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Foreword

It is a great honor to present this magnificent book that
Prof. Kastler and coworkers have dedicated to different
modalities of pain treatment with the help of interven-
tional radiology. Professor Kastler is a very well known
French radiologist working at the University of Besan-
con, who has exceptional training in both medicine
(internal medicine/cardiology) and physics (M.Sc.). His
first textbook Understanding MRI was a great success
(currently in its 6th edition) and was used by all
students and teachers working in the field of MRI. This
volume, his third book (the second was titled MRI of
Cardiovascular Malformations),is devoted to a fascinat-
ing field that Kastler has explored for 15 years. I remem-
ber the impact of his first presentations in this field,
when he was among the guest speakers at a meeting
devoted to recent advances in radiology.

The reader will find all possibilities offered to pa-
tients in different areas involving facial, cranial and ver-
tebral or paravertebral areas. But this book, written col-
laboratively by numerous specialists, is not limited only
to the technical aspects of these different methods con-
cerning nerves or bones. Great attention is paid to the

psychological and psychiatric approach to patients with
often-intractable pain. A special chapter is devoted to
the metastasis of bones. It is an important message for
every specialist in medicine or surgery to understand
that in the hands of interventional radiologists with the
collaboration of many other colleagues from pain ther-
apy, psychiatry, anesthesiology and from scientific
imaging laboratories, pain-benign or intractable-can
be treated with exceptionally good results. I extend my
best wishes for the great success of this textbook dealing
with important developments in a field that has so many
human implications.

Los Angeles, 4 May 2006

Georges Salamon M.D.

University of California at Los Angeles
Department of Radiological Sciences
Professor and Former Head of Neuroradiology
Centre Hospitalier Universitaire La Timone
Marseille France



Preface

Pain, a biopsychosocial model, is by definition multifac-
torial. Its treatment requires complementary medical
and paramedical skills. However, this fact was only able
to gain acceptance by the disruption of manifold cus-
toms and attitudes within established organ medicine,
rooted in decades of tradition and whose undeniable
successes gave rise to a degree of immobility, thereby
guaranteeing and maintaining its power and territory.

Nonetheless attitudes are slowly changing. The French
Ministry of Health for one, advised by pioneers in the
field, often hospital doctors, became alerted to the fact
that pain is first and foremost a human predicament be-
fore it is a social issue, and became intent on installing a
new order. A pain control plan was established, backed
up by a series of university and hospital decisions: in-
troduction of a specific module in the graduate medical
studies reform, university diplomas and the setting up
of regional hospital pain management consultations,
units and evaluation centres. Such structures have
drawn attention to the wide-ranging scope of pain and
its many components, the complexity of understanding
pain, the difficulty of pain control from the patient’s
point of view and of relieving pain from the medical
point of view. As a result of these consultations, the
notion of transversal skills and horizontal know-how
became apparent.

Therefore, although some were reticent at the outset
and others enthusiastic, a variety of specialists met to
share their knowledge and confront their respective
points of view and indications. Anaesthetists, radiolo-
gists, surgeons, physiotherapists, neurologists, house
physicians, psychiatrists and psychologists met together
in the pain evaluation and control centre to attempt to

provide a response, one which they considered best for
the patient who expresses his or her pain and whom
they listen to and believe.

Radiologists were quick to take an active role in this
approach. Cutting-edge technology has transformed
them into more than just “image readers”, a role to
which they were often relegated in the past. Thanks to
ultrasound scans, scanners and MRI, they began to play
a role in fields that until then had been reserved to sur-
geons and anaesthetists and have been able to make a
contribution to the fight against pain.

This work is the fruit of the faultless collaboration of
two doctors, in which the radiologist has played the
major role, born out of their joint philosophical and
humanist beliefs and their unfailing friendship. This
book provides us with non-exhaustive insight into
interventional radiological indications, indications pro-
posed by therapists gathered together to study the files
and interviews of patients, who are provided with all the
necessary information. It is the proof that medical deci-
sions in the field of pain control can no longer be made
by a single therapist, but must be the fruit of a concert-
ed study by all concerned parties. This requires the
adoption of a team spirit, the relinquishment of medical
power in terms of vertical disciplines, an open ear to
everyone’s voice beginning with that of the patient, trust
from start to finish and the burning desire to relieve suf-
fering from pain.

We are delighted that the success of the first edition
has made it possible to update this work only two years
later with a second edition and now an English version.

Bernard Fergane and Bruno Kastler
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Chapter

Evaluating and Managing Pain
in a Pain Management Center

Bernard Fergane

Psychosomatic Approach to Pain
History

In very ancient times, pain and magic were one and
the same. Pain was considered to be due to the pres-
ence of an evil spirit within the suffering man.
It was then not uncommon to see a sorcerer inflict a
wound on a suffering man in order to chase away the
perturbing agent. These practices still exist nowadays in
certain parts of Africa, conveyed by an animist philoso-
phy.

Egyptians, Hebrews, ancient Greeks (Homer among
them) still considered human pain to be a sign sent
down by the gods. With his famous formula “Divine is
the work of relieving pain,” around 400 BC Hippocrates
attempted to remove the sacred aura surrounding pain,
asserting that it was a state out of step with natural
Harmony.

Meanwhile, Aristotle and Plato kept seeing in it not a
sensation, but an emotion.

Health to the Greeks was a fragile equilibrium that
had to be protected for fear of disturbing Harmony. As
expressed in his immortal Oath, Hippocrates of Cos
(460-377 BC) had a lofty concept of the role of medi-
cine, Prominent in his proposals were concerns with
physicians’ duties concepts of brotherliness among
practitioners, equality of human beings in the face of
sickness, protection of life, respect for medical secrecy -
all leading to creation of a code of ethics.

Hippocrates’ medical aphorisms are famous. Here are
a few:

e Great aches call for great remedies.

e If two aches break out at once in different places,
the stronger one obscures the weaker one.

e It is bad when stupor or delirium follow a blow to the
head.

Galen and his Greco-Roman contemporaries located
pain in the brain, center of all sensations. Galen was the
first to look for means of fighting pain and sickness in
pharmacology and surgery. Espousing a new vision of
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the role of the physician, his anatomic and physiological
theories were to become a dogma that nobody dared
challenge for almost 15 centuries. (With the efficient
help of young king Louis XIV, Harvey eventually suc-
ceeded in such a rebellion.). In the Middle Ages (a thou-
sand years of ignorance, misfortunes, wars, invasions,
and epidemics), physicians, under the heel of the
Church, did not seem to pay much attention to pain,
even though analgesic plants were well known (opium,
sage, ivy, mandrake).

A great name in both philosophy and medicine,
Avicenna (Abti Ali-Husayn ibn-Abdullah Ibn-Sina;
980-1037) stood at the crossroads of eastern and west-
ern thought. His best known work in medicine was The
Canon of Medicine, but it was not translated into Latin
until 1491 (in Naples, then in Venice and Rome). It
constitutes an exemplary synthesis of Hippocrates,
Aristotle, and Galen.

He voiced a premonition of the role of rats in spread-
ing plague, and of water and soil in certain other dis-
eases. He wrote of the interaction of psyche and soma.
He was the first to describe meningitis, the anatomy of
the eye, and the symptomatology of diabetes.

An accomplished philosopher (whose teaching is still
alive among Shiites), musician, poet, artist, humanist, he
was the keeper of Greek tradition through very troubled
times.

In the Renaissance, under the influence of Lorenzo de
Medici and his Academy, the modern anatomic and
physiological vision of pain appeared. It came to be re-
garded no longer as an emotion, but a sensation dealt
with by the nervous system. Three great medical names
of that time must be remembered: Vesalius, Paré, and
Paracelsus.

Ambrose Paré (1509-1590) served four kings: Henry
II; Francis II, Charles IX, and Henry III. (It must be
anecdotally reported that King Henry II, wounded in a
tournament, died in spite of the presence of both Paré
and Vesalius.) Paré was the first to ligature blood vessels
when amputating, a practice to remain the basis of the
training of military physicians for centuries.

Famous for his orthopedic procedures, he is also con-
sidered as the father of French ophthalmology.
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This legendary dialogue took place between Charles
IX and Paré:

“I hope you are going to treat kings better than the
poor?”

“No, Majesty, that’s impossible.”

“And why?”

“Because I treat them like kings.”

Later, Descartes, as Paré had done, also looked into
the mysterious problem of pain in the “ghost limb.”

The 18th and the 19th centuries were important be-
cause of progress in pharmacology in general and the
fight against pain in particular. Many physicians fo-
cused more and more on pain. This is evidenced by
Marc-Antoine Petit’s extraordinary Discourse on Pain,
read aloud by way of a professional testament in front of
his students and colleagues on 28 Brumaire of year VII
(21 November 1799), at the opening of anatomy and
surgery courses at the General Hospital for the Sick in
Lyons, where he was the head surgeon.

Sydenham formulated laudanum in 1750. In Hanover,
Sertuener began using morphine.

Discoveries were numerous: nitrogen dioxide was
identified by Priestley in the 1770s and made use of by
Davy in the 1840s; ether was described by Faraday in
1818 and used by Hickman in the 1830s; chloroform was
simultaneously found by Von Liebig in Germany,
Soubeiran in France, and Guthrie in the USA.

The first general anesthesia was performed by Mor-
ton on October 16, 1846, in Boston, MA, USA, (the word
anesthesia having been suggested by Oliver Wendell
Holmes). At first, Velpeau, Malgaigne did not support
the notion of general anesthesia. Velpeau wrote in 1839:
“Escaping pain during surgery is a chimerical dream
that we may not entertain in our time. A sharp instru-
ment and pain in surgical medicine are two concepts
that never appear separately in the mind of the patient,
and we, the surgeons, must accept their combination.
Indeed, this evolution does not take place without the
fanatical opposition of surgeons for whom pain is an in-
tegral and inevitable part of operations.”

Magendie, for ethical reasons, considered the loss of
consciousness as degrading and demeaning for any
man with some courage. Surgeons of that day did not
hesitate to say that the pain of patients on whom they
operated did not do anything for the Academy of Medi-
cine. This opposition quickly disappeared when they re-
alized the enormous progress brought about by anes-
thesia.

The 20th century, with the development of analgesic
techniques and of pharmacology, allowed man to imag-
ine “a world without pain” for all time to come. The
question remains whether that is possible and desirable.
We cannot close this section without citing a few more
great names.

W. Stewart Halsted (1852-1922), with precise tech-
nique and rigorous asepsis, furthered elegant surgery
with as little mutilation as possible , and was the initia-
tor of local anesthesia. He was the leader of a generation
of surgeons who spread his humanist ideas. Like many
surgeons of his time, he traveled in Austria and Ger-
many, lodestars in medicine and surgery in the 19th
century. Very impressed by Lister’s work, Halsted advo-
cated techniques of asepsis and founded subspecialties
in orthopedics, urology, radiology, otorhinolaryngolo-
gy, vascular surgery. He introduced rubber gloves into
the OR (these were first made by Goodyear to take care
of an eczema problem of his favorite assistant, miss Car-
oline Hampton, whom he ended up marrying).

René Leriche, one of his contemporaries; was a disci-
ple of Poncet and Alexis Carrel. An organizer of military
hospitals in the Paris area and a surgeon in the World
War I, he ended the latter as “surgeon of gueules cassées”
(facial injuries). Georges Duhamel testifies: “Leriche’s
patients were severely disabled, trephined, wounded in
the thorax or the stomach. In order to treat them, to help
them bear the torture of bandaging, Leriche had them
put to sleep each time with ethyl chloride. He showed a
great and admirable respect for suffering, in those very
factories of industrial surgery. From the first day, I saw
in him the future pain surgeon.”

Leriche was the father of vascular surgery, publishing
on juvenile obliterating arteritis, gastric ulcers, Volk-
mann’s syndrome, painful stumps. He wrote The
Surgery of Pain, which takes up 20 lessons taught at the
College de France.

John Bonica, in the second half of the century, defined
“pain clinics,” the precursor of our centers for evaluat-
ing and treating pain. A Sicilian immigrant to the US,
who had to support his family at age 15 by selling news-
papers and shining shoes, still continued his studies in
high school and university, where he proved to be a re-
markable student in several ways. (For example, he fol-
lowed his passion for wrestling to become the US colle-
giate champion in his weight class.) Still very young, in
May of 1944, he was assigned as head anesthesiologist to
the military hospital in Madigan, WA, USA, where he
was struck by the pain that all too regularly accompa-
nied war injuries. In 1960, he founded and ran the de-
partment of anesthesiology at Washington University in
Seattle, where subsequently he advanced techniques in
local anesthesia, in surgery, and in obstetrics. At the
same time, he opened the first multidisciplinary pain
clinic, which allowed for better interaction among med-
ical personnel by calling on contributions and coopera-
tion among surgeons, anesthesiologists, neurologists,
psychiatrists, psychologists, and physical therapists.

Finally, in 1973 Bonica he founded the International
Association for the Study of Pain (IASP).
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Definition

The IASP defines the problem as follows: “Pain is an un-

pleasant sensory and emotional experience, connected

with an existing or potential tissue lesion, or described
in terms of such a lesion” This definition has two
advantages:

e Pain is considered as a central neuro-physio-psycho-
logical event with a double dimension, a subjective,
sensory one and an emotional one, whose unpleasant
character can be assessed only by the sick person.

e It justifies the painful moan of a psychological disor-
der, as it stresses the possibility that pain-generating
mechanisms may have a physical as well as a psycho-
logical basis.

Psychological Signs of Pain

Four components of pain are generally identified:

e The sensory component corresponds to the decoding
of the sensory message in its quality, intensity, dura-
tion and localization characteristics. It is what the pa-
tient feels. Where? When? How long? What character
(aching, sharp, electric, stabbing, etc.)??

e The emotional component comes into being if pain is
prolonged, and consists of anguish and/or depres-
sion.

e The cognitive component corresponds to the place
that the patient grants pain in his/her life; it calls on
his/her educational, cultural, religious experience, the
contents of which determine his/her way of treating
the painful information in the brain. Continuing pain
often causes cognitive alterations with erroneous,
poorly suited, or catastrophist thoughts Elements of
the relative importance that pain has come to have to
a person, and the attention or lack of attention paid
thereto, include: (a) attitudes in the cultural environ-
ment, (b) past experience, (c) situational context, (d)
personal meaning of perceived pain.

e The behavioral component corresponds to the ob-
servable (objective) motor, verbal, and objective signs
that pain determines, . If defined by the associated be-
havior, pain becomes a way of communicating with
one’s circle of friends and family, and has relational
implications.

Pain and Identity

High-level sports activity not only demands thorough
training, excellent physical shape, and a strong will, but
also great resistance to pain and any temptation to
slacken.

Many westerners with little qualification or natural
ability for athletics embark on long and intense sports
events in which a personal ability to fight off a steadily
increased degree of suffering is the dominant feature
(track racing, jogging, trekking, triathlon, etc. ). It is not
a matter of competing with another person, and the re-
sults are of secondary importance, having value only for
oneself. It is as if the physical limit replaces a limit in
meaning that is no longer provided by the social order.
A symbolic reclaiming of one’s life takes place.

A similar connection between pain and identity is
seen in the way one relates to sickness. The emotional
inequalities of childhood weigh generally three times
more than social inequalities. A buried guilt weakens
yet determines a resilient ability to suffer that rebounds
after stress and allows life to continue. For some chil-
dren, who have to relate to an uncommunicative moth-
er, pain is the last trump to play in attracting her atten-
tion. One often notes that chronic pain sufferers had vi-
olent parents.

Some individuals escape their uneasiness, their feel-
ing of not being loved, of not fitting into the family or
other circle, by somehow acquiring a pain, which, if it
makes their life less bearable, at least gives them the
benefit of receiving care and attention. Pain, translated
into a moan, is an identity abutment that allows them to
keep their place. In fact, Man sometimes practices a pro-
gression of pain without which he could not live. In a
relational system, pain can be an exchange currency. It
allows one to stand a bit more straight in an unstable
and threatened life. It is the poisoned gift of an uncon-
scious relationship to a personal history.

Behind our perception of pain, which is so subjective,
lies the whole memory of our past physical and psycho-
logical sufferings. Freud puts it thus: “Every affect is a
repetition of old traumas” — which is to say, of every
frustration, anguish, feeling of abandonment, of loneli-
ness, of separation, of loss one has experienced.

Pain is incommunicable. It is at once a rape, a physi-
cal violence and a destruction of one’s relationship to
the world, in the sense that it invades everything and
paralyses physical as well as intellectual activity. With-
drawn into him/herself, the sick person ends up tiring
everybody because of his/her impatience, his/her irri-
tability, his/her behavior, not to mention the apparent
ceaselessness of his/her pains. His/her family circle
sometimes ends up wondering and doubting, a reckon-
ing ultimately unbearable to the patient.

Pain always puts language in check. It causes out-
bursts, crying spells, silence. It destroys speech,
thoughts, and makes voice unrecognizable. It plunges us
into an ocean of utter loneliness, drowns us in a world
inaccessible to others. Man in pain is nothing but a
scream nobody hears.
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Living with pain is experiencing loneliness: “You don’t
share someone’s pain, you only reach another person’s
pain in a roundabout way. You can’t suffer like the other
person, even when you love him/her, even when you
would like to lighten his/her aching. There is something
dreadful in pain in the sense that it locks up the person,
reveals the weight of loneliness” (David Le Breton).

When pain is chronic and the patient, through his
moan, seeks a relationship to others and to physicians,
then subjective language becomes an act of speech.

Pain and Speech: Moaning

Screams and moans act as pain’s outlet. Yelling prevents
one from becoming mad with pain. A scream holds the
fundamental touch of a motor discharge. It is also the
echo of all our screams that were never heard but are
only etched in our memory. Screams and moans serve
other functions. When screaming, you are no longer
passive, you are active. You try and control something
that anguishes and eludes your attempt to capture.

On the palette of moans come words, with their
meaning, their emotional tone, the intensity of their
sound. They are full-fledged symptoms, signs of an in-
ner life. It is through listening carefully to the moaning
that ties can be established, little by little, allowing the
patient to wonder, and subsequently perhaps to gauge,
how much of his suffering is shown by pain. For moans
appear to us as precisely the link between psyche and
soma.

Moaning can become the expression of psychological
as well as of physical suffering. Moaning allows one to
inscribe suffering in a language, to name the inexpress-
ible, the unbearable; thereby, it soothes anguish. Let us
therefore not try to silence the moan. We have to accept
it and accompany it, and to perceive the unsaid through
the conscious speech, to seize the word, the mimic, the
gesture which suddenly give another dimension to the
speech. The moan can be a call for help, for appease-
ment, or it can be simply an expression of discontent. It
can be a need to talk, an urgency to tell, a crisis that has
to be put into words.

Pain is not only a physiological occurrence, it is above
all an occurrence of life. It is not the body that is suffer-
ing, but the whole individual. In those cases, there is al-
ways a psychological component, a sometimes sec-
ondary suffering, that often reveals an older problem,
unbeknownst to the patient. The painful moan then at-
tests to things other than physical anomaly: to frustra-
tion, guilt, punishment, and separation, to name a few. It
becomes an identifying landmark, narcissistic crutch;
presence, which, in a hallucinatory manner, comes and
fills an absence; it expresses the suffering of a past mis-
treatment; it is a locus of pleasure in a body that cannot
be accepted as painful. It is therefore the body that is

regularly denounced as the locus and cause of all
aching. The difficulty in understanding these patients
who come to lodge a complaint and ask for reparation is
that they are the holders of a knowledge that runs
against that of the physician, who is placed in the unten-
able position of being asked to do some repair work that
he can’t see as necessary.

Moaning bears multiple messages at various levels -
unexpressed but implicit requests. The true request re-
mains to be deciphered. The moan is the stage for the
sick person’s set of psychological problems. It can be
begging, seductive, intrusive, aggressive, manipulative.
The response will have to be in agreement.

The sick person is lodging a complaint. He/she is, in
one way or another, asking for “compensation.” Too of-
ten, the medical response stops at this highlighted set of
problems. Moaning has a psychological dimension. It is
intended for and expressed toward another person,
modulated contingent on him/her, but he/she does not
understand this call, he/she does not decipher it, he/she
remains at the level of the physical moan without un-
derstanding that, behind this moan, there is a whole ar-
ray of past frustrations. The response given is a part of
the “secondary benefits,” but it does not respond to the
real need, which at bottom is to be recognized and loved
for oneself.

There are some factors of positive reinforcement.
“When I suffer, and only when I suffer, good things hap-
pen to me”: medical care; rest; attention; financial or
material compensation; concern of family, spouse. and
physicians; analgesics, sedatives.

There are, however, some factors of negative rein-
forcement. “When I am hurting, bad things only in-
crease the pain” Difficult situations, hard work, un-
pleasant discussions, responsibilities, emotional, and
sexual relations are thus avoided.

Pain and its evoked moan allow one to take the cause
outside of oneself. The guilty one, the scapegoat is the
surgeon, the physician, the scientist; and there are oth-
ers. Every attack on the body upsets the psychological
balance of the person, who sometimes needs the pain in
order to survive. One example of this not infrequently
occurs with operative removal of some body part. The
patient cannot make up his/her mind to say goodbye. “I
want to live with what I no longer have,” and pain comes
to fill the void.

It is noteworthy that the nature and evolution of a
pain is often conditioned by the situation in which it ap-
peared. For instance, by such unpleasant circumstances
as:

Abrupt, thoughtless disclosure of cancer

Removal of an organ without informed consent
Premature and unprepared return home from hospital
Treatment as an object by an examining team
Endless time on a stretcher, at the back of a hallway
with indifferent medical personnel passing through
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Meaning and Pain

“Man is an animal that seeks meaning” (Camus)

Just as nature abhors a vacuum, so is man afraid of a
lack of meaning. An effect without a visible cause brings
into imagination all sorts of beliefs and claims that, ac-
cording to the individual, have remained unheeded. A
man tends to know full well that the cause of his pain is
outside himself. It is a feeling, a vague impression, a
form of malaise, a diffuse uneasiness.

But pain is not a punishment from God. It is rather a
component of the human condition. Pain is not a value.
Fighting it, under certain circumstances, as well as ac-
cepting it, can represent important values. It may allow
opportunity for showing our resilience, our serenity, our
hope.

Does pain have a meaning? If so, what? It is said that
pain is critical as a warning signal, but this not always
true; undeniable warning signals hunger and thirst are
not painful at first. It is said that pain helps us locate
sickness, but neither is this always true; coronary
thrombosis and peritonitis in the elderly may be with-
out pain, and many pains are projected to locations dis-
tant from the source.

Pain is a disruption of information, a mistranslation,
a misinterpretation. The patient wants to be listened to,
to be understood and wants a meaning to be given to
this pain that is taking a hold of him/her, paralyzing
him/her, altering him/her in every way. He or she comes
to be pain, to be identified with it in such a way that
he/she will only be free of it if it receives a meaning in
his/her eyes.

The philosopher Nietzsche observed that what is re-
volting is not suffering itself but its lack of meaning. A
certain conception of the idea of humanity incites us to
intervene in order to limit the pain felt by man as far as
possible as well as the total suffering that diminishes his
personality at all levels.

More than any other field, pain therapy embodies a
moral duty at the highest level of humanity, its desire
and goal is to give back to man his uniqueness, to put
back together in this disintegrated individual what has
been scattered.

Life is what gives a meaning to pain; it is not pain that
gives a meaning to life. We need to feel important in the
eyes of others in order to live properly among them.

To be useful to a patient in pain, the physician must
give up all feelings of power and be open to the outlook
of the other.

Pain management is not so much a new medical spe-
cialty as it is a humanitarian attitude and a new respon-
sibility of physicians toward their patients. In order to
be worthwhile, the relationship between the patient and

the physician (and vice versa) can only be from subject
to subject, not from subject to object (or vice versa). It
marks the reuniting of medicine with its primary aim,
which is to put back together a man shattered by pain
and sickness, to make him one again, to put him on his
feet.

Pain Classification
Acute vs. Chronic

In an acute pain (that has appeared recently), the gener-
ating mechanism is often singular and somatic. It comes
with neurovegetative and motor signs as well as a reac-
tive anxiety. A somatic medical approach is often suffi-
cient to come up with a diagnosis. An etiologically ori-
ented cure is then offered.

In chronic pain (arbitrarily defined as a pain that has
lasted for more than 6 months), pain can continue be-
yond the limit of recovery from trauma, come from a
supposedly finalizing lesion (e.g., amputation, nerve ab-
lation) or a progressive chronic disease (e.g., cancer,
polyarthritis). Pain that is perpetuated ends up affecting
the psyche and makes it more and more difficult to de-
termine if the primary factor is somatic or psychologi-
cal.

Physiopathology
Pains Due to an Excess of Nociperception

These result from a strong stimulation of the specific re-
ceptors of pain, without any lesion nor dysfunction of
the peripheral or central nervous system. They stem
from alterations of the viscera, the blood vessels, and/or
the locomotor system. Such pain is the type found in
cancer or rheumatism and can be soothed with periph-
eral or central analgesics, sometimes combined with
co-analgesics.

Neurogenic Pain

These originate in lesions of peripheral nerves (e.g.,
stump pain, various neuropathies), in lesions of the
radices (e.g., shingles, tearing of the brachial plexus),
and in vascular or traumatic lesions of the central
nervous system (e.g., cerebral vascular illness, brain
tumor). A typical example here is the pain caused by
shingles. These pains are not soothed by standard anal-
gesics, but by an anti-epilepsy and anti-depression
treatment. Transdermal nerve stimulation is also rec-
ommended.
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Hysterical Pain

The diagnosis is based on the negative results of a
meticulous organ checkup, a poor response to an anal-
gesic treatment, and a-typical clinical picture consisting
of evocative localizations, a particular description of
pain, the presence of psychological signs, the particular
way in which the patient relates to his/her circle of
friends and family as well as to the physician, and
his/her special ties to pain.

Treatment
Medicinal Treatment
Classification of Analgesics

The classification proposed by the WHO teaches us the
concept of analgesic levels, an idea based on the
strength of the various agents allowing a prescription
corresponding to a simple scheme (weak pain: weak
analgesic; strong pain: strong analgesic).

This classification replaced the old one, based on the
dichotomy “central analgesics/peripheral analgesics”.
Pharmacology made this approach obsolete by showing
the central action of acetaminophen, the “mixed” action
of nonsteroidal anti-inflammatory drugs (NSAIDs; pe-
ripheral and central), and the action of opiates on specif-
ic receptors located outside the central nervous system.

The most logical classification is that according to
mechanism(s) by which the agents at our disposal are
effective (three mechanisms, three categories) [5]:

e Non-narcotic analgesics have an effect on non- spe-
cific receptors or on more or less complex enzymatic
mechanisms.

e Narcotic analgesics have an effect on specific recep-
tors located at central and peripheral levels.

e Mixed analgesics utilize both of these.

Local anesthetics are not a part of this classification.

Non-narcotic Analgesics

These are very numerous and most of them can be ad-
ministered enterally. They can be classified in three
groups depending on whether they have purely anal-
gesic properties or those associated with anti-inflam-
matory and/or antipyretic effects:

Pure Analgesics

Floctafenine, clometacine, nefopam are three of these.
This last molecule is becoming popular again in ambu-
latory and perioperative situations. Its mode of action is

essentially central, inhibiting the recapture of sympath-
omimetic amines and serotonin.

Antipyretic Analgesics

Two of these are phenacetine and acetaminophen, ami-
dopyrine and derivatives of noramidopyrine are being
progressively withdrawn from distribution.

Anti-inflammatory
and Antipyretic Analgesics or NSAIDs

These are ranked highly and find routine use in the
treatment of many acute or chronic painful syndromes.

Narcotic Analgesics

These work on receptors that are physiologically acti-
vated by the endogenous ligands called endorphins.
There are three categories of receptors: OP1 (), OP2
(d), and OP3 (k). The analgesic strength depends on
their intrinsic activity, wrongly linked to the strength,
and on the affinity of the receptors for these agents
[1,5].

Agonists

Morphine is the agent of reference. This group com-
prises weak agonists, such as codeine and dextro-
propoxyphene and strong agonists, such as meperidine,
morphine, fentanyl, and morphine/fentanyl derivatives.
Strength is always expressed by reference to morphine
whose analgesic coefficient is 1.

Partial Agonists

Here the connection with receptors sets off effects that
are lower than the maximum biological effect. An exam-
ple is buprenorphine.

Agonists—Antagonists

These have a varied actions on the different types of re-
ceptors; pentazocine and nalbuphine are examples.

Antagonists

These compete with agonists for receptors for which the
affinity is strong. An example is naloxone, which antag-
onizes the effects of all morphinic medicines, with the
exception of buprenorphine. These antagonists can
cause a weaning syndrome in dependent subjects.



Chapter 1 Evaluating and Managing Pain in a Pain Management Center

Administering Narcotic Medicines

There are several routes for giving narcotics, including
oral, intravenous, subcutaneous, peridural, intrathecal,
and transdermal. Oral administration should be the
preferred method. Intravenous administration is used
when quick titration is desirable before switching to
oral delivery.

Other methods are acceptable when it is impossible
to administer orally(e.g., dysphagia, vomiting, somno-
lence) or when side effects are too strong.

The technique of analgesic control by the patient
(PCA), first introduced for treatment of postoperative
pain, has now been applied to cancer pain, by either in-
travenous or subcutaneous route.

The coefficients of conversion for proper dosage of
morphine are: oral or rectal = 1; subcutaneous = 1/2, in-
travenous = 1/3, peridural = 1/10, intrathecal= 1/100.

Undesirable Effects of Narcotics

e Constipation, the treatment for which rests on the
prescription of laxatives, physical exercise, and ap-
propriate diet

e Nausea, vomiting (30 to 40 % at the beginning), which
can be neutralized with metoclopramide (Reglan,
Wyeth, Madison, NJ, USA; Motilium)

e Sedation and somnolence, properly treatable only by
reducing the dosage

e Urinary retention, requiring catheterization and
treatment with an anticholinesterase agent

e Respiratory depression is exceptional, but requires
appropriate ventilatory therapy, often accompanied
by a trial of naloxone

Mixed Analgesics

These substances work at once through morphine-like
mechanisms and on the other systems of transmission
and pain control. For instance,. tramadol works both
like a weak p agonist and like an inhibitor of the sero-
tonin recapture.

Co-analgesics

Psychotropic medicines (such as anxiolytics, neurolep-
tics, and tricyclical antidepressants), antihistamines,
and corticosteroids are often included in the treatment
of acute or chronic pain in order to decrease the dosage
of analgesics [1].

Neuroleptics

These medicines have a limited use in the treatment of
pain, even in cases where a sedative treatment and an
anti-emetic treatment are desirable.

Anticonvulsants

Carbamazepine (Tegretol) is a treatment used for pains
of deafferentation with algic paroxysms, such as neural-
gia of the trifacial nerve and post-shingles pain.

Gabapentin (Neurontin) seems to work on neuro-
pathic pains, particularly in the case of allodynia to
cold.

Clonazepam (Klonopin, Roche, Basel; Rivotril) is
used in the treatment of neuropathic pains without
paroxysm (drops are easier to modulate and are pre-
ferred for the elderly).

Benzodiazepines

These are the group of tranquillizers characterized by
their anxiolytic, myorelaxant, and anticonvulsive as well
as hypnosedative action. The use of benzodiazepines is
justified as a treatment for the anxious component
and/or an attempt to effect myorelaxation.

Antidepressants

These are used to break the vicious circle: pain-anxiety-
depression-increased pain. And they have specific anal-
gesic properties that appear faster than the antidepres-
sant effect (3 to 5 days or less instead of 14 to 21 days).
This analgesic effect is due to a reduction in the recap-
ture of serotonin, dopamine and noradrenaline.

Antidepressants are particularly prescribed in neuro-
pathic pains, in small doses.

Corticosteroids

In cancers, corticoids reduce edema and peri-tumoral
inflammation, and consequently the compression of
connected structures. In spite of their anti-inflammato-
ry action, they are less effectual than NSAID on bone
pain. They often stimulate the appetite and give a feel-
ing of well-being, and sometimes of euphoria.

They are appropriate in advanced cancer in high dos-
es, especially for a medullar compression, a blockage of
the vena cava, a blockage of respiratory tracts, carcino-
matous lymphangitis (for instance, 240 mg of solume-
drol per day for a week, slowly decreasing). They are
co-analgesic in pains due to intracranial hypertension,
nerve compression, hepatomegaly, pelvic tumors, artic-
ulatory metastases, and malignant pleural invasion.
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Myorelaxants

Spasms of the skeletal muscle sometimes occur due to
nerve complications or direct irritation from a tumor.
An effective medicine is diazepam (Valium 2, 5, 10 mg),
but somnolence, sometimes due to build-up of the drug
because of faulty elimination, must be guarded against.

A New Concept: Rotating Opioids
Definition

In the case of certain stubborn pains, morphine, even in
increasing doses, seems to become ineffectual and/or to
bring about some unacceptable side effects (deliria, hal-
lucinations, somnolence, myoclonia). After having elim-
inated the metabolic causes, the secondary localizations
(metastases), the way of administering is generally
changed, but the molecule itself can also be changed.
One can replace an opioid by another, then come back
to the previous one before side effects appear. Such is
the definition of the rotation of opioids.

Pharmacological Basis

As with any other product, responses to the various opi-

oids differ among patients as well as in one patient over

time. Two hypotheses are offered to explain the advan-
tages of the rotation strategy:

e One rests on the belief that each opioid molecule has
a different intrinsic activity on each receptor among
the various families of p receptors.

e The other rests on the idea that an accumulation of
the metabolites of morphine is significant in the
appearance of, among other undesirable effects,
myoclonia.

Products

These are the agonists of morphine, including meperi-
dine (phetidine), hydromorphone, methadone, fentanyl,
oxycodone, and hydrocodone. In France, we are in the
process of making up lost time regarding the prescrip-
tion of these products for pain. Fentanyl patches are not
that recent and, with the exception of a few limited cen-
ters, methadone is only prescribed in substitution treat-
ment for drug addicts.

The index of conversion is the following: 1 mg of
hydromorphone = 7.5 mg of morphine; 1 mg of oxy-
codone = 2 mg of morphine; 25 pg/ per hour of trans-
dermal fentanyl = 40 to 80 mg of morphine.

Conclusion

When oral administration is preferred, rotating opioids
is a therapeutic alternative in the treatment of cancer
pain that, for one reason or another, responds poorly to
morphine alone.

Non-medicinal Therapies
Peripheral Analgesic Stimulations

These are symptomatic, not etiological treatments of
pain. The techniques were developed from the gate-con-
trol, or inhibiting control theory; they are techniques of
counterstimulation. The methods are external, non-
invasive and simple. [4]

Transcutaneous Neurostimulation

Notable in this technique is the miniaturization of the
equipment, allowing a continuous stimulation. It is ap-
propriate for:

e Neurological pains such as those accompanying or
following lesions of peripheral nerves, which include
amputation sequelae as well as shingles, peripheral
neuropathologies, postsurgical sciatica.

e Non-neurological pains such as posttraumatic and
chronic rheumatic pains.

Factors that favor a good prognosis for this technique:
e Pain that is topographically limited

Fixed, nonradiating pain

Pain with limited intensity

Good cooperation of the patient

Acupuncture

There are two models for acupuncture. The classical
model uses the Chinese points and meridians, the yin
and the yang. The modern reflexotherapeutic model
uses the cutaneous, subcutaneous, muscular painful
points, and the nerve course (projected pains).

Treatment modalities are varied: simple puncture,
manual stimulation of the needles, electro-acupunc-
ture.

Physical Techniques

Cryotherapy, thermotherapy, vibrotherapy, electrother-
apy, massage, immobilization, and settings, tractions,
and manipulations of vertebrae are among the tech-
niques used.
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Pain Surgery
Techniques that Break into the Paths of Pain

A direct surgical approach has progressively been re-
placed by less invasive as well as more selective tech-
niques:

e Percutaneous neurolyses and sympatholyses (de-
struction of skeletal and sympathetic nerve fibers)
done under ultrasonography, scanography, or stereo-
taxy:

— Local anesthesia required
— Patient cooperation needed in locating the target
— Neurolytic agent pure alcohol

e Thermocoagulation allowing neurolysis with the
heat induced by an electrode in contact with the tar-
get nerve

e Posterior rhizotomy, the oldest (1889) and least-used
technique

e Anterolateral cordotomy

Techniques of Retro-pain Control

These rest on the neurostimulation of peripheral

nerves, the spinal chord, or sensory cerebral nuclei

through surgical implantation of a stimulator. Indica-

tions are:

e Incomplete posttraumatic peripheral nerve lesions

e Partial lesions of the brachial plexus

e Amputation pain

e Pain due to incomplete paraplegia

e Thalamic syndrome with a painful anesthesia (deep
cerebral stimulation)

Intracerebral and Intrarachnoid Narcotic Therapy

This treatment is appropriate for chronic pains that
don’t respond to major analgesics dispensed in a tradi-
tional manner.

Interventional Radiology

Thanks to the progress of technology, there are now
many indications for use of these techniques, the main
ones being:

e Infiltration and neurolysis of the sphenopalatinal
ganglion

Neurolysis of the mandibular nerve

Neurolysis of the stellate ganglion

Thoracic sympatholysis

Neurolysis of the celiac plexus

Neurolysis of the sympathetic interiliac plexus and of
the unpaired plexus

e Infiltration of the pudendal nerve

e Infiltration, block, or ablation of a nerve root

e Treatment under TDM control of osteoid osteoma
e Radiofrequency ablation or tumoral alcoholization
e Acrylic cementoplasty under scanographic control

Cognitivobehavioral Approach to Chronic Pain
Concept

This is an analysis of the role of various psychosocial

factors, having in mind a modification of the behavior

they determine:

e Appreciating the various components of the painful
behavior

e Evidencing how such behavior is fostered or in-
creased by environmental or personal factors

e Investigating techniques of relaxation, biofeedback,
systematic desensitization, stress management, mod-
ification possibilities for reinforcement activity,
behavioral approach

e Modifying maladapted mental processes, factors in-
volved in an increase in the perception of pain and of
its affective-emotional concomitants (anxiety and
depression): cognitive approach

Indications

These are twofold:

e When behavioral manifestations are exaggerated in
comparison with the somatic data

e When psychological factors play a determining role
in the genesis or the continuation of a pain (i.e.,
chronic sciatica, stress cephalgia)

Evaluation

This rests on the use of behavioral scales.

Techniques

As in every psychotherapeutic approach, the patient
must be the main one directing the process; therefore it
is advisable to:

e Strengthen his/her motivation (reformulating repre-
sentation(s) of pain)

® Set precise, realistic, and limited goals

e Establish a therapeutic contract between the patient
and the therapist (stop seeking other opinions, carry
through the prescribed tasks)

e Start techniques of relaxation (e.g.,Jacobson, Schultz,
biofeedback, hypnosis), the objective being a relax-
ation response to the established patterns of
“sensation of pain/loss of control,” “stress/painful
response”
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e Insure a control over important factors: reinforcing
behaviors adaptive to pain, avoiding stress, fighting
inactiveness, facilitating a return to work

e Integrate the family circle in the therapy

Pain Centers
History of Pain Centers

Industrialized countries have been taking an interest in
pain for almost six decades; but for economic rather
than ethical or philanthropic reasons. Dozens of mil-
lions of dollars were dropped each year in the USA and
in Japan because of lost work days due to lumbago and
other chronic illnesses. Treating only the sensory di-
mension of pain was a failure. As described earlier, John
Bonica was the founder of the first Pain Clinic [4]

Motivation
Financial Aspect; Insurance Companies

In the United States in around 1934-1936, chronic pain
became a center of interest for the financial groups be-
hind insurance companies. They came up early on with
the idea of sponsoring physicians in order to get in-
volved in fighting these chronic pains, whose benefit
payments were significantly penalizing. They quickly
realized the validity of their approach when they
noticed that they were recovering their outlay; their
expenses for sick leave had gone down by 50 to 90 %.

Technical Progress

In the 1960s, Wall and Melzack (1965) formulated a the-
ory on pain, regarding its propagation through nerves
as well as inhibiting medullar controls. This theory
(which for the most part proves today to be accurate)
finally allowed a better understanding of the physiology
of pain.

In the 1970s, neurochemistry advances, particularly
those of Guillemin, allowed discovery of the receptors of
morphine (which had been known for many years, but
not their mode of action).

In the 1980s, the moral aspect appeared: the “right to
health” and the “refusal to suffer” are slogans that carry
sufficient social weight to pose a real problem.

Pain Physicians

Traditionally, pain physicians have come to disturb the
organization of medicine; by defining chronic pain as
an entity, they introduce a “transverse break” in the or-
der of traditionally vertical specialties and question the
current distribution of recognized clinical conditions,
and therefore of the patients. It has remained for these
practitioners to convince the medical milieu of the new
clinical approach. [3]

Not sure of how to present pain as the subject of their
efforts, they begin by talking about the management of
cancer pain, though it is far from being the main part of
their practice. But cancer pain can easily take the role of
a legitimizing tool. Every hospital has become aware of
their “claim of usefulness.”

That is how pain doctors were, and still are, variously
heard, depending on the degree of seriousness enjoyed
by their original departments and on that they’ve been
able to acquire personally. Whether the development of
pain consultation as part of the more or less routine
evaluation and treatment of patients is to become rec-
ognized depends a lot on the tenacity and (at least in the
first generation) the status of the initiators of such a
plan. Pain centers are thus both very progressively and
very slowly being put in place in hospitals, a niche that
is all the more limited in that the occupying physicians
play only a modest role in the function of the institu-
tion.

As far back as 1951, John Bonica, a resuscitator and
anesthesiologist, faced with the pains of wounded GIs,
and working together with John White, a neurosurgeon,
brought various specialists into a multidisciplinary or-
ganization, thus founding the first Pain Clinic in Seattle.
The multidisciplinary approach was set as a require-
ment from the start and has since become a kind of dog-
ma. In a specific management structure, pain does not
belong to a specialty, whatever might be considered the
regular practice of medicine. This notion had already
been put forward by Leriche, who was too far ahead of
his time to be lastingly effective. John Bonica solidified
the goal he envisioned by founding the International
Association for the Study of Pain (IASP) in 1974, which
gathered researchers and physicians, as well as psychol-
ogists who were not physicians, around the study of
pain. A year later he founded the magazine Pain, which
to this day remains the voice of the IASP.

The Situation in France
The bill of June 1997 specifies that it is necessary to

identify these pain-treatment structures. It defines three
organizational levels according to the following criteria:
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e The general practitioner of a patient with chronic
pain must supply a consultation request to the pain-
management unit

e The unit must have at its disposal qualified, compe-
tent medical personnel with appropriate technical
equipment

e Besides the physical means of and care offered by the
unit, a management center must exist with its own
hospital beds(or some put at its disposal) and the
wherewithal to provide teaching and research [4]

This bill establishes the mission of an institution, with
its reference team and their relationship with profes-
sionals as well as with the whole population in the area
they serve. Structures labeled as pain centers must act
as moderators of a network they form with other teams
in the area. Authorities at the state level make the last
decision as to what funds will be allotted to the various
substructures (pain related or others).

In each institution, an elected medical commission
must have a committee for pain management put in
place. Pain management must also be included in the
clauses of the contracts signed jointly by the institutions
and the State Hospital Agencies, stating the means and
objectives pertaining to the quality and safety of health
care.

Initial Consultation

The patient must be referred by his family doctor or by
a hospital department. It is fundamental to be able to
have at one’s disposal clinical and para-clinical ele-
ments, to be used as elements of basic knowledge and
comparison.

The essential contact with the patient is established
on the first appointment. The physician must also re-
ceive a letter from the family doctor, with whom he
should be in touch on a regular basis. The pain physi-
cian becomes the patient’s personal doctor, in charge of
coordinating all aspects of his care.

The consulting physician will become the coordina-
tor of the medical file. His role will be:

e To re-evaluate the diagnosis

e To perform a complete History and Physical Exami-
nation and to become thoroughly familiar with the
medical record

e To confirm the organicity or non-organicity of the
pain

e To track down existing claims, the possibility of a ma-
terial compensation, the functional character of the
pain, all the while knowing that the aching moan can
be modified by anxiety, anguish or by ethnic factors;

e To assess behavioral repercussions while taking so-
cio-cultural factors into account that can play the role
of a filter or of an enlarger

e To re-evaluate treatment already given

e To evaluate the intensity of the pain (essential) as well
as the relief brought by the pain management already
established

The consulting physician is not to take the place of the
family doctor or to multiply existing specialized consul-
tations. We have at our disposal subjective measuring
tools that use one-dimensional scales (visual analogical
scale, simple verbal scale, numeric scale) and question-
naires covering the sensory-discriminatory, affective-
emotional, and cognitive components of pain.

Possible Perverse Effects of These Centers

These centers can be a part of other specialized net-
works, in particular those dealing with cancer and pal-
liative care [2].

A first mistake is to think that these structures must
handle all aspects of pain management within the insti-
tutions. The media, as well as political and administra-
tive decision makers often disregard the idea that acute
pain management does not have to depend exclusively
on pain management structures.

A second mistake is to let ideological reasons or in-
sufficient multidisciplinary means lead to dealing with
pain according to a single pattern. Pain management re-
quires more from physicians that just listening or being
available.

A third mistake is to favor therapeutic empiricism.
Structures must therefore undergo an ongoing evalua-
tion. This evaluation must compare therapeutic actions,
measure objective and subjective changes in the patient,
and analyze the financial impact; these structures, how-
ever, must refuse to be judged solely on their profitabil-
ity.

A fourth mistake is to deal with chronic pain solely
within pain structures. These can only be efficient if
they work together with various medical specialists as
well as have their own specialists trained in pain man-
agement. Ideally such a structure includes an anesthesi-
ologist, a rheumatologist, a psychiatrist, a neurologist, a
physical therapist, a radiologist, and a neuro-surgeon.

Pain centers must be acknowledged by other special-
ists. They share a common ethical goal, which consists
in thinking that medicine must relieve a man’s suffer-
ing, not fix a body. If medicine is the science of the body
(of a certain body), it is, unfortunately, not always the
science of human beings.
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A Government Plan

Supervising authorities must publish a list of institu-
tions, to be followed by an identification of structures.
This identification is an integral part of the French gov-
ernment’s tri-annual plan for the fight against pain. This
plan was a real progress. It was followed by a quadrenni-
al plan, which expanded the original one and came up
with these precise goals: improving pain management
after surgery, managing pain in children, and treating
migraine.

Some significant shortcomings are still present in
spite of the progress made over the last 10 years. Sum-
mit meetings on pain are therefore held to raise the
awareness of professionals and citizens in favor of a
pain management plan better suited to the needs of the
population and to sensitize public opinion to the
national program for the fight against pain.

This project is supposed to spark off nation- and
state-wide actions aimed at rallying the various actors
within the health care system. It must also involve local
and state authorities through debates sensitizing them
to the fight against pain in order to bring together all the
actors from civil society and to rally local communities.

France used to have a lot of ground to make up in the
area of pain management, but it has largely caught up: a
comparative study of 15 Western European countries
shows it to be the only one to implement government
plans, and the only one to make the teaching of pain
management a mandatory part of a physician’s initial
training.

Broadening the Set of Problems

While the Pain and Palliative Care clinic may do a good
job of managing end-of-life suffering, it might not do so
for, e.g., pains subsequent to shingles, for stubborn
rheumatological pains, for disabling cephalgia of ten-
years duration, for algodystrophia after a routine opera-
tion or everyday accident, for recurring postoperative
sciatica, for disabling cervico-brachial neuralgia, for
paraplegic pain, or for a vascular facial pain.

As life expectancy increases it can be expected that in
upcoming years more and more pains of the senior pa-
tient will have to be dealt with. Nosocomial and iatro-
genic pains, often unavoidable in operations and thera-
peutics, can also be expected to require increased atten-
tion in the future.

It is likely that the consideration given all these pains
will change once the number of wasted days, of consul-
tations, of physical therapy sessions, of additional ex-
aminations, of trips by ambulance, of disability rates,
and of grievances and trials are tallied.

Conclusion

“What’s new today?” the attending physician asked the
intern. “Oh, nothing,” the younger man answered, “but,
oh yes, by the way, that malingerer died last night.”

Medicine has too often reduced suffering to a physi-
cal occurrence by focusing on a function or an organ.
This reduction has undoubtedly been a effective for cer-
tain problems. But we cannot forget that man is im-
mersed in a cultural group (reference and value system)
and a social group (way of life, life system, ecology, etc.),
not to mention the imaginary dimension that binds any
group and any relationship of an individual to the
world. Moreover, we live in a multicultural society in
which numerous social groups coalesce. An individual
is not interchangeable among such groups, but lives
within a particular system of meanings, values, and
representations.

Managing pain requires the combination of an act of
faith,an act of listening, and an act of discernment. Pain
tests the relationship between the patient and the physi-
cian. That relationship is made up, above all, of belief,
trust, and loyalty. Does the physician believe the patient
when he (or she) says he is in pain? Isn’t there a suspi-
cion of exaggeration when the claim is made that, in
spite of treatment, the pain still exists?

Since pain doesn’t follow “Pasteurian” reasoning
(given pain, given cause, given treatment), does the
physician reconsider the diagnosis and ask himself or
herself what might lie behind the “I'm hurting”?

The ability of the physician to extricate the patient
from pain and from his or her customary share of anxi-
ety and depression depends on his way of identifying,
reading, and interpreting it. For that purpose there is
only one avenue to follow: to listen. Not to be heard is to
be negated in one’s identity, in everything that is built
within oneself for oneself and for others. It is a retreat to
square one; it is to be left without a defense or an an-
swer. The patient may have seen his claim to pain negat-
ed. That offence must be admitted by the physician
before he can try and fix his body.
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Chapter

Pain and Psyche
Clinical and Therapeutic Aspects

Blandine Kastler, Jean-Georges Rohmer

“If I could moan like dogs, I would go off into a wide
plain or deep into the forest and I would howl for hours;
I think it would be a relief.” (Guy de Maupassant)

Introduction

Pain is an integral part of medicine with its philosophi-
cal notions, its scientific ventures. It has a cultural, a re-
ligious, a social and a political dimension. Chronic pain
is a major public health problem, as 20% of the people
in the general population suffer from it. The terms of
suffering are very restrictive to express pain, whatever
forms it has, be it exquisite, sharp, acute, chronic, men-
tal, organic, or functional.

Pain is defined as a physical or mental suffering
(Larousse dictionary), a painful sensation in some part
of the body (Robert), a physical suffering, or a suffering
which is to the soul what physical suffering is to the
body (Littré), suffering being defined by this last author
as a painful sensation that goes from a simple feeling of
discomfort to pain. The definition of pain has become
international. The International Association for the
Study of Pain (IASP) has adopted Merskey’s: Pain is an
unpleasant sensory and emotional experience, associat-
ed with a real or virtual tissue damage or described in
terms of such a damage.

By this definition, pain is no longer defined from the
perspective of the physician, but from that of the pa-
tient. The physician no longer needs to use his knowl-
edge in order to look for an organ or a tissue lesion. He
must listen to the moan and to what the patient says
about it. This definition is important because it does
away with the differences between an organic, a func-
tional or a psychogenic origin. It restores the psyche and
the human moan, forcing the radiologist, the surgeon,
the pain specialist to ask him/herself a question that is
simple but has an authentic clinical meaning: “Where
does it hurt?”

We psychiatrists don’t know pain, we only know the
words that express it: “T am hurting, it is horrible, I can’t
do anything any more, I am apprehensive, I am suffer-

2

Fig. 2.1. Van Gogh, portrait of a sick person at the Saint-Vincent
Hospice, 1889

ing, do something, help me, nobody can do anything

about it any more, etc.”

The only pain we relieve each day is psychological
pain, mental pain, madness with its hallucinations and
its painful anguish (Fig. 2.1).

Currently there are two trends in the response to pain
as it is defined by the IASP.

e The first refers to American material, with a thera-
peutic option, and which is mostly cognitive and be-
havioral: it essentially addresses stress factors and the
socio-familial context. Intra-psychological conflicts
are ignored in favor of environmental factors.
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Table 2.1. Diagnostic criteria of “F 45.4. Pain disorder” (DSM IV R)

A pain in one or several anatomical localizations
is at the center of the clinical picture, and this pain
is intense enough to justify a clinical exam.

The pain is at the root of a clinically significant suffering or
of an alteration of a patient’s functioning in a social,
professional or any other significant area.

Psychological factors are considered to play a significant role
in the setting off, the intensity, the worsening or the persistence
of the pain.

The symptom or the deficit is not produced intentionally
or feigned (as in a fake disorder or in simulation).

Pain cannot be better explained by a mood disorder,
an anxious disorder or a psychotic disorder and does not
correspond to the criteria of dyspareunia.

Specify the type:

[307.80] Pain disorder associated with psychological factors:

it is considered that psychological factors play a major role

in the setting off, the intensity, the worsening or the persistence

of the pain (if there is a concomitant general medical affection,
it may not play a major role in the setting off, the intensity,

the worsening or the persistence of the pain). One does not
make a diagnosis of this type of pain disorders if the criteria
of a somatization disorder are also present.

Specify whether:

[307.89] Pain disorder associated with psychological factors

as well as with a general medical condition: it is considered
that psychological factors and a general medical condition play
a major role in the setting off, the intensity, the worsening

and the persistence of the pain. Code the associated medical
condition or the anatomical localization of the pain on axis III
(see below).

Specify whether:
Acute: lasting less than 6 months.
Chronic: lasting 6 months or longer.

e The second refers to psychoanalytical concepts that
rely on more European material and address psy-
chopathology in the light of psychodynamic func-
tion.

However, beyond petty quarrels and in spite of com-
pletely dissimilar approaches and investigations, some
common points appear, even though described with
different words.

Current Nosologic Aspects

The diagnostic and statistical handbook of mental dis-
orders (the “Bible” of American psychiatrists) preferred
the word pain disorder in its latest version (DSM IV R;
Table 2.1), abandoning the words psychogenic or so-
matoform pain of previous editions (DSM III R)

Pain disorder is a broad diagnostic category, devoid
of precise clinical elements. All chronic sufferers can be-
long to this diagnostic category from the moment that
pain can be blamed for “a clinically significant suffering
or for an alteration in functioning.” The presence of a
psychological component in every chronic pain can no
longer be questioned.

These chronic pains are generally low back pain, ab-
dominal or pelvic pains, cephalgias, or diffuse muscular
pains. In the US, low back pain is the number one cause
of visits to the general practitioner’s office and the num-
ber two cause of sick leave.

There are few correlations between the felt intensity
of a pain and its physiology. If we look at lumbar MRIs
done on subjects free of all pain-filled moan (please see
Chap. 1 for a discussion of “moan”), we find significant
lesions in 30 to 40 % of the cases. Conversely, we find few
discal or vertebral lesions that can explain the intense

pain felt by chronic lumbar pain sufferers and that have
serious repercussions in their daily life. Diagnosing a
psychogenic pain remains difficult and subjective.

Chronic Pain Syndrome

I will use the definition given by F. Bourreau (1988, 72):
“We will use the term chronic pain syndrome (CPS) to
describe the set of physiological, psychological, behav-
ioral and social symptoms which tend to make us look
at persistent pain, regardless of its original etiology,
more as a sickness in itself’ rather than as the mere sign
of an underlying physiopathological disorder. This syn-
drome can be observed in various degrees in pains with
a different initial etiology: migraines, lumbar pains,
neurological ailments and sine materia psychogenic
pains, etc. There is no doubt that the symptoms of CPS
include disparate and still imperfectly compiled phys-
iopathogenies. The advantage of referring to such a syn-
drome is, above all, due to its operative worth in com-
mon practice.”

