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Preface

Spinal surgical intervention is an important treatment tool in the functional and
structural restoration of patients. Contrasting one specialty to another, neuromodu-
lation is one that recently has had an unparalleled growth trajectory. This gives a
spine surgeon an important role in treating patients throughout their disease process.
It is the understanding that a technically successful surgery does not always trans-
late into the patient results that one desires and that the treatment of chronic pain is
part of that continuum. Therapies are available when pain persists following sur-
gery, or perhaps when pain is present without a surgical pathology. It is the effort of
this book to underscore the concept of concurrent, parallel pathway specialization
development, moving away from polarized approaches, towards the integration of
pain care in the surgeons’ practice. This integration of specialties is the diversity
seen in the multidisciplinary approach of the neuromodulation community. The
journey has been a rewarding one and we hope to inspire each reader to consider
pain care in their practice.

Bethlehem, PA, USA Steven M. Falowski, MD
Santa Rosa, CA, USA Jason E. Pope, MD, DABPM, FIPP
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Identification and Management of Pain
Patients



Chapter 1
Identification of the Pain Patient

Alexios G. Carayannopoulos

Key Points

* Itis well established that chronic pain is undertreated and that earlier multidisci-
plinary pain management intervention may lead to better clinical outcomes.

e Appropriate initial clinical triage should be followed by ongoing clinical
reassessment, which should be coordinated across the medical, interventional,
and surgical domains. This fosters communication between patients and provid-
ers, to ensure that patients are maintaining satisfactory gains in meeting their
goals.

* Clinical practice guidelines are essential tools to help guide the treatment of pain
patients.

e Because psychological disorders and social influences affect outcomes of
patients with chronic low pain, psychological screening and identification of
social influences are very important to understand in treating the pain patient.

* A high prevalence of failed back surgery syndrome approaching 40 % suggests
that a multidisciplinary approach may be needed to triage candidates appropri-
ately to targeted surgical and nonsurgical pain treatments.

A.G. Carayannopoulos, D.O., M.P.H. (0<)

Neurosurgery, Comprehensive Spine Center, Brown University Warren Alpert Medical
School, Rhode Island Hospital, Providence, RI 02903, USA

e-mail: acarayannopoulos@lifespan.org
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Introduction

Spine cases are some of the most common surgeries performed by neurosurgeons and
orthopedic surgeons in the USA. Based on the literature, 40 % of patients will suffer
from chronic pain following a spinal surgery. It is well established that chronic pain
is undertreated and that earlier pain management intervention may lead to better clin-
ical outcomes. Paradoxically, many spine surgeons are unaware of the extent of pain
therapies available outside of surgery, nor how to engage patients in a multimodal,
multidisciplinary, comprehensive, combined surgical and nonsurgical treatment para-
digm. As one of this book’s goals is to educate spine surgeons on comprehensive
care, the first chapter of this book focuses on “identification of the pain patient,”
which is the first essential step in successfully engaging the spine patient into this
treatment paradigm. Identification of the pain patient requires recognition of a patient
suffering from spine-related pain early on. Because spine pain is often accompanied
by loss of function and quality of life, earlier recognition and intervention will not
only lead to a better clinical outcome but may also prevent disability.

Identification of the pain patient can be done through a multitude of approaches,
some of which have been validated through clinical studies, others of which are
more anecdotal and have been passed down through generations of spine care, based
upon collective years of experience. From the provider’s perspective, the goal is to
identify patients with spine pain, make an appropriate diagnosis, and then triage the
patient into the most appropriate treatment. From the patient’s perspective, the goal
is to provide the patient with an opportunity to share in the decision-making process
with his/her provider in order to achieve the best outcome based upon individual-
ized functional goals. Generally, commonalities of both perspectives include
decreased pain, increased function, and enhanced level of satisfaction. Ultimately,
working towards these goals together will lead to the best clinical outcome.

Initial Evaluation

The first step in identifying the pain patient begins with clinical triage. Generally,
triage is best facilitated by direct communication between two providers. Ideally,
clinical triage should route patients to the appropriate surgical or nonsurgical
provider and begins with initial assessment of symptoms, general review of
treatment objectives, and early identification of red flags to best direct care. In the
spine world, red flags include signs or symptoms of progressive motor or sensory
neurological deficit, bowel/bladder dysfunction, or extreme pain, which is recalci-
trant to conservative measures. Thankfully, the majority of spine cases are nonsurgical
and can be successfully managed by medical or interventional options. Only patients
who are candidates for and who are interested in pursuing surgery should be triaged
to a surgical provider.

For continued identification of the pain patient, an appropriate in-person evalua-
tion must then ensue. All initial evaluations begin with a thorough history, which
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includes a review of subjective and objective levels of pain and function, review of
diagnostic studies, previous interventions, and previous responses to treatment. This
is followed by a focused physical examination. Only after careful correlation of
subjective and objective findings should attempts be made at an overall assessment,
which includes a clinical diagnosis as well as a functional status. Finally a treatment
plan, including education, and need for medical, interventional, or surgical options,
is created based upon a patient’s individualized treatment objectives.

Although patients’ goals are often unique, most goals imply a reduction of pain
to facilitate an increase in function. Continued clinical reassessment, which is coor-
dinated across the medical, interventional, and surgical domains by a robust triage
system, allows ongoing communication between patients and providers to ensure
that patients are maintaining satisfactory gains in meeting their goals.

Use of Outcome Measures

Because the treatment of spine-related pain is challenging, in part due to the subjec-
tivity of pain, early use of standardized outcome assessment tools is essential in
identifying the pain patient. Assessment tools should include both subjective
measurements of pain and psychological distress, as well as objective measure-
ments of function. Baseline testing establishes a reference point, from which
patients’ pain and function levels are monitored longitudinally. Graphical displays
outlining trends can be used to educate, encourage, and reassure patients.
Additionally, these data points are helpful to validate progress for insurance companies,
as they highlight progression through the treatment paradigm.

There are a number of outcome tools that reflect different domains important in
spine care, which can be used to identify the pain patient. These measures assess
pain, physical/psychosocial function, and quality of life (see Table 1.1). Furthermore,
they can be subdivided into objective measures and preference-based measures

Table 1.1 Assessment tools

Pain Numeric Pain Rating Scale (NPRS)
Brief Pain Inventory (BPI)
Pain Disability Index (PDI)
McGill Pain Questionnaire
Visual Analogue Scale (VAS)

Physical function Owestry Disability Index (ODI)
Roland Morris Disability Index
Range of motion (ROM)

Psychosocial function Fear Avoidance Beliefs Questionnaire

Tampa Scale for Kinesiophobia

Beck Depression Inventory (BDI)
Quality of life Short Form 36 (SF36)

Nottingham Health Profile (NHP)

Short Form 12 (SF12)

Sickness Impact Profile (SIP)
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Table 1.2 Subdivided tools

Objective based *  Work status/return to work
¢ Complications or adverse events
¢ Medications used

Preference based ¢ European Quality of Life (EQ5D)
¢ Short Form 6 (SF6)

(see Table 1.2) [1]. The choice of outcome measure can be daunting. Of the different
domains generally assessed, it is felt that pain, function, and quality of life are the
most important for identification of the pain patient in both the clinical and research
setting. If cost utilization is important, preference-based measures should be used
over objective measures.

In summary, for identification of the pain patient, it has consistently been recom-
mended to use both VAS and NRPS secondary to responsiveness and ease of use.
For assessment of function, the ODI and RMDQ are recommended. For quality of
life, the SF36 and its shorter versions should be used. If cost is important, the EQ5D
or SF6 should be used. Psychosocial tools should be used as screening tools prior to
surgery because of their inherent lack of responsiveness. Complications should be
assessed as a standard of clinical practice. Return to work and medication are not
recommended unless these specific questions are being asked. Finally, in deciding
on which measures to use, it is suggested that burden in administration to both staff
and patients be considered [1].

Multidisciplinary Care

After careful assessment and development of a treatment plan, identified pain
patients should be engaged into a multimodal, multidisciplinary treatment paradigm.
Historically, the origin of the multidisciplinary approach in the treatment of pain is
the legacy of John Bonica, MD, an anesthesiologist and one of the pioneers of pain
medicine. Today, the multidisciplinary approach prevails. In fact, use of an indepen-
dent multidisciplinary assessment for treatment planning, including extensive
intake evaluation by a team of therapists, counselors, and a physician, with subse-
quent generation of a comprehensive report, has been studied and found to provide
a potentially reproducible standard for both research and clinical use [2].

Multidisciplinary care includes a continuum of medication management,
rehabilitation (physical, occupational, vocational), interventional treatments,
psychological co-management, complementary and alternative options, and of
course surgical management of pain. After appropriate triage, evaluation, and
assessment, placement of the identified pain patient into the appropriate treatment
algorithm is guided by a number of tools, as well as their previous treatment history
within the multidisciplinary approach.
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Clinical Practice Guidelines

Clinical practice guidelines are another essential tool to guide treatment of the
identified pain patient. These guidelines present statements of best practice, which
are based upon careful and exhaustive assessment of the available evidence from
published studies on the outcomes of different treatment options. In November 1989,
Congress mandated the creation of the Agency for Healthcare Policy and Research
(AHCPR). This organization was given broad responsibility to support research, data
development, and related activities. In conjunction with this mandate, the National
Academy of Sciences published a document indicating that guidelines were expected
to improve the quality, appropriateness, and effectiveness of health care services.

