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Foreword

It is my honor to write the foreword for Multimodality Imaging Guidance in Interventional
Pain Management, edited by Samer Narouze, MD, PhD. Over the past several decades,
advances in imaging technology have fueled the growth of interventional pain pro-
cedures. Real time fluoroscopic, sonographic, or CT guidance allows performance of
procedures that would otherwise be difficult or impossible. Documentation of needle
location ensures that the practitioner can avoid vital structures and place the injectate
at the intended target. Accurate needle placement has diagnostic value in confirming
whether the target is in fact the pain generator and, more importantly, increases the
chances of achieving the desired therapeutic benefit.

The editor and contributors of this book are some of the world’s experts in the
field of image-guided musculoskeletal procedures. I would certainly allow any of them
to treat me! I predict that this book will be an indispensable resource to practitioners
throughout the world who want to expand the breadth of their practice or refine their

skills in performing one of the most important roles of a physician—the relief of pain.

Levon N. Nazarian, MD
Professor of Radiology

Sidney Kimmel Medical College
at Thomas Jefferson University

Philadelphia, PA

Xi






Preface

Approximately one out of three people suffer from chronic pain in the United States.
The majority of chronic pain patients do not respond well to available pharmacological
treatments, whereas interventional pain management techniques have provided effec-
tive, valuable options for individuals with otherwise intractable pain. Without doubt,
image-guided procedures are superior to a blind approach and are the standard of care
for spinal injections. The most commonly used modalities are fluoroscopy, sonography,
and computed tomography (CT).

Fluoroscopy-guided pain and spinal injections have a long history of safety and reli-
ability. Fluoroscopy provides an easy quick visualization of bony landmarks. Contrast
fluoroscopy and digital subtraction angiography (DSA) detect intravascular injections
as well. However, the major limitations of this modality are radiation exposure and the
inability to visualize soft tissue structures.

Computed tomographic guidance brings great precision to the procedure. However,
because of the increased radiation exposure and cost, it is not routinely used to guide
pain and spinal injections. In this book, we concentrate on the procedures for which CT
clearly has significant advantages.

The major advantages of ultrasound over fluoroscopy and CT are the absence of
radiation exposure for both patient and operator and the real-time visualization of soft
tissue structures such as nerves, muscles, tendons, and vessels. The latter is why ultra-
sound guidance of soft tissue and joint injections, as well as pain nerve blocks, is becom-
ing more popular. That said, sonography is not without flaws. Its major shortcomings are
limited resolution at deep levels, especially in obese patients, and the artifacts created by
bone structures.

There is a great need for a comprehensive yet easy-to-follow book for various image-
guided pain and spinal blocks. That is how this book—the first to compare fluoroscopy,
ultrasound, and CT-guided procedures—was born. I was fortunate to gather some of the
national and international experts to contribute to the book, each one writing about his
or her area of subspecialty expertise, and for this reason, I am very proud of the book.

The main objective of this book is to enable physicians managing acute and chronic
pain to be confident using different imaging modalities and to be familiar with the
advantages and limitations of each imaging modality. Among the target groups are pain
physicians, anesthesiologists, physiatrists, rheumatologists, interventional radiologists,
neurologists, orthopedists, sports medicine physicians, and spine specialists.

Each of the most commonly performed interventional pain procedures is described
in three different chapters that focus on fluoroscopy, ultrasound, and CT guidance (if

applicable). Each chapter follows a similar format that includes a description of relevant

xiii
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anatomy, a detailed description of how to perform the procedure beginning with the
choice and application of the transducer, and the advantages and limitations of the imag-
ing modality. The text is enhanced by many illustrations and images to better understand
the procedure.

The book comprises 48 chapters, organized into four parts that cover the basics
and clinical applications of fluoroscopy, ultrasound, and CT when performing spinal,
pain, and musculoskeletal (MSK) procedures. The first part reviews the foundations of
various imaging modalities relative to performing interventional pain procedures. The
second part, the largest in the book, contains four sections covering spinal injections
in the cervical, thoracic, lumbar, and sacral areas. All the different applications are well
documented with simple illustrations and labeled images to supplement the text. The
third part focuses on nonspinal blocks. It covers sympathetic and visceral blocks as well
as peripheral nerve blocks. The fourth part addresses MSK and soft tissue applications
in pain practice. The chapters are written by the world experts in the area of MSK
ultrasound.

