omnipague 180 180 7-10 1.3-18
Omnipaque 240 240 6-12.5 14-3
Omnipaque 300 300 4-10 1.2-3
Total columnar myelography (via lumbar injection) Omnipague 240 240 6-12.5 14-3
Omnipaque 300 300 6-10 1.8-3

%lohexol is the generic name for Omnipaque.

TABLE 2-2 Pharmacologic Properties of lohexol

Concentration ~ Osmolality® Osmolarity Specific Gravity
(mg lodine/ml)  (mOsm/kg water) (mOsm/L) Absolute Viscosity (cp) at 37°C
20°C 37°C

140 322 273 23 1.5 1.164

180 408 661 31 20 1.209

210 460 362 42 25 1.244

300 672 465 11.8 6.3 1.349

350 844 50 204 104 1.406

By vapor-pressure osmometry.

Meglumine iothalamate was too toxic for use above the
lumbar region.® A major improvement in contrast agent
design occurred in 1972 with the introduction of the first
nonionic, water-soluble contrast medium, metrizamide
(Amipaque). Metrizamide also proved to be far less neuro-
toxic than the ionic agents and was less likely to induce
arachnoiditis.®” It was the first water-soluble contrast agent
used for investigation of the entire subarachnoid space.

The adverse reactions associated with metrizamide are
minor, such as headache (reported in 21-68% of patients)”
and nausea (reported in 25-40% of patients),”’”? but there
have also been a significant number of more serious reac-
tions, such as mental disturbances, cortical blindness,
aphasia, encephalopathy, and seizures.?”~

Tonexol is now a commonly used water-soluble non-
ionic contrast material. Table 2-1 shows recommended
doses for each different region. Table 2-2 shows the phar-
macologic properties of the various ionexol formulation.

GADOLINIUM CONTRAST AGENTS

Gadolinium-containing agents are used for contrast-
enhanced MRI. This significantly increases the sensitivity
and specificity of the imaging technique. Gadolinium is a
paramagnetic contrast agent that causes focal irregularities
in the magnetic field, with a resultant shortening of T1.

The contrast between normal and abnormal tissue is en-
hanced on MRI following intravenous injection of gado-
linium. These agents contain no iodine and are safe for use
in patients with iodine allergy. Gadolinium is not nephro-
toxic and can be used in patients with renal failure.

CORTICOSTERQIDS

Corticosteroids have numerous and widespread pharmaco-
logical effects. Historically, these substances were described
as glucocorticoid (carbohydrate regulating) and mineralo-
corticoid (electrolyte balance regulating). They are grouped
according to their relative potencies in Na™ retention, effects
on carbohydrate metabolism and anti-inflammatory effects.
Corticosteriods are generally used in pain medicine for their
anti-inflammatory action. Relative anti-inflammatory po-
tency and Na*-retaining potency are shown in Table 2-3.1%
Corticosteroids (steroids) have immunosuppressive
and anti-inflammatory actions. Inflammatory responses to
radiant, mechanical, chemical, infectious, and immuno-
logical stimuli are suppressed by steroids. Immunosup-
pressive and anti-inflammatory actions of steroids are
linked, as both involve inhibition of leukocyte function.
As a result of inhibition of the production of multiple
cell factors involved in generating the inflammatory
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TABLE 2-3 Relative Potencies and Equivalent Doses of Representative Corticosteroids

Rights were not granted to include this table in electronic media.
Please refer to the printed publication.

“These dose relationships apply only to oral or intravenous administration, as glucocorticoid potencies may differ greatly following intramuscular or

intraarticular administration.

bThis agent is not used for glucocorticoid effects.

Source: Schimmer BP, Parker KL: Adrenocorticotropic hormone; adrenocortical steroids and their synthetic analogs; inhibitors of the synthesis and
actions of adrenocortical hormones. In Hardman JG, Limbird LE, editors: 7he Pharmacological Basis of Therapeutics, 10th ed. New York,

McGraw-Hill, 2001, p. 1657.

S, short (8- to 12-hour biological half-life); I, intermediate (12- to 36-hour biological half-life); L, long (36- to 72-hour biological half-life).

responses, steroids decrease release of vasoactive and
chemoattractive factors, diminish secretion of lipolytic
and proteolytic enzymes, decrease extravasation of leuko-
cytes in areas of injury and ultimately decrease fibrosis.

Corticosteroids most commonly used for local injec-
tion for pain therapy include dexamethasone, betametha-
sone, methylprednisone acetate, and triamcinolone acetate.
Numerous factors influence which steroid is used, includ-
ing availability. In recent history, fear of embolic events
associated with the use of corticosteroid formulations that
contain particles, such as Aristocort®, Depo Medrol®,
and Celestone®, has led some physicians to avoid using
these preparations.

BOTULINUM TOXINS

Botulinum neurotoxins are potent neurotoxins produced
by Clostridium botulinum. There are seven serotypes: A,
B, C1, C, E, F, and G. In pain therapy, types A (Botox)
and B (MyoBloc) are injected into trigger points. Once
injected the toxin is taken up into nerve terminals and
blocks acetylcholine release, thereby producing flaccid
paralysis. Each neurotoxin consists of a 2 chain polypep-
tide linked by a disulfide bond. The chains are designated
as A (light chain) and B (heavy chain), and each has a
distinct role. The B chain binds to the surface of the tar-
get cell and facilitates endocytotic internalization of the
toxin. After binding, the B chain mediates translocation
of the A chain into the cytoplasm. Once in the cell, the A
chain interferes with neurotransmitter release.

A series of proteins, including SNAP-25, VAMP, and
syntoxin, are necessary for binding of synaptic vesicles con-
taining neurotransmitter inside of nerve endings that

precede neurotransmitter release. SNAP-25 is the target for
botulinum toxin type A, and VAMP is the target for type B.
Following injection of toxin into muscle, effects are felt
in several days, maximum effect within about 2 weeks
then gradually fade over the next 2-3 months. Recovery
follows sprouting of new nerve terminals at the neuromus-
cular junction. Maximum recommended dose of Botox is
400-600 units, and maximum recommended dose of
MyoBloc is 10,000-15,000 units. Actual dose used usually
depends on muscle injected. Because the targets of A and B
types differ, patients refractory to one may respond to the
other.

There is evidence that botulinum toxin exerts direct
sensory effects by preventing release of neurotransmitters
such as substance P and calcitonin gene-related peptide in
sensory pathways.

TOXICITY

Overdose can produce generalized muscle weakness and
even paralysis. Dry mouth may be produced, especially
following botulinum toxin B injection.
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HISTORY

UNTIL 1980

The use of electric current for pain management has a long
history, but its popularity has waxed and waned over time
because of concerns about safety and technical improvements.
Already in the second half of the 19th century, brain lesions
in animals were made with direct current application and
empirical rules for quantifying lesion size based on current
and time were developed.!> One of the first uses in humans
dates back to 1931, when direct current of 350 mA was de-
livered through a needle with a 10-mm uninsulated tip
placed in the Gasserian ganglion under radiological control
for the management of trigeminal neuralgia.’ This technique
produced lesions with unpredictable size, which resulted in
complications.* Therefore, the use of high-frequency elec-
tric current was advocated to be more appropriate in obtain-
ing lesions of predictable size.> Since high frequencies of
300-500 KHz were also used in radiotransmitters, the cur-
rent was called radiofrequency (RF) current. Later, tempera-
ture monitoring was suggested to be the most important
parameter in obtaining a standardized lesion size when per-
forming stereotactic brain surgery with RF current.” The use
of RF in pain management dates back to 1965 for percutane-
ous lateral cordotomy for unilateral pain in cancer patients.5
A few years later RF treatment of trigeminal neuralgia was
described.®

The first use of RF current for spinal pain was re-
ported by Shealy,” who performed RF lesioning of the
medial branch for lumbar zygapophyseal joint pain, using
a 14-gauge (G) thermistor electrode introduced through a
12-G guide needle. This is a fairly large needle diameter
that may produce mechanical lesions besides the desired
thermolesions.!® Another application in spinal pain was
introduced by Uematsu,!! who described the RF lesion of
the dorsal root ganglion (DRG), using the same electrode
as used by Shealy for medial branch block. The recom-
mended tip temperature of 75°C, combined with the large

56

Thermal and Pulsed
3 Radiofrequency

JAN VAN ZUNDERT, MENNO SLUUTER, AND MAARTEN VAN KLEEF

electrode diameter, produced sizeable lesions causing deat-

ferentation problems, and the technique was soon aban-
doned.'

1980-1995

At the end of the 1970s, percutaneous cordotomy and RF
treatment of the Gasserian ganglion were the only widely
accepted RF procedures. The use of RF for spinal pain was
limited to a few enthusiasts who were regarded as eccen-
trics. A turning point came in 1980 when small-diameter
electrodes, known as the Sluijter Metha Kit (SMK) system,
were introduced for the treatment of spinal pain.!? The
system consists of a 22-G disposable cannula with a fine
thermocouple probe inside for temperature measurement.
"The smaller electrode size resulted in a diminished discom-
fort during the procedure. Because there was now less risk
for mechanical injury to major nerve trunks, targets in the
anterior spinal compartment were no longer off limits and
procedures such as the RF lesion adjacent to the DRG, the
lesion of the communicating ramus,'*!* and of the sympa-
thetic chain became part of the armamentarium.

The RF lesion in the nucleus of the disc for disco-
genic pain dates back to 1991 and it was described in
1996.7° This procedure was based on the idea that the low
impedance inside the nucleus would cause a high power
deposition. This was supposed to lead to indirect heating
of the annulus fibrosus because the disc space is heat insu-
lated cranially and caudally. The initial positive findings
could not be substantiated in a randomized controlled
trial, however.!¢

1996 TO PRESENT

Over the years the concept that the clinical effect of RF
was caused by the formation of heat had not been chal-
lenged. Thermocoagulation of nerve fibers would inter-
fere with the conduction of nociceptive stimuli, and pain
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would be relieved when the nociceptive stimuli stopped
reaching the spinal cord. A selective effect of heat on thin
nerve fibers might or might not play a role,!” but that was
as far as the discussion went.

There were several reasons why the role of heat was
finally questioned. First, the classical concept presupposes
a strict configuration: the RF lesion must be made in be-
tween the nociceptive focus and the central nervous system.
Yet RF lesions can be successfully used in very different
situations. For example, in the treatment of acute radicular
pain due to a herniated disc, the electrode is placed distally
to the nociceptive focus.!® Second, RF lesioning adjacent to
the DRG induces only transient sensory loss in the relevant
dermatome, which can be considered as heat related, while
the pain relief may be of much longer duration.!” And
third, the role of heat was also questioned by the publica-
tion that no differences in outcome were noted when two
different tip temperatures (40° C and 67° C) were applied
to the cervical DRG in chronic cervical radicular pain.?°

It is against this background that pulsed RF (PRF) was
developed.?! PRF aims to deliver strong electric fields, while
the temperature effects are kept to a minimum. In PRE, ra-
diofrequency current is applied in pulses instead of continu-
ously. Two bursts of 20 milliseconds each are delivered in
1 second. Following the active phase of 20 milliseconds the
silent period of 480 milliseconds allows for washout of the
generated heat. The output is usually set at 45 V, which is
much higher than the output used in continuous RF, which
is 1520 V.

Concerning pulsed RF, Cahana et al.?? provide an ex-
tensive literature search. This group reviewed 58 reports
on the clinical use of PRF in various applications, includ-
ing 32 full publications and 26 abstracts. Because this is a
new technique, a substantial part of these results are re-
ported in the abstract collections of international scientific
congresses. Reports are increasing, and every year more
are published in peer-reviewed indexed journals.

RADIOFREQUENCY LESION GENERATOR
SYSTEM

A modern RF lesion generator (Figure 3-1) has the follow-
ing functions:

m Continuous on-line impedance measurement

= A nerve stimulator

= Monitoring of voltage, current, and wattage dur-
ing the RF procedure

» 'Temperature monitoring

m Pulsed current delivery mode

These features are important for reasons described below.

Electrical impedance is measured to confirm the continu-
ity of the electrical circuit and to detect any short circuits.
The impedance signal can be converted to a varying audible
pitch by the generator, which allows the various tissue in-
terfaces to be “heard” while the operator concentrates on

FIGURE 3-1
Cosman RFG-18 radiofrequency generator.

the procedure. The impedance will vary from about 300 Q)
to 600 Q in the extradural tissue. Furthermore, impedance
monitoring is of special interest in cordotomies and in RF-
disc lesions. In cordotomies the impedance increases above
the level of 1000 € on entering the spinal cord,? thus indi-
cating that the electrode is properly positioned. In RF-disc
lesions, the impedance falls sharply, to less than 200 Q, as
the electrode enters into the disc.?

Nerve stimulator. Nerve stimulation is of great impor-
tance in RF procedures. After placement of the needle
under fluoroscopic control, nerve stimulation is carried
out to confirm the proper position of the electrode and to
permit minor adjustments. Stimulation is carried out at
50 Hz to ensure the proximity of the electrode to the sen-
sory fibers. Two hertz stimulations are performed to detect
muscle contractions, which indicate that needle placement
is too close to motor fibers.

Ford et al.?* have shown that if an electrode is actually
resting on the nerve, a minimum stimulation level required
to produce a discharge is 0.25 V. At a distance of 1 cm from
the nerve, 2 V would be required. In this manner, the
stimulation threshold is an indicator for the electrode—
nerve distance. But in our experience, the quality of the
nerve also plays an important role. When the nerve is neu-
ropathic, it is not uncommon to find stimulation thresholds
greater than 1 V while there is clearly mechanical contact.

Temperature monitoring. Temperature measurement is
performed by the thermocouple technique, which has the
advantage that temperature can be measured in very small
diameter electrodes. The thermocouple consists of a junc-
tion of two dissimilar metal elements, producing a ther-
modionic voltage, which is proportional to temperature
(Figure 3-2). The thermocouple is placed at the tip of the
electrode, which is in the hottest part of the lesion.
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FIGURE 3-2
SluijterMathaKit thermocouple electrode.

THEORETICAL ASPECTS OF
RADIOFREQUENCY LESIONING

CONTINUOUS RADIO FREQUENCY

"The voltage of the generator is set up between the (active)
electrode and the (dispersive) ground plate (Figure3-3). The
body tissues complete the circuit and RF-current flows
through the tissue, resulting in an electric field. This electric
field creates an electric force on the ions in the tissue elec-
trolytes, causing them to move back and forth at a high rate.
Frictional dissipation of the ionic current within the fluid
medium causes tissue heating. RF heat is therefore gener-
ated in the tissue, and the electrode is heated by the tissue.

The size of the lesion depends on the tip temperature
(Figure 3-4), and the tip temperature depends on the
power deposition. But there are other factors involved as
well. Heat is also removed from the lesion area by conduc-
tive heat loss and blood circulation. This is referred to as
heat “washout.” The greater the heat washout, the smaller
the lesion will be for a given tip temperature. Considerable
variations of tissue factors influence heat washout. For
example, bone is an effective heat insulator with little wa-
ter content. For this reason, RF lesions close to bone will
not have the same degree of heat washout as they might
have in more conductive tissue. Similarly, segmental blood
vessels, in relation to the dorsal root ganglion, may cause
considerable heat washout, thereby reducing the size of
the lesion.??

RF lesion generator
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This figure shows fields of current from the generator through the body
between active and dispersive sites. Note the pattern in the body.
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FIGURE 3-4

Tissue injury after radiofrequency lesioning. Note the shape of the lesion
and the area of reversibility. (From Cosman ER, Nashold BS, Ovelman-
Levitt J: Theoretical aspects of radiofrequency lesions in the dorsal root
entry zone. Neurosurgery 15:945-950, 1984, with permission.)

The size of the lesion also depends on other parame-
ters, such as the diameter of the electrode and the length
of the uninsulated electrode tip. Cosman and Cosman?®
were the first to determine lesion size for a given electrode
tip size and temperature. They made dorsal root entry
zone lesions in cats and studied the relationship between
temperature, size, and duration of lesioning. They con-
cluded that at a tip temperature of 75°C the lesion size
would only increase by about 20% beyond a lesion time of
30 seconds. The lesion size did not increase further after
60 seconds.

Moringlane et al.?’ studied experimental RF-coagulation
with computer-based online monitoring of temperature and
power. They concluded that the maximum “volume” of a
lesion is effectively obtained after 40 seconds, and that the
lesion size strongly depends on tip temperature and on probe
diameter. Bogduk et al.?® also studied the shape and size of
lesions made by RF electrodes. Experimental lesions were
made in egg white and in fresh meat. They concluded that
RF lesions do not extend distally to the tip of the electrode,
and that they extend radially around the electrode tip in the
shape of an oblate spheroid.

When an RF lesion is made with continuous RF, the
output of the lesion generator is adjusted to the tip tem-
perature. Parameters such as impedance and voltage are
not taken into account. Many brands of generators have
the option of automatic temperature control, where the
adjustment of the output to the desired tip temperature is
automatic.

PULSED RADIO FREQUENCY

Pulsed RF (Figure 3-5) is based on the dual effect of expo-
sure of the tissue to RF fields. Besides the ionic friction
that causes the production of heat, there is an indepen-
dent, nonthermal effect that has the potential of producing
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FIGURE 3-5

Schematic drawing of the duty cycle during pulsed radiofrequency. There
are two active cycles per second of 20 milliseconds each. During the ac-
tive phase, radiofrequency is delivered at the normal frequency of
500,000 Hz. (Adapted from Sluijter ME: Radiofrequency, Part 1. Meggen,
Switzerland, Flivopress, 2001, with permission.)

modification of neural structures and neuronal behavior.
Thermal and nonthermal effects must therefore be dis-
cussed separately.

Thermal Effects of PRF

Temperature spikes. During the 20-millisecond active phase
of PRE, heat is produced and there is a very brief rise in
temperature around the needle tip. These brief elevations
have been named “temperature spikes.” The height of these
spikes can be calculated, and they have indeed been mea-
sured with a very fast thermocouple? (Figure 3-6). Because
itis a fast phenomenon, and because the thermocouples that
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FIGURE 3-6

Measured temperature bursts during pulsed radiofrequency pulses in liver
at 70 V and 50 V (peak) settings: on the left for duration of 10 millisec-
onds and on the right for duration of 20 milliseconds. (Adapted from
Cosman ER Jr, Cosman ER Sr: Electrical and thermal field effects in tis-
sue around radiofrequency electrodes. Pain Med 6(6):405-424, 2005, with
permission.)

are used for RF treatment are slow, the spikes do not show
up on the display of a lesion generator.

The height of a heat spike is entirely dependent on the
power deposition during the active phase. Because PRF is
delivered with a fixed voltage, the power deposition is
strongly dependent on the current, and therefore on the
impedance. Calculated values vary from 4.30°C for 800 ohm
to 13.80°C for 250 ohm, at the start of the procedure. Dur-
ing the later phases of the procedure, the spikes are superim-
posed on the mean tip temperature.”

It is presently not known if these brief elevations of
temperature have a biological effect. A mild ablative effect
of PRF has been described,?®*® but these changes may
equally have been caused by the nonthermal effect of
strong electric fields.

The heat mostly spreads ahead of the tip of the elec-
trode, because this is where the strongest electric field is.
But the penetration into the tissue is minimal; the rise in
temperature beyond a distance of 0.2 mm from the elec-
trode is irrelevant (Figure 3-7).

Mean tip temperature. Once the heat has been gener-
ated near the electrode tip, it spreads into the tissue like
the ripples in water after a stone is tossed in. The farther
away from the electrode, the slower and less pronounced
the rise in temperature (Figure 3-8). After a number of
pulses, the mean tip temperature will rise, and this can be
read on the display of the lesion generator.

As in continuous RE, the mean tip temperature de-
pends on the power deposition on the one hand and on the

Temperature (°C)

T
0 0.5 1.0

Distance from electrode (mm)

FIGURE 3-7

The temperature field magnitudes as a function of distance from the ra-
diofrequency electrode (SMK) along two different directions for pulsed
radiofrequency with V (peak) of 45 V and duration of 20 milliseconds.
(Adapted from Cosman ER Jr, Cosman ER Sr: Electrical and thermal
field effects in tissue around radiofrequency electrodes. Pain Med
6(6):405-424, 2005, with permission.)
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FIGURE 3-8

Calculated temperature curves during the first pulse of a pulsed radiofre-
quency procedure at various distances from the electrode tip. Impedance
= 250 ohm.

heat washout on the other, and the same considerations are
valid for the factors determining heat washout.

Nonthermal Effects of Pulsed Radio Frequency

There is extensive knowledge on the effect of constant
electric fields on cells because cell biologists use such fields
to modify cells. The effects may vary from an effect on the
functioning of voltage- or transmitter-gated ion channels
or ion pumps in the membrane that control the conduc-
tion of Na+, K+, Ca++, to a reversible disruption of the
cell membrane known as electroporation,®! to cell death.
Recovery following the exposure is in the milliseconds
range, but some recovery components last several min-
utes.’? This is relevant for PRF because it may explain why
continuous RF at a very low voltage has a more pro-
nounced effect on cell functioning than PRF at 45 V.?°
Obviously the silent period of the PRF duty cycle is not
only important for the removal of heat, but for functional
recovery following the active cycle as well.

Much less is known on the effects of alternating elec-
tric fields such as in PREF. It is therefore uncertain at which
level the strength of the RF field becomes significant. A
value of 5000 V/m seems to be a reasonable assumption.
The distribution of the electric fields can again be calcu-
lated® (Figure 3-9). The pattern is comparable to the
distribution of temperature, but there is a significant dif-
ference. The electric field at a reasonable distance from
the electrode is still greater than 5000 V/m, whereas the
rise in temperature during a temperature spike is insignifi-
cant at a distance of more than 0.2 mm.

PRACTICAL CONSIDERATIONS

When making a heat lesion with continuous RF adjacent
to the DRG, it is customary to observe a minimum value
of the stimulation threshold of 0.4 V, in order to avoid
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FIGURE 3-9

The electric field magnitudes as a function of distance from the radiofre-
quency electrode (SMK) along two different directions for pulsed radio-
frequency with V (peak) of 45 V and duration of 20 milliseconds.
(Adapted from Cosman ER Jr, Cosman ER Sr: Electrical and thermal
field effects in tissue around radiofrequency electrodes. Pain Med
6(6):405-424, 2005, with permission.)

denervation sequelae. This rule does not apply to PRF
because despite the microscopic evidence for destruction,
no alterations in nerve function have been reported in a
clinical setting. Yet it may be wise to avoid the ultra-low
thresholds (<0.05 V) because such values may reflect in-
traneural electrode placement. A very small area of necro-
sis around the needle tip does occur,?® which is not desir-
able in this location.

In a small proportion of procedures the mean tip tem-
perature exceeds 43°C at the end of the procedure. In this
case, as a precaution, the power deposition should be de-
creased. This can be done by lowering the voltage, or by
decreasing either the duration of the active cycle or the
cycle frequency.

It is undesirable to adjust the voltage during a PRF
procedure to the mean tip temperature. The mean tip
temperature does not affect the outcome of the proce-
dure,!® and because there is a large variation in heat wash-
out, such a practice will cause large and unpredictable
variations in voltage.

MODE OF ACTION OF PULSED RADIO
FREQUENCY

Pulsed RF was initiated as a method to explore the mode
of action of RE, not as a discovery de novo. It is therefore
not surprising that the mode of action is not yet clear.
Much has been learned about the physical events around
the electrode,” but it is not known yet how these events
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cause the clinical effect. There are presently two theories.
First, there may be a mild but significant ablative effect,
mainly affecting thin nerve fibers. This would not be in
contradiction with the absence of sensory changes follow-
ing PRF because, in fact, the situation is the same after
application of continuous RFE. Following a heat lesion,
manifest sensory changes only occur during the period of
postprocedural discomfort, but they are absent once the
period of pain relief has set in.

Second, there might be an effect on the dorsal horn,
where trans-synaptal induction of gene expression has
been found, both short®® and long?** term. If this is the case,
itis not yet clear how these changes are caused because the
frequency of RF is far above the physiological range.

INDICATIONS AND CONTRAINDICATIONS
FOR (PULSED) RADIOFREQUENCY

The available information on RF treatment indicates that it
may be a useful tool, but the evidence varies from one indica-
tion to another. The technique has a low invasive character
and a target-selective approach, and can be performed as
outpatient treatment. The following conditions should be
fulfilled: patients are carefully selected with attention to both
somatic and psychosocial factors, and the technique is per-
formed by a trained clinician in the optimal environment.

The most frequently described indication for RF
treatment is trigeminal neuralgia, an indication for which
there is extensive experience.”’ A review of 25 years of ex-
perience with 1600 patients receiving percutaneous RF
trigeminal rhizotomy for idiopathic neuralgia indicates
acute pain relief in 97.6% of the patients and continued
complete pain relief at the 5-year follow-up in 57.7%.%
Complications in this series were diminished corneal re-
flex, masseter weakness and paralysis, dysesthesia, anesthe-
sia dolorosa, keratitis, and transient paralysis of cranial
nerves II and VI. Comparisons with other techniques are
mainly based on retrospective evaluations.’’* PRF treat-
ment for this indication has been reported.*® Recently, a
RCT comparing PRF with RF showed longer pain relief
with REY

Cluster headache is a neurovascular form of headache.
Attacks of cluster headache can be relieved by anesthetiz-
ing the sphenopalatine ganglion.* Promising results have
been reported of RF treatment® as well as of PRF treat-
ment of the ganglion sphenopalatinum.>®

Chronic cervical pain can arise from several structures
in the cervical region, including zygapophyseal joints,
discs, nerve roots, ligaments, and myofascial structures.’!
The prevalence of cervical pain is judged to be as frequent
as low back pain. The cervical pain syndromes, which are
accessible for invasive RF treatment, are cervical pain,
cervicobrachialgia, and cervicogenic headache.’? Each pain
syndrome may have more than one nociceptive source. As
a consequence, more than one RF treatment modality may
be needed in relieving patients’ pain. Cervicobrachialgia is

described as pain originating from the cervical spine radi-
ating from the neck beyond the gleno-humeral joint into
the upper limb with referral to a particular spinal segment.!?
Cervicogenic headache could originate from structures in
the neck. The cardinal feature delineating cervicogenic
headache from the other headache syndromes is the con-
cept that the pain originates from a structural abnormality
in the cervical spine.’® Various structures in the cervical
spine, such as the facet joints, segmental nerves, interver-
tebral discs, muscles, and ligaments, are capable of causing
neck pain and headache.

The management of cervicobrachialgia with RF treat-
ment adjacent to the cervical DRG was described in one
open and two randomized controlled trials (RCTs).1%20:5%
One of the RCTs compared RF treatment at 67°C with RF
treatment at 40°C.2° The clinical efficacy varies from one
trial to another, and in a recent review Geurts et al.”* con-
cluded that there is limited evidence for RF facet denerva-
tion in chronic cervical pain after whiplash, and there is
limited evidence that RF dorsal root ganglion (DRG) is
more effective than placebo in chronic cervicobrachialgia.
The first RCT on pulsed radiofrequency adjacent to the
cervical DRG in patients with chronic cervical radicular
pain was recently published. At 3 months, the PRF group
showed a significantly better outcome with regard to the
global perceived effect (>50% improvement) and visual
analogue scale (20-point pain reduction). The need for
pain medication was significantly reduced in the pulsed
radiofrequency group after 6 months. No complications
were observed during the study period.’

The value of RF of the medial branch for chronic cervi-
cal zygapophyseal joint pain has been demonstrated in one
RCT with excellent results for RF compared to sham.”’

Radiofrequency of the medial branch for cervicogenic
headache suggested initially some chance of benefit,’®*” but
due to the absence of a consensus about the diagnostic clas-
sification of cervicogenic headache and the uncontrolled
study setup, those results are not compelling. A prospective
study showed a significant improvement in patients selected
on the basis of the diagnostic criteria described by Sjaastad
etal.’»% However, in a recently published RCT no evidence
was found indicating that RF treatment of cervical zyg-
apophyseal joints and upper dorsal root ganglions is better
than the infiltration of the greater occipital nerve followed
by TENS for patients with cervicogenic headache.®!