Of the different societies promulgating guidelines, some are more medical, some
more interventional, and others more surgical. Examples of each include the
American Pain Society (APS) in conjunction with the American College of
Physicians (ACP), the American Society of Interventional Pain Physicians (ASIPP),
and the North American Spine Society (NASS), respectively. As various society
recommendations reflect upon variable vested interests, education, through the use
of shared decision, is essential to navigate the various guidelines. Shared decision
making helps the patient to negotiate through the different medical, interventional,
and surgical treatment options to make an autonomous and informed decision best
individualized to meet his/her personal functional goals.

One specific set of medical guidelines by the APS/ACP stands out among these
classification systems, which is summarized in the following bulleted recommendations:

* Recommendation 1: Clinicians should conduct a focused history and physical
examination to place patients with low back pain into one of the three broad
categories including nonspecific low back pain, back pain associated with spinal
stenosis or radiculopathy, or back pain associated with another specific spinal
etiology.

* Recommendation 2: Clinicians should not routinely obtain imaging or diagnos-
tic studies in patients with nonspecific low back pain.

* Recommendation 3: Clinicians should routinely perform diagnostic imaging and
testing for patients with low back pain when severe or progressive neurologic
deficits are present or when serious underlying conditions are suspected on the
basis of history and physical examination.

* Recommendation 4: Clinicians should evaluate patients with persistent low back
pain and signs or symptoms of radiculopathy or spinal stenosis, only if they are
potential candidates for surgery or interventional spine treatments.

* Recommendation 5: Clinicians should provide patients with evidence-based
information on low back pain with regard to their expected clinical course, advise
patients to remain active, and provide self-care options.

* Recommendation 6: For patients with low back pain, clinicians should consider
the use of medications, which have proven benefits, in conjunction with back
care information and self-care.
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e Recommendation 7: For patients who do not improve with self-care options,
clinicians should consider the addition of non-pharmacologic therapy, which has
proven benefits for acute low back pain, including spinal manipulation. For chronic
or subacute low back pain, clinicians should consider including intensive interdis-
ciplinary rehabilitation, exercise therapy, acupuncture, massage therapy, spinal
manipulation, yoga, cognitive-behavioral therapy, or progressive relaxation [3].

Because there are a number of clinical practice guidelines for low back pain,
which have been characterized by inconsistencies and multiple conflicts in termi-
nology and technique leading to significant diversity in their approach, it is
sometimes difficult to implement and adhere to any single guideline consistently
[4, 5]. Furthermore, although evidence-based guidelines for evaluation and treat-
ment of chronic low back pain have revealed consistent recommendations and guid-
ance for the evaluation of low back pain, unfortunately, there are inconsistent
recommendations and guidance for the treatment of low back pain. Overall, it is
essential to emphasize that clinical guidelines do not represent a “standard of care.”

Evidence-based medicine emphasizes the need for rigorous critical appraisals of
the scientific literature to inform medical decision making and places strong empha-
sis on the requirement for valid studies, particularly randomized controlled trials to
appropriately evaluate the effectiveness of health care interventions. There is wide-
spread evidence that following evidence-based practice, including clinical practice
guidelines, will improve patient outcomes with low back pain and will reduce
anecdotal variations in care [6].

Psychosocial Stratification

Because psychological disorders and social influences affect outcomes of patients
with chronic low pain, psychological screening and identification of social influ-
ences are very important to assess. Understanding of these domains can guide
placement of the identified pain patient into appropriate treatment. For example,
patients with higher scores on depression and neuroticism scales generally respond
more favorably to conservative management over surgery, although the evidence is
weak [7]. Likewise, patients with degenerative disc disease (DDD) and a personal-
ity disorder respond more favorably to conservative management over patients with
DDD without a personality disorder, who respond more favorably to fusion.
Sociodemographic factors should be considered when identifying pain patients
and making treatment decisions. Important risk factors include smoking, social
support, education level, and job satisfaction. Although these factors alone do not
preclude specific treatments, they should be taken into consideration when imple-
menting treatment [8]. Overall, use of a validated psychological screening tool can
be helpful in stratifying the identified pain patient, although the evidence is weak.
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Procedure-Specific Identification

There are general and treatment-specific clinical practice guidelines for the treatment
of chronic non-radicular low back pain. In part, this has arisen because the treatment
of DDD with lumbar arthrodesis has risen fourfold in the last several decades. This
has led to rise in health care costs, which in turn have increased the prevalence of
clinical and payer guidelines, which have had a direct influence on patient and
provider treatment options. The availability of evidence-based practices frequently
dictates patients’ care, often above the autonomous decision of the surgical provider.
Because of concerns over efficacy and the direct and indirect costs of surgical
treatment with low back pain, surgical spinal fusion in particular has come under
increased scrutiny [9].

Several studies have sought to look at efficacy of spinal fusion versus efficacy of
conservative treatment measures. It is unclear from the literature which patients
with chronic low back pain without neurological impairment are the best candidates
for fusion versus conservative management. However, it has been shown that
nonsmokers are more likely to have a favorable surgical outcome, while patients
with medical comorbidities have a less favorable outcome. Additionally, it has been
well established that the success of patients who have had previous spinal surgery
having success with repeated spinal surgeries is marginal, at best. Furthermore,
interventional spine therapies can achieve higher success rates in the subclass of
patients with failed back surgery syndrome (FBSS), with class 1 evidence now
demonstrating that spinal cord stimulation is significantly more successful than
repeated operations, by multiple outcome measures, in carefully screened and
selected patients with FBSS [10]. In fact, SCS was both less expensive than
re-operation and economically denominate in terms of cost-effectiveness and cost
utility [11].

Summary

Identification of the pain patient is the first step in comprehensive spine care. This
is initiated through clinical triage and is continued throughout the multidisciplinary
treatment paradigm. Appropriate medical, interventional, and surgical assessment
should be balanced with the use of standardized outcome tools to assess baseline
levels of pain and function, which are monitored throughout treatment. The identified
pain patient is placed into an appropriate treatment plan taking into account their
position in the algorithm, which is primarily guided by clinical practice guidelines
and secondarily by consideration of psychosocial variables and specific treatment
concerns.
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Although tremendous variabilities exist in the identification of the pain

patient, it has become evident that use of a multidisciplinary approach prevents
sliding into the “one-size-fits-all” paradigm commonly seen in the tool bag of
medical providers. Surgeons and medical/interventional pain physicians can
work in tandem to identify patients in pain early on, to be able to consistently
offer therapeutic options that span multiple specialties. Physician awareness is
key, and education is paramount.
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Chapter 2
Role of Spinal Surgery in Pain Management

George M. Ghobrial, Alexander Vaccaro, and James S. Harrop

Key Points

* The most common pathologies addressed with spinal surgery are compressive in
etiology, and the goal of surgery is decompression of the neural elements.

* Neuropathic pain is complex, often encountered with dysesthetic pain and
allodynia. This is indicative of pathology of the central or peripheral nervous
tissue, or both.

e While radicular and claudicant-type symptoms are most often associated with
compressive lesions of a peripheral nerve, the origin of axial back pain can be
multifactorial, which necessitates appropriate work-up.

* Spinal decompression and stabilization are unlikely to adequately relieve neuro-
pathic pain symptoms.

* A high prevalence of failed back surgery syndrome approaching 40 % suggests
that a multidisciplinary approach may be needed to triage candidates appropriately
to targeted surgical and nonsurgical pain treatments.
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Introduction

Back pain due to spinal etiologies accounts for the second most common reason for
a patient consultation in the primary care setting [1]. Furthermore, while most back
pain is transient, and the time course is self-limiting, the estimated lifetime preva-
lence of low back pain (LBP) is estimated to be greater than 90 %, which means that
nearly all patients will suffer from this ailment at some point in their lives leading
to medical consultation [2]. The prevalence and incidence of chronic back pain are
even less well understood, in part due to the lack of agreement on the minimum
duration of pain that is required in order to meet the definition of chronic pain—
often in as few as 7 weeks. The most general definition of chronic pain is where the
pain persists beyond the expected time period for a given pathology.

For most patients, symptoms subside after the first-time onset. For the less
fortunate, LBP persists after a trial of analgesic medication, and physical therapy,
leading to consultation with a spine specialist. Further complicating spinal pain is
the large number of patients thought to seek treatment for chronic LBP due to
psychiatric, work-related/socioeconomic, or any kind of secondary gain issue [1].
Regardless of the stated reason, longitudinal studies link chronic spinal pain with
depression and disability [2, 3]. Obtaining a proper diagnosis of spinal pain is
difficult, and requires a careful history from the patient.