A couple of notes about the book: the text has been kept to a minimum to allow for
a maximal number of instructive illustrations and images, and the procedures described
here are based on a review of the techniques described in the literature as well as the
authors’ experience.

The advancement of imaging technology and the range of possible clinical circum-
stances may give rise to other, more appropriate approaches. It is my hope that this book
will encourage and stimulate all physicians and healthcare providers interested in inter-
ventional pain management.

Samer N. Narouze, MD, PhD
Akron, Ohio
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Basics of Fluoroscopy

Vikram B. Patel

Introduction

Interventional pain medicine is a subspecialty that is one of the newest approved special-
ties in medicine, with a specialty designation of 09. Although various interventions have
been used to treat pain for decades, use of fluoroscopy has been more prevalent since
the mid-1990s. Several studies have shown that using any form of guidance is much
superior to “blind” procedures and provides better outcomes while reducing the rate
of complications. Fluoroscopy is being used for most spinal interventional procedures
at this time, but the use of ultrasound may be safer than fluoroscopy for certain proce-
dures, such as joint injections or injections near and around blood vessels. Ultrasound
avoids harmful radiation to the patient as well as the treating physician and his/her staft
and also helps significantly by allowing the physician to visualize blood and fluid flow.
Nevertheless, fluoroscopy may never be replaced for certain procedures that require full
view of osseous structures as well as open but minimally invasive surgical procedures
such as implantable devices and intradiscal procedures.

Radiation injuries to the physicians are less common now compared with just a
decade ago, due to better awareness regarding radiation injuries and availability of low-
dose radiation and pulsed modes with most modern fluoroscopy machines. This chapter
attempts to educate physicians regarding the safe use of fluoroscopy and the dangers of

radiation.

Definitions

Radiation

Radiation 1s defined as emission of energy in the form of a steady flow of “photons”
generated by a given source. Radiation is either ionizing or nonionizing, depending on
how it affects matter. Nonionizing radiation includes visible light, heat, radar, micro-
waves, and radio waves.! It deposits energy in materials it passes through. Conversely,
ionizing radiation, such as x-rays and cosmic rays, is more energetic than nonionizing
radiation. When ionizing radiation passes through material, enough energy is deposited
to break molecular bonds and create charged particles. These charged particles can dam-
age plant, animal, and human cells.

There are five major types of ionizing radiation (Figure 1.1)":

1. Alpha particles: The weakest particles, they can be blocked by a sheet of paper, skin,

or a few inches of air.
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Figure 1.1 Penetrating power of radiation. See United States Nuclear Regulatory
Commission. Radiation Protection and the NR C. Washington, DC: United States
Nuclear Regulatory Commission; 2010. http://www.nrc.gov/reading-rm/doc-

collections/nuregs/brochures/br0322/r1/br0322rl.pdt.

2. Beta particles: Similar to electrons, these are lighter and more penetrating than alpha
articles, can travel a few feet in the air, and can penetrate the skin.

3. Gamma rays: High-energy waves that can travel great distances at the speed of light
and are very penetrating.

4. X-rays: Similar to gamma particles in most aspects.

5. Neutrons: Nuclear particles that are also very penetrating. Neutrons are the only

particles that can make objects radioactive.

Certain terminology is important to understand along with the designated units used to
define such terms.”™ The International Commission on Radiation Units has suggested
conversion from the present radiation units to the International System (SI) of measure-
ments. These new units will be phased into use and will replace the old units gradually
over the years.

*  Exposure—Quantity of radiation intensity. The Roentgen (R) is the special unit of
exposure, which is the measure of the ionization produced in air by x or gamma radi-
ation. The Roentgen characterizes a radiation field by an indirect measurement of an
effect, namely, the ionization produced in air.

e Unit of measure: “R” or “Coulomb”—C/kg, an SI unit.

* Radiation Absorbed Dose—The energy actually absorbed by a sample or a biological
system (depends on the matter). An absorbed dose applies to the energy deposited by
any kind of radiation in any kind of material.

e Unit of measure: “rad” or Gray “Gy” (100 rad = 1 Gy), an SI unit.

* Radiation Equivalent Man—~For describing the biological effects of radiation. It is
affected by differences in the type of radiation or irradiation conditions.