The option of treating a syndrome without worrying
about etiology is not a standard practice in medicine.
The more common thinking is that we then run a risk of
making erroneous evaluations that can lead to thera-
peutic errors. Acute and chronic pains are quite differ-
ent entities that cannot be addressed in similar ways,
and although we are limiting ourselves to chronic pains
here ,let us point out that in the case of acute pains dif-
ferentiation between organic and psychogenic etiolo-
gies is quite common.

The psychological repercussions of a pain with an or-
ganic etiology or a pain with a psychogenic etiology,
even if there is a local irritative spot, cannot be con-
fused; they come under essentially different psycho-
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pathological mechanisms. How can we confuse the psy-
chological dimension of a cancer pain, the thorny prob-
lem of lumbar pain, the sensory hallucination of the
hypochondriac and the spasmic pain attacks of pre-
psychotic illnesses?

These different pathologies must be addressed sepa-
rately, and, even if there are certain common points in
how they are dealt with therapeutically, one will have to
decipher the meaning of each patient’s pain-filled mes-
sage and its specific function in relation to the underly-
ing psychopathology.

This approach leads to dealing with the person as a
whole as well as to a multidimensional element amount-
ing to a criticism of classical medical management as
insufficient and classical psychiatric management as in-
appropriate. Indeed, managing chronic pain sufferers as
well as all psychosomatic patients requires an adjustment
of the therapeutic approach in which neither the body
nor the psyche are neglected, and in which one must
agree to start from the symptom in order to proceed.

In conclusion, I will say that not taking factual and
environmental factors in the chronic pain sufferer into
account is certainly an error, but not taking the psy-
chopathology and the intrapsychological factors into
account is one as well. I think one cannot avoid taking
the etiological dimension into account, even if it must
be qualified by reinforcement factors.

In order to keep the advantages introduced by the
notion of the chronic pain syndrome while limiting its
disadvantages, I suggest that we distinguish two big
groups:

e A chronic pain syndrome with a dominant organic
component

e A chronic pain syndrome with a dominant psycho-
logical component

Chronic Pain Syndrome
with a Dominant Organic Component

Either in the course of a serious illness or of surgical or
other traumatic aftereffects, a strong organic pain if not
relieved can lead the patient to withdraw, reducing
his/her involvement, and finally making him/her freeze
into an antalgic withdrawal attitude. The anxious pa-
tient is on the lookout for the painful attack, the over-in-
vested painful zone becomes his/her only concern; the
anxiodepressive context takes precedence. Life stops
and is only punctuated by painful attacks - any plans,
any anticipation become impossible. The subject be-
comes anxious and depressed because of hurting in his
or her body.

We physicians find ourselves confronted with death
anguish within the context of palliative care. Besides or-
ganic pain, another mechanism can generate anguish
and depression.

Indeed, at the time of any serious illness, the patient
perceives a change in the markers defining one’s course
through life. The picture one has of oneself, one’s place,
one’s role are suddenly called into question. The indi-
vidual must sometimes adapt to a new cerebral body
diagram, and beyond that the body picture is changed,
too. The various factors on which one’s identity is based
are disturbed, as are relationships to family and friends
and to reactions to events. Destabilized, the subject is no
longer him or her self. This more or less sudden break
causes anxiety and sometimes depression.

Psychological assistance will help the patient find
new markers on which to lean; it will help this individ-
ual mobilize the resources inside in order to rebuild a
new, hopefully more accurate picture of himself or her-
self. Destabilizing factors will also have to be pinpointed
and formulated. Adapting to the illness or the handicap,
restoring the psyche will thus need to be fully worked
through, a process we’ve come to call “working out sick-
ness.”

The patient will have to progressively reinvent this
modified body that is betraying him/her in order to
make it one’s own again, to formulate one’s anguish,
to put one’s experience into words and to express one’s
suffering. For, if this suffering remains impossible to
express, to formulate, it will manifest itself in other
ways, in particular in pains, but now of a psychological
kind. Now, the patient experiences pain because he or
she is anxious and depressed. Thus, with an organic
pathology, the moan can indicate:

e An organic pain that requires the use of analgesics
e A psychological pain due to facing illness or is a man-

ifestation of a reactionary depression and requires a

psychological approach, as medicine cannot fill the

need for words and reassurance

e An anxious call for help directed at the medical team,
and in which the request for pain relief can become
the favored means for communicating in place of
expressing the anguish

The physician will therefore have to be able, at the time
of each moan, to evaluate where the request is coming
from and not to respond systematically by prescribing
analgesics under the assumption that the cause is or-
ganic. A patient is sometimes seen who is receiving
large doses of medicine but still without effect; the
temptation may be to keep increasing the dose. Howev-
er, if the psychological dimension were better heard, not
only might the patient be calmed down but the original
doses reduced - provided of course that the organic
pain is properly evaluated (overafferentation or deaf-
ferentation) and treated.

The patient can naturally be expected to face each
attack with his or her own personality, reactions, and
way of relating, giving the pain-filled moan its specific
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aspects, but that does not change the principle etiologi-
cal factors.

A favorable evolution will allow restoration of oneself
after an attack, a redefinition of place and role with
one’s new, modified body. But the evolution can also
drift toward a worsening and a psychological decom-
pensation. The original somatic pathology will then
serve as a fixation point, as a mnesic trace upon which
the anguish will be unloaded. The body symptom will
remain a point of emphasis, but it will be understood in
this case that the problem lies elsewhere. The physician
must decode the hidden suffering, the conflict that can-
not be verbalized and allow the subject to finally express
that which can’t be put into words, but inscribes itself in
the body.

The symptom(s) can be functional or associated
with a lesion at the time of somatization; in the two
cases the underlying psychological aspects will be differ-
ent. In all cases, however, it is no longer the pain itself
that is on the front burner, but the way in which the
patient talks about it and presents it. The relational di-
mension of the pain is what must be taken into account
before anything else.

Let us now see whether it is possible to distinguish
specific clinical entities. It is classically acknowledged
that all personality types can be encountered, from or-
dinary neurosis to psychotic decompensation, through
psychosomatic patients. Everything can indeed be en-
countered. However, some characteristic profiles appear
more frequently than others. First of all, the association
of pain and depression is unanimously recognized, but
in the context of organicity depression is the conse-
quence of pain, while with these patients it is its cause.
In certain cases, it appears quite obvious that the de-
pressive aspect, presented as secondary, has in fact pre-
ceded the outbreak of the symptom, without having
been identified or named as such by the patient.

When the thymic side of depression does not come
out clearly, pain is a “depressive equivalent,” a “masked
depression.” One can encounter reactionary as well as
essential, melancholic, or other depressions. And yet
even though the association is very common, there are
pain-filled chronic patients who exhibit no depressive
syndrome.

Let us now distinguish in the history of the patient
the way in which the illness has appeared.

Chronic Pain Syndrome
with a Dominant Psychological Component

In this type of pain syndrome, we can distinguish two

different populations of patients, those who have:

e Centrifugal pains,a means of expression intended for
others that penetrates relational exchanges and per-
meates family life, that encourages everything in the
environment to revolve around it. Suffering becomes
a way of being in the world that translates into a call
for help, that cannot be formulated differently, as well
as a subconscious way of manipulating or tyranniz-
ing one’s family circle. This relational type can natu-
rally only exist with the conscious or unconscious
complicity of relatives and friends, who often also
find it perversely beneficial even as they denounce
the situation and seem to suffer from it. In fact, they
often contribute to reinforcing it. The social and fa-
milial place of the subject can be defined by his/her
pain.

e Centripetal pains, which are no longer really a means
of expression intended for others, even though the
pain is omnipresent. It, too, is a way of being in the
world, but now in the dynamics of a narcissistic with-
drawal. Suffering shown this way functions as a sup-
port for a feeling in the subject that existence is falter-
ing. Pain comes and eases the unspeakable suffering
of failing to be, and helps one to survive.

Naturally, these two types of population require differ-
ent forms of management.

Pains Within the Context of a Factual Crisis

At the time of the first consultations, in telling his or her
story the patient refers, consciously or not, to an event
or a series of events perceived as traumatic. What is im-
portant is the way in which the patient describes the
event, the emotional reactions or, conversely, lack of re-
action and the fact that a spontaneous connection is
made between the event and the pain. Three types of
circumstances are encountered particularly frequently.

Reactional Depressions

Here, the intensity of the event does not allow the sub-
ject to face it. The suffering cannot be formulated and
manifests itself in the body. The somatic dimension of-
ten predominates and the subject is not necessarily
aware of a depressive state; the functional pain testifies
to the depression. The person can be relatively well bal-
anced without a clear psychopathology. In this type of
pain, the prognosis is usually good, and short treat-
ments are a good course of therapy.

Pathologies of Bereavement

Complicated bereavements have given rise to numerous
articles,and it is surprising that this type of pathology is
quoted so seldom by pain specialists, considering how
very frequent it is. Depression again predominates, even
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if it is hidden, but now the psychopathology is always
present. However, the intensity of the regression and of
the underlying disorder varies, going from neurosis to
melancholy.

In all cases, pain has a defensive function in relation
to the task of mourning and protects against a true suf-
fering. Therapeutic work will consist in allowing the
task of mourning and the formulating of this pain into a
suffering. It is precisely the opportunity to express this
suffering, to share it, which will allow one to free the en-
closed object and to start the act of representation anew.

Let us not forget that there is not necessarily a paral-
lel between the significance of the loss and the magni-
tude of the reaction. The latter depends rather on how
much the patient is invested in the object or the situa-
tion. Some event, apparently benign to an outside ob-
server, can be a source of major decompensation; a typ-
ical example is the death of a pet dog for some persons
who live alone.

Post-Accident Pains

Other frequently encountered pains are those appearing
after physical injury, often referred to a post-traumatic
illness. There is no parallel between the significance of
the trauma and the magnitude of the reaction; some ac-
cidents out of which the subject comes unharmed can
lead to catastrophic decompensations. The decompen-
sation has nothing to do with the event that set it off,
even if it refers to it. The event that is truly important is
different from the one that can be detected in the words;
it is older and connected to the emotional history of the
subject.

In the specific case of the low back pain sufferer, a
subject who is often hyperactive, and who decompen-
sates after a trauma, even if it is a mild one, one notices
that the hyper-investment in the painful zone replaces
the hyper-investment in activity. It shows that these pa-
tients establish narcissistic relationships. Sometimes
decompensations appear through mere immobility,
made necessary by the accident, as the patient is unable
to fight a rising anguish over the lost usual hyperactivi-
ty.

Here we encounter some post-traumatic neuroses
and pessimisms with a paranoid decompensation struc-
tured around a claim in a persecutory context, but also
some true traumatic neuroses.

Thus, the pain specialist may not fail to acknowledge
that, at the time of certain accidents that appear as
the organic cause par excellence, psychological etiology
is present, that it sometimes precedes the accident,
and that the painful aftereffects, picking up the psycho-
logical aspects, will be a part of the logical continua-
tion of the evolution. Such a scenario is almost pre-
dictable, and from the first an appropriate management

should include systematic preventive treatment aimed
at avoiding decompensations, and which would inci-
dentally have a definite impact on overall cost of treat-
ment.

Pains Within the Context
of a Progressive Worsening

These include chiefly hysteria and hypochondria, both
of which can be accompanied by a depressive state, but
not necessarily; most of the time anguish is the domi-
nant factor. We have already talked about pains as de-
pressive manifestations; different mechanisms are para-
mount here.

Pain and Hysterical Neurosis

In his studies on hysteria, Freud showed that physical
pain takes the place of mental pain. Pain expresses in
the body what cannot be expressed otherwise, in the
form of either anguish or depression. Moans, psy-
chogenic algias, hysterical conversions are functional
pathologies that affect the relational life and the loco-
motor system. Paresthesias, hyperesthesias, various
spasms lead to functional pains associated with handi-
caps. Painful hypertonias can be significant. These man-
ifestations can be accompanied by other manifestations
that are specific to a typical hysterical personality with
hyperemotionalism, theatricality, and eroticization of
the relationship.

Here, the symptom that is connected with the in-
trapsychological conflict is given a meaning in an oedi-
pal aspects. However, we must not forget that symptoms
with a hysterical appearance can be encountered in oth-
er personality structures.

The body manifestations of anguish, the various al-
gias, are usually located in the visceral areas and accom-
pany other neuro-vegetative reactions: oppressions, car-
diac, and respiratory functional disturbances. These
pictures can also be encountered in hysteria, as well as
in anguish neurosis and many anxious disorders.

Pain and Hypochondria

Hypochondriac manifestations are real sensory halluci-
nations that preferentially affect the deep areas of the
body. Anguish takes over the cenesthesia (“body
sense”), which becomes painful, thence to mobilize the
patient’s full attention. The problematics here is more
narcissistic and challenges the body. These states can be
encountered in neuroses, but they also take on a more
delirious aspect in borderline states or psychoses, par-
ticularly in the well known Cotard syndrome.
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Within the context of these functional pains, we can-
not fail to mention pain as an alternative to pleasure
and masochistic problematics in which aggressiveness
and guilt are meeting. If some patients describe horrible
pains with a radiant face from which pleasure is scarce-
ly missing, we also hear incredible accounts of the skills
and style of persecuting each other, as a couple or as a
family.

In pain treatment, we see many couples that function
in a sadomasochistic mode. Pains and moans are inex-
haustible, but the steadfastness in perpetuating the un-
happy union is unshakable. Let us not forget, however,
that even if we are irritated by such a patient’s ceaseless
moans, we are dealing with real suffering with which the
subject is struggling the best (s)he can. Within this con-
text, we also see failure neuroses in which the subject
persists, quite unconsciously, in ruining his/her life.

Pains and Somatization

These are sometimes likened to each other, and some
authors mention a psychosomatic personality within
the context of chronic pains. Currently, theories regard-
ing somatizations are not unanimously approved, and
yet archaic problematics are always brought into play. In
an existential approach, it is thought that pain lets us
know our body through the body experience (in accord
with the existential reality of a presence and of an actu-
alization of oneself).

Pain and Psychoses

Psychoses also can express themselves through algias.
More specifically, in identity and undelineated body im-
age disorders, in almost noiseless schizophrenic dissas-
sociative psychoses, and in paranoids who structure
themselves around a claim within a persecutive context;
and let’s not forget melancholia.

It is consequently very difficult to define the popula-
tion of chronic pain sufferers. (In France, for example,
no serious epidemiological survey has been under-
taken. Not to mention the way in which the patients
are usually recruited, which completely distorts statis-
tics.)

Indeed, some consultations come directly from a
medical specialty (rheumatology and neurosurgery
come first to mind), and such specialists may treat one
single type of pathology (center for the treatment of mi-
graine) and draw specific populations.

The more general centers have their own specificities,
too. They generally select seriously ill patients, those
who have trouble healing. Others are treated upstream
by GPs and other specialists; they never get to us, having
already recovered.

Moreover, some centers preselect their patients and
do not admit those whose psychological dimensions are
either too significant or obviously psychiatric. These
patients are directly referred to psychiatrists and do not
show up in the statistics of pain management centers.

Conclusion

How can we suppose that hurting can bring benefits?
And yet ... As we've seen, a psychogenic pain can be
the expression of a wound and it sometimes protects
from more menacing suffering. Thus, as opposed to
what some say, chronic pain sometimes performs a de-
fense function with real protective worth for the sub-
ject. That does not, however, mean that it should not be
relieved. One must simply be careful and not try to
make it go away; the use of morphinic drugs in such a
case is disastrous, for it increases the psychological dis-
order. Moreover, besides the primary benefits that
caused the symptom, pain often allows secondary bene-
fits of a psychological nature. These include:
e Obtaining rewards that cannot be expressed, particu-
larly in the case of a dependence
e Giving shortcomings and consciously unacceptable
claims a respectable excuse
e Creating a living space for oneself, sheltered from an
invasion of privacy
e Letting go of one’s social mask without being a failure
e Allowing an avoidance, the handicap offering a shield
from certain situations that cannot be taken on

Finally, the characteristics that are specific to the psy-

chopathology of chronic pain sufferers do not prevent

us from finding certain common traits:

e A never-filled need for attention

e An immaturity and an excessive dependence on the
family circle, even if this regressive need is sometimes
denied, pain then becoming the “alibi” that explains
everything

e An underlying aggressiveness that can be significant

e A particularly frequent separation anguish

e The presence of a narcissistic flaw where pain acts as
a personal and relational support (in fragile patients)

Early emotional deficiencies are found in high propor-
tion in the population of chronic pain sufferers (corrob-
orated in epidemiological surveys) as are antecedents of
bodily violence (by accident or abuse), a lack of physical
reward, and a lack of pleasure-causing enjoyable sensa-
tions.

All these characteristics will give the therapeutic re-
lationship a particular tinge, occasionally causing some
relational difficulties in which the defense mechanisms
of the patient as well as of the physician can work to-
ward perpetuating the disorder.
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Decoding what is happening when the painful moan
is heard, thwarting unconscious manipulations, aggres-
sive or seductive attitudes, is then fundamental. The
therapist will also have to take into account the relation-
al role of pain in the couple or the family, if one does not
want the next-of-kin to engage in an unconscious sabo-
tage as soon as a symptomatic improvement occurs.

We still have to mention patients putting us in check
by telling us right away that they have consulted the
greatest professors and even the most expensive ones
and that none of them has been able to relieve their
pain. Then, don’t even go trying, it’s a lost cause! The on-
ly possibility here may be to play the game of therapeu-
tic non-intervention and to use a few consultations to
analyze these failures. But that is already doing psy-
chotherapeutic work. Almost invariably, the patient
manages to say at some point that medicine is incapable
of treating him/her and that no relief is expected by
having taken this step. It is then sometimes possible to
change the course of things by bringing the patient to
ask him or herself what is actually being sought. What
drives you to come here anyway?

In all cases, to be a pain specialist is to offer the
chronic pain sufferer an attentive ear to the moan, con-
sultation after consultation, even while putting us in
check. Of course, there can always be some mixed cases
in which organicity and psychopathology are equally
significant. It will suffice, in fact, to treat one and the
other at the same time; which still does not mean con-
fusing them.

Psychiatric Co-morbidity and Chronic Pains

Classic psychiatry considers the psychological aspects
of chronic pain in terms of co-morbidity: it studies the
presence or absence of psychiatric disorders defined by
diagnostic criteria.

Major depression seems to occur in subjects suffering
from chronic pain with a frequency of between 15 and
55%. Dependence on alcohol or on another psychoac-
tive substance occurs in 15 to 23 % of the cases, anxious
disorders in 7 to 63 % of the cases.

There also seems to be a strong co-morbidity be-
tween the disorders of axis II of the DSM-IV-R and
chronic pain. Chronic pain sufferers are often histrion-
ic, dependent, narcissistic, or borderline personalities.

Depressive symptoms are the psychological symp-
toms most often associated with chronic pain. A con-
sensus establishes the prevalence of a major depressive
episode at about one third of the chronic pain sufferers
coming to consultation. The model of psychogenic
pain as a depressive equivalent rests on the idea that
chronic pain belongs in the spectrum of emotional
disorders.

Psychotherapeutic Treatment

The various forms of psychotherapeutic treatment de-
pend on the theoretical approach of the practitioner but
also on the patient’s request. Forms of psychotherapy
include:

e Cognitivo-behavioral therapy

e Body therapy (Schultz’s autogenous training, relax-
ation)

Couple, family, and group therapy

Biofeedback

Psychotherapy with a psychoanalytical inspiration
Support psychotherapy

These therapies were studied by Americans, who want-
ed to objectivize the improvement of the results ob-
tained by the various psychotherapeutic techniques, in
order to insure their coverage by private insurance com-
panies.

Pain appears to be a psychosomatic symptom par ex-
cellence: it requires the whole person to be addressed,
and is aimed at calming pain as well as hearing and re-
lieving suffering. It is necessary to allow the person to
express him or her self, with his/her means at the time,
under accessible conditions and to lead the way to for-
mulation of a true request.

Patient management should occur within a unit of
time, of location and that of a team thus avoiding the
body/psyche dichotomy. The body dimension should
never be neglected even if the etiology is psychological.
If we are to maintain trust, the patient must feel from
the beginning that the somatic complaint is being fully
acknowledged.

A multidisciplinary approach allows a refining of the
diagnosis. The various specialists, shedding different
lights, allow us to better grasp the various components
of the patient’s distress. Moreover, considering the com-
plexity of some diagnoses, such a plan protects against
an always possible therapeutic error. It is then much less
likely, for example, to impose psychotherapy on a pa-
tient with a purely organic problem. Hence, psychiatric
diagnosis must be undertaken on precise elements
whose investigation runs parallel to the organic diagno-
sis and treatment, and not after failure of medical ther-
apy (made then, for instance, as a diagnosis of exclu-
sion).

Most of the time, a psychiatric consultation brought
in as a last resort reinforces the defenses of the patient
who feels misunderstood and rejected, perhaps rightly
s0, and compromises the psychotherapeutic approach.
Trust can be brutally broken by the fateful phrase,
“There is nothing wrong with you” Of course there is
something wrong with this patient, but this “something”
often does not interest medicine.
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Way too many patients get lost between medicine,
which rejects them, and psychiatrists, who are inacces-
sible to them. That leads us into a therapeutic impasse.
We should direct ourselves to avoiding the traps of med-
ical outbidding, as well as to the struggle of the patient
between somaticians and psychiatrists, who sometimes
send him or her back and forth without organizing any
coherent treatment. Adding a psychological approach
from the beginning need not cause any split with the
somatician.

Finally, all the while looking for the etiology, the
probing of pain does not have to be done according to a
linear pattern of understanding. And it is necessary at
once to address:

e The synchronic dimension, looking for both the off-
setting and the aggravating factors in the current sit-
uation

o The diachronic dimension, looking for the factors of
vulnerability in the subject’s history

As a first step, a nonspecific psychological approach

must be introduced by the pain specialist from the first

consultation on, regardless of the type of pain. This will

greatly help in averting the body/psyche dichotomy and

the subsequent resistance on the part of the patient to

consulting the psychological team. The role of the psy-

chiatrist in the multidisciplinary team should be:

e To avoid diagnostic or therapeutic medical outbid-
ding, as well as iatrogenic risk

e To listen to the moan and hold the anguish in check

e To reveal the main factors that are found at the fore-
front

e To insure a psychological accompaniment for organ-
ic patients, when it can be done without any particu-
lar difficulty

Chemotherapeutic Treatment

Psychotropic drugs (antidepressants, neuroleptics, ben-
zodiazepines, thymic regulators such as lithium carbon-
ate) have proved effective in the treatment of both acute
and chronic pain.

Antidepressants and Pain

As we have seen, depression and pain often go hand in
hand and the prescribing of antidepressants has a very
positive effect on the depressive syndrome as well as on
the pain itself.

A recent meta-analysis of 39 studies controlled
against a placebo yielded objective statistical data. The
conclusion was that antidepressants were efficient an-
talgics, showing that 74% of the patients treated with

these products for light chronic pains experienced an
improvement, as compared to the placebo.

Rules for Prescribing Psychotropic Drugs

e Inform the patient about the prescribed drug, its in-
dications, its dose, its side effects, and the effective-
ness that can be expected.

e Treat with an effective doses for a sufficient period of
time (antidepressants).

e Respect monotherapy as far as possible.

Exercise caution and watch out for side effects.

e Recognize the great importance of individual recepti-
bility.

Products in Use

Imipramine (Tofranyl), the first antidepressant to be
commercialized, was offered in the treatment of pain
syndromes two years after the interest of using it for
depressive syndromes had been evidenced. Since
then, other tricyclical antidepressants (in particular
amitriptyline) have been used by numerous practition-
ers in order to treat patients with chronic pain syn-
dromes of either a benign or malignant origin.

Main Indications

e Neurological pains, in particular pain of peripheral
neuropathy: diabetic and other neuropathy, post-
shingles neuropathy, phantom pain

e Cephalgias: migraine, stress headache, psychogenic
headache

e Facial algias

e Rheumatological pain:, rheumatoid polyarthritis,
ankylosing spondyloarthropathy, and rachidian pain,
chronic lumbar and other back pain

e Neoplastic pains

e Pains in gastroduodenal ulcers

One will also have to take into account the presence
of:

e Depressive syndromes

e Anxious conditions, panic attacks

e Social phobias

e Obsessive-compulsive disorders (OCDs)

Five positive aspects are recognized in the co-prescrib-
ing of antidepressants: an increase in the effectiveness
of the other prescribed analgesics, a decrease in their
dosage, a delayed use of opiates, and an improvement of
the psychological condition.
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Table 2.2. Antidepressants used in the treatment of pain

Medicine Initial Dose mg Maintenance Indications for use Therapeutic
Dose Concentration
(mg/day) (ng/ml)
amitryptiline 25 x 1 or 2 daily 50-300 Depression, chronic pain, migraine, 60-2002
sleep disorders
amoxapine 1> 50 x 2 or 3/daily 100-600 Depression 180-6002
bupropion 50-75 x 2 daily 300-450 Depression, attention deficit 50-1002
clomipramine 25 x 3 daily 100-250 Depression, compulsive obsessive disorder, 200-300?
panic disorder
desipramine 25 x 1 to 3 daily 50-300 Depression, panic, attention deficit 125-250P
doxepine 25 x 1 or 2 daily 75-300 Depression, chronic pain,
gastroduodenal ulcer, irritable colon syndrome,
sleep disorders 110-250
fluoxetine 20 x 1 daily 10-80 Depression, eating and compulsive obsessive =
disorders, panic disorder
fluvoxamine 50-100 x 1 daily 100-300 Obsessive compulsive disorder, depression, -
panic disorder
imipramine 25 x 1to 3 daily 50-300 Depression, panic disorder >180,2, b**
maprotiline 25 x 1 to 3 daily 50-225 Depression 200-400*
nefazodone 100 x 3 daily 100-600 Depression, compulsive, obsessive disorder “** -
2 Parent molecule and metabolite
b Well established monitoring of the drug treatment
¢ Little clinical data available
Mechanism Therapeutic Modalities
The effectiveness of antidepressants is related to their = Tricyclical antidepressants: amitryptiline (Elavil,

analgesic property, the mechanism of which remains to
be defined; but which seems to due, among other possi-
bilities, to a combination of monoaminergic and opi-
oidic actions.

The analgesic effect could be explained as a thymo-
analeptic or a sedative action, but also as specifically an-
talgic. A survey of studies on antidepressants revealed
that 56 % of them reported an anti-nociceptive in ani-
mals, which is considered to be experimental proof of
antalgia. However, the mechanisms through which anti-
depressants might be likely to modify the pain-filled
message have yet to be elucidated. The probable role of
serotonin, which has a part in the inhibiting control of
nociceptive messages and in depression, has been
demonstrated. It is supposed to have a part in the poten-
tiation of morphinic effects and in diffuse analgesic sys-
tems. It is understood that there are some mechanisms
common to depression and pain, and considering also
that serotonin and noradrenaline have roles in the
mechanisms of analgesia, all antidepressants may be
potentially analgesic and should be studied.

Zeneca, London; Laroxyl), clomipramine (Anafranil),
are currently the most widely used. Non-tricyclic anti-
depressants: mirtazapine (Norset), fluoxetine (Prozac),
fluvoxamine (Luvox, Solvay, Brussels; Floxyfral) and
other antidepressants that inhibit the recapturing of
serotonin (SRI) are also potent and, above all, manage-
able; see Table 2.2.

For tricyclical antidepressants, whose leaders, again,
are clomipramine and amitryptiline, the common dose is
10 to 15 mg at first, then a progressive increase in stages
up to 150 mg. It can take up to 4 weeks for one of these
drugs to become effective.. Treatment can therefore be
stopped as ineffective only after this period of time.

Monitoring the treatment is particularly justified for
tricyclical antidepressants whose most common unde-
sirable effects (dry mouth, constipation, orthostatic hy-
potension, shaking) can lead the patient to stop the
treatment. More serious problems, particularly coagula-
tion problems and urinary difficulties, can result in nec-
essary discontinuation.

The inhibitors of the recapturing of serotonin parox-
etine (Paxil, SmithKline Beecham, Brentford, UK;
Deroxat), fluoxetine, fluvoxamine and (séropram
(Celexa, Forest, New York) are easy to use and don’t evi-
dence the contraindications of the “old” (tricyclic) anti-
depressants, or their side effects. They can be prescribed
at the rate of 1 to 3 pills per day, with daily doses usual-
ly beginning at 20 mg.
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Neuroleptics and Pain

Neuroleptics were discovered in 1957 and were defined
by their anti-psychotic action and their extrapyramidal
effects. As is well known, they are mainly used in psy-
chotic conditions, particularly schizophrenia. Classic
phenothiazine neuroleptics chlorpromazine (Tho-
razine, SmithKline Beecham; Largactyl), thioridazine
(Melleril), and levomepromazine (Nozinan) have shown
some antalgic power and thus are occasionally used in
chronic pains. Fowley recommends combining mor-
phine and one of the phenothiazines in the treatment of
cancer pains. These old neuroleptics, however, have se-
rious undesirable effects, principally extrapyramidal,
that limit their use to minimal doses. Currently, a new
class of neuroleptics has appeared on the market, re-
ferred to as “atypical antipsychotics,” that have nothing
in common with the phenothiazines. They are olanzap-
ine (Zyprexa), rispéridone (Risperdal), clozapine (Lep-
onex), but no study of them pertaining to pain has been
reported yet.

Tranquilizers and Pain

These are mainly benzodiazepines known for their
anxiolytic, hypnotic, myorelaxing properties. They have
been frequently prescribed by GPs for various reasons,
but no study has shown them as significant in the man-
agement of chronic pain syndromes, although they work
essentially on anxiety, often associated with this type of
pathology. They have several drawbacks, self-medica-
tion, with a risk of dependence, of causing disorders of
memory when prescribed over a long period of time, of
an alteration of slow deep sleep, and above all a signifi-
cant withdrawal syndrome when stopped suddenly.

We recommend, if they have to be given in order to
control anxiety, that they be prescribed on a short term
basis, informing the patient of the limits of the prescrip-
tion. We prefer using non-benzodiazepine anxiolytics
such as bromazepam (Lexomil) and alprazolam (Xanax).

Hypnotics and Pain

It is sometimes judicious to prescribe hypnotics (sleep-
ing pills) in a selective and limited manner in order to
help people sleep. They are always prescribed on a short
term basis, while waiting for the regulating effect of an-
tidepressants on sleep disorders, and they can be quite
effective at the beginning of the treatment. The best cur-
rently appear to be zolpidem (Ambien, Sanofi, New
York; Stilnox) and zopiclone (Imovane). Their advan-
tage over others is a reduced predisposition to depen-
dence and withdrawal syndrome.

Anticonvulsants and Pain

The searing component of some pain syndromes is sim-
ilar to the epileptiform discharge of nociceptive neu-
rons recorded in animals. In this regard, the anticonvul-
sant carbamazepine (Tegretol; Novartis Pharma SA,
Paris) has been found to have undeniable effect in acute
pain syndromes of a neuralgic kind. Effectiveness of
anti-epileptics has likewise been seen in various
deafferentation pains, e.g., post-shingles pain, painful
neuropathy, painful aftermath of medullar lesions.
Tegretol seems more effective and is much better toler-
ated than lithium. Sodium valproate (Dekapine; De-
pacon, Abbott, Chicago) and clonazepam (Klonopin,
Roche, Basel; Rivotril, Roche) have been subjects of
studies regarding acute and chronic pain syndromes.
These molecules have also been offered for the treat-
ment of cancer pains and in the long term treatment of
vascular cephalgia.

This type of compound must be used with caution
and monitored since effectiveness has yet to be fully ex-
plored, drug interactions have been reported, and other
side effects have been seen.

Sociotherapeutic Treatment

Before ending this chapter, emphasis must be placed on

the quality of life of these patients, and on society’s

obligation to acknowledge their suffering. This is where

the prescription of a cure at a spa comes in, which will

surprise some, but in difficult cases can offer certain

advantages:

e Isolation from the family circle

e Atmosphere of relaxation and rest

e Multiple and regressive body treatments, baths, mas-
sages

e Significant therapy on a daily basis

With good psychological preparation at the start, there
are sometimes spectacular improvements, even when
the prognosis is gloomy.

Compensation in the case of post-traumatic pains
due to accidents at the workplace. comes within the
scope of a reparation, which is often therapeutic for the
patient. It also may avoid “iatrogenization” of pain dis-
orders, since multiple consultations can sometimes lead
to an endless claim, perhaps a trial in court.

e Physical therapy offers either verification or refuta-
tion of the painful body syndrome. PT allows a better
knowledge of the body and its limits, of muscle ten-
sions, of painful spots; and it offers, via a medium of
bodily sensations, an approach to psychotherapy.
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e Programs and courses (called “back pain schools” in
France) directed toward chronic pain can teach pa-
tients the physical actions and postures to be adopted
in order to minimize pain; such education can thus
provide help and support for improving the quality of
each day’s life.

“Paralle]” pain management strategies such as
acupuncture and mesotherapy, to name but two
modes, may also bring awareness of the psychological
component of pain disorders.
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Introduction

As magnetic resonance (MR) imaging is not yet widely
available for interventional purposes (see chapter 20),
computertomography (CT) represents at present the
best imaging guidance technique in numerous inter-
ventional procedures [1-5].

The precise anatomic delineation is one advantage
of CT that allows excellent distinction between muscu-
loskeletal structures, fat, soft tissue, and vascular struc-
tures fairly easy. In addition, using CT the placement
of interventional devices can be visualized and guided
step by step leading to increased precision. Further-
more, the risk of traumatizing sensible structures
such as vessels, nerves, lung and pleura, gut, or bone
that may be identified on the needle pathway can be
minimized.

Owing to the high spatial resolution and the good tis-
sue contrast, it is possible to place precisely and safely
needle and trocar tips on target, and lytic agents or anti-
inflammatory drugs can be delivered with high reliabil-
ity. This results in significantly reduced morbidity (low-
er than 2.5% out of 756 interventions [6]) and improves
the effectiveness of the various interventional proce-
dures. In certain procedures where real-time imaging is
necessary a combination of CT and X-ray fluoroscopy
may be interesting [7].

In this chapter the general approach of CT-guided in-
terventions will be described and proven strategies and
guidance techniques for successful interventional pro-
cedures are discussed [1, 2].

Patient Preparation

All interventional procedures are obligatorily preceded
by a consultation a few days prior to the procedure (at
least 24 hours). Detailed patient history is necessary to
rule out contraindications to the procedure. It also helps
to establish patient’s confidence through individual
clear and simple explanation of the course of the proce-
dure. The patient is informed on the possible rare com-
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plications of the procedure and consent should be ob-
tainedV. Prior to the procedure intravenous access is
obtained, and as for any CT examination that includes
injection of iodinated contrast media, physiological
saline solution is connected in parallel during the entire
procedure. The patient is placed on the examination
table of the CT-Scanner by the technician in the most
comfortable and technically optimal position for the
particular procedure. The CT-scan table is set at its
lowest level (in order to allow positioning of instru-
ments in the gantry opening). Prior to the intervention
it is mandatory to recheck the general precautions.

A review of the patient’s complete blood count and
blood chemistry is necessary. Special attention is given
to the hemostasis parameters thromboplastin time
(international normalized ratio; INR), partial thrombo-
plastin time, and platelet count to rule out bleeding dis-
orders. Contraindications for percutaneous procedures
are: platelet count below 100,000/mm?, thromboplastin
time below 60%, and an INR of 1.4 or below. To ensure
sufficient renal function blood creatinine is assessed. In
case of hypersensitivity, anti-allergic premedication
may be appropriate. The administration of hydroxyzine
one day and one hour prior to the procedure proved to
be efficacious in our institutions. It is important that the
patient does not eat for a minimum of four hours prior
to the intervention. In our experience a preliminary em-
pathic conversation makes an important contribution
to optimal cooperation of the patient and usually (ex-
ceptin particularly anxioux patients) no prior prescrip-
tion of anxiolytic medication is necessary.

Intervention Room Preparation

Prior to each intervention, all surfaces (such as the
CT-scan table and gantry) as well as the floor is to be
cleaned and disinfected using aldehyde agents. The

1) Written consent should be obtained if applicable, depending on
such regulations as may exist (not mandatory for France). We
believe that written statements have a risk of negatively altering
the patient-doctor mutual confidence relationship.
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Fig. 3.1a-d. Spondylolysis infiltration in a patient presenting with
lumbar pain irradiating to the right side (also refer to chapter 5).
a The distance between the midline (spinous process) and the skin
entry point is measured on the monitor. The puncture point is
determined manually by measuring the distance of line 2 starting

mobile stainless steel instrument table is covered

with sterile sheets. The following items should be avail-

able:

e Syringes (2 ml, 5 ml, 10 ml and 20 ml)

e Hypodermic needle for local anesthesia

e Saline solution, anesthetics, and different volumes of
ionized contrast medium. In addition to clear label-
ing, it is advised that a fixed arrangement be used in
order to avoid confusion.

e Sterile pads

A set of sterile sheets for interventional purposes

e Flexible or rigid 20 gauge therapy needles (22 gauge
for neurolysis)

e Absolute (dehydrated) alcohol, long-acting cortico-
steroids, and/or possibly other agents, trocards or
specific needles, according to the procedure.

from the palpable spine (spinous process). b A self-adhesive hy-
perdense marker (arrow) is used to visualize the point. ¢ Using the
marked point the needle can be safely placed. d Here a periradicu-
lar infiltration is also performed (also refer to chapter 4)

Preprocedural Imaging and Planning
of Percutaneous Approach

For procedure planning, images of a recent examination
can be used. To increase the precision of navigation and
to obtain specific orientation we, however, prefer to ac-
quire an additional set of contrast-enhanced images of
the anatomical area of interest at the beginning of the
intervention.

Image acquisition with a slice thickness of 3 to 7 mm
in the region of interest is sufficient. On the addi-
tional acquired image set the reference slice, assuring
that the safest and shortest needle pathway is deter-
mined. It is materialized by drawing a line on the pa-
tient’s skin with a felt pen along the projection of the
laser light of the CT-Scanner. The skin entry point, the
puncture angle, and the skin-target distance can be eas-
ily drawn, measured, and calculated on the workstation
of the scanner (Fig.3.1a). In the determination of the
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skin entry point, the spine is an invaluable reference
because it can be palpated and lies in a median position
in the majority of patients. Originating from the spin-
ous process of the vertebra, a horizontal line of the pre-
defined length gives one the skin entry point, which
then can be visualized by sticking a self-adhesive hyper-
dense (see Fig. 3.1b) marker on the patient’s skin. It is
also possible to use the central laser pointer, which cor-
responds to the central line of the reference grid dis-
played on the image by the workstation. The correct
puncture point is finally confirmed by the hyperdense
signal of the needle centered to the skin entry point (see
Fig. 3.1¢c,d).

Following careful surgical washing of hands and
forearms the physician or technician (“interventional-
ist” shall be used hereafter) gets dressed with grown and
surgical gloves. Betadine or some other disinfectant is
used to clean the puncture site three times. Following
sterile draping, local anesthesia is generously instilled
at the skin entry point and presumed initial pathway.

Despite preprocedural imaging and the accurate
visualization of the virtual needle pathway, in certain
cases obstacles such as osseous structures may obstruct
access to the target. Foremost, when passing body
cavities the interposition of structures that imperative-
ly need to be avoided (gut, vessels, nervous tissue, etc.)
often do not allow an axial approach. Beside the possi-
bilities of digital reconstruction and the inclination of
the gantry, axial imaging represents an inherited limita-
tion of computed tomography. In this situation MR
imaging with its multiplanar imaging capabilities,
easily allowing non-axial guidance, may be considered
(see chapter 20).

Fig. 3.2a,b. Neurolysis of the right stellate ganglion (at T1 level),
(also refer to chapter 10): a The interposition of the right clavicle
prevents needle access (dotted line) between the cutaneous punc-
ture point and the Ist rib. b The lowering of the ipsilateral arm and
shoulder causes a caudal movement of the clavicle allowing the
preferred needle path to be used without osseous interposition

Patient Positioning for Optimal Access

In addition to supine, lateral, and prone patient posi-
tions, which depend on the practiced routine in certain
procedures, it can be useful to modify patient position
in order to optimize access:

e In the prone position a cushion can be placed under
the belly to reduce lumbar lordosis or to avoid the in-
terposition of pleura.

e In the supine position a cushion can be placed under
the thorax to widen intercostal spaces.

e In neck procedures the head turned to the opposed
side allows better access to the puncture site, and low-
ering the patient’s shoulder and arm avoids the inter-
position of the clavicle (Fig. 3.2)

Gantry Tilting

The craniocaudal or caudocranial inclination of the
gantry enables para-axial image acquisition within a
small range. It can particularly be helpful in cases of an
initially obstructed needle pathway (Fig. 3.3) by uncov-
ering a para-axial needle pathway that was invisible on
initial strict axial images.

In a dyspneic patient referred for celiac neurolysis
preprocedural axial images revealed the interposition of
pleura preventing the posterior access to the epigastric
plexus (see Fig.3.3a,b). The inclination of the gantry
finally enables a safe approach without traumatizing
pleuro-pulmonary parenchyma (see Fig. 3.3c,e), and to
carry out uneventful neurolysis (see Fig. 3.3d).
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Fig. 3.3a-e. Splanchnic and celiac neurolysis in a dyspneic pa-
tient (also refer to chapter 1): a Sagittal topogram: the strict axial
orientated slices pass through the pleural space. b Corresponding
axial CT image of interest through the origin of the celiac trunk:
The presence of pleural cavity prevents the posterior access.
c Sagittal topogram: the craniocaudal inclination of the gantry
makes it possible to avoid the medial part of the pleural cavity.
d Corresponding angulated CT image: The posterior access is now
bilaterally possible without risk of perforating the pleural cavity.
e Diagram clarifying the maneuver: The inclination of the gantry
makes it possible to avoid the rib (Bone) and the pleural cavity
(Lung) allowing safe access to the target (Rib)
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Fig. 3.4a-d. Splanchnic and celiac neurolysis in prone position
(also refer to chapter 11). a End inspiratory axial CT image. To get
to the target, the needle pathway would in this case pass through
both pleural cavities (more obvious on the right side). b Axial CT
images in end expiratory apnea demonstrate the disappearance of
the pleural recess (completely on the left side, and incompletely on

the right side). Injection of physiological saline on the right side in
order to widen the paravertebral region for a safer needle course.
¢ Both needles go through the paravertebral region with no risk to
injure the pleuropulmonary space. d The neurolysis is performed
without complication

Utilization of Breathing

As known from diagnostic imaging. breathing of the
patient can negatively influence image acquisition. The
same is true for interventional imaging, however in cer-
tain cases an inspiratory or expiratory breath hold is an
excellent maneuver to facilitate access to certain areas
(if the patient is cooperative). Breathing maneuvers play
an important role in pulmonary and abdominal punc-
tures and are especially useful in some CT-guided neuro-
lysis. Figure 3.4 demonstrates the dorsal needle place-
ment for splanchnic neurolysis in end-expiratory apnea.

Target Localization and Visualization
of the Needle Tip

Identification of Vessels

The potential presence of vessels on the needle pathway
requires their exact preinterventional identification. For
this reason repeated acquisitions of additional contrast-
enhanced CT images may be useful. This is illustrated in
the case of a neurolysis of the left stellar ganglion (at
the level of C7; Fig. 3.5). The needle tip (identified by
the tip artefact - see further on), is in the vicinity of a
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Fig. 3.5a, b. Neurolysis of the left stellate ganglion in C7 (also refer
to chapter 10). a the needle tip is in contact with a round hypo-
dense formation (arrow), which is suspected to be a vessel. b Fol-
lowing the re-injection of contrast, the hyperdense signal of the

structure similar to a vessel (Fig. 3.5a). Injection of con-
trast medium confirms that this structure corresponds
to the ipsilateral vertebral artery (Fig. 3.5b). The needle
pathway has to be reevaluated in order to position the
instrument to avoid this vessel. This example illustrates
how important it is to exactly visualize vascular struc-
tures.

Cross Reference Mark Localization Technique

Another possibility for locating crucial structures such
as arteries is to permanently mark the structure on ini-
tial contrast enhanced images for comparison. This
method is potentially less accurate but has the advan-
tage of requiring no further contrast administration for
imaging.

With this technique it is possible to locate target
structure although it is not visible on axial CT images.
The localization of invisible structures is estimated us-
ing anatomical structures (bone, muscles, or vessels) as
landmarks. The lumbar sympathetic chain, for example,
can be located anterolaterally to the vertebral bodies by
the surrounding anatomic structures. Anatomical varia-
tions from one slice to the other, however, can some-
times impede this technique. Additional contrast im-
ages with dissimilar inclination may be helpful in accu-
rately determining the location of the structure by
comparing different views.

structure nicely confirms the ipsilateral vertebral artery. Subse-
quently the position of the needle is modified in order to avoid
damage to the vessel

Neurolysis of the Mandibular Nerve (CN V;)

For the neurolysis of cranial nerve V; (mandibular
nerve) an axial transpterygoidal approach can be used
(Fig. 3.6) with the patient’s head turned to the contralat-
eral side. The nerve is located inferiorly to the foramen
ovale where it leaves the base of the skull. On this level,
however, the foramen ovale is not visible anymore on
axial images and thus does not serve as a reference
mark. To achieve a permanent reference mark a digital
permanent cross can be placed at the foramen ovale on
the respective axial images (Fig. 3.6a). On inferior im-
ages the persistent cross can now be used for orienta-
tion. The needle tip can now be placed using a true axi-
al approach (Fig. 3.6b).

Celiac Neurolysis

For celiac neurolysis, the target cross is positioned on
the first CT examination, with contrast medium anteri-
or to the abdominal aorta on the right side of the origin
of the celiac artery. This region represents the most
constant relationship to the celiac plexus. Contrast en-
hanced CT images are necessary to accurately demon-
strate the vascular situation (Fig.3.7a). In the case of
reduced visibility during placement of the needle tip,
the reference mark enables localization of the target
structure without the additional application of contrast
medium (see Fig. 3.7b). Thus, the procedure is not de-
layed and the renal function of the patient is not com-
promised by the injection of a large quantity of contrast
medium.
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Fig. 3.6a,b. Neurolysis of the right mandibular nerve (CN V;). a Placement of the reference mark (white cross) at the foramen ovale.
b The cross again indicates the location of the foramen ovale on an inferior image at which the needle tip is aimed

Fig. 3.7a,b. Neurolysis of the celiac plexus (also refer to chapter
11). a Placement of a reference extravascular mark at the anterio-
lateral border of the abdominal aorta during arterial opacification:
The white cross serves for orientation on images with less clearly
visualized vessels (contrast media flushed away). b The reference

Needle-Target Pathway Angulation

The hypodermic needle used for local anesthesia can be
used to estimate and verify the optimal angle of the
therapy needle. After injection of the anesthetic agent
toward the target, this anesthesia needle remains in
place during further imaging. With this data the inter-
ventionalist gains relevant information regarding the
puncture angle, the direction and the distance to the
target. With this method less correction of needle posi-
tion is necessary, which potentially leads to a straight
and tissue-sparing puncture.

A hypodermic needle used for local anesthesia prior
to neurolysis of the sympathetic chain at the L2 level can
also be used as a guide. It is sufficient to introduce the
therapy needle in parallel to reach the target located in

mark at the identical level allowing to position needle tip anterior
to the aorta at the celiac emergence. Note that a left splanchnic
neurolysis was also carried out before penetrating the aorta
(hyperdense mixture signal)

the angle between the vertebral body (L2) and the psoas
muscle (Fig. 3.8a). At the L4 level the therapy needle is
introduced at a certain determined angle with respect
to the anesthesia needle for access to the right antero-
lateral angle on, a more medial needle pathway (see
Fig. 3.8b).

In addition, a reference line from the needle inserted
at the skin level toward the target can be drawn on the
monitor to estimate the orientation of the needle. This
line serves as an extension that projects the needle tip
according to the initial direction.Thus inapropriate nee-
dle orientation can be detected in advance and required
corrections performed more easily (Fig. 3.9).

A coaxial technique represents an alternative ap-
proach that makes it possible to use a preadjusted punc-
ture angle. Initially a large-bore needle used for local
anesthesia is introduced with an exact direction to the
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Fig. 3.8a,b. Right lumbar sympatholysis. a A therapy needle is
oriented parallel to a short hypodermic needle at the level of L2.
The hypodermic needle was left in place to guide the therapy
needle to the target: the anterolateral region of the vertebral body

(arrow). b At the L4 level at a certain angle correction with respect
to the anesthesia needle is required to reach the region of inter-
est (arrow). This moreover allows to circumvent the transverse
process

Fig. 3.9a,b. Infiltration of the right nerve of Arnold (also refer to
chapter 8). a The line connecting the needle tip and the reference
mark (white cross) shows an imprecise approach, and allows a
rectification of the previously calculated angle. b After altering the

target. Following local anesthetic delivery, the large-
bore needle can be used as a guide. The therapy needle
(smaller gauge) is introduced into the large bore needle
and follows the predefined direction to the target
(Fig. 3.10).

Exact Positioning of the Needle Tip

It is essential to exactly localize the needle tip to ensure
safety and accuracy. For this reason precise localization
of the needle tip during placement is a basic require-

approach of the therapy needle the reference line indicates a cor-
rect orientated needle path toward to the origin of the nerve, near
intervertebral joint of C1 and C2 in the area of the posterior arch
of the atlas

ment. In the sequential mode, three adjacent strict axial
slices with same thickness are used. The central slice is
placed exactly at the skin entry point of the needle.
When the needle pathway is exactly axial, the needle re-
mains within the range of the central image plane, and
is completely visualized. The needle tip can be easily
identified by its dark shadow. This phenomenon called
tip artifact is due to the attenuation of the x-ray beam
(Fig. 3.11b).

If the needle pathway is not perfectly parallel to the
image plane, the needle tip will exit the central plane
and cannot be visualized anymore. The disappearance
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Fig.3.10a,b. Celiac neurolysis (also refer to chapter 11).a On the
left side a short rigid 18 gauge needle for superficial local anesthe-
sia is introduced in the exact direction of the splanchnic nerve and
left celiac ganglia located anterolateral to the abdominal aorta.
Following anesthesia of lower layers a second flexible 22 G needle
is introduced step by step on the right side. The smaller needle
follows the direction of the large-bore needle to the target struc-
ture. At the transverse process the tip of the needle bevel is rotated

C

Fig. 3.11a-d. Lumbar sympatholysis (also refer to chapter 12).
a In this first image the needle tip appears to be located in contact
with the right lateral aspect of the vertebral body (in fact the
needle tip drops out of this slice). b A more caudal image, however,
reveals the exact location of the needle tip, which is in fact in conc-
tact with the inferior vena cava. ¢ Diagram clarifying the maneu-

of the needle exiting the slice may thus be mistaken for
the needle tip. If the direction to target is still satisfac-
tory, a parallel shift of the stack of image slices should
be used to get the needle back into the central slice to
ensure continuous tracking of the needle tip (in the cen-

(180°) to the opposed side in order to pass this obstacle. b The
same maneuver is repeated to pass the dilated right renal pelvis
(the space was distended by injection of physiological saline solu-
tion) and to pass the lateral periosteum of the vertebral body. The
first neurolysis is carried out here to destroy the splanchnic nerve.
The needle is then placed anterolateral to the abdominal aorta to
allow alcoholization of the celiac plexus

N\
R}

d

ver. Owing to a non-axial needle path (not parallel to slice), the
needle was not completely displayed on the central image, falsely
imitating a needle tip (as seen in a). d The needle tip is in fact
located on another plane, as is recognized on a deeper slice (as
seen in b).

tral slice). A partial visualization of the needle can be
misleading on the actual position of the needle tip and
lead to dangerous complications This requires special
attention in CT-guided punctures (see Fig.3.11). In
spiral mode, this technique follows the same principles.
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Instead of the three image planes corresponding ac-
quired volumes are used that corresponds to the three
planes.

Figure 11 shows the progression of a needle during a
neurolysis of the right lumbar sympathetic chain at the
level of L2. During needle positioning, the stack of three
slices was apparently not properly shifted to keep the
needle tip on the central slice. In this case, the needle tip
is not in the psoas/vertebra angle where the needle
seems to end. The needle tip cannot be identified since
it drops out the slices (see Fig. 3.11a). In fact, the needle
tip is already in contact with the inferior vena cava
(Fig. 3.11b).

Localization of the Needle

In order to avoid partial volume effects it is important
to adapt the slice thickness to the size of the structures
that need to be distinguished. Additional thinner slices
may be necessary during needle placement, particularly
when approaching the target or any small structures. In
a lumbar sympatholysis at the L4 level, the needle tip
seems to be in close proximity to the ureter, and pene-
tration of the ureter cannot be excluded. The situation
appears much clearer on thinner slices. Actually, the
needle tip does not affect the ureter and the procedure
could be continued without risk (Fig. 3.12).

Techniques for Needle Guidance

A straight and accurate placement of the needle tip via
the shortest possible safe pathway is aimed at avoiding
multiple withdrawals and changes of needle orientation
at deeper tissue levels. For exact needle placement a
guidance technique allowing early corrections by step-
by-step imaging control is necessary. Other important
factors are flexibility vs. rigidity of the needle and the
shape of its tip. Special maneuvers can be used to cir-
cumvent certain obstacles or to improve access to areas
hard to reach.

“Tutor” Technique

A quite useful technique for placing large bore needles
is to use a thinner needle as a “tutor” (Fig. 3.13). The
thin needle is placed first with precise orientation to-
ward the target. During placement local anesthesia can
be carried out in superficial regions and at lower levels
through this needle on the presumed pathway. Finally,
the large bore needle is introduced with close contact
and parallel to the small bore needle (“tutor”) allowing
guidance to the target lesion in procedures such as
biopsy or cementoplasty.

Fig. 3.12a-c. Lumbar sympatholysis (also refer to chapter 12).
a On this CT image (slice thickness = 7 mm) the needle is suspect-
ed to be in contact with the ureter (arrow). Penetration cannot be
excluded. b and c Images with 3 mm slice thickness clearly demon-
strate the needle medially to the ureter. On image c the needle tip
can be identified by the needle tip artifact, which is only seen on
images a and ¢
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Fig. 3.13a-e. Cementoplasty (also refer to chapter 15). Painful
lytic metastasis of the left acetabulum. Patient could not bear
weight on his left leg because of pain. a Introduction of a 22 gauge
spinal needle for superficial and deep anesthesia. Following place-
ment this needle serves as a guide (“tutor”) for the insertion of a

Needle “Steering”

Flexible needles can be used to circumvent obstacles in
certain procedures. The relative flexibility of the needle
allows alternating straight and curved needle pathways
during needle tip progression, which can even be modi-
fied (curved course) in deeper regions. This technique
permits one to avoid obstacles located on the needle
pathway at different levels (Fig. 3.14).