As highlighted in Chap. 1, “Identification of Pain Patients,” the efficient design
of the neurologic or orthopedic surgery practice in patient selection is to maximize
appropriate candidates for surgical treatment. Often, those that are given an appoint-
ment with a spine surgeon have undergone evaluation by a primary care doctor or
clinician with painful symptomatology and have obtained diagnostic imaging
suggestive of a corresponding compressive lesion. The authors will highlight in this
chapter that not all of these patients may require surgical decompression for neural
compromise. Evidence of the complexity of pain generators that are initially
overlooked and do not respond to surgical decompression alone is illustrated by the
high prevalence of failed back syndrome (FBSS).

As a result, appropriate triage in the spinal practice is needed to ensure that
patients with chronic pain without neural element compression may need one or
more less invasive alternative interventional and nonsurgical techniques that will be
outlined later in this chapter and in more detail in subsequent chapters.

Identification

The most basic definition of FBSS has been the persistence of LBP following spinal
surgery [4]. An argument can be made that the higher the percentage of FBSS in a
particular clinic, the more the surgeons should be asking themselves if they have
appropriately identified candidates for decompressive surgery or adequately
exhausted interventional pain management options prior to surgery. Further
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confounding the issue is the dynamic nature of overstimulation of preoperative
nociceptive pathways that may result in a shift of pain generators from the acute
pathology to chronic pain. This too can lead to an elevated rate of FBSS.

Nonoperative Measures

A complete in-depth discussion of the various nonsurgical treatment modalities
can be found in the subsequent chapters of this book. Overall, the predictors of
success for nonsurgical therapies for LBP are not well understood [5, 6]. This is
not surprising for many reasons. In the literature, there is a paucity of placebo-
controlled randomized studies. When analyzing the prospective studies, the most
obvious difficulty in generalization across studies is the lack of standardization
of selection criteria, definitions of pain, and validated objective outcome mea-
sures for pain. The criteria for diagnosis and inclusion in most studies for facet
and epidural injection differ, as well as the criteria for success ranging from 50 %
or greater. Chapters 12, 13, and 14 will discuss in more detail the specifics of
interventional, neuromodulation, and intrathecal drug therapies available for the
nonsurgical treatment of LBP, respectively. However, the authors will highlight
below some key points regarding patient selection and nonsurgical treatment of
LBP below.

Facet Blocks

One common contributor to axial back pain LBP is facet arthropathy. The facet
joints are richly innervated by a dual innervation of somatic, nociceptive, and
autonomic pain fibers. Therefore, somatic fibers at each facet level are responsible
for characteristically localized pain in tandem with referred pain due to a conver-
gence of pathways with autonomic fibers either in the dorsal horns or thalamus in
the second- or third-order ascending pathways, respectively [7]. It is important to
consider facet arthropathy as a source of pain, particularly in the setting of axial
LBP, without radicular symptoms. The diagnosis of facet joint pain is typically
made by an interventional facet nerve block yielding symptomatic relief of LBP in
the absence of radiculopathy [8]. Facet pain has been shown in studies by
Manchikanti and colleagues to have a prevalence ranging from 20 to 40 % of all
LBP [8-15]. There are no class A recommendations for the management of “facet-
joint”-type pain. Instead, level II evidence supporting lumbar facet joint nerve
blocks [8, 16, 17] and radiofrequency neurotomy [18, 19] has been previously
published supporting these modalities of pain mediation. Furthermore, only level I11
evidence exists in support of intraarticular corticosteroid injections for chronic LBP
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thought to be due to facet arthropathy [20, 21]. Long-term benefit has been noted
with the injection of anesthetics and most recently in 2014 the addition of cortico-
steroids yielded no added long-term pain relief beyond that provided by local anes-
thetics [8]. Overall, when facet joint pain is overlooked as an etiology of axial LBP,
painful symptoms can persist after surgical decompression.

Discogenic Pain

Internal disc disruption (IDD) resulting in discogenic pain is thought to be the most
common cause of axial LBP [7]. IDD is defined as degeneration of the disc, desic-
cation, and disc height collapse, with annular tears in the absence of disc herniation
and neural compression [22]. In the absence of radicular symptoms, an associated
herniated disc is rarely thought to be the cause of axial pain. The characteristics of
discogenic pain are often ill defined and the relative benefits of open spinal surgery
are not as clear compared to interventional or rehabilitative measures. In a systematic
review comparing five RCTs, no significant difference in ODI was found between
spinal fusion and nonsurgical management [23]. In a long-term follow-up of three
RCTs by Mannion and colleagues, no significant difference was seen between the
surgical and nonsurgical groups as well [24]. One flaw in these studies is the lack of
concordance between choice of nonsurgical therapy and specific surgical interven-
tion. Overall, discogenic pain remains as the most common cause of back pain and
a uniform surgical approach may not be the answer for each patient. Appropriate
localization of the pain generator in the case of multilevel degenerative disc disease
is often required.

Evidence

Spinal surgery is justified for a wide number of specific indications pertaining to
pain due to neural compromise due to degenerative, oncologic, infectious, vascular,
and traumatic indications and is beyond the scope of this chapter. Most of these
indications present acutely with spinal pain, due to compression of the neural
elements. As such, decompression of the neural elements through direct or indirect
means as well as stabilization of the unstable spine are the mechanisms by which
acute pain relief is given to the patient. Chronic stimulation of the peripheral nerve
receptors by a noxious stimulus can lead the neurons to a state of hyperexcitability,
and even lead to spontaneous firing [7]. This condition can lead to a state of hyper-
algesia and allodynia not amenable to decompressive spinal surgery, even in the
setting of a compressive lesion.
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As previously mentioned, up to 40 % of patients undergoing lumbar decompressive
surgery with or without fusion do not obtain relief of painful lumbar leg and back
symptoms [25]. As a result, patients often undergo evaluation for spinal cord stimu-
lation (SCS) in the office, followed by a trial stimulation period using a less invasive
percutaneous electrode stimulation system. With careful patient selection including
a trial placement and often psychological screening, up to three-quarters of patients
obtain symptomatic relief of chronic leg and back pain seen with a decrease in
analgesic medication use and improvement in objective outcome measures of pain
and quality of life [25]. One common complaint of SCS is the persistence of limb
paresthesias as a result of high-frequency stimulation of the dorsal columns [7].
Technology with SCS is improving further, with a prospective randomized study
comparing high-frequency (500 Hz) stimulation, burst stimulation, and placebo
finding significant reduction in paresthesias with burst stimulation mode as well as
improvement in painful lower extremity symptoms [26].

Most importantly, the successful use of SCS or any spinal intervention is predi-
cated upon a clear definition of patient expectations in the office setting. SCS is
highly unlikely to result in complete pain relief. Recent randomized prospective
studies by Burchiel and colleagues define procedural success as 50 % reduction in
painful leg and back symptoms, finding a positive result in 55 % of patients at 1 year
[27]. These findings generally correlate with most modern studies that show that up
to 60 % of patients obtain 50 % relief in painful leg and back symptoms [7, 28-33].
A more in-depth discussion of the usage of SCS will be outlined in Chaps. 15 and
16 in this text.

Epidural Injections

Epidural injections for axial LBP in the absence of a localizing finding on MRI can
be confirmatory of pathology when followed by symptomatic relief. The route of
approach is most commonly interlaminar, and less often transforaminal. However,
epidural injections of either anesthetics or in combination with local anesthetics
are utilized to provide symptomatic relief of LBP rather than as a diagnostic mea-
sure. A positive response from an injection often leads to significant pain reduction
and ultimately a delay in the need for surgery, or in some cases obviates the need
for additional treatment measures. Injections of glucocorticoids in the epidural
space are thought to reduce inflammation of the nerve root, and ultimately pain.
Addition of local anesthetics is thought to provide additive benefit by blockage of
nociceptive afferent pathways [34, 35]. Evidence in the literature surrounding the
use of epidural steroid injections for spinal stenosis is by way of level II and III
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studies, and no well-designed, randomized, prospective placebo-controlled studies
exist [36]. Most recently, a randomized double-blind trial comparing epidural injec-
tion of anesthetics with or without glucocorticoids found no additional benefit at 6
weeks with the addition of glucocorticoids [37]. Ultimately, many surgeons require
a trial period of analgesic medication, physical therapy, and interventional tech-
niques prior to the consideration of surgery in the absence of any urgent findings
on exam or radiographic studies.

Summary

Not all surgical indications are due to encroachment of the neural elements requiring
decompression. The increased use of a number of less invasive alternative therapies
prior to or in place of surgical decompression such as facet and epidural injections,
spinal cord stimulation, radiofrequency neurolysis, and intrathecal pain pump
placement serve as evidence of the efficacy of these therapies in treating different
modalities of back pain. The key to triage is through an appropriate algorithm to
diagnose different pain generators of the spine.
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Chapter 3
Failed Back Surgery Syndrome

Youngwon Youn, Heather C. Smith, and Julie G. Pilitsis

Key Points

e FBSS is not only a major health concern for patients, but also a major socioeco-
nomic burden to society.