*  Unit of measure: “rem” or Sievert “Sv” (100 rem = 1 Sv), an SI unit.

* 1R =1rad =1 rem, for all practical purposes.

* Millisievert (mSv): Used to measure amount of radiation exposure and the unit
measured by the dosimeters.

» Total yearly dosage in millisieverts should be less than 50 mSv.


http://www.nrc.gov/reading-rm/doc-collections/nuregs/brochures/br0322/r1/br0322r1.pdf
http://www.nrc.gov/reading-rm/doc-collections/nuregs/brochures/br0322/r1/br0322r1.pdf
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Effects of radiation cannot be underestimated. The fact that radiation waves are invisible
does not mean they do not exist! The dosage of radiation accumulates over the lifetime,
and the effects are permanent in most situations. Humans are exposed to radiation every
day, as there are several natural sources of radiation' such as the sun and gases such as
radon (Figure 1.2). It can also be artificially produced for certain purposes including
x-rays, CT scans, and so forth. For low levels of radiation exposure, the effects are so small
they may not be detected, because a body can repair damage caused by such radiation.

The health effects of radiation on living cells may result in three outcomes':

1. Injured or damaged cells repair themselves, resulting in no net damage. A yearly dose
0f'0.62 rem (620 millirems, or mrem) from all radiation sources has not been shown
to cause humans any harm.

2. Cells die, much as millions of body cells do every day, being replaced through nor-
mal biological processes.

3. Cells incorrectly repair themselves, resulting in a physical change. The exact effect

depends on the specific type and intensity of the radiation exposure.

Higher doses of radiation can lead to several biological effects, and hence a limit for such
radiation has been established. It is believed that humans exposed to about 500 rem of
radiation as a single dose would likely die without medical treatment. A single dose of
100 rem to a human may cause nausea or skin reddening, but recovery is likely. About
25 rem of radiation can cause temporary sterility in men. If these doses are spread out
over time, instead of delivered all at once, their effects tend to be less severe.! To prevent
biological damage, safety guidelines should be followed by every individual involved in

Sources of Radiation Exposure in the United States

Cosmic
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Figure 1.2 Sources of radiation in the United States. Causing yearly human exposure
on an average. See United States Nuclear Regulatory Commission. Radiation
Protection and the NRC. Washington, DC: United States Nuclear Regulatory
Commission; 2010. http://www.nrc.gov/reading-rm/doc-collections/nuregs/

brochures/br0322/r1/br0322r1.pdf.
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Table 1.1:
Max Permissible Radiation Dosages (MPD)—Yearly Dose
Thyroid 50 rem
Skin 15 rem in any 1 year
Extremities 50 rem
Hands 75 rem in any 1 year (25/qtr)
Forearms 30 rem 1in any 1 year (10/qtr)
Lens 15 rem
Gonads 50 rem
Whole body 5 rem Annual (<50 mSv) (Prospective total)
Whole body 10-15 rem Annual (Retrospective total)
Whole body (Age-18) X 5 rem Total long-term accumulation
Pregnant woman 0.5 rem in gestation period

United States Department of Labor. Maximum Permissible Dose Equivalent for Occupational
Exposure. NCRP Publication No. 43. Washington, DC: United States Department of Labor; 1975.

the delivery of such radiation. The Nuclear Regulatory Commission (NRC) requires
that its licensees limit maximum radiation exposure to individual members of the public
to 100 mrem (1ImSv) per year and limit occupational radiation exposure to adults work-
ing with radioactive material to 5,000 mrem (50 mSv) per year.® See Table 1.1 for the
maximum permissible radiation dosages (MPD) per year® and Box 1.1 for the effects of

radiation.