For the neurolysis of the lumbar sympathetic chain
such a flexible needle (superior to 20 gauge) may be
used. In this posterior approach the vertebral body is
located on the needle pathway as can be seen on the
acquired series of three slices. With rigid needles the
sympathetic chain may not be accessible because it is lo-
cated in the blind angle behind the vertebral body (see

e

large-bore needle in contact and parallel to it. b. CT image of
the correctly placed 15 G trocar within the lesion prior to the injec-
tion of the cement. ¢ CT image following cementoplasty. d Second
cementoplasty treating the other lytic metastasis on the right side
(arrow on image ). e Diagram clarifying the maneuver

Fig. 3.14a). As opposed to a rigid needle that may have
to be removed and another approach attempted, a flexi-
ble one is capable of skirting the vertebral body. Al-
though such a needle may not have an optimal position
originally, it only needs to be withdrawn a few centime-
ters; the tip of its bevel re-directed away from the verte-
bral body, and a curved trajectory applied for the sub-
sequent advance? (see Fig.3.14b). With the trajectory
thus changed, the needle tip can be placed posterior to
the aorta or posterior to the inferior vena cava, accord-
ing to the side to which the neurolytic substance needs
to be delivered.

2) The obstacle is avoided as when skiing over a bump!
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Rigid needles (inferior to 22 Gauge) always adhere to
a rectilinear track in soft tissues. Changes of direction
and reorientation in deeper levels can only be achieved
by moving the whole needle together with the sur-
rounding tissue at the skin level, or by withdrawing and
penetrating again in an altered direction (Fig. 3.15). In
solid tissue such as bone (for biopsy or vertebroplasty)
a rigid needle tends to deviate to the side of the bevel
tip. A zigzag course is necessary in order to keep a recti-
linear trajectory; and multiple obstacles can be circum-
vented by a zigzag course of the needle. This can be
achieved with a 180° needle tip rotation at each step to
adapt the orientation of the bevel tip. Needle tips with a
diamond-shaped bevel (symmetrical) do not require
this type of zigzag maneuver.

Fig. 3.14a-d. Left lumbar sympatholysis (also refer to chapter 12).
a The pathway of the flexible needle is obstructed by the vertebral
body at the level of L2. The needle is slightly withdrawn a few
centimeters and the bevel tip is rotated to the opposite side of the
obstacle (vertebral body). By imposing a curved trajectory on the
needle, the needle tip circumvents the vertebral body. b CT image
on the same level visualizing the needle tip in the target region.
c and d Diagram clarifying the maneuver (bevel tip rotated to the
opposite side of the obstacle, the needle flexed T in order to get
round the obstacle?))

An epidural infiltration of the left fifth lumbar nerve
root was performed in a patient presenting with persis-
tent pain originating in this region. CT images were ob-
tained with increased inclination of the gantry initially
in order to achieve a more convenient approach. The
needle tip (a flexible needle of 22 gauge) was placed at
the level of the origin of the nerve root by carrying out
a double rotation technique during placement (Fig. 3.16).
A first rotation positioned the tip of the needle bevel
opposite to the spine, then followed a second 180° rota-
tion in the opposite direction (Fig.3.16a). Thus, we
avoid the obstacle, which would have been impossible
by using a strictly linear trajectory. The correct posi-
tioning of the needle tip was assessed by injecting con-
trast medium that diffused at the expected location
around the nerve root (Fig. 3.16b).

3) like a ski ...
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Fig. 3.15a-h. Vertebroplasty in a patient with multiple myeloma
(also refer to chapter 15). a CT image showing the therapy needle
(needle tip not seen) wrongly aimed at penetration of the lung
parenchyma. b CT image showing the reoriented therapy needle.
c and d Diagrams clarifying the maneuver. In contrast to the flexi-
ble needle, the unbending needle changes its path by withdrawal

Spin: 90
Tilt: 0

and directional reorientation of the needle on an upper level. e CT
image showing the therapy needle penetrating the cortex of the
vertebral body. f The needle tip is located in the vertebral body.
g and h). CT images following the intervention. The hyperdense
signal indicates the injected acrylic cement
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Fig. 3.16a-e. Infiltration of the left L5 root (also refer to chapter
5). Needle placement using a technique (180°) of double rotation
of the needle. a CT image showing the needle tip (needle tip arti-
fact, arrowhead on image a. at the right lateral base of the spinous
process. To circumvent the base the bevel tip is directed to the
right, opposite the base while introducing the needle. To skirt the
articular process the procedure is continued with the bevel tip now

Pathway Enlargement

Preprocedural CT images sometime reveal narrowing of
the potential needle pathway. Soft tissue narrowing can
be counteracted during needle approach by injecting
physiological saline solution or lidocaine via the thera-
py needle. This technique often leads to a wider path
and enables progress of the needle without complica-
tions (Figs. 3.4¢,3.17,3.18, 3.19).

In the dorsal approach for a right-sided thoracic
sympathicolysis (here at the level of the third thoracic
vertebra) the space between the vertebral body and the
pleuropulmonary parenchyma often is narrowed (see
Fig. 3.17). A needle approach is encumbered with a cer-

~
]
-
'

|

oriented to the left. b Verification of the correct position of the
needle tip by injecting a small volume of contrast medium (arrow
on image b) around the emergence of the nerve root. c-e Diagrams
clarifying the maneuver. ¢ Rotation and reorientation of the bevel
tip to pass the first obstacle d. Opposite rotation by 180° to pass the
second obstacle. e The needle tip comes finally to lie behind the
obstacles

tain amount of risk of perforating the pleura. The injec-
tion of physiological saline solution widens the passage
and increases access by a lateral shift of the pleuropul-
monary parenchyma (see Fig. 3.17a and c). The needle
passes in this widened space without problems.

In another patient, a neurolysis of the right lumbar
sympathetic chain at the level of the second nerve root
was performed (Fig. 3.18). The needle pathway was nar-
rowed by the right renal vein. The injection of physio-
logical saline solution during the approach of the nee-
dle shifted the vein anteriorly and avoided damaging it
(see Fig.3.18b). Additional safety can be achieved by
rotating the needle tip so that the bevel tip is opposite
the vessel.
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Fig. 3.17a-f. Right thoracic sympatholysis (also refer to chapter
12): narrowing of the intervertebropleural channel.a and b CT im-
ages demonstrate a narrowed channel between the vertebral body
and the lungs. ¢ The injection of physiological saline solution
results in widening of the channel thus inducing in a lateral pleu-

ropulmonary shift. Needle positioning can be continued without
risk of (d) perforation of the pleura or the lung. e and f Diagram
clarifying the principle of the maneuver. The injection of physio-
logical saline creates a channel by pushing tissue aside
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Fluid Diffusion Assessment

Following the successful positioning of the needle tip,
any of several therapeutic agents may be administered:
local anesthetics for temporary blocks, anti-inflamma-
tory drugs in combination with steroids for a prolonged
anti-inflammatory effect. Finally, dehydrated (absolute)
alcohol can be delivered for permanent blocks and neu-
rolysis or radiofrequency ablation, which is often pre-
ceded by a temporary diagnostic block.

In the application of anesthetics or anti-inflammato-
ry drugs a relatively large volume of several milliliters is
injected. Apart from a possible inadvertent intravascu-
lar injection, to be avoided by an aspiration test main-
tained for 5 to 10 seconds prior to injection to make
sure of no blood reflux, the procedure is relatively safe -
as are the agents used.

In neurolysis, the situation is quite different. Compli-
cations can occur by diffusion of the alcohol to sur-
rounding structures such as nerve roots. These serious
events can be reduced:

e By injecting a small predefined but sufficient volume
of alcohol

e By precise positioning of the needle tip

e By anticipating the diffusion of alcohol with a previ-

ous injection of a precise quantity (according to the
procedure) of a lidocaine-contrast mixture (5:1). The
preliminary injection of a lidocaine-contrast mix-
ture further serves as a therapeutic test block, but
also to reduce pain? related to the neurolysis (alcohol
injection) (Fig.3.18 and 3.19). Furthermore, it can
identify an intravascular puncture (large periverte-
bral vascular plexus) by the absence of contrast
medium at the needle tip following the test injection.
In the estimation of the diffusion of alcohol it must
be remembered that alcohol is simultaneously hydro-
soluble and liposoluble. The diffusion of absolute
alcohol thus cannot be completely controlled, nor
will its diffusion be strictly consistent with that of the
preliminarily injected mixture, which is of an exclu-
sively hydrosoluble character.

In addition, to realize an adequate neurolytic effect a
final alcohol concentration of 66% to 75% is required.
The calculation for the concentration thus follows a
simple rule: the injected total quantity of absolute (close
to 100%) alcohol A, which follows the injection of lido-
caine-contrast mixture X must be at least twice or better
three time the quantity of X (A=2 X or = 3 X) to obtain
a sufficient alcohol concentration C = 66% to 75%
(C = AJA+X). With the injection of high concentrated
alcohol smaller total volumes can be achieved! At the
end of the procedure, the injection of one-fourth of a
milliliter of physiologic serum or lidocaine (to rinse
away the alcohol), just off the main site provides relief
from pain as the needle is removed.

Fig. 3.18a-c. Neurolysis of the right lumbar sympathetic chain at
the level of L2 (also refer to chapter 12).a and b The needle passes
the vertebral body by the rotation maneuver of the bevel. The in-
jection of physiological saline solution during the approach of the
needle shifts the right renal vein (arrow, b) anteriorly and avoids
trauma to the right renal vein (on image b only the needle tip is vi-
sualized). To be on the safe side the tip of the needle bevel is still
rotated (180°) to the opposite of the vessel. ¢ The injection of an
anesthetic-contrast mixture ensures the correct extravascular
location of the needle tip. The fluid distributes around the lumbar
sympathetic chain

4) In the event of intolerable pain, it is generally helpful to distract
the patient with inspiratory and expiratory maneuvers. The
pain should ease in less than one minute by which time the ner-
vous fibers should be destroyed.
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Chapter

Complications
and Patient Management
Type of Agents Infiltrated

Pierre Delassus, George Hadjidekov, Bruno Kastler

Analgesic nerve blocks have a number of indications
outside of the operating theatre. These are specific
forms of anesthesia that consequently require precise
knowledge of the regional anatomy concerned and the
techniques used. Under these circumstances, they are
effective, safe, and relatively nontoxic provided that the
pharmacology of the products used is observed - in
other words that the doses, concentrations, and volumes
are respected. Contraindications should always be
borne in mind. Accidents cannot be excluded, whatever
the precautions taken.

Type of Agents Infiltrated
Local Anesthetics
Indications

Local anesthetics infiltrated at appropriate concentra-
tions on contact with any nerve structure, reversibly
block the propagation of action potentials [5]. Blockage
of the nerve conduction involves not only the sensory
and motor fibers, but also the sympathetic fibers. Their
use in pain of neurological origin may serve different
purposes:
e Diagnostic: a diagnostic block may enable the origin
of the pain to be determined: for example, a crural
nerve block may confirm neuralgia in this region. It

Table 4.1. Local anesthetics

Maximum doses

Without adrenaline

4

may also distinguish visceral or parietal pain from
neurogenic pain.

e Prognostic: the block may enable the effects of a neu-
rolytic block or a surgical procedure for nerve de-
struction to be evaluated. For example, a celiac block
with an injection of lidocaine can, if the result is pos-
itive, establish the pancreatic and celiac origin of ab-
dominal pain in a patient suffering from chronic
pancreatitis, and may help determine the indication
for celiac neurolysis or surgical splanchnic ablation.

e Therapeutic: the technique of local anesthetic infil-
tration may be of therapeutic value in the relief of
certain chronic pain syndromes, either through ad-
ministration of one or more repeated blocks, or of a
continuous anesthetic block.

Products Used

A pair of references meriting consultation on this topic

are: [2,4]

Please see Table 4.1. The choice of alocal anesthetic is
based on its clinical effects: potency, onset and duration
of action, and potential toxicity. The most widely used
products are lidocaine , bupivacaine, and ropivacaine.

e Lidocaine possesses the best therapeutic index, but
also the shortest duration of action: its efficacy gen-
erally does not exceed 3 hours following infiltration.
Conversely, the possibility of using large volumes

Onset of action Duration of action

With adrenaline

Lidocaine
5 mg/mL
10 mg/mL

5 mg/kg 7 mg/kg

Bupivacaine
2.5mg/mL
5mg/mL

1.5 mg/kg 2 mg/kg

Ropivacaine
7.5 mg/mL

3 mg/kg -

Rapid 2h
5to 10 min

Delayed 4to6h
20 to 30 min

Delayed 3to4h
15 to 25 min
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without any risk of systemic toxicity is of benefit in
some cases.

e Bupivacaine is more toxic with a more potent and
more prolonged action (4 to 6 hours). It is best to
avoid its use in heart diseases with disorders of ex-
citability or conduction and in treatments with beta-
blockers or calcium inhibitors. In these patients, lido-
caine is always preferable.

e Ropivacaine, a new local anesthetic (available in
France since 1998) appearing to have the same effica-
cy and the same duration of action as bupivacaine
with lower cardiovascular toxicity, although greater
than that of lidocaine.

Adrenaline, possibly combined with local anesthesia,
reduces blood absorption, prolongs the duration of
action and improves the quality of the block. However,
sympathomimetic effect may lead to tachycardia and/or
blood pressure instability ranging from hypo- to hyper-
tension, thus constituting risk, particularly in elderly
subjects.

Maximum Doses

From the combined comparative pharmacological
properties of local anesthetics it is possible to establish
the maximum doses that must not be exceeded in a
single injection: 300 mg for lidocaine and ropivacaine,
150 mg for bupivacaine.

Incidents and Events

Allergic reactions to local anesthetics with an amide
bond (lidocaine, bupivacaine, ropivacaine) are excep-
tional [7]. They must be considered upon the appear-
ance of an urticarial rash, angioneurotic edema, bron-
chospasm, or anaphylactic shock. Treatment is not spe-
cific to the causative agent and combines epinephrine
(adrenaline), ventilation, and volume replacement with
crystalloids. Allergy testing should be performed fol-
lowing an episode of this nature.

Side effects and events reported as being related to an
allergy are in fact usually due to overdoses or technical
errors, such as the intravenous injection of normally
harmless doses, but administered too rapidly.

Local anesthetics absorbed from injection areas or
injected directly into the circulation, cross the blood-
brain barrier and are likely to cause central neurological
manifestations, of major concern the onset of general-
ized convulsive seizures. The most common preconvul-
sive manifestations, to be taken as alarm signals, are
somnolence, headache, a metallic taste in the mouth,
and perioral paresthesia.

Convulsions usually occur at plasma concentrations
greater than 8 mcg/mL of lidocaine. A rapid increase in
the cerebral concentration of local anesthetic signals

danger. Treatment requires maintenance or restoration
of good ventilatory conditions, administration of oxy-
gen, and injection of a benzodiazepine: diazepam
0.20 mg/kg or midazolam (Hypnovel; Roche, Basel)
0.10 mg/kg.

Cardiac problems associated with local anesthetics
come predominantly from the more potent ones, such
as bupivacaine, and are dose-dependent. Delayed con-
duction rates responsible for extreme bradycardia, atri-
oventricular blocks or tachycardia, and even ventricular
fibrillation can be observed. This cardiotoxicity also re-
duces myocardial contractility, making resuscitation of
a disastrous event particularly difficult. In the case of
bradycardia, acceleration of the heart rate with adrena-
line is not recommended; a parasympathetic agent such
as atropine is, however, appropriate. In the case of de-
pression of contractility, dobutamine (Dobutrex; Lilly,
Strasbourg) is recommended, and. upon the appearance
of ventricular rhythm disorders, electric shock should
be applied. In the event of cardiac arrest, adrenaline re-
mains the drug of choice, combined with external heart
massage (CPR) and oxygen therapy.

Rules of Use

The use of a neurostimulator for nerve trunk localiza-
tion block allows greater precision for the injection dur-
ing truck block. This does not guarantee the absence of
problems, but it can prevent excessive administration of
solution to offset the lack of precision in the needle po-
sitioning. The local anesthetic is injected slowly after
checking aspiration. During the injection, the doctor
must maintain verbal contact with the patient to imme-
diately detect the premonitory signs of an untoward
event, particularly of a neurological variety. Close mon-
itoring must be continued for one hour following this
injection; this is independent of the monitoring re-
quired as a result of the nerve block itself.

If the solution contains adrenaline, a trial injection of
0.5 to 1 ml must be given 1 minute before the total dose
is injected in order to detect any heart disorders. Irre-
spective of the local anesthetic used, any regional anes-
thesia requires that an intravenous line be placed, and
blood pressure and an electrocardiographic tracing be
monitored. Full respiratory and circulatory resuscita-
tion facilities must be available at hand along with per-
sonnel trained in their use [3].

Neurolytic Substances

The destruction of nerve tissue by injection of neurolyt-
ic agents is a very old practice. The two neurolytic
agents most widely used in the treatment of chronic
pain are phenol and alcohol [6]. They act by selectively
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destroying the small and large nerve fibers and have an
effect on all aspects of nerve function. The size of the le-
sions varies according to the concentration. In addition,
they cause sequelae in the axonal membrane, which
might explain cases of painful paresthesia observed
several months following a neurolytic block.

In all cases, it is essential to obtain the patient’s
informed consent before undertaking a procedure with
normally permanent consequences.

Phenol

This comes in two forms: a 1/15 aqueous solution and a
5% solution in glycerol (the latter is hyperbaric and
used only intraspinally). Aqueous phenol is easy to use
and does not cause violent pain on injection. Its mode of
action is primarily the denaturation of proteins. Axons
of all sizes are affected non-selectively by phenol at con-
centrations greater than 2%. Phenol is responsible for a
transient local anesthetic effect. The duration of action
of the analgesia following phenolization varies between
5 and 20 weeks.

It should be noted that many serious complications
observed during blocks with phenol are due to vascular
lesions, hence the need to constantly monitor neurolyt-
ic injections in order to prevent the risk of intravascular
injection. Phenol toxicity appears at doses greater than
8 g.In practice, the use of phenol is therefore considered
to be risk free only when the total amount used is less
than or equal to 600 mg, i.e., 10 ml of 1/15 solution.

Alcohol

The neurolytic effects of ethyl alcohol at a concentration
greater than 50% are well-known, but absolute alcohol
(95% to 100%) is required for nerve destruction to be
permanent. Alcohol acts on the neurons through the
extraction of cholesterol and phospholipids. It causes
the precipitation of lipo- and mucoproteins. The use of
lower concentrations (80 and even 65%) causes partial
or incomplete nerve destruction.

Alcohol is extremely irritating to neighboring tissues,
causing pain, burns, and local hypersensitivity. It is there-
fore essential to use the smallest effective quantity and to
place it as close as possible to its target. Alcohol must be
injected slowly, and it can thus be appreciated that neu-
rolytic blocks must always be given under visual control
- after prior administration of local anesthetic and carry-
ing out an aspiration test before the injection.

The use of a preliminary test dose (1 to 2 ml) of local
anesthetic is desirable, particularly if there is any doubt
about the nerve concerned and if the efficacy of the
block in suppressing pain is to be assessed. After the in-
jection of alcohol or phenol, it is advisable to rinse the

needle with a small quantity of local anesthetic or phys-
iological saline to prevent pain from occurring along
the path of the needle.

Corticosteroids for Local Infiltration
Indications

Corticosteroids are used for their anti-inflammatory
and/or analgesic action. They can be used in peripheral,
peri-articular, or intra-articular nerve infiltrations [7].

Products Used

Suspensions have lower systemic diffusion and pro-
longed action, but an appreciable local atrophic effect;
conversely, solutions, which are rarely used, have a brief
effect with rapid diffusion, comparable to that of an in-
tramuscular injection. (See Table 4.2)

Complications

The major problem in using these infiltrations is domi-
nated by the risk of infection. Most significant is septic
arthritis which has a usual latency period of 24 to 72
hours. This risk can and should be greatly minimized by
meticulous aseptic technique. More benign incidents
can occur following an infiltration: an immediate and
generally transient painful reaction is common. A later
inflammatory reaction, occurring after a few hours, may
reflect microcrystalline peri- or intra-articular precipi-
tation. This acute microcrystalline arthritis generally
regresses in 24 to 48 hours (although microcrystalline
suspensions have been used).

Corticosteroid infiltrations may have an atrophic ef-
fect on the skin and subcutaneous and musculotendi-
nous tissues with a risk of tendon rupture in the case of
injection into the tendons. It is predominantly fluorinat-
ed corticosteroids such as triamcinolone that occasion
this sort of risk, and these must therefore be reserved
strictly for intra-articular infiltrations. Allergic reac-
tions can be seen and are usually due to sulphites in the
excipients of certain products.

Precautions

As stated, the potential septic risk requires strict surgical
asepsis. The use of prefilled sterile syringes reduces the
risk of inadequate asepsis. Infiltration of any inflamma-
tory joint for which no diagnosis has been made should
be prohibited. Prior joint puncture for examination of
the joint fluid represents an essential diagnostic tool.
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Table 4.2. Corticosteroids for local infiltration used for their anti-inflammatory and analgesic action

Generic name Commercial name

Composition

Presentation —

Duration Indications

of action

Administered
Dose

Cortivazol Altim; Sanofi Aventis, Aqueous 0.25to 1.5ml  Intermediate Deep peri-articular
Paris suspension or intra-articular disease
Prefilled syringe (not intraspinal)
1.5ml - 3.75 mg
Methylprednisolone Depo-Medrol; Aqueous 0.1 to 2 ml Intermediate Idem
Pfizer, New York suspension
1 ml - 40 mg
2ml - 80 mg
Dexamethasone Dectancyl; Aqueous 0.25 to 2 ml Intermediate Idem
Sanofi Aventis, Paris suspension
3ml - 15mg
Soludecadron; Hydrosoluble NB: Sulphites  Intermediate Idem
MSD International, suspension 0.25 to 2 ml
Wadeville, South Africa 1ml-4mg
Triamcinolone Kenacort Retard; Aqueous 0.25 to 2 ml Prolonged Idem
BMS -UPSA, Waterloo, suspension (intra-articular route
Belgium 1 ml - 40 mg exclusively)
2ml - 80 mg
Hexatron (long-acting); Microcrystalline 0.5 to 2 ml Prolonged Idem
Wyeth Lederle, Paris suspension
2ml - 40 mg
Betamethasone Diprostene; Microcrystalline  0.25 to 2 ml Prolonged Deep peri-articular or
Schering-Plough, suspension intra-articular disease
Kenilworth, NJ, USA 1ml-7mg
Prefilled syringe
Hydrocortisone Hydrocortisone Roussel; Aqueous 0.25 to 3 ml Short Superficial or small
Sanofi Aventis, Paris suspension joint disease
25 mg/mL
125 mg/5 ml
Prednisolone Hydrocortancyl suspension; 1 ml - 25mg 0.1 to 2 ml Short Idem

Laboratoires, Roussel, France

For any superficial infiltration or infiltration of small
joints, suspensions of hydrocortisone or hydrocortancyl
should be preferred to other suspensions, most any of
which have an excessive atrophic effect. The forms con-
taining polyethylene glycol as well as highly microcrys-
talline forms should not be injected intrathecally be-
cause of the danger of arachnoiditis and epiduritis. The
number of corticosteroid infiltrations should be limit-
ed: a minimum interval of one week should be allowed
between infiltrations, not to exceed three successive
infiltrations at the same site.

Patient Management

Useful references: [1, 8].

Before undertaking any invasive procedure, it is es-
sential to obtain the patient’s informed consent. The
doctor must provide the patient with all relevant details
regarding the proposed procedure and any risks of
complications.

Data from the clinical examination and particularly
from the neurological examination must be recorded in
the patient’s medical records. Likewise, evaluation of
the different components of pain - somatic, affective
and cognitive - and of its behavioral and social reper-
cussions is compulsory. In 1999, the French National
Agency for Accreditation and Evaluation in Healthcare
(ANAES) proposed recommendations and references
prepared for a working party based on an analysis of lit-
erature and professional opinions concerning the evalu-
ation and monitoring of chronic pain in adult outpa-
tients.

In case there is a neurological deficit present at the
time the treatment procedure is begun, it is essential to
carefully observe the signs and symptoms presented, to
record them, and to draw the patient’s attention to them
before performing the procedure. The duration of post-
operative monitoring and the measures to be applied
should also be included in the patient care record. Final-
ly, the patient should be given instructions necessary for
monitoring after discharge from the treatment facility,
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and given the telephone number of the doctor and/or
institution, where someone should be available in the
event of problems.

Conclusion

Although a number of publications report lasting and
even permanent improvement of chronic pain follow-
ing analgesic infiltration, their relative and sometimes
all too temporary efficacy would suggest that these pro-
cedures be incorporated into global, multidisciplinary
management. They should only be offered after weigh-
ing the analgesic and functional benefits against the
complications that these blocks can occasion in patients
with chronic pain.
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Foraminal Injections
of Corticosteroids Under
Tomodensitometric Control

Olivia Delmer, Vincent Dousset

Introduction

Corticosteroid injections represent a symptomatic
treatment for radicular pain of spinal origin (cervico-
brachial neuralgia, intercostal neuralgia, cruralgia, and
sciatica) where resistance is shown to appropriately giv-
en medical treatment. Several methods of local injec-
tion are possible, e.g., epidural, intrathecal, and peri-
radicular with fluoroscopic guidance. Monitoring exact
position and progression of the needle, and injection of
the corticosteroids all under tomodensitometric guid-
ance appears to be the most reliable technique, readily
reproducible for the treatment of radiculalgias caused
by foraminal stenosis. Furthermore, the method does
not involve irradiation of the person performing the
procedure.

Anatomical Review

Among worthwhile references are these: [2,12,13,16]

The intervertebral foramen connects with the end of the

radicular groove containing the nerve root in its sub-

pedicular segment. The first foramen connects with the
occipitoatlantoid space while the last is located between
the fifth lumbar and the first sacral vertebra. In the
sacrum, the intervertebral foramina are called sacral
openings.

Each foramen links two vertebrae and is bounded

(Fig.5.1) [16]:

e In front by the posterolateral aspects of the vertebrae
immediately above and below and by the posterolat-
eral aspect of the disc, covered by the posterior com-
mon vertebral ligament

e Above by the pedicle of the overlying vertebra

e Below by the upper edge of the underlying vertebral
pedicle

e Behind by the anterior aspects of the articular
apophyses of the overlying and underlying vertebrae
lined with the ligamentum flavum
The foramen contains (Fig. 5.2) [13]:

Fig. 5.1. Sagittal section of intervertebral foramen (Vital; [16]).
Boundaries: A: superior pedicle; B: inferior pedicle; C: body of
vertebra; D: isthmus; E: upper articulation of underlying vertebra;
F: intervertebral disc; G: fixed part of foramen; H: mobile part of
foramen. Contents: I: radicular artery; 2: sinuvertebral nerve of
Luschka; 3: anterior root; 4: posterior root; 3+4: spinal ganglion;
5: radicular vein; 6: articular capsule; 7: foraminal venous plexus

e The spinal nerve is formed from the anterior (motor)
and posterior (sensory) roots and carries the spinal
ganglion containing the cell bodies of the sensory
neurons. This is the largest element in the foramen.

e Lushka’s sinuvertebral nerve is a collateral stemming
from the spinal nerve which, via proprioceptive path-
ways to the CNS, transmits the variations in tension
to which the ligaments are subjected, thus facilitating
postural adaptation.

e Meningeal envelopes accompany the ventral and dor-
sal nerve roots as far as the foramen, merging there-
after with the envelopes of the spinal nerve.

e The foraminal spinal nerve is accompanied by a vas-
cular pedicle comprising a radicular artery, a large
venous plexus, and lymphatic vessels.

e Foraminal fat plays a natural role in lubricating and
physiologically cushioning the nerve roots.
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Fig. 5.2. Spinal nerve and meninges [13]. Aorta; Body of vertebra;
Dura mater; Arachnoid; Subarachnoidal space; Pia mater; Recur-
rent meningeal rami of spinal nerve; Pleura; Lung.; Lateral branch,
median branch of dorsal ramus of spinal nerve; Internal vertebral
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root; Sensory spinal ganglion; Dorsal ramus; Ventral ramus (inter-
costal nerve); Spinal nerve; White and gray communicating rami;
Ventral root; Sympathetic ganglion; Fatty tissue in the epidural
space

Etiology of Foraminal Radicular Constrictions

The size and morphology of the foramina vary with the
position of the subject (standing, load-bearing) and
with the flexion-extension movements of the spine.
When upright and/or in extension, there is a reduction
in the anteroposterior diameter and a decrease in the
height of the foramen. In addition to these dynamic
changes, there may be morphological changes associat-
ed with stenoses originating essentially in the discs or in
osseous degeneration (Fig. 5.3) [11].

Static images may underestimate foraminal constric-
tion.

Stenosis of Osseous Origin

In general, degenerative pathology occurs in older pa-
tients and develops chronically. It involves posterior ar-
ticular deterioration, erosion of the disc, and hypertro-
phy of the ligamentum flavum, causing compression of
the foramen, which may increase with active move-
ments such as extension(Fig. 5.5) [5].

Spondylolisthesis, caused by isthmic lysis or degener-
ation associated with discal and posterior articular
degeneration producing instability of the spine, is re-
sponsible for shrinkage of the intervertebral foramina
(Fig. 5.6) [8].

Stenosis of Discal Origin

Herniated discs tend to regress spontaneously in a few
weeks. Posterolateral herniated discs with foraminal and
strictly foraminal herniated discs, as well as extraforam-
inal or excluded herniated discs are all indications for
CT-guided foraminal injections (Fig. 5.4) [7, 14].

Fibrosis

In patients who have undergone spinal surgery, corti-
costeroids may reduce residual pain if there is persist-
ing periradicular inflammation.
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Fig.5.3. Variation in size of foramen when flexion-extension  bulging of the yellow ligament (ligamentum flavum) and the artic-
movement occurs [11]. I: disc; 2: intervertebral foramen; 3: pedi-  ular capsule being forced back by the anterior projection of the
cle; 4: yellow ligament; 5: zygapophysal articulation. Left (exten-  lower articulation. Right (flexion): normal inverted pyriform,
sion): narrowing of the distal part of the intervertebral foramen almost oval, view of foramen

caused by the forward bulging of the disc, and particularly by the

%'O

a b

Fig. 5.4. a Foraminal extension; b foraminal, and c lateral posterolateral herniated discs [8]

Uncophytosis and
uncinate hypertrophy

Fig. 5.6. Foraminal stenosis attributable to isthmic lysis [8]

Hypertrophic
articulation

Fig. 5.5. Narrow cervical foramen [8]
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The rare etiologies of foraminal stenosis, notably
those involving tumors, are not covered here because
the related patient care is entirely different.

Hypertrophic articulation.

Mechanisms Governing Pain in Radiculalgias

Radicular pain caused by compression in the foramen is
multifactorial [18]. Mechanical compression of the
spinal nerve and ganglion in the foramen produces:

e Chemical phenomena: the degeneration of the nucle-
us pulposus releases substances (histamine, prosta-
glandins) that irritate the nerve and the ganglion,
causing chemical radiculitis.

e Edematous phenomena: compression of the nerve
causes increased permeability of the intraneural ves-
sels, leading to intraneural edema, and consequently
a nervous dysfunction causing pain.

e Vascular phenomena: compression of the venous
plexuses leads to dilatation and then foraminal ve-
nous congestion, disturbing the local circulation
and producing ischemia, edema and demyelinating
lesions.

e Local inflammation: an autoimmune reaction with
respect to discal material causes an inflammatory
reaction with secondary development of perineural
fibrosis.

The spinal ganglion is the vulnerable part of the spinal
complex and its mechanical compression can produce
neuronal hyperactivity in the nociceptive transmission
system. It plays an important role in expressing radicu-
lar pain.

Indications

Spontaneous resolution of radiculalgia occurs in more
than 50 % of cases. The main objective in treating the re-
mainder is to improve quality of life through long-term
pain control.

The initial symptomatic treatment is medical, com-
bining systemic anti-inflammatories and/or corticos-
teroids with restriction if necessary. In the event of fail-
ure, guided injections under tomodensitometry allow
the steroid anti-inflammatory drug to be administered
locally and thus make it possible to greatly increase the
dose delivered to the site of pain compared to doses
given via oral or parenteral routes.

These techniques can benefit patients with radiculal-
gia in the absence of neurological deficit, in cases where
this pain resists appropriate medical treatment and is
maintained for more than 3 to 4 weeks, and when
foraminal stenosis is shown using modern imaging of

the spine, i.e., CT and/or MRI. Local injections of corti-
costeroids have a limited effect on radicular pain and
are not aimed at the treatment of lumbar pain.

In a few cases where symptomatic treatment fails
and/or severe neurological effects occur, etiological
treatment is employed, which in the event of true disc
herniation involves surgery or nucleolysis.

Contraindications

e Absolute: allergy to corticosteroids

e Contingent: blood dyscrasias, severe chronic respira-
tory insufficiency (for the posterior approach), preg-
nancy.

Technique
Care of the Patient

The simple procedure can be used with ambulatory
patients. The indication is confirmed by means of dif-
ferent imaging methods (CT and/or MRI). The patient
should be asked about hemostatic problems and aller-
gies. Patients with atopy receive an antiallergic prepara-
tion; in patients with a real allergy to iodine the exami-
nation is performed without the injection of a contrast
medium. The patient is informed beforehand about the
conditions of the examination and about the benefits
and risks involved. A venous route is systematically em-
ployed. Written consent must be obtained as required
by regulations.

Placing the Patient

The position of the patient depends on the injection
level; for the cervical level the patient is supine; for in-
jections at the dorsal and lumbar levels the patient is
prone.

Cardiac function, arterial blood pressure and oxygen
saturation are monitored in frail patients.

Materials

The usual consumable items are: an iodized contrast
medium, 1% lidocaine, and prednisolone acetate. The
examination is conducted under strictly aseptic condi-
tions: sterile disposable compresses, syringes, needle for
local anesthesia, and needle for injection (PL 22 G).
Asepsis requires the use of sterile drapes, clothing, and
gloves, and scrupulous disinfection of the surface of the
skin.
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Fig. 5.9., Fig. 5.10 Monitoring the position of the needle

Method

After location by means of a frontal and lateral
topogram, contiguous 3-mm axial sections centered on
the affected spinal segment are made in double fenes-
tration, during apnea and without inclination of the
stand in order to locate the spinal ganglion in its inter-
vertebral foramen. A reference incision is then selected.
The cutaneous point of entry should allow a posterolat-
eral approach to the ganglion in the upper part of the
foramen at the dorsal and lumbar levels such that the
needle passes close to the posterior articular mass.

At the cervical level the entry point is lateral, behind
the sternocleidomastoid muscle, avoiding the vascular
structures. The puncture course is determined on the
console by tracing a virtual line between the cutaneous
point of entry and the foramen. The cutaneous entry
point is marked on the patient’s skin by means of the
luminous center-finder projecting the selected incision
plane, the distance determined on the console being

measured in relation to a metallic marker positioned
laterally on the patient’s neck, as a lateral approach does
not enable location of a palpable structure (Fig. 5.8).

At the dorsolumbar level the entry point is marked on
the patient’s skin by means of the luminous center-find-
er projecting the selected incision plane; the distance
determined on the console is measured in relation to
the median line (Fig. 5.7).

After local anesthesia of the cutaneous and muscular
planes on the predetermined course, a 22 G lumbar
puncture needle is introduced as far as the point of con-
tact with the spinal ganglion, the position of the needle
being monitored by iterative scanographic sections, the
number of which depends on the experience of the
operator and the anatomical situation (Figs. 5.9, 5.10).

The correct positioning of the needle tip is assessed
on the basis of imaging (seeing the needle tip artifact in
contact with the ganglion) and the patient’s reporting
(usually reproduction of the pain). The injected solu-
tion is a mixture of 75 mg prednisolone with approxi-
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mately 1 ml lidocaine and 1 ml iodized contrast medi-
um.

A tomodensitometric check is made at half-syringe
in order to verify proper diffusion of the mixture and, in
the event that this is not happening, to reposition the
needle. A last check is made when the injection is com-
plete, before the needle is finally withdrawn.

Duration of the Procedure

This depends on the operator’s experience.

After the learning stage, it is considered to be 15 min-
utes for an injection at the lumbar level and 30 minutes
for an injection at the cervical level.

Criteria of Success

Success of the procedure includes these elements:
e Recurrence of radicular pain usually felt
Molding of spinal ganglion

Periradicular entry

Foraminal entry

Epidural entry

(See Fig. 5.11, Fig. 5.12)

Refining Technique; Variations for Different Levels

e Injection must be performed slowly in order to avoid
reflux along the needle.

e The shortest possible needle must always be used for
maneuvering purposes (4 cm for the cervical level,
9 cm if possible for the lumbar level).

e For the dorsolumbar levels, preference must be given
to the most lateral approach possible, in order to
maximize the obliqueness of the needle, thereby en-
abling intraforaminal diffusion of the solution and
epidural entry. For pathway S1 radiculalgias, the in-
jections go into the first sacral cavity.

o At the cervical level it is rarely possible to position
the needle very far forward in the foramen because of
the closeness of the vertebral artery and because
hyperalgia is much more of a problem than at the
lumbar level. Lidocaine should not be included in the
injection mixture without previously checking that
the tip of the needle is in a strictly extradural posi-
tion by injecting iodized contrast medium on its
own.

It is not always possible to reach the lowest cervical
levels because of a short neck and an elevated position
of the shoulders.

Fig. 5.11. Monitoring after injection at the cervical level (C6-C7
Left: molding of spinal ganglion, periradicular and foraminal
entry

Fig. 5.12. Monitoring after injection at the lumbar level (L3-L4
G): the same criteria are used as in Fig. 5.11 plus epidural entry.

Complications, Side Effects, Monitoring

References to consult include these: [3, 6, 15, 17].

Complications

These are exceptional: we have observed some rare
allergic skin reactions, nausea, vomiting, and other
vagal disturbances that cleared up spontaneously. Com-
plications reported in the literature should be avoidable
by strict adherence to the rules for asepsis and by
monitoring the needle position with CT. There have
been reports of hyperadrenocorticism, hematomyelia,
epidural abscess, meningitis or severe headaches, pleur-
al puncture, dural puncture, and damage to the verte-
bral artery. Punctures of the foraminal venous plexus
occur frequently and have no consequences.
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Side Effects

Rapid transitory anesthesia may occur in the der-
matome concerned, and prudence should be exercised
in consequence. The patient should be accompanied by
someone since the he or she should not drive immedi-
ately after the procedure. Exacerbation of pain in the
first 48 hours is commonly observed: it is therefore im-
portant to advise the patient about this beforehand and
to prescribe antalgics if necessary.

Monitoring
The patient is systematically monitored for half an hour

after completion of the procedure. No special convales-
cent measures are necessary.

Results

The effectiveness of the procedure is assessed on the
basis of the decline in pain measured on a visual ana-
logue scale before and one and three weeks after injec-
tion, and on the reduction or cessation of the use of
antalgics. Various studies [1,19] have demonstrated that
65% of patients experience lasting improvement (mean
duration: 15 months) and that on average an improve-
ment is evident after 13 days. In 90% of the patients
showing lasting improvement, the intensity of radicu-
lalgias declined by at least 50%. Eighty percent of the
patients with lasting improvement stopped taking med-
ication after the injections were given.

These injections are effective without difference
among the spinal levels involved (cervicobrachial neu-
ralgia, intercostal pain, cruralgia and sciatica) and also
without difference with respect to the radiological
anomaly in question (degenerative phenomena, herni-
ated disc, post-operative fibrosis). Long-term improve-
ment is probably attributable to the corticosteroids. We
have observed that the mechanisms controlling pain are
multifactorial and that the “neuralgic center” is the
spinal ganglion. Two hypotheses concerning effective-
ness can be put forward:

e A direct anti-inflammatory effect
e An action on the C fibers

The latter is based on the fact that the mechanosensitiv-
ity of the ganglion induced by a mechanical stimulus is
partly mediated by the amyelinated C fibers. It has been
shown that the local application of corticosteroids de-
creases both the hyperactivity of the nerve fibers and
the conduction in the afferent amyelinated C fibers.

Some patients experience only a temporary reduc-
tion in pain. This is attributable to the lidocaine and its
rapid-action mechanism.

Specific Advantages of Injection Under CT

The advantages of this technique over other local injec-
tions of corticosteroids are that the exact position of the
needle tip is identified and that the correct diffusion of
the solution is monitored. In fact observations have
shown that needles are in poor positions in 30% to 40 %
of periradicular injections performed under fluoro-
scopy [4, 9, 10]. The complete absence of irradiation for
the operator is an additional reason for preferring this
technique to those involving fluoroscopy.

Future development of fluoroscopy-CT techniques
should reduce the time taken for the procedure, still
without irradiating the doctor (the technique allowing
the operator to be at least 1 m from the source of radia-
tion).

Lastly, we recommend giving a maximum of three in-
jections at intervals of at least 3 weeks. Surgery should
be considered if there is no improvement after three
procedures.

Conclusion

The tomodensitometry-controlled technique of peri-
radicular injections of corticosteroids in contact with
the spinal ganglion is simple and easily reproducible
and can be performed on ambulatory patients. It should
be included among the therapeutic procedures for deal-
ing with radicular pain of discal or degenerative origin.
The purpose is to achieve a rapid decline in symptoms,
thereby improving a patient’s quality of life.
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Periradicular infiltrations are effective for treating
radicular pains at the cervical, dorsal, lumbar, and sacral
levels [1].

Physicians in varied specialties perform these infil-
trations, e.g., general practitioners, physical therapists,
rheumatologists, orthopedic surgeons, and radiologists.
They use very different localization means : from simple
anatomic reference to a most sophisticated imaging
technique, namely, scanography.

In last few years, these treatments have been too
widely and/or too easily prescribed and performed.
More or less serious complications have therefore oc-
curred.

What Are the Potential Complications
of Periradicular Infiltrations?

Inefficacy

Of course, inefficacy is not a complication beyond hav-
ing imposed an unnecessary risk, even if minimal. Of
course, the results of each infiltration are not guaran-
teed and depend on different factors (e.g., type of prob-
lem addressed, age, anatomic factors, psychological pro-
file), but the result is disappointing if, for instance, the
injected product does not diffuse into the planned loca-
tion.

e If the product (corticosteroid) is injected too far from
a target, it will be less efficient. Clinical localization
during the infiltration in such cases is illusory.

- Radiologic localization also has its failings; it is of-
ten difficult to obtain a casting of the nerve root
targeted by a radiopaque contrast as needed for
good periradicular diffusion [2]. On the other
hand, periradicular diffusion is not afflicted with
targeting problems when scanographic control is
used. (Fig. 6.1).

6

Fig. 6.1. Periradicular diffusion of the radiopaque contrast

o If the medication is injected in a vascular network,
more exactly in the epidural venous plexus, failure is
possible. The injected corticosteroids simply enter
systemic circulation. In this case, radiologic control is
again inadequate while scanographic control high-
lights this risk.

- The infiltration needles employed here are 22
gauge small caliber (external diameter 0.7 mm).

— It should be noted that blood reflux, even with
withdrawal, occasionally will not occur when the
needle is inside an intravascular network. It is
therefore important to first inject contrast medium
in order to inspect its diffusion into the target area.
If the contrast medium is not visible in the slices
under scanographic control, it means the end of
the needle is in an intravascular space and it has to
be adjusted.

e If the end of the needle is in the posterior epidural
space, the contrast medium often diffuses into a later-
al epidural space only, and consequently it cannot be
of help at the expected site. The needle has to be repo-
sitioned before injecting the medication [3, 4].
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Hematoma

When the hemostatic conditions are respected (normal
coagulation values, no platelets given within 8 days
before the procedure), epidural hematoma is an excep-
tional complication during an epidural infiltration
within the spinal canal.

Infection

Strict asepsis is necessary.
Every infiltration must be made in an adapted room,
respecting aseptic conditions which are almost surgical.
Personnel involved must wear sterile clothes (mask,
head cap, gloves).

Vagal Reaction

The rate of this complication could be lowered by hav-
ing a previous comforting patient visit with one or more
of the radiology team performing the procedure, and by
an appropriate local anesthesia.

Hypersensitivity

Iodinated contrast medium may be contraindicated be-
cause of prior reactions.

In some cases, infiltrations can be performed using
sterile air (Fig. 6.2).

Fig. 6.2. Negative contrast: sterile air

At the cervical and dorsal levels air injection is for-
bidden as air in a vertebral or anterior spinal artery
could induces very serious ischemic consequences.

Puncture of Important Organs
Spinal Cord Puncture

This is a very exceptional case.

Scanographic control can avoid this problem during
the needle’s progression in the cervical peridural infil-
trations.

Absolute immobility of the patient is necessary.

Arterial Puncture

This is a complication with a variety of possible serious
consequences.

As stated above, such a puncture could be innocuous
but major-risk vessels are:

e Vertebral artery

e Carotid artery(most exceptional)

e Anterior spinal artery.

The serious problems that may ensue from such a perfo-
ration include:

e Dissection

e Thrombus

e False aneurysm

e Perivascular hematoma

e Air embolism

e Embolism by particular elements from corticos-
teroids (more exactly those with big crystals).

The potential risk is an ischemic (cerebral) stroke or
medullar ischemia [6].

Epidural Venous Puncture

This is a frequent procedure, normally without great
consequence except in the possible inefficacy of the
infiltration.

Such a puncture has to be detected by a previous
contrast injection and must be surgically corrected if
considered necessary.
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Nerve Root Puncture

This mishap might occur during a rushed act when the
needle is too rapidly advanced.

The immediate pain felt by the patient is ordinarily
sufficient to induce repositioning.

Residual paresthesia could occur. If spontaneous res-
olution does not occur as is usual, B vitamin therapy
may give relief.

Intrathecal Puncture

Such a puncture may of course be intended in certain
situations, but can also be accidental.
Its detection is easy under scanographic control,
bringing into prominence the intrathecal contrast.
Spinal fluid reflux is not always obvious for the same
reason that blood reflux sometimes doesnt occur
through the fine needles used.
These problems can occur:
e Leakage of spinal fluid
e Meningeal irritation syndrome

Subdural Puncture

This is a very rare occurrence; it can be detected on
scanography slices when the virtual subdural space fills
with contrast fluid. (Fig. 6.3, 6.4, 6.5).

Besides yielding no benefit, such mistakes can lead to
back pain [5].

Radicular Sheath Puncture

This puncture is easily seen on the scanner (Fig. 6.6).
The techniques and problems here are the same as
with intrathecal punctures, though at the dural sheath
level.
Injection of corticosteroid is likewise disallowed here
if contraindicated intrathecally [7].

Fig. 6.3. Intracanalar infiltration

Fig. 6.4. Subdural puncture
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Fig. 6.5. Subdural contrast difusion Fig. 6.6. Radicular sheath puncture

Fig. 6.7. Posterior intraarticular puncture Fig. 6.8. Intradiscal puncture



Chapter 6 Spinal Infiltrations: Technical Difficulties and Potential Complications

61

Fig. 6.9. Discography

Intra-articular Posterior Puncture

This situation can lead to inefficacy problems. It cannot
be detected by anatomic means or simple radioscopic
measure (Fig. 6.7).
As articular puncture occurs, a “loss of resistance” of
the syringe pump is felt similar to that in an accidental
< epidural entrance.

Intra-annular or Intranuclear Discal Puncture

This puncture happens most often during a foraminal
infiltration.

It unfortunately remains unsuspected during scope
operation (Fig. 6.8, 6,9).

Except the inefficacy problem, consequences are not
particularly significant.

How to Avoid These Problems

e Scanography provides the best control for the moni-
toring of all infiltrations procedures. This control is
most important for all infiltrations at the cervical
level.

e While the use of non-iodine contrast may be neces-
sary for safety, the procedure is of great importance
in that it allows one to detect an incorrect position of
the needle tip, not otherwise seen.

e Pre-curved 22 gauge needles permit an optimum ap-
proach to the target while avoiding important inter-
vening structures and other obstacles.

- These needles are used as landmark keys for
avoiding the obstacles [5].

- For iodine-hypersensitive patients, sterile air for
contrast is a potential solution at the lumbar level.

e Scan can be undertaken with different tilts of the
gantry (cranial, caudal).

- A variety of needles and their approaches can like-
wise be used (cranial or caudal, medial or lateral
routes).

o Forlocal anesthesia,lidocaine 0.5 % is recommended.
This relatively small dose allows a nerve puncture
still to be felt, and does not induce a peri-dural anes-
thesia, which could be problematic for an ambulato-
ry, or “ day surgery” patient.

o The safest route must be chosen. At the cervical level,
safety indicates a posterolateral approach. This tech-
nique allows one to avoid articular structures.

- In order to stay away from an anterior spinal
artery, entry of the spinal foramina must be avoid-
ed.

o Finally, it should be kept in mind that the operator is
an essential part of the scenario. She/he is the person
who defines the indication and performs the infiltra-
tion.

It is essential to examine every patient at the beginning
of the process, correlating the physical exam and clini-
cal history with the procedure to be undertaken.

Infiltrations are not harmless; they require the expe-
rience acquired only through the performance of a large
number of procedures.

Conclusion

Indications for infiltrations have expanded in recent
years.

Most of them are performed under simple scope con-
trol.

Scanography is used to visualize as clearly as possible
the sites of interest, avoiding vital organs and control-
ling the diffusion of contrast.

Procedures can thus be efficient and fully effective
while maintaining the highest of safety standards.
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Chapter

Trigeminal Neuralgia

Alain Czorny, Romain Billon-Grand

Facial, or trigeminal, neuralgia was identified as a clini-
cal entity at the end of the 17th century. The well-known
term “tic douloureux” (Nicolas André, 1756), is often
wrongly attributed to Trousseau (1864) who did, how-
ever, quite rightly describe the condition as “epilepti-
form neuralgia” It is one of the most intense pains
found in humans.

Anatomical Review, Secondary Neuralgias

The anatomy of the trigeminal system must be firmly in

mind when undertaking radiological examination. Such

examination should focus on the whole route taken by

the nerve (Fig. 7.1):

e Pons cerebellum (from which the nerve emerges)

e Nerve trunk (1) in the pontocerebellar cistern and re-
lationship with vessels (arteries and veins, sometimes
with vascular loops, an ectatic basilar artery, or
aneurysms)

e Gasser’s ganglion (2) in Meckel’s cavity on the roof of
the apex of the petrous bone

e Cavernous sinus

e Nerve root outlets across the cranium

e Foramen ovale (3) in the horizontal part of the large
sphenoid wing (V; and motor root);

e Foramen rotundum (4) in the coronal plane in the
pterygomaxillary fossa (V,);

e Superior orbital fissure (V; 5).

The trigeminal nerve is the main facial sensory nerve.
Roughly, the skin areas are: V; spread above a line be-
tween the outer corner of the eye and the tragus, plus
the nasal bridge, V, below the previous line and above a
line from the labial commissure to the tragus, and V;
below this line (Fig. 7.2).

Trigeminal neuralgia, in its so-called essential form,
can be compared item by item with cluster headaches,
which is the main differential diagnosis for other facial
pains (Table 7.1). Its particularity lies in the fact that it
responds only to specific treatment, both medically and
surgically. A deafferentation type pain, it resists periph-
eral analgesics and even opiates. The cornerstone of

7

Fig. 7.1. Anatomy of the trigeminal system

diagnosis is the clinical description of pain. Clinical
examination only aims at ruling out trigeminal neu-
ropathies, i.e., trigeminal neuropathic pains secondary
to any neurological disease.

The etiologies of secondary neuralgias of cranial
nerve V must be investigated when clinical examination
reveals that a sensory or motor branch is affected or that
there is a change in the type of pain. Clinical features of
such a secondary neuralgia include:

e Young adult, man or woman

e Nocturnal pain and/or a permanent background
pain

e Pain involving more than one branch of the trigemi-
nal nerve

e Corneal or cutaneous hypoesthesia or anesthesia

e No distinct trigger zone
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Table 7.1. Clinical comparison of trigeminal neuralgia with vascular facial algia. Of the so-called essential orofacial pains, two can be
compared schematically point by point from a symptomatological perspective

Facial or trigeminal neuralgia

Known as “Trousseau’s tic douloureux,’ it is characterized
by intense, stabbing, short-lived pain in the area

of the trigeminal nerve (V).

5/100,000 inhab.

Women aged over 65; 60 % women
Intense, very short bursts of pain (several seconds to 2 minutes)

Unbearable, stabbing, burning.

Patient tense, fixed features.
Trigger zone

Topography: 1 or 2 roots of cranial nerve V
Unilateral

No particular time. Not at night
No periodicity
5 to 10/day, subintrant

No associated symptoms
Neurological examination normal

Carbamazepine (and gabapentin):

Therapeutic and diagnostic test
Imipraminic baclofen, clonazepam,
morphine ineffective

Surgical treatment: percutaneous thermocoagulation,
microvascular decompression, percutaneous compression,
glycerol, premotor cortex stimulation

Vascular facial algia

Known as “cluster headache,” it is characterized by repeated
pain which is highly characteristic. With respect to its sympto-
matology and its medical treatment, it is closely resembles

a migraine.

80/100,000 inhab.

Young men aged under 40; 80% men
Continuous pain (not pulsating)

30 minutes to 3 hours
Burning, crushing, tearing

Agitated “could jump out of the window”
Alcohol triggers attacks

Periorbital
Retro-ocular
Unilateral

Stereotyped timing: daytime 1 to 8/day
Same time (clock symptom)
Seasonal periodicity: 3 to 10 weeks duration

Positive symptoms associated: vegetative symptoms,
lacrimation, Horner’s syndrome, conjunctival
and hemifacial redness

Initial treatment: oxygen therapy + triptans.
Basic chronic and/or episodic treatment:

Verapamil (1200x3), beta-blockers (AVC 40x2),
indomethacin, lithium (300x2)

No surgical treatment
Treatment of attacks
Basic treatment

If a secondary affection is suggested, an MRI should be performed systematically

Fig. 7.2. Sketch of the skin areas affected by the trigeminal nerve
(Drawn by Andia Hashemizadeh)

e Poor reactivity to treatment with carbamazepine:
this molecule remains the reference medical treat-
ment, other treatments playing only a secondary role.

The main etiologies of trigeminal neuropathies, as
opposed to trigeminal neuralgias are:

e Affection of bulboprotuberantial and medullar nu-
clei of the fifth cranial nerve

Wallenberg’s syndrome

Syringobulbia

Occipitocervical junction malformation

Multiple sclerosis in a young adult (which is one of
the major differential diagnoses)

e Peripheral affections:

- Petromastoid lesion with epidermoid cyst in the
pontocerebellar angle, post-otitic osteitis, neoplas-
tic metastases

- Cranial nerve V lesion in the outer wall due to
meningioma of the cavernous compartment
(Fig. 7.3) or clivus chordoma
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- Vestibular Schwannomas, in which trigeminal
pain can occur before facial paralysis, but usually
after cochleovestibular signs (loss of hearing and
vertigo).

CT scan with coronal and axial sections in bone resolu-
tion and three-dimensional reconstruction is informa-
tive (Paget, petromastoid malformation).

MRI on 3D weighed sequences can show either con-
tact of the fifth nerve and vascular loops, or neurovas-
cular compression between them. Once each structure
are differentiated reliably, MRI can also specify the
nerve’s relationships with its environment in Meckel’s
cavity and perhaps disclose a rare cranial nerve V
Schwannoma. It is very difficult to confirm neurovascu-
lar compression through imaging. On occasion, how-
ever, operative findings disclose compressing not seen
on MRI (Fig. 7.4).