Pain syndromes originating from the thoracic spine
occur in 5-7% of the patients seen in a pain clinic. In this
type of patient, diagnostic evaluations should exclude un-
derlying pathology such as herniations, aneurysms, tu-
mors, old fractures, or infections. One should distinguish
thoracic pain, which can be described as pain originating
from the zygapophyseal joints, and/or thoracic disc and
thoracic segmental pain with referral into one or more
particular spinal segments due to involvement of the seg-
mental nerve in the pain syndrome, related to vertebral
collapse, 12th rib syndrome, and segmental peripheral
neuralgia.6263
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Documentation on the use of RF treatment in the
thoracic region is relatively scarce and restricted to open
studies.®* After thoracic facet denervation, more than 80%
of the patients experienced good pain reduction for at least
2 months.5*% RF treatment adjacent to the thoracic DRG
is a difficult technique due to the need of drilling through
bone.%® Potential complications are segmental nerve in-
jury, spinal cord injury, pneumothorax, and thoracic neuri-
tis. Two open studies using RF DRG at the thoracic level
report good short- and long-term results.®”-63

Radiofrequency treatment of low back pain is most
frequently used and most often described.®” This phenom-
enon is partly due to the fact that incapacitating chronic
low back pain develops in more than 14% of the patients.
The vast majority of those patients suffer nonspecific low
back pain that may be of discogenic origin, from the facet
(or zygapophyseal) joints, or from the sacroiliac joint. Low
back pain is frequently divided into two components: neu-
rogenic radicular pain and mechanical low back pain.”’ RF
lesioning of the DRG is developed as an alternative to the
surgical rhizotomy; use is based on the principle that noci-
ceptive input at the level of the primary sensory neuron
might be reduced by coagulation of a small part of the
DRG without causing sensory deficit.”! One prospective
and four retrospective studies have reported beneficial ef-
fects of lumbosacral RF DRG.”""75 One randomized con-
trolled study failed to show advantage over sham treatment
with local anesthetic.”6

Pulsed radiofrequency treatment adjacent to the DRG
in the lumbar region may be indicated for chronic radicular
pain.””’8 PRF treatment has also been advocated for acute
pain due to a herniated disc,'® with good results and a re-
markably low tendency for recurrence of pain. This may be
a useful replacement for periradicular steroid infiltration
because this widely adopted treatment does not reduce the
need for surgery’”® and is not without serious risk.%

Lumbar percutaneous facet denervation (PFD) by
means of RF treatment is based on the premise that neu-
rolyzing the medial branches of the distal portions of the
spinal posterior rami nerves that supply painful lumbar
facet joints will result in alleviation of back pain and a re-
turn of function. Technically, there are two prerequisites
for success of RF PFD: the identification of the painful
joint using diagnostic blocks and the precise localization of
the nerve supply to the targeted joints.®” The clinical out-
come of this technique has been evaluated in four random-
ized clinical trials.?'-8* Results of the RCTs are somewhat
contradictory, although comparing them is not possible
because of differences in patient selection criteria, use of
diagnostic blocks, and efficacy parameters followed by
each study. Currently, two different techniques are com-
monly used in clinical practice: temperature- and voltage-
controlled lesioning. In a combined in vivo and in vitro
study, the electrophysiological consequences and the effect
on lesion size were determined. Temperature-controlled
radiofrequency lesioning is preferred to create reproduc-
ible lesion size.®

It seems that RF neurotomy is an effective but tempo-
rary management of lumbar facet pain. When pain recurs,
RF neurotomy is usually repeated. The outcome and dura-
tion of relief for repeat interventions was investigated by
means of a retrospective chart review. It was concluded
that the frequency of success and duration of relief re-
mained consistent after each subsequent procedure.¢

Considering the safety of the technique, the incidence
of complications associated with fluoroscopically guided
percutaneous RF denervation of lumbar facet joints was
retrospectively assessed in 92 patients receiving 616 lesions
during 116 procedures. The technique was associated with
an overall 1% incidence of minor complications per lesion
site.?’

Discogenic back pain can be treated by heating the an-
nulus fibrosus or the nuclear/annular interface through a
catheter.3%8? Effectiveness has been reported in one RCT,”
but this could not be confirmed in another one.”" The
method is not free of serious complications.”>”? Patients
who do not respond to IDET-treatment may benefit from
RF treatment of the communicating ramus.!* A new method
using an intensive duty cycle of PRF through a centrally
placed electrode had good initial results.*

Radiofrequency has been used for interruption of the
sympathetic chain to treat intractable pain in the sacral-
pelvic region” or for the management of visceral pain”
and/or complex regional pain syndrome (CRPS).”” The ap-
plication of RF current in this indication differs from its use
for other targets such as sensory nerve tissue because no
sensory threshold can be achieved in the sympathetic nerves.
The use of RF treatment has the advantage over surgical
resection and phenol or alcohol neurolysis, in that it is more
selective and may cause fewer complications.”®”” RF treat-
ment of CRPS was compared with phenol neurolysis. The
efficacy of RF treatment seems to be comparable to phenol
neurolysis, but the incidence of complications was lower.””
One should be aware of the potential injury of the genito-
femoral nerve, especially if multple RF lesions are per-
formed, but no controlled trials are available. Visceral pain
due to chronic pancreatitis, pancreatic cancer, liver cancer, or
postabdominal surgery pain that is not or no longer respond-
ing to pharmacological treatment can be managed by RF
lesioning of the splanchnic nerves. From the available experi-
ence, retrospectively analyzed, we can deduct that this tech-
nique is more selective and causes fewer complications.”

Neuroablative procedures have been used frequently
in the past for the management of intractable cancer pain.
At present the percutaneous cervical cordotomy represents
the most important neuroablative technique in cancer pain
treatment.!%1% Success rates have been reported to be
high (54/62 patients).!% Considering the potential for ma-
jor permanent complications—urinary retention hemipa-
resis and mirror image pain—percutaneous cordotomy
should only be used for unilateral pain.!% Recent pharma-
cological developments in sustained release of opioids have
resulted in increasing degrees of pain relief, thus restrict-
ing the number of patients for an intervention.
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CLINICAL DECISION MAKING

The available documentation on the RF treatment in vari-
ous pain syndromes indicates that this option will only be
considered when conservative causative and symptomatic
treatment has been used to its full extent and fails to pro-
vide satisfactory pain relief. For the well-documented
indications, authors mention patient selection criteria,
consisting of clinical signs, medical imaging, and identifi-
cation of the causative nerve structure—if possible by
means of diagnostic blocks—and psychological assess-
ment. The optimal environment for applying RF treat-
ment is a multidisciplinary setting facilitating diagnosis,
treatment, and guidance in terms of expectations and cop-
ing with the rest pain.

The application of RF in the management of chronic
pain may be a useful tool because of its low invasive char-
acter, the target-selective approach, the possibility of out-
patient treatment, and safety if done by a well-trained pain
physician in the right setting. In line with the World
Health Organization treatment ladder for the manage-
ment of chronic cancer pain, we propose an integrated
treatment algorithm, including pharmacological, interven-
tional, and multidisciplinary management as illustrated in
Figure 3-10.1%7

MINIMAL STANDARDS AND RECOMMENDATIONS

Among the invasive pain management options, RF treat-
ment is probably the most described. RF treatment as part
of a multimodal and multidisciplinary approach may avoid
the use of more invasive and often more expensive treat-
ment options. We recommend the use of RF techniques
under the following conditions:

= Multidisciplinary patient selection, using
validated selection criteria.
m Informed consent is (redundant)

<—| Intrathecal opioids |

| WHO class Ill: Strong opioids |

<—| Adhesiolysis/epiduroscopy |

| WHO class II: Weak opioids |

<—| (Pulsed) Radiofrequencyl

|| WHO class |: Peripheral analgesics |

Ongoing multidisciplinary approach:
Adjuvant analgesics, psychologic counseling, physical therapy,
evaluation of causal diagnosis/treatment

FIGURE 3-10

Schematic representation of the stepwise approach of chronic pain.

Neurostimulation |

Steroid Infiltration |

Where indicated, use of diagnostic blocks.

m Use of fluoroscopy.

= Standardized report on the intervention
including: impedance, volt, temperature, time,
and radiographic photos.

m Standardized patient follow-up with validated
outcome evaluation tools.

m Physicians should receive accurate training on

the anatomy, technical aspects,

hands-on experience, and radiation protection.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ahadian FM: Pulsed radiofrequency neurotomy: advances in pain
medicine. Curr Pain Headache Rep 8:34—40, 2004.

. Tepperman J: Horsley and Clarke: a biographical medallion. Perspect

Biol Med 13:295-308, 1970.

. Kirschner M: Ziir Electrochirugie. Arch Klin Chir 16:161-178, 1931.
. Sweet WH, Mark VH: Unipolar anodal electrolyte lesions in the

brain of man and rat: report of five human cases with electrically
produced bulbar or mesencephalic tractotomies. Arch Neurol Psy-
chiatry 70:224-234, 1953.

. Hunsperger RW, Wyss OAM: Quantitative Ausschaltung van

Nervengewebe durch Hochfrequenzkoagulation. Helv Physiol Acta
11:283-304, 1953.

. Rosomoff HL, Brown CJ, Sheptak P: Percutaneous radiofrequency

cervical cordotomy: technique. 7 Neurosurg 23:639-644, 1965.

. Mundinger E Riechert T, Gabriel E: Studies on the physical and

technical bases of high-frequency coagulation with controlled dos-
age in stereotactic brain surgery. Zentralbl Chir 85:1051-1063, 1960.

. Sweet WH, Wepsic JG: Controlled thermocoagulation of trigeminal

ganglion and root for differential destruction of pain fibers. Part I:
Trigeminal neuralgia. 7 Neurosurg 39:143-156, 1974.

. Shealy CN: Percutaneous radiofrequency denervation of spinal fac-

ets. 7 Neurosurg 43:448-451, 1975.

Sluijter ME: Radiofrequency: Part 1. Flivopress, Meggen, Switzerland,
2001.

Uematsu S: Percutaneous Electrothermocoagulation of Spinal Nerve
Trunk, Ganglion and Rootlets. New York, Grune & Stratton, 1977.
Sluijter M, Metha M: Treatment of chronic back and neck pain by per-
cutaneous thermal lesions. In Lipton S, editor: Persistent Pain, Modern
Methods of Treatment. London, Academic Press, 1981, pp. 141-179.
Sluijter M: The use of radiofrequency lesions of the communicating
ramus in the treatment of low back pain. In Racz GB, editor: Zech-
niques of Neurolysis. Boston, Kluwer Academic, 1989, pp. 145-159.
Oh WS, Shim JC: A randomized controlled trial of radiofrequency
denervation of the ramus communicans nerve for chronic discogen-
ic low back pain. 7 PainClin 7 Pain 20:55-60, 2004.

van Kleef M, Barendse G, Wilmink JT; et al: Percutaneous intradis-
cal radiofrequency thermocoagulation in chronic non-specific low
back pain. Pain Clin 9:259-268, 1996.

Barendse G, vanDen Berg SG, Kessels E, et al: Randomized controlled
trial of percutaneous intradiscal radiofrequency thermocoagulation
for chronic discogenic back pain: lack of effect from a 90-second 70°C
lesion. Spine 26:287-292, 2001.

Letcher FS, Goldring S: The effect of radiofrequency current and
heat on peripheral nerve action potential in the cat. 7 Neurosurg
29:42-47, 1968.

Teixeira A, Grandinson M, Sluijter M: Pulsed radiofrequency for ra-
dicular pain due to a herniated intervertebral disc: an initial report.
Pain Pract 5:111-115, 2005.

van Kleef M, Spaans F, Dingemans W, et al: Effects and side effects
of a percutaneous thermal lesion of the dorsal root ganglion in pa-
tients with cervical pain syndrome. Pain 52:49-53, 1993.
Slappendel R, Crul BJ, Braak GJ, et al: The efficacy of radiofre-
quency lesioning of the cervical spinal dorsal root ganglion in a



64

General Considerations

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

double blinded randomized study: no difference between 40°C and
67°C treatments. Pain 73:159-163, 1997.

Sluijter ME, Cosman ER, Rittman IT WB, van Kleef M: The effects
of pulsed radiofrequency field applied to the dorsal root ganglion: a
preliminary report. Pain Clin 11:109-117, 1998.

Cahana A, Van Zundert A, Macrea L, et al: Pulsed radiofrequency:
current clinical and biological literature available. Pain Med 2006; 7:
411-423.

Lipton S: The treatment of cancer pain. In Lipton S, editor: Relief of
Pain in Clinical Practice. Oxford, Blackwell, 1979, pp. 126-177.
Ford D]J, Pither C, Raj PP: Comparison of insulated and uninsu-
lated needles for locating peripheral nerves with a peripheral nerve
stimulator. Anesth Analg 63:925-928, 1984.

Cosman EJ, Cosman ES: Electric and thermal field effects in tissue
around radiofrequency electrodes. Pain Medicine 6:405-424, 2005.
Cosman E, Cosman B: Methods of making nervous system lesion.
In Wilkens R, Rengachary SS, editors: Neurosurgery. New York,
McGraw-Hill, 1984, pp. 2490-2499.

Moringlane JR, Koch R, Schafer H, Ostertag CB: Experimental radio-
frequency (RF) coagulation with computer-based on line monitoring
of temperature and power. Acta Neurochir (Wien) 96:126-131, 1989.
Bogduk N, Macintosh J, Marsland A: Technical limitations to the
efficacy of radiofrequency neurotomy for spinal pain. Neurosurgery
20:529-535, 1987.

Cahana A, Vutskits L, Muller D: Acute differential modulation of
synaptic transmission and cell survival during exposure to pulsed
and continuous radiofrequency energy. 7 Pain 4:197-202, 2003.
Erdine S, Yucel A, Cimen A, et al: Effects of pulsed versus conven-
tional radiofrequency current on rabbit dorsal root ganglion mor-
phology. Eur 7 Pain 9:251-256, 2005.

Weaver JC: Electroporation: a general phenomenon for manipulat-
ing cells and tissues. 7 Cell Biochemn 51:426-435, 1993.
Gowrishankar TR, Pliquett U, Lee RC: Dynamics of membrane
sealing in transient electropermeabilization of skeletal muscle mem-
branes. Ann N'Y Acad Sci 888:195-210, 1999.

Higuchi Y, Nashold BS, Sluijter ME, et al: Exposure of the dorsal
root ganglion in rats to pulsed radiofrequency currents activates dor-
sal horn lamina I and II neurons. Newurosurgery 50:850-856, 2002.
Van Zundert J, de Louw AJ, Joosten EA, et al: Pulsed and con-
tinuous radiofrequency current adjacent to the cervical dorsal root
ganglion of the rat induces late cellular activity in the dorsal horn.
Anesthesiology 102:125-131, 2005.

Ruiz-Lopez R, Erdine S: Treatment of cranio-facial pain with radio-
frequency procedures. Pain Pract 2:206-213, 2002.

Kanpolat Y, Savas A, Bekar A, Berk C: Percutaneous controlled ra-
diofrequency trigeminal rhizotomy for the treatment of idiopathic
trigeminal neuralgia: 25 years experience with 1600 patients. Neuro-
surgery 48:524-534, 2001.

Taha JM, Tew JM Jr: Comparison of surgical treatments for trigemi-
nal neuralgia: reevaluation of radiofrequency rhizotomy. Newurosur-
gery 38:865-871, 1996.

Broggi G, Franzini A, Lasio G, et al: Long term results of percu-
taneous retrogasserian thermorhizotomy for “essential” trigeminal
neuralgia. Neurosurgery 26:783-787, 1990.

Burchiel K, Steege T, Howe J, Loese J: Comparison of percutaneous
radiofrequency gangliolysis and microvascular decompression for the
surgical management of tic douloureux. Neurosurgery 9:111-119, 1981.
Fraioli B, Esposito V, Guidetti B, et al: Treatment of trigeminal neu-
ralgia by thermocoagulation, glycerolization and percutaneous com-
pression of gasserian ganglion and/r retrogasserial rootlets: long-term
results and therapeutic protocol. Neurosurgery 24:239-245, 1989.
Burchiel K: Percutaneous retrogasserian glycerol rhizolysis in the
management of trigeminal neuralgia. 7 Neurosurg 69:361-366, 1988.
Wilkinson H: Trigeminal nerve peripheral branch phenol/glycerol
injections for tic douloureux. 7 Neurosurg 90:828-832, 1999.

North RB, Kidd DH, Piantadosi S, Carson BS: Percutaneous ret-
rogasserian glycerol rhizotomy: predictors of success and failure in
treatment of trigeminal neuralgia. 7 Newrosurg 72:851-856, 1990.
Sweet WH, Poletti CE, Macon JB: Treatment of trigeminal neu-
ralgia and other facial pains by retrogasserian injection of glycerol.
Neurosurgery 96:47-54, 1981.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Lobato RD, Rivas JJ, Rosario S, Lamas E: Percutaneous micro-
compression of the gasserian ganglion for trigeminal neuralgia. 7
Neurosurg 72:546-553, 1990.

Van Zundert ], Brabant S, Van de Kelft E, et al: Pulsed radiofrequen-
cy treatment of the Gasserian ganglion in patients with idiopathic
trigeminal neuralgia. Pain 104:449-452, 2003.

Erdine S, Ozyalcin NS, Cimen A, Celik M, Talu GK, Disci R. Com-
parison of pulsed radiofrequency with conventional radiofrequency
in the treatment of idiopathic trigeminal neuralgia. Eur 7 Pain 2007;
11(3):309-313.

Costa A, Pucci E, Antonaci F, et al: The effect of intranasal cocaine
and lidocaine on nitroglycerin-induced attacks in cluster headache.
Cephalalgia 20:85-91, 2000.

Sanders M, Zuurmond WW: Efficacy of sphenopalatine ganglion
blockade in 66 patients suffering from cluster headache: a 12- to
70-month follow-up evaluation. 7 Neurosurg 87:876-880, 1997.
Shah RV, Racz GB: Long-term relief of posttraumatic headache by
sphenopalatine ganglion pulsed radiofrequency lesioning: a case re-
port. Arch Phys Med Rebabil 85:1013-1016, 2004.

Bogduk N, Aprill C: On the Nature of neck pain, discography and
cervical zygapophysial joint blocks. Pain 54:213-217, 1993.

van Kleef M, van Suijlekom JA: Treatment of chronic cervical pain,
brachialgia, and cervicogenic headache by means of radiofrequency
procedures. Pain Pract 2:214-223, 2002.

Sjaastad O, Fredriksen T: Cervicogenic headache: diagnostic crite-
ria. Headache 30:725-726, 1990.

van Kleef M, Liem L, Lousberg R, et al: Radiofrequency lesion adja-
cent to the dorsal root ganglion for cervicobrachial pain: a prospective
double blind randomized study. Neurosurgery 38:1127-1131, 1996.
Geurts J, van Wijk RM, Stolker R, Groen GJ: Efficacy of radiofre-
quency procedures for the treatment of spinal pain: a systematic review
of randomized clinical trials. Reg Anesth Pain Med 26:394-400, 2001.
Van Zundert ], Patijn J, Kessels A, Lame I, van Suijlekom H, van
Kleef M. Pulsed radiofrequency adjacent to the cervical dorsal root
ganglion in chronic cervical radicular pain: a double blind sham
controlled randomized clinical trial. Pain 2007;127:173-182.

Lord SM, Barnsley L, Wallis BJ: Percutaneous radiofrequency neu-
rotomy in the treatment of cervical zygapophyseal joint pain. N Engl
J Med 3351:721-726, 1996.

Hildebrandt J: Percutaneaus nerve block of the cervical facets - a
relatively new method in the treatment of chronic headache and
neck pain. Manual Med 2:48-52, 1986.

van Kleef M, Sluijter ME: Radiofrequency Lesions in the Treatment of
Puin of Spinal Origin. New York, McGraw-Hill, 1998.

van Suijlekom JA, van Kleef M, Barendse G, et al: Radiofrequency
cervical zygapophyeal joint neurotomy for cervicogenic headache. A
prospective study in 15 patients. Funct Neurol 13:297-303, 1998.
Haspeslagh SR, Van Suijlekom HA, Lame IE, et al: Randomised
controlled trial of cervical radiofrequency lesions as a treatment for
cervicogenic headache. BMC Anesthesiol 61, 2006.

Merksey J, Bogduk N: Classification of Chronic Pain, 2nd ed. Seattle,
International Association of the Study of Pain, 1994.

Stolker R], Vervest ACM, Groen GJ: Percutaneous facet denervation
in chronic thoracic spinal pain. Acta Neurosurg 122:82-90, 1993.
Lou L, Gauci CA: Radiofrequency treatment in thoracic pain. Pain
Pract 2:224-225, 2002.

Tzaan WC, Tasker RR: Percutaneous radiofrequency facet
rhizotomy—experience with 118 procedures and reappraisal of its
value. Can 7 Neurol Sci 271:25-30, 2000.

Sluijter ME, Dingemans W, Barendse G: Comment on: “Ischemic
spinal cord lesions following percutaneous radiofrequency spinal
rhizotomy.” Pain 47:241, 1991.

Stolker RJ, Vervest AC, Groen GJ: The treatment of chronic tho-
racic segmental pain by radiofrequency percutaneous partial rhi-
zotomy. 7 Neurosurg 80:986-992, 1994.

van Kleef M, Spaans F: The effects of producing a radiofrequency
lesion adjacent to the dorsal root ganglion in patients with thoracic
segmental pain by radiofrequency percutanious partial rhizotomy. 7
PainClin f Pain 113:25-32, 1995.

. Geurts JW, Lou L, Gauci CA, et al: Radiofrequency treatments in

low back pain. Pain Pract 2:226-234, 2002.



Thermal and Pulsed Radiofrequency 65

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Waddell G: Low back pain: a twentieth century health care enigma.
Spine 21:2820-2825, 1996.

Pagura JR: Percutaneous radiofrequency spinal rhizotomy. App
Neurophysiol 46:138-146, 1983.

Sluijter ME, Mehta M: Treatment of chronic back and neck pain
by percutaneous thermal lesions. In: Lipton S, editor: Persistent
Pain, Modern Methods of Treatment. London, Academic Press, 1981,
141-179.

Uematsu S, Udvarhelyi GB, Benson DW, Siebens AA: Percutane-
ous radiofrequency rhizotomy. Surg Neurol 23:19-25, 1974.
J.C.Verdie, Lazorthes Y: Thermocoagulation percutanée analgésique
des racines rachidiennes. Nouv Presse Med 11:2131-2134, 1982.

van Wijk RM, Geurts JW, Wynne HJ: Long-lasting analgesic effect
of radiofrequency treatment of the lumbosacral dorsal root gangli-
on. ¥ Neurosurg 94:227-231, 2001.

Geurts JWM, van Wijk RM, Wynne H]J, et al: Radiofrequency le-
sioning of dorsal root ganglia for chronic lumbosacral radicular pain:
a randomised, double-blind, controlled trial. Lancet 361:21-26, 2003.
Munglani R: The longer term effect of pulsed radiofrequency for
neuropathic pain. Pzin 80437-80439, 1999.

Abejon D, Garcia-del-Valle S, Fuentes ML, Gomez-Arnau JI, Reig E,
van Zundert J. Puised radiofrequency in lumbar radicular pain: clini-
cal effects in various etiological groups. Pain Pract 2007; 7:21-26.
Karppinen J: Periradicular infiltration for sciatica: a randomized
controlled trial. Spine 26:1059-1067, 2001.

Houten JK, Errico TJ: Paraplegia after lumbosacral nerve root
block: report of three cases. Spine 7 2:70-75, 2002.

Leclaire R, Fortin L, Lambert R, et al: Radiofrequency facet de-
nervation in the treatment of low back pain: a placebo-controlled
clinical trial to assess efficacy. Spine 26:1411-1416, 2001.
Gallagher J, Vadi PLP, Wesley JR: Radiofrequency facet joint dener-
vation in the treatment of low back pain—a prospective controlled
double-blind study in assess to efficacy. Pain Clin 71:93-98, 1994.
van Wijk RM, Geurts JW, Wynne HJ, et al: Radiofrequency dener-
vation of lumbar facet joints in the treatment of chronic low back
pain: a randomized, double-blind, sham lesion-controlled trial. 7
PainClin f Pain 21:335-344, 2005.

van Kleef M, Barendse GA, Kessels F, et al: Randomized trial of
radiofrequency lumbar facet denervation for chronic low back pain.
Spine 24:1937-1942, 1999.

Buijs EJ, van Wijk RM, Geurts JW, et al: Radiofrequency lumbar
facet denervation: a comparative study of the reproducibility of le-
sion size after 2 current radiofrequency techniques. Reg Anesth Pain
Med 29:400-407, 2004.

Schofferman J, Kine G: Effectiveness of repeated radiofrequency
neurotomy for lumbar facet pain. Spine 29:2471-2473, 2004.
Kornick C, Kramarich SS, Lamer TJ, et al: Complications of lum-
bar facet radiofrequency denervation. Spine 29:1352-1354, 2004.
Saal JA, Saal JS: Intradiscal electrothermal treatment for chronic
discogenic low back pain: a prospective outcome study with mini-
mum 1-year follow-up. Spine 25:2622-2627, 2000.

Finch PM, Price LM, Drummond PD: Radiofrequency heating of
painful annular disruptions: one-year outcomes. 7 Spinal Disord Tech
18:6-13, 2005.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Pauza KJ, Howell S, Dreyfuss P, et al: A randomized, placebo-
controlled trial of intradiscal electrothermal therapy for the treat-
ment of discogenic low back pain. Spine J 4:27-35, 2004.

Freeman BJ, Fraser RD, Cain CM, et al: A randomized, double-
blind, controlled trial: Intradiscal electrothermal therapy versus pla-
cebo for the treatment of chronic discogenic low back pain. Spine
30(21):2369-2377, 2005.

Hsia AW, Isaac K, Katz JS: Cauda equina syndrome from intradiscal
electrothermal therapy. Neurology 55:320, 2000.

Ackerman WE 3rd: Cauda equina syndrome after intradiscal elec-
trothermal therapy. Reg Anesth Pain Med 27:622, 2002.

Teixeira A, Sluijter M: Intradiscal high voltage, long duration pulsed
radiofrequency for discogenic pain: a preliminary report. Pain Med
2006;7: 424-428.

Plancarte RS, Mayer-Rivera FJ: Radiofrequency procedures for
sacral and pelvic region pain. Pain Pract 2:248-249, 2002.

Raj PP, Sahinder B, Lowe M: Radiofrequency lesioning of splanch-
nic nerves. Pain Pract 2:241-247, 2002.

Racz GB, Stanton-Hicks M: Lumbar and thoracic sympathetic ra-
diofrequency lesioning in complex regional pain syndrome. Pain
Pract 2:251-256, 2002.

Noe CE, Haynesworth R: Percutaneous lumbar sympathectomy: a
comparison of radiofrequency denervation versus phenol neuroly-
sis. Anesthesiology 74:459-463, 1991.

Noe CE, Haynesworth R: Lumbar radiofrequency sympatholysis.
7 Vasc Surg 17:801-806, 1993.

Tasker R: Neurosurgical and neuroaugmentative intervention. In
Patt RB, editor: Cancer Pain. Philadelphia, JB Lippincott, 1993,
pp- 471-500.

Ischia S, Luzzani A, Ischia A, Pacini L: Role of unilateral percutane-
ous cervical cordotomy in the treatment of neoplastic vertebral pain.
Pain 19:123-131, 1984.

Ischia S, Luzzani A, Ischia A, et al: Subarachnoid neurolytic block
(L5-S1) and unilateral percutaneous cervical cordotomy in the treat-
ment of pain secondary to pelvic malignant disease. Pain 20:139-149,
1984.

Ischia S, Luzzani A, Ischia A, et al: Bilateral percutaneous cordoto-
my: immediate and long-term results in 36 patients with neoplastic
disease. 7 Neurol Neurosurg Psychiatry 47:141-147, 1984.

Ischia S, Ischia A, Luzzani A, et al: Results up to death in the treat-
ment of persistent cervico-thoracic (Pancoast) and thoracic malignant
pain by unilateral percutaneous cervical cordotomy. Pain 21:339-455,
1985.

Ischia S, Polati E, Finco G, Gottin L: Radiofrequency treatment of
cancer pain. Pain Pract 2:261-264, 2002.

Sanders M, Zuurmond W: Safety of unilateral and bilateral percuta-
neous cervical cordotomy in 80 terminally ill cancer patients. 7 Clin
Oncol 13:1509-1512, 1995.

Van Zundert ], Raj P, Erdine S, van Kleef M: Application of radio-
frequency treatment in practical pain management: state of the art.
Pain Pract 2:269-278, 2002.



Cryoneurolysis is a technique in which the application of
low temperatures produced by cryosurgical equipment
achieves anesthesia or analgesia by blocking peripheral
nerves or destroying nerve endings.

HISTORY

The analgesic effect of low temperatures has been re-
corded since Hippocrates (460-377 BC).I"* Avicenna of
Persia (980-1070) and Severino of Naples (1580-1656)
recorded their use of cold for preoperative analgesia.™S
James Arnott (1797-1883) advocated local cooling during
surgery and in the treatment of headache and cancer
pains.” In 1777, John Hunter studied the reversible de-
structive effects of freezing on animal tissues. More practi-
cal and portable methods of cooling used ether spray and
ethyl chloride to reduce temperatures locally as low as —
12°C.561In 1917, Trendelenburg’ demonstrated that freez-
ing caused severe but reversible damage to nerves without
scar or neuroma formation.