Box 1.1 The effects of radiation

* Lens - 200 rem = cataract

e Skin - 500 rem = Erythema

e Skin - 700 rem = Permanent Alopecia

e Whole body - 200-700 rem = hematopoetic failure, death Whole body -
700-5000 Rad = GI failure, death

e Whole body - 5000-10,000 rem = Cerebral edema, death

e ~6 Gray = rash

e ~14 Gray = desquamation of skin

* Typical lumbar epidural steroid with fluoroscopy
e Fluoro from 1 m away - ~0.03 mrem (to physician)
* 1 minute of fluoroscopy radiates up to 100 mGy

o Typical Chest x-ray: 15mRem (0.02 mSv), Abdominal x-ray: 220mRem
(1.0 mSv), Lumbar-spine x-ray:250mRem (1.3 mSv), CT Abdomen: 10 mSv.
These numbers differ based on the patient’s size and the type of exposure. A
lateral view uses more radiation than a PA or AP views due to the higher dis-
tance to travel through the human body. The bones require stronger radiation

than the air in the lungs.
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Radiation Safety

Radiation safety can be achieved with proper usage of the equipment that is properly
certified. There are three most important factors involved in reducing the radiation

exposure.

1. Time: Keeping the time to a minimal amount is the single most effective factor in
reducing radiation exposure. A single pulse is definitely safer than continuous deliv-
ery during fluoroscopy. Also, allowing radioactive material as much time as possi-
ble to decay before exposure will minimize radiation exposure when that material
needs to be handled. There are very few situations that require continuous fluoros-
copy during interventions for pain procedures.

a. Some procedures that require continuous exposure:
i. Live contrast injection during a transforaminal injection
ii. Using an adhesiolysis catheter for epidural adhesiolysis
iii. Advancing a spinal cord stimulator lead
iv. Vertebroplasty and kyphoplasty
v. Minimally invasive lumbar decompression (MILD)
vi. Diagnostic provocation discogram
b. Some procedures that do not require live fluoroscopy (which is nonetheless
wrongly used by several practitioners):
i. Finding the right entry point for placing the needle (waving the pointer
under live exposure)
ii. Manipulating a needle while approaching the target
1. Positioning the patient’s head during cervical procedures

2. Distance: X-ray radiation decays very quickly over the length it has to travel; hence,
maximizing the distance between the source and the target provides minimal expo-
sure: 1 m provides reduction of up to 99% of effective radiation exposure. This
may not be possible in certain situations, such as when injecting into a tight space
and when there is a need for proximity to a patient while performing a procedure
such as during a live contrast injection, vertebroplasty, advancing a spinal cord lead,
adhesiolysis etc. However, “hugging” the fluoroscopy machine while performing
a procedure is not advisable. X-rays are present even outside the field of radiation
displayed on the monitor (Figures 1.3 and 1.4). A simple rule of thumb is, “If you can
touch the c-arm you are too close!”

3. Protection: Protection against radiation can be effectively achieved by using barri-
ers between the x-ray source (the tube) and the field of radiation. Several barriers
are in use these days. They include static barriers, such as a leaded glass shield, and
wearable barriers, such as the leaded gowns and glasses. Exposure to the thyroid can
be effectively reduced with a “thyroid collar”” Leaded gloves are also available for
use in interventional procedures; they provide attenuation rather than blockage of
x-rays, as they are made thin for flexibility, but can at least minimize the exposure
several-fold. Several types of movable hard barriers are used by physicians and can
be moved on wheels. Leaded glass is used for eyeglasses and is also available for
prescription glasses. It is also important to shield the patient’s body with such bar-

riers to reduce the radiation exposure to the parts of the body that are not being
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Image Intensifier

X-Ray Tube

Figure 1.3 Field of radiation around the fluoroscopy machine. The emitter is at the
bottom, and the image intensifier at the top.

examined. The leaded barrier strength is measured depending on the thickness of
the shielding material and denotes the lead equivalent. The attention to this very
effective method for radiation exposure protection is lacking to a certain extent, and
although physicians need to be aware of the dangers of excessive radiation, they do
not pay enough attention to protect themselves or the patients. In a Spanish study’ a
nationwide survey of pain physicians who used fluoroscopy revealed that a majority
(80%) did not use protective glasses and only 50% wore leaded gloves. Just under half
(47%) were situated less than 0.5 meter from the patient. The majority (76%) did not

inform about the radiation, nor was it mentioned in the informed consent (80%).

N N\ BE° _J

Fo N

Figure 1.4 “Hugging” the c-arm, especially during lateral views, exposes the physician to maximum radiation (A).
Proper distance and protection (B).
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Figure 1.5 (A) is circular collimation, (B) shows the image without collimation, (C) is linear collimation.