Surgical Treatment

Percutaneous or open, retromastoid micro-vascular
decompressions are the most performed procedures in
these patients.

y
L1
o
4

Fig. 7.3. Meningiomas of the cavernous sinus and tentorial notch responsible for trigeminal neuralgia

Percutaneous Approach

Percutaneous techniques aim to destroy some of the C

fibers to reduce the pattern of nociceptive influx reach-

ing the thalamus, given that the deep sensory filter is
deficient, this being a deafferentation pain. For all these
approaches the cheek is penetrated between 1.5 and

2.5 cm laterally to the labial commissure with a needle

that is led through the foramen ovale (Fig.7.5) at the

base of the large sphenoid wing, to reach Gasser’s gan-
glion (under brief general anesthesia using propofol).
X-ray verification can take place in three ways:

e Lateral view, wherein the needle in retroclival projec-
tion is in the angle intercepted by the roof of the
petromastoid and the dorsum sellae (Fig. 7.6)

e Plain X-rays of the skull using Hirtz incidence are
useful for viewing the foramen ovale, but difficult to
perform in elderly patients suffering from cervical
arthritis

® A special view projecting the foramen ovale in the
angle of the vertical and horizontal branches of the
mandible.
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Fig. 7.4. a MRI: axial section in T2 showing the route of the nerve (arrow) in the pontocerebellar cisterna. b Anatomical sketch

% ]

f <

Fig. 7.5. Base of the cranium with penetration of a needle into the
foramen ovale in the direction of Meckel’s cavity

The needle can be used to provide:

e Chemical neurolysis using glycerol, which affects the
stability of the lipoprotein-containing membranes of
the nerve fibers. After performing a reference cis-
ternography in seated position using an opaque
product, in order to check the position of the needle,
0.2 to 0.4ml of glycerol are injected into Meckel’s
cavity .

e Mechanical neurolysis by inserting a Fogarty probe
and inflating it with several ml of X-ray-opaque
liquid for 10 minutes to compress the ganglion in
the inextensible dural foramen, which is Meckel’s
cavity (introduced in 1979; see Fig. 7.3). Verification
is carried out by lateral-view fluoroscopy (Fig. 7.7).

e Thermal neurolysis by inserting a thermistor into the
ganglion. Intensity is adjusted in order to reach a
temperature between 60 and 75 °C, to inactivate the
small nociceptive amyelinic C and A delta fibers. The
less fragile large myelinized A beta and gamma fibers
are preserved (1969).

Once the anesthesia protecting the patient against the
very painful penetration of the foramen ovale has dissi-
pated, the patient is tested to reproduce the pain in the
area concerned (highly precise somatotopia in Gasser’s
ganglion) and obtain very low stimulation thresholds

(the lower they are the closer the electrode is to the

target zone).

After adjusting the position of the needle to reach the
chosen stimulation zone, the patient is anesthetized
once more and heat is provided by thermal frequency
for 1 to 2 minutes. As soon as the patient awakens (3 to
5 minutes later), the stimulation test is performed once
again and much higher thresholds should be obtained.
The greater the heat the higher the control thresholds,
but also the greater the risk of complication. These com-
plications include:

e Disturbing paresthesia, hypoesthesia or, in the worst
cases, cutaneous and particularly corneal anesthesia
with risk of neuroparalytic keratitis

e Paralysis of the masseter muscle with chronic distur-
bance of temporomandibular articulation, the symp-
toms mimicking an intra-articular foreign body.
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Fig. 7.7. a X-ray control and b anatomical specimen of a percutaneous compression

Contraindications are anticoagulant treatment, Wer-

nicke’s aphasia, evolved dementia, and tumor at the base ~ Surgical Approach

of the cranium. An interpreter should be present as

needed. The intention is to alleviate a vascular compression
affecting the nerve due to hardening of the arteries with
age (most such patients are of advanced age) in non-
acute soft contact with cranial nerve V.
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Fig. 7.8. a Drawing of microvascular decompression. From Marc Sindou. b Surgical view after treatment

Microsurgical Decompression (1959)

An arciform retro-auricular incision is used to ap-
proach the mastoid, which is trepanned below the aste-
rion and cerebellum and reclined downwards. The high,
deep nerve is approached. The arachnoid environment,
which is more or less adhesive, is released and the vessel
responsible for the compression can quite easily be
identified. It is carefully dissected away from the nerve.
These elements must be manipulated with great care.
After careful exploration to eliminate any other cause of
compression (e.g., vein, bone anomaly) a Gore-Tex,
polyurethane, or muscle graft is inserted between nerve
and artery, forming a harmonious loop with the latter.
The field is then flooded with biological adhesive. The
dura mater is carefully closed with an artificial patch or
temporal aponeurosis to prevent cerebrospinal fluid
from leaking (Fig. 7.8).

The cerebellum must be handled very gently in order
to avoid tearing the petrous veins, and it must not be re-
clined too far because there is a risk of thus damaging
the acousticovestibular and facial nerves and causing a
cerebellar contusion.

Juxta-protuberantial Radiculotomy (1929)

This measure consists in cutting the sensory root in the
pontocerebellar angle. It is rarely used, mostly when no
neurovascular compression is found..

Additional surgical techniques are much less fre-
quently used, some falling into disuse, others seemingly
headed for an interesting future. A few of these are now

described.
Bulbar Trigeminal Tractotomy (1939)
This intervention interrupts the tractus descending

from the trigeminal on its way to the spinal core; retro-
gasserian neurotomy, using the subtemporal approach

(1901), cuts the fibers immediately behind Gasser’s
ganglion, these procedures, along with the alcoholiza-
tion of Gasser’s ganglion, are no longer used.

Radiosurgery by Stereotaxy

Also known as Gamma Unit, this procedure disrupts
the nerve blood supply, thereby modifying function of
the cranal nerve V by itself.

Extradural Stimulation of the Premotor Cortex

This technique plays a retrograde inhibiting role on
the thalamus and can therefore be used to control de-
afferentation pain. It is mainly indicated for post-
ischemic thalamic pain. Under neuronavigation and
local, then general anesthesia, we can identify the facial
premotor zone and stimulate it by placing an electrode
opposite the chosen area. It is secondarily connected to
a generator placed under the clavicle.

We do not have a long-term history for these last two
techniques.

Results

Both percutaneous and open procedures have had very
satisfactory results. In the often frustrating attempts
to find adequate pain relief by increasing doses of
carbamazepine and/or combining this drug with clo-
mazepan, surgery should be considered. Similarly, when
treatment is effective but not well tolerated (somno-
lence, gastralgia, dizziness), surgery should also be con-
sidered.

Designed for a population of patients aged over 60,
thermocoagulation should be proposed first. When typ-
ical essential neuralgia is involved, immediate results
are close to 90% successful, with disappearance of the
pain. This result is proportional to the degree of heat-
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ing; the higher the temperature the better the results in
terms of analgesia and the lack of recurrence. Compli-
cations (8 % recurrence; 10 to 12 9% relatively disturbing
paresthesia, usually disappearing in less than two
months; hypoesthesia or corneal anesthesia with kerati-
tis type complications) are avoidable if care is taken not
to exceed certain temperatures (<60 °C for V,, <65°C
for V,, <70°C for V;). However, recurrence of pain
is more likely when lower temperatures are used.
When there is no cutaneous or corneal anesthesia,
the same procedure can be repeated in the event of
recurrence.

If these effects do occur, the procedure must not be
repeated as it would aggravate the problem: persistent
pain (painful dysesthesia) with anesthesia observedina
similar area. While oculomotor paralysis is a very rare
complication, paralysis of the motor branch of V with
masseter paralysis (injury to the nerve on its way
through the foramen ovale or possibly from heating) is
common. This is reflected in temporomandibular joint
discomfort.

Meningitis is an exceptional complication as are in-
tracranial hematomas; hematoma of the cheek is more
common but not serious.

Secondary neuralgia (MS and shingles) obtain slight-
ly less satisfactory results from this treatment. Patients
find it harder to identify the target zone and thresholds
are less clear.

Microdecompression using the direct approach must
be performed by trained surgeons to insure precise
graft installation, atraumatic handling of the cerebel-
lum and acousticofacial ganglion, and finally careful

detection of any cause of disturbance of the nerve. Re-
sults approach 80% cure with 10% failure, recurrence,
and very rare complications.

Other techniques such as chemical neurolysis or per-
cutaneous compression are easier to perform (they do
not require patient cooperation) but also less specific
(persistent paresthesia) and less effective in the long
run (recurrence within a year is not uncommon).

Conclusion

Trigeminal neuralgia is an interesting pathological
entity for clinicians, because formal diagnosis can be
made exclusively by questioning, radiologic tools being
used only to try and detect secondary causes, and in
the specific medical and surgical treatment.

The results of treatment are excellent if careful diag-
nosis is made based on trigeminal unilateral radicular
topography and the neuralgic nature of the pain. Carba-
mazepine is used as a therapeutic and diagnostic test.
Poor response to this medication raises doubts over the
diagnosis of trigeminal neuralgia and of course con-
traindicates percutaneous treatment as well as mi-
crovascular decompression. At times, however, tailored
procedures can be offered for those specific cases.
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Arnold’s Neuralgia
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Clinically Relevant Anatomy

The greater occipital nerve (GON) or nerve of Arnold
(Fig. 8.1, Fig. 8.2), which corresponds to the posterior
ramus (sensory) of the second cervical nerve, has a
complex winding course comprised of three segments
(S1, S2, S3) and having two bends (b1, b2). During its
curving route the GON comes into relationship with
anatomical structures that have been well described in
classic works [9, 11, 20-23].

The GON nerve originates between the posterior
arch of the atlas (C1) and the lamina of the axis (C2) and
courses in its first segment (S1) obliquely downward,
posteriorly, and laterally. The origin of the GON (“or”
Fig.8.1) is in a space bounded in front by the C1-C2
joint capsule (which it innervates), behind by the lateral
margin of the atlanto-axial membrane (Fig. 8.2b). The
vertebral artery lies 6 to 12 mm lateral and posterior to
it. This landmark is important because the artery
(which should be off the needle pathway) is well visual-
ized after an iodated contrast bolus injection (Fig. 8.2).
The GON then courses behind the inferior obliquus
capitis muscle, reaching its inferior border, there to
curve more or less transversely around the muscle in
the nerve’s “first bend” (bl; Fig. 8.1), giving off a few
muscular branches as it does so.

In the second segment (S2) the GON ascends
obliquely upwards and inwards, between two muscular
layers, a deep layer where the nerve crosses successively
the dorsal aspect of the inferior obliquus capitis m. and
rectus capitis posterior m. and a superficial layer repre-
sented by the semispinalis capitis m.

The GON then passes through the muscular fibers of
the semispinalis capitis m., where the second bend (b2)
is located proximal to the midline, thence to enter its
third segment (S3), traveling laterally and upward. In
this muscular channel, which is actually between the
dorsal aspect of the semispinalis capitis m. and the deep
aspect of the trapezius m., the GON is rarely cramped.
The GON finally pierces the trapezius m. through an

aperture in its tendinous portion, which is always nar-
row and rigid and is a source of potential entrapment.
The GON emerges from it medial to the occipital artery
at 2.5 to 3 cm from the midline, in line with the nuchal
ridge (see em Fig. 8.1 and Fig. 8.6b, c).

The GON gains the posterior part of the scalp, com-
municates with the 3rd cervical nerve (and occasionally
the 1st cervical nerve), and divides into terminal cuta-
neous branches that supply half of the scalp over the
vertex and top of the head.

Areas of Vulnerability on Nerve Pathway

The winding pathway, comprising a series of segments
and angles, exposes the nerve to possible compression
and/or stretching, particularly with [8, 18], movement
of the head [23]. Two zones where the nerve is anatomi-
cally vulnerable and where infiltrations can be of bene-

fit can be outlined [1-5, 8, 16,23]:

e Proximally: at its origin (“or,” “first site”) and at its
first bend (b1, “second site”) where the GON curves
around the inferior obliquus capitis muscle (see
Fig.8.1): compression of the C2 ganglion during
extension of the head combined with contralateral
rotation [23] or direct pressure on the C1-C2 joint;
stretching of the nerve exacerbated during contralat-
eral rotation and flexion of the head [23]; extension
does not affect any portion of the nerve, only the C2
ganglion.

e Distally: at its emergence at the narrow and rigid
aperture when perforating the tendinous area of the
trapezius m. [23] (em, “third site”; see Figs. 8.1 and
Fig. 8.6 b, ¢): pain induced by palpation at the emer-
gence point (trigger zone).

Between the first bend (b1) and the emergence (em) the
nerve is rarely a source of direct, anatomically well-de-
fined trouble, but it can be stretched by forced flexion of
the head [23].
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Fig. 8.1. Anatomical view of the origin, course, and emergence of
the great occipital nerve (GON) or nerve of Arnold (see text for
further explanation). (Drawing by Andia Hashemizadeh). Proxi-
mal infiltration sites: 1. at the origin “or” posterior to the C1-C2
joint; 2. at the first bend (b1) where the GON curves around the in-
ferior obliquus capitis muscle (6). Distal infiltration site: at the
GON emergence (em) through an aperture in the tendinous por-

Etiopathogenesis

Most cases of Arnold’s (or occipital) neuralgia have no
apparent etiology. But besides this idiopathic form,
structural pathology that can harm the proximal por-
tion of the GON, (“or” to bend b1) has multiple known
causes: trauma of the neck (most frequently),nervous
and osseous tumors, Arnold-Chiari type 1 malforma-
tion, osteoarthritis of the spine, particularly C1-C2 de-
generative joint disease [8], inflammatory rheumatism.
We have also found several cases of elongation and
buckling of suppress and of the vertebral artery on the
side of the neuropathy (see Fig. 8.5a).

tion of the trapezius muscle (11). Also note: lesser occipital nerve
(2), dorsal ramus of the 3rd cervical nerve (3), vertebral artery (4),
occipital artery (5), rectus capitis posterior m. (7), superior obliqu-
us capitis m. (8), semispinalis capitis m. (9), splenius capitis m.
(10), sternocleidomastoid m. (12), longissimus m. (13), intertrans-
versalis m. (14)

Anesthetic blockades of the GON resulting in com-
plete transitory pain freedom can be quite useful to rule
out other headaches involving the occipital region,
e.g., cervical headache, muscle tension headache or
migraine,> ? with possible overlapping features with
these latter two.

1) A large number of patient suffer from muscle tension headaches
with occipital distribution, but few experience concomitant true
neuralgia.

2) It is not always possible to distinguish formally neuralgic and
vascular pain: some patients can have migraine-like symptoms
with at least hints of the autonomic features as found in cluster
headaches.
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Pain originating in the occipital region caused by a
pathological derangement at the emergence (“third
site”) of the GON or of the terminal branches (where
tenderness or trigger zones are found), can also be due
to a myofascial syndrome. This can be caused by trau-
ma, muscular tension, neck positional problems, or
tendonitis of the insertion of the trapezius muscle.

Fig. 8.2a-c. Anatomical axial CT slices (3 mm) from C1 to C2.
a Axial slice at the level of the posterior arch of C1, c at the posteri-
or arch of C2, and b at an intermediate level between these two
slices where the targets (see circles) for the proximal GON infiltra-
tion are best displayed: 1. at the origin (“or”) posterior to the
C1-C2 joint; 2. at the first bend (“b1”) where the GON curves
around the inferior obliquus capitis muscle (6). Note also: rectus
capitis posterior m. (7), superior obliquus capitis m. (8), semi-
spinalis capitis m. (9), splenius capitis m. (10), trapezius m. (11),
sternocleidomastoideus m. (12), vertebral artery (aVe), vertebral
vein (vVe), plexus vertebralis internalis anterior (pxVeA), plexus
internalis posterior (pxVeP), cervicalis profundis vein (vCp),
spinal cord (M), subarachnoid space (SA)

Clinical Considerations

The symptoms have been well described [8, 18]; two

forms have been described:

e A paroxysmal form: these patients, predominantly
women, experience unilateral (rarely bilateral) inter-
mittent aching and throbbing pain, non clustering,
variable in duration, on which shock-like jabs can be



74

B. Kastler, Z. Boulahdour, S. Aubry, B. Fergane, Z. Patay

superimposed. The pain starts in the suboccipital re-
gion and radiates over the posterior scalp and top of
the head. Retro-orbital pain may be present in severe
attacks. The pain is induced by sneezing or turning of
the head (limiting movement), and can be exacerbat-
ed by pressure over the GON.

e A continuous form: these patients experience un-
remitting pain with paroxysmal episodes. Here again
tenderness over the C2 root and at the GON emer-
gence can be found, as well as restricted voluntary
head movement due to pain.

The patient may note mild sensory changes in the terri-
tory of the GON: hyperalgesia and hyperesthesia or
hypalgesia and hypoesthesia.

Contraindications

Uncorrected coagulopathies or seriously altered coagu-
lation profiles are contraindications for proximal infil-
trations (see Chap. 3). For distal infiltration the risk-to-
benefit ratio should discussed with the patient; using a
25-27-gauge needle can minimize the risk of bleeding.
The patient must be informed about the procedure and
its sequence of events and give consent. Written consent
must be obtained as required by regulations.

Technique

Besides the usual specific medication, particularly in
the case of a patient not responding well, or as diagnos-
tic test, steroid and/or anesthetic GON blocks can be
performed at the two proximal main sites at “or,” or
“b1”, and/or distally at emergence “em.”

Infiltration of the Greater Occipital Nerve
at Its Origin Under CT Guidance

(Please also see Fig. 3.9, Chap. 3.) The approach is pos-
terior or posterolateral and the patient is placed in a
comfortable prone position with a pillow under his or
her chest (Figs.8.3-8.5). The patient’s head is turned
opposite to the puncture site for a unilateral infiltration
and face down on a padded surgical ring for a bilateral
infiltration. After bolus contrast injection, an initial se-
ries of axial 5 mm slices covering the occipital bone to
C3 is obtained in order to visualize vascular structures
particularly the vertebral artery and insure that it lies
off the chosen pathway)

The posterior arches of C1 and C2 are the bony land-
marks (Fig. 8.2). The target “or” is at an intermediate
level between the two arches, slightly below the posteri-
or margin of the posterior arch of Cl, directly behind
the C1-C2 joint capsule. The progression of the needle
(check for the tip artifact) can be followed step by step
using the iterative CT control. Near the target the slice
thickness has to be reduced to 2-3 mm, and the needle
tip should be aimed inside the lateral margin of the
C1-C2 joint, in order to make sure of avoiding inadver-
tent puncture of the vertebral artery, and outside the
medial margin in order to avoid piercing the dura mat-
ter. To avoid any possibility of injuring the spinal cord
the needle should always be carefully advanced with its
aim being, again, outside the medial margin of the
C1-C2 joint. Before the injection the mounted syringe is
maintained in aspiration (under vacuum) for 5 seconds
in order to detect blood (vascular puncture) or cere-
brospinal fluid.

First a mixture 1 ml of saline and contrast media
(90%/10%)® confirms that the needle tip is safely posi-
tioned (outside of a vascular structure and the foramen
magnum) by showing that the spread of saline-contrast
mixture molds the dura matter (and ideally the spinal
C2 ganglion). The steroid is then administered: slow
depot steroid instillation of prednisolone 2 ml or corti-
vazol 1 ml (50 mg prednisone equivalent).

We recommend, particularly in an elderly patient or
one suffering from osteoarthritis, that a complementary
infiltration of the C1-C2 joint be undertaken, which can
be performed by redirecting the needle so that the tip
faces the joint capsule (Fig.8.3e). Again the mounted
syringe should be maintained in aspiration for a few
seconds to insure no blood return, the intervertebralis
vein now being its likely source (see Fig. 8.2).

If a radiofrequency generator is available, initially a
test is performed in the stimulation mode at the C1 gan-
glion level; the patient should feel a tingling effect in the
territory of the GON. Subsequently thermolysis can be
performed [6, 10].

3) Saline instead of a local anesthetic in case inadvertent sub-
arachnoid administration occurs, which can result, if a signifi-
cant amount of the latter should be given, in an immediate total
spinal anesthesia and/or possible cardiorespiratory arrest. It
should be verified that the hyperdense mixture spreads strictly
outside the dura matter (see Fig. 8.3d,8.4a,8.5d and 8.6e).
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Fig. 8.3 a—f. Bilateral infiltration of the greater occipital nerve at
its origin (“or”). Metallic landmarks are placed on the skin for
optimal entry point location here in a bilateral approach. a the “X”
pinpoints the left target at a level slightly above the axis lamina.
b Left needle and ¢ right needle are on target slightly under the
posterior arch of the atlas directly behind the C1-C2 joints (close
to the nerve origin). ¢, d Proper spread of saline-contrast mixture

Chapter8 Arnold’s Neuralgia

molding the dura matter (from outside), before the depot steroid
injection is made. e A complementary infiltration of the C1-C2
joint can be performed, by repositioning the needle tip to face
the C1-C2 joint capsule, as can be verified on reformatted coronal
oblique slices. f Three-dimensional reconstruction. (See also
Chap. 3, Fig. 3.9)
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Fig. 8.4a-d. Infiltration of the greater occipital nerve on the
second proximal site, first bend (b1). a, b An infiltration has been
accomplished at the first site at the origin “or” (posterior to the
C1-C2 joint). See the hyper dense mixture molding the dura
matter (from outside). ¢ A second infiltration is performed by
pulling back on the needles to arrive at the first bend: bl (around
the inferior obliquus capitis muscle, 6); the needle tips recognized
by the needle tip artifacts are located in the fatty compartment lo-
cated between the dorsal aspect of the inferior obliquus capitis m.

(6) and the deep aspect of the semispinalis capitis m. (9). This in-
filtration on the second site can also be performed when initially
advancing the needle(s). The infiltration constitutes a block with
a mixture of anesthetic and contrast media followed by a depot
steroid. d The proper spread of this hyperdense mixture between
the two muscles (especially towards the bl bend) can be verified
on control CT slices. The depot steroid injections may appear as
lowering the density of the hyperdense contrast mixture (see “b1”
left site on ¢, and “or” right site on b and c)
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Fig. 8.5a-d. Infiltration of the greater occipital nerve at its origin
(“or”). a, b The vertebral artery (arrows) describes a large buckle
(possibly the cause of neuralgia). b Optimal entry point of pathway
is determined with respect to the ear and marked on the skin.
¢ The needle tip at the target is at a safe distance from the vertebral

Infiltration of the Greater Occipital Nerve
at the Second Proximal Site (b1)

We advocate when retrieving the needle (or, alternative-
ly, when aiming at the target), that a second infiltration
be given behind the inferior obliquus capitis muscle
around which the GON describes its first bend bl (a
possible symptomatic site). The needle tip visualized by
the tip artifact should be located in the fatty compart-
ment between the dorsal aspect of the inferior obliquus
capitis m. and the deep aspect of the semispinalis capi-

artery. d Proper spread of saline-contrast mixture molding the
dura matter (from outside); the depot steroid injection appears as
a hypodensity at the needle tip within the hyperdense saline-con-
trast mixture. (See also Chap. 3, Fig. 3.9)

tis m. The infiltration starts with a block comprising
a 3 ml mixture of short and long acting anesthetics (li-
docaine 1/3 and ropivacaine 2/3) and contrast media
10%. The proper diffusion of this hyperdense mixture
between the two muscles confirms that the needle tip is
safely positioned (Fig. 8.4). It is also necessary to verify
that the mixture spreads caudally ideally reaching the
inferior border of the inferior obliquus capitis muscle,
i.e,, to bl. The steroid injection of prednisolone 1 ml
or cortivazol 1 ml (50 mg prednisolone equivalent) can
then by performed.



78

B. Kastler, Z. Boulahdour, S. Aubry, B. Fergane, Z. Patay

Fig. 8.6 a—e. Infiltration of the greater occipital nerve a its emer-
gence (em). a Scout view displaying the 5 mm slices from the oc-
cipital bone to C3. b Optimal entry point (facing the occipital
artery) is determined on line with the nuchal ridge. ¢ The needle
tip is placed in proximity and medial to the artery. The infiltration
consists of a block with local anesthetic and depot steroid. d, e An
infiltration at the origin is also accomplished. Needle tip artifact is
clearly visualized on d, and the depot steroid injection appears as
a hypodensity at the needle tip within the hyperdense saline-con-
trast mixture e (molding the dura matter from inside)
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Infiltration of the Greater Occipital Nerve
at its Emergence

The infiltration can be conducted using bony and palpa-
ble landmarks (Fig. 8.6b, ¢). The GON is usually blocked
just above the superior nuchal line,about 2.5 to 3 cm lat-
eral from the external occipital protuberance, just medi-
al to the occipital artery, which can be palpated (tender-
ness or pain trigger zone). The needle is placed and
advanced perpendicularly until it comes in contact with
the periosteum, then pulled back 1 or 2 mm before in-
jecting 3 to 4 ml of a local anesthetic (lidocaine 1/3 and
ropivacaine 2/3) followed by a long acting steroid pred-
nisolone 1ml or cortivazol 1 ml (50 mg prednisolone
equivalent). Other authors use a different landmark for
a thermolysis: 2 cm lateral to and 3 cm above the exter-
nal occipital protuberance [10].

The infiltration can also be performed under CT
guidance (see Fig. 8.6b, c) by finding the occipital artery
on the slice where the occipital artery becomes subcuta-
neous (accompanying the GON), usually close to the
superior nuchal line (pain trigger zone). This distal site
is infiltrated before or after an infiltration of the proxi-
mal sites. To optimize the localization of the emergence
of the nerve a test is performed in the stimulation mode
of a radio frequency (RF) generator; a thermolysis may
follow.

Pain originating in the occipital region caused by
restriction at the emergence (em) of the GON or on the
terminal branches (where tenderness or trigger zones
are found), can also be due to a myofascial syndrome, as
aforementioned.

Whenever a myofascial syndrome is suspected, ten-
derness zones and/or trigger points (located by palpa-
tion) can by inactivated by the instillation of a few mil-
liliters of local anesthetic (e.g., ropivacaine). When the
needle tip (25-27 gauge) hits trigger points the pain is
exacerbated, but it however disappears after the injec-
tion and cannot be evoked again even by strong palpa-
tion on the trigger point. When appropriate, we perform
this instillation as a complement to the infiltration of
the GON under CT guidance.

Complications

At the origin of the nerve, the most frequent complica-
tion is the inadvertent puncture of the vertebral artery.
This is avoided by CT guidance, which is far more pre-
cise than fluoroscopic guidance [12-14]. The same ap-
plies for piercing the dura matter or infiltration of the
neck muscle on the pathway. Pain at the puncture site,
transitory torticollis, nausea, and dizziness are rare
adverse reactions.

As the scalp is highly vascular and the occipital artery
is in close proximity to the emergence of the GON there

is a risk of arterial puncture and hematoma formation,
particularly when only a sole palpable cutaneous land-
mark is used to locate the GON at its emergence. Expan-
sion of such a hematoma can be prevented by immedi-
ate manual pressure on the site of the infiltration. No
other side effects have been noted at this peripheral site
of injection.

Results

The results are diverse, and ours in a series of 34 pa-
tients infiltrated at the origin of the GON [3-14] com-
pare favorably with those published in the literature
[6,7]: Forty-two percent of our patients responded well
and on a prolonged basis. In some patients the infiltra-
tion had to be repeated once or twice a year. In 10 to
20% of our patients the effect was more transitory, last-
ing for but a few weeks. With a complementary infiltra-
tion at the second site (bend b1) the results were signif-
icantly better, 84.5% in our series of 24 individuals thus
treated now experiencing prolonged relief.

Thermolysis seems to give satisfactory long-term
results [6, 10]; we have only limited experience with this
form of treatment. Surgical decompression has also
been advocated. [1,10,15,17].
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Chapter

Pterygopalatine Ganglion
Neurolysis Under CT Guidance

Christophe Clair, Bruno Kastler, Gilles Cadel,
Bernard Fergane

Introduction

Neurolysis or blockade of the pterygopalatine ganglion
(PPQG) is an efficient method in the management of pain
for patients suffering from cluster headaches, PPG neu-
ritis, postherapeutic neuralgia, atypical facial headache,
trigeminal neuralgia, and severe intractable cancer-
related pain. We will first describe the anatomy of
the pterygopalatine fossa to better understand the sur-
rounding structures which determine a possible percu-
taneous pathway. Secondly, we will describe our tech-
nique under CT guidance [4,5,9, 12, 14].

Anatomy of the Pterygopalatine Fossa

The following references merit consultation: [6, 8, 9, 10,

11,13,15-18].

A topographical division of the fossa infratemporalis
is suggested on the basis of CT images. Three distinct
regions are discernable (Fig. 9.1):

1) The retromaxillozygomatic region (RMZR), anterior
and lateral, contains the fat pad of the cheek.

2) The pterygoid muscle region (PMR), posterior and
medial, is crossed horizontally by the internal maxil-
lary artery.

3) The pterygopalatine fossa (PPF), medial and superi-
or, is the deepest part of the fossa infratemporalis.

The pterygopalatine fossa is located directly posterior

to the maxillary sinus (Fig. 9.2).

e Posteriorly it is bordered by the fused medial and lat-
eral pterygoid plates of the sphenoid bone. It commu-
nicates with the middle cranial fossa through the
sphenoid bone via the pterygoid canal and the fora-
men rotundum.

o Inferiorly the fossa narrows and becomes the ptery-
gopalatine canal, which communicates with the oral
cavity.

e Superiorly it is in continuity with the inferior orbital
fissure.

9

Fig. 9.1. Axial CT scan at the lower level of the PPF shows the
three regions of the fossa infratemporalis (see text for further
explanations)

e Laterally there is direct communication with the
infratemporal fossa through the pterygomaxillary
fissure.

e Medially it is bound by the perpendicular plate of the
palatine bone except at its upper limit where the
sphenopalatine foramen accesses the nasal cavity.

The pterygopalatine fossa houses the internal maxillary

artery, the pterygopalatine ganglion, and the maxillary

nerve. In general, the arterial component of the fossa
lies anteriorly and the neural component posteriorly.

e The internal maxillary artery, arising from the exter-
nal carotid artery, enters through the pterygopalatine
fissure taking generally an anterior, medial, superior
and horizontal direction (see Fig. 9.3). In its course, it
classically forms fourteen branches before entering
the sphenopalatine foramen.
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Fig.9.2a,b. Axial CT scans from the upper (a) to the lower (b)  Fpm pterygomaxillary fissure, Fpp pterygopalatine fossa, Fr fora-
part of the pterygopalatine fossa. Key anatomic structures: Cc in-  men rotundum, Fsp sphenopalatine foramen, Pp pterygoid process
ternal carotid canal, Cp pterygoid canal, Fcrn middle cranial fossa,  of the sphenoid bone, Sm maxillary sinus, Ss sphenoid sinus

Plerygopalatine ganglion . . .rian ganglion
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Fig. 9.3. Anatomical lateral view of the pterygopalatine fossa,
which houses the internal maxillary artery, the pterygopalatine
ganglion, and the maxillary nerve. The pterygopalatine ganglion
lies deeply in the fossa (see text for further explanation; drawing
by Jean-Louis Vannson)
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e The maxillary nerve (second division of the trigemi-
nal nerve) enters the fossa via the foramen rotundum
and continues its course through the infra orbital
canal where it supplies sensory innervation to the
skin of the cheek, side of the nose, and upper lip.
Branches of the maxillary nerve cross the pterygo-
palatine ganglion, leading to the palate (greater and
lesser palatine nerves), the nose (pterygopalatine
nerve), the upper jaw (superior posterior alveolar
branches) and the orbit (zygomatic nerve).

e The pterygopalatine ganglion lies deep in the fossa
under the maxillary nerve, laterally near the spheno-
palatine foramen, and posteriorly near the pterygoid
canal. The PPG is a relay station for the autonomic
innervation of the nasal mucosa, soft palate, and
lachrymal gland.

e The remainder of the pterygopalatine fossa is filled
with fatty tissue in continuity with the infratemporal
fat pad.

Neurolysis Technique

These references may be consulted: [2, 7].

e After verifying the patient’s coagulation rates are
normal, the patient is informed about the procedure
to be carried out, its expected benefits and risks, and
permission is obtained, if possible during a previous
consultation. Written consent must be obtained as
required by law.

e The patient is placed in a supine position on the CT
table with the head turned opposite to the side of
puncture and fixed with a strip of adhesive tape.

e Axial CT contiguous slices of 5mm in thickness are
made from the upper part of the zygomatic arch to
the lower part of the maxillary bone (see scout view
Fig.9.4).

e The pterygopalatine fossa is seen posterior to the
maxillary sinus and anterior to the lateral pterygo-
palatine plate. The pterygopalatine ganglion is locat-
ed at the slice level of the sphenopalatine foramen.

e In order to avoid intervening structures (zygomatic
arch in particular) and obtain a direct pathway to the
target, it may be useful to tilt the gantry 10° caudally.

e The optimal entry point is located just below the
sigmoid notch of the zygomatic arch between the
condylar and the coronoid process of the mandible
(Fig. 9.5). It should be marked on the skin with a felt
tip pen.

e The patient is draped in a sterile fashion, the skin
scrubbed and sterilized, and local anesthetic instilled
at the entry point and on presumed initial pathway.
The procedure is performed under local anesthesia.

e The correct needle/target orientation should be de-
termined with respect to the orientation and skin
entry point of the anesthetic needle left in place

Fig. 9.4. Scout view displaying the acquired slices
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Fig. 9.5. Lateral view of the face showing the entry point (asterisk)

(either parallel to that orientation or at a slight angle
thereto, see chapter 3).

e A safe pathway is chosen in order to avoid damage to
the internal maxillary artery, which runs in a horizon-
tal line across the fat of the infratemporal fossa. Bolus
contrast injection can be useful to display the artery.

o The needle is slowly and carefully advanced under
step-by-step CT guidance until the needle (check for
the needle tip artifact) tip is within the pterygopala-
tine fossa (Fig. 9.6). Saline injection combined with
needle tip lateral displacement and rotation (bevel-
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Fig. 9.6 a-d. Needle placed under step-by-step CT guidance

edge rotation) helps to avert intervening organs and
enlarge narrow pathways (see Chap. 3).

Ethanol Neurolysis

e The needle used is a disposable 22 gauge, 7 cm spinal
needle.

e The correct position of the needle tip at target is de-
termined by an injection of contrast media diluted
with local anesthetic (1:5, a total of 0.5ml in a 2 ml
syringe) which makes it possible to anticipate possi-
ble diffusion of the alcohol (checked by CT) and also
perform a test block (see Fig. 9.7). Prior to injection
the syringe is maintained in aspiration (under vac-
cum) for 5s to ensure against vascular puncture.

e The patient may observe a decrease in symptoms
if present. The neurolysis is performed with 1 ml in-
stilled slowly. This should be carried out again main- Fig. 9.7. Injection of contrast media with a local anesthetic to
taining the syringe in aspiration prior to injection, assure correct needle tip position on the target
to insure against vascular puncture. Halfway through
the alcohol injection a control CT scan should be
obtained. The pain relief is usually appreciated fol-
lowing the neurolysis.
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RF Neurolysis

Radiofrequency is an ancient technique, whose princi-
ple has been used for many years for electric surgical
knives and neurolyses when highly localized thermoly-
sis is required without the risk of damaging any of the
peripheral nerve structures. It consists in the percuta-
neous introduction of a needle into a lesion. By induc-
tion of an alternate RF current (400 KHz high frequen-
cy) at the conducting tip of the needle flowing into the
peripheral tissues, the tissues heat up by ohmic agita-
tion. When the tissue temperature near the needle ex-
ceeds 50-60°, a thermal lesion, normally very limited in
size (equal to 1.6 the radius of the needle’s diameter)
appears (dry electrode principle).

e The needle is a 22 gauge, 10.5 cm RF disposable can-
nula for RF probes (Radionics, Burlington, MA, USA).

e The electrode is placed in the cannula and connected
to the generator.

e The correct position of the needle tip at the tar-
get is determined by electrostimulation (sensory
mode, 50 Hz). If the needle is in the right position,
a tingling sensation in the nose will be felt at approx.
1 volt.

e A thermal lesion is created by applying heat for 60 s
at a temperature 60 to of 80°C (depending on pa-
tients’ tolerance). This procedure is repeated three
times, moving the cannula backwards and forwards
by 1 mm each time.

Advantages and Disadvantages
of the Two Approaches

e Both techniques are quite easy to perform under CT
guidance on an outpatient basis under local anesthet-
ic. Unlike fluoroscopy, CT guidance allows safe step-
by-step pathway progression of the needle and pre-
cise positioning at target, reducing complications and
optimizing immediate results.

e Some patients may experience epistaxis following
either procedure. They should not be discharged un-
til the bleeding has stopped completely. We however
have not encountered this complication in our expe-
rience.

e A small percentage of patients will experience tran-
sient hypesthesia (lasting up to a few weeks) in the
region of the soft palate.

Ethanol Neurolysis

e It is lower in cost and some authors report longer
lasting effects.

e Excessive alcohol diffusion is the main drawback and
cannot be fully controlled. The principal such risks
are diffusion of the neurolytic agent through the
inferior orbital fissure into the orbit, through the
sphenopalatine foramen into the nose, and/or
through the pterygomaxillary fissure into the infra-
temporal fossa.

e Complications can be minimized by keeping the vol-
ume of injected alcohol within 1 ml and by correctly
positioning the needle tip.

RF Neurolysis

e The lesion size is adequately controlled.

e It requires an initial investment (RF generator and
electrodes) and is all-in-all more costly than the
ethanol method.

e It is more time consuming;

e it requires precise positioning of the needle, as facili-
tated by electrical stimulation and impedance con-
trol.

In our series of 38 pterygopatine neurolysis (34 alco-
holizations, 4 RF) in 26 patients with unilateral facial
pain [7], the global efficiency was 65.7% (25/38) with
total pain relief in 60% (15/25). However pain recurred
in 76 % of the cases (with a 3 months mean delay). Non
typical facial pains, cluster headaches and local tumoral
compression appear to be the most suitable indications.
Post herpetic neuralgia and atypical dental pain did not
respond properly to this therapy.
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Chapter

Stellate Ganglion Neurolysis
Under CT-Guidance

Bruno Kastler, Démonsthéne Michalakis,
Nicolas Sailley, Philippe Pereira, Bernard Fergane

Introduction

Algodystrophy or reflex sympathetic dystrophy syn-
drome, currently referred to as type I complex regional
pain syndrome (CRPS), is a combination of a non-sys-
tematic pain syndrome, tenderness and swelling, changes
in cutaneous blood flow, abnormal sweating, and stiff
joints [18]. CRPS, although benign, is highly invalidating
because it resists specific medication. Treatment is
founded on blockades of sympathetic activity (tempo-
rary or more lasting) and physical therapy. Infiltration of
the stellate ganglion is a technique whose efficacy has
been known for many years and is widely used in the
treatment of CRPS [1, 2, 18]. Anesthetists, who intro-
duced the technique, use external anatomical landmarks
before administering a local anesthetic by an anteriolat-
eral tracheal approach. Such blockades are effective,
even when the target is attained imprecisely because of
the large quantities injected (contralateral diffusion pos-
sible [5-9]); their effect is, however, limited in time.

It has been suggested that alcohol may bring longer
lasting relief in cases of severe intractable cancer-relat-
ed pain arising from regional neoplasms [1-4]. But the
frequent onset of Horner’s syndrome as an after-effect
(sometimes already present because of cancerous inva-
sion of the stellate ganglion) can counteract the tech-
nique’s efficacy.

The RF technique by radioscopic guidance was intro-
duced in 1999 by Sluijer [20]. A recent retrospective
study confirms the positive action of this technique
on cervical thoracic and upper limb pain of sympathetic
origin, with pain relief in 13 out of 35 patients (37 %) [3].

More precise than radioscopic guidance, CT guidance
offers an excellent and safe means of leading the needle
to target behind the vertebral artery, which constitutes
the most reliable landmark [4, 8, 10, 12, 19]. We thus use
a lateral trans-scalenic approach and not the anterior
one mandatory with osseous landmarks [10-14].

We will first briefly describe the anatomy of the stel-
late ganglion, which must precede adequate CT-slice-
level positioning and make it possible to define a safe
percutaneous pathway. Secondly, we will demonstrate
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how CT guidance allows step-by-step control of posi-
tioning the needle tip at the target for either alcohol or
RF thermal ablation. Finally, we will discuss the advan-
tages and disadvantages of each approach.

Clinically Relevant Anatomy

The stellate ganglion (or cervical thoracic ganglion) is

part of the orthosympathetic chain [7, 16, 17]. It is

formed by the fusion of the inferior cervical and first

thoracic sympathetic ganglia. At dissection it appears as

a rather large oval-shaped structure 2 cm long, 1.5 cm

wide, and 0.5 cm thick oriented in the axis of the spine.

On MRI, however, [6] the stellate ganglion has been seen

as a smaller structure with a maximum cephalocaudad

dimension of just over 1 cm.
It is situated in a concavity that is limited (Fig. 10.1):

e Medially by the portion of the vertebral column cov-
ered by the longus colli muscle

e Posteriorly by the neck of the first rib, the transverse
process of the C7 vertebra, and the interspace be-
tween them

e Anteriorly by the vertebral artery near its origination
from the subclavian artery (which is well displayed
after bolus contrast injection)

e Laterally by the scalene muscle mass

e Inferiorly by the posterior aspect of the pleura.

The sympathetic nerves that supply the head and neck
usually pass through the stellate ganglion. The ganglion,
via the gray rami communicantes, also sends branches
into the C7, C8, T1, and sometimes C5 and C6 spinal
nerves, constituting the major part of the sympathetic
supply to the upper limb. Creating a lesion of the stellate
ganglion thus induces a sympathetic denervation of this
structure which can be partial (RF) or more complete
(alcohol).

As mentioned the stellate ganglion is a rather diffuse
structure: the first thoracic and inferior cervical compo-
nents are usually partially fused [1,7]. The cranial com-
ponent lies in front of the transverse C7 vertebra and
the major lower component in front of the neck of the
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first rib (T1), (Figs. 10.1-10.4). It has been shown that a
partial localized disruption (RF) of the stellate ganglion
frequently produces high-quality pain relief [20,21]. We
thus aim precisely at these two targets for RF neurolysis.
Moreover the stellate ganglion is close to the bony
structures (0.5 cm), surrounded by adipose tissue in
which the injected material diffuses particularly alco-
hol. For this reason an alcoholization or a simple block-
ade will require less precise targeting at only one C7 or
T1 level.

Needle Tip Targeting at the Stellate Ganglion
Under CT Guidance

Please refer to Figs. 10.2-10.4.

e The technique of stellate ganglion block under CT
guidance has been previously described. For both
alcohol neurolysis and RF ablation at our institution
the needle tip is placed by means of a simplified ap-
proach. We will describe the technique at both C7 and
T1 targets [10-12, 14].

Fig. 10.1. Anatomy of the stellate ganglion
and cervical sympathetic chain (see text
for further explanations - drawing

by Andia Hashemizadeh)

Longus
colli muscle

Intermediate
ganglion

Stellate ganglion

e The patient must have normal clotting values and
give informed consent for the procedure.

e The patient is placed in a supine position on the CT
table with the head turned away from the side of
puncture and arms at the sides.

e Axial adjoining CT slices of 5mm in thickness are
obtained from the superior aspect of the C6 vertebra
through the superior level of the T2 vertebra, as de-
termined on the scout view. A bolus injection of con-
trast medium is given to visualize the vertebral artery
(the stellate ganglion lies immediately behind its ori-
gin) as well as to display other possible intervening
vascular structures.

e As stated, the stellate ganglion lies anterior to the
transverse process of the C7 vertebra and the neck of
the first rib, and is targeted on these slice levels.

e A safe pathway is chosen at both C7 and T1 target
levels (anterior, lateral, or preferably anterolateral)
in order to avoid inadvertent puncture of the exter-
nal and internal jugular veins, carotid and vertebral ar-
teries, the pleura and branches of the brachial plexus.
We thus advocate an anterolateral trans-scalenic
approach, which is possible with CT guidance.
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Fig. 10.2a-f. RF neurolysis. Male patient 49 years old. RCPS type
one syndrome after wrist trauma (positive scintigraphy). A good
result was obtained after the procedure. a Slices are displayed on
scout view. b A blockade was performed at the end of the proce-

e Optimal entry points are determined and marked on
the skin with a felt-tip pen, a long the projection of
the laser light on the two reference slices (C7-T1 tar-
gets).

dure (see the contrast-anesthetic mixture diffusing around the
needle tip). ¢, d Entry points and trans-scalenic pathway are dis-
played at C7 and T1 levels. e, f Needle tips on targets at C7 and T1
levels (see text for further explanations)

e The patient is draped in a sterile fashion, the skin
scrubbed and sterilized, and a local anesthetic ad-
ministered at the entry point and on initial presumed
pathway.
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Fig. 10.3. Three-dimensional reformatted image displaying the needles at C7 and T1 targets (stars). Clavicle (Clav), 1st rib (IR)

e The correct needle-to-target path should be deter-
mined with respect to the skin entry point of the
anesthetic needle left in place (either parallel or at a
slight angle to that pathway; see Chap. 3).

e The first needle is slowly and carefully advanced step
by step under CT guidance until its tip (check for the
tip artifact) is positioned slightly anterior to the
transverse process, just posterior to the vertebral
artery, close to the junction with the vertebral body of
the C7 vertebra (Fig.10.2d). The second needle is
then advanced to the second target (T1 vertebra) in
front of the neck of the first rib behind the origin of
the vertebral artery

e A saline injection combined with needle tip lateral
displacement and rotation (bevel-edge rotation) is an
effective means of averting intervening organs and
enlarging narrow pathways [9] (see Chap. 3).

Stellate Ganglion Blockade

Five ml of a mixture of lidocaine 1/3 and ropivacaine
2/3 and 10% contrast medium is injected at the level of
the C7 or T1 (Fig. 10.2b). Prior to injection the syringe
in maintained in aspiration (under vacuum) for 5 sec-
onds to ensure against vascular puncture This initial
block may be used in the case of a doubtful diagnosis in
order to ascertain that the patient’s pain is indeed of
sympathetic origin before later performing a more de-

finitive blockade by RE. We also generally carry out an
anesthetic block (3 to 5 ml of the same mixture at one or
both levels) at the end of the RF procedure to reinforce
and boost the overall effect by an immediate blockade.

RF Neurolysis

Please consult Figs. 10.2 and 10.3.

o The needles used are 20 gauge, 145 mm RF disposable
cannulas for RF probe (Radionics). The electrode is
introduced into the cannula and connected to the
generator.

e No stimulation should be noted (as by motor fascicu-
lations) at 2 volts 2 Hz ensuring that the cannula tip is
at a safe distance from the motor nerves.

e Atboth levels a thermal lesion is created at a temper-
ature of 55 to 80°C (depending on patients’ toler-
ance) for 60 s. This procedure can be repeated up to
three times, moving the cannula forward and back-
ward by about 1 mm each time.

e At the end of the procedure a blockade (as described
above) is performed at each level.

e The procedure is performed under local anesthesia
and requires 45 to 60 min.

e As has been advocated [20], the C6 level can also be
targeted for radio frequency ablation (if the C7 level
is difficult to access safely, due to intervening vascular
structures or nerves).
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Fig. 10.4a-d. Alcohol neurolysis.a Male patient 45-years-old with
a vascularized mass of advanced throat cancer and suffering se-
vere intractable cervical pain. Excellent pain relief was observed
immediately following ethanol neurolysis, lasting until the patient
died 5 months later. b An anterolateral approach at the posterolat-
eral aspect of the mass is performed here at C7 to avoid the hyper-

Ethanol Neurolysis

Please see Fig. 10.4.

o The needle used is a disposable 22 gauge, 7 cm spinal
needle.

e The syringe in maintained in aspiration (under vacu-
um) for 5 seconds to ensure the absence of vascular
puncture The correct position of the needle tip at tar-
get is determined by an injection of contrast medium

vascularized tumor. ¢ Correct positioning of the needle tip at tar-
get is attested by the diffusion of a local anesthetic diluted with
contrast medium showing good diffusion around and particularly
behind the vertebral artery. d Injection of 1 ml of absolute alcohol
appearing as hypodensities within the contrast medium

diluted with local anesthetic (1:5, a total of 0.5 ml)
which allows anticipation (checked by CT) of possi-
ble diffusion of the forthcoming alcohol injection,
and to perform a test block.

e The patient may observes a decrease in symptoms
following the anesthetic test block (not invariable).
The neurolysis is performed with 1 to 1.5ml of ab-
solute alcohol instilled slowly. This should be carried
out again maintaining prior to injection, the syringe
in aspiration to insure against vascular puncture.
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Pain relief is usually appreciated immediately following
ethanol neurolysis.

Advantages and Disadvantages
of the Two Approaches

e Needle placement on target at the level of the stellate
ganglion is quite similar for RF and alcohol neuroly-
sis. Both techniques are relatively easy to perform un-
der CT guidance on an outpatient basis under local
anesthesia. Unlike fluoroscopy, CT guidance allows a
safe step-by-step needle progression and precise
positioning at target, reducing complications, opti-
mizing immediate results.

e Although it is lower in cost, ethanol neurolysis typi-
cally produces Horner’s syndrome [4] and should be
limited to patients with short life expectancy [1, 4],
most particularly to those with the pain of in-
tractable cancer where the benefits of pain relief out-
weigh the disadvantages of Horner’s syndrome.

e Alcohol (both lipid and water soluble) may diffuse to
surrounding motor nerves; the C8 and T1 roots of the
brachial plexus are particularly exposed [13] as they
are located posterior to the stellate ganglion (and the
patient is supine). Possible diffusion to the epidural
and subdural space is another significant drawback.
These are illustrations that alcohol diffusion is not
fully controllable and is not reliably predictable from
that of the contrast medium because it is solely water
soluble. Diffusion of the injected material to the con-
tralateral side has been demonstrated in test blocks
when large volumes are injected [9].

These complications may be minimized by keeping
the volume of injected alcohol within 1.5 ml and by
precise positioning of the needle tip.

e RF neurolysis requires an investment in the RF gen-
erator and its electrodes. It is more time consuming
(requiring the positioning of two needles).

o The lesion size is, however, adequately controlled. As
described above, RF thermal neurolysis creates a dis-
creet lesion that provides good pain relief and does
not interrupt the entire ganglion’s function. It there-
fore does not tend to produce Horner’s syndrome 6,
20, 21]. Very precise positioning of the needle tip at
the stellate ganglion is nonetheless required, but this
is greatly facilitated by CT guidance in comparison
with fluoroscopy.

e RF neurolysis is aimed at treating pain in benign con-
ditions in which one must not run the risk of Horner’s
syndrome. We have treated 50 patients with RCPS
type one with good long- lasting results on pain in 30
of them (60%), usually in one session [12, 14, 15, 16].
The procedure can, in any case, be easily repeated.
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Percutaneous Neurolysis

of the Celiac Plexus

and Splanchnic Nerves

Under CT and color Doppler US Guidance
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The first description of blockades of the splanchnic
nerves in the management of abdominal pain was
by Kappis in 1919 [24, 25]; he relied on palpable bony
landmarks. Scopic guidance was introduced in the
1950s [1, 25], followed by echographic guidance in the
1970s [21, 22].

Introduced in the early 1980s [3, 15, 35], computed
tomographic (CT) guidance is currently almost exclu-
sively used to accurately and reliably position the needle
tip, thereby reducing the risk of complications and con-
trolling the diffusion of lytic agent. Echographic guid-
ance is less in use, but the advent of echo-endoscopy
[13] and color and contrast products explain its recent
return to favor in the hands of experienced echogra-
phers [32].

Clinically Relevant Anatomy

The celiac plexus, crossroads of the visceral vegetative
nervous system, is made up of ganglia linked to each
other on either side of the abdominal aorta (Fig. 11.1). It
is supplied by thoracic splanchnic, right pneumogastric.
and less often right phrenic afferents. Contrary to the
initial descriptions of Hovelacque [17] and Ward [42],
these ganglia vary in number, size, and topography
depending on the individual. There may be 1 to 5 pairs,
with size ranging from 0.5 to 4.5 cm and extending from
T12 to the middle of L2 (less frequently L1).

The origin (ostium) of the celiac trunk remains
the most reliable anatomical landmark [27, 39]: on the
right, the ganglia are generally located 6 mm below the
ostium, and on the left 9 mm below this landmark. How-
ever, it should be remembered that individual variations
exist: on the right, the ganglia can be located between
5mm above and 15 mm below the origin of the celiac
trunk; on the left, between this landmark and 30 mm
below. These variations can explain the ineffectiveness
of the blocking procedure on some patients. Diffusion
of lytic agent longitudinally diminishes the significance
of this anatomical consideration.

It is important to know the relationship between the
celiac plexus and neighboring organs potentially dam-
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aged by the needle or the diffusion of lytic agent (see

Fig.11.1):

e Immediately posterior: the ventral side of the aorta
near the origin of the celiac trunk

e Posterior and lateral: the diaphragmatic pillars (be-
tween the spinal column and the pleural cul-de-sac)

e Posterior and further laterally: the kidneys

e Right posterolateral: the inferior venal cava

e Anterior: the pancreas.

The splanchnic thoracic nerves (splanchnic ganglia) are
located posterior to the diaphragmatic pillars, and in
anteroposterior orientation are at the junction of the
anterior third and middle third of the vertebral bodies
T11 and T12.

VG

Vagus nerve

Celiac ganglion

Superior

. ganglion

artery

Fig. 11.1. Diagram of the celiac plexus and its relationship with
the abdominal aorta, celiac trunk, and upper mesenteric artery

mesenteric

superior mesenteric
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Indications

The indications for celiac neurolysis are varied: from
neurospasms to peptic ulcer [12]. The main indications
currently accepted are intolerable abdominal pain
caused by visceral sub-mesocolic pathology affecting
the retroperitoneum and compressing, invading or irri-
tating on contact the celiac plexus.

Gastric and pancreatic tumors [2, 43] are the main
indications. Chronic pancreatitis is another, although
for undetermined reasons the efficacy of neurolysis is
reduced in this condition [29, 38].

In conjunction with such pain centers or palliative
treatment units as may exist, neurolysis is performed in
cases of severe algic phenomena which do not respond
to major analgesics, or when these are poorly tolerated
or contraindicated. If applied at an early, sometimes an-
ticipative, stage prior to massive tumoral infiltration of
the retroperitoneal space, its efficacy is improved be-
cause of better diffusion at that time of the neurolytic
agent. By delaying the administration of analgesic treat-
ments (namely opiods) and making it possible to reduce
the amounts administered (and their side effects), neu-
rolysis improves the quality of the patient’s terminal
life.

Other indications can be visceral neuropathy of pa-
tients suffering from diabetes or Crohn’s disease, and
more recently, from sclerosing cholangitis of AIDS [5].
Anesthesia of the solar plexus (via 1% lidocaine) is re-
sponsible for temporarily interrupting the adrenosolar
nervous axis; it inhibits the secretion of vasoactive
adrenal substances and relieves the arterial spasm in
the case of severe pancreatitis.

Contraindications
Absolute Contraindications

They are exceptional and transitory, including only
irregular blood clotting results and severe hypovolemia
(see Chap. 3).

Relative Contraindications

These influence the choice of technique:

® A posterior approach with the patient in a prone po-
sition should be avoided with patients suffering from
chronic respiratory insufficiency.

e An anterior approach should be avoided when there
is significant gastric stasis with distension.

e A transaortic path is excluded in aortic aneurysm,
voluminous calcified parietal plaque, or mural
thrombus [20, 31].