Interest in cryotherapy was revived in 1939, when
Smith and Fay® reported evidence of tumor regression
after localized freezing.” Cooper developed the first
cryoprobe in 1961.1° He was able to produce a tempera-
ture of —196°C by using liquid nitrogen. Amoils!! intro-
duced the enclosed gas expansion cryoprobe in which
carbon dioxide was used. Since then, nitrous oxide has
also been used as the refrigerant. Lloyd and colleagues!?
introduced the technique termed cryoanalgesia, with
which prolonged analgesia could be obtained after a
single freezing of a peripheral nerve. They reported that
this was a safe procedure, nerve function always returned,
and neuroma formation did not occur. The present gen-
eration of thin, long probes incorporates thermocouples
and stimulators.
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PHYSICS OF CRYOANALGESIA

Expansion of gas enclosed in the cryoprobe results in
Joule-Thompson or Kelvin effects; that is, gas under pres-
sure escaping through a small orifice expands and cools
(Fig. 4-1). The probes are made of stainless steel insulated
with a coating of polytetrafluoroethylene (Teflon) and are
of coaxial design. A thin outer tube carries the gas under
pressures between 4000 and 6000 kPa to the tip, where it
passes through a narrow orifice, leading to a pressure drop
to 50 to 75 kPa. The gas subsequently expands and cools,
achieving temperatures between —50° and -70°C at the
tip, and returns through an inner tube. The inner tube
acts as an exhaust conduit to vent the gas. Modern probes
use either nitrous oxide or carbon dioxide. The shaft
diameter has now been reduced to 1.3 mm and the length
increased to 120 mm. The tip can be trocar shaped or
hemispherical. Thermocouples and stimulators with vari-
able voltages and frequencies are built into the exposed tip
surface, and by using a console with a variable flow con-
trol it is possible to achieve a wide range of subzero
temperatures (Fig. 4-2).

The ice ball encompasses the end of the probe and is
about 3.5 mm in diameter for a 1.3-mm tipped probe. The
variables involved in ice ball size include probe size, freeze
time, tip temperature, tissue thermal conductivity, tissue
permeability to water, and presence or absence of vascular
structure (i.e., a heat sink). When thermal equilibrium be-
tween the probe and tissues is achieved, there is no further
increase in the size of the ice ball; however, repetition of the
freeze-thaw cycle increases the size of the cryolesion.!

When the probe is used percutaneously, it is difficult
to ensure close proximity to the nerve, and large ice balls
have a greater chance of producing the desired lesion. For
myelinated fibers, a direct lesion 3 mm in diameter with a
freeze time of 1 minute produces a conduction block.'
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(A and B) Two typical cryoprobe designs. High-pressure
gas flows through the outer tube and expands after passing
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A through the orifice. The gas is vented through the center
tube.
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Where the nerve is frozen amid other tissues, the duration
of exposure should be approximately 90 to 120 seconds.
Rapid defrosting aids removal of the probe from tissues.

PATHOLOGY OF THE LESION

Freezing involves removal of pure water from solution and
its isolation into biologically inert ice crystals. The extent
of the lesion depends primarily on the rates of freezing and
thawing.’> When cooling is slow, ice crystal nucleation
occurs in the extracellular fluid. When freezing is rapid,
crystal nuclei develop uniformly throughout the tissue.
The central zone close to the probe tip cools rapidly
compared with the peripheral zone, which is influenced by

heat generated by the surrounding tissues. Intracellular ice
is formed at the center of the lesion, and extracellular crys-
tals are formed at the periphery.!®!” Tissue destruction is
more complete at the center of a cryolesion. It is also likely
that the areas at the edge of the cryolesion undergo isch-
emic necrosis.

Application of cold to peripheral nerves induces a
reversible block of conduction similar to that produced
by local anesthesia. The extent and duration of the effect
depend on the temperature attained in the tissue and the
duration of exposure. Large myelinated fibers are ini-
tially affected with relative sparing of smaller sensory
nerves.

A prolonged conduction block occurs when the nerve
is frozen at temperatures between -5 and 20°C.!%1? This
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FIGURE 4-2

Typical cryodenervation incorporating a variable flow control, a thermo-
couple, and a nerve stimulator.

causes axonal disintegration and breakdown of myelin
sheaths. Wallerian degeneration occurs with the perineu-
rium and epineurium remaining intact. The absence of
external damage to the nerve and the minimal inflamma-
tory reaction following freezing ensure that regeneration
is accurate and complete. Recovery depends on the rate of
axonal regeneration and the distance of the cryolesion
from the end organ. All elements of the nerve are involved.
The rate of axonal regrowth is 1 to 3 mm per day. Histo-
logic sectioning of nerve suggests that regeneration is still
occurring in functionally intact nerves.

TECHNIQUE

The cryolesion is attempted only after successful temporary
reduction of symptoms by a diagnostic block. After a small
skin wheal is raised with local anesthetic, a 1.3- or 2-mm
probe is passed via a 16- or 12-gauge catheter, respectively,
depending on the nerve size (Fig. 4-3). Larger probes coun-
teract arterial warmth where heat sinks are expected. Local-
ization is facilitated with stimulation between 50 and 100 Hz
atless than 0.5 V for sensory nerves or at 2 to 5 Hz for motor
nerves. Two or three 2-minute cycles are usually sufficient.
During the freezing, care is taken to prevent frostbite if the
probe comes in direct contact with the skin. Continuous
irrigation with 0.9% saline solution at room temperature
reduces the possibility of skin injury.

FIGURE 4-3
Lloyd probe.

COMMON PROCEDURES

HEAD AND NECK

Supraorbital nerve. Irritation of the nerve occurs primarily
at the supraorbital notch. Supraorbital neuralgia may be
secondary to blunt trauma, entrapment neuropathy, acute
herpetic infection, Paget’s disease, or neoplasm.

Cryoneurolysis can be accomplished via an open op-
erative technique or percutaneously. The importance of
cosmesis should be considered in avoiding thermal damage
to the sensitive skin around the eye. Entry of the catheter
and probe should be below or above the eyebrow line to
avoid damage to the brow follicles. Potential risks include
nerve trauma after insertion of the probe, hematoma, in-
fection, and skin necrosis.

Infraorbital nerve. The infraorbital nerve is a terminal
branch of the second division of the trigeminal nerve as it
exits through the infraorbital foramen. It is in the same
vertical plane as the pupil when the eye is in a forward
gaze. It is a sensory nerve to the lower eyelid, cheek, lat-
eral aspect of the nose, upper lip, and part of the temple.

Infraorbital neuralgia is typically characterized by
maxillary pain worsened by smiling or laughing. Patients
sometimes experience referred pain in the teeth.

Cryoneurolysis can be accomplished via an open op-
erative technique or percutaneously. It can also be accom-
plished by an intraoral approach to minimize cosmetic
damage. The same introducer and probe are inserted
through the superior buccal-labial fold. The probe is then
advanced until it lies over the infraorbital foramen.

Mandibular nerve. After emerging from the foramen
ovale, the mandibular nerve runs through the infratemporal
fossa posterior to the posterior border of the pterygoid
plate. It provides motor supply to lateral pterygoid, masse-
ter, and temporalis muscles and sensory supply to the skin
and buccal mucosa of the cheek and gingiva. The auriculo-
temporal and lingual nerves constitute a posterior division.

Neuropathy of the mandibular nerve may result from
muscular hypertrophy of the pterygoids caused by chronic
bruxism and loss of vertical dimension of the oral cavity
with loss of posterior dentition.

An insulated needle is introduced through the man-
dibular notch and advanced through the infratemporal
fossa until it encounters the lateral pterygoid plate. It is
then walked back off the lateral pterygoid plate, maintain-
ing the same depth, until paresthesia or stimulation with a
nerve stimulator is achieved. The depth of the needle is
noted, and then it is removed. The cryoprobe is advanced
to the same depth using stimulation to localize the nerve.

Mental nerve. The mental nerve emerges from the
mental foramen. The foramen becomes progressively
cephalad with advancing age.

Irritative peripheral neuropathy occurs principally at
the mental foramen. The pain of mental neuralgia is typi-
cally manifested in the chin, lower lip, and gum line. The
nerve may also become entrapped in surgical scars.
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Closed extraoral or intraoral cryoneurolysis can be per-
formed. Intraorally, the probe is advanced through the gin-
givobuccal reflection at the level of the premolar tooth and
makes contact with the mandible. Care must be taken not to
enter the foramen because of the risk of nerve injury.

Greater occipital nerve. The greater occipital nerve is a
branch of the cervical plexus located halfway between the
mastoid process and the greater occipital protuberance at
the crest of the occipital bone and lies adjacent to the oc-
cipital artery.

Cryoneurolysis is performed for relief of occipital
neuralgia and relief of occipital muscle tension headaches.
The procedure is often performed bilaterally.

Spinal accessory nerve. The spinal part of the 11th cranial
nerve emerges from the posterior border of the sterno-
cleidomastoid muscle at the junction of the lower and middle
thirds to cross the neck and supply the trapezius muscle.

Cryoneurolysis is used for severe tonic or clonic
spasms of the trapezius muscle, spasmodic torticollis, and
certain whiplash injuries.

The nerve is identified by motor stimulation and can
be frozen either at its exit from the sternocleidomastoid or
close to its entry into the trapezius.

SPINE

Although it is possible to cryodenervate cervical, thoracic,
and lumbar facet joints, denervation is best performed
with radiofrequency probes because of the smaller probe
size and better maneuverability. Radiofrequency is also
preferred for sacral nerve root pain. Coccygodynia is ame-
nable to cryoanalgesia at the sacral hiatus.

ABDOMEN/PELVIS

Hiohypogastric nerve. The iliohypogastric nerve arises from
the TI1 and TI2 nerve roots and passes anteriorly to the
rectus sheath. Neuropathy results in an upper quadrant
pain, which may mimic that of cholecystitis or pancreatitis
or may be caused by the surgical treatment of upper ab-
dominal pathology.

Hioinguinal nerve. The ilioinguinal nerve arises from
the T12 and L1 nerve roots. It is often injured at the lat-
eral rectus sheath, approximately 5 cm from the midline,
10 c¢m inferior to the umbilicus. At this point, the nerve
perforates the superior crus of the superficial inguinal ring.
The nerve may be injured during inguinal herniorrhaphy;
by compression resulting from bladder retraction during
abdominal surgery; or, rarely, by tight-fitting garments.

Genitofemoral nerve. The genitofemoral nerve arises
from the L1 and L2 nerve roots. The genital branch of the
nerve passes under the inguinal ligament and over the
symphysis pubis immediately lateral to the pubic tubercle.
This sensory nerve then travels to the labia or scrotum. It
can be injured as the result of surgical trauma during ab-
dominal surgery and inguinal herniorrhaphy.

The clinical presentation of genitofemoral neuralgia
and ilioinguinal pathologic conditions consists of dull, ach-
ing pain in the lower quadrants of the abdomen. Pain wors-
ens with Valsalva’s maneuver, cough, bowel movement, and
lifting. Patients often experience increased pain intensity
and frequency with menstruation and sexual intercourse.
Irritation of either nerve can result in referred pain to the
testicle or vulva, interior thigh, or upper lumbar region.

The abdominal wall nerves can be localized percutane-
ously or with laparoscopic guidance. In the latter procedure,
lower-than-usual intra-abdominal insufflation pressures are
used with minimal sedation to permit active feedback from
the patient during nerve localization. The internal inguinal
ring can be identified, nerve entrapment isolated, and the
nerve released. A cryoprobe can be inserted percutaneously,
and the nerve lesion made under direct vision.

UPPER EXTREMITY

Suprascapular nerve. The supraclavicular nerve passes through
the suprascapular notch and provides innervation to the su-
praspinatus, infraspinatus, and shoulder joint. Clinically, the
patient complains of a poorly localized upper shoulder pain.
Tenderness is elicited by palpation of the suprascapular
notch. Fluoroscopic guidance is helpful in locating the supe-
rior scapular border during cryoneurolysis.

Radial nerve. Cryoneurolysis can be performed at the
elbow and wrist. The radial nerve passes over the anterior
aspect of the lateral epicondyle. Probe entry is 2 cm lateral to
the biceps tendon on the intercondylar line. Localization is
facilitated by stimulation. At the wrist, branches of the radial
nerve are located in the anatomic “snuff box” close to the
exterior pollicis longus and extensor pollicis brevis tendons.

Ulnar nerve. Cryoneurolysis can be achieved at the
elbow 2 to 3 cm proximal to the ulnar groove in the medial
epicondyle. Similarly, at the wrist the nerve lies medial to
the ulnar artery and beneath the flexor carpi ulnaris. The
nerve is approached from the ulnar side of the tendon to
block the cutaneous branches.

Median nerve. The median nerve lies medial to the
brachial artery along the intercondylar line at the elbow.
At the wrist, the nerve is approached 2 cm proximal to the
distal wrist crease beneath the palmaris tendon. If the ten-
don is absent, the point of entry is 1 cm to the flexor carpi
radialis tendon.

Digital nerves. The volar and dorsal digital nerves can
be frozen at each side by insertion of the cryoprobe at the
dorsolateral aspect of the base of the involved finger.
Cryoneurolysis of the common volar digital nerve can also
be done in the web space.

LOWER EXTREMITY

Lateral femoral cutaneous nerve. The lateral femoral cutane-
ous nerve passes under the inguinal ligament near the an-
terior superior iliac spine. It is amenable to cryoneurolysis
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for the treatment of meralgia paresthesia. The procedure
can be performed after surgical exposure or percutane-
ously, medial to the anterior superior iliac spine.

Superior gluteal nerve. The superior gluteal nerve is a
branch of the sciatic nerve. After exiting the sciatic notch,
it passes caudal to the inferior border of the gluteus mini-
mus and penetrates the gluteus medius. It is injured as a
result of shearing between the gluteal muscles with forced
external rotation of the leg extension of the hip. The neu-
ralgia presents as pain in the lower back, dull pain in the
buttock, vague pain in the popliteal fossa, and occasionally
pain extending to the foot, mimicking radiculopathy. Pa-
tients describe a “giving way” of the leg and sit with the
weight on the contralateral buttock.

Saphenous nerve. Neuralgia caused by irritation of the
infrapatellar branch of the saphenous nerve is seen weeks
to years after blunt injury to the tibial plateau, varicose
vein surgery, or knee replacement. The nerve is vulnerable
as it passes superficially to the tibial collateral ligament,
piercing the sartorius tendon and fascia lata, inferior to the
medial tibial condyle. The clinical presentation consists of
dull pain in the knee joint and aching below the knee. Pa-
tients have trouble localizing the pain and tend to walk in
a way that minimizes flexion of the knee.

Cryotherapy may be performed posteromedially to
the patella at the level of the knee or more distally superior
to the medial malleolus.

Peroneal nerves. Neuralgia caused by irritation of the
deep peroneal and superficial peroneal nerves can be seen
weeks to years after injury to the knee, ankle, and foot.
These superficial sensory nerves pass through strong liga-
mentous structures and are vulnerable to stretch injury with
innervation of the ankle, compression injury resulting from
edema, and sharp trauma caused by bone fragmentation.

The course of the superficial peroneal nerve is super-
ficial and medial to the lateral malleolus and superficial to
the inferior extensor retinaculum, terminating in the fourth
and fifth toes. The clinical presentation consists of dull
ankle pain aggravated by passive inversion of the ankle.

The deep peroneal nerve runs beneath the tendon of
the extensor hallucis brevis, superficial to the dorsal inter-
osseous muscle, in between the first and second metatarsal
heads, terminating in the first and second toes. Patients
with diabetes and women seem most vulnerable to this
injury, but it is also seen occasionally after blunt injury to
the dorsum of the foot. The clinical presentation consists
of dull pain in the great toe that is often worse after

prolonged standing. There may also be pain in the ball of
the foot that is poorly localized and occasionally burning.

Cryotherapy of these nerves is best performed as far
distally as possible. Lesions of the common peroneal nerve
may cause significant motor weakness.

Interdigital nerve. Entrapment neuropathy at the meta-
tarsal head presents as Morton’s neuroma. Cryoanalgesia is
performed at the apex of the metatarsal bones.
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Many of the procedures discussed in this book involve
cutting-edge approaches to interventional pain manage-
ment of patients in which other traditional therapies
have failed. When such advanced techniques are at-
tempted on patients in constant pain, claims of poor re-
sult and professional negligence are too often the result.
These claims have always been a fear of physicians prac-
ticing in the area of interventional pain management
because of the emotional and financial drain on their
practice. How can you as an interventional pain manage-
ment anesthesiologist avoid this turmoil? Follow a few
simple guidelines by proactively reviewing each of the
procedures that you perform and adjusting your indi-
vidual practice with the risk management tools presented
in this chapter. Risk management in your practice is of-
ten dictated by hospital policies, federal and state laws
including those on mandatory risks to be discussed with
your patients, billing and compliance laws, privacy con-
cerns, and standards of care within your practice area.
You must become familiar with all of these guidelines
before performing interventional techniques. In this
chapter, I will discuss areas to review that have been the
focus of my representation of anesthesiologists over the
past 20 years that are aimed at proactively helping to
avoid legal problems with patients. A risk management
checklist shown in Table 5-1 serves as a quick reference
to the major areas to consider prior to any interventional
procedure.

PREOPERATIVE GUIDELINES

KNOW YOUR STRENGTHS AND WEAKNESSES

All physicians who perform interventional procedures
have specific techniques, instruments, anatomical land-
marks, drugs, or procedures that they feel particularly
proficient in performing based on their training and expe-
rience. This proficiency is generally the result of extensive
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training as a resident and a fellow. It is also likely combined
with years of experience in performing a particular tech-
nique. Congratulations on accomplishing a level of profi-
ciency that allows you to concentrate on other areas of risk
management.

For those practitioners who have not reached a level
of proficiency where you are comfortable in performing
a particular procedure, know your limitations. Failure to
do so gets many physicians in trouble both in terms of
poor performance of the particular technique or proce-
dure, and the ability to react to complications. For ex-
ample, if you do not know the specific anatomy prior to
performing a trigeminal ganglion block, although you are
comfortable with performing somatic blocks generally,
either refer to a review course or assist in the procedure
prior to any attempts as the primary physician. This ax-
iom seems very basic, but the number of lawsuits involv-
ing physicians who were performing a procedure in
which they had general knowledge, but were in “a little
too deep” for their experience base, is voluminous. You
will get no sympathy from your peers by attempting a
risky procedure for which you have little or no training
and experience.

Because many of the techniques in this book are in-
novative or evolving in the particular drug or equipment
used, you must constantly be vigilant of your knowledge
base. Remember that in any claims involving professional
negligence, another physician in the same area as your
practice must have an expert criticism of you for the claim
to proceed in the legal arena. Some of the harshest criti-
cism from these experts in interventional pain manage-
ment is of practitioners attempting to perform procedures
for which they are minimally qualified. Juries and judges
pay close attention to any evidence that a physician was
practicing in an area for which he or she was not fully
qualified, privileged, and certified. This is especially true
for physicians using “oft-label” drugs in their pain prac-
tice, unless the physician can demonstrate peer-reviewed
clinical trials to support the therapy.

n
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TABLE 51 Pain Practice Risk Management Assessment Guide

Strengths and weaknesses

Qualifications and experience with drugs/equipment.

Technique has support of “peer-reviewed” trials.

Your credentials withstand crifique by pain management MD expert.
Patient Past medical history verified.

Physical, neurologic, and mental assessment.

MD — -patient discussion of treatment plan.

Always ask, “What questions do you have?”

Patient dishonesty results in termination of care.

Other medical providers

Exchange all information regarding patient.

Do not forget pharmacy records.

Consent

Standard is “what patient needs to know to make an informed decision.”

Duty to discuss with patient is MD's responsibility.
Document on consent form and progress note.

Operative policies and staffing

Facility policies and procedures followed.

Monitor team member expertise and workload.
Announce the procedure as routine practice.

Instruments, sharps, drugs

All instruments maintained and certified sterile and free from any defecs.

Correct drugs and anatomy identified by team.

Crash cart available.
Vital signs and patient discharge

Vital signs taken and documented are mandatory.

Written instructions to patient including caution of “if symptoms worsen refurn fo ER.”
No patient leaves without “discharge vitals.”

Documentation

Absolutely necessary to defend any claims.

Lack of documentation is the biggest mistake made by physicians.

Just do it. More is better.

KNOW YOUR PATIENT

Pain management practice is known for a population of
patients who attempt to abuse the health care system. In
review of a physician’s office practice, I always begin with
a review of the patient charts to check for how thorough
the history and physical (H&P) information is. I think
that a good risk management tool is to place responsibility
for past history on the patient. The patient should realize
from the first visit that he/she is a critical part of the
health care team, which includes both the patient and all
health care providers. I suggest that you make patient in-
formation forms available for patients to complete prior
to their first visit, either via the internet or sending the
forms to them by mail. You must identify 4// the patient’s
other medical providers and pharmacies in order for you
to properly take care of the patient #nd communicate with
the other providers. Too many times I have seen patients
with multiple pain specialists providing care at the same
time, and none of the providers has any knowledge of the
others!

Sit down with the patient during the initial visit and
reinforce with each patient that she or he is a critical part
of the medical team. Stress that any dishonesty in medical
history provided by the patient will result in termination of
care. Have the patient sign a form that he/she acknowl-
edges responsibility for providing an accurate history and
following the pain management regimen set up by you and
your pain management team. This forms a “contract” with
the patient that sets out the patient’s responsibilities. In my

representation of pain management physicians, I have al-
ways encouraged a policy of immediate termination of any
patient who violates the practitioner’s guidelines for pain
therapy.

Conduct a full physical examination of the patient in
order to ascertain a full picture of the patient’s pain con-
cerns. A patient may be emphatic that his or her only is-
sue is headaches without other problems, but a full
physical examination may reveal underlying issues im-
pacting on your pain management decisions to include
any contraindications for certain techniques or drug
therapies. I do not know of another area of medicine in
which the practitioner must have a more well-defined
knowledge of the mental, neurological, and physical sta-
tus of the patient.

COMMUNICATION WITH OTHER HEALTH CARE
PROVIDERS

This is an easy way to avoid problems with drug depen-
dence or malingering issues with pain management
patients. You will need to obtain “disclosure of informa-
tion” and release forms in compliance with the regula-
tions where you practice to allow for communication
between you and all of the patients’ other health care
providers. From the list of providers given to you at the
initial visit, provide each of the other providers a summary
of each visit along with working diagnoses and prescrip-
tions. Have your staff contact other providers to obtain
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pertinent medical records for inclusion in your office
chart. If you find conflicting or duplicative therapies,
confront your patient at the next visit regarding these is-
sues. If you do not, you will be criticized by experts during
any lawsuit regarding these unresolved issues. These
communications should be used as a screening for any
comorbidities that could be a potential risk in your pain
management of the patient. Additionally, you may be
surprised at what your patient provides other providers
regarding their pain history and therapies.

CONSENT

Consent is such an easy way to avoid problems. Always
remember that the information that you are to provide a
patient regarding any procedure is basically what “a rea-
sonable patient under the same or similar circumstances”
would want to know about both the risk and benefits of the
procedure. It is zot what you as the physician think the
patient should be told—it is what the patient needs to
know to make an informed decision as a patient. Most
states have specific requirements for particular procedures
that you must be aware of prior to any discussion with the
patient. The responsibility to obtain informed consent
from the patient is yours, not the responsibility of your
staff or the hospital staff! Never provide guarantees, but do
provide the objectives of the procedure along with side
effects and complications. You should explain the steps of
the procedure, especially if the patient is going to be con-
scious during the procedure.

I always advise physicians to routinely end the discus-
sion regarding consent with the open-ended question,
“What questions do you have?” In taking patient deposi-
tions in a subsequent lawsuit, I am then able to ask the
patient, “Did the physician end the discussion asking what
questions you had?” Since this is quickly becoming an es-
tablished practice of physicians with every patient, I usu-
ally get a positive response. This shifts the burden to the
patient to disprove that they did not get all of their consent
questions answered.

If the forum where you are practicing requires a spe-
cific form regarding informed consent, fill it out with the
patient and also document your discussion in your prog-
ress notes. Documentation regarding consent is specific to
the procedure and can be as long as 20 pages or more for
experimental procedures, or as simple as a progress note
stating that “the risks and benefits of the procedure have
been discussed with the patient and the patient under-
stands them.” Just remember that you will be judged not
by what you think the patient should be told, but what the
reasonable patient would want to know in order to make
an informed decision. Applied to buying a car, it is not
what the salesman thinks you should know about the ve-
hicle, but what you as the purchaser/consumer need to
know to make an informed decision about the particular
vehicle before you make your purchase.

OPERATIVE GUIDELINES

OPERATIVE TECHNIQUE, POLICIES, AND STAFFING

Now that you have (1) decided on a specific procedure
based on your background, training, and experience; (2)
obtained a thorough knowledge of the patient’s medical,
neurological, and physical history; (3) reviewed previous
and current medical providers’ records; and (4) discussed
the procedure with the patient to include complications,
risks, and benefits, the next step in the risk management
process is to review your operative policies. Basically, is the
team ready for the patient to undergo the specific proce-
dure? As the physician, you have to ensure that the team
consists of personnel knowledgeable in their duties to be
performed during the procedure. It is just as important for
the nurse assisting you to understand the procedure objec-
tives, approach, equipment, drugs, and risks, as it is for
you. This includes making sure that the correct instru-
ments, drugs, and equipment are available. Protocols
should be in place for every aspect of the procedure from
patient positioning and sedation of the patient through
reversal of sedation at the conclusion of the procedure.
Each member of the team must know the objectives of the
procedure. Excessive workloads among the team members
can lead to inattention to details including wrong medica-
tions or dosage, and wrong instrument counts at the con-
clusion of the procedure. Miscommunication between
team members is a common factor in operative errors, in-
cluding failure to communicate abnormal laboratory or
radiological results, failure to communicate the operative
goals and postoperative plan of care, and failing to provide
each other with continuing updates of the patient’s status.

As a last safeguard prior to the procedure, a good
practice for the physician to follow is to “announce” to the
team the specific procedure, approach, and objectives of
the procedure prior to beginning the procedure. This re-
petitive approach to any procedure alleviates possible
mistakes in last-minute staffing, instrumentation, and drug
issues that could arise.

Proper operative technique is an area that should be
routinely addressed in facility policies and protocols. Ster-
ile equipment, needle/sponge counts, personnel training,
and crash cart stock are sample areas to be covered in writ-
ten policies before any procedures are performed. By ad-
dressing these concerns through quality assurance policies
and checklists, the possibility for any iatrogenic events is
decreased.

INSTRUMENTATION, DRUGS, AND EMERGENCIES

Intraoperative mistakes are the most litigious area of inter-
ventional pain management. Equipment failure and im-
proper use of equipment rank highest in the number of
these misadventures. The physician must not become
complacent in her or his review of the quality control of
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each piece of equipment to be used on a patient. Examples
of equipment-related lawsuits include simple items such as
(1) hoses that can wear out over time resulting in failure
intraoperatively when placed under pressure, (2) items that
become infected due to overuse or improper cleaning re-
sulting in postoperative infection/sepsis in the patient, and
(3) nondisposable catheters in which pieces can either mi-
croscopically shear or crack while inside the patient pro-
ducing catastrophic results. You must check on the quality
of all of your equipment and have a quality assurance pro-
tocol in place for proper testing of all surgical equipment
on a regular basis.

Drug misidentification, drug interactions and allergies,
and improper dosing have recently become very hot topics
for discussion by the medical community and news media. At
least once a week, a headline news item talks about a drug
error in a hospital, or a new Food and Drug Administration
alert seems to be published warning practitioners to be vigi-
lant of these medication errors. Many of the drugs used in
pain management must be carefully injected, and the patient
must be vigilantly monitored for side effects. There are nu-
merous cases in the medical and legal literature of experi-
mental drugs being incorrectly administered to patients with
catastrophic results. Examples of these errors include (1) in-
jection of caustic drugs into the subdural space causing pa-
ralysis, (2) sedation with Norcuron or similar paralytic agents
without intubation causing death, and (3) incorrect dosage of
narcotics causing both oversedation and death.

An extremely important aspect of interventional pain
practice is the physician’s ability to identify potential emer-
gent situations and properly respond to any emergencies
that may arise. Because a great many procedures occur in
the outpatient setting, it is critical for the physician to pro-
actively ensure that both personnel and equipment are
available to react instantly. This includes training of per-
sonnel in advanced life support and the availability of a
crash cart with appropriate resuscitative drugs and equip-
ment. There are many horror stories in quality assurance
and risk management periodicals of outpatient facilities be-
ing incapable of handling an emergency cardiac or neuro-
logical event. An office policy of calling 911 as the primary
reaction to a cardiac event during an interventional proce-
dure is not going to be considered “standard of care” by
your peers. Similarly, not having Narcan or another drug
for reversal of narcotic drug effects available in any proce-
dure in which sedation is administered would raise red flags
to any expert reviewing a potential claim of negligence.