Besides these three main components, other factors that help reduce radiation are univer-
sally available on fluoroscopy machines, but some select modalities are available only on
the most modern machines. Use of collimation is a universal modality available on even
the oldest systems. This involves the use of metal plates within the emitter that are located
at the exit point of the x-rays. Collimation is available in two different modes that can
be used individually as well as in combination (Figure 1.5A, B, C). Circular collimation
works just like a camera iris (Figure 1.6), providing a circular opening that can be adjusted

for diameter from which the x-rays exit (Figure 1.7A, B). Linear collimation uses plates
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3.98 nA
89 kV

Figure 1.6 Example of circular (iris) collimation during a transforaminal injection in

an osteoporotic spine.

placed parallel to each other vertically and horizontally to provide a square or rectangular
picture (Figure 1.8) (Figure 1.9A, B). Collimation not only reduces the amount of x-rays
delivered to the patient but also can help enhance the image by eliminating the higher
or lower brightness areas, thus normalizing the picture. The exposure interpretation of a
fluoroscopy image, done digitally in most machines, works just like a digital camera and
normalizes the exposure based on the visible field. For example, a thoracic fluoroscopic

image will make the spine look too dark, as the image enhancements see the lung fields

AR -

Figure 1.7 Iris or circular collimation mechanism open (A) and closed (B).
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4.89 mA
91 kv

Figure 1.8 Example of linear collimation during a thoracic spine procedure

eliminating the lung fields for a better visualization of the spine.

as too bright and lower the brightness. Thus, using vertical collimation, one can limit the
exposure to just the spine, which hen enables proper image enhancements, providing bet-
ter image quality. Collimation should be used routinely in fluoroscopy.

Some newer machines are also equipped to deliver x-rays with a selectable pulse rate
(pulse/s) and provide selection of a low-dose mode and a host of postimaging processing
options. The pulsed delivery mode (which can be selectable on some machines) reduces
the steady flow of x-rays to pulsed delivery, thereby reducing the total radiation. The

Figure 1.9 Linear collimation open (A) and closed (B). Note the horizontal plates in B.

1
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A

Figure 1.10 A, B: Radiation parameters without and with the use of pulsed and low-dose modes. Note the reduction
of mA to almost one-third with the use of low-dose and pulse mode while the kVp remains almost unchanged with
auto selection.

advantage of using this mode is not just reduced exposure but also reduced motion blur.
The slight disadvantage may be the deterioration of image quality (a grainier image),
which is not as critical while performing needle localizations. Low-dose mode reduces
the milliamperes of the x-rays delivered and only has minimal reduction in quality
of the image. Both modes can be used simultaneously to further reduce the expo-
sure (Figure 1.10A, B), the disadvantage being an even grainer image. Postimage zoom
processing allows zooming after the image is taken thus helping reduce the exposure
compared with zooming while taking the image. Other postprocessing options include
adjustments to the brightness and contrast, which also help enhance the image without
manipulating the automatic milliampere and kilovolt adjustments.
Other methods to reduce exposure are listed here:

* Placing the image intensifier as close to the patient as possible—This helps reduce
the scatter of x-rays to the operating personnel and provides a better image quality
(most states have regulations requiring the distance between the x-ray tube and the
patient to be at least 1218 inches).

* Placing the emitter under the fluoroscopy table.

* Single shot exposure—This mode only takes one single exposure even if the opera-
tor keeps the switch pressed continuously. This can be helpful when a foot switch is
used and the operator forgets to take the foot off after exposure.

* Laser guidance—This helps position the c-arm prior to exposing and provides pin-
point accuracy while performing a procedure that requires “tunnel-vision” guidance.

e 3D imaging—some newer machines provide the ability to take automatic exposures
that are then unified to form a 3D image. This of course increases the patient expo-

sure but can provide a better visualization of the needle position.

In summary, to reduce the total exposure to the patient and thus to the operating per-
sonnel, one should follow the principle of ALARA (as low as reasonably achievable) and
AFAP (as far as possible) while using the fluoroscopy equipment.

12
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Figure 1.11 Number of pain-related articles with reference to imaging. Reprinted
with permission from Rathmell JP. Imaging in regional anesthesia and pain
medicine: we have much to learn. Reg Anesth Pain Med. 2002;27(3):240-241.