Obstructive stenosis of the esophagus or at the pylorus
can be a source of potential failure of the echo-endo-
scopic technique which others advocate.

Technique and Material

Refer to Chapter 3 for guiding techniques.

A rapid acquisition on a multi-slice scanner reduces
the duration of the initial morphological assessment
carried out with an IV injection of contrast medium.
The procedure is ideally carried out under cardiac and
respiratory monitoring, and with appropriate anesthet-
ic and resuscitation equipment present. Usual consum-
ables are employed: IV contrast medium (tri-iodide or
non ionic), 1 % lidocaine, physiological saline.

On an ultrasound machine with color and power
Doppler, the procedure is carried out under breath hold,
in real time, and under permanent visual control with
the help of a sterile probe.

To standard interventional radiology material is
added single-use sterile material comprising several
well-identified syringes (shape, size, material) and
cupules and a variety of different needles (local anes-
thetic, neurolysis, 22 gauge spinal needle). Strict asepsis
requires the use of sterile sheets, surgical garments, and
gloves.

Patient Care and Preparation

The patient is informed (if possible during a prelimi-
nary consultation) about the procedure to be carried
out, its expected benefits and risks, and written consent
is obtained as required by regulations. After obtaining a
blood-clotting analysis and information on allergy
(antiallergic premedication administered as necessary),
the patient is prepared.

Schematically, there are two ways to approach the
celiac plexus, either anteriorly or posteriorly. After
setting up a peripheral intravenous line, the patient is
placed for optimal comfort in either a prone or supine
position, depending on the choice of pathway.

In prone position, a pillow is placed under the pa-
tient’s stomach. The head, turned to the side, is laid on
the forearm or another small pillow. In supine position
a pillow is placed under the knees to relax the abdomen.

Locating the Level of Slice, Trajectory,
and Point of Cutaneous Entrance

After a topographic helical acquisition (5 mm/5 mm or
717), adjacent slices from T11 to L2 (Fig. 11.2) are ob-
tained during the injection of contrast medium (with
free breathing). At a rate of 1.5 to 2 ml per second over
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Fig. 11.2a-d. Cancer of the pancreas, celiac neurolysis, . a Frontal
topogram showing the adjacent slices from T11 to L2 b Celiac neu-
rolysis by anterior approach. ¢ The needle is positioned and orient-

50 seconds, 100 to 120 ml of contrast medium are intro-
duced.

The ostium of the celiac trunk is the most reliable
anatomical landmark and the ideal slice is level with
this landmark or immediately below. The skin entry
point must enable the needle to follow the most direct
trajectory, while avoiding various organs and obstacles:
colon in the case of an anterior approach; and pleural
cul-de-sac, inferior vena cava, and possible bony verte-
bral obstacles in the case of a posterior approach.

The puncture trajectory is determined on the control
panel by drawing a virtual line between a cursor posi-
tioned at the target and an appropriate entry point. The
entry point(s) thus determined is/are marked by draw-
ing a line on the patient’s skin with a felt pen along the
projection of the laser beam of the CT-scanner on the
section initially chosen. on the section initially chosen.
The distance is measured on the console in relation to a
line connecting the spinous processes.

ed towards the target transhepatically (tip shown by the tip arti-
fact). d Good bilateral diffusion in the celiac region (in front of the
aorta)

Positioning the Needle

Carried out in normal aseptic conditions (after prepa-
ration and thorough cutaneous disinfection), a local
anesthetic is administered along the predetermined
cutaneous and subcutaneous trajectory (See Figs. 11.2-
11.4). The local anesthetic needles are left in position as
a marker for control slices (see Chap. 3). The trajectory
and progression of the definitive needles (22 gauge
spinal) are carried out under CT guidance in biopsy
mode for 3 adjoining slices from 5 to 7 mm, centered at
the tip of the needle (check for the tip artifact in the
middle slice), in spiral acquisition and free breathing.
The frequency of control (i.e., of obtaining CT slices) is
the decision of the operator and dictated besides his
experience and dexterity by foreseeable anatomical
difficulties or incidents (pain, obstacle).

The correct needle tip position is controlled by
injecting contrast medium 10% diluted in a mixture
of lidocaine 1/3 and ropivacaine 2/3 (3 ml celiac, 1 ml
splanchnic). Prior to injection the syringe in main-
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Fig. 11.3a-d. Cancer of the pancreas. a, b Splanchnic and celiac
neurolysis by anterior approach. Trajectory indicated (line b) for
celiac and splanchnic neurolysis. ¢ Celiac neurolysis. d Splanchnic

tained in aspiration (under vacuum) for 5 seconds to
ensure against vascular puncture . Its spread reflects
the extent to which the neurolytic will be activel. This
also enables a test block to be carried out which, by
providing pain relief, bears witness to the needle’s
correct position as well as to the origin of the pain. This
infiltration will also reduce pain accompanying the
neurolysis (alcohol injection) and dilute the lytic agent
(but which must remain over 66% alcohol; see Chap. 3
and 4).

During chemical neurolysis (carried out after again
maintaining a pull on the syringe 5 to 10 seconds in
order to insure against blood reflux and thus avoid an
intravascular injection), the needle is held in place by
the operator or taped at the skin entry point to avoid
inadvertent progression. A syringe containing lidocaine
must be ready and on hand in case of unbearable pain

1) It is to be remembered however that the alcohol is both hydro-
soluble and liposoluble, which therefore is strictly consistent
with that of the anesthetic-contraste mixture being solely
hydrosoluble. Please refer to chapter 3.

neurolysis by approach lateral to the aorta; transaortic approach
also possible (see Fig. 11.4)

during the injection. Most often it is sufficient to dis-
tract the patient by asking him/her to breathe in and out
deeply; the pain recedes in less than a minute, the time
it takes for the nerve fibers to be destroyed.

The spread of the product injected, as well as its effect
(temporary reproduction of the usual algic syndrome),
are verified on each successive control slice, carried out
during the injection after every 1 to 2 ml injected for
the splanchnic and after every 3 to 5ml for the celiac
procedure.

At the end of the procedure, the injection of one
fourth of milliliter of physiologic saline or lido-
caine, just off the main site, provides relief from pain as
the needle is removed. See Chap. 3 and 4 for more infor-
mation.

Site of Injection
e For celiac preaortic infiltration, the tip of the needle

is advanced to a position near the origin of the celiac
trunk. When using a posterior and lateral approach
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Fig. 11.4a-d. Cancer of the tail of the pancreas with hepatic
metastases, splanchnic and celiac neurolysis by transaortic anteri-
or approach. a A splanchnic neurolysis lateral to the aorta is not
recommended (lines) due to the presence of hepatic metastasis on

with the first needle (usually the left one), the mater-
ial rarely spreads as it should bilaterally (molding
the anterior aspect of the aorta, see Fig. 11.5d and e),
making a contralateral injection with a second needle
necessary. Regarding this preaortic infiltration via a
posterior approach, a second problem often occurs:
on the right (for the contralateral injection) the infe-
rior vena cava or another obstacle (bones, kidney) of-
ten hinders the needle’s trajectory. A transaortic left
approach solves these problems, enabling satisfacto-
ry preaortic diffusion bilaterally.

e As before, the splanchnic ganglia sites are retrocrural
and, in anterior/posterior orientation, at the junction
of the middle third and anterior third of the bodies of
vertebrae T11 and T12.

e Two approaches are possible, anterior and posterior
(actually posterolateral). They require CT guidance
as only the anterior approach is possible with echo-

graphy.

pathway (arrow). b Trajectory indicated (line) for celiac and
splanchnic neurolysis. ¢ Transaortic passage to reach splanchnic
nerves. d Celiac neurolysis at removal of needle

Anterior Approach

Anterior Celiac Neurolysis

This approach, made in a supine position (see Figs.
11.2-11.4), is the most comfortable for and usually the
best tolerated by the patient. It requires a single punc-
ture at the celiac level, and the infiltrate spreads to both
sides, making it possible to choose the side depending
on each patient’s anatomy. If possible, the injection
should reach a total amount of 15 to 20 ml of absolute
alcohol (see Fig. 11.2). Because of its sensitivity to respi-
ration, the transperitoneal approach is more difficult
and requires multiple control slices. The transhepatic
passage is ideal; and the tiny caliber (22 gauge) of the
needle makes the transgastric passage possible.

Anterior Splanchnic Neurolysis
Splanchnic ganglion neurolysis can be carried out at the
same time (with the same trajectory and same needle),
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if the patient’s anatomy so allows and if planned at the
outset, by a passage lateral to the aorta. Thus in general
the injected material (1 ml contrast medium diluted
with local anesthetics followed by 4 to 6 ml of absolute
alcohol) diffuse to mainly one splanchnic site (left
or right) (see Fig.11.3). A transaortic trajectory (see
Fig.11.4), sometimes a transpancreatic, may then be
necessary to allow bilateral spread.

Bilateral destruction by alcohol of only the splanch-
nic ganglia, using an anterior approach, is recommend-
ed by some. We, however, strongly advocate when possi-
ble carrying out concomitant celiac and splanchnic
neurolysis (see Fig. 11.3 and 11.4) [39]. Splanchnic neu-
rolysis is particularly indicated in tumors involving the
lower third of the mediastinum.

Posterior Approach

Please refer to Figs. 11.5,and 11.6.

The patient is positioned in the most comfortable
prone position. Slightly turned to one side if necessary.
The transpleural trajectory is avoided by a not-too-lat-
eral paramedian cutaneous access, with care taken to
reduce physiological lumbar lordosis (pillow beneath
the abdomen) or by first tilting the gantry to allow for a
more caudocranial needle trajectory (see Chap.3,
Figs. 3.3). Contrary to measures taken using the anteri-
or approach, for experienced operators the injection of
contrast medium is not always essential because the
aorta and celiac trunk are often visible without con-
trast, and no other vascular structures are encountered
along the posterior route.

Posterior bilateral two-needle technique

A classic posterior bilateral approach with two needles
includes first a splanchnic neurolysis (injection of an
equivalent of 4 to 5ml of absolute alcohol on either
side). And then by directing the same needles through
the diaphragm and lateral to the aorta, neurolysis
can be carried out at the celiac site (with injection of
the equivalent of 15to 20 ml of absolute alcohol) (see
Fig. 11.5a-c). Also refer to Chapter 3 (Fig.3.19). As
mentioned before the material rarely spreads bilaterally
in front of the aorta, and/or on the right for the con-
tralateral injection, the inferior vena cava or an other
obstacle (vertebral body, kidney) often hinders the
needle’s trajectory (see Fig.11.5d). A transaortic left
approach solves these problems (see Fig. 11.5¢e).

Posterior one-needle transaortic technique

A modified posterior approach with a programmed
direct transaortic passage (the route we advocate)
makes it possible with the left needle to first reach
the left splanchnic site enabling left splanchnic neuro-
lysis (injection of an equivalent of 4 to 5 ml of absolute
alcohol), and with the same needle pass through
the aorta reach the celiac site where the celiac neuro-

lysis can be carried (with injection of the equivalent
of 15 to 20 ml of absolute alcohol) The second needle on
the right is aimed at the right contralateral splanchnic
ganglion for neurolysis (see Figs. 11.5d, e and Fig. 11.6).
Also refer to Chapter 3 (Fig. 3.7 and 3.19). As before, an
equivalent of 4 to 5 ml of absolute alcohol is used.

The transaortic passage (as well as that through the
liver, stomach, or pancreas, as mentioned earlier) is sub-
ject to the contraindications described above, but is
feasible because use of the tiny caliber (22 gauge) needle
is not accompanied by hemorrhagic, thrombotic, or
other local complications, always providing that the
operator strictly avoids the aortic collaterals, in particu-
lar the visceral branches. Though perhaps bizarre, this
trajectory offers the advantage of shortening the proce-
dure and enabling good bilateral diffusion of the lytic
agent in the celiac region (avoiding the need to position
a second needle to the right side of the aorta). It pro-
vides a good alternative to the bilateral two-needle tech-
nique, in particular when it is difficult to position the
needle to the right of the aorta (i.e., in the space bor-
dered by the spine, kidney, and inferior vena cava).

Echography

When this method of guidance is employed, the anteri-
or procedure is slightly faster (Fig. 11.7). The cutaneous
point of entry is a few centimeters below the xyphoid,
the target lying between the celiac trunk and the superi-
or mesenteric artery. These landmarks, identical to
those of the CT technique, are better visualized with
an echographic view through the liver in the case of
left hepatomegaly, in color mode, and possibly after IV
injection of echographic contrast to underline the arte-
rial signal of the celiac ostium. The puncture needle is
visualized in real time (advantage over CT guidance),
but is less clearly visible, requiring to-and-fro move-
ments of the needle shaft, sometimes injection of
in situ contrast medium when no clear echographic
view through the liver is available. Clinical observation
of aortic systolic pulses combined with 2D visualization
of the needle tip provide correct positioning. Echogenic
images generally appear, revealing the spread of alcohol
bubbles in the celiac region, the diffusion volume of
the neurolytic agent mirroring roughly that visualized
under CT guidance (after accounting for the contrast
medium).

Results

The results are identical and the risk of complications
low, whatever the technique. The technique selected will
depend on the patient’s preference and the anatomy.
The experience and dexterity of the operator should
also be considered, especially in relation to the duration
of the procedure.
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Fig. 11.5a-f. Posterior celiac neurolysis. a Injection of contrast
medium shows the ganglia compressing the celiac trunk (arrow),
and thus also the celiac explaining compression of the celiac
plexus. b Slice carried out below a showing the lower mesenteric
artery (arrow); left renal vein passes in the aorticomesenteric an-
gle. ¢ The left and right needles advance towards the lateral verte-
bral splanchnic sites avoiding the pleural cul-de-sacs; note that the
pathway has been enlarged on the right to allow safe needle pro-

Controlling Diffusion and Injection
Tip Artifact
This must always be searched for. Ideally, by keeping the

needle tip in the middle slice of the three CT control
slices, the artifact enables the operator to control the

. Oem

gression. d Splanchnic neurolysis (arrowhead). Celiac neurolysis
(arrow) carried out at to the left of the aorta does not spread at all
to the right. A celiac aim to the left of the aorta is impossible
because of interposition of the rib, kidney and/or spine on the tra-
jectory. e A transaortic passage is selected in order to obtain good
diffusion to the right and in front of the aorta (arrow).f Needles in
position on the topogram

needle’s progression along the trajectory. It is the best
indicator of the correct positioning of the needle for
injection at the target.
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Fig. 11.6 a-h. Celiac neurolysis directly using transaortic passage.
a Trajectory shown (line) for right splanchnic neurolysis. b Trajec-
tory (line) makes it possible to carry out left splanchnic neurolysis
and transaortic celiac neurolysis with the same needle. ¢ Right and
d left splanchnic neurolyses. e Transaortic passage of the needle to
the celiac site; note that the needle tip artifact is located in front of

the anterior aortic wall; injection of the anesthetic-contrast mix-
ture (f good symmetrical diffusion, hyperdensity). g Control after
injection of 5ml absolute alcohol (hypodensity). h Control after
end of injection of absolute alcohol (15 cc): excellent alcohol diffu-
sion (also see Chap. 3, Fig. 3.7 and 3.19)
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Lidocaine Test Block

We recommend a test block prior to the neurolysis, as
do others [14, 16, 30], combining the anesthetic with
contrast medium (a mixture of lidocaine 1/3 and ropi-
vacaine 2/3 and 10% contrast medium)

in order to keep the procedure’s duration as short as
possible.

The contrast medium/lidocaine medium-anesthetic
mixture, monitored by CT, delineates the boundaries of
the injection and subsequent diffusion at the retroperi-
toneal (paraceliac, para-aortic) or retrocural (splanch-
nic, lateral vertebral) site.

The appearance of dense echoes (alcohol bubbles) is
the echographic equivalent (see Fig. 11.7e). If relief be
achieved by this test injection, one can be confident
both that the needle is in the correct position and that
the definitive procedure will succeed.

Administering the Neurolytic Agent

As the neurolytic is administered, ideally the patient’s
symptoms are at first reproduced, providing additional
evidence that the site of injection is correct and that
the procedure will be effective. The onset of unusual
pain or that of normal sensory nerve distribution
should prompt the operator to obtain CT control slices
in order to adjust position and (hopefully) control
diffusion.

Type and Dosage
of Chemical Lytic Agent

Phenol glycerine (7%) and pure or 90% (180 proof)
ethanol are available, packaged in 10 ml ampules. (Phe-
nol must be stored in the dark and requires the use of a
glass syringe.) We prefer to use alcohol, which is easier
to inject and less toxic. It causes immediate cellular de-
struction by local dehydration and coagulation of intra-
cellular proteins at any concentration over 66 %. Its final
concentration must be correctly calculated taking into
consideration the total quantity of liquid injected,
including local anesthetics and contrast medium mix-
ture. To simplify the calculation, we inject 3 to 5 volumes
of absolute alcohol after an injection of 1 volume of
contrast medium-anesthetic diluted with lidocaine (see
Chapter 3). As an example, the average quantities inject-
ed in the splanchnic region are 1 ml contrast/anesthet-
ics, followed by 4-5 ml of absolute alcohol, and in the
celiac region 3 ml contrast/anesthetics and 15 to 20 ml
of absolute alcohol.

It should, however, be remembered that the quanti-
ties must be adapted to each patient depending on the
available prevascular retroperitoneal space available
for diffusion of the lytic agent. It is important not to

forcibly inject the alcohol because it might then spread
outside the intended space, possibly causing unwanted
damage. The quantity injected must be adapted to the
projected diffusion of the material, which can be con-
trolled to some extent by obtaining a hypodense scan
image after the administration of every 1 to 2 ml por-
tion of the agent during splanchnic neurolysis, and
every 3 to 5ml for the celiac region, in the absence of
any unusual symptomatology.

A like control plan can be conducted in real time
when using ultrasound (see Fig. 11.7 b-d).

“The more the better” is not synonymous with effica-
cy: on the contrary, introduction of overabundant lytic
agent carries the risk of useless diffusion of the product
outside the optimal site, at the very least. Careful, mod-
est, and controlled injection prevents such mishaps. If
there is massive tumoral invasion of the celiac region
the quantity injected must be reduced - or even dis-
pensed with altogether.

Complications, Side Effects
Complications

Complications are exceptional providing the procedure
is carried under CT guidance and all contraindications
are respected: those relative to all interventions that em-
ploy contrast media, and those relative to celiac and
splanchnic neurolysis. CT guidance during the needle’s
progression by posterior passage should prevent renal
puncture (detectable by hematuria, or subcapsular or
perirenal hematoma), transpleural passage (detectable
by pneumothorax or pneumohemothorax).

Serious neurological complications (paraplegia, last-
ing sphincter disorders) are practically inexistent under
CT guidance. Epidural or subdural injections aside,
such disorders can, however, arise despite the best
possible control (quantity and spread of injectant both
carefully attended to) if diffusion comes in contact with
the dural sheath, causing a spasm of or even thrombosis
of a spinal branch of the vertebral artery (most likely
arising from the L1 or L2 region), or perhaps of another
vessel, to cause ischemia of a portion of the spinal cord
[23].

During posterior diffusion of alcohol (splanchnoly-
sis), we have encountered two cases of transitory in-
guinofemoral neuropathy [26], the origin of the nerves
involved being the roots of L1/L2 (see Chapter 14,
Fig. 14.1). The transdigestive transperitoneal, passage
has not been found to be responsible for peritonitis so
long as the colon is avoided. Chemical peritonitis by al-
cohol diffusion along the needle’s trajectory remains ex-
ceptional. If any doubt about a possible peritoneal diffu-
sion the needle should in any case not be retrieved and
one must attempt to dilute the alcohol by a subsequent
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Fig. 11.7a—f. Celiac neurolysis using echography. a Color sagittal
slice of the abdominal aorta (AO) clearly showing the vascular
celiac arterial and upper mesenteric landmarks. For the trajectory
of the left transhepatic puncture, the tip of the needle must be be-
tween the origin of the celiac trunk (CT) and the upper mesenteric
artery (MSA). b Transhepatic sagittal slice in gray scale, showing
the trajectory of the needle (uncolored; arrows). ¢ Axial transverse
slice via the distal tip of the needle (TIP), between the origin of the
celiac trunk and the upper mesenteric artery. The echo tip, in con-
tact with the anterior Hepatic artery (AH) is colored by the to-and-
fro movement of the needle in the color mode. d An injection into

NUILULE

the needle’s shaft makes it possible to color the needle, thereby al-
lowing visualization of the trajectory in real time (also of the
mesenteric ostium). e Transverse axial slice after alcoholization, in
color mode. The appearance of dense echoes in front of the aorta
(AO), behind the voluminous metastasis of the (M), indicates
diffusion of the neurolytic agent around the superior mesenteric
ostium (SMA). Hepatic anterior wall of aorta (AO), left liver (LL).
f Color sagittal slice of the abdominal aorta (AO). Tumoral inva-
sion (arrows) sheathing the ostium and the initial portion of the
celiac trunk (CT), moving back down to the superior mesenteric
ostium (MSA)
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injection of a large volume of lidocaine. The bolus injec-
tion of contrast medium makes it possible to locate the
larger vessels and thereby avoid them.

The anterior passage presents a rare risk of iatrogenic
pancreatitis but one which should be considered.
A transpancreatic passage should be carried out only in
case of necessity (almost always for a pancreatic tu-
mor). The transhepatic trajectory and its risks are the
same as those for other liver punctures (e.g., biopsy).
The transaortic passage and the occurrence of retro-
peritoneal hematoma, well known at the time of
translumbar aortographies using 14 to 18 gauge needles
(risk estimated at 0.1 to 0.5%), is exceptional when the
caliber is not larger than 20 gauge.

Side Effects

The side effects encountered are local pain (particularly
in the case of transdiaphragmatic passage), diarrhea
(which in fact often alleviates the frequent cases of
chronic constipation in these patients often under large
do), and orthostatic hypotension. The respective fre-
quency has been found to be about 96 %, 44 %, and 38 %
of cases [30].

Vasodilatation and an increase in blood flow in the
mesenteric region by rapid raising of the sympathetic
tonus constitute a blood bypass, which justifies surveil-
lance of the blood pressure pre- and post-procedure
and strict bed rest for 8 hours. A saline drip or ad-
ministration of a vasoconstrictor (e.g., 15 to 25 mg of
ephedrine) are rarely necessary. An increased transit
rate (diarrhea) for 48 hours also is a regular result of the
autonomic effect and is also a sign of the procedure’s
efficacy.

Intense stomach pains due to peritoneal or phrenic
chemical irritation only last several hours but can justi-
fy the prescription of an analgesic. The rapid resorption
of ethanol can lead to a rise in blood alcohol content
and transitory inebriation. Side effects more rarely
encountered and reported are chronic diarrhea [4, 10]
(often as mentioned correcting stubborn constipation),
post-neurolysis celiac gastroparesis [18], reactive pleur-
al effusion [9], and retroperitoneal fibrosis after itera-
tive neurolysis for chronic pancreatitis [36].

Results and Efficacy

The efficacy and success of the procedures described in
this Chapter are shown by a decline in pain (visual ana-
logical scale) and reduction in dosage or cessation of
analgesics. Collation of the results remains difficult
due to the plurality of techniques employed, the pain
threshold of each patient, and the quantification differ-
ences among teams. Under CT guidance, positive results

are reported in 75 to 95% of patients, all techniques
considered. Celiac neurolysis is described as effective in
over 85% of pancreatic neoplasms and in 75 % for other
submesocolic malignancies [33, 34, 39].

The half-life of the analgesic effect is over 4 weeks.
Data including over one thousand patients suffering
from malignant abdominal illnesses shows an efficacy
of 89% over the first 15 days [7]. Partial or total allevia-
tion from pain was reported for between 70 to 90% of
patients after the first quarter [7]. Long-term efficacy
can be less well defined due to the lack a reliable average
life expectancy. Less spectacular is the case of chronic
pancreatitis: 66% of good results are obtained in the
short term and only 30% in the long term. The reason
remains unclear, but nociceptive passages other than
celiac and splanchnic may explain.

Under ultrasound guidance the results are slightly
less favorable (60 to 69% good results for the most re-
cent oncological series [32, 33]). probably due to the ad-
vanced stage of the illness (frequently infiltrated celiac
region) and above all the failure to address the splanch-
nic ganglia as well (see Fig. 11.7f).

The failures encountered (irrespective of the chosen
technique), all have in common a technical failure
(poorly positioned needle tip), anatomical variations
(predominant unilateral celiac ganglion), too little
product injected (or finally too diluted). Above all mas-
sive tumoral infiltration (see Fig. 11.7f), which consti-
tutes an obstacle to site accessibility, to the diffusion of
the alcohol, and which affects the other nervous plexi,
and thus which lastly is the main etiology for short-
term recurrence. If this is the case special care should
be taken to perform the best possible concomitant
splanchnic neurolysis.

The two main difficulties with ultrasound are gas in
the digestive tract and obesity both rare in neoplastic
pathology, particularly pancreatic. These limiting fac-
tors are found in less than 10% of cases [32, 33].

The regeneration of incompletely destroyed nervous
filaments is a cause of more long-term recurrence, in
which case the procedure can however be repeated.

Conclusion

With results at least equal to surgical methods and a low
rate of major complications, percutaneous neurolysis
under CT or ultrasound guidance be largely available. It
has the potential of significantly improving the quality
of the terminal life of patients suffering from incurable
neoplastic abdominal pathology.

Carried out almost on an outpatient basis (24 hours),
this treatment reduces the length of hospital stays, and
preserves the patient’s quality of life and autonomy.
The indication remain within a multidisciplinary con-
text, particularly within that of pain and care center.



104

B. Kastler, J.-E. Litzler, P.-Y. Marcy, G. Schmutz

Although easy to carry out, the procedure is rarely re-
newed on patients with a rather short expectancy.

In the case of pain secondary to an inflammatory
pathology, in particular chronic pancreatitis, upon
which the efficacy of celiac neurolysis is reduced, the sit-
uation seems totally different. The procedure must be
regularly repeated to obtain a lasting analgesic effect,
thereby increasing the risks of complications. In such
cases, it would seem reasonable to insist on other anal-
gesic therapies before attempting celiac neurolysis.
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Thoracic Sympatholysis

Bruno Kastler, Philippe Manzoni, Laurent Laborie,
Hussein Haj Hussein

Indications

This procedure has been recommended for [27]:

e Vasomotor disorders of the upper limb, occlusive
arterial disease, distal arteritis, distal arterial em-
bolism, illness or syndrome of Raynaud

e Type 1 and 2 chronic regional pain syndromes (post-
traumatic dystrophy and causalgia), frostbite, pain of
sympathetic origin of the upper limb and thoracic
region (neoplasm of paravertebral gutters with verte-
bral invasion), phantom limb

e Axillary or palmar hyperhidrosis (but see below
under Alcoholization)

Clinically Relevant Anatomy

The thoracic (dorsal) sympathetic chain is an extension
of the cervical sympathetic chain (the stellate ganglion
being the junction between the two) [4]. It is made up of
nervous filaments with ganglion relays located on either
side of the vertebra in front of the ribs in the costoverte-
bral angle, and drifting more anterior in position as one
moves down the spine (but remaining decidedly more

posterior than the lumbar sympathetic chain, Fig. 12.1).

More specifically:

e The T2 ganglion lies at the 2nd rib neck (the T1 gan-
glion is fused with C8 to form the stellate ganglion;
see Chap. 10).

e Ganglia T3 to T6 lie at the rib heads.

e The T7 to T10 ganglia are located at the costoverte-
bral joints (in front of the costovertebral ligaments).

e Ganglia T11 and T12 are more anterior in a lateral
position in relation to the vertebra.

12
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Common
carotid artery

7 Intermediate

ff ganglion
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Thoracic
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Middle thoracic
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Aortico renal
ganglion

Fig. 12.1. Anatomical diagram of the thoracic sympathetic chain;
the ganglion relays are located on either side of the vertebra in
front of the ribs in the costovertebral angle, in a more and more
anterior position as they progress further down from T1 to T12.
(Drawing by Andia Hashemizadeh)
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Fig. 12.2a-d. Right thoracic sympatholysis of a patient with
thrombosis of the right subclavian artery following a stent em-
placement. a Level T3 here. The space between pleura and the
lateral aspect of the vertebral body is rther narrow. b Guidance by
the anesthesia needle left in position (see Chap. 3). ¢ Widening of

Technique

Please see Fig. 12.2 and Fig. 3.17, Chap. 3.

After verifying that the patient’s coagulation rates are
normal (see Chap. 3), the patient is informed, preferably
during a previous visit, about the procedure and the
potential risks, and gives consent as required by law. The
patient is placed in a prone position, head turned away
from the puncture side. Axial joint slices of 5 mm thick-
ness are carried out from T1 to T3; generally two targets
in T2 and T3 are selected [1, 2, 7]. The skin entry point
and trajectory are determined in such manner that the
pleura, vertebral body, and intervertebral disk are
avoided.

The needles are progressively inserted under CT
guidance until their tips are located at the costoverte-
bral angle at the rib heads at T2 and T3 respectively. As
the space between the ribs and the pleura is sometimes
minute, it can sometimes be useful to enlarge it by
injecting physiological saline as the needle progresses
toward this point [15, 16].

the channel by injection of physiological saline and contrast, thus
pushing away the pleuropulmonary parenchyma (again refer to
Chap. 3). d Injection of absolute alcohol (dilution of the contrast
medium by the hypodense alcohol. Also see Fig. 3.17, Chap. 3

Alcoholization

A 22 gauge (spinal) needle 5 to 7 cm long is used. Half a
milliliter of analgesic (1% lidocaine) mixed with con-
trast medium is injected into each target point. A series
of control slices monitor the diffusion of this mixture,
making sure that it does not spread too far upward to-
ward the stellate ganglion (remains below T1) or back-
ward toward the intercostal nerve. The syringe is main-
tained in aspiration (under vacuum) for 5 seconds to
ensure the absence of vascular puncture. At T2, 1 to 2 ml
of absolute alcohol (2 to 3 ml for T3) are then slowly in-
stilled, and a control CT scan is performed half way
through the injection to verify the alcohol spread. (The
hypodense alcohol that mixes with the contrast medium
must, again, remain at a distance from the stellate gan-
glion). After each 0.5 ml of material is injected, the pa-
tient’s homolateral pupil reflex must be checked with a
torch (flashlight). In case of any weakness of the pupil
reflex or of the diffusion approaching T1, the alcohol
injection must be stopped.
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Diffusion of alcohol to the cervicothoracic (stellate)
ganglion must not occur to insure against Horner’s syn-
drome. Ten percent of patients incur a nondisabling,
delayed Horner’s syndrome even in the best of circum-
stances [2]. This is why we use very small quantities
of absolute alcohol, and then only for major indications
such as particularly disabling distal ischemic arterial
disease, frostbite, or neoplasm. Type I painful regional
syndromes are treated by RF (heat destruction) of
the stellate ganglion (see Chap.10) [13, 17, 18]; and
palmar hyperhidrosis is entrusted to surgery for a
sympathectomy under video guidance. with good
results [19-21].

Patients unwilling to run the risk of Horner’s syn-
drome or surgery are treated by RF [17,22,30]. The very
localized character of thermal ablation removes the risk
of the Horner’s complication [17, 18].

Radiofrequency

Needles used are 20 gauge RF, 100.5mm single-use
(Radionics). The electrode (known as “dry,” with a high-
ly restricted ablation volume) is inserted into the needle
and hooked up to the radiofrequency generator (RF
Radionics 3FG). A stimulation mode test is carried out,
during which the patient should experience a posterior
thoracic pain. No intercostal fasciculations should
occur. The anesthetic (1% lidocaine, 1 ml) is injected
at both targets, followed by 80° thermolysis for 90 sec-
onds. The needle is inserted 2 mm further and a second
thermolysis carried out. If the procedure is effective,
the patient should experience heat in the upper limb
in particular of the hand (which can be objectively
confirmed by comparing with the temperature of the
other hand).

A CT control scan (C7-T4) at the end of the proce-
dure ensures the absence of complications (pneumo-
thorax). In the case of alcoholization, the diffusion must
spread from T2 (again, not beyond T1) to T3-T4, with-
out significant posterior spread toward the interverte-
bral foramen. Apart from Horner’s syndrome [1, 14],
cervicothoracic pains, neuralgias (often transitory) [2,
14], and compensatory hyperhidrosis of another region
(face, neck) can be encountered.

The procedure (alcoholization or RF) is carried out
on an outpatient basis and the patient is kept under ob-
servation for one hour. Contralateral treatment (if justi-
fied) can be carried out around 2 weeks later.

Lumbar Sympatholysis

Bruno Kastler, Jean-Yves Cornu, Bernard Pergane

Indications

This procedure can be offered as an alternative to surgi-
cal sympathectomy in late stages of arteritis of the low-
er limbs, with excellent results [9]. Pain of the lower
limb of sympathetic origin can also benefit as can type
1 and 2 chronic regional pain syndromes (of diverse
origins) [10,11].

Clinically Relevant Anatomy

The sympathetic lumbar chain is an extension of the
sympathetic dorsal chain (see Fig. 12.3) [4]. It is made
up of nervous filaments with ganglion relays located on
either side of the vertebra of the anterolateral flank,

x

R and L lumbar

Fig. 12.3. Anatomical diagram of the lumbar sympathetic chain.
The ganglion relays are located on either side of the vertebra of the
anterolateral flank (much more anterior than the dorsal sympa-
thetic chain), around the junction of the anterior and middle
thirds of the vertebral body (see text for more explanations; draw-
ing by Jean-Louis Vannson)

sympathic chain
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Fig. 12.4a-h. Left lumbar sympatholysis Type 1 sympathetic re-
flex dystrophy following a fracture of the left ankle. a Scout view
showing the injected ureter as it descends gradually getting closer
to the spine, and thus to the targets. b The gonads are protected
here by a lead apron. ¢, d Two targets, at L2 and L4, are selected; the
lowest target must be far enough from the ureter (arrow) to avoid

ornu, E. Tiberghien-Chatelain, B. Fergane

its damage. e, f Needles in position on both targets are in the
psoas/vertebral body angle. g, h Diffusion of the anesthetic-con-
trast mixture (1 ml) which spreads locally at sufficient distance
from the urethra at L4 (arrow); alcoholization can therefore take
place (4 ml of absolute alcohol with a control scan halfway through
injection). Also see Figs. 3.12,3.14, and 3.18, Chap. 3
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(much more anterior than the sympathetic dorsal
chain, see above), approximately at the junction of the
anterior third and the posterior two thirds of the verte-
bral body in the angle of the psoas muscle:

e On the right, behind the inferior vena cava

e On the left, behind and lateral to the aorta.

Technique

See (Fig. 12.4) and Figs. 3.12,3.13, 3.18 of Chap. 3.

After verifying that the coagulation rates are normal
(see Chap. 3), the patient is informed, preferably in a
previous visit, about the procedure and the potential
risks and is asked to give consent. An injection of 50 ml
of contrast medium is intravenously administered be-
forehand to opacify the ureters. The patient is placed in
a prone position and a lead apron applied to protect the
gonads. Two axial joint slices of 7 to 10 mm thickness
are carried out from L2 to L4. Two targets at L2 and L4
(or L3) are selected [8, 24-26, 31]. Two cutaneous entry
points and trajectories are determined to ensure that
the kidney, transverse process, vertebral body, and
intervertebral disk are avoided. The two needles are
inserted under CT guidance until their tips are located
at the sympathetic chain.

Alcoholization

Twenty-two gauge (spinal) needles 15 to 17 cm long are
used. One milliliter of analgesic mixed with contrast
medium is injected into both points. A series of control
slices monitor the diffusion of this mixture in order to
ensure that it is not spreading toward the ureter or
backward, in which case the needle is moved either
backward or forward and a new diffusion control is
performed after injecting a second ml of this mixture.
Care must be taken as the needle is inserted to avoid the
inferior vena cava to the right and the aorta to the left,
and the needle should not be moved during the in-
jection. A slight pull is maintained on the syringe for
5 seconds to ensure the against a vascular puncture (in
particular of the peri-vertebral plexus; absence of con-
trast at the tip of the needle signifies such a puncture.)
Four milliliters of absolute alcohol are then slowly in-
stilled, and a control CT is performed at half injection at
both sites to verify the alcohol spread. The hypodense
alcohol mixed with the contrast medium must remain
at a distance from the ureter. In the case of the slightest
diffusion toward the ureter at L4, the alcohol injection
must be stopped; this is also the case in the case of sig-
nificant diffusion toward the rear (see chapter 14) at
L1-L2 (origin of the inguinofemoral nerves), at L2-L3

(origin of the femoral and obturator nerves), or at L4-L5
(origin of the sciatic nerve). See Chap. 14, Fig. 14.1.

Radiofrequency

Twenty gauge RF, 150.5mm single-use needles (Ra-
dionics) are used. The electrode is inserted into the
needle and hooked up to the radiofrequency generator
(RF Radionics 3FG). A stimulation mode test is carried
out during which the patient should experience posteri-
or lumbar pain. The anesthetic (1% lidocaine, 1 ml) is
injected into both target points, followed by 80° ther-
molysis for 90 seconds. The needle is inserted 2 mm fur-
ther and a second thermolysis carried out.

If the procedure is effective, the patient should expe-
rience heat in the lower limb, particularly in the foot
(which can be made objective by comparing with the
temperature of the other foot).

A CT control (around the target points) at the end of
the procedure ensures the absence of complications
(such as a small hematoma). In the case of alcoholiza-
tion, the diffusion must spread vertically from L2 to L4.
There must be no significant posterior diffusion of alco-
hol towards the intervertebral foramen or the ureter
(for risk of ureteral necrosis see [14,28]). Neuralgias, of-
ten transitory, of the inguinofemoral nerves, can be en-
countered in the case of posterior diffusion [3, 14].
Problems with erection and ejaculation appear to be
more frequent when bilateral sympatholysis is carried
out in a single session.

The procedure is carried out on an outpatient basis
and the patient is kept under observation for one hour.
Contralateral treatment (if justified) can be carried out
around 2 weeks later.

Block and neurolysis of the Interiliac Sympathetic
Plexus and the Ganglion Impar (Unpaired)

Bruno Kastler, Florence Tiberghien-Chatelain,
Bernard Fergane

Indications

These techniques are generally recommended for pelvic
pains caused by invasive of colorectal or gynecological
cancer and by radiation rectitis. Chronic pain related to
endometriosis can also benefit [5, 12, 29].

Coccygodynia can be treated by infiltration of anes-
thetics and corticoids in the pericoccygeal and complet-
ed by RF neurolysis of the unpaired ganglion (ganglion
impar) [5,12].
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Fig. 12.5. Anatomical diagram of the interiliac plexus and gan-
glion impar. (Drawing by Jean-Louis Vannson)

Clinically Relevant Anatomy

The interiliac plexus (corresponding to the presacral
nerve) is located in an anterolateral position at L5-S1
below the aortic bifurcation between the common iliac
arteries. It extends into the pelvis and divides into two
streams that integrate with the hypogastric plexus
(Fig. 12.5). Section of the presacral nerve causes hypo-
esthesia of the pelvic organs, vasomotor changes in
women (menstrual disturbances), and ejaculatory
problems in men.

The ganglion impar, also know as the Walther gan-
glion, amounts to an anastomosis of the caudal tip of
the two laterovertebral chains. It is medially located at
the anterior side of the coccyx.

Technique

After verifying that the patient’s coagulation rates are
normal (see Chap. 3), the patient is informed about the
procedure and the potential risks and asked to give con-
sent. In the case of the presacral nerve, a posterolateral
approach is taken, the patient positioned in a prone po-
sition. The tip of a 22 gauge needle is positioned in front

Fig. 12.6 a—c. Neurolysis of the interiliac plexus (presacral
nerves). a Locating the trajectory, patient in prone position. b Pro-
gressive introduction of the needle behind the iliac vessels at the
L5-S1 level. ¢ Injection of hyperdense anesthetic/contrast mixture
(5 ml) followed by a hypodense slow-release corticoid (ampule of
cortivazol). Needle in position in frontal topogram

of L5-S1, behind the iliac vessels. An anesthetic block
test (10 ml of a mixture of 1 ml contrast medium diluted
with local anesthetic composed of 3 ml lidocaine and
6 ml ropivacaine ) is administered, as is contrast medi-
um to ascertain diffusion around the iliac vessels
(Fig. 12.6), followed by an injection of delayed-release
corticoid (cortivazol). If a more definitive neurolysis is
recommended, 3 to 5 ml of absolute alcohol are injected
slowly. Full neurolysis generally requires several ses-
sions carried out at three-week intervals.

In the case of neurolysis of the ganglion impar, the
approach is lateral and the tip of the needle is posi-
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Fig. 7a-d. Neurolysis of ganglion impar (unpaired) of a patient
suffering from acute coccygodynia. a Locating the trajectory.
b Positioning the needle in front of the coccyx, anesthetic/contrast
mixture block and slow-release corticoid injection (ampule of

tioned in front and median to the coccyx, behind the
rectum (Fig. 12.7). RF neurolysis can also be carried out
at this site.
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Chapter

Pudendal Nerve Infiltration
Under CT Guidance

Bruno Kastler, Christophe Clair,
Zakia Boulahdour, Julien Puget,
Marjolaine De Billy, Bernard Fergane

Introduction

Pudendal neuralgia is rare, very painful, and often dis-
abling [2, 3, 6,7, 9]. Infiltration has been found helpful in
management, particularly during periods of acute pain.
To perform the infiltration one must first have a good
understanding of the anatomical relationship between
the pudendal nerve and the surrounding structures to
determine possible safe percutaneous pathways. We will
here depict first the anatomy of the ischiorectal fossa
correlated with CT on human cadavers correlated with
CT cross-sectional imaging. We will then explain our
technique of percutaneous infiltration of the pudendal
nerve under step-by-step CT guidance at two potential
sites of vulnerability on the nerve pathway.

Anatomical Background and Etiology

The pudendal nerve is formed from the fusion of the
2nd, 3", and 4th sacral nerves, which merge posterior to
the ischial spine (Fig. 13.1). The nerve leaves the lesser
pelvis over the sciatic notch, passing round the ischial
spine under the sacrospinous ligament. After leaving
the pelvis the nerve descends accompanied by vessels
(pudendal nerve and artery) within the aponeurosis of
the internal obturator muscle and the sacrotuberal liga-
ment, forming an aponeurotic tunnel, the pudendal
canal (also known as Alcock’s canal) at the outer limit of
the ischiorectal fossa. Branches of the perineal nerve in-
nervate the perineum including the dorsalis nerve of the
penis/clitoris, the inferior rectal nerves and the posteri-
or scrotal/labial nerves. Anatomical studies suggest that
there are two possible sites of constriction along the
course of the pudendal nerve [10]. The first one is locat-
ed at the ischial spine where the nerve can be entrapped
between the sacrospinous and sacrotuberal ligaments
(Fig. 13.2); the second is in the pudendal canal, a non-
stretchable aponeurotic tunnel (Fig. 13.3). Neuralgia of
the pudendal nerve usually results from its entrapment
in the canal, or one of its branches near the sacrospinous
ligament can become a source of pain.
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Fig. 13.1. Posterior view of pelvis .The pudendal nerve is formed
from the fusion of the 2nd, 3rd, and 4th sacral nerves, which merge
posterior to the ischial spine. Note the sacrospinous ligament and
the sacrotuberal ligament. The two sites of possible entrapment of
the nerve: (1) at the level of ischial spine; (2) at the level of puden-
dal canal

Bilateral pudendal neuralgia is extremely rare. It can
be caused by trauma to the perineum, such as bicycling
or horseback riding, or following a fall astraddle a large
sharp object. Early descriptions can be found in refer-
ences [2-6]. Unilateral pudendal neuralgia can have
these same causes, and also can result from trauma that
fractures the ischial spine (which lies just anterior to the
origin of the pudendal nerve), or from perineal surgery,
which can cause both direct pudendal nerve injury and
traumatic scars. Additionally, a possible mechanism of
entrapment of the nerve in Alcock’s canal by a fibrotic
process such as occurs in the carpal tunnel has been
suggested.
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Fig. 13.2. Axial CT at the level of the ischial spines. Possible en-
trapment of pudendal nerve between the sacrospinous and sacro-
tuberal ligaments (first site; arrow)

Fig. 13.3. Axial CT at the level of the ischiorectal fossa. Possible
entrapment of pudendal nerve in Alcock’s canal within the
aponeurosis of the internal obturator muscle (second site where
the hyperdense mixture diffuses)

Fig. 13.4. Scout view with slices centered on the obturator fora-
men

Symptoms and Signs

Pudendal neuralgia, rare but sometimes disabling, is
characterized [2,3,6,7,9] by chronic severe and sponta-
neous pain. This has been characterized as a persistent
mild to severe burning pain with occasional bouts of
lancinating pain; in addition, cutaneous hyperalgesia,
hypalgesia, deep tenderness, paresthesia, tingling, and
subjective numbness have been described. Topographi-
cally the pain may follow the course of the nerve, but it
can also radiate to the entire pelvis or be circumscribed
to the genitals or anus. Pain is usually exacerbated by
sitting and relieved if the patient is standing or walking.
It can prevent the patient from engaging in sexual inter-
course.

Diagnosis

Diagnosis is made on the basis of the history and phys-
ical examination and relies on electrophysiological
investigations which should demonstrate unilateral pat-
terns and/or an increase in the distal latency of the
pudendal nerve in the stimulus-detection mode [1].
Diagnosis is confirmed by a block test with injection of
local anesthetic.

Infiltration Technique

References [4, 5, 8] may be consulted.

e The patient must have normal clotting values, be
informed about the procedure, and give consent as
required by law.

e The patient is placed in a prone position on the CT
table.

e Axial adjoining CT slices of 5 mm thickness are ob-
tained on the projection of the obturator foramen
(see scout view Fig. 13.4).

e There are two targets: the first is the ischial spine,
easy to visualize (Fig. 13.5); the second is in Alcock’s
canal (Fig.13.6). At this second level the pudendal
nerve and the accompanying vessels are seen as a
small bulge or linear structure within a split in
the aponeurosis of the internal obturator muscle
(AlcocK’s canal; Fig. 13.6).

e The optimal entry points are determined and marked
on the skin with a felt tip pen (vertically above the
nerve) on one or both sides at the two different sites,
choosing a roughly vertical course while avoiding the
proximal pudendal vessels and the sciatic nerve.

e The patient is draped in a sterile fashion, the skin
scrubbed, and sterilized, and local anesthesia is
instilled at the entry points.
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Fig. 13.5a, b. Needle tip progressing on the right to the ischial
spine between the sacrospinous and sacrotuberal ligaments (first
site)

e The correct skin-to-target orientation should be de- until the needle tip is abutting the nerve (Figs. 13.5
termined as either parallel or at a slight angle to that and 13.6). The needles used are disposable 22 gauge,
of the anesthetic needle as left in place (see Chap. 3). 9 or 12.70 cm spin needles (BD).

e Each needle is slowly and carefully advanced through @ The correct position is determined by carefully mov-
the gluteal muscle under step-by-step CT guidance ing the needle tip at the target (which may sometimes
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Fig. 13.6. Needle tip progressing on the right to Alcock’s canal
abutting the pudendal nerve
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cause exacerbation of pain), followed by injection of
a mixture of lidocaine 1 cc,bupivacaine 3 cc,and 10%
contrast at the first site (ischial spine ) and half this
dose at the second site (pudendal canal). Aspiration
is performed before injection to avoid accidental
intravascular injection.

e Following the anesthetic block test (the patient
should note a decrease in pain), the infiltration is
performed with 1 ml of slow-release glucocorticoid
(cortivazol 3.75 mg), which should be slowly instilled
at both levels (four sites if bilateral); dose per site is
1/2ml. After infiltration, the solution can be seen
within the pudendal canal along the obturator inter-
nus muscle and within the adjacent ischiorectal fat.

Results

The patient can be discharged after one hour. He/she is
seen again after a few days and if there is a pain relief
the procedure can be repeated twice at 4 to 8 week inter-
vals. Our results using one site of injection (in the pu-
dendal canal) were 30-40% of satisfactory, comparable
to others using infiltration or a surgical procedure [6].
After adding infiltration at the level of ischial spine, our
good results have risen to 70 to 80 % if patients present
typical symptoms (with a mean sedation duration of
3 months) [8]; we thus now advocate an infiltration at
both sites. Some authors have suggested that good evi-
dence of the efficacy of surgery would be complete dis-
appearance of pain for at least 2 weeks after the second
of two infiltrations has been administered (a few weeks
after the first) [11].

We believe that CT guidance allows safe needle pro-
gression and precise positioning at both targets, reduc-
ing complications and optimizing results.
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Introduction

Although certain inguinofemoral neuropathies are easy
to identify clinically, e.g. Bernhardt and Roth’s classic
meralgia paresthetica involving the lateral femoral
cutaneous nerve, the vast majority are difficult to diag-
nose, especially at the inner root of the thigh. This is due
to the complexity of several nerve territories, with their
possible overlapping and wide variability in anatomical
distribution. In these cases, exploration by means of
somesthetic evoked potentials is of some value for diag-
nosis [7] and the selection of an injection site, although
the long-term results of infiltrative treatment remain
uncertain.

We shall firstly endeavor to describe schematically
the normal distribution of the nerve trunks involved,
with a view to determining the territories concerned
[7]. We shall consider the sensory areas from the outer
to the inner aspect of the thigh. The distribution at the
lateral surface of the thigh is relatively well defined, es-
sentially deriving from the lateral femoral cutaneous
nerve (3CL in Fig. 14.1 and Fig. 14.2), together with a
small area in the proximal part deriving from the later-
al cutaneous ramus of the iliohypogastric nerve (1CL,
Fig. 14.2), which is to be considered when we study this
nerve.

The distribution at the root of the thigh, at its anteri-
or aspect and especially at its medial aspect (the in-
guinal region and the scrotum) is less clearly defined
because of the overlapping. In terms of the genital
branches, it is particularly fortunate that a neuropathic
conditions associated with two or three nerves can be
treated at a single injection site. The injection sites will
be noted once the anatomy of the inguinofemoral
nerves has been described. More information on the
distribution of the sensory territories of the in-
guinofemoral nerves is given in reference [7].

From among the many possible iatrogenic causes
of transitory inguinofemoral neuropathies, we have re-
ported three cases, two of which were associated with
celiac neurolysis and one with lumbar sympatholysis
(all subsequent to excessive diffusion of alcohol; see
Chapters 11 and 12) [3].

Lateral Femoral Cutaneous Nerve
Relevant Anatomy

This nerve arises mostly from the L2 root and partly
from the L3 root of the lumbar spinal nerves (3CL in
Fig. 14.1) [7, 8]. It emerges on the lateral margin of the
psoas muscle and crosses the iliac muscle obliquely,
reaching the anterosuperior iliac spine (ASIS) and
passing under or through the inguinal ligament, which
extends from the ASIS to the pubis (Fig. 14.1). It may
produce a gluteal ramus before crossing the parietal
aponeurosis of the fascia transversalis (3F, Fig. 14.2). It
typically then divides in front of the sartorius muscle
into an anterior branch (3A, Fig. 14.2), innervating the
skin of the anterolateral region of the thigh as far as the
knee, and a posterior branch (3P, Fig. 14.2), giving rise
to nerve filaments in the lateral region of the major
trochanter (Fig. 14.3).

Clinical Characteristics

Refer to references [1, 3]. At the inguinal ligament the
lateral femoral cutaneous nerve exhibits its maximum
angulation, with risk of damage. This point is approxi-
mately 1.5 cm from the ASIS on a line between it and the
pubic tubercle (1.58 + 0.87 cm) [8]. Meralgia paresthet-
ica is idiopathic in 50% of cases. It manifests as pain
(paresthesia, dysesthesia, burning sensation) in the
territory of this nerve in the lateral aspect of the thigh,
exacerbated by a standing position and sometimes
occurring on compression of the nerve in the vicinity of
the inguinal ligament. Obesity, pregnancy, chronic
stretching (excessively tight belt or clothing) or iatro-
genic stretching (on scar following inguinal herniorrha-
phy, cholecystectomy, hysterectomy, iliac graft removal,
etc.) have been reported as factors in causation.
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Fig. 14.1. Anatomical diagram of lumbar plexus (Jean-Louis
Vannson). 12th subcostal nerve (formerly intercostal nerve; SC),
iliohypogastric nerve (1IH; origin root L1), ilioinguinal nerve (21I;
origin root L1), genitofemoral nerve (4GF; origin root L2, anasto-
mosis possible with L1), lateral femoral cutaneous nerve (3CL;
origin roots L2 and L3), femoral nerve (F; origin roots L2, L3, and
L4), posterior femoral cutaneous nerve (CPC), ischial nerve (for-
merly sciatic nerve; IS; origin roots L4, L5, S1-S3), fibular nerve
(Spe, formerly external popliteal sciatic nerve), tibial nerve
(Spi, formerly internal popliteal sciatic nerve), obturator nerve (0O;
origin roots L2,L3,and L4), pudendal nerve (P; origin roots S1-S3)

Technique

See references [1, 3]. Injection treatment is given in ad-
dition to specific medication. An anterior approach is
used with the patient supine. Contiguous axial sections
3 to 5mm thick are made around the ASIS; it is neces-
sary (especially in young patients) to protect the gonads
from irradiation with a lead apron. The tip of the 22
gauge needle is placed approximately 1.5 cm inside the
ASIS on a line between it and the pubic tubercle. An

Fig. 14.2. Anatomical diagram of deep distribution of inguino-
femoral nerves. Iliohypogastric nerve (I1IH), lateral cutaneous
branch (1CL), genital branch (1G); ilioinguinal nerve (2II), genital
branch (2G); lateral femoral cutaneous nerve (3CL), gluteal branch
(3F), anterior (A) and posterior (P) terminal branches; gen-
itofemoral nerve (4GF), femoral branch (4F), genital branch (4G);
superficial orifice of inguinal canal (5); psoas muscle (6); quadra-
tus lumborum muscle (7); iliac muscle (8); external transverse (the
deeper) and oblique abdominal muscles (9); tensor fascia lata
muscle (10); sartorius muscle (11)

anesthetic block test (5 ml of 1/3 lidocaine and 2/3 ropi-
vacaine)) is conducted in conjunction with the use of
a contrast medium (10%) in order to assess diffusion
between the vessels (see Fig. 14.4). After aspiration is
performed to avoid intravascular injection, this is fol-
lowed by a delayed-release corticosteroid injection.
Neurolysis by RF may also be performed at this point
after ensuring that the needle is correctly positioned in
the stimulation mode.

If there is radiation of pain (arising in the lumbar
region, and exacerbated by an erect posture, in either
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Fig. 14.3. Diagram of distribution and
superficial sensory innervation territories of
the inguinofemoral nerves. Iliohypogastric
nerve (1IH, see Figs. 14.1 and 14.2); lateral
cutaneous (ICL) and genital (1G) branches
of the iliohypogastric nerve; genital branch
(2G) of the ilioinguinal nerve; gluteal (3F),
anterior (3A4), and posterior terminal (3P)
branches of the lateral femoral cutaneous
nerve; femoral (4F) and genital (4G) branch-
es of the genitofemoral nerve

Fig. 14.4. Infiltration of lateral femoral cutaneous nerve; place-
ment of needle where the problem originates in the inguinal liga-
ment, inside and below the ASIS

direction along the nerve path), a supplementary injec-
tion to the near the roots of L2 (and/or L3) may be indi-
cated. In this event the patient is placed in a lateral
reclining position so that the injection can be given at
both anterior and posterior sites.