POSTOPERATIVE GUIDELINES

VITAL SIGNS AND PATIENT INSTRUCTIONS

From the legal perspective, the second most critical step
behind documentation in the interventional pain practice is
recording vital signs. Vital signs being taken at every step
from beginning to end of a procedure are not just to be

considered, they are mandatory in any subsequent defense of
the anesthesiologist’s care. Whenever I as an attorney dis-
cuss any case regarding interventional procedures, the first
area any expert reviewer asks me about is, “How were the
patient’s vital signs during and after the procedure?” No
matter what procedure, what drugs, type of facility, patient
history, or physician experience, vital signs are at the base of
reconstructing what happened in any particular procedure.
I cannot stress enough how important the documentation of
vital signs is in subsequent litigation involving interven-
tional procedures. It is imperative that not only vital signs
be recorded during the procedure, but they must be taken
postoperatively to establish patient stability before discharge
from your facility. It is much more difficult to defend any
negligence claims if I am unable to establish that the vital
signs of the patient were normal “at the time the patient
went home.” The physician has to establish a practice by his
staff that no patient is allowed to leave the facility without
getting the patient’s vital signs at the time of discharge!

Prior to discharge following any interventional proce-
dure, the patient must be provided with written instruc-
tions for them to follow at home. Verbal instructions will
not suffice as patients do not typically remember conversa-
tions following interventional techniques, either because
of sedation or the white coat syndrome. Written instruc-
tions must be provided to each patient regarding their
follow-up, medication orders, and possible side effects. All
instructions should include a statement similar to the fol-
lowing: “If symptoms worsen, go immediately to the near-
est emergency room.”

DOCUMENTATION

No basic risk management checklist can be created without
emphasizing the number one principle for interventional
procedures, which is documentation. Documentation is the
core defense of any subsequent claim or lawsuit. To protect
yourself at every step in your delivery of pain management
intervention to the patient, you must document your
thoughts and actions. Documentation is the simplest and
fastest way for any risk manager to defend claims of negli-
gence. As important as “location” is to selling real estate,
“documentation” is to the defense of any professional neg-
ligence claims brought against a physician. Remember that
any negligence claim or lawsuit will not proceed without
review by your peers. If the reviewing physician is unable
to determine the rationale for your actions through your
documentation, you are inviting the reviewer to be critical
of you. Of the thousands of cases I have defended on behalf
of physicians, by far the easiest to defend have great docu-
mentation, and the most difficult to defend are those with
nonexistent documentation.

In conclusion, I have provided the attached checklist
for you to review your risk management philosophy and to
help in structuring a process for successful interventional
techniques in your pain practice.
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BLOCK AND NEUROLYSIS OF TRIGEMINAL
GANGLION AND BRANCHES

HISTORY

"Trigeminal neuralgia was treated for the first time by alco-
hol injection into the nerve by Pitres in 1902.! He was
followed by other authors who gave this technique a great
deal of publicity. By 1905, Schlosser? had reported 68 cases
of severe trigeminal neuralgia successfully treated by alco-
hol nerve block. According to Cushing,’® the percutaneous
transforamen ovale approach to the trigeminal (gasserian)
ganglion using absolute alcohol was first described by
Hartel in 1912.%

In the early 1930s, Kirschner’ began to use radiofre-
quency neurolysis. Using diathermy, it produced high-
current lesions of the trigeminal ganglion for relief of
trigeminal neuralgia, being the first report in medical lit-
erature to use radiofrequency for the treatment of chronic
intractable pain.

Putnam and Hamptom,® who reported 18 cases of
trigeminal neuralgia and four cases of carcinoma of the
mouth, recommended x-ray control during the procedure,
using 0.5 mil of 5% phenol, and were the first to publish
the use of phenol as a neurolytic agent for the treatment of
this condition.

In the evolution of the treatment, radiofrequency (RF)
lesioning for this ganglion was described by Sweet and
Wepsic in 1965, retrogasserian glycerol injection by
Hakanson in 1981, and percutaneous balloon compression
by Mullan and Lichtor in 1978 and published in 1983.°

ANATOMY

The ganglion lies within the cranium in an area called
Meckel’s cave or Meckel’s cavity, close to the apex of the pe-
trous part of the temporal bone (Figure 6-1A). Medially, the
trigeminal ganglion is bounded by the cavernous sinus, su-
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periorly by the inferior surface of the temporal lobe of the
brain, and posteriorly by the brain stem. The ganglion is
shaped like a crescent moon. The convex side is aimed an-
terolaterally. It is bounded medially by the internal carotid
artery and trochlear and optic nerves. The posterior border
of the ganglion includes the dura of Meckel’s cave and cere-
brospinal fluid (CSF). Anteriorly, the ganglion gives off
three branches intracranially: ophthalmic, maxillary, and
mandibular.

Sensation of the oral mucosa, anterior and middle cra-
nial fossa, tooth pulp, surrounding gingiva, and periodontal
membrane is innervated by the trigeminal nerve. Proprio-
ceptive information from the muscles of mastication and
extraoccular muscles also terminates in the trigeminal gan-
glion. The trigeminal ganglion is named after a Viennese
anatomist, Johann Laurentius Gasser (Figure 6-1B). The
two medial (ophthalmic and maxillary) are sensory, whereas
the lateral most mandibular branch is partly motor. The
trigeminal ganglion is somatotropically located. The oph-
thalmic branch is located dorsally, the maxillary branch is
intermediate, and the mandibular branch is located ven-
trally. These nerves and their branches provide the cutane-
ous and dermatomal innervation of the head and face as
shown in Figure 6-2.

Trigeminal ganglion links with the autonomic nervous
system via the ciliary, sphenopalatine, otic and submaxil-
lary ganglia, and communicates with the oculomotor,
facial, and glossopharyngeal nerves.!?

INDICATIONS

Approaches to the trigeminal ganglion by various methods
aim to relieve the pain transmitted through the trigeminal
nerve. In the past, trigeminal ganglion block has been
extensively used in the treatment of trigeminal neuralgia
or tic douloureux. With the introduction of thermogan-
gliolysis, the trigeminal ganglion block is rarely used,
except for intraoperative or postoperative pain. In addition
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FIGURE 6-1

(A) The figure shows the location of the trigeminal ganglion in the middle cranial fossa and the course of its three branches: (1) oph-
thalmic, (2) maxillary, and (3) mandibular. (B) The relationship of the trigeminal ganglion in Meckel’s cavity. CSF, cerebrospinal fluid.

to idiopathic trigeminal neuralgia, secondary neuralgic
pain due to facial pain resulting from terminal cancer or
multiple sclerosis may also be treated with these ap-
proaches. These techniques are to be used only when
conventional medical treatment is inadequate or causes
undesirable side effects. Table 6-1 enumerates the indica-
tions and contraindications.

EQUIPMENT

Trigeminal Block

m 25-gauge needle (for skin infiltration)

m 5-ml syringe (for local anesthetic solution)

m 22-gauge, B-bevel, 8- to 10-cm needle (for injec-
tion of local anesthetic for a block)

Radiofrequency Lesioning

m RF thermocoagulation (RFTC) lesion generator
and cables

m 25-gauge needle (for skin infiltration)

m 5-ml syringe (for local anesthetic solution)

m 16-gauge intravenous catheter (for introducing the
RF needle)

m RF needles, 10 cm in length; 2-mm or 5-mm RF
tip (depending on the branch to be lesioned)

Meckel’s cavity (cisterna trigemina)

Balloon Compression

m 25-gauge needle (for skin infiltration)

» 5-ml syringe (for local anesthetic solution)

m 2-ml syringe (for iohexol [Omnipaque] injection)
m 14-gauge, 10-cm needle (for initial insertion prior
to Fogarty catheter)

Fogarty catheter (4-French)

DRUGS
Block

m 1% lidocaine for infiltration
m 0.25% bupivacaine or 0.2% ropivacaine
m Methylprednisolone, optional

Balloon Compression

» 1% lidocaine for infiltration
= Iohexol

Neurolytic Block

» Alcohol 97%—1-ml vial or

m Phenol in saline or glycerin 6%-1 ml or
= Phenol in iohexol 6 to 10%—-1 ml

m Glycerol 40 to 50%-1 ml
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TRIGEMINAL GANGLION BLOCK PROCEDURE

Preparation of Patient

Comfort should be provided to the patient during percuta-
neous procedures. The patient should be alert enough
to respond to the testing, for example, with electrical
stimulation. Generally, intravenous fentanyl (average dose
0.1-0.16 mg), midazolam (average dose 3.0-5.5 mg), and
methohexital (average dose 51.4 mg) are used. In a study
comparing several regimens it was concluded that high-dose
fentanyl and midazolam together with droperidol improved
the comfort of the patient during the prodecure.!!

Technique of Needle Insertion

The procedure should be performed under fluoroscopic
control. Landmarks follow: (1) entry pointis 2 to 3 cm lateral
to the commissura labialis (angle of the mouth) (Figure 6-3);
(2) needle should be directed 3 cm anterior to the external
auditory meatus when seen from the side (Figure 6-4B); and

TABLE 6~1 Use of Trigeminal Ganglion
Nerve Block

Indications Contraindications

Local infection

Sepsis

Coagulopathy

Increased intracranial pressure

Trigeminal neuralgia
Cluster headaches
Intractable ocular pain
Cancer pain

Surgical anesthesia Major psychopathology

Auriculotemporal

Zygomaticotemporal

FIGURE 6-2

This drawing illustrates the innervation of the skin and
the face by the peripheral branches of the trigeminal
nerve.

(3) needle should be directed toward the pupil when seen
from the front of the face (Figure 6-4A). Cannula insertion
should be performed following the bisector (45°C) of the
sagittal plane, which passes through the pupil and the
frontal-mentonian plane.

Position of Patient

The patient is supine on the table with the head in an ex-
tended position. The C-arm is placed at the head of the
table for posteroanterior (PA), lateral, and submental views.
The direction of the needle is toward the pupil when one
looks from the front and midpoint of the zygomatic arch
when one looks from the side.

X-Ray Technique

1. Oblique projection. Lateral inclination of
approximately 30 degrees toward the side of the
lesion, with caudal inclination of approximately
30 degrees. The mentonian arch must be seen
and, in the upper-internal quadrant to it, the
foramen ovale.

2. Lateral projection. Performed when the cannula
has already been inserted into the foramen ovale.
Its usefulness is to calculate the insertion of the
cannula into the bony tunnel of the foramen
ovale. The tip of the cannula must not exceed
2 mm in distance from the plane of clivus.

A finger may be placed inside the mouth. This helps
guide the needle and prevents penetration of the oral
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FIGURE 6-3
The needle entry point is 3 cm lateral to the angle of the mouth.

mucosa (Figure 6-5). There is a definite risk of meningitis
if the needle enters the mucosa.

The direction of the needle should be verified under
fluoroscopy in submental, lateral, and PA views (Figure 6-6).
"To obtain the submental view, the C-arm of the fluoroscopy
is first placed in the PA direction. In this view, the orbital
line, the petrous ridge may be visualized through the orbits.
The target site in this dimension is a point approximately
9 mm to 1 cm medial to the lateral rim of the internal audi-
tory meatus. This usually coincides with the medial extent
of a dip that occurs in the petrous ridge.

FIGURE 6-4

(A) The drawing shows the needle penetration toward the pupil in the anterior view. (B) This illustration shows the
needle direction 3 cm anterior to the external auditory meatus on the zygoma.

Then the C-arm is moved slightly lateral and oblique
submentally to see the foramen ovale (Figure 6-7). In many
patients, it is possible to see the foramen ovale. When the
foramen ovale is seen, the needle is directed toward the
foramen through the entrance point (Figure 6-8). Note
anatomically, the mandibular nerve is on the lateral part of
the foramen ovale, whereas the maxillary and ophthalmic
divisions are more medial.

When the needle enters the foramen ovale, the fluoro-
scope is turned laterally (Figure 6-9). The lateral image
should reveal that the needle is directed toward the direct
angle produced by the clivus and the petrous ridge of the
temporal bone (Figures 6-10 to 6-12). The lateral view is
important to verify the depth of the needle inside Meckel’s
cave. The aspiration test is mandatory. A 0.5-ml iohexol
solution helps determine that the needle has not penetrated

the dura.

Diagnostic Block

For confirming that the pain generator is the trigeminal
ganglion, after negative aspirations, up to 1 ml of local
anesthetic (lidocaine, bupivacaine, or ropivacaine) is in-
jected. The patient should have pain relief if the pain
generator is present. The physician should monitor that
the solution has not entered the cranial CSF. The brain
stem function should be evaluated to determine if the lo-
cal anesthetic solution has not reached it. Brain stem
function is affected if the patient complains of bilateral
headache or fourth or sixth nerve palsy, or if pupillary
changes occur.

, Trigeminal
,/ ganglion

=
= 7
N,

/

Foramen
ovale
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FIGURE 6-5

To prevent the needle from penetrating the cheek and the oral cavity, one
can put a finger in the mouth, as the needle is advanced toward the fora-
men ovale.

NEUROLYSIS OF TRIGEMINAL GANGLION

The amount of the neurolytic solution should not exceed
1 ml given in smaller aliquots. Otherwise, it may spread to
the brain stem and cause severe complications. Phenol and

Rotation to get
a submental view

A
.

alcohol have been used commonly in the past but are not
recommended currently.

Three neurolytic agents used in neurolysis are alcohol,
phenol, or glycerol.

1. Alcohol is the most spreadable solution and
hence should be used with caution. A maximum
of 1 ml alcohol is used in divided doses watching
for signs of bilateral spread.

2. Phenol is a viscous solution. Consequently, it
will spread less and have more contact time
with the target tissues. The most commonly
used neurolytic agent is 6% phenol in
glycerol. Recently some clinicians are using
6-10% phenol in contrast (Omnipaque)
instead.

3. Glycerol may be directly injected like other neuro-
lytic agents, or the retrogasserian glycerol injection
technique may be used as described below.

Technique for Glycerol Injection

After correct needle placement on the trigeminal ganglion,
the patient is kept in a supine position. The needle should
pierce the foramen ovale just anterior to its geometric
center to place the needle into the trigeminal cistern. The
needle is advanced until free flow of the CSF is observed.
The patient is then placed in the semi-sitting position, and
the neck is flexed. Contrast solution, iohexol 0.1 to 0.5 ml,
is injected at this position in the cistern.

Failure of visualization or diffusion of the dye indi-
cates a wrong placement of the needle and the needle
should be repositioned. When the cistern is visualized, the
contrast material is drawn back by free flow. The flow of

FIGURE 6-6

The fluoroscopic position to obtain the submental
view of foramen ovale.
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FIGURE 6-7

The submental view of the face with the needle in the foramen ovale.
Note the “tunnel view” of the hub of the needle. The arrow indicates the
rim of the foramen ovale.
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FIGURE 6-8

When the submental view is obtained, the foramen ovale is seen to ap-
pear medial to the medial edge of the mandible. Depending on the lateral
rotation of the C-arm, the foramen ovale visualization can move more
medially toward the maxilla.

the dye is slower than the CSF itself. The same amount of
glycerol is injected in the cistern. The patient is kept at the
same semi-sitting position for the next 2 hours.

During this injection, severe headache or dysesthesia
may occur, and the patient should be warned about this
result prior to the injection. Some patients may get benefit
immediately, whereas some patients may experience relief
within the next 2 weeks.

FIGURE 6-9

The lateral C-arm placement for viewing the lateral view of the base of

the skull.

Complications

Complications of retrogasserian glycerol injection are par-
esthesia, dysesthesia, anesthesia dolorosa, corneal hypoes-
thesia or anesthesia, diminished corneal reflex, keratitis,
and masticatory weakness.

TECHNIQUE OF TRIGEMINAL GANGLION
STIMULATION AND RADIOFREQUENCY LESIONING

Stimulation

A test stimulation is mandatory before radiofrequency
lesioning. Apart from other techniques like glycerol, neu-
rolytic solution injection, or balloon compression, the le-
sion is more precise with radiofrequency lesioning and
should be limited to the affected nerve. Thus, during the
sensorial stimulation the patient should be awake enough
to respond to the test with sensorial stimulation for proper
localization of the tip of the electrode.

The mandibular nerve has some motor fibers. If the
nerve is stimulated at 2 Hz with 0.1 to 1.5 V, the muscle
contraction of the lower mandible is observed. This is also
a way of verifying that the needle is passed through the
foramen ovale and is on the retrogasserian rootlets. If the
first and second divisions are affected, there should be no
motor response.

The second step is to seek for paresthesia in the
proper localization. A stimulation at 50 to 100 Hz is given
with 0.1 to 0.5 V. If the needle is properly located, there
will be a tingling-like sensation or electric-like paresthe-
sias in the innervation of that branch in the face. If this
sensation is obtained after 0.5-V stimulation, then the
needle should be redirected to get the same response at a
lower voltage. However, it should be kept in mind that
there might be residual sensorial deficits from previous
lesioning.

When the electrode is adjusted for localization, it
should also be remembered that the gasserian ganglion
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FIGURE 6-10

Lateral view radiographic imaging showing the anterior clinoid process (A),
posterior clinoid process (B), clivus (C), temporal bone (D), and line drawn
from the point clivus meets the temporal ridge perpendicularly towards the
base of the skull (D) to (E). At the base of the skull, this locates the foramen

ovale.

FIGURE 6-12

Another lateral view (see Figure 6-10) of the cranium. (A) Clivus.
(B) Petrous part of the temporal bone. (C) Foramen ovale with needle
entering it.

and its retrogasserian rootlets lie on a plane running from
a superomedial to inferolateral direction. If there is a mo-
tor response, it means that the needle is too lateral, and for
a better response, it should be more medial.

After stimulation is completed, the physician should
again rule out if the needle is in a vessel or not. If blood is
aspirated, the needle position should be adjusted. If blood
is still aspirated, the procedure should be terminated and
a second attempt should be made another day. Impedance
monitoring is not essential for trigeminal ganglion lesion-
ing, but if used, it should be 150 to 350 O for rootlets
bathing in the CSF and 1000 O if it is in a non-neural
tissue.
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‘! _process
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FIGURE 6-11

A line drawn perpendicularly (D-E) through where the intersection of
the clivus and petrous part of the temporal bone meet identifies the fora-
men ovale at the base of the skull.

Lesioning

Several types of electrodes may be used for lesioning,
such as cordotomy-type electrodes and trigeminal elec-
trodes with the Tew needle and the Racz-Finch curved-
blunt needle. In order to prevent inadvertent puncture of
vessels in the region, it is preferable to use the curved
blunt needle. If the needle is properly placed and stimu-
lated, the patient is then ready for lesioning (Figures 6-13
to 6-16).

Stimulation Parameters

Voltage is 0-1 volts, and sensory, 50 Hz. Paresthesia be-
tween 0.2 and 0.5 V must be noted in the painful zone.
Motor is 2 Hz. Motor contraction of the masseter muscle
is sought with 0.7-1 V. If no motor contraction happens,
the tip of the needle is positioned in the I or II branch of
V cranial nerve.

Lesion Parameters

First lesion: 60 seconds at 65°C. When the lesion is in-
duced, check the bilateral corneal reflex and pain sensitivity
in the neuralgic and contralateral zones. Second lesion:
60 seconds at 70°C. Proceed in a similar manner. Third
lesion: 60 seconds at 72—75°C. Proceed in a similar manner.
A fourth lesion may be assessed at 75°C if pain involves two
branches of the V cranial nerve.

The patient can either be sedated by midazolam and
fentanyl or 0.5 ml of 0.25% bupivacaine, or 0.2% ropi-
vacaine may be injected. One should wait at least
30 seconds prior to RF lesioning. RF lesioning is done at
60°C for 60 seconds. If the patient cannot tolerate the
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FIGURE 6-13

Radiofrequency needle entering the facial skin without a catheter. Note
the draping of the patient with the area of entry exposed and an O2 can-
nula in place for trigeminal ganglion radiofrequency.

FIGURE 6-14

The alternative technique of introducing the curved-blunt Racz-Finch
radiofrequency needle is shown in this drawing. Initially, an angiocathe-
ter is introduced at the entry site toward the foramen ovale. Following
that, the RF needle is inserted through the angiocatheter.

lesioning, stop and wait another 30 seconds, and try
again or add another 0.5 ml of local anesthetic prior to
RF lesioning.

If more than one branch of the trigeminal nerve is af-
fected, several lesions by repositioning of the needle should
be performed. After each repositioning, the stimulation
test should be repeated to seek paresthesia at the desired
site.

For the first division lesioning, corneal reflex should be
preserved at each lesion, and lesioning should begin at lesser
degrees than 60°C to preserve the corneal reflex. After the
lesioning is completed, the needle is removed. The patient
is instructed to watch for swelling of the face and to put ice
on the face to reduce any swelling that may occur.

Patient Follow-Up

Immediate and later follow-up of the patient are impor-
tant. Some authors prefer to do the lesioning on an outpa-
tient basis, and some hospitalize the patient for a day. In
some patients there is immediate pain relief, but the next
day or within the first week the pain may return. In such
patients, lesioning may be repeated. The patient should be
monitored for an additional month to determine if side
effects appear.

PERCUTANEOUS TRIGEMINAL GANGLION
BALLOON COMPRESSION

The percutaneous trigeminal ganglion balloon compression
procedure is performed under light general anesthesia. The
position of the patient is the same as it is with RF lesioning.
The needle is introduced, as described earlier, through the
foramen ovale. A 4-French Fogarty catheter is advanced
through the needle into Meckel’s cavity. The balloon of the
catheter is inflated by injecting contrast solution. The shape
of the balloon inside the cavity in the lateral position re-
sembles a pear (Figure 6-17). The inflated balloon is left
there for 60 seconds or more, although there is no agree-
ment on the duration.

The procedure should be done with vital sign moni-
toring because bradycardia and hypertension may be
observed.

FIGURE 6-15

Submental view with a fluoroscope. Note the curved-blunt Racz-Finch
radiofrequency needle entering the foramen ovale in its lateral aspect.
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FIGURE 6-16

This drawing of the submental view of the face illustrates the relationship
of the foramen ovale and the needle entry at the medial border of the
mandible and maxilla. The needle entry is shown in the lateral aspect of
the foramen ovale.

Complications

Significant masseter weakness is a common complication,
especially in the initial period. This weakness generally dis-
appears within the first 3 months. Hypoesthesia, dysesthesia,
anesthesia dolorosa, balloon failure, and hematoma on the
cheek may also be observed (Table 6-2).

COMPLICATIONS

Percutaneous interventions of the trigeminal ganglion are
not free of complications. In selected series, Taha and
Tew!? compared the results and complications of percuta-
neous techniques. The total number of patients was 6205
for RF rhizotomy, 1217 for glycerol rhizotomy, and 759
for balloon compression. Facial numbness occurred in
98% of the patients after RF rhizotomy, in 72% after bal-
loon compression, and in 60% after glycerol injection.
"Taha and Tew found that anesthesia dolorosa occurred in
1.5%, 1.8%, and 0.1%, respectively.!” Anesthesia dolorosa
occurred at a rate of 0.3% to 4% in RF lesioning.!*""> For
glycerol injection, anesthesia dolorosa occurs in 0-2% of
cases.!¢2% For balloon compression, ipsilateral masticatory
weakness, hypoesthesia, dysesthesia, and anesthesia dolo-
rosa may occur in 3-5% of cases.?*?

Loss of Corneal Reflex

The overall incidence of corneal reflex loss and neurolytic
keratitis is 0.6-1.8%, depending on the technique used. Cor-
neal anesthesia was the highest for RF rhizotomy with 7%;
it was less for glycerol with 3.7% and balloon compression
with 1.5% occurrence rates. It is lowest for balloon compres-

FIGURE 6-17
The lateral view of the balloon during trigeminal ganglion neurolysis.

sion and highest for RF lesioning. This is not a desirable
condition, but in some patients, because of the intolerable
pain, it may be preferred.!?

Motor Deficit

Motor deficit occurs during the lesioning of the third
branch, the mandibular nerve. The incidence is the high-
est, 66%, with balloon compression. For RF rhizotomy it
is 24%, and for glycerol injection it is 1.7%. The motor
deficit improves within 1 year.

Carotid Artery Puncture

Carotid artery puncture occurs when the radiographic
landmarks are not employed and the needle is too inferior
and medial. Blind technique is not recommended.

Retrobulbar Hematoma and Hematoma in Cheek

If the needle is advanced to the retrobulbar space, retro-
bulbar hematoma may develop. This is a dramatic
complication to the patient, although it is relieved by

TABLE 6~2 Complications of Trigeminal Ganglion Block or
Neurolysis

Annoying dysesthesia and anesthesia dolorosa, loss of corneal reflex

Neurolytic keratifis

Visual loss

Retrobulbar hematoma

Hematoma in the cheek

Significant motor root deficit

Carotid puncture

Meningitis

Inadvertent intracranial placement of elecirode resulting in intracranial hemorrhaging,
peneiration through wrong foramen causing defects in other cranial nerves
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conservative methods without any sequelae. The eyeball
is pushed from the retrobulbar space and exophthalmus
develops. Compression over the eye stops the bleeding,
and the swelling subsides during the following days. He-
matoma in the cheek may develop if the needle passes
through a vessel while it is introduced. Compression over
the cheek by cold pack after the needle is withdrawn may
be helpful.

Infection

One of the main concerns is infection and the incidence of
infection. In the series by Sweet, there were 24 cases of
meningitis in 7000 cases. One of these patients died.?*
Ocular motor paralysis and cavernous sinus fistula® is a pos-
sibility. An intracranial hemorrhage’¢ has been reported to
be fatal. Misplacement of needles into incorrect skull base
foramina can lead to vascular damage and secondary hyper-
tension that, in turn, can lead to bleeding.?” The most com-
mon problem from neurodestructive procedures is altered
sensation or numbness that has been reported to range from
6 to 26% of patients undergoing RF-type procedures.

CLINICAL PEARLS

With edentulous patients, the needle’s point of introduc-
tion sometimes needs to be a little more posterior than for
the patients with a full set of teeth; the needle will strike
the foramen ovale at too acute an angle. This may be pre-
vented if the procedure is done under fluoroscopy.

Because this is an uncomfortable procedure, some
form of intravenous sedation given immediately before the
procedure often affords satisfactory analgesia for the pro-
cedure without obtunding the patient’s ability to cooperate
and provide necessary feedback. The patient must be con-
scious between each coagulation application so that sen-
sory testing of the face can take place.

The placement of the needle should be confirmed by
the lateral view. In case of deep needle placement, one can
enter the brain stem and cause hemorrhage.

The aspiration test is mandatory because the poste-
rior part of the trigeminal ganglion is surrounded by an
invagination of cranial dura mater containing CSF in
Meckel’s cavity. Inadvertent injection of therapeutic agents
into this cul-de-sac can spread to other intracranial struc-
tures, producing profound and rapid loss of consciousness
and collapse. This is obviously an eminently reversible
situation when local anesthetic agents are used, but in the
event that such a catastrophe occurred with neurolytic
agents, inadvertent neurolysis of adjacent cranial nerves
could occur.

If slight liquorrhage occurs during the procedure, it
should be considered to be a consequence of the ganglion
puncture, with the risk of CSF fistula being minimal.

Irritation of the dura may cause persistent headache,
and in some patients, nausea and vomiting lasting for days
may also be observed. If blood is aspirated, the needle

should be replaced, and if bleeding continues, the proce-
dure should be stopped.

During repeated lesioning, the aspiration test should
be repeated and impedance should be monitored to verify
the position of the needle before each RETC application.
If the needle is in the nerve, the impedance is generally
between 300 and 450 O.

The endpoint is reached when the desired division of
the trigeminal nerve has become slightly analgesic but not
anesthetic. Usually at about 70°C, analgesia occurs and
further coagulations are made at the same temperature
untl some analgesia is produced in the required division.
At this stage, the time for each coagulation can be increased
or decreased; however, if the temperature is increased with-
out first trying extra time, anesthesia will suddenly develop.
Analgesia produced by this method tends to increase over
the first 2 hours.

Sequential throbbing of the cannula may occasion-
ally be observed during the early seconds of the lesion.
This is due to the fact that in conventional RF, current is
emitted every 0.66 seconds, but every 20 milliseconds in
pulsatile RF.

To prevent hematoma in the cheek, ice compression
after the needle is withdrawn should be done in every in-
stance. Hemifacial numbness that develops after chemical
neurolysis or extensive RF lesioning, especially if three
branches of the trigeminal nerve are involved, is a distress-
ing experience for patients.

Weakness of the homolateral masseter muscle may
occur during the postoperative period.

Because of the subsequent analgesia of the conjunc-
tiva, the eye must be protected from chronic inflammatory
processes that would go undetected because of the altered
sensation. Therefore, it is usually necessary to approximate
the upper and lower eyelids surgically to reduce the area of
conjunctiva exposed to dust and other environmental
sources of contamination. Protective spectacles with side
shields can also help reduce the introduction of foreign
bodies into the numb eye.