Radiation Safety Awareness Among Physicians

In an editorial® in the journal Regional Anesthesia and Pain Medicine, Rathmell stressed
the importance of proper usage of fluoroscopy in interventional pain medicine. He also
noted the rise in awareness in the form of a number of pain-related articles being pub-
lished with reference to imaging during the decade before this publication (Figure 1.11).

Because of serious radiographic-induced skin injuries that may have been caused by the
inappropriate use of fluoroscopy during the performance of radiography-guided invasive
procedures, the US Food and Drug Administration (FDA) issued an advisory in 1994 sug-
gesting that the key to preventing such unfortunate mishaps may be physician education,
training, and credentialing in the safe operation of fluoroscopic equipment.’ As early as 1997
it was noted that physicians who performed radiography and fluoroscopy in the first half
of the 20th century had higher rates of cancer-related deaths than any other physicians."
The American College of Radiology Guidelines suggests the following':

The physician performing fluoroscopically guided procedures must have the fol-

lowing qualifications:

Certification in Radiology, Diagnostic Radiology or Radiation Oncology by the
American Board of Radiology, the American Osteopathic Board of Radiology, the
Royal College of Physicians and Surgeons of Canada, or the College des Médecins
du Québec.

OR

Completion of a residency/fellowship program approved by the Accreditation
Council for Graduate Medical Education (ACGME), the Royal College of
Physicians and Surgeons of Canada (RCPSC), the College des Médecins du
Québec, or the American Osteopathic Association (AOA) that includes 6 months
of training in fluoroscopic imaging procedures. Documentation of the successful

completion of didactic course lectures and laboratory instruction in radiation

13
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physics, radiobiology, radiation safety, and radiation management applicable to

the use of fluoroscopy, including passing a written examination in these areas.
OR

Be credentialed for specific fluoroscopically guided procedures. The following is

recommended:

Physicians whose residency did not include radiation physics, radiobiology, radia-
tion safety, and radiation management may still be considered as satistying the quali-
fications if they have performed at least 10 procedures of each type for which they
intend to use fluoroscopic guidance under the direction of a qualified physician
who has met these standards and who certifies that the trainee meets minimum
fluoroscopy safety standards. They must also have documented evidence of at least
4 hours of didactic course lectures and laboratory instruction in radiation physics,
radiobiology, radiation safety, and radiation management applicable to the use of
fluoroscopy, and should have satisfactorily passed an examination in these areas.
Physicians who perform interventional vascular, cardiovascular, biliary tract, geni-
tourinary tract, or neurological procedures should have at least 15 hours of didactic
training in radiation physics, radiobiology, radiation safety, and radiation manage-
ment applicable to the use of fluoroscopy, and have satisfactorily passed an examina-

tion in these areas.

Understanding Fluoroscopy and the Equipment

Fluoroscopy is a unique imaging technology that uses x-ray radiation to visualize osse-
ous structures with live imaging. It also uses significantly less radiation compared to
regular x-rays or CT scans. It can provide live as well as still images. It has been used for
decades but more recently it has been designed to be more portable in the form of a
c-arm (so called due to the shape of the imaging elements in the form of a “C”). Fixed
fluoroscopy had been in use for a long time and was commonly used for screening in
cardiology and urology. Special fluoroscopy suites for cardiology, gastroenterology, and so
forth, contain large ceiling-mounted units, sometimes in a biplanar configuration allow-
ing live imaging in anteroposterior (AP) and lateral views of any angulation.

Portability is another advantage that allows the use of fluoroscopy in practically any
location. The fluoroscopy machines have a flexible design with a c-arm that allows the
unit to be positioned in nearly all configurations to obtain a biplanar image of the osse-
ous structures. The portable units contain a command unit, which serves as the base of
the machine, and a rotatable “arm” in the form of a “C” that allows quick change of the
imaging position from anteroposterior (AP) to lateral or oblique views.

Newer machines with a “Super-C” can accommodate large-sized patients and can
provide extreme oblique-angled views on both sides with little manipulation. Normally
the units have two display monitors (usually LCD monitors in newer machines) placed
on the control unit, and commonly the right-sided monitor displays the last image taken
and held for comparison (LIH = last image hold). Images can be quickly sorted and
displayed for comparison and are stored either on a local hard drive or a portable data
storage device (USB drive, CD,DVD, etc.), or can be directly transferred to an electronic
records system via Ethernet.
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