* FBSS encompasses a heterogeneous patient population and is multifactorial
including biological, social, and economic influences.

* The main etiologies of FBSS can be broken down into preoperative, intraopera-
tive, and postoperative factors.

* FBSS has been reported to occur in up to 40 % of those patients undergoing
spinal surgery and is therefore a common and treatable entity within one’s spinal
practice.

* Preoperative patient mental health status has proven to be a significant predictor
of poorer surgical outcomes.

e After a thorough history and physical exam, advanced imaging including MRI
with gadolinium, flexion/extension X-rays, and CT can be beneficial.

* The use of interventional pain therapies earlier in the treatment paradigm carries
the highest likelihood of success in treating FBSS.
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Introduction, Risk Factors, and Patient Selection

Introduction

Failed back surgery syndrome (FBSS) is persistent or recurring low back pain
following one or more spine surgeries and is reported to have an incidence rate of
10 to 40 % [1, 2]. Today, FBSS comprises a notable component of the worldwide
epidemic of chronic pain. Specifically, chronic low back pain is estimated to affect
37 % of the general adult population with a 60-80 % lifetime prevalence [3]. These
startling numbers demonstrate the extent to which chronic low back pain impacts
our society. The etiology of FBSS is driven by a complex relationship of not only
biological and psychological factors, but also social and economic.

Etiology and Risk Factors

FBSS is a complex syndrome that is multifactorial. Here we examine the possible
preoperative, intraoperative, and postoperative causes (Fig. 3.1).

Patient Selection and Preoperative Factors

Patient selection for the original spine surgery is of the utmost importance in
preventing FBSS. It is essential that the proper operation is offered for the correct
condition and that patients have reasonable expectations of their surgery. Herniated
discs, spinal stenosis, foraminal stenosis, and unstable spondylolisthesis are straight-
forward indications. Less commonly, tumors, infection, and/or congenital issues

Fig. 3.1 Major
contributing factors of
failed back surgery
syndrome

Pre

operative

Intra Post

operative operative
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such as a tethered cord and scoliosis may be present and warrant operation. Other
conditions may be approached differently from surgeon to surgeon and often have
higher patient dissatisfaction rates and success.

Additional preoperative factors that affect surgical outcome include revision
surgery and insufficient candidate screening. In patients who had multiple revisions,
the rate of epidural fibrosis and instability increased to greater than 60 % [4].
Additionally, patients must be counseled about reasonable expectations and
informed that surgery will not resolve all of their symptoms. Proper counseling of
expectations for an initial spine surgery may dramatically reduce the rate of FBSS
[5]. For the remaining cases, it is important to ascertain what pain complaint remains
following surgery when thinking of further treatment outcomes.

The patient’s psychological status is also an important preoperative factor that
can strongly impact surgical outcome. It has been shown that depression and anxiety
correlate with poorer outcomes [6]. Thus, the patient’s ability to cope with stress
plays a paramount role in determining who will respond better to surgery. Pain
questionnaires used to screen patients include the Pain Catastrophizing Scale (PCS)
as well as the Minnesota Multiphasic Personality Inventory (MMPI). The PCS
score has been shown to significantly correlate with patients’ postoperative pain
scores [7]. In addition, the MMPI-2 was shown to be a predictor of implantation
status, showing that personality traits or disorders affect the decision-making
process for therapy [8]. Unfortunately, economic and social factors also affect
psychological status. Patients who are involved in the worker’s compensation and/
or the litigation process may have less motivation to improve [9]. Another factor
that has been found to affect surgical outcome is the weight of the patient. Patients
who had normal body mass indices (BMI) were found to have higher scores on
emotional well-being scales as well as better perceptions of their disease than those
who were obese (BMI>25) [10-12].

Intraoperative Factors

Once an appropriately selected patient reaches the operating room for the correct
procedure, other patient and surgical factors may predispose the patient to poorer
outcomes. These include modifiable risk factors, such as smoking status, diabetes,
and morbid obesity. Smoking is well known to impede fusion and wound healing
and some surgeons refuse to perform these surgeries until the patient quits [11, 13,
14]. Additionally, diabetes and obesity significantly increase the risk for surgical
site infections (SSI) and perioperative complications [15]. In diabetics, it is essential
to ensure that their disease is as well controlled as possible with the help of their
endocrinologist and/or primary care physician prior to surgery. Obesity often leads
to longer dissection and surgery time which increases the risk for infection and deep
vein thrombosis [16]. Other comorbidities related to the spine also need to be
accounted for such as immunosuppression, rheumatoid arthritis, renal disease, and
osteoporosis/osteopenia. All are associated with higher rates of major complications
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[15, 17-19]. Obesity may also necessitate changing routines in the operating room
through the use of different tables or retractor systems that are less familiar to the
surgeon [20].

Sometimes, findings intraoperatively may result in a less than ideal outcome.
Specifically, multiple preoperative epidural steroid injections (ESI) can lead to
scarring and difficulty with nerve root retraction [21, 22]. Calcified discs are often
harder to remove and may result in greater root retraction and thus postoperative
numbness and weakness [23].

Suboptimal surgical technique may also lead to postoperative issues. These
include over-distraction of the disc space during fusion, irritation of the nerve roots,
and inadequate or overly aggressive decompression [24]. Despite the shift toward
more minimally invasive techniques in the past decade, there is no data suggesting
lower rates of FBSS [25, 26]. Lastly, it is of course essential to ensure that the
surgery was performed at the right level, and that the overall aim of surgery was
accomplished by obtaining pre-, intra-, and postoperative imaging [27, 28].

Postoperative Factors

Postoperative impediments to outcome may be due to patient, surgical, or disease
factors. Patients may not be compliant with postoperative management. Often brac-
ing or restrictions are implemented and patients do not comply. Though the use of
bracing is often controversial, the patient who is noncompliant is likely to be
involved in a series of activities that may hinder their surgical outcome. We often
instruct patients that they have one chance to heal and should therefore adhere to
activity restrictions for the designated length of time. It is their responsibility to take
ownership of their health. Patients who are committed to their recovery and doing
the right thing such as not smoking, losing weight, and participating in physical
therapy when indicated have better outcomes [29-31].

Despite the surgeon and the patient’s best work however, complications do occur.
Most commonly, an infection or cerebrospinal fluid (CSF) leak can present in the
perioperative period. CSF leaks not only predispose the patient to more infections,
but also cause headaches, photophobia, nausea, diplopia, and tinnitus [32, 33].
Because SSIs may lead to deeper infections and more serious problems when left
unrecognized, these issues must be handled promptly with rapid evaluation of the
patient at the onset of signs or symptoms. Additionally, recurrent disc herniations
are most common in the initial postoperative period [34]. Patients who have recurrent
radiculopathy after a period of relief should be assessed clinically and with
imaging.

Disease progression may lead to issues in long-term follow-up. These include
the development of scarring (epidural fibrosis, arachnoiditis), anatomical instability,
and adjacent level disease. Epidural fibrosis may contribute to persistent pain felt by
up to 36 % of FBSS patients due to the tethering of nerve roots [1, 35]. Postsurgical
fibrosis at the nerve roots was found to be associated with a higher incidence of
recurrent pain following surgery. In a randomized, double-blind clinical trial,
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patients with extensive peridural scarring were 3.2 times more likely to experience
recurrent pain than those with less fibrosis [36]. The researchers suggested that the
encasement of the nerve roots with fibrotic tissue was causing pain by increasing
neural tension, impairing axoplasmic transport, and constricting blood supply [36].
Perineural scarring often is hyperintense on MRI with gadolinium as opposed to
recurrent disc which is hypo- or iso-intense. Additionally, a loss of disc height and
anatomic stability after a discectomy can lead to vertical stenosis and compression
of nerve roots [28]. This puts patients at risk for foraminal stenosis, disc herniation,
or instability [37]. In the long term, adjacent segment disease (ASD) may occur due
to hypermobility and increased biomechanic stress on the adjacent segments [38].
It is important to note that FBSS includes all patients with pain after surgery in
either the back or the leg or both. Thus, it is likely that some cases of FBSS are
really just the natural course of the disease, rather than a failure of surgery as
the name implies. It is important to realize that a technically accurate and well-
performed surgery does not guarantee success in terms of pain management, as
surgical indications for surgery can stem from neurological compromise, as well as
prevention of deterioration.

Diagnosis and Treatment

History and Physical Examination

To diagnose FBSS, it is essential to recognize whether the symptoms that prompted
the original surgery have been effectively treated. Patients either do or do not
improve after the first surgery. Reasons for no improvement include psychological
pain, sequestrated missed fragments, infection, wrong initial diagnosis, and subop-
timal surgical technique. Some of these factors are amendable to repeat surgery,
while some are not. In patients who gain temporary relief and then develop a
recurrence of pain, other diagnoses should be entertained. Adjacent level disease,
iatrogenic instability, nonunion, and recurrent disc herniation are often amendable
to further surgery. Another subset of patients develops fibrosis, complex regional
pain syndrome, or neuritis [39]. This group of patients, as well as the patients who
received inadequate relief of symptoms despite a good surgical outcome, comprises
the majority of FBSS patients.