Genitofemoral Nerve
Relevant Anatomy

This nerve arises from root L2, possibly anastomosing

with that of L1 (see 4GF, Fig. 14.1), penetrates the psoas

muscle and emerges from it at the level of disc L3-L4

(see Fig.14.2) [7]. It passes obliquely in front of this

muscle, where it is visible beneath its sheath. It then

usually divides into two branches:

e A femoral branch (4F, Fig. 14.2) that follows the exter-
nal iliac artery to the external part of the femoral ring
and emerges in Scarpa’s triangle in front of the
femoral artery; after 2 to 3 cm it enters the cribriform
fascia and innervates the anterior and superior re-
gion of the thigh (Fig. 14.3)

e A genital branch (4G, Fig. 14.2; external pudendal
nerve) that a short way beyond its origin enters the
deep inguinal ring and follows the inguinal canal on
the inside of and behind the funiculus. In the inguinal
canal it gives rise to a motor branch (responsible for
the cremasteric reflex) and terminal fibers intended
for the skin of the scrotum or labia majora.
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Fig. 14.5a—c. Infiltration of genitofemoral nerve in a patient aged
53 years. a Placement of needle at the first site (femoral branch) in
front of the femoral artery. b This patient had pronounced lumbar
radiation and was also given an injection at the origin of the nerve
at L2. ¢ Topogram showing the two levels of incision. For injection
of the genital branch, see technique Fig.14.6c

Clinical Characteristics

Please see references [1, 2, 7]. If the genitofemoral nerve
is affected, pain occurs in nerve areas anterior and supe-
rior region of the thigh for the femoral branch, and in
the inguinal region and scrotum or labia majora for the
genital branch). The pain is caused by compression
(e.g., clothes too tight, cycling) or may be of iatrogenic
origin (e.g., appendectomy scar), and also occasionally
occurs if the lumbar region of the spinal column is af-
fected (“testicular” radiation of some lumbar radicular
pains is a familiar phenomenon). In addition to pain in
the specific area, examination may show loss of the
cremasteric reflex. Nevertheless, it is difficult or even
impossible to clearly distinguish effects involving the
genitofemoral nerve from those of the ilioinguinal and
iliohypogastric nerves.

Technique

Please see references [1, 2]. The injection is given in
addition to specific medication. An anterior approach is
used with the patient supine. Contiguous axial sections,
3 to 5 mm thick, are made at the level of the inguinal lig-
ament; protection of the gonads from irradiation is to
be afforded. For the femoral branch, the tip of the 22
gauge needle is placed in front of the femoral artery; for
the genital branch it is placed in the inguinal canal. An
anesthetic block test of 5ml of 1/3 lidocaine and 2/3
ropivacaine at the femoral level and 3 ml in the inguinal
canal (Fig. 14.5c is given by slow instillation in conjunc-
tion with a contrast medium (10%) in order to assess
diffusion in the funiculus (see Fig. 14.5). After aspira-
tion to avoid introduction intravascularly, this is fol-
lowed by injection of a delayed-release corticosteroid.
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Neurolysis by RF may also be performed at the femoral
level after ensuring that the needle is correctly posi-
tioned in the stimulation mode.

If there is radiation of pain (arising in the lumbar
region, and exacerbated by an erect posture, in either
direction along the nerve path), a supplementary injec-
tion may be indicated near the L2 root, the patient being
placed in a lateral reclining position so that the injec-
tion can be given at both anterior and posterior sites
(see Fig. 14.5a and b).

lliohypogastric Nerve
Relevant Anatomy

This nerve, 1IH on Figs. 14.1 and 14.2, arises from the
L1 root, descends behind the posterior parietal peri-
toneum on the quadratus lumborum muscle and,
3-4 cm from its external margin, perforates the trans-
verse muscle of the abdomen, passes between the trans-
verse (on the inside) and lesser oblique (on the outside)
muscles and inside the ASIS (see Fig. 14.6b). At about
this position it divides to produce an abdominal branch
that penetrates the lesser oblique muscle and courses to
the pubic insertion of the of the lower anterior abdomi-
nal wall muscles, and a genital branch (1G, Fig. 14.2)
that accompanies the genital branch (2G) of the ilioin-
guinal nerve (2II) [7]. The two genital branches (1G and
2G) pass along the inguinal canal to become subcuta-
neous at the level of the superficial orifice and be dis-
tributed (see Fig. 14.4) to the inguinal region, the pubis,
the anterior surface of the scrotum/labia majora, and
the median part of the upper reaches of the thigh. In
18% of individuals the two latter zones arise from the
genitofemoral nerve.

In the proximal lateral part of the lower limb the
lateral cutaneous branch of the 1IH (1CL, Fig. 14.2) is
involved. This wholly sensory branch [4, 6], arising im-
mediately before the transverse abdominal muscle is
crossed, only becomes superficial in the immediate
proximity of the crest either via a purely aponeurotic
orifice 5 to 10 mm above the bony edge or via a groove
in the iliac crest. This ramus then ends a few centimeters
below the iliac crest, innervating a variable sensory ter-
ritory either close thereto, or extending as far as 10 cm
beyond the major trochanter.

Clinical Characteristics

If the iliohypogastric nerve is affected, pain occurs in its
territory, i.e., the anterosuperior or laterosuperior
gluteal region of the thigh (lateral cutaneous branch),
and pubic region, inguinal region, and labia majora/
scrotum (genital branch) [1, 3]. From the etiological
standpoint there may be compression phenomena
(clothing too tight, especially regarding the lateral cuta-
neous branch), compression or invasion by iliac metas-
tasis (see Chap. 17, Fig. 17.2), or iatrogenic factors (e.g.,
inguinal hernia repair) Other causes, compressive or
otherwise, may be obesity, pregnancy, and injury at the
lumbar level of the spinal column. The pain is often trig-
gered by standing erect, by coughing, or by otherwise
subjecting the trunk to tension. Apart from the specific
painful area, examination may show that a weakness in
the muscles of the abdominal wall is exacerbated in the
standing position. In any event, it is difficult to clearly
distinguish between an effect on the iliohypogastric
nerve from one on the genitofemoral nerve or the ilioin-
guinal nerve (especially if the lateral cutaneous branch
of the 1CL is unaffected).

Technique

Again please refer to references [1 and 2]. This tech-
nique is used in addition to specific medication. An an-
terior approach is used with the patient supine. Con-
tiguous axial sections, 3 to 5 mm thick, are made at the
level of the inguinal ligament. Protection for the gonads,
especially for the young, is supplied. At the first site the
tip of the 22 gauge needle is placed in front of and on the
inside of the ASIS between the transverse muscle of
the abdomen and the lesser oblique muscle; and for
the genital branch it is placed in the inguinal canal
(Fig. 14.6). An anesthetic block test (5ml 1/3 lidocaine
and 2/3 ropivacaine at the ASIS and 3 ml in the inguinal
canal by slow instillation) is performed in association
with a contrast medium (10%) in order to assess diffu-
sion in the funiculus (see Fig. 14.6¢). After aspiration to
avoid intravascular injection, delayed-release cortico-
steroid is introduced. Neurolysis by RF may also be per-
formed at the ASIS level after ensuring that the needle is
correctly positioned in the stimulation mode.

If there is radiation of pain (arising in the lumbar
region, and exacerbated by an erect posture, in either
direction along the nerve path), a supplementary injec-
tion may be indicated near the L1 root. For this the
patient is placed in a lateral reclining position so that he
injection can be given at both anterior and posterior
sites.
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Fig. 14.6a-d. Infiltration of iliohypogastric nerve. a Placement of
needle at the point where the problem originates in the region of
the ASIS between the transverse and internal oblique abdominal
muscles. b Injection of hyperdense anesthetic/contrast mixture

llioinguinal nerve
Relevant Anatomy

The ilioinguinal nerve (2II on Fig. 14.2) is sometimes
absent. In 30% of cases it forms a common trunk with
the iliohypogastric nerve [7, 8]. If they are separate, still
their initial paths from their origin in L1 are identi-
cal (see Fig.14.1). As with the iliohypogastric nerve,
the ilioinguinal nerve descends behind the posterior
parietal peritoneum on the quadratus lumborum mus-
cle, perforates the transverse abdominal muscle, passes
between the transverse muscle (on the inside) and the
lesser oblique muscle (on the outside; see Fig. 14.2), and
divides into an abdominal branch (sometimes absent)
and a genital branch (2G, Fig. 14.2) that accompanies
the genital branch (1G) of the iliohypogastric nerve
(1IH). The two genital branches (1G and 2G) pass along
the inguinal canal to become subcutaneous at the level
of the superficial orifice and to be distributed (Fig. 14.4)

(5 ml) followed by a slow-release corticosteroid (one ampule corti-
vazol). ¢ Injection at the second site in the inguinal canal. d Frontal
topogram of needles in place

across the inguinal region, the pubis, the anterior aspect
of the scrotum/labia majora, and the median part of the
upper limits of the thigh. In 18% of cases the latter two
zones arise from the genitofemoral nerve.

Clinical Characteristics

If the ilioinguinal nerve is affected, pain occurs in its
territory as described immediately above. Causative fac-
tors may be compression phenomena as from clothing
too tight, obesity, or pregnancy, compression or inva-
sion by iliac metastases (see Chapter 17, Fig. 17.2), iatro-
genic factors (e.g., inguinal hernia surgery), and injury
affecting the lumbar spinal column(1, 3]. The pain is
often triggered by an erect posture, coughing, or other-
wise subjecting the trunk to tension. In any case, it is
difficult to clearly distinguish among effects on the
ilioinguinal, genitofemoral, and iliohypogastric nerves
(except in the event of a concomitant attack affecting
the lateral cutaneous branch of the latter nerve).
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Technique

The technique and the injection sites are the same as for
the iliohypogastric nerve, as described above [1, 2].

Conclusion

The difficulty of diagnosing inguinofemoral neuro-
pathies is linked to the wide anatomical variability of
the nerves found there. Diagnosis can be improved by
studying somesthetic evoked potentials [7], and can be
confirmed by injection at the sites indicated in the pre-
sent chapter. This should lead to improved care and
treatment of inguinofemoral neuropathies, the results
of which are generally viewed as disappointing, espe-
cially in the long term. In our experience, neurolysis by
RF seems to give better and sometimes definitive long-
term relief.

References

—

. Clair C, Kastler B, Boulahdour Z et al (2002) Radiologie inter-
ventionnelle sous contrdle TDM dans le traitement de la
douleur pelvienne. Séance thématique. Journées Francaises de
Radiologie. Paris, 19-23 Oct 2002
2. Kastler B, Clair C, Boulahdour Z et al (2002) Traitement de la
douleur pelvienne sous contr6le TDM. Séance thématique. Con-
greés National de la Douleur: Douleur et techniques interven-
tionnelles. Lyon, Nov 2002

3. Kastler B, Clair C, Michalakis D et al (2002) Interventional pro-
cedures under CT guidance in 756 patients, incidents, side
effects and how to reduce their incidence. Scientific Exhibit.
Radiological Society of North America, 88th scientific assembly
and annual meeting. Chicago, Nov 2002. Radiology [Suppl]
225:724

4. Maigne JY, Maigne R, Guerin-Surville H (1986) Anatomic study
of the lateral cutaneous rami of the subcostal and iliohypogas-
tric nerves. Surg Radiol Anat 8:251-256

5. Mandelkow H, Loeweneck H (1988) The iliohypogastric and
ilioinguinal nerves. Distribution in the abdominal wall, danger
areas in surgical incisions in the inguinal and pubic regions and
reflected visceral pain in their dermatomes. Surg Radiol Anat
10:145-149

6. Martin V, Parratte B, Tatu L et al (1997) PES du nerf fémoro-
cutané. Stimulations sous I’épine iliaque antérosupérieure et a
la cuisse. Résultats chez 20 sujets témoins. Neurophysiol Clin
27:353-354

7. Monnier G, Martin V, Parratte B (1998) L'évaluation neurophys-
iologique des troubles sensitifs dans le territoire des nerfs in-
guinofémoraux, in L'électrodiagnostique 1998: mises au point.
Conférences didactiques des 11e journées francophones d’élec-
tromyographie de Bordeaux, pp 49-53

8. Siiriicii HS, Tanyeli E, Sargon MF, Karahan ST (1997) An

anatomic study of the lateral femoral cutaneous nerve. Surg

Radiol Anat 19:307-310



Chapter

Vertebroplasty
and Cementoplasty

Fabrice-Guy Barral, Benoit Russias, Philippe Tanji,
Jean-Sébastien Billiard, Bruno Kastler

Introduction

Vertebroplasty and cementoplasty consist of injecting
acrylic cement percutaneously into bone lesions, most
often into osteolytic zones. The initial aim is analgesia
by consolidation of bony parts that were previously
fragile.

Historically, the first vertebroplasties were performed
in 1987 by Galibert and Deramond on seven vertebrae
with angiomatous lesions. After a while, the indications
included metastases in vertebrae, myelomatous lesions,
and osteoporotic spinal compression.

Later, this technique was proposed for osteolytic
lesions, mainly those associated with metastases in
extramedullary portions of the spine,and most of all for
metastases to regions difficult to approach surgically,
such as the pelvis and sacrum. The rapidity of analgesia
and consolidation have conferred an important role
upon cementoplasty among different anti-neoplastic
treatments, such as radiotherapy and chemotherapy.

Vertebroplasty
Indications

The principal indications for vertebroplasty are osteo-
lytic metastases in vertebrae, myelomas, vertebral an-
giomas, and painful osteoporotic spinal compression.
The decision to perform this procedure should be made
in a multidisciplinary environment to allow appropriate
evaluation before undertaking surgery, radiotherapy,
medical treatment, and/or other forms of therapy. These
different choices should be based on many elements
besides the strict medical history, current general medi-
cal status, and review of systems. These include his or
her life expectations, level(s) of the spinal column
affected, and the particular significance of pain for the
patient.

15

Vertebral Angioma

Vertebral angiomas or hemangiomas [3, 5, 6, 9, 11, 12,
14, 22, 23, 27] are very frequent benign tumors of the
spinal column, usually found by coincidence. When they
are painful and when one can be sure the pain is caused
by them, they represent a good indication for vertebro-
plasty. Angiomas can be responsible for medullary
and/or spinal nerve root compression. They can even
arise in the framework of angiomatous conditions in-
volving a dermatome s (COBB syndrome), then being
called aggressive angiomas.

The aims of cement injection in these cases are con-
solidation of vertebrae, pain treatment and epidural
angioma reduction. Sometimes it is necessary to inject
cement, by a direct approach, into elements of the pos-
terior arch and to combine cementoplasty with purpo-
sive arterial embolization. These procedures together
facilitate decompressive surgery, allowing for laminec-
tomy instead of subtotal somatectomy.

Osteolytic Metastases and Spinal Column Myeloma

These represent the most frequent indications for verte-
broplasty. The analgesic affect of cementation can not
be explained only by the consolidation of a fragile, frac-
tured or pre-fractured bone piece, because there is no
correlation between the quantity of cement injected and
the rapidity of pain reduction. Injected cement has a
cytotoxic effect that is by nature chemical and thermal;
the polymerization phase induces a significant eleva-
tion of local temperature. The analgesic effect usually
occurs in the first 48 h, and permits the reduction of
major analgesic agents, whereas radiotherapy for such
neoplastic problems requires 1 to 2 weeks to manifest its
efficacy.

The consolidation effect diminishes the risk of frac-
ture and shortens the immobilization period signifi-
cantly and rapidly, while the outcome of radiotherapy
only becomes obvious much later, after 2 or 3 months.
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Osteoporotic Spinal Compression

In general, osteoporotic spinal compression [2, 5, 14, 15,
18, 21-23, 25, 26, 29] reacts very well to medical treat-
ment and rest, but in case of persistent pain, even after
6 weeks, and when there is significant risk of spinal
compression, vertebroplasty has much to offer. In these
cases, it is important to clarify the quality of the verte-
brae above and below the actual vertebra that may even-
tually be cemented in order to prevent secondary com-
pression by an imbalance of pressure forces above and
below this new point of resistance. The procedure
may also be considered as preoperative, before eventual
surgical fixation.

Contraindications

Regarding local complications, absolute contraindica-
tions are represented by blood coagulation disorders,
because the needles generally used in this procedure
have a large caliber. These also represent a problem if
bone infection exists, because they pose an increased
risk of causing local/regional dissemination. In osteo-
lysis with medullary or spinal nerve root compression,
injection of cement is contraindicated to avoid the
transformation of “soft” into “hard” compression.

Relative contraindications are rupture of the poste-
rior wall and the risk of epidural leakage. That is why it
is possible to limit this leakage by changing the viscosi-
ty of the cement injected. “Flat” spinal compression
(pancake type) also presents a problem for the intro-
duction of a large trocar.

Technique

In general, patients should be able to undergo general
anesthesia with spontaneous ventilation, or a single
major sedation, or analgesic sedation.

The choice of technique depends on several factors.
Those related to the patient are the general health status
(and more particularly that of respiration with regard
to choice of anesthesia).

The region of the spine to be addressed and degree
of vertebral damage determines the approach and the
material to be used. Also to be chosen is the radiological
monitor, i.e., CT, fluoroscopy, or a combination of the
two.

Fitting the Approach to the Spinal Region
Cervical Spine

From C2 to C5

The preferred approach here is anterolateral. (It is iden-
tical to the approach we use for disc puncture inside the
jugulo-carotid vascular sheath; Fig. 15.1a.) The patient
is placed in the supine position to allow a bilateral ap-
proach in case of incomplete filling of the vertebral area
in question by instillation from one side. For C2 verte-
bra, a posterolateral approach is proposed if the verte-
bral body is affected (Fig. 15.2).

For C6 (and Often for (7)

An anterolateral approach is possible in slim patients
with a long neck and in patients where it is possible to
lower the scapular girdle. In others, it is preferable to
use a trans-pedicular approach because the inter-
costal-transverse approach is generally extremely diffi-
cult due to the length involved and the obstructions pre-
sented by the transverse process, the posterior arch of
the ribs, and scapula. For these two vertebrae patient
positioning can be challenging; a supine position gener-
ally being preferable to prone or lateral.

Thoracic Spine

For the thoracic spine, all approaches are possible,
the posterolateral, the intercostal-transverse, and the
trans-pedicular (Fig. 15.3). The intercostal-transverse
approach in our experience has several advantages

(Fig. 15.4):

o It permits the use of small caliber needles (18 gauge),
which is particularly helpful in major osteolysis, es-
pecially when there are pedicular lesions. It permits
real-time surveillance of needle progression on fluo-
roscopy or scanography. (Small caliber needles are
undeniably best for patients with blood coagulation
disorders.)

e It permits a real-time adaptation of needle’s path to
patient anatomy in that needle inclination can be
modulated in three dimensions: cranio-caudal, equa-
torial, and antero-posterior. Primarily, the needle has
to follow the inclination of the intercostal space,
and then has to pass between the transverse process
and the costotransverse joint, now above the needle.
Finally, it has to penetrate the vertebral body in an
orientation from bottom to top, outside to inside,
and from behind to front.

e Finally, it is particularly adapted to the laterally
reclining patient position, which is very helpful for
patients in whom the prone position is impossible or
contraindicated. The obliquely prone position is not
always easy, especially for maintain stability during
the procedure. For extremely fragile patients, general
anesthesia is preferable.
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Fig. 15.1a-f. Angioma of the vertebral body of C5. a,b Right frontal and lateral views. e, f CT scan before and after injection
anterolateral approach with 18 gauge needle, frontal and lateral ~ confirming the filling of the angioma
views. ¢,d Injection of cement under fluoroscopic guidance,
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Fig. 15.2a, b. Plasmocytoma of the C2 vertebral body. Posterolateral approach. The value of CT scan for choosing the best needle
pathway is illustrated

Fig. 15.3a-d. Transpedicular approach. a Preliminary approach, thoracic spine. b, ¢ Frontal and lateral X-ray views. d CT scan of a
thoracic vertebra cementoplasty
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Lumbar Spine

For the lumbar spine, the trans-pedicular approach is
always possible, but the posterolateral approach is not
difficult either. This latter approach is usually used for
all percutaneous interventions on the disks, foramina,
and vertebral bodies. Needle inclination is 45° in all
three dimensions, with entry point into the skin at 4 to 5
finger breadths from the medial line (Fig. 15.5).

Fig. 15.4a-c. Intercostal-transverse approach. a Preliminary ap-  Fig. 15.5. a Lumbar approach, 18 gauge needles, osteoporotic ver-
proach with an 18 gauge needle. b Lateral X-Ray view of anatomi-  tebral crush fracture (myeloma). b Lateral view
cal pieces. ¢ CT scan checking concentric tube biopsy device
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Choice of Material

Reference here is principally to the type of trocar to be
used for cementation [1, 16, 21, 23]. We employ two
main types (Fig. 15.6):

Spinal needle type of 18 gauge 3.5 inch (9 cm) and 18
gauge 6 inch (16 cm; see Fig. 15.6, no. 5)
Cementation trocar with the adjustable Escoffier
needle (10 and 14 gauge and 10-15cm length; see
Fig. 15.6,n0. 3)

The choice of trocar depends on several factors:
Status of the vertebra (degree of damage, remaining
height, integrity of the pedicles, etc.)

Location on the spine (cervical, dorsal or lumbar)
Blood coagulation status

Unalterably chosen approach

Necessity of a biopsy.

The advantages of 18 gauge needles are:

They are better for patients with coagulation abnor-
malities because they are less invasive.

They are easy to manipulate manually without the
need for a hammer or power pliers.

They permit very delicate maneuvers such an inter-
costal-transversal approach, allowing entrance into
narrow passages.

They facilitate the filling of extensive or multifocal
osteolytic zones, because they are more selective and
because it is much easier to position two or three of
these needles in a vertebra than to insert a single
large caliber needle (see Fig. 15.5).

Fig. 15.6. Instruments: I electric drill
handle. 2 surgical mallet. 3 Escoffier needles.
4 Biopsy trocars (Biomid). 5 18 gauge spinal
needles (BD). 6 Bard Trocars. 7 Palacos
Gentamycine cement (Biomet) and tungsten
metal powder (Balt, Montmorency, France).
8 single-use dish. 9 20 ml and 1 ml syringes

The advantages of Escoffier needles are:

o Their progression can be assisted; they can even be
advanced by a small surgical hammer or by adapting
a motorized handle (which is very beneficial for the
trans-pedicular approach).

o Their caliber permits the use of higher density ce-
ment, in the final phase of polymerization, and in that
way its diffusion can be limited. Most importantly,
extra-corporal, venous, and/or epidural leakage can
be avoided by their use.

If biopsy of a vertebra is necessary, it is logical to do so
at the time of the procedure and avoid multiple inva-
sions. Limiting cortical perforations is important.

Actually, in all of these cases cement leakage is fre-
quent. Two solutions for reducing the likelihood of such
incidents are suggested:

o After the biopsy sample has been taken, the cementa-
tion trocar can be introduced into the trocar that car-
ries the biopsy kit and that is already placed inside
the vertebra.

o Inversely, the catheter that carries the bone biopsy kit
can serve as a trocar for cementation. It is slid down
over the biopsy trocar that is now used as a guide
for access to the osteolytic lesion, and the trocar is
removed after the biopsy sample has been taken.
Two types of material are employed for biopsy:

e Sets that can be used more than once, such as the
Bard type or the Masabraud trocar (see Fig.15.6,
no. 6).

o Sets for single use only, mainly Biomid (Gallini, Man-
tua, Italy) (see Fig. 15.6,no 4).
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In some circumstances, and especially in situations
where the approach can be a hazardous (with the inter-
costal-transverse approach, for example) it can be of
value to use the (Laredo and) Bard biopsy set. It func-
tions by first sliding coaxially along a long metallic tro-
car needle (at least 30 cm long) so that the tip comes to
lie in the center of the target. A trocar, the carrier, is then
placed over this needle, its conical distal extremity func-
tioning as an entry point for the dilator.

Choice of the Environment

Several installation types are possible for vertebroplasty
under the safest conditions, but it seems important to
simultaneously monitor progression from at least two
dimensions [13, 19, 23, 26].

Two-dimensional Installation

e Two-dimensional fluoroscopy helps one follow the
trocar’s progression in two orthogonal dimensions.

e Cementation can be stopped as soon as it as evident
that the cement is being injected in the wrong direc-
tion and/or to the wrong location. In some highly os-
teolytic lesions (in cases of hypervascular metastasis
or in hemangiomas) phlebography can be undertak-
en before the cementation procedure to better evalu-
ate the lesion’s extent, to predict cement distribution,
and to look for dangerous drainage.

The following are fundamental for programming or

technique change:

e Adaptation of trocar caliber

e Alteration of cement density

e Complementary arterial or percutaneous emboliza-
tion by another approach

Scanography (CT)

The advantages of scanography in interventional radio-
logy are already well known and used worldwide. Scans
permit the visualization of spinal lesions deep in the
equatorial plane. They can be analyzed in three dimen-
sions, especially for distance from the skin surface,
with visualization of both vertebrae and surrounding
soft tissues. They are thus indispensable in insuring
that vascular, visceral, and neurological structures are
avoided. The major inconvenience has been the delay
their use has imposed, and until the last couple of years,
it was not possible to directly visualize trocar progres-
sion.

With the latest multislice generation of CT scanners
(6 images per second) this inconvenience is largely
avoided. The newer ultra-rapid scanners deliver virtual-
ly real-time image reconstruction, with a speed almost

that of fluoroscopy, thus allowing trocar progression
to be followed as with fluoroscopy. It is also possible
thereby to follow the “real-time” diffusion of cement
into bone parts. Another advantage is the significantly
reduced procedure time. It is becoming no longer
necessary to bring the patient from the scanner tunnel
to below the scopic arch, making the procedure easier
to perform and reducing the quantity of anesthetic
needed.

Best Working Arrangement

The best system at present, and one that is generally
very accessible, is the use of fluoroscopy and scanogra-
phy at the same time, with the possibility ridding the
operative room and scanner gantry of the mobile tube.
After determination of pathway with scanner help, the
trocar is placed under fluoroscopic control and is mon-
itored from several equatorial projections. Finally, its
target position is confirmed by the scanner. The cement
is injected under fluoroscopic control, and its diffusion
is monitored again by new scan slices.

Procedural Stages

References that may be consulted under this topic
include: [6, 7, 8,10, 13, 16, 19, 20, 23, 29].

Patient Preparation

All patient preparation from pre-interventional consul-
tation, pre-anesthesia consultation, compiling a com-
plete iconographic and medical file, to the correction
of metabolic and/or blood coagulation disorders, are
already well known and discussed under interventional
procedures in radiology; hence, they will not be dis-
cussed here

Patient Positioning

Rigorous aseptic conditions must be respected as in all
interventional procedures for osteoarticular radiology.
They will not be detailed here.

Patient positioning on the examination table or on
the scanner table depends on the approach chosen:

e The trans-pedicular approach is the most comfort-
able with the patient in the prone position.

e The intercostal-transverse approach is most comfort-
able when the patient is in the lateral position, but
certain authors prefer the three-quarter supine posi-
tion (called the “carried shadow technique”).

e The posterolateral approach is most comfortable
with the patient in the lateral position (when it is uni-
lateral), but the prone position is most comfortable
when the approach is bilateral.
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o The antero-lateral approach for the proximal part of
the cervical spine is the most comfortable when the
patient is in the supine position.

These notions of comfort can be modified with regard
to the performing radiologist’s habits, and more impor-
tantly, the patient’s condition. Actually, in certain cases
the prone position is not recommended, and adapting
to a “three-quarter prone” or lateral position may be
necessary.

The patient’s condition can also influence the choice
of anesthesia, that is, general anesthesia with controlled
respiration, general anesthesia with spontaneous respi-
ration, analgesic sedation, or simple sedation.

Needle Placement

First, local anesthesia is provided with a 22 gauge
needle, from skin to bone. The needle should follow the
path chosen during preliminary study.

The importance of local anesthesia is threefold:

e Patient participation in analgesia during and after
the procedure permits, among other things, a reduc-
tion of anesthetic drugs.

e The needle delivering local anesthesia becomes a tro-
car guide for either cementation or bone biopsy (for
details on needle support, see Chap. 3);

o Injected lidocaine infiltrates soft tissue and separates
its structures, forming a passage for the cementation
trocar. Pleura can thus be displaced in a thoracic ap-
proach, or a spinal nerve root during an intercostal-
transverse approach, permitting easy trocar passage
(see Chap. 3).

For the anterolateral approach to cervical vertebrae, the
posterolateral approach to lumbar vertebrae, and the in-
tercostal-transverse approach to thoracic vertebrae
penetration into the vertebral bodies is not difficult and
can be elegantly performed manually by screwing down
the needle. This technique is very important consider-
ing that metastasis or angiomas make the affected
vertebrae friable. In case of resistance (partially com-
pressed metastasis or rare compacted forms of myelo-
ma), trocar progression can be facilitated with the help
of a surgical hammer or an electric drill.

With the trans-pedicular approach, trocar progres-
sion is facilitated in the same way, with surgical hammer
or by adapting a motorized handle on the proximal
extremity of the trocar (see Fig. 15.6,1 and 2).

Cement Injection

The cement injected (see Fig. 15.6) into vertebrae is an
acrylic glue used in orthopedic surgery to cement pros-
theses.

It is a mixture of methyl-methacrylate powder (sever-
al commercial products available) and a diluting liquid
monomer. The acrylic powder is mixed with tantalum
or tungsten powder to accentuate its radio-opacity for
visualization under fluoroscopy. We prefer Palacos
Gentamicine (Biomet, Warsaw, IN, USA) cement, which
combines the advantages of a low-viscosity cement with
those of gentamicin for very precise properties, and for
minimization of the possibility of bone infection.

The mixture polymerizes in 20 to 50 seconds. Poly-
merization time can be changed by increasing or reduc-
ing the liquid monomer. The mixture should be injected
during the polymerization phase, while it is still in a
paste (creamy) state. It is important to reintroduce the
mandrin into the trocar if the trocar is to be reused, be-
cause the cement becomes a solid mass very quickly.
That is why the exact quantity of cement in the trocar
must be known when the mandrin is repositioned.

In vertebroplasty of myelomas, metastases, or prima-
ry tumors, analgesic effect is attained with approxi-
mately 2 to 3 ml of cement. In case of osteoporosis or
hemangioma, it is necessary to inject a larger quantity
(3 to 5 ml) to gain analgesic and consolidation effects.

During the solidification phase, the significant in-
crease in local temperature (+ 90 °C) is responsible for
part of its anti-tumor effect. The rise in local tempera-
ture also explains the brief increase in pain and the brief
hypotension that occur.

The injection phase should be monitored at all times
by scan to allow its immediate interruption if epidural
or paravertebral leakage occurs. It is strongly recom-
mended that the injection be monitored by a strict pro-
file view if a single-dimension radiographic device is
used.

There are several delicate phases in cement prepara-
tion and injection. It is important to obtain a very
homogeneous mix of methyl-methacrylate and tung-
sten powders. During mixture with the liquid monomer,
rapid homogenization is imperative for injection as a
creamy mass. The second delicate phase is the duration
of injection, which can be minimized in several ways:

e Some authors use a syringe under pressure.

e Others adapt a force handle on their syringes.

e Finally, some employ small 1-2 ml syringes that are
connected to a Luer-lock previously filled with a big-
ger syringe, to be able to apply stronger and more
regular pressure on the piston. The latter technique is
specially recommended with 18 gauge needles; al-
ready prepared kits are very practical as they contain
a syringe under pressure for a single use only (recom-
mended for 18 gauge needle).
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Complications, Secondary Effects,
and Surveillance

References [4, 5, 7, 10, 15, 17, 20, 22, 23, 25, 27, 29] are
recommended for consultation.

Cement Leakage

The main complications is cement leakage from the
vertebrae.

Posterior Leakage into the Epidural Space

This is the most dangerous complication because of
the risk of spinal cord or nerve root compression
(Fig. 15.7a). The compression effect may be transient if
it is caused by an inflammatory reaction (increased ce-
ment temperature) that can be easily resolved with anti-
inflammatory drugs. On the other hand, compression
by the cement itself may be definitive and may require
emergency decompressive surgery (with the usual
rigorous aseptic conditions applicable). Such complica-
tions, especially those that warrant emergency surgery
are rare in the literature. Epidural leakage can be due to
rupture of the posterior wall, but can also occur via the
foramina of basal vertebral veins. It can be avoided or
limited by respecting all contraindications (that regard-
ing epidural tumor expansion is particularly impor-
tant), and if cement injection is stopped, the beginning
of overflow can be seen at the posterior wall. Viscosity of
the cement and its polymerization time can be modi-
fied. First, very thick cement is injected to create a pro-
tective barrier where the posterior wall is destroyed.
Then, during the phase of trocar withdrawal, more liq-
uid cement can be eventually injected for better filling
of the osteolytic zone.

Vein Leakage

Leakage via the epidural and emissary veins (see
Fig. 15.7b and c) can also cause spinal nerve root com-
pression that generally stops with local therapy. Vein
leakage, especially if the cement is too liquid, can elicit a
pulmonary embolism (0.4 % in the literature). For verte-
brae with good vascularization, such as seen in renal
and thyroid metastases and in vertebral hemangiomas,
vertebral phlebography is recommended before cement
injection. This permits choice of the best trocar posi-
tion, depending on the architecture of vein drainage,
and modification of cement polymerization time so that
the largest drainage veins can be occluded rapidly and
proximally.

Leakage into the Neural Foramina

Leakage into the foramina (see Fig.15.7d), which can
evoke irritation and spinal nerve root compression,
usually stops rapidly after radiologically-guided infil-
tration of lidocaine plus prednisolone.

Leakage into Adjacent Disks

Leakage into adjacent disks (see Fig. 15.7e), which is
generally not symptomatic, can modify the surgical
strategy in osteoporotic vertebrae. It seems logical to
cement the adjacent vertebra to prevent spinal compres-
sion, the cemented disc core acting as a pivot.

Leakage into Perivertebral Soft Tissues

This leakage is relatively frequent (see Fig. 15.7f), espe-
cially if a biopsy is done before cementation (but can be
guarded against by using a concentric tube system
when the two procedures are undertaken together.).
These leakages can occur during trocar withdrawal:
progressive removal is advisable after introduction of
the mandrin, especially in very friable vertebrae. These
perivertebral leakages are asymptomatic in the majori-
ty of cases.

The Risk of Bone Infection

Bone infections are limited with the implementation of
draconian aseptic conditions. As with all procedures in
osteoarticular interventional radiology, they should be
implemented in a rigidly controlled environment. Some
cements (Palacos Gentamicine, for example) already
contain an antibiotic that acts locally.

Secondary Effects

These all appear immediately: in the form of short
hypotension episodes during the procedure and as car-
diac rhythm disorders during cement injection. The
episodes are generally transient (and they occur most
often when a large quantity of cement is used).

Immediately after the procedure, the combination of
sedation and a prolonged prone position can evoke
hypoventilation with the risk of pulmonary infection.
Increased local temperature during the polymerization
phase can induce an inflammatory reaction in the first
hours after the procedure, with pain accentuation and a
slight to moderate fever. These symptoms disappear
within 2-3 days with the administration of anti-inflam-
matory drugs.
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Fig. 15.7a—f. Cement leaks. a Posterior wall destruction. b Epidural vein. ¢ Emissary vein. d Foraminal leak. e Intervertebral disk.
f Paravertebral soft tissues leak
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Results

The efficacy of vertebroplasty lies in its pain reduction
(evaluated on a subjective scale). This analgesic effect,
which appears between 16 and 72 h (average 36 h), and
allows the standing position in the majority of cases,
also diminishes complications when lying down. The
latter point is especially noteworthy among patients in a
generally bad state with poor life expectations. The
analgesic effect can be quantified by a decrease in use of
analgesic drugs, and often later by complete abstinence
from them. Studies in the medical literature indicate
that 70 % of patients with vertebral metastasis or myelo-
ma greatly appreciate this complete disappearance of
pain or very significant pain reduction. The number is
even higher among cases of hemangioma or osteo-
porotic fracture, going up to 90 %.
The mechanism of pain reduction by cementation is
not yet fully understood.
e Stabilization of vertebral fractures, usually small and
multiple, partly explains the procedure’s efficacy
e The procedure certainly intervenes in the destruc-
tion of sensitive fibers via mechanical, vascular,
chemical and thermal factors.

For metastasis in vertebrae, there does not seem to be a
correlation between the analgesic effect and the quanti-
ty of cement injected. In fractured vertebrae, the princi-
pal mechanisms are consolidation and stabilization of
bony tissue by the cement. In these cases, cementation
can be viewed as preventing further breakage, particu-
larly of vertebrae surrounding the fracture zone.

Conclusion

Vertebroplasty nowadays occupies an extremely impor-
tant place in vertebral pain management and permits, in
a short time period, normal daily activities, with minor
risks of complications, if all possible contraindications
are respected.

Its indications in cancer are complementary to other
antineoplastic therapies, particularly radiotherapy and
chemotherapy. They can work in synergy, because the
effect of radiotherapy is not obvious until after 2 to 3
weeks. The consolidation outcome is not satisfactory
until at least 2 to 3 months.

Locally, vertebroplasty can be complemented by
other analgesic percutaneous treatments to address
situations in which metastases in vertebrae have effects
outside of bone. It is quite possible to consolidate what
is left of vertebral bodies and to inject ethanol into the
fleshy extra-medullary part of a metastasis or combine
vertebroplasty with RF ablation, see Chap. 17. Research
into the material used for vertebroplasty is continuing
with substances that participate in bone formation,
such as coral polyphosphate cement and pearl powder.

Percutaneous Cementoplasty
Introduction

Percutaneous cementoplasty techniques derive directly
from vertebroplasty. The importance of pain suppres-
sion and re-establishing functional capacity, with
complications minimized, has enlarged the number of
indications for percutaneous treatment of fragile bone
lesions.

Indications

Please consult references [31, 32, 34, 36, 37, 39-44].

The aim of percutaneous cementoplasty, under con-
sideration primarily in cancer patients whose precari-
ous medical status precludes surgery, is twofold. It is
first to obtain a rapid analgesic response in highly
painful situations caused by bone fragments that resist
medical treatment. Second, it induces a consolidation
effect where osteolytic lesions have reduced functional
capacity, and also in lesions where there is a risk of frac-
ture with destruction of the carrier bone part.

Indications in Oncology

These are:

e Diffuse and deep osteolytic zones for which surgical
treatment is not advisable

e Osteolytic lesions in bone pieces, especially of pelvis
and sacrum, for which surgical procedures would be
too destructive

e Osteolytic zones where the risk of fracture is signifi-
cant and which compromise the stability of part of
the skeleton or the ability to stand upright, such as
the acetabular region or the femur neck

e Long bone lesions with major functional impact on the
legs, compromising the standing position and walking

e Osteolytic lesions resistant to radio/chemotherapy.

These procedures are generally palliative, with an aim
only to make the last days of life more comfortable.
They harmonize well with chemotherapy and radio-
therapy. Finally, it is possible to re-cement an already
treated zone if the lesion spreads or pain reappears.

Other Indications for Percutaneous Cementoplasty

Percutaneous cementoplasty can be performed as
acrylic plastic surgery for posttraumatic pseudoarthro-
sis. Some authors propose it as a preventive consolida-
tion of benign tumors with large cysts, such as essential
cysts and aneurysmal cysts, when injection of scleros-
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ing agents, such as Ethibloc (Ethicon, Somerville, NJ,
USA), is not possible. Finally, many practice percuta-
neous cementation in osteonecrosis of joints such as the
knee or hip.

Contraindications

As in vertebroplasty, general contraindications depend

on the anesthesia or analgesia technique. Contraindica-

tions are:

e Coagulation disorders that are difficult to correct

e Sepsis in or near the area to be cemented

e Anatomic situations in which visceral, vascular, or
nerve structures cannot be avoided.

Relative contraindications are diffuse tumor lesions, as
in the sacrum, in which the passage of nerve roots can-
not be ruled out, and where there is a risk of definite
nerve compression (these problems are also encoun-
tered in percutaneous alcoholization)

Technique

The choice of technique depends on the type of anes-
thesia possible and the location and size of the lesion.
References [32, 35, 36, 39, 44] may be reviewed. After the
best needle pathway has been determined for approach-
ing the bone in as nearly a perpendicular manner as
possible, local anesthesia should be delivered from skin
to bone.

Approach

The approach is conditioned by patient anatomy. Mate-
rial, environment, and patient position differ from pa-
tient to patient as in vertebroplasty, and be reminded
that aseptic conditions should be draconian and in an
environment reserved for osteoarticular interventional
radiology.

Fig. 15.8. a Mandible. Metastasis of a temporal hemangiopericy-
toma. b CT monitoring scan

e When the procedure is to be performed in the face
region, the preferred technique is with fine needles
(18 gauge, 3.5 inch) under fluoroscopy plus scanner
(see Fig. 15.8).

e For the clavicles, the procedure should be conducted
with fine needles (18 gauge, 3.5 inch) in the vascular
radiology room (Fig. 15.9).

Fig. 15.9a, b. Clavicle with osteolytic metastasis from a breast neoplasm. a Before cementoplasty. b Check after insertion of three needles
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Fig. 15.10. a Tibia with osteolytic metastasis from a breast neo-
plasm. b Cementoplasty of the lesion with spread of the cement
into the marrow

e For lytic zones in the limbs, the patient should be in
the supine position and the technique undertaken
with fine needles in the vascular radiology room,
with the possibility of a 360° exploration field. If it
becomes evident that the osteolytic zone is not well
visualized by fluoroscopy, the procedure should be
performed using CT scan (Fig. 15.10).

e For iliac wings, the patient is in the obliquely supine
position and fine needles (18 gauge, 6 inch) are used
under fluoroscopy plus scan (Fig. 15.11).

e For the acetabular region, the anterolateral approach
should be taken with the patient in the supine posi-
tion. If the osteolytic zone is relatively limited, an
Escoffier needle of 10 or 14 gauge should be used. If
the lesion is spread, 18 gauge, 6 inch needles will per-
mit coverage of the entire osteolytic surface with
minimal invasiveness (the number of needles placed
can total up to 10 or 12; Fig. 15.12);

e For the pubic and obturator region, the patient is in
the obliquely supine position, with an anterior ap-
proach and the use of fine needles (Fig. 15.13);

e For the ischium bone region, the patient is in the
prone position, with fine needles used under fluo-
roscopy plus scanner.

Fig. 15.11a, b. Iliac wing with osteolytic metastasis from a renal
neoplasm. Cementoplasty with two Escoffier needles

o For the sacral wings, with bilateral and widespread
lesions, the patient is in the prone position with 18
gauge, 6 inch needles used (Fig. 15.14). For extremely
lateral lesions of the sacral wings, the trans-ilium ho-
molateral approach is preferred with the patient in
the supine position. It is very simple to perform and
permits excellent preservation of the sacral nerves.
An 18 gauge, 6 inch or 14 gauge Escoffier needle is
chosen, depending on extension of the lesion.

o For the superior extremity of the femur, the vascular
radiology room should be reserved if the lesion is
visible, or CT scan should be used if it can not be seen
on fluoroscopy. Patient position (prone or supine)
and needle size should be chosen according to lesion
location and size.

e For lesions of the femur head, the approach is trans-
cervical with (a) 10 gauge Escoffier needle(s), and the
patient in the obliquely supine position under fluo-
roscopy and scanner (Fig. 15.16).
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Fig. 15.13a-c. Pubis with metastasis of a breast neoplasm.
a CT-scan-guided cementoplasty procedure with 18 Gauge nee-
dles. b X-ray before and c after

Fig. 15.12a, b. Acetabular region metastasis of a gastric neo-

plasm. a Insertion of six 18 gauge needles and b nearly complete
filling of the osteolytic area
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Fig. 15.14a, b. Sacrum: cementoplasty with a double posterior approach of an osteoporotic fracture

Fig. 15.16 a-c. Aseptic osteonecrosis of a right hip. a MRI picture before cementoplasty. b CT scan picture before cementoplasty and
c after cementoplasty
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Cement Injection

Cement is injected in the same way as in vertebroplasty.
Polymerization time is adapted to needle caliber and
lesion size as well as to the thickness of the preserved
cortical bone. Cement of more viscous consistency
(thick cement) is preferred if the lesion is close to the
joint (particularly the acetabular roof). Most authors
rotate the femur head during cement injection to limit
the thickness of a small cement fragment that may
eventually pass through the acetabular cartilage.

Scanography after cement injection assures proper
control of successful filling of osteolytic zones (the aver-
age quantity of injected cement is 10 to 12 ml), particu-
larly for pelvic bone lesions. Another important pur-
pose of scanography is to look for any possible leakage
outside the bone and to quantify it.

If bone biopsy is also required, the concentric tube
system described for vertebroplasty can be completely
adapted for percutaneous cementation. For deeper loca-
tions, such as the pelvis, longer sets are preferred.

Complications, Secondary Effects, and Surveillance

General complications are the same as in vertebroplas-

ty. Complementary material can be found in references:

[32, 34, 36, 42, 44]. Local complications are generally

represented by cement leakage:

e Leakage in soft tissue occurs in 70 % of cases without
any evident clinical signs. In other cases, local pain
could be due to local inflammatory reactions or com-
pressive effect on a vasculonervous structure. This lo-
cal pain generally disappears after lidocaine plus
prednisolone infiltration;

e Cement leakage into the joints can be responsible for
a rapid chondrolytic effect, but this complication is
rare. Intra-articular injections of the local anesthet-
ic/cortisone preparation are generally very effective.

Soft tissue hematomas are also reported (1%). They can
be avoided if contraindications are respected.

Infections can be minimized by implementing
rigorous aseptic conditions and using cement contain-
ing an antibiotic.

Secondary effects, represented by possible pain in-
crease during the first couple of hours after the proce-
dure, generally vanish with the administration of anti-
inflammatory drugs.

Results

The efficacy of this procedure, subjectively assessed by
remission of pain , is quantified by the reduced use of
analgesics. Functional results are manifested by re-es-

tablishing the standing position and walking. The im-
mobilization and hospitalization period is short, and it
must be remembered that these patients generally do
not expect to live much longer, and preventing decubi-
tus complications is very important. Analgesia resulting
from the procedure can be expected to appear 16 to 72 h
thereafter. Percutaneous cementation can be practiced
before, during or after the beginning of radiotherapy
(which normally shows its effectiveness in pain relief
later than cementation, namely, a week or two such
treatment). The consolidation effect also appears later,
after 2 or 3 months.

Conclusion

Percutaneous cementoplasty remains a palliative thera-
py in the majority of cases and permits significant
amelioration of patient comfort by giving them the pos-
sibility of re-establishing their daily activities in a short
period of time. Indications should be normally dis-
cussed and undertaken in multidisciplinary settings
with the participation of pain therapists, oncologists,
rheumatologists, surgeons, and radiologists.
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Aspiration and Lavage
of Calcific Shoulder Tendinitis
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Georges Hadjidekov, Cyril Riboud, Bruno Kastler

Introduction and Pathophysiologic
Characteristics

Calcific shoulder tendinitis or tondinopathy is a very
common painful condition of the shoulder. These de-
posits are very rare before age 30 and after age 70 [15, 33,
40], but almost 20 % of painful shoulders that occur be-
tween these ages are due to calcific deposits. They can in
fact be found in 7-20% of individuals in this age group,
the sex ratio women to men being 2:1. Asymptomatic
calcifications are noted in 33-66 % of cases, but 15-25%
of them are bilateral and symptomatic [2]. Periarticular
and soft tissue precipitations in tendons, bursae, liga-
ments, and capsules cause acute discomfort. Calcium
can invade the joint to cause acute arthritis [20].

This disease is called in Europe apatite crystal deposi-
tion disease; that substance is the main mineral compo-
nent of the skeleton [27, 29]. In the past (1965) Welfling
et al. termed the condition “multiple calcifying tendinitis
disease” [42]; today in the English literature it is called
“hydroxyapatite deposition disease” (HADD) [38]. The
calcium deposit appears dense, round with clearly de-
fined margins without trabecular and cortical structure.

Symptomatic tendinous calcium deposits are mainly
situated in the supraspinatus tendon (80-90%), but can
also be found in those of the infraspinatus, subscapu-
laris, and teres minor muscles. Atypical localizations
have recently been seen in the bicipital groove (biceps
brachialis, pectoralis major) and the deltoid tendon at
its proximal insertion (Fig. 16.1) [10-24].

The exact pathogenesis of the apatite crystal forma-
tion in these sites is uncertain. Their appearance is con-
sidered idiopathic and not a degenerative change and
they are assumed to be produced within avascular soft
tissues [29].The tissue hypoxia theory of Uthoff and
Sarkar postulates a cyclic course of four stages. First
local hypoxia creates a critical zone vulnerable to calci-
fication. Then fibrocartilaginous metaplasia and necro-
sis replace tissue in this area followed by calcific de-
posit. A non-invasive resolution by resorption of calci-
um can be attempted (Fig.16.2, subacromial bursa).
Acute pain can be expected to accompany such an
effort, but complete healing can occur (as in Fig. 16.2).

16

Fig. 16.1. Woman of 48 with chronic pain at night. Apatite calcifi-
cation in deltoid tendon which is unusually located. A-L is success-
ful while no change in size is seen after a year

Fig. 16.2. Sonography. Comparison of both cuffs. Left, calcifica-
tion (arrow) and thickening of the borders between cuff, bursa,
and deltoid. There is an inflammatory bursa without liquid (ar-
rowhead)
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Fig. 16.3. Man of 47 with acute crisis, motion restricted. Calcifica-
tion with fuzzy contours of the supraspinatus and tendency to
evacuate into the subacromial bursa. Aspiration of milky liquid

Several calcific shoulder tendinopathy classifications
have been proposed. We prefer the Arthroscopic Soci-
ety’s Mole classification [31]:

e A type; homogeneous with clearly defined margins of
calcification

e B type: heterogeneous, polycyclic, or fragmented but
with clearly defined calcific margins

e C type: heterogeneous without defined margins of
calcification

e D type: calcified attachments to bone (enthesopathy).

A and B type are indications for aspiration and lavage
(A-L). C type with fuzzy margins often contains liquid
and is easy to aspirate (Fig. 16.3).

Aspiration of D type is not indicated because these
calcifications are linear, thin, striated, and degenerative
and cannot be aspirated. (Gartner’s classification
should be noted as being very similar to Mole’s [28]).

Anatomy

Calcification is precisely located with X-ray views in
different rotations. The supraspinatus tendon is seen
with external rotation; those of the supraspinatus and
infraspinatus are seen a with neutral position; the. pos-
terior parts of the supraspinatus and infraspinatus ten-
dons (as well those of teres minor and subscapularis)
are localized with internal rotation(See Fig. 16.4).

Indications

While apatite calcifications are in most cases asympto-
matic, when they cause either an acute inflammatory
reaction or chronic and debilitating pain, treatment is
indicated [2, 5, 19, 42].

Acute Inflammatory Reaction

Acute and relentless pain limits active and passive
motions of the shoulder. The patient may be mildly
febrile with inflammatory signs; septic arthritis must be
excluded. X-ray is very useful because calcifications can
be easily seen [27, 38]. The resorption of the deposit is
fast and results in a heterogeneous and fuzzy appear-
ance. Sometimes calcification appears in the subacromi-
al-subdeltoid bursa within 7-21 days [27, 33, 36]. Radio-
logical follow-up is then very useful.

Aspiration of calcified deposits was in the past - Flint
(1913), Patterson (1937), then Welfling (1964) - intro-
duced to cure acute crises. The aim is to give prompt
and significant pain relief within 21-48 hours, when
medical treatment is ineffective after 48-72 hours.
According to our experience, only 10 to 20 % of cases
require treatment in the acute phase.

There is no study in the literature about the exact
place of A-L for the acute inflammatory crisis.

Fig. 16.4a-d. Radiological detection in different rotations of the sites of calcification: I supraspinatus tendon, 2 infraspinatus tendon,

3 teres minor tendon, 4 subscapularis tendon
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Fig. 16.5a, b. woman of 38. Chronic night pain. Large A type calcification of the supraspinatus tendon

Chronic Pain

In almost 80-90% of the cases A-L is indicated for
chronic shoulder pain of more than 3 month’s duration
[12,32]. Clinical tests are made to check that the tendon
is symptomatic and to exclude an impingement syn-
drome, which can lead to failure of the treatment in
almost 259% of the cases [34]. The impingement reduces
motion in certain types of movement with a painful
ache, but without night pain [35].

But this distinction is often difficult because the cal-
cification itself causes what might be called an impinge-
ment syndrome. Lavage of the subacromial bursa
associated with the calcification relieves the pain tem-
porarily [33].

Besides not being a degenerative calcification, apatite
calcification doesn’t involve a rotator cuff tear [2,5,42],
although other authors believe it does and must be sys-
tematically looked for [22, 23]. Because the technique
establishes the distinction, we always use static and dy-
namic US study (according to JL Brasseur [8]) rather
than the sometimes confusing MRI.

The number, size, contours, superficial or deep situa-
tion of the calcifications are noted as well as location in
the tendon. All these items will be compared with X-ray
plain films. A calcification larger than 5 mm in diameter
with size and shape show no change on successive stan-
dard films is a good indication for treatment [35].

Sometimes sonography shows a bursa with thick
echogenic walls (greater than 2 mm). This indicates an
inflammatory bursa (Fig. 16.2) for which lavage is bene-
ficial.

If there is liquid in the subacromial bursa it is impor-
tant to look for liquid in the sheath surrounding the
biceps brachialis tendon, for its presence here as well as
in the bursa signifies a complete rotator cuff tear [8].

For some, a partial tear of the deep surface of the
supraspinatus tendon doesn’t contraindicate A-L, nor
does glenohumeral arthritis [1]. We, however, don’t
think A-L is a good treatment in such cases. According
to Farin loss of echogenic shadow behind a calcification
indicates that it is rather soft [17]. But apatite calcifica-
tions don’t actually have an echogenic shadow, even
when they are large. It is impossible to know their con-
sistency in advance.

Solid indications for A-L are in summary:

Age 55 or below

Chronic night pain for 2-3 years

Range of motion not restricted

Calcification types A B more than 1.5 mm in diameter
of the supra- or infraspinatus tendon(Figs. 16.5-16.7)
e Sonography shows no complete tear.