Another difficulty with long-term hemifacial analgesia
is saliva dribbling from the anesthetized half of the mouth;
this can sometimes be alleviated by an antisialagogue such
as diphenhydramine, 25 mg tid.

EFFICACY

The three most popular techniques are RF rhizotomy,
retrogasserian glycerol injection, and percutaneous com-
pression of the gasserian ganglion. All the techniques
have several advantages and several disadvantages. The
advantages of RF lesioning are a high pain relief rate, a
low relapse rate, and a high degree of effectiveness.
There is a light sensory deficit after retrogasserian glyc-
erol injection. Shorter duration of pain relief, higher recur-
rence rates, and development of fibrosis at the foramen
ovale are the main disadvantages. Slight sensory deficit and
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moderate rate of recurrence may be the advantages of
gasserian ganglion compression. However, it cannot be con-
nected to a single branch, and the gauge of the needle enter-
ing the foramen ovale is larger than the ones used in other
percutaneous methods, which may damage the nerve.

Technical Success

The technical success rate varies between 97.4 and 100%
for RF lesioning at the initial phase. The success rate is
94% for glycerol and 99% for balloon compression. In
another study, technical failure for glycerol was reported
to be as high as 15%.!*%1” However, there is no general
agreement on these results.

Pain Recurrence

Evaluating pain recurrence is not easy because of the het-
erogeneity of the follow-up reported. The highest rate of
recurrence is 54% for glycerol rhizotomy, with a mean fol-
low-up of 4 years."’ In several series, this result varied.
Retrogasserian glycerol injection is also an effective method,
but the initial pain relief and duration of pain relief are less
than RF lesioning. It may easily be applied when RF facili-
ties are absent. Partial sensorial loss may also develop with
this technique. Fibrosis may develop at the entrance of fo-
ramen ovale, enhancing further injections.

Percutaneous balloon compression causes mild sen-
sory loss in most cases. However, it is not possible to re-
strict compression to a single division. It is not used as
commonly as other techniques.

All these techniques are less morbid and more cost
effective than open surgical techniques. However, each
technique must be applied in precise indications and in
well-equipped centers with experienced personnel.

Pulsed RF is not useful in the treatment of V cranial
nerve neuralgia and could only be indicated in posther-
petic V par neuralgia, together with other pharmacological
therapies and in the painful sequelae of “anesthesia dolo-
rosa” in the V cranial nerve territory by conventional RE,
with variable results.

Comparison of Techniques

Apfelbaum compared 20 years of data on 702 patients who
had microvascular decompression (MVD), percutaneous
neurolytic procedures (PTN), radiofrequency lesioning
(RFL), or glycerol.?® MVD initially produced 91% excel-
lent results, 6% good results, and failed in 3%. On long-
term follow-up, 66% were excellent and 15% good for an
81% success rate. PTN using RFL initially produced 87%
excellent results, 6% good, and failed in 7%, while glycerol
produced 83% excellent and 9% good results with 8%
failures. Thus, both achieved 92-93% initial success. In
long-term follow-up, RFL had 71% excellent and 10%
good for an 81% success rate. Glycerol had 52% excellent
and 12% good results for a 64% long-term success rate.
The average time for recurrence with either procedure was
18-19 months.

In conclusion, the initial success rate with all three
approaches is similar—91-93%. The long-term success
rate for RFL and MVD are also equal (81%), while glyc-
erol has a 64% success rate, indicating more frequent re-
currences. Complications with MVD could be serious or
even life threatening (1%), such as cerebellar hemorrhage
or edema. A number of transient cranial nerve deficits
were also seen with a 2% chance of permanent ipsilateral
hearing loss. These complications were not seen with
PTN, but meningitis and intracerebral hemorrhage oc-
curred in rare cases. Being destructive, PTN procedures
intentionally reduced fifth nerve function. RFL was asso-
ciated with annoying dysesthesia in 22 %, anesthesia dolo-
rosa in 2%, and corneal anesthesia in 1.2% of the patients.
Glycerol produced only 2-4% annoying dysesthesia and
0.3% anesthesia dolorosa. Both procedures are effective
ways to treat trigeminal neuralgia.’® MVD is recom-
mended for younger, better-risk patients, and PTN for
patients who are medically infirm or older (over age 65).

CONCLUSION

Procedures involving the trigeminal ganglion and its
branches are occasionally carried out to facilitate acute
facial pain relief during surgery. However, much more
frequently the indications are chronic, debilitating painful
conditions. Clearly, the use of fluoroscopy and additional
training led to better outcome and reduction of poten-
tially devastating complications. All three percutaneous
techniques may be used to block the trigeminal nerve in
the treatment of neuralgic pain of the face. There are
advantages and disadvantages of each of the techniques.

MAXILLARY NERVE BLOCK

HISTORY

There are four different approaches to the maxillary nerve.
Of these approaches, an oral approach is commonly used by
dentists. An orbital approach described originally by
Rudolph Matas involves inserting a needle through the or-
bital cavity and exiting the infraorbital fissure.?’ Schlosser*°
in 1907 described an anterolateral approach with skin entry
anterior to the coronoid process of the mandible and infe-
rior to the zygomatic arch. The more commonly used lat-
eral approach described by Levy and Baudoin®! in 1906 is
described and preferred by the authors.

ANATOMY

The maxillary nerve is the second division of the trigemi-
nal nerve and is also known as the V2 division of the tri-
geminal ganglion. The maxillary nerve is a purely sensory
nerve that begins at the gasserian ganglion and travels
anteriorly and inferiorly along the cavernous sinus through
the foramen rotundum (Figure 6-18).>2 It extends to the
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FIGURE 6-18

Maxillary nerve anatomy.

superior aspect of the pterygopalatine fossa along the in-
ferior portion of the orbit in the infraorbital fissure and
exits through the infraorbital foramen in the face.

The nerve innervates the maxillary sinus, as well as the
anterior teeth of the upper jaw via the anterior and middle
superior alveolar nerves. The branch that leaves the infraor-
bital foramen innervates the skin of the face, the underlying
mucosa from the lower eyelid to the upper lip. While the
nerve is at the pterygopalatine fossa, it is connected to the
pterygopalatine ganglion, through which it gives the branches
to the nasal cavity, pharynx, and palate. The zygomatic
branch supplies the lateral portion of the face and posterior
superior alveolar branch supplies the upper molar region.

The branches of the maxillary nerve are divided into
four regional groups: (1) the intracranial group, including
the middle meningeal nerve, which innervates the dura ma-
ter of the medial cranial fossa; (2) the pterygopalatine group
including zygomatic nerve, which provides sensory innerva-
tion to the temporal and lateral zygomatic region, and
sphenopalatine branches to innervate the mucosa of the
maxillary sinus, upper gums, upper molars, and mucous
membranes of the cheek; (3) the infraorbital canal group,
comprising the anterosuperior alveolar branch innervating
the incisors and canines, the anterior wall of the maxillary
antrum, the floor of the nasal cavity, and the middle superior
branch, supplying the premolars; and (4) the infraorbital
facial group, consisting of the inferior palpebral branch,
which innervates the conjunctiva and the skin of the lower
eyelid, the external nasal branch, which supplies the side of
the nose, and the superior labial branch, which supplies the
skin of the upper lip and part of oral mucosa.

The 10 branches of the maxillary nerve supply sensa-
tion to the dura, upper jaw, teeth, gums, hard and soft
palates, and cheek, as well as carry parasympathetic fibers.
The maxillary artery and five terminal branches are also
contained within the pterygopalatine fossa. Also within
this space are emissary veins from the orbit.

The main part of the maxillary nerve, which consti-
tutes the second division of the trigeminal nerve, can be
anesthetized in the pterygopalatine fossa. Its branches can
be anesthetized at the posterior and lateral borders of the
maxilla, and its terminal branch can be anesthetized as it
emerges through the infraorbital foramen on the front of
the face 1 cm below the orbital margin in the same vertical
plane as the pupil (Figure 6-19).

INDICATIONS

The maxillary nerve block is usually performed for re-
gional analgesia of the upper jaw and can be used for acute
intraoperative pain during maxillofacial surgery. It can also
be used for surgical procedures on the teeth of the upper
jaw. It provides excellent postoperative pain relief for such
surgical maneuvers, and it is also used to treat chronic
pain, most frequently for diagnostic and therapeutic blocks
involving painful tumors of the maxillary antrum that are
unresponsive to more conventional methods.

CONTRAINDICATIONS

Absolute

Local infection
Coagulopathies
Relative

Altered anatomy

EQUIPMENT

Nerve Block

25-gauge, 3/4-inch needle
22-gauge, 3-1/4-inch spinal needle
3-ml syringe

5-ml syringe

IV T-piece extension

Neurolytic Block/Pulsed Radiofrequency

m 16-gauge, 1-1/2-inch angiocatheter
= 10-cm curved radiofrequency thermocoagulation
needle (RFK) with 5-mm active tip

DRUGS

Local Anesthetic Block

» 1.5% lidocaine for skin infiltration
» 2% lidocaine
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A
FIGURE 6-19

B

The patient is supine with the C-arm positioned for the AP view (A) and lateral view (B).

m 0.5% bupivacaine/ropivacaine
m Steroids (optional)

Neurolytics

m 6% phenol with or without contrast agent
m 40-50% glycerol with or without contrast agent

PREPARATION OF PATIENT

For preoperative medication, use the standard recommen-
dations for conscious sedation by the American Society of
Anesthesiologists.

PROCEDURE

The patient is placed supine with the head straight
(Figure 6-19). Landmarks are assessed as follows:

1. Midpoint of the zygomatic arch of the temporal
bone

2. Condyle of the mandibular head

3. Coronoid process of the mandible

4. Mandibular notch between the condyle and
coronoid process

Extraoral Approach

The mandibular notch is identified, which is most easily
done by having the patient open and close the mouth. A
22-gauge, 3-1/4-inch needle is then placed perpendicu-
lar to the skin at the posterior and inferior aspects of the

notch, which should be close to the middle of the
zygoma. The needle is advanced until it encounters the
lateral pterygoid plate (4-5 cm). The needle is then
withdrawn and redirected anteriorly and superiorly at
about a 45-degree angle toward the upper root of the
nose (Figure 6-20). The needle is again advanced with
the pterygopalatine fossa until a paresthesia is obtained.
It is important to obtain a paresthesia, otherwise the
block will have a high rate of failure (Figure 6-21).

Three to 5 ml of local anesthetic is injected, although
some authors advocate the use of as much as 10 ml. Neu-
rolytic procedures can be done with 6% phenol or abso-
lute alcohol. A maximum volume of 1-1.5 ml delivered in
0.1-ml divided doses is recommended.

Pulsed radiofrequency. Placement of the radiofrequency
(RF) needle is the same as described previously (Figure 6-22).
Confirmation of proper needle placement is with sensory
stimulation (50 Hz, 0.3-0.6 V) and motor stimulation (2 Hz,
0.6—-1.2 V) . Once satisfactory placement is obtained, pulsed
radiofrequency for 120—180 seconds at 42°C for two cycles
is performed. A local anesthetic does not need to be injected
prior to removal of the needle.

Intraoral Approach

Three technique variations when performing intraoral
maxillary block follow:

1. A retractor or left index finger retracts the
cheek at the angle of the mouth upward and
backwards until the first upper molar tooth is
seen. The needle is introduced through the
mucosa over the tooth and advanced backward,
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inward, and upward, making a 40-degree angle
with the sagittal plane of the skull passing
tangential to the maxillary tuberosity. When
the contact with the bone is lost at a depth of
3—4 cm from the point of entrance, the needle
is then advanced 0.5 cm more and 2 ml of

1% lidocaine is injected.

2. Pterygomaxillary approach: The needle is intro-
duced from the back of the upper molar tooth,
directed upward and inward, almost perpendic-
ularly to the tooth. The needle passes laterally
to the angle formed by the tuberosity of the
maxilla and the pterygoid process at a depth of
3.5-4 cm and reaches the sphenomaxillary fossa;
2 ml of 1% lidocaine is injected after aspiration
test.

3. Posterior palatinal approach: The same technique
by the pterygomaxillary route is employed through
the posterior palatinal foramen into the canal undil
the needle tip reaches the sphenomaxillary fossa,
and 2 ml of 1% lidocaine is administered.

Infraorbital Block

The infraorbital nerve is the terminal branch of the maxil-
lary nerve. In some cases with trigeminal neuralgia, in
spite of radiofrequency lesioning or other percutaneous
techniques of the gasserian ganglion, the pain in the area
of innervation of the infraorbital nerve continues and in-
fraorbital block may be useful at that instance.

The infraorbital foramen is situated 0.5-1 cm below
the lower margin of the orbit, at the uppermost part of the
canina fossa. The infraorbital canal is directed 45 degrees
backward and upward and 20-25 degrees outward and var-
ies from 1 to 1.5 em in length.

The needle is introduced through a point on the cheek
0.5-1 em lateral to the midportion of the ala of the nose. As
soon as there is contact with maxilla, below the foramen,

Maxillary nerve i / /-

2|
2

FIGURE 6-20

Maxillary nerve block in the lateral view.
Initial needle direction (1) and redirec-
tion (2) after it encounters the pterygoid
plate are shown. Inset shows detailed
anatomy. (From Raj PP, editor: Practical
Management of Pain, 3rd ed. St. Louis,
Mosby, 2000, figure 41-8, p. 586, with

permission.)

pterygoid
plate

the needle is directed upward and backward, and the en-
trance to the foramen is felt. The needle should not be in-
troduced more than 1 cm and only a small amount of
glycerol, 0.2-0.3 ml, may be given to the area. If a larger
volume is used, there is the risk of compression neuropathy.
Pulsed RF may also be applied.

Complications

In the extraoral approach, it is essential that the needle
be introduced in a horizontal fashion, and it certainly
should not enter the pterygomaxillary fissure in a cephalad
direction or advance too deeply, because anesthetic injec-
tions here are rapidly spread to the posterior aspect of the
orbit and the optic nerve, producing temporary blindness
with reversible agents or, more seriously, permanent blind-
ness with neurolytic agents. Because of the exceedingly
vascular nature of the compartment in which the maxillary
nerve lies (the pterygomaxillary fissure is a veritable net-
work of small vessels), intravascular injection is quite
possible, and meticulous aspiration tests are essential. He-
matoma may develop. If the direction of the needle is too
backwards, penetration to the pharnyx is possible. If this
happens, air can be aspirated in the syringe.

Toxic reaction to local anesthetics may also develop.

Inadvertent puncture of the dura is possible if the
needle is advanced too deep. During aspiration CSF may
come. In such cases, the block should immediately be
ceased.

Careful aspiration can help prevent vascular and
subarachnoid injection. The close proximity of the orbit
to this nerve makes it likely to be involved in a complica-
tion. Orbital swelling, anesthesia of the orbital tissues,
ophthalmoplegia, loss of visual acuity, or diplopia can
occur if the local anesthetic or neurolytic solution enters
the infraorbital fissure. Damage to vascular structures
can cause hemorrhage into the orbit, and blindness can
occur.
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FIGURE 6-21

A patient with the needle on the maxillary nerve entering through the
mandibular notch.

CLINICAL PEARLS

Because the maxillary nerve injection site is quite vascular,
hematoma formation is common. An intravascular injec-
tion can also occur despite negative aspiration if the maxil-
lary or mandibular artery or vein is injured during the
performance of the block. Aspiration of air usually indi-
cates that the needle has been placed too far posteriorly
and the pharynx has been entered. If this occurs, it is pru-
dent to change the needle before proceeding.

Seeking paresthesia is important for the precise local-
ization of the needle. However, when the tip of the needle
contacts with the lateral pterygoid lamina, the patient per-
ceives this as a paresthesia. The paresthesia should be felt
in the whole area; where the nerve innervates, the pain of
the periosteum is more localized.

EFFICACY

On an individual patient basis, maxillary nerve block has
been helpful in managing upper and midfacial pain, but no
reliable data can be found for efficacy and prolonged relief.

MANDIBULAR NERVE BLOCK

HISTORY

There is no specific history on who first described the
mandibular nerve block. It followed soon after the first
description of the trigeminal ganglion block was de-
scribed.

Maxillary
sinus

B
FIGURE 6-22

(A) The needle is in the pterygopalatine fossa (arrow in A-P view). (B)
Confirmation of the needle in the lateral view. Arrow (A) shows the base
of the skull. Arrow (B) shows the needle in pterygopalative.

ANATOMY

The mandibular nerve is the third largest nerve. It is the
only mixed division of the trigeminal ganglion, being
formed by the union of a large sensory root and a small
motor root (Figure 6-23). The sensory fibers arise from the
anterolateral portion of the gasserian ganglion, whereas the
motor fibers are the same motor nerve mentioned in con-
nection with the trigeminal ganglion, which arises from the
pons and passes beneath the gasserian ganglion to reach the
foramen ovale, through which, together with the sensory
root, it leaves the cranial cavity. Within or immediately
outside the foramen ovale, the two roots fuse into a single
trunk. The formed nerve traverses anteriorly and inferiorly
deep in the infratemporal fossa just anterior to the middle
meningeal artery; lateral to the otic ganglion and internal
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FIGURE 6-23

The drawing shows the anatomic location of the trigeminal ganglion and
its mandibular and maxillary branches (lateral view).

pterygoid muscle; and medial to the external pterygoid, the
masseter and the temporal muscles, and the ramus of the
mandible.

Soon after it is formed, the mandibular nerve gives off
two small branches: the nervus spinosus, which enters the
cranial cavity with the middle meningeal artery to supply
the dura, and the nerve to the internal pterygoid muscle. It
then divides into a small anterior and large posterior trunk.
The small anterior trunk, which is composed mostly of
motor fibers, then promptly divides into the masseteric,
the anterior and posterior deep temporal, and the external
pterygoid nerves that supply the muscles of mastication
and also give off a small sensory branch, the buccinator,
which supplies the mucous membrane and skin over this
muscle. The large posterior trunk, on the other hand, is
composed mostly of sensory fibers. After a short course it
also divides into the auriculotemporal, the lingual, and
inferior alveolar nerves. The auriculotemporal nerve arises
from the posterior aspect of this trunk and immediately
runs posterolaterally beneath the external pterygoid mus-
cle to reach the medial side of the neck of the mandible,
where it turns sharply cephalad to ascend between the
anterior border of the auricle and the condyle of the man-
dible under cover of the parotid gland, finally reaching the
subcutaneous tissue overlying the zygomatic arch, where it
divides into the anterior auricular, the external meatal, ar-
ticular, parotid, and superficial temporal branches. The
lingual and inferior alveolar nerves proceed in an inferolat-
eral direction to reach the medial side of the ramus of the
mandible and to be distributed to the anterior two thirds
of the tongue and inferior jaw, respectively (Figure 6-24).

Trigeminal nerve

_____
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nerve

FIGURE 6-24

This line drawing shows the course of lingual and inferior alveolar
nerve.

The terminal branch of the inferior alveolar nerve is
the mental nerve, which exits the mandible via the mental
foramen and provides sensory innervation to the chin and
to the skin and mucous membrane of the lower lip.

INDICATIONS

The mandibular nerve block is excellent for intraoperative
or postoperative pain control after surgical reduction of a
fractured mandible. It is also useful for chronic pain states,
such as carcinoma of the tongue, lower jaw, or floor of the
mouth.

CONTRAINDICATIONS

u Absolute
m Local infection

m Coagulopathies

u Relative

m Distorted anatomy

EQUIPMENT

Local Nerve Block

m 22-gauge, 3-1/2-inch spinal needle
m 25-gauge, 3/4-inch infiltration needle
m 3-ml syringe
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m 5-ml syringe
m IV T-piece extension

Pulsed Radiofrequency

m 10-cm Racz-Finch radiofrequency thermocoagula-
tion needle (RTK)

m 5-cm RFTC needle may be acceptable

m 16-gauge, 1-1/4-inch angiocatheter

DRUGS

Local Nerve Block

1.5% lidocaine for skin infiltration

0.5% bupivacaine/ropivacaine

2% lidocaine

Steroids (optional)

Iohexol (Omnipaque 240) contrast medium

Neurolytics

m 6% phenol
m Absolute alcohol
m 50% glycerol

PREPROCEDURE PREPARATION

Physical Examination

Examine for anatomic anomalies and local infections that
may interfere with performance of the block. Also confirm
that the jaw can be opened and closed.

Preoperative Medication

For preoperative medication, use the standard recommen-
dations for conscious sedation by the American Society of
Anesthesiologists.

PROCEDURE

Position of Patient

The patient is placed supine on the table. The C-arm is
initially placed in an anteroposterior and lateral position to
locate needle entry (Figure 6-25).

Extraoral Approach

The approach for blocking this nerve is identical to that
for blocking the maxillary nerve, that is, the needle is
introduced through the mandibular notch of the mandi-
ble, and advanced through the infratemporal fossa, with
the lateral pterygoid plate serving as a bony endpoint
(Figures 6-26, 6-27). However, in this instance, the nee-
dle is walked backward off the lateral pterygoid plate,
maintaining the same depth as the plate until paresthesia

FIGURE 6-25

The position of the patient and C-arm for an external approach to a
mandibular nerve block (lateral view).

Maxillary nerve Trigeminal ganglion
/

Mandibular
notch

FIGURE 6-26

Point of needle entry in the mandibular notch for extraoral mandibular
nerve block.

of the lower lip, lower jaw, or ipsilateral tongue or ear is
obtained (Figure 6-28).

For best results, paresthesia should be elicited before
2 to 4 ml of anesthetic solution is injected.

Intraoral Approach

The cheek is retracted by the index finger or retractor
until the second upper molar tooth is seen. A 5-inch
needle is inserted into the mucous reflection above mu-
cosa on the tooth, directed backward, upward, and inward
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FIGURE 6-27

Transverse section of the head and face at the level of the mandibular
notch showing needle placement on the mandibular nerve, on the lateral
pterygoid plate, and on the maxillary nerve. After the pterygoid plate is
touched, the needle is slightly withdrawn and pushed posterior until it
slips off the pterygoid plate.

toward the infratemporal plate. The direction of the
needle from lateral view should be toward the midpoint of
the zygomatic arch and from the frontal view toward the
outer canthus.

At a depth of 4-5 cm, the needle will contact the in-
fratemporal plate, and at that area paresthesia should be
sought. When the patient feels paresthesia, 2 ml of 1%
lidocaine is injected slowly.

Mental Nerve Block

In some cases in spite of blocking the gasserian ganglion,
the peripheric branches of the trigeminal nerve are blocked.
The mental nerve is one of them. Also, in some cases with
trigeminal neuralgia, only the mental nerve is affected and
mental nerve block may be adequate.

Mental block by extraoral route (by Labat). A line is
drawn from the two lower bicuspid teeth perpendicular
to the lower margin of the mandible. The distance be-
tween the gingival margin of mandible and lower margin
of the mandible is bisected. Through this bisecting point
a line is drawn parallel to the lower margin of the man-
dible. These two lines cross each other at right angles and
their intersection marks the position of the mental fora-
men. The quadrant in which the second bicuspid lies is
bisected and a point is taken on the bisector. A 5-cm
needle is introduced until it contacts the bone 1.5 cm
from the point of intersection of the lines. The needle is
then inclined slightly inward and passed through the fo-
ramen. In some cases the foramen can also be palpated.

The needle should not be introduced too deep in the
foramen and the solution should be given in very few
amounts in order to prevent compression over the nerve,
which may cause neuropathy. Glycerol, 0.2-0.3 ml, may be
injected or pulsed. RF may be applied (Figure 6-29).

FIGURE 6-28

The technique for the extraoral block of the mandibular nerve is essen-
tially the same as that for the maxillary block, except that the needle is
directed upward and posteriorly; thus, the mandibular nerve is contacted
as it exits from the foramen ovale. (From Raj PP, editor: Textbook of Re-
gional Anesthesia. Philadelphia, Churchill Livingstone, 2002, figure 20-17,
p- 338, with permission.)

COMPLICATIONS

Mandibular nerve block, a relatively straightforward
block, is associated with a high degree of success. How-
ever, there is always the risk of complications. As the
needle is walked posteriorly off the lateral pterygoid
plate, it comes to lie on the superior constrictor muscle
of the pharynx, which is attached to the border of the
lateral pterygoid plate. If the needle is advanced deeper
at this stage, it can enter the pharynx. If the tip of the
needle enters the pharynx, air bubbles will be seen dur-
ing aspiration.

A very close posterolateral relation of the mandibular
nerve at this site is the middle meningeal artery, which
enters the cranial cavity through the spinous foramen,
thus making meticulous aspiration tests necessary.

Hemorrhage in the cheek often occurs during and fol-
lowing the block by the anterolateral extraoral route. He-
matoma of the face and subscleral hematoma of the eye
may occur.

CLINICAL PEARLS

It should never be necessary to advance the needle more
than 5.5 cm beyond the skin in the extraoral technique. If
paresthesia is not obtained at this depth, the needle should
be withdrawn and the landmarks reconsidered before it is
reintroduced.
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FIGURE 6-29

Injection technique for mental nerve block. (From Waldman SD: Atlas of
Interventional Pain Management, 2nd ed. Philadelphia, Saunders, 2003,
p- 54, with permission.)

EFFICACY

No efficacy studies are available. The efficacy is deter-
mined by the patient’s successtul pain relief after the nerve

block.

GLOSSOPHARYNGEAL NERVE BLOCK

HISTORY

The early use of glossopharyngeal nerve block in pain
management centered around two applications: (1) the
treatment of glossopharyngeal neuralgia, and (2) the pal-
liation of pain secondary to head and neck malignancies. In
the late 1950s, the clinical use of the glossopharyngeal
nerve block as an adjunct to awake endotracheal intubation
was documented.

Weisenburg first described pain in the distribution of
the glossopharyngeal nerve in a patient with a cerebello-
pontine angle tumor in 1910.* In 1921, Harris reported
the first idiopathic case and coined the term glossopharyn-
geal neuralgin.’* He suggested that blockade of the glosso-
pharyngeal nerve might be useful in palliating this painful
condition.

Early attempts at permanent treatment of glossopha-
ryngeal neuralgia and cancer pain in the distribution of
the glossopharyngeal nerve consisted principally of extra-
cranial surgical section or alcohol neurolysis of the glosso-
pharyngeal nerve.’> These approaches met with limited
success in the treatment of glossopharyngeal neuralgia, but
were useful in some patients suffering from cancer pain

mediated by the glossopharyngeal nerve. Intracranial sec-
tion of the glossopharyngeal nerve was first performed by
Adson in 1925 and was subsequently refined by Dandy.
The intracranial approach to section of the glossopharyn-
geal nerve appeared to yield better results for both
glossopharyngeal neuralgia and cancer pain but was a much
riskier procedure.’® Recently, interest in extracranial de-
struction of the glossopharyngeal nerve by glycerol or by
creation of a radiofrequency lesion has been renewed.’’

ANATOMY

The glossopharyngeal nerve is the ninth cranial nerve. It
contains both motor and sensory fibers.’® The motor fi-
bers innervate the stylopharyngeus muscle. The sensory
portion of the nerve innervates the posterior third of the
tongue, the palatine tonsil, and the mucous membranes of
the mouth and pharynx. Special visceral afferent sensory
fibers transmit information from the taste buds of the
posterior third of the tongue. Information from the ca-
rotid sinus and body, which help control the blood pres-
sure, pulse, and respiration, are carried via the carotid
sinus nerve, a branch of the glossopharyngeal nerve.’
Parasympathetic fibers pass via the glossopharyngeal
nerve to the otic ganglion. Postganglionic fibers from the
ganglion carry secretory information to the parotid gland
(Figure 6-30A).%°

The glossopharyngeal nerve exits the jugular fora-
men near the vagus and accessory nerves and the internal
jugular vein.*® All three nerves lie in the groove between
the internal jugular vein and internal carotid artery
(Figure 6-30B).

A significant landmark for glossopharyngeal nerve
block is the styloid process of the temporal bone. This
structure is the calcification of the cephalad end of the sty-
lohyoid ligament. Although usually easy to identify, when
ossification is limited, it may be difficult to locate with the
exploring needle.