When evaluating the FBSS patient, the physician should first determine if there
was an adequate decrease in pain after surgery or not, thus limiting the differential
[39]. The pain itself should be carefully categorized —Is it axial pain isolated to the
lower back that worsens with standing? Is it radicular pain shooting down the leg?
Are there signs of spinal stenosis-numbness and weakness with walking that
improves with bending over? Is the pain presenting the same as before surgery or is
this a new type of pain? Is there a new pattern of numbness or weakness? Does the
pain localize to the same level as the surgical intervention or is there more diffuse
involvement? What is the pain’s quality-stabbing and shooting (nociceptive) or
burning and aching (neuropathic)? Has the quality of pain changed?
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Physical examination in the case of FBSS should also be thorough. Decreased
strength and hyperalgesia in specific dermatomes should be noted. It is imperative
to differentiate between true chronic pain from decreased flexibility and discomfort
from persistent postsurgical pain. In these situations, the patient may regain more
function with orthotics and physical rehabilitation than additional medical and
invasive management procedures [28].

Advanced Imaging

Advances in radiographic imaging have allowed for the identification of causes of
FBSS in 94-95 % of patients [40, 41]. Certain imaging techniques are better suited
than others for specific causes.

1. Plain radiographic imaging: A basic standing X-ray with flexion and extension
of the spine allows for evaluation of alignment, degeneration, and stability of the
spine [5]. These are notably valuable for diagnosis of pseudoarthrosis, and
instability [39], and confirmation of optimal hardware placement.

2. Magnetic resonance imaging (MRI): With few exceptions, MRI is the
diagnostic imaging modality of choice—allowing for evaluation of soft tissue,
bone marrow, and intraspinal contents [5, 28]. Contrast-enhanced MRI is
required in patients who have undergone surgery to differentiate between
scarring and persistent disease and to confirm that the aim of surgery was accom-
plished [5]. MRI imaging should be immediately ordered for patients with risks
for spinal infection (new onset of low back pain with fever and history of IV drug
abuse), signs of cauda equina syndrome (urine retention, fecal incontinence,
saddle anesthesia), or severe neurological deficits [42].

3. Computer-assisted tomography (CT): CT with multiplanar reconstruction is
preferred for patients with pedicle screws or fusions [41, 43, 44] to rule out
pseudoarthrosis and check hardware while limiting effects of artifact. CT
myelography is indicated for patients with ferromagnetic metal alloy instrumen-
tation to allow for adequate image quality and resolution, or if MRI is contrain-
dicated for the individual patient.

4. Diagnostic injections: Diagnosis of facet joint arthropathy, sacroiliac joint (S1J)
pain, and foraminal or central stenosis can be confirmed and localized with
diagnostic injections, such as intra-articular injections, nerve root blocks, and
transforaminal/interlaminar epidural steroid injections.

Treatment of FBSS

The general goals of treatment include the following: (1) treat the cause when possible;
(2) decrease pain and inflammation; (3) maximize neuromuscular and musculoskeletal
function; and (4) stop the progression of disability [28, 39]. Similar to treatment of
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other chronic pain syndromes, treatment of FBSS entails a multidisciplinary approach,
incorporating physical therapy, psychological counseling, medication, and interven-
tional procedures when necessary [5]; holistic treatments such as chiropractic care,
acupuncture, and biofeedback therapy also provide benefit [45].

Traditional pharmacologic management includes:

. Nonsteroidal anti-inflammatory drugs or acetaminophen.

. Muscle relaxants, such as cyclobenzaprine.

. Antispastic medications, such as baclofen or tizanidine.

. Antidepressants, such as tricyclic antidepressants, serotonin-norepinephrine
reuptake inhibitors, or selective serotonin reuptake inhibitors.

. Antiepileptics (gabapentin).

. Tramadol.

7. Opioids—although opioid-induced hyperalgesia is likely under-recognized and

under-reported [28]. It is the authors’ recommendation that the use of long-term

opioid use for this patient population is not a viable option.

AW N =

AN W

Concurrent with pharmacologic management other interventional pain proce-
dures may be employed, such as epidural injections, branch blocks, radiofrequency
ablation, and spinal cord stimulation (SCS) [5, 28]. Specific treatment for chronic
pain and indications will be discussed in further detail in later chapters; however, it
is important to note that earlier interventions have been noted to have higher success
rates for the treatment of chronic pain. A recent meta-regression and stratified meta-
analysis performed by Taylor and colleagues [46] found a longer duration of pain to
correlate with less pain relief provided by SCS—suggesting superiority of earlier
intervention [46]. This applies to less invasive therapies as well, such as physical
therapy [47]. Early intervention can also reduce the amount of sick time the patient
uses in the future [48]. Consequently, this evidence suggests the importance of early
intervention.

Summary

With spinal surgeries continuing to rise, the incidence of FBSS has been reported to
be as high as 40 %, posing a significant economic burden on society. As a complex
multifactorial pain syndrome, FBSS has many components including pre-, intra-,
and postoperative factors, as well as psychological and socioeconomic elements.
A careful history and physical exam is essential in diagnosing FBSS. Imaging
options also serve as important diagnostic tools and include plain radiographs, MRI,
and CT. Once diagnosis has been established, the goals of treatment are to treat the
underlying cause when possible, decrease pain and inflammation, and maximize
function as well as slow the progression of disability. This has largely been accom-
plished by a range of pharmacological medication, injections, and SCS with earlier
intervention and recognition leading to higher success rates with treatment.
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Chapter 4
Cervical Pain Syndromes

Bryan C. Hoelzer

Key Points

e Cervical pain syndromes are common.

* There are numerous potential pain generators in the cervical spine.

* There is not an isolated physical exam test or imaging modality that will allow
for the correct diagnosis of the etiology of cervical pain.

* By carefully applying the history, physical exam, imagining, and diagnostic
studies the source of pain can typically be identified.

e There are many minimally invasive procedures that offer patients hope of
improving from cervical pain.

Introduction

Pain originating in the cervical spine is a common patient complaint. In the general
population, the life time prevalence of neck pain is estimated at 30 to 50 % [1-3].
Furthermore, 1.5 to 1.8 % of adults seek treatment for neck pain annually [4]. While
neck pain is quite common in the general population identifying the pain generator
can be elusive and without a clear etiology formulating the best treatment course
may be difficult [5]. For the purposes of this chapter cervical pain is defined as pain
originating in the cervical spine with or without radicular features.

When seeing a patient with cervical pain the clinician’s first priority is to review
any symptoms consistent with more serious underlying diseases. The so-called red
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flag symptoms (Table 4.1) give clues to the clinician when a more systemic evaluation
is warranted [5, 6]. Cervical myelopathy refers to direct compression to the cervical
spine most typically from a combination of degenerative changes to the uncovertebral
joints, facet joints, hypertrophy of the ligamentum flavum, and herniation of the cervi-
cal disks. Symptoms include pain in the neck, shoulders, or arms, gait instability,
numbness and weakness in the upper and/or lower extremities, and changes in bowel
or bladder function [5]. Progression of these symptoms warrants immediate surgical
evaluation. Once a more serious underlying disease has been ruled out attention can be
focused on more benign, but still very distressing to the patient, causes of neck pain.
The cervical spine is a complex anatomical structure with important interactions
between muscle, disk, bone, nerve, blood vessel, ligaments, and joints (Fig. 4.1). As
a result there are a number of potential pain generators in the neck. While much is
known about the anatomy of the neck very little is known about the mechanisms of

Table 4.1 Red flags for possible serious underlying disease

Fever or chills Trauma

Unexplained weight loss Osteoporosis

History of cancer History of ankylosing spondylitis
History of intravenous drug abuse Bowel of bladder changes

Recent infection Upper of lower extremity spasticity
Immunosuppression Upper of lower extremity weakness
History of inflammatory arthritis

P Wy Intervertebral disk
Uncovertebral  Annulus Nucleus
joint hypertrop fibrosus pulposus  posterior
- longitudinal
ligament

Spinal nerve

f
Facet joint

hypertrophy

Protrudin:
intervertebral

C5-6 disk (viewed from above)

Fig. 4.1 Medical illustration of a sagittal and axial view of the cervical spine at the C5-6 level.
Note the potential for neuroforaminal stenosis from uncovertebral joint hypertrophy, disk hernia-
tion, or facet joint hypertrophy. Reprinted with permission from “Mayo 2015~
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Table 4.2 Common and uncommon causes of cervical pain

Common Uncommon

Facet osteoarthritis Vertebral tumors
Discogenic neck pain Discitis

Myofascial pain Septic arthritis

Disk herniation Osteomyelitis
Neuroforaminal stenosis Inflammatory arthropathies
Shoulder disease Fractures

Vascular disease

cervical pain [4, 6]. Despite this complexity, known etiologies of neck pain have
been identified and studied [3, 7-15]. It should be pointed out that degenerative
changes or anomalies seen on diagnostic imaging do not always equate to pain. It is
the clinician’s job to overlay the history, physical exam, imaging studies, and possi-
bly invasive diagnostic studies to correctly determine the etiology of cervical pain.
Once the likely source of pain is identified appropriate treatments can be offered to
the patient. This chapter does not cover all sources of cervical pain but focuses on the
more common causes including cervical radiculopathy, facet osteoarthritis, disco-
genic neck pain, myofascial pain, and spondyloarthropathies (Table 4.2). It does not
cover trauma, myelopathy, infections, malignancy, or vascular sources of pain as
these conditions require more emergent evaluation and are beyond the scope of this
chapter.