In case many calcifications exist, these further criteria

may help select the one most requiring treatment:

e Clinical and sonographic evidence with pain during
the sonographic procedure

e Larger calcification

e Tendon edema (Figs. 16.8,16.9) [1, 35].
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Fig. 16.7. Same patient, bursography after lavage. Calcification is
no longer visible

Fig. 16.6 a—c. Same patient, aspiration, fluoroscopic procedure. If
correctly placed the needle tip will remain within the calcification
when the X-ray beam is tilted in maximal cephalad and caudal
directions

Fig. 16.8a,b. Man of 38, chronic night pain. There are several
calcifications, the smallest, A type is situated in the supraspinatus
(arrowhead). The largest, B type is in the subscapularis (arrow).
However, clinical tests and sonography show that the one located
in the supraspinatus tendon was painful. Aspiration is successful
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Fig. 16.9a, b. Same case; Follow-up 2 years after treatment.
Supraspinatus calcification has disappeared, subscapularis calcifi-
cation has decreased in size and is asymptomatic

Fig. 16.10. Woman of 36, chronic pain. Large, B type calcification
of the supraspinatus tendon (arrow). Calcification of the subacro-
mial bursa (arrowhead)

Contraindications
Idiopathic Adhesive Capsulitis

Also called “frozen shoulder syndrome,” this is charac-
terized by insidious progressive restriction of passive
motions. The average incidence of the condition in the
general population is 2-3 % [3] but it is more frequent
in diabetes mellitus. Passive external rotation is specifi-
cally restricted. X-rays and CT scan are normal. At an
early stage MRI shows post-gadolinium enhancement
of the joint capsule and synovial membrane in the rota-
tor space and in the axillary recess (subscapularis bursa,
coracohumeral ligament). Bone marrow edema of the
humeral head is also seen. This pattern seems to be spe-
cific for inflammation and increased skin temperature
[33]. Later on in the disease process, there is no more
inflammation or synovial abnormality but only fibrosis
and capsulitis, appearing like Dupuytren’s contracture
on arthroscopy [9, 43]. In most cases adhesive capsulitis
is idiopathic, affecting post-menopausal women and
diabetics (36% of the latter) [9]. Arthrography is the
only means of making the diagnosis. It usually shows a
reduced articular capacity (less than 10 ml), although
sometimes the volume is almost normal and the diag-
nosis is difficult. Reflex sympathetic dystrophy (algo-
dystrophy) and adhesive capsulitis are very similar and
it is no use lavaging and aspirating calcifications in such
cases because the stiffness doesn’t change. Distension
arthrography must be undertaken [33].

Associated Rotator Cuff Tear

This is uncommon, but when it does occur, only arthro-
scopic or open surgery are useful [23]. Thus, rotator cuff
tear must be ruled out before A-L is attempted. In our
experience, if a young woman is afflicted with a calcifi-
cation and sonography is normal we don’t use another
imaging method. But if A-L doesn’t give a good result we
have in the past proceeded with CT scan-arthrography
because sonography might be in error regarding the
diagnosis of partial tear of the tendon [13].

Coagulopathies

A-L with milder antithrombotic agents such as aspirin
is allowed [30], but antivitamin K agents must be
stopped 3 days before the procedure, and treatment
with heparin used as a temporary replacement [30]. In
accord with Thumbo et al. [40] and Gorgona et al. [21]
we think it possible to make intra-articular and periar-
ticular punctures even if the INR is over 4-5 without
complications. Only a slight articular hemorrhage has



150

J.-M. Lerais, P. Sarlieéve, G. Hadjidekov, C. Riboud, B. Kastler

been described, before the puncture [21]. If the patient
is under heparin or low-molecular-weight heparin
(HBPM), the morning injection is not given and A-L is
performed just before the other injection with an inter-
val of 12 hours when the drug’s activity is very low [26].

Cand D Type Calcifications

These are degenerative, linear, granular calcifications
within the tendons and entheses. They can neither be
aspirated nor disintegrated. A lavage of the subacromial
bursa may be considered, however.

Technique
Materials and Methods

Forty-nine shoulders of 40 consecutive patients (30
women, 10 men) with chronic (35) or acute (5) shoulder
pain were treated. Deposits were situated in the
supraspinatus (36) or infraspinatus tendon (4), larger
than 5mm in 15, smaller in 25, but all larger than
1.5mm in diameter. Thirty-eight patients were im-
proved, with (12) or without (26) disappearance of the
calcification. Continued presence of deposits has not
been systematically followed.

Clinical and X-ray Diagnosis

The most important selection criteria have been wors-
ening of pain at night and isometric tests such as the
Jobe test.

Plain film diagnostic views have included antero-
posterior, internal, neutral, and external rotations, and a
subacromial lateral Lamy view.

Needle Placement

A direct antero-posterior approach under fluoroscopic
guidance is used with the patient is in supine position,
even if the calcification is behind the great tuberosity
(Figs. 16.11, 16.12) [12, 32, 35]. A US-guided technique
has also been described using 22 or 25 gauge needles
[1, 16, 18]. With X-ray beam centered vertically, aseptic
conditions obligatory, a 20 or 21 gauge needle is insert-
ed to the center of the calcification. We don’t use bigger
needles (e.g., 14-18 gauge) because of concern for ten-
don rupture upon repeated puncture [1, 33]. We don’t
use simultaneous placement of two needles in the ten-
don for calcification lavage because of lack of better re-
sults even with large calcifications [11]. We use 15-20 ml
or more of lidocaine, 0.5% or 1%, for local anesthetic

Fig. 16.11a, b. Woman of 35, chronic pain. Infraspinatus tendon A
type calcification. Internal and profile views show the calcium
deposit (arrowhead). Thin calcification of the subacromial bursa
(arrow)

lavage of the calcification and bursa. A syringe of 1.5 ml
cortivazol or 1 ml bethamethasone is locally injected.

The X-ray beam is tilted in maximal cephalad and
caudad directions for checking that the needle tip is
within the calcification (Figs. 16.6, 16.12). Calcium aspi-
ration is performed using a 20 cc Luer-lock syringe con-
taining lidocaine and doing a succession of propulsions
and suctions with the syringe piston. The goal is to frag-
ment the granulomatous calcific deposit and thus facili-
tate its resorption.
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Fig. 16.12a-c. Same patient. a Direct anterior approach although
the calcification is posterior. b Lateral stereotaxic views. ¢ Burso-

graphy

Fig. 16.13a,b. Woman of 54, chronic pain. Infraspinatus A type
large calcification (arrowhead). Erosion of the great tuberosity

Sometimes aspirated calcium appears in the syringe
as a white cloudy milk. More often the calcification has
a hard consistency and no calcium can be aspirated.
Grinding and washing the calcific deposit in order to
obtaining a decrease of its radiological density, or a hole
within it, accelerates the process of spontaneous resorp-
tion (Figs. 16.13,16.14) [35].

Half of the corticosteroid is injected within and
around the calcification. Aspiration of large amounts of
calcium and secondary resorption of calcification on
plain films were found to be significantly associated
with good clinical results [32,34].It is not essential to re-
move the calcium deposit entirely. But it is important to
open the calcium-containing cavity, create a communi-
cation with the bursa, and wash the inflammatory pro-
teins [35].

Lavage of the bursa with lidocaine ends the proce-
dure. The needle is withdrawn and easily placed into the
subacromial bursa, which is more superficial. Then,
after making a bursography, the second half of the cor-
ticosteroid is injected into the bursa (Figs. 16.11-16.15).
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Fig. 16.14. Same patient. Follow-up at 3 months. The calcification
has disappeared. Good clinical result

Fig. 16.15. Bursography

Fig. 16.16a,b. Woman of 69, chronic pain. Exhaustive check-up
before A-L because of the age. There is an excess of liquid around
the biceps sheath, but sonography doesn’t show a rotator cuff tear.
Supraspinatus B type large calcification. Arthrography is normal.
A-L in the same session, good clinical result

Follow-up

In one third of cases a painful reaction follows the pro-
cedure [4, 18, 34] caused by resorption of the calcifica-
tion. This is managed with local application of ice, pre-
scription of antalgics and non steroidal anti-inflamma-
tory agents. It lasts rarely more than 2-4 days, more
often 24 hours [11, 35]. In most cases, patients are im-
mediately improved with lidocaine, and later the pain
disappears, first at night then during the day.

The shoulder should be kept at rest for at least 2 days;
we have found that a bandage or orthopedic device is
not necessary for this. We take additional plain X-rays
only if the patient is not improved. If a second session
is required we make use of CT arthrography or MRI
(Fig. 16.16).

Complications
Septic Risk

The risk of infection is no greater than for any other
articular, periarticular, or foraminal injections (report-
edly 1:77,300) [25, 39]. Aseptic protocol includes use of a
surgical mask and only one passage of the needle
through the skin [25]. While reports of septic complica-
tions have been effectively nonexistent in the literature,
special care must be taken with those at high risk such
as diabetics and immunosuppressed patients. Of course
the skin should be scrubbed as free from contamination
as possible, but puncture through the skin is not the
only mechanism of sepsis. Oral corticosteroids can
cause immunosuppression and thus increase the risk of
hematogenic infection. In the study of David-Chausse
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59 of 1,080 septic arthritis cases occurred during oral
corticotherapy and 11 when immunosuppressors were
given, all 70 without local injection [14].

Exacerbation of pain occurs in about one third of the
patients and usually means resorption of calcium de-
posit (for treatment see above).

Secondary Rotator Cuff Tear

There is theoretical risk of perforation of the rotator
cuff. This risk is directly correlated with needle diame-
ter, and so the tendency is to decrease the size of the
needles. We use 21 gauge (as also advocated by Brasseur
[7]). Others use 22 gauge or even 25 gauge if the calcifi-
cation is quite small [1].

Only one patient in our experience has incurred a full
thickness (thin; 2 mm) tear, and it was not clear that
this was a result of the procedure, quite possibly having
been already present. One should not hesitate to investi-
gate shoulders of patients who show no improvement
with CT arthrography or MRI.

Side Effects

Some vague discomforts have been described that are
difficult to ascribe to A-L. The procedure is generally
well tolerated and painless.

If the calcification has disappeared, it exceptionally
comes back in situ. But about 20 % of patients will have
recurrence of pain within two years because calcifica-
tion has not disappeared but persisted. They are candi-
dates for repeat aspiration and lavage.

Long term results judged good to excellent were
achieved in 66% to 90% of cases, while 6% were un-
changed [1, 11, 18, 32, 35, 37].

Comparison Between A-L and Arthroscopic Excision

See Table 16.1. Arthroscopy does not provide a useful
approach for completely removing calcification [1, 12],
although opening the calcium-containing cavity facili-
tates its resorption. But reduction in size and density of
calcification is a good indicator of successful treatment,
which occurs in 56 % of cases [18, 35]. This frequency is
superior to its spontaneous disappearance (5.4% after
3 years, Bosworth [5],30% after 4 years Noel [33])

The technique of A-L is easy, less painful than arthro-
scopic resection, and the adhesive capsulitis rate is the
same [6].

The cost of aspiration and lavage is lower and gener-
al anesthesia is not needed.

Associated techniques are possible at arthroscopy
(synovectomy, acromioplasty, resection of coraco-acro-
mial ligament) but they are rarely useful if the indica-
tions were clearly established [4].

Results

Pain relief appears at the end of the first week in
60-70% of cases, is maximized during the second week
[11], and after a month the results can be considered as
established. No increase of pain has been noted. A sec-
ond session can be tried after 4 to 6 weeks (or even
earlier on the 15th day) if the improvement is consid-
ered unsatisfactory.

Table 16.1. Comparison between A-L and arthroscopy

Conclusion

When the calcium crystal holds out against medical
treatment and becomes chronic A-L may be attempted.
It is a safe technique with a low rate of complications,
and morbidity is almost nil. Two sessions are sufficient.
Healing or significant clinical improvement is noted in
75% of cases at 5 years follow-up. Fluoroscopic guid-
ance, which even with newer improvements involves a

A-L Arthroscopy

Good clinical results

Calcification’s disappearance 50%

70-90% at 12 months

Up to 90% at 12 months
Up to 80%

Failures 6% at 5 years 5% at 1 year

Guidance Fluoroscopy or sonography Fluoroscopy or sonography
Irradiation 4 0

Pain after the procedure A few days A few weeks

Complications Adhesive capsulitis : 1-3 %
Cost A
Anesthesia local

Adhesive capsulitis : 2%
+++

general
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certain radiation exposure, may be replaced by sonog-
raphy. Ultrasonography is accurate for depict and local-
izing calcification even though the internal structure
and density of calcium crystals can’t be seen.

The long term results of aspiration and lavage and
arthroscopy are the same but aspiration and lavage is
the easier route to take.
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Secondary lesions are the most frequently encountered
bone tumors. These are metastases mainly (80%) from
cancer of the breast, lung, or prostate. Classic therapeu-
tic procedures for such bone invasion include chemo-
therapy, radiotherapy, and more rarely surgery. These
methods and even major analgesics are often ineffective
against the pain they bring, mechanisms for which in-
clude, among others, compression of nerve endings,
pathological fractures, and chemical releases such as
bradykinin, prostaglandins, substance P and histamine.

Tumoral Alcoholization

Absolute alcohol is injected in various analgesic proce-
dures and in particular in the neurolyses described in
this book. The early percutaneous treatments under CT
guidance for analgesic purposes that we proposed un-
der CT-guidance over ten years ago required injections
of absolute alcohol into the tumor with good results in
terms of pain relief (Fig. 17.1) [10, 11]. Alcohol is not
very costly and can be injected with flexible 20 or 22
gauge spinal-type needles. It is not however possible to
treat condensed bony forms in which alcohol doesn’t
spread homogeneously.

The quantity of alcohol and number of needles insert-
ed into the tumor depend on its size (see Fig. 17.1). The
procedure is often very painful, particularly in the case
of bone tumors and must be carried out under general
anesthesia (or major sedation). Prior to the injection of
alcohol into the tumor, an injection of a mixture of lido-
caine and/or ropivacaine and contrast medium (hyper-
dense) is administered for the dual purpose of diminish-
ing the pain of alcoholization and anticipating the possi-
ble spread within the tumor. It should, however, be
remembered that unlike an anesthetic-contrast mixture,
alcohol is not only hydro- but also liposoluble. It is thus
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not possible to treat tumors adjacent to nerves, particu-
larly motor nerves, with alcohol. Moreover, repeated CT
slices must be acquired to monitor diffusion (hypoden-
sity within the tumor) as the alcohol is instilled, the
slightest undesirable diffusion requiring the needle(s) to
be repositioned and/or the intervention discontinued.

In the case of tumors in contact with or having invad-
ed the sympathetic system (paravertebral), sympatholy-
sis slightly above the lesion can be carried out at the
same time. The same is true in the case of costal local-
ization where it is possible to carry out neurolysis of the
pertinent intercostal nerve(s).

RF Tumor Ablation

Due to these uncertainties of alcoholization (diffusion
problems, risk of reaching nerves), radiofrequency ab-
lation is clearly our current preference for bone tumor
treatment. Dry electrode radiofrequency (RF Radionics
(Burlington, MA, USA) 3FG with a voluntarily restricted
ablation volume) is used routinely in many cases, some
of which are described in this work, e.g., thoracic sym-
patholysis, intercostal neurolysis.

To obtain a larger, ovoid lesion of a controlled size,
different techniques are used: “umbrella” electrodes
(Rita, Fremont, CA, USA; Boston Scientific, Natick, MA,
USA), internal circulation electrodes (Radionics, Valley-
lab (Boulder, CO, USA), Celon (Teltow, Germany), and
external perfusion electrodes [Berchtold (Tuttlinger,
Germany)]. For tumor ablation, particularly in bone, we
recommend internal circulation straight-needle devices
[13], because umbrella devices cannot be properly
opened within bone lesions. External perfusion elec-
trodes raise the same issues as alcoholization (non-ho-
mogenous diffusion in the tumor, risk of damaging
nerves) [12,13, 14] (Figs. 17.2-17.4).

Moreover, two electrodes are necessary for the cur-
rent to circulate: one electrically insulated electrode
whose tip is bare (active conduction exposed tip) and a
second electrode which is either:

e A neutral plate on the patient’s skin (principle of
monopolar RF)
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Fig. 17.1a-d. Extremely painful humeral metastasis (arrows)
from lung cancer. a MRI axial slice at T1. b Insertion of three
needles into the mass. ¢ Injection of anesthetic-contrast mixture.

d Instillation of alcohol. Pain relief within 24 hours of 50%. We
currently treat this type of lesion by radiofrequency

Fig. 17.2a-h. A 70-year-old bed-ridden patient, shriveled right
leg, with very painful metastatic regions from breast cancer quali-
fied for L3 irradiation. a, b An exam carried out 7 months earlier
showed no lesion. ¢, d The two regions (arrows) are treated in a
single session, e the first 2.7 cm in diameter at the level of the an-
terosuperior ischial spine with a single needle, and f the second
5.6 cm in diameter at the level of the iliac wing with a cluster
needle (3 needles). Application of RF current (Radionics) for 12

and 25 minutes respectively). g A tissue vaporization effect (bub-
bles) appears within the mass. h Infiltration of lidocaine and corti-
vazol is carried out at the end of the procedure along on the path
(arrow) of the iliohypograstric and ilioinguinal nerves (see
Chap. 14; electrode arrowhead). Invasion of the nerves by the
smaller metastases probably partly explains the inguinal radia-
tion. The next day the patient sat and walked without pain and left
the palliative care unit in 3 days
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Fig. 17.2a-h. (Continued)



158

B. Kastler, H. Boulahdour, J.-M. Lerais et al.

Fig.17.3. a Sixty-year-old patient with metastases (from the
breast) located in the posterior costal arches of the 7th and 8th ribs
(arrow). ¢ The lesion is treated by RF with a simple bipolar needle

e A second conductive zone within the same needle in-
sulated from the first electrode (more recent princi-
ple of bipolar RF).

We have two straight-needle generators: a monopolar
system (Radionics) and more recently a bipolar system
(Celon; internal circulation application with two elec-
trodes at its tip).

The advantages of the bipolar approach compared to
the classic monopolar system are multiple:

o No need for a neutral plate on skin (no risk of burning)

e Energy concentrated between two electrodes (better
control over the lesion’s size and less risk of damag-
ing peripheral motor nerves)

e More efficient (effective for larger lesions, with possi-
bility of multipolar treatment with two, even three
needles)

e Possibility of treating patients with pacemakers.

We are currently treating all bone tumor lesions,
particularly metastases. with this generator and results
in terms of pain relief have been very good [13, 14].

Indications
The lesions we treat must be accessible by a safe percu-

taneous route, be no more 5 to 6 cm in diameter (or
more if the effect intended is analgesic and not aimed at

(Celon) and b an infiltration was also performed. d A 3D recon-
struction shows the two needles on target

tumor eradication), and be at least one or two centime-
ters from a nerve structure (spinal cord, peripheral
nerve). The usual precautions in terms of blood clotting
are taken, and the procedure is carried out under CT
guidance (see Fig. 17.2 to 17.6). To reduce the duration
of the procedure, tumors over 3.5 cm can be treated by
one electrode, or by two or three for multipolar effect.
This protocol also holds true for multiple lesions (up to
three lesions at a time). It is fully possible, apart from
drilling problems, to treat condensed bony lesions with-
out any difficulty. To perforate long bone path or thick
cortical bone it is handy to use an electrical drill (see
Chapter 15) or the Laredo-Hamze drill biopsy set (Car-
dinal Health Inomed Toulon-France).

Technique and Results

The procedure is carried out under conscious sedation
to be able to detect any abnormal projected pain, pares-
thesia or paresis. Particular care should be taken when
treating vertebral locations where it is mandatory to
avoid any harm to neural structures (spinal cord or mo-
tor nerve roots). After subcutaneous anesthesia, a 22
gauge needle is inserted into the center of the tumor; it
anesthetizes the path and the tumoral zone using a ropi-
vacaine (70%) - lidocain mixture. It is left in place to
easily guide the electrode needle down to the target
using the tutor technique (see Chap. 3). Sharply bending
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1 Distance: 2.

Fig. 17.4a-d. Humeral lytic metastasis of a lung cancer. a MRI
with sagittal slices at T1. b Insertion of two bipolar needles
(Celon), one of them coaxial with an 11 gauge (Cook) biopsy
needle (after needle mandrel removal); retrieval of biopsy needle

the portion of the anesthesia needle that remains above
the skin makes it easier to insert the electrode needle in
beside it, its plastic end no longer a hindrance. Once the
electrode is in position, cooling circulation (40 ml/min)
is begun before application of the RF current. The cur-
rent is maintained for 8 to 45 minutes depending on the
size of the lesion (2 to 8 cm, respectively). At the end of
this time the perfusion is ceased (causing a significant
temperature rise) and the needle is carefully removed,
thermocoagulating and sterilizing the insertion path
and minimizing the risks of neoplastic insemination.
The analgesic effect is immediate and often spectacular
(the positive response rate was over 80% for our series
[12, 14]). Patients found relief for between 1 to 12
months (sternal metastases), with an average of 2-3
months. Pelvic lesions responded particularly well [13,

trocar until its tip is no longer in contact with the conducting tip
(active proximal electrode). RF current applied for 15 minutes.
¢, d Needle removed and cement inject through to consolidate
pathological fracture

14]. CT control scans performed up to three months lat-
er revealed that some lesions did not increase in size
(anticarcinogenic potential). If pain and/or tumor re-
curs, the procedure can be repeated.

For weight-bearing bones including vertebrae, RF
can be completed with cementoplasty ad/or vertebro-
plasty [13, 14]. making it possible to thermocoagulate
the bone. And RF performed before cementoplasty
and/or vertebroplasty makes it possible to sterilize the
lesion before consolidation which is of interest particu-
larly in unique locations. Indeed a drawback of per-
forming cementoplasty (or vertebroplasty) solely is that
during the cement injection at the pasty phase (often
under pressure), there is a potential risk of dissemina-
tion of malignant cells either locally or by the
hematogenous spread (vertebrae often harbor hyper-
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vascularized lesions). This is important particularly in
single accessible metastatic locations. The fact that
these techniques can be carried out during the same
procedure is of course an advantage of their combina-
tion. However special care has to be taken to avoid con-

Fig. 17.5a-d. Vertebral metastasis (L1) of a lung cancer with
painful fracture compression. a Sagittal T1 MRI slices. b First
insertion of a 11 gauge (Cook) biopsy needle in L1 vertebra by
transpedicular access; removal of needle mandrel and then inser-
tion of a bipolar needle (Celon) coaxial through biopsy needle tro-
car to target; removal of needle trocar until its tip is no longer in
contact with the conducting tip (proximal electrode). Removal of
radiofrequency needle. The tip of the biopsy needle is reinserted at
the junction of the anterior and middle third of the vertebral body;
cinjection of acrylic cement under CT guidance. d Frontal view

tact of needle electrode with biopsy needle trocar (for
further explanation see Figs. 17.5, 17.6). For these bone
RF procedures the patient is observed for one night and
usually discharged the following day.



Fig. 17.6a—f. Fifty-four-year-old patient, metastatic melanoma;
wheel-chair bound, impossible to bear weight on lower left limb.
Metastasis of inferior extremity of femur and superior extremity
of tibia (arrows), with clearly visible pathological fracture (arrow
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heads) on frontal slices on views a T1 and b T2. ¢ Bipolar radiofre-
quency (Celon) treatment is carried out with two needles in the
tibial lesion and d one needle in the femoral lesion, followed e, f by
acrylic glue injection. The patient walked pain free the same evening
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CT-Guidance Therapy
of Osteoid Osteoma

Bruno Kastler, Philippe Sarlieve, Christophe Clair,
Benoit de Billy, Fabrice-Guy Barral

Diagnosis

Osteoid osteoma is a benign osteoblastic tumor occur-
ring in young people, often accompanied by severe pain
at night, and having a good response to salicylic acid.
The diagnosis often requires scintigraphy. The size,
physical appearance, and exact position of the nidus are
indicated by a CT or possibly an MRI scan. The radio-
logical picture is often sufficient for diagnosis. When
doubt exists, a biopsy should be carried out.

Technique

Less and less invasive treatments under CT guidance of
this benign tumor can be offered as an alternative to
surgery (including the percutaneous, resection dis-
cussed here [21, 30, 32]), namely alcoholization or ther-
mocoagulation by RF or laser [23, 24, 25, 35]. The full
destruction or excision of the nidus (75% located in the
tibia or femur) is necessary for total recovery.

The lesions treated must be accessible by a safe per-
cutaneous path and for RF be at least one to two cen-
timeters from a nerve structure (spinal cord, spinal
column, peripheral nerve). The usual precautions in
terms of clotting must be observed. The procedures are
carried out usually under general anesthesia (particu-
larly in children) and followed step by step under CT
guidance. We currently prefer radiofrequency thermo-
coagulation, which is the least invasive.

Fig. 17.7a-d. Osteoid osteoma of the neck of the femur. a Anterior approach after cutaneous location. b Positioning of the guide man-
drel and c the trephine (c). d View after excision
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Percutaneous Resection

The technique calls upon the Kohler set: after subcuta-
neous anesthesia, a Kirschner wire is positioned in the
nidus under CT-guidance to locate the trephine (7 to
10 mm external diameter) using a mandrel (Figs. 17.7,
17.8). After drilling a pilot bore in the bone, monitored
by one or several CT slices, all the necrotic tissue is re-
moved (for histological analysis). A CT scan verifies the
quality of the ablation. Limited or partial resections
(thin trephine) can benefit from another drill or possi-
bly complementary sclerosis by alcoholization.

The complications reported of this method are cuta-
neous burns at the point of entrance, resulting from
the heat produced by the high rotating speed of the
trephine (which can be prevented by the use of a sheath
around the trephine), muscle hematoma, fractures of
long bones (when fragile), osteitis.

For most locations, particularly as in small bones,
vertebra, and joints, radiofrequency thermocoagulation
is a less invasive alternative.

RF Treatment

After subcutaneous anesthesia, first a 22 gauge needle is
inserted into the center of the tumor. This ensures that
the path is anesthetized and enables, using the tutor
technique (see Chap. 3), the easy guidance of the biopsy
needle (14 gauge 10cm) into the heart of the nidus
(using a mallet if necessary; see Fig. 17.9). In the case of
any diagnostic doubt, a coaxial biopsy should be carried
out. The mandrel is then removed, maintaining the
needle trocar anchored in the bone. The 16 gauge 15 cm
bipolar electrode (Celon) is coaxially inserted through
the biopsy needle into the nidus and held in place. The
biopsy needle trocar must now be carefully removed
until its tip is no longer in contact with the conducting
tip i.e. the proximal electrode of the bipolar needle (at
least 1 cm or more) to prevent any conduction of cur-
rent along the biopsy needle; it must be thus kept away
from the proximal electrode during the entire RF
process (see Fig. 17.8). After establishing cooling circu-
lation (40 ml/min), RF current can be started and main-
tained for between 6 and 15 minutes (temperature can
reach 80-90°). After this, the perfusion is stopped and
the needle is rapidly removed in order to thermocoagu-
late the insertion path. Patients feel pain relief soon
after the procedure is over. Radiofrequency for this pur-
pose is used as a routine technique at present in our
department with excellent results.

Fig. 17.8. a Typical osteoid osteoma with nidus of the tibial crest. b Positioning of the guide mandrel; ¢ excision limited during first drill

with trephine, d completed by a second drill
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Fig. 17.9. a Osteoid osteoma of the neck of the femur; b anterior
approach and path of a 22 gauge spinal needle used for anesthesia
and left in position. ¢, d Positioning of the 11 gauge 10 cm biopsy
needle (mandrel and trocar) whose tip penetrates the nidus (a
biopsy can be performed if necessary). e Removal of mandrel
(dotted line) and f introduction of the bipolar needle coaxial with
the trocar to target. g Retrieval of biopsy needle trocar until its tip
is no longer in contact with the conducting proximal electrode.
The RF needle is held in place by the lesion (arrow in d) for ther-
mocoagulation
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Embolization of Bone Metastases
in Kidney Cancer

Jean-Michel Lerais, Jean-Pierre Cercueil, Denis Krause,
Bruno Kastler

Introduction

Embolization acts by reducing the pressure of renal
cancer metastases to bone on the periosteum which is
richly innervated. It creates a bone and cell necrosis,
reduces the edema and vascular stasis.

Bone metastases occur in 30-45% of renal cancer
cases [7], in which case the average survival time is five
months [8]. These bone metastases affect primarily the
spine (dorsal and lumbar) then the pelvic bone and the
femur. Kidney cancer is the fourth greatest source of
spinal metastases (after breast, prostate, and lung can-
cer). Bone metastasis can also be located on the limbs
(distal to the knee and elbow 6-10%) as well as intra-
cortically and subperiostally [3, 8, 19].

Bone metastases reveal the cancer in 60-70% of cases;
they can be isolated but are more frequently multiple.

Pain is their principal syndrom. They are often lytic
and can destroy the cortical bone, often taking on a
pseudosarcomatous or pseudoangiomatous appearance
with neovascularization and arteriovenous shunts [25,
30]. Bone metastases are hypervascularized (as is the
primary tumor) in 65-75% of cases.

Extreme pain, lack of chemosensitivity, and neuro-
logical risk can result in a decision to attempt the arter-
ial embolization technique, particularly when the bone
metastasis is singular. It may also be performed pre-
operatively to facilitate tumor removal [1, 7].

Technique
Catheterization

Position of a 5F or 6F valve introducer in the femoral or
humeral artery. For atheromatous patients with wind-
ing arteries, a long guiding (40 cm) introducer is often
useful. Highly stable Simmons 1, 2 or “sidewinder”
catheters or a Cobra 2 (Cardeon, Cupertino, CA, USA)
with a distal tip are used. Hydrophilic guides make
highly selective stable anti-reflux catheterization possi-
ble. Coaxial 3F micro-catheters (Terumo, Tokyo; Track-
er, Target, Boston Scientific) are often very useful. Arte-
rial cartography must be excellent in order to identify
small radicular medullary arteries stemming from lum-
bar (above L3), intercostal (mainly T4 to T9), intestinal,
renal, or gonad arteries. Embolization of arteries in the
buttock is avoided because of risk of cutaneous or mus-
cular necrosis [5].

Embolization Materials

Non-resorbable embolic materials are used for both
proximal and distal sites.

Distal embolization

Inert Particles

e Polyvinyl or polyvinyl alcohol sponge (Ivalon, Ultra-
Ivalon, Ivalon Inc., San Diego).

e Deformable acrylic polymer gelatin impregnated mi-
crospheres (Embosphere; Biosphere, Rockland, MA,
USA) prevent aggregation in the catheter. The parti-
cles are calibrated from 1 to 100p and diluted in con-
trast media, diameters below 300p passing through
coaxial micro-catheters. They enable excellent distal
occlusion [2].

Liquid Agents

e Cyanoacrylate (Histoacryl; Sutherland Medical, Oak-
leigh, Victoria, Australia) is a biological adhesive that
polymerizes on contact with the blood in less than a
second [26]. It is diluted in an oil contrast media [Li-
piodol Ultrafluid (LUF); E-Z-EM Canada, Montreal]
at a ratio of 1:3, 1:4, or 1:5 and injected in coaxial mi-
cro-catheters opacified with LUF to avoid polymer-
ization in the catheter [2, 5]. Cyanoacrylate is capable
of occluding large vessels (Fig. 17.10).

e Alcohol (96% ethanol) is less often used. It leads to
severe, often very painful tissue necrosis; it dilutes
very rapidly in the blood which limits risk in the case
of reflux into the aorta, yet still can result in hemoly-
sis [26]. Its use in the spine is restricted by the risk of
intracanalar diffusion.

Proximal Embolization

Metallic coils (Gianturco-Anderson-Wallace): these
are tiny bits of steel to which fibers of wool or Dacron
are added to facilitate thrombosis. The caliber of
the coils must be adapted to that of the catheters.
They result in proximal occlusion, similar to a surgical
ligature, that complement the use of particles (Fig.
17.11) [2, 15, 26].

Efficacy

Embolization is considered effective when arteriogra-
phy reveals that less than 25% of the tumoral volume is
opacified and pre-operative loss of blood is no more
than 150-300 ml [4, 5]. Seventy-five percent of patients
lose between 450-1,500ml of blood during surgery
[5,34].
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Results

As stated earlier, embolization acts to reduce tumoral
pressure on the periosteum, which is richly innervated,
by creating a bone and cell necrosis, reduces the
edema and cell necrosis. Osteoblastic activity with
bone regrowth has been observed around the tumor
(Fig. 17.12) [1,27] in a percentage varying from 0 to 4%
of cases depending on the author [33, 36]. Blood loss
during ensuing surgery is reduced, enabling pathologi-
cal fractures to heal normally [1, 5]. Surgery must be
carried out within three days after embolization to
reduce the risk of revascularization [5, 15].

The size of the bone metastasis is reduced in
80-100% of cases [5, 33, 36]. CT scans show hypodense
central necrosis 4 to 9 months after embolization.

Fig. 17.10a-d. Sixty-nine-year-old patient, left kidney operation
in 1996. In 1997 metastasis of left femur and L3 operated and irra-
diated. a Aortography frontal view and selective catheterization of
left and right lumbar arteries L3, showing b hypervascularization
and ¢ tumoral blush. Embolization by Embospheres (300-500 ;
two bottles) and (500-700 p; 1 bottle). Flow remained rapid. Com-
pleted with Histoacryl and Lipiodol Ultrafluid: disappearance
of tumoral blush. d View after embolization: the left L3 artery
remains opaque, thrombosed by the glue and lipiodol

Pain disappears in 75-100% of cases; improvement
begins within 12 hours and lasts for 2 to 9 months [1, 5,
7, 33, 36]. For optimal pain relief Yilmaz advocates re-
peating the embolization up to three times [6].

Material is becoming standard, but the type in cur-
rent use that is chosen has little effect on the benefit
obtained, which can be significant if embolization is
total [30].

A post-embolization syndrome is constant, which
includes pain in the embolized region and abdomen,
nausea, and moderate fever. It does not last more than
1 to 5 days; the pain responds well to usual analgesics
and the fever to non-steroidal anti-inflammatories.

Survival after embolization is usually between 17 and
37 months, depending on whether it is purely palliative
or preoperative, with an average time of 28 months [5,
16,22].
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Fig. 17.11a-c. Seventy-seven-year-old patient operated in 1996.In
2000 metastasis of right ischium; selective catheterization of ante-
rior trunk of hypogastric, ischial, obturator, and internal iliac
arteries. a Early arterial phase showing of neovascularization.
b At late phase: tumoral blush and abnormal early venous return
despite anastomosis between the ischial and deep femoral, em-
bolization by Embospheres (900-1; 7 bottles) completed with
Histoacryl and Lipiodol Ultrafluid in ischial artery. ¢ Final image
shows satisfactory devascularization
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Fig. 17.12a, b. Seventy-five-year-old patient. Cancer of right kid-
ney with surgery in 1995). a In 1998 metastasis of right ilium treat-
ed by embolization with Embospheres and Histoacryl and radio-

therapy. b Follow-up films in 2000 shows cortical reconstruction
almost complete, and analgesic effect was good

Complications

Paresis or sometimes even paralysis of foot muscles

sometimes occurs after embolization of lumbar internal

iliac arteries due to involvement of radicular arteries

and perivascular plexi (5-33%). This complication is

usually temporary but can be permanent [5,7, 15,20, 33]

and is most often seen following the use of ethanol [15].
While this complication has been regarded as a risk

germane to the procedure, other reported mishaps can

be considered accidents, and include:

e Mesenteric infarction after ileal occlusion

e Hypertension from thrombosis of the adrenal artery

e Lung emboli in connection with a tumor-caused arte-
riovenous shunt

e Partial necrosis of skin of a lower limb 8 days after
alcohol embolization|[1, 15].

The rate of “accidental” complications has been found
not to exceed 2% in a large series [5].

Conclusion

Taken as stand-alone therapy or performed as a preop-
erative measure, embolization of bone metastases is an
interesting procedure for use in severely painful hyper-
vascularized metastases. Best results are achieved in its
facilitative pre-op role, but it also increases patients’
pain-free survival. It can also be used following massive
doses of radiotherapy administered for purely palliative
purposes.
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Chapter

Fractures of the Pelvic Girdle:
CT-guided Percutaneous
Fixation

Patrick Eude, Ghislaine Eude, Fernand De Peretti

Introduction

The pelvic girdle is a resistant ring-shaped bony struc-
ture upon which the high-intensity mechanical stress of
major trauma often generates two, three, or even four
fractures or disruptions. Such injuries are inherently
unstable, leading to secondary displacements that may
jeopardize standing and walking. This kind of injury
can also remain persistently painful, even after consoli-
dation seems to be achieved.

Open surgical fixation is a solution that allows reduc-
tion and stabilization of displaced fractures. This is,
however, a difficult, complex measure and thus mostly
restricted to displaced lesions.

Fractures with little displacement are treated conser-
vatively with bed rest for 3 to 6 weeks; a continuous
traction device is frequently used for both longer and
shorter periods than this. But this treatment may lead to
the well known cutaneous, vascular, and/or visceral
complications of a prolonged bed stay.

Percutaneous fixation aims to stabilize fractures by
driving screws across the fracture, utilizing very accu-
rate CT guidance and only a small skin opening. This
method allows a quick resumption of ambulation and a
hospital stay limited to a few days.

Reminders
Anatomic Basis

It is necessary to focus on the essential part played by
the posterior ligamentous structures in the stability of
the sacroiliac complex. Consolidation of these injuries
depends upon ensuring the stability primarily of dis-
rupted posterior, but also of anterior musculoskeletal
elements.

The relationship between the ring of bone and the
pelvic contents explains the frequency of associated vis-
ceral and vascular wounds. It is also a reason to avoid
endopelvic intrusion while driving pins and screws.

18

An acetabular approach requires look-out for the
femoral vessels and nerve anteriorly and the sciatic
nerve posteriorly. These elements are clearly visible on
CT slices and can therefore be avoided. Because of the
position of the sciatic nerve, the posterior approach is,
however, dangerous.

Classifications

Several classifications have been published of traumatic
lesions of the pelvic ring and acetabulum. Some are
according to the direction of the traumatic vector [12],
others to the mechanism of injury [18, 26]. Those we
present below are more descriptive and widely used.
Each classification describes elementary fracture lines
followed by complex associations of (mostly unstable)
fractures and disruptions.

Pelvic Ring Injuries (Tile)

Good reference articles for this and the next two subsec-
tions are those of Pennal, Tile, Denis, Letournel and
associates. [4, 5, 6, 25].

A-type injuries are stable lesions, either because there
is no disruption of the posterior arch (A1) or because
there is a nondisplaced posterior fracture (A2). Since
the ligamentous structures are preserved, the lesion is
stable.

B-type injuries result from a lateral stress vector in
external rotation (B1), or when there is internal rotation
with anterior impact, ipsilateral (B2) or contralateral
(B3). Bl is also called “open book injury” and includes
two subgroups according to the amount of symphysis
pubis disruption (+ 25 mm).

Another specific injury involves internal rotation on
one side and external rotation on the other (“bucket
handle injury”) due to asymmetric compression of the
pelvis, such occurs when wheels of a vehicle roll over a
body from one side to the other.
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Sacrum (Denis)

Neurological consequences of pelvic trauma are fre-
quently due to sacral fractures, and so this classification
is based on the correlation between anatomic features
and neurological involvement.

Fewer than 6% of vertical fractures of the ala, lateral
to the foramina (type 1), are accompanied by neurolog-
ical signs (usually referable to L5).

Vertical fractures through the sacral foramina (type
2, called “postage-stamp”) entail neurological signs in
28%, usually of S1 and S2, seldom L5.

Fractures of the sacral canal (type 3) are often com-
minuted and nearly 57 % come with neurological signs.

Acetabulum (Letournel)

Elementary fracture lines (including transverse lines)
affect the posterior wall, posterior column, anterior
wall, and anterior column of the acetabulum.
Complex fractures represent an association between
at least two elementary lines:
e T-shaped fractures
e Transverse fractures also involving the posterior wall
e Posterior transverse fractures also involving the ante-
rior wall or column
e Posterior column plus posterior wall fractures (fre-
quently associated with hip dislocation)
e Anterior and posterior column fractures.
And still more complex associations can be seen.

Indications

The choices of percutaneous technique and specific
procedure are made in coordination between radiolo-
gists and surgeons, the advice of the anesthetists of
course is needed.

Time Limits

In most traumatic injuries of pelvic bones, associated
visceral and vascular lesions are to be feared, but their
clinical manifestations can be initially obscure and de-
layed. Exhaustive investigation is therefore mandatory
before undertaking a percutaneous procedure [9, 16].
Moreover, the prone position can favor hemodynamic
destabilization of such lesions. This is a reason why it is
often considered safer to wait at least two days before
performing a screw fixation, especially using a posterior
or posterolateral approach.

On the other hand, a prolonged supine position
should be avoided, since it allows bedsores or other usu-
al complications to appear. Early stabilization can also

prevent a consolidation in a faulty position that requires
surgical correction.

The optimal period to operate thus seems to range
from to 3 days to 3 weeks.

Injury Type
Posterior Arch Fractures

Type-C injuries due to a longitudinal (cephalocaudal)
stress vector, whether iliac or sacral, can be treated per-
cutaneously if the displacement is smaller than 15 mm
and after installing an efficient continuous traction
device. Highly displaced fractures that need a tricky
reduction have to be treated by open surgery.

Transverse injuries (B-type) and sacroiliac disrup-
tions should first undergo external reduction, kept
steady with a large adhesive strip applied anteriorly,
after which the patient can be positioned properly for
the procedure. The percutaneous incursion is then
directed to stabilizing the posterior uni- or bilateral
lesion. If an anterior lesion is associated, it should be
fixed only if it threatens acetabular stability.

“Open Book” Fractures

“Open book” fractures represent an excellent example
of associated surgical and radiological treatment. An
open reduction of the pubic gap can allow one to look
for a possible vascular or visceral wound (of the blad-
der, for instance) and then to perform an accurate inter-
nal plate fixation [15]. Posterior fixation. especially in
bilateral injuries, should be performed a few days later
and lead to a really strong setting that will allow early
ambulation (Fig. 18.1).

Fig. 18.1. “Open book” fracture. Open reduction and internal fix-
ation of a pubic disruption using plate and screws. Later percuta-
neous fixation of a bilateral sacroiliac disruption
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Percutaneous Solutions

Percutaneous solutions have been more recently pro-
posed for acetabular fractures that are more complex
and require a highly accurate reduction to prevent
osteoarthritis. Delayed displacement, which would only
occur in unstable injuries, can be avoided by screw fixa-
tion [22]. Such a procedure is to be considered after
applying a traction device efficient enough to reveal
even a slightly displaced fracture. The main indications
are (1) frontal or sagittal fractures reaching from the
acetabular roof across the iliac wing, (2) posterior frac-
tures with threat of hip dislocation, and (3) fractures of
the upper part of the anterior column.

For posterior injuries, a percutaneous approach may
prevent periarticular ossifications from delayed occur-
rence, which would then require weighty treatment
(radiation therapy or surgery) [2].

“Non Indications”

Injuries considered stable do not require fixation as
long as they do not jeopardize the stability of the pelvic
girdle.

Such is the case for fragmented fractures (Al type of
Tile), notably of the ilium. For A2 fractures, considered
stable, the need for percutaneous fixation can be dis-
cussed. The main advantage of this solution is quick
eradication of pain and early ambulation. This option
can be used for patients at high risk for the complica-
tions of long bed rest [11,22].

Isolated fractures of the pubic rami need no special
treatment. When associated with a posterior injury,
however, screw fixation of this one will help in stabiliz-
ing the whole. Similarly, a fracture line of the anterior
column running ahead of the weight-bearing zone of
the acetabulum should not be operated.

An excessive delay required by a shaky state or by
the more urgent management of other pathology (e.g.,
neurological problem, infection) renders percutaneous
fixation a useless gesture since the fracture will become
stable on its own after 3 to 4 weeks and because any
undesirable callus or pseudarthrosis will be correctable
only by an open and generally difficult surgical pro-
cedure.

Further Considerations and Contraindications

The type and the degree of displacement is the essential
point in decision-making. Vertical shear fractures most
often require an open reduction and internal fixation,
especially if the displacement is larger than 15 mm.
Comminuted fractures of the sacrum accompanied
with neurological signs, especially when a spinal lesion

Fig. 18.2. Fixation of a comminuted acetabular fracture in a
96-year-old man who fell. He could sit in his armchair the day
after operation, i.e., 3 days after accident

is associated, must be investigated, decompressed, and
fixed by open surgery.

Comminuted fractures of the acetabulum, especially
when there is a gap between the fragments, must be
operated to restore a correct anatomical configuration.
In certain cases however, an additional percutaneous
fixation of some fragments can avoid a second open ap-
proach. An intra-articular fragment most often requires
quick removal through an opening. On the other hand,
in some cases when stabilization is more important
than the quality of reduction (e.g., in old age), a less
traumatic percutaneous intervention allows the patient
to sit and even stand quickly (Fig. 18.2).

The overall conditions of the injured person does not
always allow him or her to maintain the required posi-
tion, in particular the prone position that is mostly used
in the posterior approach (sacroiliac joint and posterior
column). Damage from skin and other soft-tissue trau-
ma can rule out the procedure if situated obstructively,
and can also prevent access for spinal anesthesia. When
the delay before intervention becomes too long for any
reason, and the patient remains bedridden, the advent
of bedsores requires abstention.

The Procedure
Preliminaries

Upon admission of the patient a traction device should
be applied as soon as the vital parameters allow. A
dislocation of the femoral head is reduced as soon as
possible.

The initial radiological evaluation limits itself mostly
to the frontal and oblique views, because it is now
known that the essential diagnostic step is a CT scan of
the whole pelvis with multiplanar and sometimes 3D
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reconstructions. Often accompanying this exam may be
one or more contrast-aided series investigating vascular
and visceral elements. If an abdominopelvic CT scan is
immediately performed (for instance in case of total
body screening), flat X-rays are redundant.

In unstable vascular situations, a pelvic clamp is set,
then an angiographic exploration, possibly followed
by therapeutic embolization, may be performed. This
represents no contraindication for a later fixation that
can be done as soon as the hemodynamic state of the
patient is normalized.

Protocol and Technique

The CT room is thoroughly cleaned and disinfected just
before the intervention. When possible, the anesthesia is
prepared in a room close to the CT. Access is restricted
to those whose presence is necessary, in sterile surgical
garb. Rigorous asepsis is mandatory throughout the
procedure.

The patient is settled in a comfortable position on the
CT table and metallic marks are emplaced on the skin
(usually spinal needles). A CT scan is executed in slices,
5mm thick for the sacroiliac joint and 3 mm for the
acetabulum. Indelible marks are made where the im-
plants are to be introduced prior to disinfecting and
dressing the skin. A transparent sterile veil is affixed to
the skin and CT gantry as a separation from personnel.

Appropriate surgical hardware is arranged on one or
two dressed tables. The procedure is generally led by a
radiologist and a surgeon or by two radiologists. If the
latter, a surgeon has to be on close call in case of an
emergency.

A skin incision of about 1 cm is performed and fol-
lowed by careful dissection down to contact with bone.
A guide pin is then hammered a few millimeters into the
bone. The position of the pin is monitored by some
slices of the same thickness as for the initial CT. When
the proper position is confirmed, the pin is advanced
with a drill (pneumatic or electric) until its extremity
can be seen beyond the fracture line. The length of the
screw can then be exactly measured with the CT
calipers. We use cannulated self-drilling and self-tap-
ping screws, preferably in titanium, which can be seen
tolerably well on MRI examination. For posterior arch
fixation, screws of 7 to 8 mm in diameter are chosen,
with a length from 60 to 140 mm according to the orien-
tation. For the acetabulum, we use screws from 4 to
6 mm in diameter, and the tip of the screw has to run 2
to 3 mm beyond the opposite cortex. Injuries of the pos-
terior arch are ideally fixed by two screws positioned in
two different planes and in different directions. A better
result is obtained when the shank of the screw lies im-
mediately adjacent to bone cortex and the tip is situated
beyond the median line. Only when the screw is in ex-

Fig. 18.3. Fractures of left sacrum and acetabulum fixed during
the same operation

Fig. 18.4a, b. Right sacroiliac disruption associated to a fracture
of the left acetabulum. a Single procedure fixation. b View of
sacroiliac fusion after 10 months

actly the right place and correctly tightened can the pin
be removed.

Ipsilateral or contralateral associated injuries can be
treated at the same time (Figs.18.3, 18.4). In case of
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Fig. 18.5. a Right sacroiliac disruption and fracture of left ala of
sacrum. b Bilateral fixation in a single procedure

bilateral lesions, two operators can act simultaneously
(Fig. 18.5).

The cutaneous breach is closed by one or two stitch-
es, with or without deep reinforcement. It is sometimes
possible to introduce two screws through a single 1.5 to
2 cm opening. It is not necessary to use drains because
the bleeding is usually less than 25 ml.

A final CT of the whole pelvis is obtained, the scout
view being used as a control radiograph. Reconstruc-
tions can complete the iconography. The patient, after a
short stay in a recovery room, is put back to bed. Stand-
ing is most often possible the next morning.

Surveillance, Complications

The various published series, as well as our personal ex-
perience (75 cases) at the Saint Roch Hospital in Nice
and H. Mondor Hospital in Aurillac, confirm this tech-
nique as one with very few complications.

Vascular, nervous, and visceral injuries are avoided
by a prudent approach. A careful preoperative study of
the trajectory, especially for structures at risk, and the

taking of control slices during the procedure assure
minimal risks. Thus far, no patient of ours has had to
undergo a blood transfusion as a result of the percuta-
neous procedure.

In our experience with sacral procedures, no screw
has threatened a nervous or vascular structure because
of a breach of the foramen. One screw placed in S1 via
an obliquely ascending route was seen to have its tip in
the L5-S1 disk, but without any clinical consequence.

No case of postoperative infection has thus far oc-
curred. We have injected a single dose of a first genera-
tion cephalosporin at the beginning of each procedure,
but other use of antibiotics has only been for problems
such as open fractures or visceral wounds.

During the initial postoperative phase, the patient
must refrain from weight bearing on the operated side.
Within this period a thromboembolic accident is pre-
vented by a systematic prescription of low molecular
weight heparin (LMWH). Painkiller is injected with an
automatic syringe on demand; it is rarely needed for
more than 48 hours.

We have had no case of secondary displacement or
failure of the implants. The traction device was most of-
ten removed at the end of the procedure (thus taking
advantage of the spinal anesthesia). In one case of fixa-
tion of a complex acetabular fracture and one case of
comminuted fracture of the femur, traction was main-
tained for two weeks.

A visit to the radiologist and surgeon is scheduled for
45 and 90 days post-procedure, then ideally after 6
months, the last two being preceded by CT examination.
We have to give notice that several of our patients who
incurred accidents while on holiday came from other
regions or even from foreign countries, and thus have
escaped our follow-up.

Results
Immediate

The acute painful phase did not exceed 48 hours in 87 %
of the cases, allowing for quick removal of venous access
for the less seriously wounded patients.

Sitting then standing with help was successful the fol-
lowing morning in 90% of the cases. The exceptions
were those with associated injuries of the spine or lower
limbs.

The patient could be discharged from hospital when
able to ambulate with crutches or equivalent device,
most often within 3 to 5 days. In some cases delay
occurred while the rehabilitation department sought
accommodation for the patient. More often the patient
was sent back home if there were no steps to climb and
if help was available, rehabilitation to proceed on an
outpatient basis.
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A perfect compression of the fracture was not always
achieved because of the interposition of small frag-
ments, in particular in fractures of the iliac wing, but
strong consolidation was finally obtained. The result
was radiologically satisfactory according to Jacob’s cri-
teria [13] in 83 % of the cases.

Delayed

Jobs were resumed after 3 months and normal preoper-
ative job activity was achieved in about 6 months. The
resumption of sport and leisure activities also began in
3 months. The persistence of daily pain after one year is
described in 15% of the cases, mostly after sacroiliac
injuries, and in 12% occasionally during efforts (the
average quotation being 3 on a pain scale of 10 maxi-
mum). Less than 7% of the patients, however, admit
being disappointed by the result.

The cautious indication for fixation of vertical shear
injuries allowed us not to find significant lower limb
length discrepancy. One patient had a 2 cm shortening
due to a fracture of the femur with faulty healing.

In one man a comminuted injury of the sacroiliac
joint turned into pseudarthrosis that required a further
conventional open fixation. He was a severely multitrau-
matized patient we received at the beginning of our
series, who could be operated only after one month, a
situation that can be now practically judged a bad indi-
cation. A delay longer than three weeks is now consid-
ered a contraindication to percutaneous screwing.

It will probably be necessary to accumulate experi-
ence over a longer period to be able to foresee the fre-
quency of osteoarthritic degeneration of the sacroiliac
joint, and most especially of the acetabulum, and to
estimate the influence that the screw and its position
might have on such degeneration and on possible hip
replacement.

Discussion

The functional (nonsurgical) treatment of unstable
injuries, at first reccommended, was found to be unsatis-
factory. Letournel’s development of open surgery
demonstrated that the posterior fixation is essential for
these lesions [6]. The technological improvements in
medical imaging and in data processing, as well as the
development of mini-invasive techniques, served to
increase the importance of percutaneous methods for
screw insertion under CT scan guidance and thus
include them in the field of interventional radiology.
The prone position is preferred for percutaneous
treatment of fractures of the posterior arch [14, 15] and
for the posterior approach of acetabulum [16]. The
lateral (Fig. 18.6) or oblique decubitus (Fig. 18.7) allows

Fig. 18.6. Fracture-disruption of right sacroiliac joint. Fixation in
lateral decubitus position

Fig. 18.7a, b. Bilateral sacroiliac disruption with symphysis pubis
disruption and left obturator foramen fracture; reduction with
external fixation. a View during procedure in oblique decubitus.
b Final view
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Fig. 18.8. Fracture of the anterior column of left acetabulum.
Fixation by the “Corsican Cape” technique

a combined approach, notably in associated injuries of
the sacroiliac joint and acetabulum [17]. The supine
position is used for the anterior approach to the acetab-
ulum and iliac wing.

In considering the CT slice running through the
acetabular roof, one notices it is very like the outlines of
the island of Corsica, leading to an easy characterization
of the intended approach. The insertion of anteroposte-
rior screw(s) following the longitudinal axis of the
acetabulum, used for the fixation of verticofrontal frac-
tures, has thus become Corsican Cape approach [18]
(Fig. 18.8).

Utilizing only fluoroscopy for fixation is dangerous
[19,20]. The CT scan is incomparably more precise. The
value of a combined technique, fluoroCT, has yet to be
adequately determined, and computer-guided naviga-
tion is under development [21, 22].

The creation of appropriate technical devices should
in the future allow performance of the procedures un-
der permanent traction, and thus widen the indications
to a larger number of C-type injuries. The realization of
associated procedures, open surgery and percutaneous
screw insertion, should improve treatment of some
complex fractures, especially of the acetabulum. A delay
is necessary of just 2 or 3 days between the two inter-
ventions (Fig. 18.9).

The introduction of mobile CT into the intervention-
al radiology room - or even the operating room - is
conceivable in trauma centers, which would release the
main CT scan for scheduled and emergency examina-
tions.

Fig. 18.9. Open reduction and internal fixation of left femur,
acetabulum, and iliac wing. Postage-stamp fracture of the right
part of sacrum. Percutaneous fixation by two screws one week
later

Conclusion

This “mini-invasive” approach of the traumatic injuries
of the pelvic girdle is manifestly promising. This can be
demonstrated by noting that, while only a few articles
were published during the first years, more and more
teams are now interested [23, 24]. The prospects for
further development are intriguing.

The development of simulation techniques and of
virtual imaging, in which certain teams are already in-
terested, should quickly improve the accuracy (already
noticeable) of these interventions.