INDICATIONS

Indications for glossopharyngeal nerve block are summa-
rized in Table 6-3. In addition to application for surgical
anesthesia, glossopharyngeal nerve block with local anes-
thetics can be used as a diagnostic tool when performing
differential neural blockade in the evaluation of head and
facial pain.*! Glossopharyngeal nerve block is used to help
differentiate geniculate ganglion neuralgia from glosso-
pharyngeal neuralgia. If destruction of glossopharyngeal
nerve is being considered, this technique is useful as an
indicator of the extent of motor and sensory impairment
that the patient will likely experience.* Glossopharyngeal
nerve block with local anesthetic may be used to palliate
acute pain emergencies, including glossopharyngeal neu-
ralgia and cancer pain until pharmacologic, surgical, and
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FIGURE 6-30

(A) The anatomy of the glossopharyngeal nerve as it exits the jugular foramen. Note the close relationship of the vagus nerve. (B) This
is an anatomical dissection of the region where the glossopharyngeal nerve is traversing below the jugular foramen close to vagus, acces-
sory nerves and internal carotid artery, and internal jugular vein. (Courtesy of U. Pai, MD.)

antiblastic methods take effect.¥® This technique is also
useful for atypical facial pain in the distribution of the
glossopharyngeal nerve* and as an adjunct for awake en-
dotracheal intubation.®

Destruction of the glossopharyngeal nerve is indi-
cated in the palliation of cancer pain, including invasive
tumors of the posterior tongue, hypopharynx, and ton-
sils.’® This technique is useful in the management of the
pain of glossopharyngeal neuralgia for those patients
who have failed to respond to medical management or
who are not candidates for surgical microvascular de-
compression.*

CONTRAINDICATIONS

Contraindications to the blockade of the glossopharyngeal
nerve are summarized in Table 6-4. Local infection and
sepsis are absolute contraindications to all procedures.
Coagulopathy is a strong contraindication to glossopha-
ryngeal nerve block, but owing to the desperate nature of
many patients’ suffering from invasive head and face ma-
lignancies, ethical and humanitarian considerations dictate
its use, despite the risk of bleeding.

When clinical indications are compelling, blockade
of the glossopharyngeal nerve using a 25-gauge needle
may be carried out in the presence of coagulopathy, al-
beit with increased risk of ecchymosis and hematoma
formation.

EQUIPMENT

Local Nerve Block

m 25-gauge, 3/4-inch needle for infiltration

m 22-gauge, 1-1/2-inch needle for injection at the
site

m 3-ml syringe

m [V T-piece extension

Pulsed Radiofrequency

m 16-gauge, 1-1/4-inch catheter

= 5-cm radiofrequency thermocoagulation (RETC)
needle with 5-mm active-tip Racz-Finch Kit
Needle

TABLE 6-3 Indications for Glossopharyngeal Nerve Block
Local Anesthetic Block

Surgical anesthesia

Differential neural blockade

Prognostic nerve block prior to neurodestructive procedures

Acute pain emergencies (palliation)

Adjunct to awake intubation

Neurolytic Block or Neurodestructive Procedure

Cancer pain (palliation)
Management of glossopharyngeal neuralgia
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TABLE 6-4 Contraindications to Glossopharyngeal Nerve Block

Local infection

Sepsis

Coagulopathy

Significant behavioral abnormalities
Anatomical anomaly

DRUGS

Local Nerve Block

m 1.5% lidocaine for skin infiltration
m 0.5% ropivacaine/bupivacaine mixture
= 2% lidocaine

m Steroids (optional)

m lohexol (Omnipaque 240)

Neurolysis

m 6% phenol in glycerin/iohexol
= Absolute alcohol (97%)

PREPROCEDURE PREPARATION

Physical Examination

It is customary to obtain a full history and physical exami-
nation. The physical examination should include an assess-
ment of the ability to move the neck and inspection for
normal landmarks at the site of the needle insertion.

Preoperative Medication

For preoperative medication, use the standard recommen-
dations for conscious sedation by the American Society of
Anesthesiologists.

PROCEDURE

Position of Patient and Physician

The patient is placed in the supine position. The land-
marks are (1) ipsilateral mastoid process; (2) angle of the
mandible, anteriorly; and (3) feel the styloid process of the
temporal bone, in the middle between the two landmarks.
An imaginary line is visualized or drawn running from the
mastoid process to the angle of the mandible.*’ The fluo-
roscope should be placed in an oblique position and di-
rected toward the area of the mandible and the mastoid
process (Figure 6-31). The styloid process should lie just
below the midpoint of this line.

Extraoral Approach

The skin is prepared with antiseptic solution. After a
local infiltration with a 25-gauge needle, a 22-gauge,
1.5-inch needle attached to a 3—5-ml syringe is advanced

at this midpoint location in a plane perpendicular to the
skin. The styloid process should be encountered within
3 cm. After contact is made, the needle is withdrawn and
walked off the styloid process posteriorly. As soon as
bony contact is lost and careful aspiration reveals no
blood or CSF, 7 ml of 0.5% preservative-free lidocaine
combined with 80 mg of methylprednisolone is injected
in incremental doses.

Subsequently, daily nerve blocks are performed in
the same manner, but 40 mg of methylprednisolone are
substituted for the first 80-mg dose. This approach may
also be used for breakthrough pain in patients who previ-
ously experienced adequate pain control with oral medica-
tions (Figures 6-32 and 6-33).

Pulsed Radiofrequency

Informed consent and intravenous access were obtained.
The patient was placed supine on the fluoroscopy table.
Oxygen was administered by nasal cannula, and vital signs
were monitored noninvasively. The right mastoid, lateral
neck, and mandible were prepped and draped in a sterile
fashion. A lateral fluoroscopic image was obtained. The
styloid process, mastoid, and angle of the mandibular ra-
mus were visible. An intracutaneous skin wheal with 1%
lidocaine was raised at a point overlying the distal tip of
the styloid process. A 16-gauge angiocatheter was placed
about 1.5 em through the skin, aiming for the styloid pro-
cess. An anteroposterior view confirmed that the tip of the
needle was at the level of the mandibular ramus. A
20-gauge blunt curved radiofrequency needle (RFK),
10 em in length, 10-mm active tip is advanced through the
angiocatheter until bony contact with the styloid process
is made. The needle is then walked off posteriorly and
advanced another 1-1.5 cm (Figure 6-34). Intermittent
dual rotation C-arm fluoroscopy was used during needle
advancement. Aspiration with a 1-cc syringe was negative
for blood and CSF. One to 2 milliliters of Omnipaque
240 mg/dl, iodinated, nonionic contrast demonstrated lo-
cal filling, inferior spread, and absence of vascular runoff
on a lateral view (Figure 6-34). A line drawing of this
fluoroscopic projection is displayed (Figure 6-35). Sen-
sory stimulation up to 1 volt at 50 Hz reproduced concor-
dant pain at the base of the tongue, pharynx, and tonsils.
Motor stimulation up to 2.5 volts at 2 Hz reproduced lo-
cal muscular contractions. Contractions of the muscles
innervated by the phrenic and spinal accessory nerves
were absent. The patient remained hemodynamically
stable without any bradycardic or hypotensive episodes.
Impedance was approximately 220 ohms but dropped to
113-140 ohms following instillation of 3 cc of a 1:1:1
mixture of lidocaine 2%, ropivacaine 0.2%, and 4 mg
dexamethasone. Pulsed radiofrequency lesioning was per-
formed for three cycles of 120 seconds at a constant tem-
perature of 42°C. The rate was 2 Hz, and the pulse width
was 20 milliseconds. The patient was monitored for
1 hour postprocedure, andvital signs remained stable.
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FIGURE 6-31

The C-arm is turned obliquely toward the mandible to visualize the sty-
loid process to create a lateral radiographic image.

EFFICACY

The patient’s pain intensity reduced to 0/10, and this pain
relief persisted for 8-1/2 months. Thereafter, her pain
recurred and gabapentin 200 mg/day was started. This
was not helpful and she went to the emergency room for
intravenous analgesics on two occasions. Several analge-
sics were prescribed: zonisamide, hydrocodone 5 mg with

FIGURE 6-32

The site of entry for a glossopharyngeal nerve block is between the mas-
toid process and the angle of the mandible.

FIGURE 6-33

The lateral radiographic view shows the tip of the needle on the styloid
process (arrow). This position ensures that the needle tip is close to the
glossopharyngeal nerve.

acetaminophen 500 mg, sodium valproate, and nonsteroi-
dal anti-inflammatory drugs. An outside physician started
the patient on OxyContin 20 mg bid. The patient still had
no relief. A repeat glossopharyngeal pulsed radiofre-
quency was performed, but this offered minimal relief for
the first 2 weeks. Remarkably, there was a gradual im-
provement in pain and by the 6th week the patient was
pain free. The patient was weaned off of all analgesics
except gabapentin, and this pain relief lasted for 6 months.
Pulsed radiofrequency lesioning was repeated, and the
patient reported complete pain relief at 8 months. How-
ever, she had a syncopal episode during this period and
required a pacemaker. In total, pulsed mode RF lesioning
of the glossopharyngeal nerve was performed three times
over a 24-month period.

"Treatments for glossopharyngeal neuralgia can be di-
vided into surgical versus nonsurgical. Several classes of
drugs are used empirically with anecdotal success: carbam-
azepine, phenytoin, diazepam, amitriptyline, phenobarbi-
tal, ketamine, and baclofen.*”° Nonetheless, intolerable
side effects and difficulty with oral intake impede patient
compliance. Surgical methods include peripheral neurec-
tomy, rhizotomy, styloidectomy, microvascular decompres-
sion (MVD), and motor cortex stimulation.*”*? Initially
introduced by Jannetta,**** MVD has been refined from a
technical standpoint to reduce complication rates.’> MVD
continues to demonstrate the most successful and repro-
ducible long-term outcomes.’>** Peripheral neurectomy
and surgical rhizotomy have poorer outcomes and higher
rates of recurrent pain and morbidity.”® Several authors
suggest that MVD alone should be performed for glosso-
pharyngeal neuralgia,’®*>*¢ but these series were limited to
patients with primary glossopharyngeal neuralgia. MVD is
not applicable to secondary glossopharyngeal neuralgia.
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FIGURE 6-34

Lateral fluoroscopic image displaying needle tip posterior to right styloid
process. (From Shah RV, Racz GB: Case conference: pulsed mode radio-
frequency lesioning to treat chronic post-tonsillectomy pain. Pain Pract
3:233, 2003, with permission.)

Styloidectomy is recommended as a treatment for
chronic post-tonsillectomy pain in the otolaryngology lit-
erature.’! The role of styloidectomy, in the absence of
peristyloid pathology or an elongated styloid process, is
unclear.’’ Styloidectomy, moreover, is not a benign proce-
dure. We are aware of one death due to iatrogenic vascular
injury following styloidectomy. This case is undergoing
litigation and is not reportable.

Percutaneous radiofrequency thermocoagulation of
the glossopharyngeal nerve has been successful in treating
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primary and secondary glossopharyngeal neuralgi
Percutaneous thermocoagulation of peripheral nerves,
however, carries the risks of neuritis, deafferentation pain,
and neurovascular injury.®! Percutaneous thermocoagula-
tion of the glossopharyngeal nerve, in particular, carries the
hazard of damage to the vagus nerve.’® Vagal nerve damage
or stimulation can cause severe hemodynamic problems,
such as syncope, asystole, or bradycardia.*” Due to these
concerns and the success of MVD, glossopharyngeal nerve
RF has not gained widespread acceptance.’>**>> MVD is a
surgical procedure requiring a craniectomy”’ that has a 5%
risk of mortality in the most experienced centers.** These
figures are sobering, since untreated primary glossopharyn-
geal neuralgia is typically a nonterminal illness.

Arias’® modified the RF technique by using low-
temperature lesioning. This avoids iatrogenic injury to the
vagus nerve.’8 Pulsed RF is a newer, nondestructive neural
lesioning method that provides relief of experimental and
clinical neuropathic pain.®*® Short pulses of radiofre-
quency energy, delivered at a constant temperature, pro-
duce central and peripheral neuromodulatory effects.®’
The precise mechanisms of pain relief are unknown but
may involve alterations in the expression of genes such as
c-fos.6*

Temperatures in pulsed RE, unlike conventional RE,
typically do not exceed 42°C. Temperatures below 45°C
do not irreversibly harm neural tissues.®*%° The risks of
neuritis, deafferentation pain, and neuroma formation are
minimal with pulsed RF. Furthermore, even if identical
temperatures are used, pulsed RF demonstrates better ef-
ficacy than conventional RE.5* This implies that the elec-
trical field rather than the heat lesion may be responsible

FIGURE 6-35

Drawing detailing relevant anatomic
structures, initial needle position con-
tacting styloid process (1), and final

position at glossopharyngeal nerve (2).
(Adapted from Shah RV, Racz GB:
Case conference: pulsed mode radio-
frequency lesioning to treat chronic
post-tonsillectomy pain. Pain Pract
3:233, 2003, with permission.)

\
Glossopharyngeal
nerve
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for the clinical effect of RE. Pulsed RF may provide
long-term pain relief, reduce analgesic consumption, and
provide patient satisfaction.®® Even when the pain recurs,
the procedure is easily repeatable.

Technically, there are several percutaneous methods to
target the glossopharyngeal nerve. An intraoral approach
is often used for preemptive analgesia,” but this method
caries the risk of infection and iatrogenic injury to several
neurovascular structures, including internal carotid artery,
vagus nerve, brainstem, vertebral artery, and upper cervical
spinal nerves. Two extraoral approaches can be performed
with fluoroscopic guidance. One approach, similar to that
used for trigeminal ganglion blockade, uses Hartel’s pro-
jection.”® Instead of aiming for the foramen ovale, the op-
erator aims for the medial part of the jugular foramen.
This approach, however, can cause severe damage to the
vital neurovascular structures mentioned earlier. The tech-
nique of Shah and Racz can be safely performed, especially
when curved blunt needles, contrast fluoroscopy, prepro-
cedure motor and sensory electrical stimulation, hemody-
namic monitoring, and pulsed mode RF are used. These
technical refinements may dispel concerns about this pro-
cedure’s safety and permit its gradual re-introduction as a
treatment for glossopharyngeal neuralgia. Larger studies
are needed to further substantiate claims of safety and
efficacy.

COMPLICATIONS

Inadvertent puncture of either vessel during glossopha-
ryngeal nerve block can result in intravascular injection
or hematoma formation. Even small amounts of local
anesthetic injected into the carotid artery at this site can
produce profound local anesthetic toxicity.*®

Because extraoral blocks of the glossopharyngeal
nerve can readily spread to the vagus and accessory
nerves, neurolytic blocks often produce analgesia of the
hemilarynx and/or trapezius muscle, and sternocleido-
mastoid paralysis on the ipsilateral side. Both these com-
plications may be well tolerated by patients with terminal
cancer pain.

The major complications associated with glossopha-
ryngeal nerve block are related to trauma to the internal
jugular vein and carotid artery.’*® Hematoma formation
and intravascular injection of local anesthetic with sub-
sequent toxicity are significant problems for the patient.
Blockade of the motor portion of the glossopharyngeal
nerve can result in dysphagia secondary to weakness of
the stylopharyngeus muscle.® If the vagus nerve is inad-
vertently blocked, as it often is during glossopharyngeal
nerve block, dysphonia secondary to paralysis of the ip-
silateral vocal cord may occur. Reflex tachycardia sec-
ondary to vagal nerve block is also observed in some
patients.’® Inadvertent block of the hypoglossal and spi-
nal accessory nerves during glossopharyngeal nerve

block results in weakness of the tongue and trapezius
muscle.®

A small percentage of patients who undergo chemical
neurolysis or neurodestructive procedures of the glosso-
pharyngeal nerve experience postprocedure dysesthesias in
the area of the nerve.®” These symptoms range from a
mildly uncomfortable burning or pulling sensation to
severe pain. Such severe postprocedure pain is called anes-
thesia dolorosa. Anesthesia dolorosa can be worse than the
patient’s original pain and is often harder to treat. Slough-
ing of skin and subcutaneous tissue has been associated
with anesthesia dolorosa.

The glossopharyngeal nerve is susceptible to trauma
from needle, hematoma, or compression during injection
procedures. Such complications, although usually transi-
tory, can be quite upsetting for the patient.

Even though risk of infection is uncommon, it is ever
present, especially in patients with cancer who are
immunocompromised.** Early detection of infection is
crucial to avoid potentially life-threatening sequelae.

CLINICAL PEARLS

Patients with pharyngeal cancer will often have undergone
radical neck dissection and the sternocleidomastoid muscle
will have been removed. This makes identification of the
styloid process much easier, since this particular bony
landmark is now almost subcutaneous, allowing this block
to be performed easily.

Because of the proximity of the large vascular conduits
of the internal carotid artery and the internal jugular vein,
the risks of intravascular injection are always significant,
demanding meticulous aspiration tests. With the temporary
and perhaps permanent analgesia produced by this block, a
degree of incoordination of swallowing, with the accompa-
nying potential risk of aspiration, must be appreciate d by
patients and attendants alike. With numbness of half of the
pharynx and the larynx, ingestion and swallowing are often
severely compromised.

EFFICACY

No data are available to establish the efficacy of the block.
Pain relief by the patient is a good indication of success
and purely anecdotal.

GREATER AND LESSER OCCIPITAL NERVE
BLOCKS

HISTORY

The term occipital neuralgia was first used in 1821, when
Beruta y Lentijo and Ramos made reference to an oc-
cipital neuralgic syndrome.”® The technique of occipital
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nerve block seems to be first described by Bonica in
1953.7

ANATOMY

The greater occipital nerve gets fibers from the dorsal
primary ramus of the second cervical nerve and to a lesser
extent from the third cervical nerve. The lesser occipital
nerve arises from the ventral primary rami of the second
and third cervical nerves (Figure 6-36).

The greater occipital nerve ascends in the posterior
neck over the dorsal surface of the rectus capitis posterior
major muscle, at the midpoint of this muscle; turns dor-
sally to pierce the semispinalis capitis; and then runs a
short distance rostrolaterally, lying deep to the trapezius.
The nerve becomes superficial below the superior nuchal
line, along with the occipital artery.

It supplies the medial portion of the posterior scalp
as far anterior as the vertex. The lesser occipital nerve
passes superiorly along the posterior border of the sterno-
cleidomastoid muscle, innervating the lateral portion of

the posterior scalp and the cranial surface of the pinna of
the ear.”>7*

INDICATIONS

Diagnosis of occipital neuralgia

Management of occipital neuralgia

"Treatment of cancer pain in region

Headache associated with muscular tension or
spasm

m Cervigonenic headache

m Anesthesia of posterior part of the scalp

CONTRAINDICATIONS

Local infections

Coagulopathies

Metastasis in region

Significant behavioral abnormalities

EQUIPMENT

Local Anesthetic Nerve Block

m 22-gauge, 1-1/2-inch needle
= 5 ml syringe

Radiofrequency Lesioning

25-gauge, 3/4-inch needle

16-mm or 14-mm catheter

3 ml syringe

5-cm radiofrequency thermocoagulation needle
with 5-mm active tip

Greater
occipital nerve

Lesser
occipital
nerve

Sternocleidomastoid

FIGURE 6-36

Anatomy and technique of injection of the greater occipital nerve.
(A) The third occipital nerve, which is not shown, is usually located me-
dial to the greater occipital nerve. The lesser occipital nerve (B) can be
blocked at a point 2.5 cm lateral to the site of the injection for greater
occipital nerve block.

DRUGS

m 1.5% lidocaine for skin infiltration
» 2% lidocaine for nerve block
m Steroids (optional)

Neurolysis

= 2 ml 6% phenol in glycerine or in Omnipaque

PROCEDURE

With the patient seated and the head flexed slightly for-
ward, both the greater and lesser occipital nerves can be
blocked. Alternatively, the patient can lie prone with the
head hyperflexed on a pillow.

There are three landmarks for locating the greater
occipital nerve: (1) the occipital artery, (2) the mastoid
process, and (3) the greater occipital protuberance. An
imaginary line is passed through these landmarks, and
the occipital artery is generally found at a point ap-
proximately one-third the distance from the occipital
protuberance on the superior nuchal line. The lesser
occipital nerve is found at a two-thirds distance from
the occipital protuberance on the superior nuchal line
(Figure 6-37).

The artery is palpated and a short (1-1/2-inch),
25-gauge needle is inserted through the skin at the level of
the superior nuchal line. The nerve is often medial to the
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artery at this level. However, the anatomy varies and it may
also be lateral to the artery.

The needle is advanced until a paresthesia or bone is
encountered and then withdrawn 2 mm. Local anesthetic
solution of 2-5 ml is injected after negative aspiration.
A paresthesia is not necessary for a successful block. If
the artery is not identified, the medication is injected in a
fan-like fashion (medially and laterally) and 5 ml of local
anesthetic is injected.

The lesser occipital nerve is blocked by introducing
the needle medial to the origin of the sternocleidomas-
toid muscle at the mastoid process. The needle is aimed
in a cephalad and medial direction until it contacts the
skull. The needle is withdrawn 2 mm and aspirated, after
which approximately 3 ml of local anesthetic should be

injected. To prolong effectivity, 80 mg of depot steroids
may be added.

Neurolytic Block

The needle is advanced until a paresthesia is encoun-
tered. It will be better to seek for paresthesia with a
stimulator. When the paresthesia is met, 1 ml 6% phenol
in glycerine or Omnipaque is slowly injected after nega-
tive aspiration.

Pulsed Radiofrequency

A 5-cm radiofrequency needle with 5-mm active tip is
advanced to make contact, through a previously intro-
duced catheter, with the bone in the close vicinity of the
nerve. Sensorial stimulation with a frequency of 50 Hz is
the next step. The stimulation should be felt below
0.5 V. When the patient feels the paresthesia, 1 ml of
2% lidocaine is injected. Ten minutes later, pulsed RF at
42°C for two or three cycles of 120 seconds is performed
(Figure 6-38).

COMPLICATIONS

1. Due to the high vascularity of the scalp,
ecchymosis or hematoma formation can
occur. This is usually transient.

2. Although very rare, intravascular injection of
the local anesthetic can occur. A small volume
(1-2 ml) of local anesthetic has the capability
of developing CNS toxicity.

3. Nerve injury due to the direct trauma from
the needle or compression of nerves with large
volume of local anesthetic can occur.

4. If the needle is introduced too deeply when trying
to achieve paresthesia, inadvertent placement of
the needle into the foramen magnum can occur.
Administration of local anesthetics in this
situation can result in total spinal block and
respiratory depression.

Injection site for
greater occipital nerve

Injection site for
lesser occipital
nerve

FIGURE 6-37

Anatomic landmarks for skin entry points of the greater occipital nerve
(A) and lesser occipital nerve (B).

CLINICAL PEARLS

The principal role of occipital nerve block is for the diag-
nosis of occipital neuralgia. If a diagnostic block is planned,
the dose should be limited to 1-2 ml to minimize confusion

Lesser occipital nerve

Greater
occipital

Pulse
radiofrequency
Sternocleidomastoid needles

muscle

FIGURE 6-38
Technique of pulsed radiofrequency.

Trapezius muscle
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with relief of myofascial pain when larger volumes are in-
jected. Failure to obtain successful block can be due to an
anatomic variation.

The vascularity and the proximity to the arterial supply
give rise to an increased incidence of postblock ecchymosis
and hematoma formation. These complications can be de-
creased if manual pressure is applied to the area of the
block immediately after the injection. Application of cold
packs for 20-minute periods after the block will also de-
crease the amount of postprocedure pain and bleeding.

Strict care must be taken to avoid inadvertent needle
placement into the foramen magnum, as the subarachnoid
administration of local anesthetic in this region will result
in an immediate total spinal block.

EFFICACY

No good data are available to evaluate the efficacy of the
block. Success is anecdotal.

SUBOCCIPITAL COMPARTMENT
DECOMPRESSION

HISTORY

In 1980, a 76-year-old woman complaining of severe occipital
neuralgic type pain was evaluated. Upon examination there
was tenderness at the C1-C2 occipital area. Following review
of literature and anatomy, the entrapment of the greater oc-
cipital nerve in the suboccipital compartment was assumed.
Ten milliliters of local anesthetic and steroid mixtures were
injected from just below the nuchal line bilaterally, through
the deep fascia trapezius and semispinalis muscle layers into
the suboccipital compartment. The pain relief was very rapid
and lasted 3 years, the rest of her life. The needle used was
1/2-inch, 22-gauge B bevel. The technique of the procedure,
virtually unchanged, was repeated several thousand times in
numerous cases in subsequent years.

In a 1994 presentation in Perth, Australia, Umberto
Rossi, in a patient with the same condition, dissected down
to the C1-C2 lamina to cut the inferior oblique muscle
with prompt relief of the pain on recovery. He noted the
greater occipital nerve to be flattened. He also observed
that while the pain would stop, these patients would de-
velop similar pain on the opposite side.

The suboccipital compartmental injection technique
from the beginning has been a bilateral injection. In
2004, similar neurosurgical observations were made
where the sectioning of the inferior oblique muscle was
recommended.”

The longest follow-up observation following the
injection technique has been of the mother of one of the
authors, where one injection gave 13 years of pain relief
from 1982 to 1995, at which point the severe pains re-
turned and repeat injection needed to be carried out.
The analgesic effect lasted the rest of her life.

From the clinical experience of many users, a pattern
of problems has become evident. The injection technique
coming from just below the nuchal line through the facial
layers is clearly a very safe technique; however, if the tip of
a sharp needle enters the greater occipital nerve, retro-
grade longitudinal spread may give rise to a “locked-in
phenomenon” where the patient stops breathing and stares
with dilated pupils. Airway ventilation must be initiated.
One of the patients had this occurrence; after approxi-
mately 30 minutes of ventilation, the patient made a full
and uneventful recovery. A similar event occurred in the
practice of one of the trainees after 6-8 years of practice
and many procedures with similar good outcomes. Intra-
neural injection—related problems have been reported.”®

Eight additional cases have been reported in the
medicolegal literature, where the worst complication was
permanent brain damage because of absence of ventilator
support. Several cases of infarction of the brain stem were
reported in which glossopharyngeal nerve impairment and
swallowing difficulty were the consequences as predicted
by Seelander.”® During the last 6-8 years, the technique
changed to the use of fluoroscopy and a bullet-tipped,
side-ported stealth needle (Epimed International) and in-
jection of contrast to verify a lack of intraneural spread
prior to the large-volume injection.

Lessons learned are that it is a bilateral disease and
repeat injections are safe and effective. Younger patients
need to be trained in physical therapy exercises and relax-
ation technique (Figures 6-39 and 6-40).

Cadaver studies confirm the suboccipital compart-
ment and the spread of the injected contrast along the
greater occipital nerve (Figures 6-41 and 6-42).

ANATOMY

The suboccipital triangle, not to be confused with the oc-
cipital triangle, is bounded by rectus capitus posterior
major muscle laterally and above. The muscle originates
on the spinous process of the axis and inserts on the lateral

Moving backwards loosens
inferior oblique muscle;
greater occipital nerve
entrapment lessens

FIGURE 6-39

Moving backwards loosens inferior oblique muscle; greater occipital
nerve entrapment lessens.
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Forward movement
tightens inferior
oblique muscle -
more entrapment of
greater occipital nerve

FIGURE 6-40

Forward movement tightens inferior oblique muscle. More entrapment
of greater occipital nerve.

FIGURE 6-41

Stealth needle placement in a cadaver is shown on the right side, while
conventional approach is shown on the left side.

FIGURE 6-42
Methylene blue injected bilaterally shows suboccipital compartment
spread on right. Occipital nerves are retracted.

aspect of the inferior nuchal line of the occiput. It rotates
the skull ipsilaterally.

The obliquus capitus superior muscle is the lateral,
upper border. It originates from the transverse process of
the atlas and inserts on the occipital bone between the
superior and inferior nuchal lines lateral to the semispina-
lis capitus. The obliquus capitus superior pulls the head
backward to the ipsilateral side.

The obliquus capitus inferior is the lateral boundary
below, and it originates from the spinous process of the
axis and inserts on the transverse process of the atlas. It
rotates the atlas and occiput. The roof of the space is a
tough layer of connective tissue beneath the semispinalis
capitus, and the floor is the occipito-atlantal membrane
and posterior arch of the atlas.

The posterior branch of the first occipital nerve, the
suboccipital nerve, exits posteriorly between the occiput
and the posterior arch of the atlas. It supplies
the muscles bounding the suboccipital triangle and com-
municates with the greater and lesser occipital nerves.
Entrapment can occur at the obliquus capitus inferior
(inferior oblique) or semi-spinalis or trapezius (Figures
6-43 and 6-44).

Stealth needle with
bullet tip and side port - for
suboccipital compartment
injection—10 ml

The three entrapments
1) Trapezius

2) Semispinalis
(contrast and anesthetic)
3) Inferior oblique

FIGURE 6-43

Lateral view suboccipital entrapment.

Greater
occipital nerve

Trapezius muscle
(entrapment)

Semispinalis
muscle
(entrapment)

Inferior
oblique muscle
(entrapment)

FIGURE 6-44
Posterior view suboccipital entrapment.
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INDICATIONS The suboccipital compartment opens and injectate
spreads in the perineural space of greater occipital nerve
» Diagnostic therapeutic (Figures 6-46 and 6-47).

m Suboccipital tenderness dorsolateral C1-C2 area
m Occipital frontal headache

CONTRAINDICATIONS

= Infection
m Previous local surgery unless contrast is used

EQUIPMENT

Stealth needle
Fluoroscopy
Small-bore tubing

Syringe

DRUGS

m Corticosteroid
= Omnipaque 240
m 0.2% ropivacaine

TECHNIQUE

The patient is positioned in the prone position with the
neck in flexion. The nuchal line is palpated. Skin entry is
made 1/2 inch paramedial. Aim and advance the stealth
needle through fascial layers (Figure 6-45).