Cervical Radiculopathy

Incidence and Mechanism

Cervical radicular pain is described as pain originating in the neck with radiation
over the posterior shoulder, upper scapular region, arm, and hand. It is character-
ized by a combination of sensory, motor, and/or reflex impairment of the neck and
upper extremities [16]. In order for pain to be present the dorsal root ganglion
must also be compressed or irritated [6]. While it is less common than axial neck
pain, it is still quite prevalent occurring in 85 out of 100,000 patients annually
[17]. It is most common in the sixth decade of life but can affect all adult patients
[16]. Non-compressive causes such as diabetic plexopathies, herpes zoster, pri-
mary shoulder disease, upper extremity nerve entrapment, and root avulsion
account for a small minority of the total cervical radiculopathy but should be
included in the differential diagnosis prior to entertaining the more common
causes [5, 7]. Over 90 % of cervical radiculopathies result from direct compres-
sion or irritation of the cervical nerve root and dorsal root ganglion. Unlike the
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lumbar spine, the most common causes of cervical nerve root compression are
cervical spondylosis followed by cervical disk herniation [7, 18, 19]. In this set-
ting spondylosis refers to the age related changes of the uncovertebral joint, cervi-
cal facet joints, intervertebral disks, and ligamentum flavum all of which contribute
to neuroforaminal narrowing. Degeneration and hypertrophy in these cervical
structures leads to narrowing of the neuro foramen and results in compressive
symptoms to the cervical spinal nerve [5].

History and Physical Exam

Patients suffering from a cervical radiculopathy generally describe a sharp, burning,
shooting, and/or electric pain located in the neck, shoulder, arm or hand depending
on the affected nerve root (Table 4.3) [7]. Of patients presenting with cervical radic-
ulopathy 99 % complained of arm pain, 85 % had sensory deficits, and 80 % com-
plained of neck pain [20]. The lower cervical spinal levels are most common. The
C7 nerve root is involved in 45 to 60 % of patients with C6 accounting for 20 to
25 %. The C5 and C8 spinal nerve roots each account for approximately 10 % of the
cases [16]. It should be noted that a C6-7 disk herniation will result in a C7
radiculopathy.

Findings on physical exam may include decreased sensation, upper extremity
weakness, and hyporeflexia. Provocative maneuvers including the upper limb ten-
sion test (ULTT), neck distraction, Spurling test, and the shoulder abduction test
increase the clinician’s suspicions of a radicular source by exacerbating or relieving
the patient’s radicular pain. Of the provocative maneuvers the ULTT is the most
sensitive for cervical radiculopathy [5, 21-23].

Table 4.3 Neurologic manifestations of cervical radiculopathies

Nerve root | Sensory changes | Muscle weakness Reflex loss Pain pattern
C5 Lateral shoulder | Deltoid Supinator Neck, medial upper
Lateral upper Biceps Biceps scapular border,
arm Supraspinatus shoulder, and
Infraspinatus lateral upper arm
Co6 Lateral forearm | Biceps Biceps Neck, scapula,
Thumb Brachioradialis Brachioradialis | shoulder, lateral
Index finger Wrist extensors forearm, and thumb
C7 Posterior Triceps Triceps Neck, medial
forearm Wrist flexors scapula, posterior
3rd finger Latissimus dorsi forearm, and 3rd
Finger extensors finger
C8 Medial forearm | Triceps None Neck, medial

5th finger

Thumb flexors
Hand abductors

forearm, and 5th
finger
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Imaging and Advanced Diagnostics

Plain film radiographs and more advanced imaging modalities for nontraumatic
neck pain are rarely helpful and should be reserved for patients with red flag symp-
toms (Table 4.1) or in patients with pain that last longer than 6 weeks and is unre-
sponsive to conservative treatment [5, 16]. Plain film radiographs offer information
regarding congenital abnormalities, disk degeneration, instability, fractures, and
sagittal alignment. However, none of these findings, including abnormal curvature,
are predictive of more severe underlying diseases [7, 24].

Magnetic resonance images (MRI) is clearly superior to any other imaging
modality when assessing changes in the intervertebral disk, nerve root, dorsal root
ganglion, spinal cord, the neuro foramen and surrounding soft tissues all of which
could account for radicular symptoms (Fig. 4.2), however, there is no direct link
between abnormalities seen in these structures and pain. In fact studies have shown
abnormal MRI results in 10 to 60 % of asymptomatic patients depending on age [16,
17, 25, 26]. As a result the correct diagnosis of cervical radiculopathy, including the
level involved, requires careful layering of all components of the history, physical
exam, and imaging studies.

Electromyography (EMG) and nerve conduction tests may be useful when the
history, physical exam, and other imaging studies cannot differentiate between a
radicular source of pain and other neurological pain generators of the upper extrem-
ity (i.e., distal nerve entrapments or plexopathies). In addition, an EMG may be of
value when multiple levels of neuroforaminal stenosis are seen on MRI because
specific spinal nerve roots can be tested as long as the upper extremity symptoms
have been present for greater than 3 weeks [7, 16, 27]. However, mild radiculopa-
thies may have a normal EMG [28].

Fig. 4.2 A 42-year-old female with new radicular pain in a right C6 distribution. (a) T2 weight
sagittal MRI showing a large C-6 disk herniation. (b) T2 weighted axial MRI of the same patient
showing the disk herniation impinging the right C6 nerve root
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Cervical Facets

Incidence and Mechanism

The cervical facet joint is a common source for axial neck pain accounting for 25 to
65 % of patients suffering from neck pain depending on the selection method [29—
33]. In patients suffering from chronic neck pain after a known whiplash injury the
prevalence of pain coming from one or more cervical facet joint is 54 to 60 % [34,
35]. As a diarthrotic joint it is susceptible to traumatic, occupational, and age related
degenerations resulting in its high prevalence [36]. While all levels of the cervical
facets can be sources of pain the most common levels are C2-3 and C5-6. In nearly
half the patients suffering from cervical fact mediated pain more than one facet joint
was involved [37]. Studies have shown that occupation plays a significant rate in
developing neck pain and may be secondary to added stress on the facet joints dur-
ing prolonged flexion or extension [38, 39].

History and Physical Exam

As with cervical radiculopathy a clinician’s first responsibility is to rule out any
serious underlying disease before establishing the diagnosis of cervical facet pain.
Part of this evaluation should include questioning the patient about previous trauma,
weight loss, night pain, and history of malignancy. Cervical facet pain has been
described as a dull or sharp pain in the posterior lateral and dorsal side of the spinal
column with radiation into the scapular region, upper shoulders or head depending
on the level affected [6, 36]. In some cases the pain may radiate into the upper arm
but should not go distal to the elbow unless the facet hypertrophy is also affecting
the neuro foramen. Fortunately, pain from the cervical facet joints often follows a
specific and clinically recognizable pattern (Fig. 4.3) [6, 37]. The pain is often exac-
erbated with rotation, flexion, and neck extension. In fact, patient’s first complaint
may be pain and stiffness when rotating their neck to look behind them while revers-
ing a car.

The physical exam should include eliminating cervical radiculopathy as well as
shoulder pathology as potential pain generators. In addition, a neurologic exam of
the upper extremities should be normal in patients with cervical facet disease.
Provocative manners that produce pressure and tension on the cervical facets are
often helpful. For upper facets (C2-3 and C3-4) rotation of the cervical spine in a
flexed position (looking at the floor) may reproduce pain. Movement in the lower
facets (C5-6 and C6-7) can be assessed by rotating the cervical spine in an extended
position (looking at the ceiling) [36]. In addition, research has demonstrated that
pain along the facet column with 4 kg of locally applied pressure is indicative of
cervical facet disease [40].
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Fig. 4.3 The patterns of referred pain from cervical facet joints. From Cooper G, Bailey B,
Bogduk N. Cervical zygapophysial joint pain maps. Pain Med. 2007;8(4):344-53. Reprinted with
permission from John Wiley and Sons

Imaging and Advanced Diagnostics

In patients suffering with axial neck pain imaging studies are rarely helpful. Plain
film radiographs may exclude tumor, fracture, or other serious systemic disease. In
addition, plain films may help establish the degree of degeneration in the cervical
facets (Fig. 4.4). While correlation between degeneration seen on imaging and pain
symptoms is controversial there are studies showing a relationship between
advanced degenerative changes on plain film radiographs and facet mediated pain
[36, 41].