The considerable shortening of the hospital stay [25,
26] and the small rate of complications add major
human and economic arguments to the attractive tech-
nical aspect of this therapeutic strategy, based on close
cooperation and confidence between surgeons and
radiologists.
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Chapter

Interventional Magnetic
Resonance Imaging

in Pain Therapy

Principles and Clinical Application

Philippe L. Pereira, Jan Fritz, Claus D. Claussen,
Bruno Kastler

Introduction and Overview

Back in 1952, Bloch (in Stanford) and Purcell (in
Harvard) received the Nobel Prize in physics for “their
development of new methods for nuclear magnetic pre-
cision measurements and discoveries in connection
therewith.” Five decades later magnetic resonance occu-
pies a central place in natural science and has evolved
into an essential tool in diagnostic radiology. The devel-
opment of different acquisition techniques as well as the
development of different configured MR scanners con-
tributed to the impressive development of medical MR
imaging over the last several years. And in intervention-
al radiology, MR imaging has begun to play a more and
more important role. Interventional MR imaging is a
methodology whereby MR imaging is used to guide
therapeutic procedures.
MR imaging offers unique features that make it suit-
able for interventional purposes:
o Excellent tissue contrast of T1- and T2-weighted MR
sequences with or without fat suppression techniques
e Multiplanar imaging capabilities that allow virtually
three-dimensional visualization of MR-compatible
interventional instruments, thus enabling the exact
delineation in difficult anatomic areas during proce-
dures
e Adequate temporal and spatial resolution necessary
to perform interventions
e No exposure of patients and interventional radiolo-
gists to ionizing radiation
o Identification of vascular structures without the need
of contrast agents.

And finally more sophisticated features available in

high-field MR scanners (field strength 0.5 Tesla):

e Measurement of different physiological information
such as diffusion, perfusion, and quantification of
flow

e Temperature monitoring, which is an essential fea-
ture in MR imaging-guided percutaneous thermal
ablation - by using radiofrequency (RF) or laser - for
the control of heat distribution
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In addition to the introduction of open configured
MR scanners, the development of MR-compatible inter-
ventional devices has introduced new diagnostic and
therapeutic possibilities for interventional radiologists
and surgeons. Dedicated MR scanners help to improve
patient safety during interventional MR imaging, re-
duce the invasiveness of certain surgical procedures,
and enable minimally invasive interventions.

Owing to technological progress, it has been made
possible to adapt essential interventional hardware such
as equipment for anesthesia and technical instruments,
including RF devices and therapeutical laser systems,
for use in an MR environment. This MR-compatible
hardware can be safely handled inside an MR unit, and
does not undergo stress or heating in a magnetic field.

The ability of preprocedural MR imaging with high
tissue contrast provides the interventionalist with ex-
clusive information for evaluation of the region of inter-
est (ROI), and for planning a procedure. The required
spatial and temporal resolution of MR images necessary
for MR-imaging guidance can be achieved with fast gra-
dient echo MR sequences at virtually all field strengths
(from 0.2 to 1.5 Tesla). Although real-time imaging as
obtained in X-ray fluoroscopy is difficult to achieve in
MR imaging, today practically all MR systems permit
near real-time imaging by image updates within sec-
onds. On one hand, this feature allows excellent naviga-
tion and position control of interventional devices in
difficult anatomic areas; on the other hand, in combina-
tion with physiologic tissue information, it offers
unique monitoring capabilities for therapeutic proce-
dures, in particular for thermal ablations or local injec-
tions.

With the technical improvement and the absence of
ionizing radiation of MR imaging guidance, virtually
any intervention can be performed. For a large number
of interventions, e.g., MR imaging-guided biopsies, in-
terventional MR imaging has successfully run the
gamut of feasibility studies [1]. Nevertheless, the appli-
cation of interventional MR imaging in pain therapy
still remains very limited. The same applies to micro-
surgical MR imaging-guided spine interventions [2]
and to joint infiltrations [3]. To ensure best therapeutic
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results in pain therapy, an interdisciplinary approach
that includes radiologists, anesthetists, surgeons, nurs-
es, and technicians has proved to be essential.

In summary, interventional MR imaging offers
unique characteristics in the localization of anatomic
and pathologic structures, allowing imaging-guided
placement and navigation of interventional devices and
enabling direct process monitoring of specific thera-
pies.

The Interventional MR Armamentarium

Even though interventional MR imaging is only at its
beginning, it is not precipitous to state that rarely has a
medical technique benefited so much from technical
developments. This progress is mainly related to the
sufficient access to the patient provided by an MR scan-
ner, specially designed for interventional purposes, and
to the MR-imaging compatibility of interventional de-
vices and equipment used both inside and outside the
magnetic field.

General Considerations
and Prerequisites

Following the same principles as applicable to diagnos-

tic MR imaging, interventional MR imaging likewise re-
lies upon the crucial role played by the strength of the
static magnetic field (B;) of an MR scanner. In general,
the lower the strength of the magnetic field, the longer
the acquisition time. Moreover, with low-field MR scan-
ners the quality of fast imaging and artifacts, such as
might be necessary for targeting interventional MR-
compatible devices, often remains poor. This drawback
is due to the reduced susceptibility, which depends on
the homogeneity of B,. In this context, new possibilities
are offered by the introduction of a new generation of
interventional high-field MR scanners with a short
magnet and a large bore (Magnetom Espree, Siemens,
Erlangen, Germany). With this new concept the former
compromise between patient access, image quality, and
duration of image acquisition is rendered unnecessary;.
interventional high field MR scanners allow the use of
fast and functional MR imaging without marked re-
strictions to patient access.

A prerequisite for fast MR imaging with sufficient
image quality is a gradient of at least 15 mTesla/m or
higher, and a gradient switch time of at least 900 ms.
Dedicated interventional open MR scanners are
equipped with MR-compatible in-room liquid crystal
(LCD) monitors that allow the interventionalist to re-
main close to the patient. In-room monitoring is partic-
ularly useful for direct MR imaging navigation during
the placement of interventional devices. A chair that

provides an ergonomic position for the interventional-
ist during the procedure, a flexible optical fiber lamp,
and a double pedal for optional device control have
proved to be useful interventional equipment.

Moreover, there are sophisticated navigation systems
(Siemens, and Marconi, Coventry, UK) that assist the
determination of skin entry points and the correspond-
ing optimal slice orientation for interventional MR
imaging guidance. The spatial orientation and position
of interventional instruments are detected with an opti-
cal lasers system (Polaris, Northern DIGITAL, Waterloo,
Ontario, Canada for Siemens) that provides continuous
information on the position of the device in relation to
the system.

Configurations and Designs

To perform interventional MR imaging. unrestricted ac-

cess to the patient is indispensable. In contrast to the

limited patient access of conventional closed MR scan-
ners, various new designs that have been introduced
permit interventional access even as scanning proceeds.

The new group includes open-bore MR systems

(Magnetom Espree, Siemens, 1.5 Tesla) providing pa-

tient access similar to a CT scanner and a still prototyp-

ical interventional MR scanner offering unrestricted
360-degree patient access (Fonar-360°-MRI, 0.6-Tesla,

Fonar Corporation, Melville, NY, USA). The following

list represents an overview of proven and promising

concepts, with differences in field strength, configura-
tion, and patient access:

e Low-field MR scanner (0.2 Tesla) generally has
horizontally oriented magnets resembling a c-arm
(Figs. 19.1,19.2) with a vertically oriented static mag-
netic field (Magnetom Concerto, Siemens; Panorama
0.23T, Philips Medical Systems, Eindhoven, The
Netherlands).

e The first open mid-field MR scanner (0.5 Tesla) con-
sisted of two vertically oriented magnets resembling
a “Double-Doughnut” and a horizontally oriented
static magnetic field (Signa SP, General Electric Med-
ical Systems, Waukesha, WI; Fig. 19.3). New genera-
tion mid-field MR scanners, however, also have
the c-arm design enabling horizontal patient access
(Panorama 0.6T, Philips).

e Additional open high-field MR scanners (1.0 T) suit-
able for interventional purposes were recently intro-
duced to the market. One new concept is based on a
short cylindrical open-bore magnet with a horizon-
tally oriented static magnetic field (Magnetom Espree,
1.5 T, Siemens). Other concepts are based on known
designs with horizontal patient access (Panorama
1.0 T, Philips).
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Fig. 19.1. a Open low field MR scanner in “C” configuration (Mag-
netom Concerto, Siemens) enabling comfortable patient position-
ing and horizontal patient access during interventional proce-
dures, with enough space for proper sterile covering. b Interven-
tional scenario with sterile covered puncture site. The in-room
monitor provides the interventionalist real-time MR images for
navigation and control

Interventional Low-field MR Scanners

The permanent magnet in an open low field MR system
(0.2 Tesla) has in general a “C” shape (Figs. 19.1, 19.2).
The magnetic field is oriented vertically between the
upper and lower poles. This design allows a horizontal
patient access of approximately 280 degrees. The field of
view allows interventional and diagnostic MR imaging.
The ring-shaped flexible receiver coils (Fig. 19.5) placed
around the patient can be shifted very easily in order to
gain access to the puncture site. The coils can be easily
covered sterilely. A close placement of the coil to the
puncture site is desirable in order to achieve a high
signal-to-noise ratio and best imaging quality.

Fig. 19.2. a Open low field MR scanner in “C” configuration
(Panorama 0.23T, Philips Medical Systems, Eindhoven, The
Netherlands). The image shows the c-arm shaped design. b The
image shows an interventional MR imaging scenario. Useful addi-
tional equipments are an MR-compatible in-room monitor for
navigation and real-time action control as well as an additional
workstation panel

Interventional Mid-field MR Scanners

The first open mid-field MR scanner was developed by
engineers of General Electric (Signa SP, General Elec-
tric) [4] (Fig. 19.3). The prototype of this system was in-
stalled at Brigham and Women’s Hospital, Boston, MA,
USA, in 1994. This MR scanner consists of a supercon-
ducting 0.5-Tesla magnet with imaging capacities close
to those of standard MR scanners. The central vertical
opening allows the interventionalist continuous patient
access during procedures. This type of configuration
allows virtually unlimited patient access. The difference
between this MR scanner and other superconducting
MR systems is the absence of a cooling system. During
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Fig. 19.3. The “double donut” MR scanner (Signa SP, General Elec-
tric) with a field strength of 0.5 Tesla. Owing to the ventrodorsal
opening two physicians have simultaneous access to the interven-
tional site. Additional implemented in-room monitors display MR
images to the interventionalist. Additional features include con-
nectors for electrocoagulation, lasers, and gases for anesthesia

the development special attention was given to its inte-
gration in an operating room. Thus this MR scanner has
most of the equipment necessary for surgery, to wit: a
surgical table, sterile covering especially adapted to the
receiver coils, two implemented screens for interactive
MR imaging control, a surgical lamp, connectors for
electrocoagulation, equipment for anesthesia, and final-
ly a communication system for verbal interaction with
the control room . This MR scanner has an integrated
localization system for interactive guidance that allows
exact positioning of instruments in defined spaces.
Furthermore, it is equipped with a second localization
system for detection and display of small coils located
on devices such as the tip of a catheter. The signal of
such a coil delivers the exact position of the catheter
and can be used to continuously adjust the level of the
MR images of the catheter (active tracking). Owing to
these two systems and to the field strength, it is possible
to perform MR imaging with a frequency of 20 frames
per second, i.e., near real-time imaging (MR fluoro-
scopy) of good quality. On the integrated in-room mon-
itors the movement of the instrument can be seen virtu-
ally as with conventional X-ray fluoroscopy.

Since this concept has turned out to be extremely ex-
pensive, the design of present interventional mid-field
MR scanners has changed toward horizontal access MR
scanners as known from the low-field MR scanners.

Owing to the field strength, these MR scanners again
allow performance of MR imaging with a frequency of
20 frames per second, providing near real-time visual-
ization on the integrated in-room monitors in the man-
ner of conventional X-ray fluoroscopy.

b

Fig. 19.4a, b. Ultracompact high-field MR scanner (1.5 Tesla) with
a short magnet (length 120 cm) and a large inner bore diameter
(70 cm) enabling patient access for interventional purposes.
a Apart from the patient access b similar to CT-guided interven-
tions, the high-field technology enables MR fluoroscopy for device
guidance and interactive real-time imaging as well as process
monitoring using acquisition techniques such as diffusion and
perfusion imaging and functional magnetic resonance imaging of
the highest quality during interventions

Fig. 19.5. Flexible RF coils available in different diameters
(Siemens). The flexible coils allow easy sterile coverage and can be
shifted during the intervention in order to facilitate sufficient
access to the puncture site.
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Interventional High-field MR Scanners

Apart from the open design with horizontal patient ac-
cess, the latest development in interventional high-field
MR imaging is a short closed open-bore MR scanner
(Magnetom Espree, Siemens) with a design similar to
a CT scanner (Fig. 19.4). The system consists of a 1.2 m
short 1.5-Tesla magnet with an inner diameter (bore) of
70 cm. This promising concept might set new standards
for interventional MR imaging in accessibility, flexibili-
ty, performance, and comfort.

The use of true high-field MR scanners for interven-
tional MR imaging makes it possible to take advantage of
high quality MR images without the previously described
limitations of an open low-field MR systems. These sys-
tems combine features of interventional MR imaging
such as MR fluoroscopy for device guidance and inter-
active real time imaging. as well as process monitoring
during interventions using new acquisition techniques
such as diffusion and perfusion imaging and functional
magnetic resonance imaging of the highest quality.

Safety Issues and Patient Monitoring
The MR Environment and MR Compatibility

The magnetic field, the RF pulses, and the gradients
contribute to the special conditions that characterize
the environment of an MR scanner. All materials
brought into the magnetic field (steel, titanium, plastic,
nickel alloy, aluminum, and tungsten, or polymerized
composites) cause image distortion of various degree.
This phenomenon is based on the magnetic susceptibil-
ity of and among different materials. The interactions

result in artifacts that can vary from less than one mil-
limeter to a complete distortion of the image.

Ferromagnetic materials most severely influence
magnetic fields and MR imaging. In general, conven-
tional steel instruments are composites with a high pro-
portion of ferromagnetic material that cause large arti-
facts and make MR images uninterpretable (Fig. 19.6).
For this reason, “MR compatibility” primarily concerns
non-ferromagnetic materials.

When using ferromagnetic equipment or devices in a
magnetic field, three types of interactions (inductions)
are especially important:

e Artifacts that severely compromise image quality
e Magnetic traction forces
e Heating of instruments to cause burns.

However, with the growing range of application of inter-
ventional MR imaging the definition of MR compatibil-
ity has moved beyond the simple concept of magnetism
related to the nature of the instrument. Beside the ques-
tion of how the selected material will influence the MR
signal other factors also have become important, in-
cluding magnetic field strength, the behavior of instru-
ments with different angulations to the magnetic field,
and the type and parameters of MR sequences used for
interventional MR imaging. For example, certain in-
struments known as MR-compatible may become invis-
ible in a position parallel to the orientation of the mag-
netic field. On the other hand, large bore needles (>14
gauge) produce disquieting artifacts when oriented per-
pendicular to the direction of the static magnetic field.
To a lesser degree, the frequency, the bandwidth, the
read-out direction, and the time of echo (TE) are addi-
tional factors that have the potential to influence the MR
signal.

Fig. 19.6a, b. MR-imaging-guided steroid infiltration of the
sacroiliac joints in a patient with sacroiliitis due to seronegative
spondylarthropathy. Comparison of MR imaging visualization of

a a conventional therapy needle (white arrow) and b a MR-com-
patible therapy needle specially design for MR-imaging-guided
interventions (white arrow).
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The need for MR-compatible instruments for inter-
ventional MR imaging has led to a new generation of
devices that combine good visualization and safe
handling in a magnetic environment. Today a broad
range of commonly used MR-compatible interventional
equipment is commercially available.

Visualization of Interventional Devices

Another prerequisite for interventional MR imaging is
the reliable and sufficient visualization of intervention-
al devices. Density difference is a more challenging
problem in MR imaging than in conventional X-ray flu-
oroscopy. The various methods of instrument visualiza-
tion in interventional MR imaging can be divided into
active and passive methods. Passive visualization is
more commonly used and easier to achieve.

Passive Visualization

Passive methods enable instrument visualization on

conventionally acquired MR images. This means that

instruments will be recognized on MR images without

additional equipment, recalculation, or post-process-

ing. The techniques that are employed for passive visu-

alization can be subdivided into three groups based on:

e decrease of MR signal intensity

e susceptibility to artifacts between the interventional
instrument and the surrounding tissue

e use of contrast media to increase the initial MR signal
intensity.

In the passive visualization of instruments, the inter-
ventionalist is continuously confronted with the follow-
ing problem: the loss of signal or the artifact produced
by the instrument needs to be sufficient to precisely
localize the position but not so strong as to otherwise
influence image quality and prevent precise instrument
localization [5]. Hence, it is possible that a fine needle of
0.7mm can generate an artifact of almost 8 mm in
diameter at a maximum angle of 90° related to the stat-
ic magnetic field (when using gradient echo imaging)
and on the other hand it will become almost invisible if
placed parallel to the orientation of the magnetic field
[6] (Fig. 19.7).

The method of passive visualization - loss of signal -
is based on the displacement of surrounding tissue by
the solid instrument. The contrast between the signal
extinction of the needle and the signal produced by
the surrounding tissue will allow the indirect visualiza-
tion of the instrument on the MR image. With this
method the quality of visualization is markedly depen-
dent on the resolution of the acquired MR image. The

majority of pertinent procedures require fast interven-
tional MR imaging. To achieve this it necessary to sacri-
fice resolution, which inevitably leads to decreased con-
trast. To increase speed, slice thickness is increased
as their number is decreased, which leads to decreased
resolution.

Passive visualization is appropriate for certain in-
struments, e.g., needles of caliber >20 gauge. However,
this method is not advised in laparoscopic interventions
or in interventions at the thoracic level, when the needle
needs to cross the air-filled chest where no MR signal is
naturally produced.

Another artifact mechanism commonly used in in-
terventional MR imaging is produced by the difference
of magnetic susceptibility between two distinct objects
in the human body, the principal example being when
air and tissue are in contact (Fig. 19.8). This difference
in susceptibility produces local inhomogeneities in the
static magnetic field that can be visualized. In interven-
tional MR imaging this type of artifact is frequently
used to visualize instruments in percutaneous interven-
tions such as biopsies. Initially, this phenomenon was
studied during biopsy under MR-imaging guidance [7,
8] and is now also applied in vascular interventions to
visualize catheters and guide wires [9, 10].

A third alternative for visualizing instruments is to
increase their signal intensity in comparison to the
environment by filling it with contrast medium. The
contrast medium reduces the longitudinal relaxation
time T1, which results in higher signal intensity. On MR
images with a short repetition time, the instrument will
appear bright compared to adjacent tissue (Fig. 19.9).In
this method the concentration of the contrast medium
is very important in order to avoid a T2* effect causing
a dephasing that leads to a disadvantageous loss of sig-
nal. This technique is especially useful in vascular inter-
ventions that require catheter visualization. The most
obvious disadvantage is the large diameter of the in-
struments needed for contrast medium injection.

Several other factors also are important in passive
visualization. One is the composition of the alloy em-
ployed. As previously described, a standard steel needle
(ferromagnetic) generates very large distortions in the
magnetic field and will produce a “black hole” on the
MR image. A pure titanium needle will be quite visible
but will have the disadvantage of being too flexible,
lacking the rigidity needed for good needle placement.
Another important factor is the type of sequence used
for visualization. As the gradient echo sequences are
more sensitive to heterogeneity of the magnetic field
than spin-echo sequences, needle artifacts will be am-
plified and increasingly apparent. Lastly, the strength of
the magnetic field and the diameter of the instrument
represent additional factors influencing the passive
visualization of instruments.
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Fig. 19.7a-d. Four MR images of a 13
gauge needle with different angles to the
static magnetic field By: a 0°, b 14°, ¢ 44°,

d 90°. The needle artifact steadily increases
width from 1.5 to 6 mm with relation to B,

Endartefakt: 31 mm

wahres Ende: 29.5 mm

Endartefakt: 34 mm

b wahres Ende: 29.5 mm

Endartefakt: 28 mm

d wahres Ende: 29.5 mm

Fig. 19.8. Susceptibility artifact of an 18 gauge needle. The artifact ~ Fig. 19.9. Catheter balloon (4/40 mm) filled with a solution of
is due to the inhomogeneity in the magnetic field gadolinium-DTPA (1:80) visualized with a balanced T1-weighted
gradient-echo sequence (right). On the left a syringe for reference.
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Active Visualization

Active visualization of instruments is a more complex
process that requires a MR signal emitted or detected by
the instrument itself. Two methods are currently used:
the “MR-tracking” technique where the applied signal is
detected by the instrument and the more frequently
used “MR-profiling” technique in which a mini-RF coil
that emits nonselective RF pulses is placed on the in-
strument. “MR-tracking” technique allows an acquisi-
tion frequency of about 20 images per second for a
given target volume [11, 12]. The instrument can be
identified according to the position of the mini-RF coil,
which allows the MR scanner software to place the slice
exactly on the instrument. The “MR-profiling” tech-
nique is based on a coil with a very small diameter
that is implemented in flexible (catheter or guide wire)
or rigid (needle) instruments. The instrument can be
identified by a MR signal superimposed on the corre-
sponding anatomical MR image. The limitation of these
methods is heating inside the human body due to local
production of energy [13, 14] and the complexity of
the system. Nevertheless, the possibility of identifying
the position of the complete instrument has come
to make this technique an essential tool for vascular
MR imaging interventions.

MR Imaging Techniques

Important factors to be considered in the choice of suit-
able MR sequences are the spatial resolution, the dura-
tion of image acquisition, and the signal-to-noise ratio.
In procedures requiring high-tissue-contrast fast-spin-
echo sequences (RARE, FSE, TSE, or LoLo) with an aver-
age acquisition time of more than 10 seconds per image
may be used. However, in fast spin-echo sequences tem-
poral resolution needs to be sacrificed in order to
achieve excellent tissue visualization. When using fast
gradient echo sequences (2d-FLASH, FAT, 2D-FISP, or
True-FISP) the opposite is true. Gradient echo se-
quences only need a few seconds for image acquisition
but image quality is decreased and artifacts appear
amplified. Gradient echo 2D sequences will be less
sensitive to motion artifacts than the gradient echo 3D
sequences. High-speed double-echo diffusion se-
quences with acquisition times of a few tens of millisec-
onds (with reading in a TR of the 256 lines necessary for
a space good resolution) and steady-state free preces-
sion (SSFP) sequences also known from cardiac cine
MR imaging (FISP, FIESTA) have proved to be excellent
sequences for ultra-fast MR image acquisition. In addi-
tion, SSFP sequences permit fast rebuilding and display
of the acquired MR images necessary for MR fluo-
roscopy. With dedicated MR scanners acquisition of
30 MR images per second at matrices of 256x256 were

reported [15]. Nevertheless fluoroscopic near-real-time
MR imaging is also possible on a low field MR scanner
(0.2 Tesla).

Patient Monitoring

Patient monitoring during interventions is a fundamen-
tal principle and of course is essential for interventional
MR imaging. Most important cardiovascular and respi-
ratory vital parameters must always be accessible dur-
ing interventional MR imaging. Certain procedures re-
quire neuroleptic analgesia or general anesthesia, which
can only be performed with special MR-compatible
equipment. Today, complete MR-compatible systems
not susceptible to magnetic influences are commercial-
ly available allowing complete monitoring in an MR
imaging environment [16, 17].

In the treatment of pain using interventional MR
imaging, the majority of the procedures can be per-
formed under local or neuroleptic analgesia where
monitoring of peripheral pulses, blood pressure, and
blood oxygenation is sufficient.

Contraindications for diagnostic MR imaging of
course remain valid for interventional MR imaging.
Most common contraindications for MR imaging are
the presence of Swan-Ganz catheters, metallic cardiac
valves, and implantable cardioverter/defibrillators, in
which the electromagnetic field can induce dysfunction
or damage. Most non-ferromagnetic biological cardiac
valves are MR compatible and thus do not preclude MR
imaging.

In general, orthopedic prostheses are non-ferromag-
netic and do not cause problems in magnetic fields low-
er than 0.5 Tesla. Certain tattoo or cosmetic products
containing ferromagnetic particles can also influence
MR signals. Finally, it is advisable to be careful in pa-
tients with metallic surgical clips or in those with histo-
ry of a recent colostomy or jejunostomy.

A known problem in patient monitoring during in-
terventions is the distortion of electrocardiographic
signals. Therefore, under certain conditions it might be
difficult to diagnose myocardial ischemia during a pro-
cedure. For this reason, in our department a history of
severe myocardial infarction contraindicates interven-
tional MR imaging.

In summary, only a skilled, experienced, and syner-
gistically working team of radiologists, anesthetists,
surgeons and technicians can safely work in interven-
tional MR imaging. The simple replacement of an MR
compatible battery with a battery containing ferromag-
netic parts can, for example, lead to a fatal interruption
of an MR intervention.
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Interventional MR Imaging in Pain Therapy

Acute and chronic lumbar back pain with or without
prolapsed intervertebral discs are a major problem of
public health in the developed countries. Radicular
symptoms caused by a dislocation of an intervertebral
disk, pseudo-radicular syndromes due to articular dis-
orders, and the localized pain due to inflammation of
the sacroiliac joints represent the most common painful
pathology. The number of surgically treated patients
has increased considerably over the last twenty years.
Unfortunately, most of these patients did not regain the
ability to work after surgery. Percutaneous techniques
on the other hand, which by definition are minimally in-
vasive, may prove more effective in spinal pain disor-
ders. Before the availability of computer tomography at
the end of 1980 these procedures were performed by
manual palpation. In 1989, Gronemeyer et al. reported
their first experiments of MR imaging-guided infiltra-
tions using a low-field MR scanner [18].

Microtherapy of Prolapsed Intervertebral Discs

The first experience of percutaneous nucleotomies was
reported by Hijikata in 1975 [19]. Further ablation in-
struments with a diameter of almost 1 cm were devel-
oped. These were placed under X-ray fluoroscopy by us-
ing trocars. Since 1988, MR scan has been used for guid-
ance.In addition MR-compatible automatic nucleotomy
systems were developed for MR systems with horizontal
access. The first laser nucleotomies were done with Ho
(holmium) or Nd-Yag (neodymium/yttrium/aluminum/
garnet) lasers.

Indication for the percutaneous treatment of a medi-
al or lateral disc prolapse is ineffective standard therapy
of six weeks. Contraindications are prominent disc her-
niation and sequestration or fragmentation of the inter-
vertebral disc. For MR-guided therapy the patients are
placed in the MR scanner in a prone or lateral position.
The skin entry point is determined by skin markers or
more quickly by the operator’s finger using MR fluo-
roscopy as implemented by a balanced T1-weighted se-
quence in transverse orientation. The planned track for
the therapy needle is superior to nerve roots. After
sterile draping and wide disinfection, an 18 to 21 gauge
therapy needle (Somatex, Teltow, Germany or MRI-De-
vices Daum, Schwerin, Germany) are placed under MR-
fluoroscopy guidance. Local anesthetic (1-2 ml of lido-
caine 1%) is administered through the needle and cor-
rect position of the needle tip is verified by injection
into the disc of diluted contrast medium (gadolinium
DTPA). Parameters of MR fluoroscopy may be three
slices with an interval of 0.3 mm. The correct position of
the needle tip is in the middle of the disc, verified three

dimensionally by multiplanar transversal, sagittal, and
coronal MR images. The laser nucleotomy is carried out
through the therapy needle using an Nd-YAG laser
(MBB, Munich, Germany; 10 Watts, impulses of 1 second
duration and fibers of 0.4 mm) or a double laser consist-
ing of an Nd-Yag and Ho-Yag laser (Micromed, Bochum,
Germany). Maximum number of impulses should be
1,500 (above 1.5 kJ). The process is monitored with fast-
gradient echo-sequence MR images every 20 impulses.
In the event of adverse effects such as excess heat, the
application must be interrupted for a few minutes. A
maximum of 180 impulses may be advised [20]. Finally,
in order to reduce inflammatory reaction, a local injec-
tion of 40 mg of triamcinolone is administered after
laser nucleotomy. In the absence of complications, the
patients can be treated in an outpatient setting and be
able to leave the hospital after 3 hours’ observation.

In a study comparing standard percutaneous nu-
cleotomy (N = 110) [21] with nucleotomies carried out
with a Nd-Yag laser (N = 116) [22] in patients with lum-
bar disc prolapse, Seibel and Grénemeyer could not
show significant differences in the clinical outcome be-
tween these two methods, but laser nucleotomy was
considered the easier technique. By using laser ablation,
nearly 80% of patients benefited from the percutaneous
treatment with a complete reduction of pain. The neu-
rological signs improved in 92% of the cases. One pa-
tient in each group developed an infectious spondy-
lodiscitis and 25 % of the patients reported symptoms of
radicular irritation persisting for 3 to 5 weeks after the
intervention.

Facet Joint Block

Low back pain without ischialgia is often caused by
osteoarthritis of the intervertebral joints (facet joints,
zygapophyseal joints). A diagnostic block of the affected
facet joints consists of the para-articular infiltration of
1-5ml of a local anesthetic (ropivacaine; Naropin,
AstraZeneca, Wedel, Germany). The procedure should
always be performed bilaterally at the level of the lower
lumbar segment, and some authors recommend the si-
multaneous infiltration of the upper segment [23, 24]. It
is necessary to distinguish two techniques: the intra-ar-
ticular block and the blockade of the medial ramus of
the dorsal nerve located dorsolateral to the interverte-
bral joint.

In general, facet joint blocks are indicated in the pres-
ence of low back pain without radicular irritation and
resistance to conventional therapy (consisting of anti-
inflammatory drugs, analgesics, and physiotherapy).
Local infections, coagulation disorders, neoplasia, and
inflammatory lesions of the vertebral bodies are con-
traindications for the intervention. Facet joint blocks
are not recommended for major neurological deficits
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Fig. 19.10. Placement of a epicutaneous contrast grid (TargoGrid,
Daum) for determining skin entry points and planning the needle
track to facilitate an accurate facet joint block. The plastic grid is
filled with a solution of water and gadolinium-DTPA, shown as
epicutaneous hyperintense points on a T1-weighted MR image

clearly localized to a certain dermatome. A disc pro-
lapse does not contraindicate a facet joint blockade.

For facet joint blockade the patient is positioned in a
stable and comfortable ventrolateral position. After
localization of the level of the facet joints using T1-
weighted spin-echo sequences, our procedure is to place
a contrast-water filled grid (TargoGrid, MRI-Devices
Daum) on the skin in order to plan the level and the an-
gle of the puncture (Fig. 19.10). Following the wide and
careful disinfection of the puncture site, an 18 gauge
needle (MRI Edition 2000, Somatex) is placed under
MR-fluoroscopic guidance. The infiltration is carried
out approximately 1 cm dorsolateral to the facet joint
(Fig. 19.11).

If pain clearly improves a definitive neurolysis, e.g.,
with alcohol, can be performed. The first surgical neu-
rolysis of the facet joints were reported by Rees in 1971
[25], followed by electrocoagulation a few years later.
Other approaches are cryotherapy and (more promis-
ing) radio-frequency ablation [26]. Percutaneous neu-
rolysis is achieved by the local injection of 1-2ml of
ethanol (96-98%) in combination with a local anesthet-
ic. In order to avoid complications to the nerve root due
to the diffusion of ethanol [27], it is possible to monitor
diffusion of the solution by adding 1ml of diluted
gadolinium-DTPA (1:80; Fig. 19.12). Similar to the diag-
nostic block, the denervation is performed on at least
one pair of facet joints. In our experience, this proce-
dure produces good results in nearly 70% of the pa-
tients. It is known that in a certain number of patients
regression of the pain occurs within a period of 3 weeks
after the diagnostic measure, without further treat-
ment. Therefore, in our institution a denervation is

Fig. 19.11. Correctly placed therapy needle (18 gauge) for a diag-
nostic facet joint block (white arrow). A standard anesthetic is
administered

Fig. 19.12. T1-weighted spin-echo MR image demonstrating dif-
fusion of a diluted gadolinium-DTPA solution (1:80) dorsolateral
to the facet joint

done only after 3 weeks have elapsed following the diag-
nostic procedure.

In the case of no response from the para-articular di-
agnostic block, an intra-articular infiltration of the facet
joints can be considered. The intra-articular interven-
tion is carried out in manner similar to the para-articu-
lar infiltration: localization of the facet joint using a
T1-weighted spin- echo sequence, marking of the skin
entry points, careful disinfection and percutaneous in-
tra-articular placement of a 19.5 gauge needle into the



Chapter 19  Interventional Magnetic Resonance Imaging in Pain Therapy

189

facet joint. To ensure accurate needle placement, serial
MR images are required. To reduce the time of interven-
tion, we use fast single-slice MR sequences or MR fluo-
roscopy in non-obese patients. Following correct place-
ment, 1 ml of a steroid-anesthetic mixture (triamci-
nolone 40 mg - ropivacaine 0.5%) may be injected.

Periradicular Infiltrations

Periradicular infiltrations can be performed ex-
traforaminal or intraforaminal extradural. In interven-
tional MR imaging, extraforaminal nerve root infiltra-
tion is preferred in order to avoid an accidental punc-
ture of the dural sac and injection into the spinal canal.

Common indications are compression due to pro-
lapsed intervertebral discs, stenoses of the spinal canal,
intervertebral foramina, or of the recess between the
dorsal wall of the vertebra and the lateral foramen and
finally surgical failures. Back in the 1980s the procedure

Fig. 19.13a,b. Series of MR images demonstrating the MR-fluo-
roscopy-guided placement of a therapy needle close to the L5
nerve root

was carried out under fluoroscopic guidance [28] and
periradicular infiltrations were performed under CT
guidance. In 1995 Gronemeyer et al. performed such an
intervention under MR imaging [29].

For MR-imaging-guided procedures in our institu-
tion we use 18 gauge needles with a length 10 cm (MRI-
Devices Daum or Somatex). The placement of the nee-
dle is performed either with MR fluoroscopy or with
serial MR imaging in step-by-step imaging technique
(Fig. 19.13). The puncture is carried out on the level that
has been localized at the inferior third of the total inter-
vertebral space, using a lateral needle approach. As the
needle tip can precisely be localized with MR imaging, a
test injection using a diluted gadolinium solution does
not seem necessary to us. Following the verification of
the correct needle position, a steroid/anesthetic mixture
(Triamcinolone 40 mg, Ropivacaine 0.5%) is injected.
The intervention can be repeated 3 or 4 times at inter-
vals of 4 to 6 weeks. On a series of 370 patients treated
with use of an MR scanner, after the first infiltration im-
provement of symptoms was observed only in 15% of
the patients. But 72% improved after four successfully
performed infiltrations [30].

Complications of periradicular infiltrations are rare
and consist mainly of nonbacterial spondylodiscitis
with spontaneous remission. Patients with acute gastric
ulcers are not candidates for the procedure.

Sacroiliac Joint Infiltrations

The sacroiliac joints are a frequent source of low back
pain. In fact, these joints are considered to be the origin
in 25% of patients presenting with low back pain. Like
the facet joints, the articular capsule and the joint itself
are often responsible for pain of degenerative origin.
The joints receive sensory fibers from the dorsal rami of
the nervous roots L4 to S3. Contrary to pain originating
from facet joints, pain originating from the sacroiliac
joints may be unilateral. If patients present with distally
radiating pain, the radicular signs are often missing.

In general, infiltration of the sacroiliac joints is indi-
cated in patients with persisting pain despite conven-
tional triple therapy (non-steroidal anti-inflammatory
drugs, analgesics, and physiotherapy) for a period of at
least three months. The efficacy of steroid injections
with X-ray fluoroscopy or computertomography-guid-
ed procedures [31, 32] has already been reported with
improvements lasting for periods of at least 9 months.
These promising results were confirmed in a double
blind steroid-versus-placebo study by Maugars et al.
[33]. The first results of MR imaging-guided infiltration
of the sacroiliac joints were described in 2000 [3, 34].
Clinical response was deemed good to excellent in eight
of 10 patients with a subjective improvement for a mean
of 13.5 * 5.4 months (time range, 5-19 months). The
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Fig. 19.14. MR-imaging-guided infiltration of the sacroiliac joints
with the needle tip (gray arrow; approximately 15 mm) located in
the articular space

overall pain reduction and remission time was at least
as good as achieved with CT or fluoroscopic techniques.

In this procedure MR-imaging guidance has undeni-
able advantages. It allows precise localization of the sub-
chondral bone marrow edema and subsequent needle
placement at the level of the determined inflammation,
thus leading to an accurate infiltration of the inflamed
area. Especially in the treatment of generally young
patients (the average age of the patients in our series
was 26.4 years), another advantage is the absence of
ionizing radiation

In our institution intra-articular MR-imaging-guid-
ed sacroiliac joint infiltrations are performed with pa-
tients in prone position using a flexible single-loop cir-
cular RF coil with a diameter of 35 or 45 cm. MR-imag-
ing evaluation of the subchondral bone marrow edema
is performed using an inversion recovery MR sequence
(TIRM sequence). Following the epicutaneous place-
ment of a visible grid (TargoGrid, Daum) a T1-weighted
spin-echo sequence is used for the anatomic planning of
the puncture. The determined skin entry points are
marked with nifedipine capsules (Adalat 5, Bayer AG,
Leverkusen, Germany) or with the “finger-pointing”
technique. After careful disinfection of the puncture
site, 5ml of a local anesthetic (lidocaine) is subcuta-
neously and extra-articularly instilled. Placement of
the titanium-nickel needle (0.9 mm X 100 mm; Edition
2000, Somatex) is navigated either with a fast-gradient
echo sequence with image acquisition every 10 to 21
seconds or with MR fluoroscopy (True-FISP sequence).
For verification of the intra-articular localization of the
needle tip, perpendicular-gradient echo MR sequences
with axial orientation to the needle are used (Fig. 19.14).
In obese patients if corrections of the orientation of the
needle are necessary, the patient must be pulled out of
the MR scanner. Following the verification of the cor-
rect position of the needle tip, 40 mg of triamcinolone

(I ml) are slowly injected. To evaluate morphologic
changes all patients are examined using a closed 1.5-
Tesla MR scanner (Magnetom Vision, Siemens) prior to
MR-imaging-guided infiltration of the sacroiliac joints
(on average 7 days prior to intervention in our experi-
ence) and three months following the procedure.

Clear improvement of the painful symptoms was ob-
served in nearly 80% of the 92 treated patients after the
first infiltration, which was performed bilaterally in the
majority of cases. Patients without response following
the first infiltration did benefit from a second injection
in 75% of cases. Drug therapy could be reduced gradu-
ally in 50% of cases. Continuation of physiotherapeutic
treatment, however, is advised in order to promote fur-
ther improvement. Noteworthy is that spondylartho-
pathy subgroups Undifferentiated Spondylarthropathy
and Ankylosing Spondylitis showed significantly differ-
ent results. While response rate was comparable in the
two subgroups, patients with undifferentiated spondyl-
arthropathy had a greater benefit from the intervention
because pain reduction and remission time was signifi-
cantly higher and recurrence rate significantly lower for
them than for ankylosing spondylitis patients. Since
undifferentiated spondylarthropathy today can be con-
sidered an [35] early form of ankylosing spondylitis,
patients displaying the pertinent clinical features
should be treated as early as possible.

Lumbar Sympatholysis

For more than 20 years lumbar sympatholysis has been
an established treatment of peripheral pain in patients
with occlusive arterial diseases. Other indications are
hyperhydrosis, dystrophic reflexes, and the pain caused
by irritation of the sympathetic trunk. In former times
the ethanol injection necessary for the lysis of the sym-
pathetic nerve were performed under X-ray fluoroscopy
or even without radiological control, which was not
surprisingly associated with a considerable number of
abdominal complications. Today this intervention is
generally performed under imaging guidance [36, 37].
For MR-imaging-guided sympatholysis, the patient is
placed in a ventrolateral position in the MR scanner
[37]. Initially, transverse T1-weighted gradient-echo
MR images are acquired at levels L3 through L5. After
identifying the ureters, the precise location of the sym-
pathetic nerve trunk and sympathetic ganglia (in the
triangle between the vertebral bodies and the median
edge of the psoas muscle) is determined. In order to es-
timate the angulation of the needle and length of the
needle track, a virtual track can be drawn on the trans-
verse MR image at the MR workstation. After careful
disinfection of the puncture sites, local anesthetics are
instilled at the determined skin entry points. A long
therapy needle (150 mm, 20 gauge, Micromed, Bochum,
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Germany) is introduced using free-hand technique. Af-
ter approximately 3/4 of the insertion, the patient is
pulled back into the MR scanner to complete needle
placement under serial MR imaging (True-FISP se-
quence) control. Following a negative aspiration test,
10 ml of a mixture of bupivacaine (Carbostesin 0.25 %,
Astra Chemicals, Wedel, Germany) and 0.1 ml gadolini-
um-DTPA is injected The injection is monitored using
transverse MR fluoroscopy. Owing to the insufficient
visualization of the needle tip in some cases, a prelimi-
nary test injection of contrast medium is strongly ad-
vised. During the intervention the interventionalist can
follow the procedure on an in-room monitor and, if
indicated, the position of the needle can be modified.
The predictive test using contrast medium and visual-
ized by MR imaging is followed by the injection of 6 to
10 ml ethanol (concentration: 96 %) for complete sym-
patholysis (Fig. 19.15). Another option is the placement
of a flexible catheter in the triangle of the sympathetic
trunk and use an infusion pump to achieve a continu-
ous injection of an anesthetic agent (Ropivacaine 0.5%
or Bupivacaine 0.25%).

Immediately after the procedure, the lower limbs of
the majority of the patients are hyperemic, but in our
study of 93 patients no complications were observed. In
a larger series of patients, sensory deficits of the gen-
itofemoral nerve were reported in 5 to 18 %, and sexual
disorders were reported in 2 to 9% of the patients treat-
ed by sympathicolysis [37]. A disadvantage of MR-imag-
ing-guided sympathicolysis is the sophisticated nature
of the technique. For example, a 150 mm long needle
will easily be “lost” on transverse MR images if patient
movement occurs. The readjustment of the image plane
on the needle requires additional MR images leading to
additional needle time. If the intervention is performed
by an experienced interventionalist, in our experience
laser systems for navigation do not contribute to faster
interventions. Such systems seem rather to prolong
interventions because of the several stages necessary to
initialize the different steps of the procedure.

Summary

Dedicated interventional MR scanners allow good pa-
tient access for the accomplishment of the majority of
the percutaneous interventions currently performed
under X-ray fluoroscopy or computer tomography.
Interventional MR imaging is a trade-off between ideal
patient access and sufficient imaging quality, especially
when using low-field MR scanners. New open high-field
MR scanners with a short magnet and a large bore (e.g.,
Espree, Siemens) appear to promise interventional MR
imaging that offers sufficient patient access, excellent
high-field MR image quality, plus the integration of new
MR-imaging techniques. Due to the development of

Fig. 19.15. MR-imaging-guided sympatholysis in a patient with
pain in the lower limbs. The needle tip (white arrow) is located in
the triangle of the sympathetic trunk (image rotated)

MR-compatible devices almost all instruments needed
for pain therapy are commercially available. With the
increasingly powerful hardware and the known advan-
tages of interventional MR imaging, this technique
seems bound to become a standard technique in the
interventional radiology of tomorrow.
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Chapter

Treating Painful Osseous
Metastases by Internal
Radiation Therapy

Hatem Boulahdour, Sébastien Klingelschmitt

Introduction

Among frequent consequences - e.g. neurological prob-
lems, pathologic fractures, osseous tumefaction, and
hypercalcemia - painful bones are the most common
indicator of osseous metastases (occurring in approxi-
mately 79% of cases). Pain has an extremely negative
impact in oncology because patients tend to associate
the severity of their condition with the intensity of pain.
It is estimated that 40-50% of patients at all stages of
cancer suffer pain.

The subjective nature of pain merits a clinical ap-
proach based on an overall evaluation of the patient and
not merely the illness itself. This implies thoroughly in-
vestigating the cause of pain, whether it come from a tu-
mor, or perhaps even therapy. The medical approach
adopted in treating the cancer patient very often
amounts to evaluating the intensity of pain experi-
enced. The objective of the various therapeutic methods
is to treat pain and also to prevent fractures, maintain
activity and mobility in order to prolong longevity
when possible. or at least improve the quality of life. Nu-
merous studies have shown that such pain is inade-
quately treated in 30 % of cases.

There are specific treatments available for both skele-
tal metastases and symptomatic treatment of pain. The
latter includes surgery, external beam radiation, and
chemotherapy, all aiming to reduce pain from osseous
metastases by destruction or reduction of tumor mass.

External localized radiation is effective when the
number of painful areas is low. Studies have shown that
70% of patients who have had relief from radiation
therapy did not go on to develop pain in the radiated
area. Its clinical utility is more limited at the dissemina-
tion stage because it is then necessary to use the hemi-
corporal radiation method, which has shown high rate
of morbidity despite quite a good success rate.

The symptomatic treatment of metastatic pain in-
cludes drug treatment such as antalgics and adjuvants
such as corticoids, and invasive methods such as inter-
ruption of pain pathways and analgesic electro-stimula-
tion. which tend to reinforce physiological inhibition.

20

For multiple metastases, antalgic palliative radiation
with the aid of systematically administered radiophar-
maceuticals appears to be a very useful therapeutic ap-
proach. The objective here is to relieve pain by destroy-
ing secondary tumor cells in bones. But there is no sim-
ple relationship between tumor destruction and pain
relief, and so the mechanism of the antalgic effect of
ionizing radiation (gamma or electronic rays) is not
completely clear. At least part of the effect would seem
to come from reduction, not only of the size of the tu-
mor, but also of the surrounding inflammatory reac-
tion. Thus periosteal tension, a major cause of painful
bones, is reduced.

Agents used in internal radiation therapy must exclu-
sively target osseous metastases. Osseous metabolism
markers are used which are, however, nonspecific to os-
seous metastases. They are concentrated in zones where
osteoblastic metabolism activity is increased. There-
fore, osteolytic (osteoclastic) metastases cannot be
treated in this manner. Attempt must be made to reduce
nonspecific radiopharmaceutical fixation as much as
possible. Optimum physical characteristics of the ra-
dioisotope used must be ensured, notably a very short
ray emission distance. Radiopharmaceuticals must fur-
ther be non-toxic, of low cost, and composed of a readi-
ly available radioelement.

Various markers have been proposed in the treat-
ment of osseous metastases: phosphorus 32, iodine 131
linked to a phosphonate, yttrium 90, tin-117 m DTPA
(diethylenetriamine pentacetic acid), rhenium 186
HEDP (hydro-ethylidene diphosphonate), strontium 89,
and samarium 153 EDTMP (ethylene-diamine-tetram-
ethylene-phosphonate). Only the latter two possess
optimum physical and pharmacological characteristics.
The antalgic efficiency of strontium 89 varies between
66-82% for doses of 1.1-1.5 MBq/kg. This agent ap-
pears to be a useful adjuvant treatment when coupled
with localized external radiation therapy since it has
been shown to significantly delay the appearance of
new painful bone sites. In any case, due to its long
radioactive half-life (50 days) dose rate is low. Myelo-
toxicity is prolonged, delaying the possibility of myelo-
suppressive treatment (other radiation therapy or
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chemotherapy). (We have kept our supply of samarium
153 EDTMP because it is the element with which we are
most familiar.)

Agents and Indications

As far back as 1986, Goeckeler et al. presented samari-
um 153 as a radioisotope that can be used for therapeu-
tic purposes in bone. It emits beta rays with the follow-
ing three maximum energies: 810 KeV (20%), 710 KeV
(50%), 640 KeV (30%). Beta particles providing the
therapeutic effect have a short trajectory within tissue
(1.7 mm maximum in bone). Due to its radioactive half-
life of 46.27 hours, samarium 153 can be administered at
a relatively high rate, allowing a significantly increased
dose rate over a short time span when secondary
osseous tension occurs.

Samarium 153 is linked to the diphosphonate ligand
EDTMP (or lexidronam). This is an osteophilic com-
plex; a chelating agent from the tetraphosphate family
with a high affinity for bone tissue, comparable to
agents used in osseous scintigraphy. The favorable
pharmacokinetic characteristics of this ligand, when
used in conjunction with samarium 153, make metabol-
ic radiation therapy of osseous metastases possible.

Samarium 153 EDTMP targets osteoblastic lesions
with high binding ratio for both tumoral bone/normal
bone and tumor/soft tissue (5/1 and 6/1 respectively).
Samarium is indicated in the treatment of pain from os-
seous metastases in all types of cancer. Due to its cost
however, it is indicated only after the failure of conven-
tional therapies (drug and radiation therapy). Its indi-
cation after drug treatment is usually due to failure of
major antalgics (necessitating a large dose) or to nega-
tive side effects of the treatment. It is called for follow-
ing radiation therapy when the treatment of sites of
pain is no longer possible or when painful areas are so
numerous as to require an overly large radiation field.
The wide indication of this radiopharmaceutical in the
treatment of metastases of all types of cancer, and not
just prostate cancer (for which strontium 89 is only
used) must be stressed.

Contraindications

Samarium 153 EDTMP is contraindicated in patients
with a known hypersensitivity to EDTMP or to phos-
phonate derivatives, in pregnant women, and in patients
who have undergone chemotherapy or hemicorporal
external radiation therapy within the previous 6 weeks
(due to myelosuppression). Samarium 153 EDTMP is
only used as a palliative treatment and must not be used
in conjunction with chemotherapy because of the risk
of aggravating myelotoxicity. A low uptake on bone

scintigraphy using bisphosphonates indicates that
samarium 151 EDTMP treatment should be avoided.

Methods

The precise activity of samarium is calculated accord-
ing to the patient’s weight (37 MBg/kg or 1 mCi/kg). On
the date of administration the patient is put on a 500 ml
IV drip of physiological saline. A slow injection of
samarium is performed into the catheter. Following
this, a further 500 ml of saline is administered. The pa-
tient is kept for 5-6 hours for collection of radioactive
urine in an appropriately adapted container.

Complications, Side Effects, Surveillance
Immediate Toxicity

Approximately 8% of patients experience a transient in-
crease in bone pain, known as a “paradoxical reaction,”
shortly after the injection. This side effect usually
occurs within 72 hours of the injection and is generally
moderate and brief, lasting approximately 48 hours. It
usually helped by analgesics. Other side effects include
asthenia, nausea, vomiting, diarrhea, peripheral
swelling, headaches, hypertension, vertigo, muscle
tiredness, confusion and sweating. To date, no study has
demonstrated that samarium 153 EDTMP is causative.
There have been rare cases of bone marrow compres-
sion, disseminated intravascular coagulation, and
stroke; a possible relationship between these complica-
tions and the underlying illness cannot be ruled out. In
cases of spinal column metastases, an increased risk of
spinal cord compression cannot be excluded.

Secondary Toxicity

Secondary toxicity is exclusively due to myelotoxicity.
Two controlled studies highlighted this toxicity, which
manifests itself by a reduction in leukocyte numbers of
49-51, of platelet levels by 43-45%, and a commensu-
rate decrease in hemoglobin levels. Myelosuppression is
moderate in 90% of treated patients. The number of
leukocytes and platelets have been found to drop to
their lowest levels 3-5 weeks following treatment. This
myelosuppression has been experienced as reversible,
however, with platelet, leukocyte and hemoglobin levels
returning to normal 8 weeks after treatment. The rela-
tionship between treatment and a reduction in hemo-
globin levels remains debatable. Indeed, levels were
only marginally lower in the treated group of patients
than in the untreated group. Indeed, hemoglobin levels
are often quite low in these patients to begin with, and
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thus the role of samarium 153 EDTMP in the develop-
ment of anemia is difficult to evaluate.

Results

Analysis of efficiency focused on response to treatment
and response to antalgic treatment. The differences ob-
served among the different studies may result from the
choice of analytic criteria and patient randomization.
Figure 20.1 is of a successfully treated case.

Pain Relief Evaluation

Pain relief is classified as complete, partial, or non-exis-
tent. Complete pain relief corresponds to a complete
absence of pain without any intermediate increase;
the partial response corresponds to a reduction in pain
without any further increase. Complete relief was
achieved in 37.5% of patients and partial relief in
40.3 %, meaning that a measure of purpose was served
in 77.8%. The median delay between the injection and
the start pain relief was 12 days (3-35 days). The average
duration of pain relief was 2.6 months (0.5-12 months).
Other studies have reported similar results.

Evaluation of Response to Antalgic Treatment

Treatment is classified in terms of levels:

e 0:no pain treatment necessary

e I: non-opioid antalgics +/- adjuvant

e II: low-dose opiates +/- adjuvant

e III: strong opiates (morphine and derivatives) + non
opiate antalgics +/- adjuvant.

Reduction in analgesic dosage levels was observed in
32% of cases and a reduction by one or more therapeu-
tic levels was noted in another 44.4 % of cases. The over-
all positive response rate was thus 76.4%. Other studies
have reported similar response rates.

Effectiveness in the Treatment of Primary Cancer
Different types of cancer have been evaluated according
to their response to this treatment.

Therapeutic Efficiency Against Pain

In prostate cancer 79.1% of patients showed complete

or partial relief from pain. In breast cancer the figure
was 76.1%, and in other cancer types 72.7 %.

Fig. 20.1. The case of a 63-year-old male suffering from prostate
cancer for four years and undergoing hormone-resistance treat-
ment for 8 months. Four months previously he began to experi-
ence pain in the pelvis, dorsal spine, and rib areas, unrelieved by
nonopioid antalgics and only partially relieved by opioids. This
pain became debilitating, curtailing the patient’s activities and
obliging him to spend 50 % of the day in bed. An osseous scintigra-
phy highlighted several areas of osseous markers’ hyperfixation
leading to the suspicion of bony metastases, especially in the left
sacroiliac joint, the dorsal spinal column, and the ribs. Treatment
by samarium 173 EDTMP was performed. The procedure was a
complete success with total pain relief after one week. Blood test
results showed a slight drop in hemoglobin and white blood cell
levels, which did not require a transfusion. The effectiveness of
this treatment allowed the patient to resume some activities and
the pain relief lasted for four months. Anterior and posterior views
are seen

Therapeutic Efficiency of Antalgic Treatment

In prostate cancer 58.3% of patients dropped one or
more therapeutic level in their analgesic treatment
(good or very good response). A moderate response was
observed in a further 10 patients (20.9%). The positive
response rate in antalgic treatment is 79.2%
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Duration of Pain Relief

In our study the maximum duration of the antalgic
effect was 12 months, confirming data in the literature
that generally reports an interval ranging from 2 weeks
to 16 months.

Conclusion

Internal radiation treatment has shown to be effective
in treating pain from bone metastases. Results are often
dramatic, with a moderate and predictable toxicity that
is (most importantly) reversible after 8 weeks. Duration
of antalgic effects can be as long as 12 months, and the
treatment can be repeated without reducing effective-
ness. Our experience has shown preserved efficiency
after several administrations. The integrity of blood cell
lines must be ensured. This treatment has shown to be
effective in treating pain due to metastases in all types
of cancer and not only in prostate and breast cancer.
Our experience has shown that the earlier the treatment
is administered in the natural development of the
illness, the less intense the medullary toxicity. This
treatment is complementary to external beam radia-
tion, which can be carried out even if samarium 153
EDTMP proves to be ineffective.

Some of our results have shown a reduction in PSA
secretion in prostate cancer; we observed such an effect
approximately one month after treatment. A possible
curative therapeutic action on metastases is suggested.
Indeed, research has already commenced on the use of
samarium 153 EDTMP for curative purposes.
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