On the lateral fluoroscopic view, the direction should
be toward the arch of C1. Inject contrast, which should
spread around needle tip and not within the nerve. Ten

milliliters of 0.2% ropivacaine and 20 mg of depomedrol
are used for the block.

FIGURE 6-46

Anteroposterior view with contrast.

za—Injected volume

/7~ opens up the
entrapment by
compartmental filling

The three entrapments
1) Trapezius

2) Semispinalis
(contrast and anesthetic)
3) Inferior oblique

FIGURE 6-45 FIGURE 6-47

Stealth needle placement. Lateral view with contrast.
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COMPLICATIONS

All complications have followed the use of a sharp needle
and intraneural injection leading to respiratory arrest and
brain stem infarction in settings where the occurrence of
these problems is not appreciated such as the office set-
ting where the personnel are not trained or ready to ad-
minister airway support and ventilation. However, these
complications are extremely rare and preventable.

EFFICACY

Reports of successful treatment with single injections have
been described.””’® A randomized controlled trial of injec-
tions of local anesthetic with and without corticosteroid

showed superior benefit of steroids in patients with cluster
headache.”
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SPHENOPALATINE GANGLION BLOCK
AND NEUROLYSIS

HISTORY

Sphenopalatine ganglion (SPG) involvement in the
pathogenesis of pain has been understood since Sluder
first described sphenopalatine neuralgia in 1908 and
treated it with an Sphenopalatine ganglion block (SPGB).!
Over the past century, physicians have performed SPGB
for pain syndromes ranging from headache and facial
pain to sciatica and dysmenorrhea.! In the medical litera-
ture on SPGB, large gaps—spanning decades—reflect
physicians’ varying interest in and skepticism about the
efficacy of SPGB.

ANATOMY

The SPG is the largest group of neurons outside the cranial
cavity (Figure 7-1). It lies in the pterygopalatine fossa, which
is approximately 1 cm wide and 2 cm high, and resembles a
“vase” on a lateral fluoroscopic view. The pterygopalatine
fossa is bordered anteriorly by the posterior wall of the maxil-
lary sinus, posteriorly by the medial plate of the pterygoid
process, and medially by the perpendicular plate of the pala-
tine bone and superiorly by the sphenoid sinus, and laterally
it communicates with the infratemporal fossa.?

The foramen rotundum, through which the maxil-
lary branch of the trigeminal nerve passes, is located on
the superolateral aspect of the pterygopalatine fossa; the
opening to the pterygoid canal, which houses the vidian
nerve, is located on the inferomedial portion of the
fossa.

The ganglion within the fossa is located posterior to
the middle turbinate of the nose and lies a few millimeters
deep to the lateral nasal mucosa. Also contained in the
fossa are the maxillary artery and its multiple branches.
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SERDAR ERDINE

The Sphenopalatine ganglion has a complex neural
center and has multiple connections. It is “suspended”
from the maxillary branch of the trigeminal nerve at the
pterygopalatine fossa via the pterygopalatine nerves, and
lies medial to the maxillary branch when viewed in the
sagittal plane. Posteriorly, it is connected to the vidian
nerve, also known as the nerve of the pterygoid canal, which
is formed by the greater petrosal and the deep petrosal
nerves. The ganglion itself has efferent branches and
forms the superior posterior lateral nasal and pharyngeal
nerves. Caudally, the ganglion is in direct connection with
the greater and lesser palatine nerves.

As a neural center, the ganglion has sensory, motor,
and autonomic components. The sensory fibers arise from
the maxillary nerve, pass through the SPG, and are distrib-
uted to the nasal membranes, the soft palate, and some
parts of the pharynx.’ A few motor nerves are also believed
to be carried with the sensory trunks.

The autonomic innervation is more complex. The
sympathetic component begins with preganglionic sym-
pathetic fibers originating in the upper thoracic spinal
cord, forming the white rami communicantes, and cours-
ing through the sympathetic ganglion, where the pre-
ganglionic fibers synapse with the postganglionic ones.
The postganglionic fibers then join the carotid nerves
before branching off and traveling through the deep
petrosal and vidian nerves. The postganglionic sympa-
thetic nerves continue their path through the SPG on
their way to the lacrimal gland and the nasal and palatine
mucosa.

The parasympathetic component has its preganglionic
origin in the superior salivatory nucleus then travels
through a portion of the facial nerve (cranial nerve VII)
before forming the greater petrosal nerve. The greater
petrosal nerve in turn joins the deep petrosal nerve to form
the vidian nerve, which ends in the SPG.

Within the ganglion, the preganglionic fibers synapse
with their postganglionic cells and continue on to the nasal
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FIGURE 7-1

Maxillary nerve

\
Sphenopalatine ganglion N

Lateral
nasal nerves

( < Trigeminal

ganglion
Greater . ~Mandibular
and lesser , nerve

palatine nerves”

B

(A) A cadaver dissection of the face showing the course of the sphenopalatine ganglion and its branches to the nose and the palate. Note the location of
the spg in the pterygopalatine fossa. (With permission from U. Pai, MD.) (B) Anatomy of the sphenopalatine ganglion and its immediate connections.

mucosa, and one branch travels with the maxillary nerve to
the lacrimal gland.

INDICATIONS

Currently, SPGB is used for relief of facial pain and head-
ache (Table 7-1). The indications supported by current
literature include sphenopalatine and trigeminal neuralgia,
cluster and migraine headaches, and atypical facial pain.
SPGB has been used to treat many painful medical syn-
dromes.

Percutaneous sphenopalatine ganglionolysis should
only be considered in patients with intractable facial pain
or cluster headache who failed or cannot tolerate pharma-
cological management.

Sluder,* who is credited as the first physician to de-
scribe SPGB for the treatment of sphenopalatine neural-
gia, described a unilateral facial pain at the root of the nose
that sometimes spread toward the zygoma and extended
back to the mastoid and occiput. This pain is typically as-
sociated with the parasympathetic features such as lacrima-
tion, rhinorrhea, or mucosal congestion. Sluder believed
the cause of this pain was the spread of infection from the
paranasal sinuses that irritated the SPG. This was initially
accepted as a possible cause but came into question when
other syndromes, such as low back pain, sciatica, and dys-
menorrhea, were attributed to irritation of the SPG.

In the early 1940s, Eagle® sought to revive interest in
sphenopalatine neuralgia when he presented his thesis to
the American Laryngological, Rhinological, and Otological

Society. He agreed with Sluder on the existence of spheno-
palatine neuralgia but disagreed on its cause. Eagle believed
that intranasal deformities, such as deviated septum, septal
spurs or ledges, and prominent turbinates, were responsible
for irritation of the ganglion, which caused the pain.

Others attribute it to a reflex vasomotor change or
possibly a vasomotor syndrome.’ Regardless of the cause,
sphenopalatine neuralgia is an indication for SPGB.

Trigeminal neuralgia is also an indication for SPGB.
In 1925, Ruskin® disagreed with Sluder on the indication
for SPGB and suggested involvement of the SPG in the
pathogenesis of trigeminal neuralgia. The SPG is directly
connected to the maxillary branch of the trigeminal nerve
via the pterygopalatine nerves. He believed that blockade
of the SPG would in turn relieve the symptoms associated
with trigeminal neuralgia. Few case reports in the current
literature support this theory.’

Although new medications for the treatment of mi-
graine and cluster headache are introduced every year, a
certain small subset of patients fail to respond to oral and
parenteral dosing and are forced to seek alternative meth-
ods for pain control. In recent years, blockade of the SPG
has been used in such cases, with varying success.®1°

Another indication for SPGB is atypical facial pain.
Such pain is usually unilateral, described as constant, ach-
ing, and burning, and is not confined to the distribution of
a cranial nerve.!! It may involve the entire face, scalp, and
neck. The pain may have a sympathetic component, which
makes the SPGB ideal, because the postganglionic sympa-
thetic nerves pass through the ganglion.
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TABLE 7-1 Use of Sphenopalatine Ganglion Block

Indications

Sphenopalatine neuralgia
Trigeminal neuralgia
Headaches (cluster, migraine)
Atypical facial pain

Herpes zoster ophthalmicus
Contraindications

Back pain
Sciatica
Angina
Arthritis

Other reported indications for SPGB include back
pain, sciatica, angina, arthritis, herpes zoster ophthalmicus,
and pain from cancer of the tongue and floor of the
mouth.'>* These are not “true” indications for SPGB;
instead, they reveal its broad applications in situations
when conventional therapies are ineffective. The author
does not recommend this indication.

CONTRAINDICATIONS

Absolute

Local infection

Coagulopathy

Relative

Where anatomy has been altered secondary to sur-

gery, infection, or genetic variations

m Patdent refusal to undergo the procedure or inabil-
ity to obtain informed consent

m Inability by the patient to determine a cause-and-

effect relationship to symptoms

EQUIPMENT

25-gauge, 3/4-inch infiltration needle

16-gauge, 1-1/4-inch angiocatheter

22-gauge, 3-1/2-inch spinal needle for ganglion block
10-cm curved, blunt radiofrequency thermocoagu-
lation (RFTC) needle with a 10-mm active tip for
RF lesioning

DRUGS

Iohexol (Omnipaque) contrast solution

Preservative-free normal saline (0.9%)

1.5% lidocaine for infiltration

0.5% bupivacaine or ropivacaine, preservative free,

for diagnostic block

m 2% lidocaine, preservative free, for diagnostic
block

m Water-soluble steroids: methylprednisolone or tri-
amcinolone diacetate (optional)

m Triple-antibiotic ointment for skin after procedure

PREPARATION OF PATIENT

Rule out paranasal sinus infections, which can cause irrita-
tion of the ganglion resulting in pain. Nasal deformities can
be responsible for the irritation of the ganglion and thus the
pain.** Trigeminal neuralgia may be the cause of this disor-
der.® There may be dysequilibrium between sympathetic
and parasympathetic tone in the ganglion that results in
release of substance P or blockade of local enkephalins.!®

PREOPERATIVE MEDICATION

For preoperative medication, use the standard recom-
mended conscious sedation by the American Society of
Anesthesiologists (ASA).

MONITORING

For monitoring, use the standard ASA-recommended
monitors, such as electrocardiograph, sphygmomanome-
ter, and pulse oximetry.

PROCEDURE

The SPG can be blocked by several techniques. The drugs
frequently used are local anesthetics (4% cocaine, 2% to 4%
lidocaine, or 0.5% bupivacaine/ropivacaine/levobupiva-
caine); depot steroids (methylprednisolone or triamcinolone
diacetate), with or without 6% phenol to prolong the block-
ade; radiofrequency thermocoagulation; or pulsed RFE.

Technique One: Intranasal Topical Application of Local
Anesthetic

The intranasal topical application of local anesthetic is
relatively easy to perform and can be taught to the patient
if effective. A 3.5-inch cotton tip applicator is dipped in the
anesthetic solution (cocaine or lidocaine).!%!” The applica-
tor is inserted through the ipsilateral nare on the affected
side while a parallel line is maintained with the zygomatic
arch, which corresponds to the level of the middle turbi-
nate. A slow advance is made while the applicator is pushed
laterally toward the back of the nasal pharynx. The gan-
glion lies a few millimeters beneath the lateral nasal mucosa
(Figure 7-2). Once the first applicator is in place, a second
applicator is inserted in the same fashion, except that it is
placed slightly superior and posterior to the first. The ap-
plicators are left in for approximately 30 to 45 minutes. If
additional medication is needed, the local anesthetic can be
trickled down the shaft of the applicator. Because of the
connections with the lacrimal gland, blockade of the SPG
results in ipsilateral tearing because of unopposed parasym-
pathetic activity. If the block is effective, it can be repeated
or a radiofrequency can be performed for prolonged anal-
gesia. The authors do not recommend the use of phenol for
neurolysis with this technique.
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Cotton swabs
soaked in
lidocaine 4%
or equivalent

A
FIGURE 7-2

Middle nasal concha

Sphenopalatine
ganglion

Applicators

(A) An anterior view of two applicators placed through the nose at the level of the middle concha for sphenopalatine
block (nasal approach). (B) Lateral view of applicators placed intranasally adjacent to sphenopalatine in the lateral wall

of the nose.

Spencer!® developed a variation of this approach at
Concord Hospital in Concord, New Hampshire. Specific
hollow-lumen, cotton-tipped applicators (Hardwood
Products, Guilford, Maine) are placed as described earlier.
The white plastic disposable spray nozzle from a bottle of
10% Oral Spray (Astra, USA, Westborough, Massachu-
setts) is cut to a length of 4 cm. A sterile 2.5-mm i.d. un-
cuffed tracheal tube is also cut to 4 cm and used to connect
the spray nozzle to the hollow applicator. Each actuation
of the metered-dose valve delivers 10 mg of lidocaine. The
hollow lumen of the applicator is primed with two to three
doses (not counted toward the total dose of lidocaine).
Additional doses are administered and disconnected from
the applicator. The applicators are left in place for at least
30 minutes. The applicators can be recharged with more
local anesthetic during this time as long as the dose does
not exceed 4 mg/kg.

Technique Two: Greater Palatine Foramen Approach

The patient is placed in the supine position with the neck
slightly extended. The greater palatine foramen is located
just medial to the gum line of the third molar. Sometimes,
a dimple can be seen, which signifies the foramen. A dental
needle with a 120-degree angle is inserted through the
mucosa and into the foramen. This procedure can be per-
formed with or without fluoroscopic guidance. The needle
is advanced approximately 2.5 cm in a superior and slightly
posterior direction (Figure 7-3).

A paresthesia may be elicited because the maxillary
nerve is just cephalad to the ganglion. If fluoroscopic guid-
ance is used, 1 ml of a nonionic, water-soluble contrast is
injected. The spread of the contrast into the pterygopala-
tine fossa should be visible. Cocaine or lidocaine, 2 ml, is
injected after negative aspiration and the SPGB is con-
firmed as before. Data on standard radiofrequency or
pulsed radiofrequency lesioning, or phenol injection of the

sphenopalatine ganglion via this approach appear to be
absent in the literature.

Technique Three: Lateral Approach

The patient lies supine with the head inside the C-arm
(Figure 7-4A). The anterior position view is then taken
(Figure 7-4B).

Site of Needle Entry

The needle is inserted under the zygoma in the coronoid
notch. A lateral view of the upper cervical spine and the
mandible is obtained, and the head is rotated until the
rami of the mandible are superimposed one on the other

Greater palatine

foremen \
Maxillary
nerve — [~/ \

Pterygopalatine ganglion

_—Third
molar

FIGURE 7-3

Greater palatine foramen approach. (From Raj PP, editor: Textbook of
Regional Anesthesia. St. Louis, Mosb y, 2000, figure 40-3, p. 797, with
permission.)
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FIGURE 7-4

(A) The patient lies supine. If the fluoroscope is used, the C-arm should visualize the C6-C7 vertebral region in the anteroposterior and lateral views.
(B) This radiographic image shows the posteroanterior view of the front of the face, identifying the orbit and maxillary sinus.

(Figure 7-5A). The C-arm is moved slightly cephalad
until the pterygopalatine fossa is visualized. It should re-
semble a vase when the two pterygopalatine plates
are superimposed on one another and are located just
posterior to the posterior aspect of the maxillary sinus

(Figure 7-5b).

Technique of Needle Entry

When a blunt needle is used, a 1-1/4-inch angiocatheter
four sizes larger than the blunt needle must be inserted
first. The needle is directed medial, cephalad, and slightly
posterior toward the pterygopalatine fossa. An anteropos-
terior view confirms the proper direction and positioning

A
FIGURE 7-5

of the needle (Figure 7-6). The tip of the needle should be
advanced until it is adjacent to the lateral nasal mucosa. If
resistance is felt at any time, the needle must be slightly
withdrawn and redirected. The operator takes care to
avoid advancing the needle through the lateral nasal wall.
In the lateral view, note that the needle is residing in
the inverted vase. Figures 7-7 and 7-8 show the landmarks
needed to confirm correct placement of the needle.

Injection of Local Anesthetic

Once it is properly positioned, 1 to 2 ml of local anesthetic
is injected, with or without steroid. As much as 5 ml of lo-
cal anesthetic can be injected for a diagnostic block.

-'l.

(A) The C-arm position to obtain the lateral view of pterygopalatine fossa. The beam of the C-arm should be directed toward the root of the nose
(arrow). (B) This radiographic view identifies the “inverted flower vase” image of the pterygopalatine fossa (see dotted lines).
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A
FIGURE 7-6

(A) The radiographic anteroposterior view of the face shows the needle tip at the lateral wall of nose at the superomedial angle of the maxillary sinus.
(B) The drawing of the posteroanterior view of the radiograph shows the needle tip at the lateral wall of the nose.

Technique of Neurolysis

Radiofrequency thermocoagulation lesioning. Lesioning of the
SPG can be performed with either RE'TC or pulsed radio-
frequency. With radiofrequency (RF), RE'TC sensory test-
ing is done after the needle is correctly placed radiographi-
cally. Paresthesia should be felt at the root of the nose 0.5
to 0.7 V at 50 Hz when the needle is correctly situated on
the ganglion. If the paresthesia is felt in the upper teeth, the

A

FIGURE 7-7

maxillary branch of the trigeminal nerve is being stimulated
and the needle must be redirected more caudally. Stimula-
tion of the greater and lesser palatine nerves results in
paresthesias of the hard palate. In this case, the needle is
anterior and lateral and should be redirected in a more
posterior and medial direction. An insulated 20- or
22-gauge, 10-cm, curved, blunt-tipped RFK (Racz-Finch
Kit [Radionics, Inc., Burlington, Vermont]) needle with a
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Petrous part of
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External_______ &

auditory canal
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]
. :

Base of
the skull

(A) The radiographic lateral view of face shows the radiofrequency needle in the “inverted vase” of the pterygopalatine fossa. (B) Drawing of the lateral
view of the face identifies correct needle placement on the sphenopalatine ganglion.
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FIGURE 7-8

Close-up radiograph of the lateral view of the pterygopalatine fossa. The
following is a key to the letters shown on the figure: (A) anterior clinoid
process; (B) pterygopalatine fossa; and (C) needle tip in the pterygopalatine
fossa. Correct placement of the needle is seen in the lateral oblique view.

5- to 10-mm active tip is used. After proper placement and
stimulation as described in the “Technique” section, RF
lesioning is performed for 70 to 90 seconds at 80°C. Two
lesions are usually made. Before lesioning, 1 to 2 ml of local
anesthetic is injected. Pulsed RF lesioning is performed at
42°C for 120 seconds. Two or three lesions (120 seconds)
can be made without local anesthetic, since the temperature
of the lesioning is barely above the normal body tempera-
ture. Expected effect after local anesthetic block is numb-
ness of the root of the nose and palate. There may be
lacrimation from the ipsilateral side of the eye.

COMPLICATIONS

A reflex bradycardia can occur in some patients during RF
and pulsed RF lesioning of the SPG."

When the lesioning is halted, the bradycardia is re-
solved. In some patients, atropine may be needed to com-
plete the lesioning. A reflex resembling the oculocardiac
reflex may be the cause. The afferent information may
travel back through the vidian nerve, geniculate ganglion,
and nervus intermedius to reach the solitary tract nucleus,
which has interconnections to the dorsal vagal nucleus.!”

Infection can occur if proper aseptic technique is
breached. Epistaxis can occur if too much pressure is ap-
plied to the needle and it is pushed through the lateral
nasal wall. Hematoma formation is possible if the large
venous plexus overlying the pterygopalatine fossa or the
maxillary artery is punctured.

RF lesioning of the SPG can result in hypesthesia or
numbness of the palate, maxilla, or the posterior pharynx
due to the direct injury or lesioning of the maxillary and
mandibulary nerves, but is usually transient.?

Destruction of the secretomotor function of the SPG
may potentially impair ipsilateral lacrimation or nasal/
palatal mucus production.

Mechanical injury to structures superficial to the
pterygopalatine fossa must also be considered, such as the
parotid gland and branches of the facial nerve.?°

EFFICACY

To date, no comprehensive prospective randomized clinical
trials involving SPG lesioning for atypical facial pain are
available. Clinical reports of SPG lesioning for facial pain due
to head and neck cancers suggest that early relief may occur
in up to 77% of patients,’! but that recurrence of pain is com-
mon.?? SPG lesioning for intermittent cluster-type headaches
has been reported to be quite effective,?® but the long-term
efficacy in chronic cluster headaches is less encouraging.?®

Recently, a study by Bayer et al.?* evaluated the efficacy of
sphenopalatine ganglion pulsed radiofrequency (SPG-PRF)
treatment in patients suffering from chronic head and face
pain. Thirty patients were observed from 4 to 52 months after
PRF treatment. Fourteen percent of respondents reported no
pain relief, 21% had complete pain relief, and 65% of the
patients reported mild to moderate pain relief from SPG-PRF
treatment. Sixty-five percent of the respondents reported mild
to moderate reduction in oral opioids.

One study by Sanders and Zuurmond examined the
efficacy of SPGB in 66 patients suffering from episodic
and chronic cluster headaches’. All had previously been
treated with various pharmacologic and/or surgical thera-
pies, without significant pain relief. The patients were
divided into two groups—those with episodic pain and
those with chronic pain—with sample sizes of 56 and 10
patients, respectively. All received three RF lesions at 70°C
for 60 seconds. Thirty-four (60.7%) of 56 patients with
episodic cluster headaches and 3 (30%) of the 10 with the
chronic type received complete pain relief during a mean
follow-up period of 29 months.

Salar and associates reported using percutaneous RETC
of the SPG for sphenopalatine neuralgia in seven patients’.
Each received two lesions at 60°C and 65°C, respectively, for
60 seconds. One patient required repeat lesioning, and two
underwent repeat lesioning, and another two underwent two
additional RF procedures. All the patients were pain free
over a follow-up period ranging from 6 to 34 months.!

Prasanna and Murthy®® reported complete pain relief
for at least 12 months in a patient suffering from herpes
zoster ophthalmicus who was treated with SPGB for re-
sidual ear pain that had not been alleviated with previous
stellate ganglion blocks. The same authors also reported
immediate short-term pain relief with intranasal blockade
of the SPG in 10 patients suffering intractable pain from
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cancer of the tongue and the floor of the mouth.!* Prospec-
tive, randomized, controlled studies to confirm efficacy and
safety of sphenopalatine ganglion block for the treatment
of chronic pain are still lacking.

STELLATE GANGLION BLOCK

HISTORY

Selective block of the sympathetic trunk of the stellate
ganglion was first reported by Sellheim and, shortly there-
after, by Kappis in 1923 and Brumm and Mandl in
1924.26 After 1930, the technique and the indications were
established by White and Sweet?’ in the United States and
Leriche and Fontaine?® in Europe.

ANATOMY

The stellate ganglion is named because of its star-shaped
appearance resulting from the union of the inferior cervi-
cal ganglion with the first thoracic ganglion (Figure 7-9).
Cell bodies for preganglionic nerves originate in the
anterolateral horn of the spinal cord; fibers destined for the
head and neck originate in the first and second thoracic
spinal cord segments, whereas preganglionic nerves to the
upper extremity originate at segments 12-18, and occa-
sionally T9. Preganglionic axons to the head and neck exit
with the ventral roots of T'1 and T2 and then travel as white
communicating rami before joining the sympathetic chain
and passing cephalad to synapse at either the inferior (stel-
late), middle, or superior cervical ganglion. Postganglionic
nerves either follow the carotid arteries (external and inter-
nal) to the head or integrate as the gray communicating
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FIGURE 7-9

The anatomy of the head and neck in a cadaver showing the course of the
stellate ganglion and its sympathetic chain and relationship to other
structures. (With permission from U. Pai, MD.)

rami before joining the cervical plexus or upper cervical
nerves to innervate structures of the neck.

To achieve successful sympathetic denervation of the
head and neck, the stellate ganglion should be blocked be-
cause all preganglionic nerves either synapse here or pass
through on their way to more cephalad ganglia. Blockade
of the middle or superior ganglion would miss the contri-
bution of sympathetic fibers traveling from the stellate
ganglion to the vertebral plexus and, ultimately, to the cor-
responding areas of the cranial vault supplied by the verte-
bral artery.?’ Sympathetic nerves to the upper extremity
exit T2-T8 through ventral spinal routes, travel as white
communicating rami to the sympathetic chain, then pass
cephalad to synapse at the second thoracic ganglion, first
thoracic or inferior cervical (stellate) ganglion, and, occa-
sionally, the middle cervical ganglion. Most postganglionic
nerves leave the chain as gray communicating rami to join
the anterior divisions at C5-T'1, nerves that form the bra-
chial plexus. Some postganglionic nerves pass directly from
the chain to form the subclavian perivascular plexus and
innervate the subclavian, axillary, and upper part of the
brachial arteries.’

In most humans, the inferior cervical ganglion is
fused to the first thoracic ganglion, forming the stellate
ganglion. Although the ganglion itself is inconstant, it
commonly measures 2.5 cm long, 1.0 cm wide, and 0.5
cm thick. It usually lies in front of the neck of the first
rib and extends to the interspace between C7 and T1.
When elongated, it may lie over the anterior tubercle of
C7; in persons with unfused ganglia, the inferior cervical
ganglion rests over C7, and the first thoracic ganglion
over the neck of the first rib. From a three-dimensional
perspective, the stellate ganglion is limited medially by
the longus colli muscle, laterally by the scalene muscles,
anteriorly by the subclavian artery, posteriorly by the
transverse processes and prevertebral fascia, and inferi-
orly by the posterior aspect of the pleura. At the level of
the stellate ganglion, the vertebral artery lies anterior,
having originated from the subclavian artery. After pass-
ing over the ganglion, the artery enters the vertebral
foramen and is located posterior to the anterior tubercle
of C6 (Figure 7-10).

Because the classic approach to blockade of the stellate
ganglion is at the level of C6 (Chassaignac’s tubercle), the
needle is positioned anterior to the artery. Other structures
posterior to the stellate ganglion are the anterior divisions
of the C8 and T'1 nerves (inferior aspects of the brachial
plexus). The stellate ganglion supplies sympathetic inner-
vation to the upper extremity through gray communicating
rami of C7, C8, T1, and, occasionally, C5 and C6. Other
inconstant contributions to the upper extremity are from
the T2 and T3 gray communicating rami, which do not
pass through the stellate ganglion but join the brachial
plexus and ultimately innervate distal structures of the
upper extremity. These fibers have sometimes been impli-
cated when relief of sympathetically mediated pain is inad-
equate despite evidence of a satisfactory stellate block.*!
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FIGURE 7-10

(A) The anterior view of the anatomy and relations of the stellate ganglion. Note the connections of the stellate
ganglion superiorly and its close relation to longus colli muscle. (B) The lateral view of the anatomy of the stellate
ganglion. Note the vertebral artery is anterior to the stellate ganglion at C7 and becomes posterior at C6.

INDICATIONS

Stellate ganglion block is useful in the treatment of a vari-
ety of painful conditions of the head, neck, upper extremi-
ties, and upper thoracic dermatomes.

Pain is due to acute herpes zoster, as well as posther-
petic neuralgia; CRPS type I and II; cancer pain of the
head, neck, and upper extremities; atypical facial pain; and
painful syndromes related with the vascular system such as
vascular insufficiency, vasospasm, arterial embolism, and
vasculopathy related with Meniere syndrome.

The post-traumatic syndrome, which is often accom-
panied by swelling, cold sweat, and cyanosis, is an ideal
indication for stellate ganglion block.

For patients requiring vascular surgery on the upper
extremities, stellate ganglion block has diagnostic; prog-
nostic; and, in some cases, prophylactic value.

Chest pain from angina pectoris may also be an indi-
cation. Stellate ganglion block may also be used in the
treatment of hyperhydrosis of the upper extremity to-
gether with thoracic sympathetic block.

Simultaneous bilateral blocks are not advisable. Never-
theless, in cases of pulmonary embolism, bilateral stellate
ganglion block is absolutely indicated as immediate therapy.

Although there is a vast indication for the use of stel-
late ganglion block in all these painful syndromes, there is
very little prospective clinical data assessing the efficacy of
the block in the treatment of these conditions. The infor-
mation related with the stellate ganglion block is based
on case series and case reports. Further controlled clinical
trials need to be held.

CONTRAINDICATIONS

Absolute contraindications of stellate ganglion block are as
follows:

m Anticoagulant therapy, because of the possibility of
bleeding if there is vascular damage during inser-
tion of the needle

m Pneumothorax and pneumonectomy on the con-
tralateral side, because of the danger of additional
pneumothorax on the ipsilateral side

m Recent cardiac infarction, because stellate ganglion
block cuts off the cardiac sympathetic fibers (accel-
erator nerves), with possible deleterious effects in
this condition



Sympathetic Blocks of the Head and Neck 117

Glaucoma can be considered a relative contraindi-
cation to stellate ganglion block because provocation of
glaucoma by repeated stellate ganglion blocks has been
reported.’ Marked impairment of cardiac stimulus con-
duction (e.g., atrioventricular block) is also to be re-
garded as a relative contraindication because blockade
of the upper thoracic sympathetic ganglia aggravates
bradycardia.