Advances in magnetic resonance imaging (MRI) have enabled clinicians to see
signs of inflammatory changes in the cervical facet (Fig. 4.4). However, like degen-
eration in plain film radiographs inflammation does not necessarily correlate to that
cervical facet joint(s) being the source of pain. EMG studies are not indicated for
axial neck pain.

The most reliable way to establish if the cervical facets are the etiology of a
patient’s axial neck pain is by performing diagnostic blocks of the medial branches
that supply sensory innervation to each joint. It has been verified that the cervical
facet joint is innervated via the medial branches of the rami dorsales from the spinal
nerves above and below the joint. For example, to confirm the C6-7 facet joint as
painful a small amount (0.25 to 0.5 mls) of local anesthetic is injected under image
guidance onto the medial branches of the rami dorsales of C5 and C6. Although
invasive this modality can be vital in establishing a clear diagnosis and allow the
clinician and patient to consider other minimally invasive treat options for cervical
facet pain [13, 33, 36, 40, 42].
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Fig. 4.4 63 year old female with chronic pain located in her mid-left neck without radiation. (a)
Plain film radiograph showing degenerative changes in the C4-5 joints. (b) T2 weighted axial MRI
using fast spin echo (FSE) sequencing showing degenerative changes in the left C4-5 facet joint.
(¢) CT scan showing advanced degeneration at the C4-5 level on the left

Cervical Disks

Incidence and Mechanism

The cervical disks are innervated by the sinuvertebral nerves, vertebral nerve, and
the cervical sympathetic trunk [43—45]. Degeneration of the cervical disk can result
in pain in other areas of the cervical spine (i.e., radiculopathy, uncovertebral joint,
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and facet joint). However, the cervical disks themselves have been identified as a
source of neck pain [46]. The exact incidence of discogenic neck pain is unknown
however one study estimated it to be present in 16 % of patients with complaints of
neck pain [33].

History and Physical Exam

Patients with neck pain from a discogenic source will complain of a dull aching pain
over the midline neck with the level depending on the disk involved. The pain will
not radiate unless the disk degeneration has become significant enough to cause
nerve root irritation [45]. No physical exam maneuver has been validated to be spe-
cific or sensitive for disk mediated pain however, neck distraction may give the
examiner some clue that the disk may be involved. Therefore, the history and physi-
cal exam center on eliminating other more common sources of neck pain.

Imaging and Advanced Diagnostics

Degeneration of the cervical disks can be seen on plain film radiographs, magnetic
resonance images (MRI) and CT scans. As with other sources of neck pain degen-
eration does not equate to pain. There is some belief that annular tears identified as
high intensity zones on T2 weighted MRI images may correlate with discogenic
pain. However, fissures have been shown to be a normal part of age related disk
changes [45, 47]. In order to correlate degenerative changes seen on imaging with
discogenic neck pain cervical discography must be performed [46]. Because the
symptoms of cervical disk and facet pain are similar it is recommended that the
facet joint (via medial branch blocks) is first evaluated as a source of neck pain prior
to commencing cervical discography [33]. When this order is not followed it has
been shown that discography will be falsely positive in over 30 % of cases [48].

Electromyography (EMG) and nerve conduction tests are not indicated in cases
of isolated cervical disk pain.

Cervical Myalgias

Incidence and Mechanism

It is estimated that up to 55 % of patients evaluated for head and neck pain have a
component of myofascial pain [49]. While the exact mechanism of cervical myofas-
cial pain has not been fully discovered it often involves the development of palpable
taut muscle fibers known as trigger points [50]. Any muscle of the cervical spine



38 B.C. Hoelzer

can contribute to neck pain, but the trapezius, levator scapulae, and semispinalis
muscles are often involved. Tendonitis of the longus colli muscle is a rare condition
that can lead to cervical pain [6]. Polymyalgia rheumatic and fibromyalgia are both
systemic diseases that typically have cervical manifestations [6]. In addition, other
cervical diseases such as radiculopathy or facet degeneration often coexist with
myofascial pain.

History and Physical Exam

Determining a myofascial source of cervical pain involves combining a comprehen-
sive neurological and musculoskeletal exam to exclude deeper causes of pain while
identifying specific muscles that have point tenderness and taut muscle fibers to
palpation [51]. Cervical myofascial pain often presents as a deep aching sensation
and patients use descriptors such as tight, stiff, and dull. Patients will also complain
of and demonstrate a decreased range of motion [52]. Questioning may reveal a his-
tory of minor trauma, sleep disturbances, psychological stressors, and/or repetitive
over use [53]. Muscles spasms may be misinterpreted as radicular symptoms.

Imaging and Advanced Diagnostics

There are no specific imaging or advanced diagnostics studies that are recom-
mended for cervical myalgias, however; magnetic resonance imaging can demon-
strate inflammation and edema in the upper longus colli muscle [54].

Cervical Spondyloarthopathies

Incidence and Mechanism

The two most common inflammatory arthritides to affect the spine are rheumatoid
arthritis and ankyloses spondylosis. Rheumatoid arthritis preferentially causing
changes in the cervical spine while ankylosing spondylitis can involve the cervical,
thoracic, and lumbar spine. Although not as common, other inflammatory disorders
such as psoriatic arthritis and crystal depositing arthropathies can also involve the
cervical spine. In most cases the peripheral manifestations of these disorders are
more severe than axial complaints which may result in overlooking their impact on
the cervical spine [55]. However, 40 to 85 % of patients with rheumatoid arthritis
complain of neck pain secondary to cervical involvement of their rheumatoid arthri-
tis [56, 57].
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History and Physical Exam

The most common manifestations of inflammatory arthritis in the cervical spine are
basilar invagination, subaxial instability, and atlantoaxial instability [55, 58]. These
conditions can present as a combination of radiculopathy, axial pain, and/or cervical
myelopathy [55]. There are no specific symptoms a patient suffering with an inflam-
matory arthritis with cervical involvement will complain of. In patients with a his-
tory of inflammatory arthritis a thorough upper and lower neurological exam should
be performed to assess for the subtleties of an impending myelopathy. Once serious
neurologic involvement is excluded attention can be turned to the causes of cervical
pain that have already been described in this chapter.

Imaging and Advanced Diagnostics

Indications for imaging patients with inflammatory arthritis include neurologic dys-
function attributable to cervical cord or nerve root compression, sudden onset of
gait instability, new occipital headache, pending surgical procedure involving air-
way manipulation, and axial neck pain lasting more than 6 weeks [55]. Plain film
radiographs including flexion—extension views and odontoid views offer an inex-
pensive screen for dynamic instability. MRI imaging allows for the detailed evalua-
tion of the ligaments and joint capsules affected by inflammatory arthritis and their
effects on the spinal canal [59]. In patients suffering from rheumatoid arthritis a CT
scan is superior for evaluating basilar invagination. CT scans also provide informa-
tion about the bony architecture of the cervical spine [60].

Treatments

While other chapters focus more extensively on the treatment options for cervical
pain syndromes this chapter would not be complete without a brief mention of those
options. For patients suffering from acute and subacute cervical radiculopathies,
epidural steroid injections have been shown to offer temporary relief allowing
patients to participate more fully in physical therapy [61]. When the primary pain
generator has been identified as the facet joint radiofrequency ablation has been
shown to provide significant long-lasting pain relief [42, 62]. For myofascial pain
trigger point injections may be beneficial although the evidence for their use is
sparse.

For patients suffering from cervical pain that has not responded to the above
treatments utilization of spinal cord stimulation may provide significant pain relief.
In particular, patients suffering from chronic radiculopathy may benefit most from
this therapy [63]. As the technology surrounding spinal cord stimulation evolves
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and with the emergence of new stimulation options a great portion of patients with
cervical pain syndromes from all etiologies may find relief with spinal cord
stimulation.

Finally, for patients with severe refractory pain utilization of intrathecal drug

delivery systems remains a viable option. These systems are particularly useful in
patients with intolerable side effects to systemic opioids, however; their use requires
the physician to have extensive experience with both the implantation and mainte-
nance of the system [64].

Summary

Cervical pain syndromes are common among a diverse patient population.
Identifying the pain generator can be difficult, however; if a clinician approaches
this problem with careful attention to the history, physical exam, and imaging, a
diagnosis can be made. Before starting down the path of conservative management,
questions aimed at ruling out serious underlying disease must be answered.
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Chapter 5

Revision Surgery and Alternative Treatment
Options for Recurrent Pain Following Spinal
Surgery

Aleka Scoco, Jonathan P. Miller, and Jennifer A. Sweet

Key Points

e Many patients who undergo spinal surgery have continued postoperative neuro-
pathic and/or back pain.

* The persistence of pain following spinal surgery may represent the development
of new or recurrent pathology, which may require revision surgery.

* Neuromodulation may be an alternative option for patients with unrelieved pain
after previous spinal surgery.

* Spinal cord stimulation demonstrates superiority to repeat spinal surgery in
select patients.