EQUIPMENT

m 25-gauge local infiltration needle

m 22-gauge, 1 inch of 1-1/2-inch block needle

m 5- or 10-cm (2- or 5-mm tip) sharp Sluijter-Mehta
(SM®) or Racz-Finch Kit (RTK®) needle for RF

= RF machine

DRUGS

Radiofrequency Equipment

0.2-0.5% bupivacaine (0.5-1%) or ropivacaine
1-2% lidocaine

Steroids (optional)

Phenol (3% phenol in iohexol [Omnipaque 240])
0.9% normal saline

Therapeutic Block

1. Local anesthetics and steroids similar to Diagnostic
Block are the same as for block with steroids.

PREPARATION OF PATIENT

Physical Examination

Check neck extension mobility.

Check for prior radical neck surgery.

Examine for infection at injection site.

Examine for thyroid surgery.

Check for anatomic variations related to surgery.

Preoperative Medication

For preoperative medication, use the standard ASA rec-
ommendations for conscious sedation.

PROCEDURE

Patient Preparation

Ideally, proper patient preparation for the stellate gan-
glion block begins at the visit before the procedure. The
patient is much more likely to remember discharge in-
structions and expected side effects if they are explained
during a visit when the patient is not apprehensive about
the imminent procedure, what side effects may be ex-

pected, and potential complications. Discussions of the
realistic expectations of sympathetic blockade should be
held before any procedure. The goals of blockade and
the number of blocks in a given series differ with each
pain syndrome, and these variables should be discussed,
when possible, at visits before the actual blockade.
Patients are much less likely to experience frustration or
despair if they understand beforehand what can be ex-
pected. If the cause of pain is unclear and the intended
block is considered diagnostic, a complete explanation
allows the patient to record valuable information on the
effectiveness of the procedure.

Informed consent must be obtained. Potential risks,
complications, and possible side effects should be ex-
plained in detail. The patient should share responsibility
for decision making and must understand the risks and the
fact that complications do occur.

Placement of an intravenous (IV) line before the
block is not mandatory at all pain clinics, but it facilitates
use of IV sedation, when indicated, and provides access
for administration of resuscitative drugs should a com-
plication occur. In skilled hands, a stellate ganglion
block can be performed quickly and relatively painlessly,
so IV administration may not be necessary. All standard
resuscitative drugs, suction apparatus, oxygen delivery
system, cardiac defibrillators, and equipment for endo-
tracheal intubation, however, need to be readily accessi-
ble. For anxious patients and in teaching institutions
when the operator is inexperienced or when “hands-on”
teaching is expected, preblock sedation through an IV
line is beneficial.

There are several approaches for the stellate ganglion
block: (1) paratracheal approach, (2) anterior approach,
(3) posterior approach, and (4) oblique approach. In the
past, stellate ganglion block was performed by blind tech-
nique. However, several complications such as pneu-
mothorax were due to this blind approach. Today all
approaches should be performed under fluoroscopy.

Paratracheal Approach (Blind Technique)

The patient is made to lie supine with the head resting flat
on the table without a pillow. A folded sheet or thin pillow
should be placed under the shoulders of most patients to
facilitate extension of the neck and accentuate landmarks.
The head should be kept straight with the mouth slightly
open to relax the tension on the anterior cervical muscula-
ture. Hyperextension of the neck also causes the esophagus
to move midline, away from the transverse processes on
the left.

To ensure proper needle positioning, the operator
must correctly identify the C6 tubercle. Identification is
most easily performed using firm pressure with the index
finger (Figure 7-11). In a left-handed or right-handed stel-
late ganglion block, the operator’s nondominant hand
should be used for palpating landmarks. Patients do not
tolerate jabbing; rather, gentle but firm probing can easily
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Stellate ganglion block. C6 anterior tubercle is directly beneath the operator’s index finger. The carotid artery is
retracted laterally when necessary. The needle is perpendicular to all skin planes and is inserted directly posterior
from the point of entry. (Inset) The patient is positioned for stellate ganglion block. A pillow or roll should be
placed between the shoulders to extend the neck, bring the esophagus to the midline, and facilitate palpation of

Chassaignac’s tubercle.

define the borders of the tubercle. A single finger, the in-
dex finger, relays the most specific tactile information.

The skin is antiseptically prepared, and the needle is
inserted posteriorly, penetrating the skin at the tip of the
operator’s index finger. Making a skin wheal with local
anesthetic is rarely necessary, except in some teaching situ-
ations or in patients with obese necks. In both situations, a
5-cm needle (or a 22-gauge B-bevel needle) is used and
should puncture the skin directly downward (posterior),
perpendicular to the table in all planes. Although a smaller
(e.g., 25-gauge) needle can be used, the added flexibility
and smaller caliber make it more difficult to reliably ascer-
tain when bone is encountered and then maintain the
proper location for injection.

The needle passes through the underlying tissue until
it contacts either the C6 tubercle or the junction between
the C6 vertebral body and the tubercle. The depths of
these structures differ, the tubercle itself being more ante-
rior than the junction between body and tubercle. Regard-
less of the specific location encountered at C6, if the skin
is being properly displaced posteriorly and laterally by the
nondominant index finger, the depth is rarely more than
2.0 to 2.5 cm. The important difference between medial
and lateral location of bone at C6 relates to the presence
of the longus colli muscle, which is located over the lateral
aspect of the vertebral body and the medial aspect of the
transverse process. It does not cover the C6 tubercle; only

the prevertebral fascia that invests the longus colli muscle
also covers the C6 tubercle. Therefore, if the needle con-
tacts the medial aspect of the transverse process at a depth
somewhat greater than expected, the operator should be
prepared to withdraw the needle 0.5 cm to avoid injecting
into the longus colli muscle. Injection into the muscle
belly can prevent caudad diffusion of local anesthetic to
the stellate ganglion. Location of the needle on the super-
ficial tip of the C6 anterior tubercle requires withdrawal of
the needle from periosteum before injection.

The procedure is most easily performed if the syringe
is attached before the needle is positioned. This prevents
accidental dislodgment of the needle from the bone dur-
ing syringe attachment after the needle is placed. Once
bone is encountered, the palpating finger maintains its
pressure, the needle is withdrawn 2 to 5 mm, and the
medication is injected. Alternatively, once bone is met, the
operator’s palpating hand can release and fix the needle by
grasping its hub, leaving the dominant hand free to aspi-
rate and inject. Even though this technique can be per-
formed blindly, more often fluoroscopy is used to confirm
contrast spread (Figure 7-12). With fluoroscopy, correct
placement of the needle should be demonstrated by an-
teroposterior and lateral views with spread of the contrast
solution (Figure 7-13A-D).

Final injection. Once proper needle placement is con-
firmed, injection of medication must be performed in a
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FIGURE 7-12

The patient lies supine. If the fluoroscope is used, the C-arm should visu-
alize the C6-C7 vertebral region in the anteroposterior and lateral views.

routine and systematic fashion. A 50:50 mixture of
2% lidocaine with 0.5% ropivacaine or equipotent ropiva-
caine and 1 ml of 40 mg/ml of triamcinolone (optional)
may be used. An initial test dose must be injected in all
cases. Less than 1 ml of solution injected IV has produced
loss of consciousness and seizure activity (Raj, personal
communication). Before any injection, careful aspiration
for blood and cerebrospinal fluid (CSF) must be performed.
If the aspiration is negative, 0.5 to 1.0 ml of solution is
administered, and the patient is asked to raise the thumb to
indicate the absence of adverse symptoms. The patient
should be informed beforehand and reminded during the
blockade procedure that talking might cause movement of
the neck musculature that could dislodge the needle from
its proper location. To communicate during the block, the
patient can be asked to point a thumb or finger upward in
response to questions. After the initial test dose, the opera-
tor can inject the remainder of the solution, carefully aspi-
rating after each 3 to 4 ml at a time.

During injection or needle placement, paresthesia of
the arm or hand may be elicited. It should always be inter-
preted to mean that the needle has been placed deeper to
the anterior tubercle, adjacent to the C6 or C7 nerve root.
Repositioning of the needle is necessary. Aspiration of
blood or CSF also demands repositioning of the needle.
Even though the needle may be in the correct position,
sometimes it is necessary to confirm that the injected solu-
tion is not flowing where it is not desired. The correct total
volume of solution depends on the type of block is de-
sired.’! Properly placed, 5 ml of solution blocks the stellate
ganglion (Figure 7-14).

FIGURE 7-13

Anteroposterior and lateral views of correct placement of the needle and
the contrast medium spread after injection for stellate ganglion block.
Anteroposterior (A) and lateral (B) views of needle placement, and antero-
posterior (C) and lateral (D) views of contrast medium spread.

C7 Anterior Approach

The anterior approach to the stellate ganglion at C7 is
similar to the approach described at C6. Unlike C6, C7
has only a vestigial tubercle; hence it is necessary to find
Chassaignac’s tubercle (C6). Then the palpating finger
moves one finger-breadth caudad from the inferior tip.

The advantage of blockade at C7 is manifested by
the lower volume of local anesthetic needed to provide
complete interruption of the upper extremity sympathetic
innervation. Only 6 to 9 ml of solution suffices. The both-
ersome side effect of recurrent laryngeal nerve block is less
common with this approach. The technique has two draw-
backs: (1) the less pronounced landmarks make needle
positioning less reliable, and (2) the risk of pneumothorax
increases because the dome of the lung is close to the site
of entry. The use of radiographic imaging during the ap-
proach helps avoid the complications possible with the
blind technique.

Posterior Approach

The posterior approach® to the stellate ganglion is used in
two clinical situations: (1) where infection, trauma, or tumor
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FIGURE 7-14

Acute herpes zoster of the left eye and forehead prior to treatment with intralesional injection and left stellate ganglion
block. (B) Appearance 3 days after left stellate ganglion block. Note the clearing of the eye and the lesions of the forehead.
(From Raj PP: Practical Management of Pain. Chicago, Mosby-Year Book, 1986, figure 22-13, plate 7, with permission.)

precludes use of the traditional anterior approach to stellate
ganglion block; or (2) when neurolysis of the sympathetic
innervation of the upper extremity is desired. The posterior
approach to stellate ganglion block is preferred when neu-
rolytic solutions are being used, because this approach al-
lows the needle to be placed at the more inferior T'1 or T2
level, thus avoiding the possibility of superior spread of
neurolytic solution with resultant permanent Horner’s syn-
drome. Neurolysis of the sympathetic chain can also be ac-
complished via the anterior vertebral approach using radio-
frequency lesioning.

Technique. The patient is placed in the prone position
with the cervical spine in neutral position. Five to 7 ml of
local anesthetic without preservative is drawn into a 12-ml
sterile syringe. For disease processes that have an inflam-
mation component, such as acute herpes zoster, or disease
processes with associated edema, such as CRPS T or II,
80 mg of methylprednisolone is added for the first block
and 40 mg of methylprednisolone is added for subsequent
blocks.

A point 4 cm lateral to the spinous process of T1-T2
is identified. The skin at this area is then prepared with
antiseptic solution, and the skin and subcutaneous tissues
are anesthetized with local anesthetic. A 22-gauge, 10-cm
needle is advanced until contact is made with the lamina of
the target vertebra (Figure 7-15). If bony contact is not
made with needle insertion to a depth of 1-1/2 inches, the
needle is probably either between the transverse processes
of adjacent vertebrae or too lateral. If this occurs, the
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FIGURE 7-15

Posterior approach to stellate ganglion block. (From Abdi S, Zhou Y,
Doshi R, Patel N: Stellate ganglion block: emphasis on the new oblique
fluoroscopic approach. Techniques in Regional Anesthesia and Pain Manage-
ment, 9:73-80, 2005, figure 6, with permission.)
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needle should be withdrawn and reinserted with a more
caudad and medial trajectory. After bony contact is made,
the needle is then withdrawn and redirected slightly later-
ally and inferiorly. This allows the needle to slide beneath
the transverse process and rib. Ultimately the needle tip
should rest just adjacent to the anterolateral border of the
vertebral body in a manner analogous to the final needle
position when performing lumbar sympathetic block.
Careful aspiration is carried out, and 5 to 7 ml of solution
is then injected. If neurolytic block is performed, a small
incremental dose of 6% aqueous phenol or mixed with
Omnipaque or absolute alcohol should be injected while
observing the patient’s clinical response.

Side effects and complications. The main complication of
the posterior approach to stellate ganglion block is pneu-
mothorax. The use of CT guidance should help decrease
this complication. Proximity to the aorta also represents a
potential risk that can be decreased with careful attention
to technique and the use of CT guidance.

Because of the proximity to the spinal column, it is
also possible to inadvertently inject the local anesthetic
solution into the epidural, subdural, or subarachnoid space.
At this level, even small amounts of local anesthetic placed
into the subarachnoid space may result in a total spinal
anesthetic. Trauma to exiting spinal roots is also a distinct
possibility, especially if bony contact with the lamina of the
target vertebra does not occur and the needle continues to
be advanced.

Inadvertent block of the recurrent laryngeal nerve with
associated hoarseness and dysphagia can occur if the injec-
tate comes in contact with this nerve. Should neurolytic
solution be inadvertently injected onto this nerve, these
side effects could be permanent, with devastating results for
the patient. Likewise, superior spread of neurolytic solu-
tion can result in a permanent Horner’s syndrome. The
patient should be forewarned of the possibility of these
complications before neurolytic stellate ganglion block
using the posterior approach.

The use of CT guidance will dramatically decrease the
incidence of complications associated with this technique.
Raj** reports a 4% pneumothorax rate, which suggests that
this procedure should be performed only in a setting
where chest tube placement is practical. Given the mor-
bidity of surgical sympathectomy at this level, this tech-
nique still has a favorable risk-to-benefit ratio despite the
potential for serious complications.

Oblique Fluoroscopic Approach
This technique has been described by Abdi and cowork-

ers.’ Briefly, the patient is monitored and placed in a
supine position as described above with the fluoroscope
being directed in the anterior to posterior direction. The
C-arm is rotated to the side where the injection is de-
sired until the neural foramina are clearly visualized.
The C6 to C7 disc (the disc between the sixth and the

seventh cervical vertebra) is flattened with the C-arm

directed caudal. This usually requires 30- to 60-degree
caudal angulation of the C-arm. In this view, the disc,
the foramina, and the uncinate process are clearly distin-
guishable (Figure 7-16A-D).

A 26-gauge spinal needle is directed onto the verte-
bral body at the base of the uncinate process and just an-
terior to the foramina. A total of 1 to 2 ml of radio opaque
dye is injected with real time fluoroscopic imaging. This
ensures that the injection is along the longus colli muscle
and not intravascular or intrathecal. A total of 3 ml of a
long-acting anesthetic such as 0.25% bupivacaine is then
injected. This typically spreads to at least the first thoracic
segment.

There are several advantages of this technique accord-
ing to the author, such as no need of pressing or pushing
the vascular system out of the way or of pressing on Chas-
saignac’s tubercle, which can be uncomfortable and even
painful. The chance of intravascular injection or perfora-
tion of the esophagus is minimal. The chance of recurrent
laryngeal nerve paralysis is minimal. Reduction in the vol-
ume of local anesthetics is needed to cover lower cervical
through upper thoracic segments.

However, the technique is not without risk. For ex-
ample, in the individual with emphysematous bulbous
pleura, an oblique C7 insertion to the base of the uncinate
process could lead to a pneumothorax.

CHEMICAL NEUROLYSIS OF STELLATE GANGLION

The approach for chemical neurolysis is similar to that for
stellate ganglion block performed at C7. The patient must
be positioned with the neck and head in a neutral position
(see Figure 7-18). Under direct anteroposterior fluoroscopy,
the C7 vertebral body is identified. A skin wheal is raised
over the ventrolateral aspect of the body of C7 with 1 ml of
local anesthetic and a 25-gauge needle. A 22-gauge, B-bevel
needle is inserted through the skin wheal to contact the
body of C7 in the ventrolateral aspect. This is at the junction
of the transverse process with the vertebral body. Depth and
direction should be confirmed with both anteroposterior
and lateral views. The needle tip is positioned deep to the
anterior longitudinal ligament. The longus colli lies lateral
to the needle tip. The needle should be stabilized with a
long-handled Kelly clamp or hemostat. An IV extension
should be attached to the needle and used for injection. Ap-
proximately 5 ml of water-soluble, nonirritating, nonionic,
preservative-free, hypoallergenic contrast medium is in-
jected after negative aspiration. Dye should spread around
the vertebra, avoiding IV, epidural, intrathecal, thyroidal, or
myoneural (longus colli) uptake. If good spread of the con-
trast medium is visualized, a mixture of local anesthetic,
phenol, and steroid is injected. The total volume of 5 ml
should consist of 2.5 ml of 6% phenol in saline, 1 ml of
40-mg triamcinolone, and 1.5 ml of 0.5% ropivacaine. (The
total 5-ml dose contains a final mixture of 3% phenol.) The
previously injected contrast material serves as a marker for
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the spread of the phenol. In the anteroposterior view, the
contrast should spread caudad to the first thoracic sympa-
thetic ganglion and the inferior cervical ganglion, and
cephalad to the superior cervical ganglion. In the lateral
view, spread should be observed in the retropharyngeal
space anterior to the vertebral body and in front of the lon-
gus colli and anterior scalene muscles. After injection, the
patient remains supine with the head elevated slightly for
approximately 30 minutes to prevent spread of the phenol
to other structures.’

RADIOFREQUENCY OF STELLATE GANGLION

Radiofrequency of the stellate ganglion may be accom-
plished under fluoroscopic guidance. After the target area is
identified as for chemical neurolysis, a 16-gauge angiocath-
eter is inserted through the skin wheal instead of the B-bevel
needle. A 20-gauge, curved, blunt-tipped cannula with a
5-mm active tip is guided through the angiocatheter at the
superolateral aspect. The tip should rest at the junction of
the transverse process and the vertebral body. The depth and
direction should be confirmed with anteroposterior and lat-
eral views. Correct placement may be confirmed conclu-
sively with the injection of contrast medium (Figures 7-17 to
7-20). A sensory (50 Hz, 0.9 V) and a motor (2 Hz, 2 V)
stimulation trial must be performed owing to the location of

FIGURE 7-16

Oblique approach to stellate gan-
glion block.

FIGURE 7-17

Posteroanterior radiograph of the cervical spine. Note that at the C7
level, the radiofrequency cannula rests at the junction of the lateral aspect
of the vertebral body and the medial aspect of the transverse process
(arrow). This represents the correct cannula position for lesioning of the
C7 sympathetic fibers.



Sympathetic Blocks of the Head and Neck 123

the phrenic nerve (lateral) and the recurrent laryngeal nerve
(anterior and medial) relative to the proposed lesion. While
motor stimulation is performed, the patient should say “ee”
to ensure preservaton of vocal cord function. A small vol-
ume of local anesthetic (0.5 ml) should be injected before
lesioning. After waiting 10 minutes, the thermal RF is ap-
plied for 60 seconds at 80°C. The cannula is then redirected
to the most medial aspect of the transverse process in the
same plane. Placement is in the ventral aspect of the trans-
verse process in the same plane. Placement in the ventral
aspect must be confirmed with a lateral view. Before lesion-
ing, the patent must be retested for sensory and motor
stimulation. A repeat dose of the local anesthetic should also
be given through the cannula. A third (and final) lesion
should be directed at the upper portion of the junction of the
transverse process and the body of C7. Potential complica-
tions include injury to the phrenic or the recurrent laryngeal
nerve, neuritis, and vertebral artery injury.’’*

Side effects of a stellate ganglion block should be
distinguished from complications. Most unpleasant side
effects—ptosis, miosis, and nasal congestion—result from
Horner’s syndrome.

COMPLICATIONS

The two significant complications of stellate ganglion
block are pneumothorax and intraspinal injection. A third
significant risk when neurolysis is performed is the possi-
bility of persistent Horner’s syndrome. Pneumothorax can
be avoided with careful placement of the needle, and, if
care is taken that the needle angulation is never lateral and
that the needle is advanced through the costotransverse
ligaments (posterior and anterior) slowly and cautiously
using the loss-of-resistance technique. Intraspinal injec-
tion most often occurs by diffusion through the interver-
tebral foramen and can be avoided by first injecting a
contrast solution and checking the needle position radio-
graphically. The optimal method for checking needle posi-
tion and solution spread is computed tomographic scan.
"To check for possible subsequent Horner’s syndrome,
the clinician can first inject local anesthetic into the re-
gion and inspect the patient after 15 to 30 minutes. This
practice does not always obviate Horner’s syndrome with
neurolytic injection, however, and prior local anesthetic
injection may not be considered optimal in all situations.
Common complications of a stellate ganglion block
result from diffusion of local anesthetic onto nearby
nerve structures. These include the recurrent laryngeal
nerve with complaints of hoarseness, feeling of a lump in
the throat, and sometimes a subjective shortness of
breath. Bilateral stellate blocks are rarely advised, be-
cause bilateral blocking of the recurrent laryngeal nerve
can result in respiratory compromise and loss of laryn-
geal reflexes. Block of the phrenic nerve causes tempo-
rary paralysis of the ipsilateral diaphragm and can lead
to respiratory embarrassment in patients whose respira-

FIGURE 7-18

Drawing of a posteroanterior view of the cervical spine. Dots mark the
target points for radiofrequency lesioning of the cervical sympathetic
nerves. Note that these are at the junction of the medial aspect of the
transverse process with the lateral aspect of its respective vertebral body.

r

FIGURE 7-19

Lateral view of correct placement of the needle (arrow) and the contrast
agent spread after injection for stellate ganglion block.

tory reserve is already severely compromised. Partial
brachial plexus block can also result secondary to spread
along the prevertebral fascia®’ or positioning the needle
too far posteriorly. When this complication occurs, the
patient should be discharged with the arm in a sling and
given careful instructions on how to care for a partially
blocked arm.

The two most feared complications of stellate gan-
glion block are intraspinal injection and seizures induced
by intravascular injection. Respiratory embarrassment and
the need for mechanical ventilation can result from injec-
tion into either the epidural space (if high concentrations
of local anesthetic are used) or the intrathecal space.
Should either occur, patients need continual reassurance
that everything is being appropriately managed and that
they will recover without sequelae. No drugs are necessary
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Cc

FIGURE 7-20

(A) The needle is in position for radiofrequency at C7 superior (AP view). (B) Inferior needle location at C; vertebrae for RF lesioning The arrow (C)

shows the tip at the lateral border of vertebral body C7 with contrast.

for endotracheal cannulation because profound anesthesia
of the larynx can be expected.

Intravascular injection most often involves the verte-
bral artery. Small amounts of local anesthetic cause uncon-
sciousness, respiratory paralysis, seizures, and sometimes
severe arterial hypotension. Increased IV fluids, vasopres-
sors if indicated, oxygen, and endotracheal intubation may
be necessary. If the amount of drug injected into the artery
is less than 2 ml, the sequelae just listed are short-lived and
self-limiting, with oxygen and increased fluid administra-
tion often being the only therapy needed. Care must be
taken during a stellate ganglion block to ensure that no air
is injected from the syringe. Cerebral air embolisms have
been reported from this procedure, and they are prevent-
able.30.39.40

The risk of pneumothorax also attends the anterior
approach. If the C7 tubercle is used and the needle is in-
serted caudally, the dome of the lung can be penetrated.

Unfortunately, some 10% to 15% of patients suffer post-
procedure neuritis, which can last 3 to 6 weeks.*®*! Persis-
tent cough after stellate ganglion block has been re-
ported.*

Severe airway obstruction secondary to acute and de-
layed retropharyngeal or cervicomediastinal hematoma
following stellate ganglion block can occur.®*

Pneumochylothorax is another rare complication of
stellate ganglion block, especially when the needle tip is at
C7 level.¥ Sudden death following stellate ganglion block
has been reported.* A 29-year-old woman died 3.5 hours
after SGB. Autopsy revealed subcutaneous emphysema of
the body, bilateral pneumothorces, and a huge post-tracheal
hematoma. The lower half of the trachea was markedly flat-
tened by pressure from this hematoma.

The infection rate is minimal after stellate ganglion.
A 56-year-old woman developed pyogenic osteomyelitis
of the cervical spine following multiple stellate ganglion
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blocks for pigmentation degeneration retinopathy.*’ She
had no history of diabetes mellitus and immunodefi-
ciency.

Central nervous system complications after stellate
ganglion block could be most devastating. Seizures, hemi-
paresis, aphasia, locked-in syndrome, brainstem anesthe-
sia, total spinal block, paralysis due to cervical spinal cord
lesion and even death have been reported after stellate
ganglion block.*#-7

Continuous fluoroscopy monitoring during injection
of contrast may also help to prevent intravascular or intra-
thecal injection of local anesthetics.

CLINICAL PEARLS

Small amounts of local anesthetics (3 to 5 ml) do not reli-
ably block all fibers to the upper extremities because con-
tributions from T2 and T3 may not be blocked. Injection
of 10 ml of solution more reliably blocks all sympathetic
innervation to the upper extremity, even in patients with
the anomalous Kuntz’s nerves. If blockade is being per-
formed for sympathetic-mediated pain of the thoracic
viscera, including the heart, 15 to 20 ml of solution should
be administered.

Anomalous pathways, termed Kuntz’s nerves, can be
reliably blocked only by a posterior approach,’! although
the posterior approach is technically more difficult than
the anterior approach.

EFFICACY

Sympathetic interruption to the head, supplied by the stel-
late ganglion, can easily be documented by evidence of
Horner’s syndrome: miosis (pinpoint pupil), ptosis (droop-
ing of the upper eyelid), and enophthalmos (sinking of the
eyeball). Associated findings include conjunctival injec-
tion, nasal congestion, and facial anhidrosis. These signs
can be present without complete interruption of the sym-
pathetic nerves to the upper extremity.

Evidence of sympathetic blockade to the upper ex-
tremity includes visible engorgement of the veins on the
back of the hand and forearm, diminution of psychogal-
vanic reflex, and plethysmographic and thermographic
changes. Skin temperature rises also, provided that the
preblock temperature did not exceed 33°C to 34°C.
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CERVICAL EPIDURAL STEROID INJECTIONS

HISTORY

Although Pages’ description! of the paramedian approach
to the lumbar epidural space in 1921 is considered the first
clinically relevant report of the technique of lumbar
epidural nerve block, it appears that Dogliotti’ was the first
to describe the technique of epidural block in the cervical
region.?

Epidural steroids have been introduced for the treat-
ment of acute radiculopathy. The initial numbers of proce-
dures carried out by physicians were relatively small, and
the complexity of the procedure failed to reveal the serious
hazards associated with the technique. With better under-
standing of the anatomy, the consensus seems to be heading
in the direction of injecting into the site-specific area.

The most relevant consideration is the proximity of
the epidural space to the cervical spinal cord. Care must
be taken to avoid subdural, intrathecal, and intravascular
injections. The ligamentum flavum is inconsistent in the
cervical region and may not be fused in the midline. Dur-
ing cervical epidural needle placement, if the needle tip
advances through this open space and loss of resistance is
used for establishing the epidural space, the first resistance
may be the dura mater and the first loss of resistance may
be in the subdural rather than epidural space.*¢

"Techniques to identify the epidural space have included
the hanging drop, loss of resistance, and test dose of local
anesthetic techniques. Fluoroscopic guidance with anterior-
posterior (AP) and lateral views plus radiopaque contrast
use are now commonly used to confirm placement in con-
junction with the loss of resistance technique. Bartynski’
reported a 25.7% incidence of incorrect needle placement
without fluoroscopy for lumbar epidural injections.

Lumbar epidural corticosteroid injections have been
used for over 30 years.® The primary indication has been
for spinal radicular pain and, more controversially, for pain
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related to disk herniations, spinal stenosis and failed back
surgery. A review by Nelson and Landau’ details the his-
tory and erroneous argument against epidural steroid in-
jections. Most prospective randomized trials have been in
patients with lumbosacral diagnoses rather than cervical
syndromes. Dilke!? reported efficacy with epidural steroid
injections in 1973. In the 1980s, Cuckler and Ridley found
no benefit.!"? In Australia, concern about Depo-Medrol
prompted a statement being issued encouraging interdisci-
plinary treatment for patients with chronic pain.!* Later,
Carette!'* reported temporary benefit in patients with disk
herniations but no reduction in the surgery rate. Carette,"
in a later review, suggested injections as an option for cer-
vical radiculopathy. Meta-analysis has led to different
conclusions regarding the effectiveness of epidural steroid
injections.!® Clinical experience justifies the use of epidural
steroid injections more for acute radiculopathy rather than
chronic painful conditions.

ANATOMY

The superior boundary of the cervical epidural space is the
point at which the periosteal and spinal layers of dura fu