Introduction

Low back pain (LBP) accounts for the second most common pathology resulting in
disability in the USA [1], and there has yet to be a standard treatment algorithm for
the management of such patients. Over the last century, extensive research has been
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done investigating surgical treatment options for patients suffering from such pain,
reflected by the rising surgery rates of novel, complex spinal fusions [2]. In the USA
alone, there was a 15-fold increase in the rate of complex spinal fusion procedures
for back pain from 2003 to 2007 [1]. However, complication rates for complex sur-
geries are much higher than for simpler procedures [2]. In addition, the sequelae
from such procedures can result in epidural scarring, which may produce persistent
LBP and neuropathic extremity pain, resulting in overall functional impairment [2].
This scenario can be frustrating to both physicians and patients alike, as a clear
management strategy is often lacking. Thus the goal of this chapter is to identify
indications for revision spine surgery versus alternative pain management options
for patients with chronic neuropathic pain and LBP after prior lumbar surgery.

Identification

The primary indications for surgical intervention for degenerative spine disease
include compression of neural elements and/or structural instability, either of which
can result in LBP and lower extremity radicular pain. For the right patients, surgical
interventions can result in substantial improvement in overall pain and quality of
life [3, 4]. However, for patients who have already undergone surgery, indications
for subsequent treatment options, including surgical revision, are less clear.

Revision Spinal Surgery Versus Alternative Treatment Options
Jfor Postoperative Pain

The persistence of pain following surgery of the spine may represent the develop-
ment of new or recurrent pathology, such as re-herniation of a disc, persistent steno-
sis, instability, or pseudoarthrosis, all of which may be indications for revision
surgery [5-8]. A careful history and physical examination can help to determine the
etiology of a patient’s postoperative pain. For example, mechanical back pain after
a short period of post-surgical pain relief can be indicative of pseudoarthrosis or
instability [5], and dynamic X-rays or a CT scan may help to demonstrate such find-
ings. Similarly, if a patient has complaints and neurological findings concerning
enough to warrant postoperative imaging, an MRI may demonstrate re-herniation of
a disc or other structural abnormalities. Such findings may also necessitate revision
surgery.

However, the challenges in management arise in situations in which neuropathic
lower extremity pain and persistent LBP are present without impressive findings on
imaging. Whether or not these symptoms exist from epidural fibrosis [2] or an over-
all progression of the degenerative process which led to the initial surgery remains
unclear, as does the association between the degree of fibrosis on MRI and clinical
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Fig. 5.1 Sagittal (leff) and axial (right) MRI demonstrating epidural fibrosis surrounding the left
nerve root in a patient with persistent postoperative neuropathic lower extremity pain and low back
pain

outcome [9]. An example of postoperative scar tissue surrounding a nerve root is
demonstrated in Fig. 5.1. Ultimately, roughly 30 % of patients who undergo spine
surgery for purposes of pain alleviation still fail to improve postoperatively [10, 11].
This raises the question of what to do with patients who fail surgery or present with
recurrent symptoms. The physical, emotional, and economical costs of failed pain
relief with prior spinal surgery places a significant burden on both patients and
society.

Failed Back Surgery Syndrome

For patients in whom there is persistent neuropathic and LBP following surgery,
with evidence of fibrosis or otherwise unremarkable findings on MRI, alternative
options to revision surgery are warranted. The most supported indication for these
treatments is failed back surgery syndrome (FBSS). This includes patients with
chronic back pain and neuropathic lower extremity pain following spinal surgery,
often in the setting of normal post-operative imaging [12]. In situations of FBSS,
revision spinal surgeries have been shown to result in improvement in only 20-30
% of patients [13, 14]. In fact, data has suggested that patients with persistent
chronic LBP with a neuropathic component, may not be easily correctable with
revision surgery [15, 16].

The term “failed back surgery syndrome” may be a misnomer, given the diverse
profile of risk factors and uncertain pathophysiology of the disease [1]. In addition
to common postoperative conditions such as recurrent disc herniation, fibrosis-
associated neuropathic pain, degenerative changes, facet joint pain, arachnoiditis,
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and pseudoarthrosis, other known associated risk factors for FBSS include age,
smoking, obesity, lack of physical exercise, deconditioning, and depression [17—
19]. The presence of these conditions affirms the need to control comorbidities.

Patients with FBSS are thought to develop epidural fibrosis following surgery
due to postoperative inflammation, tissue manipulation, or bleeding into the epi-
dural space. The scar tissue may then result in nerve entrapment, reduced tissue
perfusion, or functional abnormalities in the subarachnoid space [20]. The impact of
this fibrosis in postsurgical patients has been strongly associated with persistent
LBP [21]. However, studies show no clinical correlation between the degree of
fibrosis on MRI and clinical outcome [9]. Moreover, repeat surgery for epidural
fibrosis has not been associated with improvement of pain [22].

Evidence

Conservative Treatment Options

First-line treatment options for patients with post-operative chronic back and radic-
ular pain without significant radiographic findings traditionally consists of conser-
vative management options [23, 24]. Such treatment strategies include exercise
therapy with a supervised physical therapist, multidisciplinary bio-psychosocial
rehabilitation, and medical treatment with opioid and non-narcotic medications.
There is also evidence supporting the use of alternative medicine treatments such as
acupuncture, yoga, thermal modalities, and acupressure [24-26]. Providers must
tailor therapy to individual patients and be cautious in selecting specific treatments
as well as promising results.

Steroid injections may also be indicated to alleviate both back and neuropathic
pain by reducing inflammation. There are numerous types of injections such as
interlaminar, transforaminal, and caudal approaches, which may all play a role in
the treatment of symptoms, prior to or instead of surgery [20, 21]. Benefit may be
achieved through a series of three injections over a 6—12 month period, for longer-
lasting pain relief. The drawbacks of steroid injections are the often short duration
of pain control, as well as the immunosuppressive properties of steroid use.

Neuromodulation

The use of neuromodulation has become increasingly popular for the treatment of
chronic LBP and radicular pain following spinal surgery that has failed conservative
measures, and may be a better option than repeat spine surgery. Neuromodulation
consists of the implementation of technologies that act on neural structures, often
via the delivery of electrical stimulation or pharmacological agents, to restore
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Table 5.1 PROCESS trial outcomes summary
Number of | % Achieving primary | % Achieving primary

Treatment patients outcome (at 6 months) | outcome (at 24 months)
Spinal cord stimulation 50 48 % (p=0.001) 37 % (p=0.003)

(SCS)

Conservative medical 43 9% (p=0.001) 2 % (p=0.003)
management (CMM)

function and/or influence symptoms of disease. Examples of neuromodulation for
the management of patients with persistent neuropathic lower extremity pain and
LBP following spinal surgery include spinal cord stimulation (SCS) and intrathecal
pain pumps (ITP).

Spinal Cord Stimulation (SCS)

SCS offers a promising treatment option to patients with persistent postoperative
neuropathic pain. When Melzack and Wall published their iconic paper on gate
control theory in 1965, and Norman Shealy first discovered the potential therapeutic
value of SCS, so began a revolution in the way pain management is achieved [27,
28]. Though evidence for the efficacy of SCS for patients with FBSS was estab-
lished in the 1990s, its mechanism of action and optimization are still being
explored, with current research focusing on the delivery of new stimulation param-
eters [29]. Despite the many unknowns associated with SCS, the use of SCS for the
treatment of patients with chronic back and neuropathic pain has gained popularity,
and has even proven to be cost effective for health care as well [30]. Currently, the
annual number of stimulators implanted is increasing, and has become critical in the
armamentarium of clinicians treating such patients [31, 32].

Multiple studies have demonstrated significant improvements in neuropathic
extremity pain, with or without back pain in a majority of patients with few compli-
cations [33, 34]. In one of the first large series of SCS for FBSS, patients were
treated with SCS and followed for 4 years [35]. Overall, patients reported more than
60 % subjective improvement of pain, a significant reduction in medication usage,
and an increased working capacity [36]. A study by North et al. also demonstrated
the efficacy of SCS for FBSS [37]. The authors found a successful outcome, defined
as at least 50 % sustained relief of pain and patient satisfaction, in a majority of 50
FBSS patients after SCS implantation. A subsequent study of 153 patients with
FBSS had similar findings, with 52 % of patients achieving pain relief after SCS
with an average follow-up period of 7 years [35]. In a large multicenter study, the
PROCESS trial, SCS was compared to conservative medical management [38—40].
The results were impressive, showing the superiority of SCS treatment over CMM,;
specific outcome data can be seen in Table 5.1. Several other investigators have
since affirmed SCS efficacy with respect to improvements in functional capacity in
addition to pain [41-45]. As such, various American and international regulatory
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Table 5.2 International consensus and guidelines

Society Recommendation for SCS use for FBSS

American College of Occupational and Strong evidence for the use of SCS for FBSS
Environmental Medicine (ACOEM) (based on
recently revised data [46]

American Society of Interventional Pain Strong recommendations for the short term
Physicians [32] and moderate strength for prolonged use
British Pain Society [47] Recommended treatment for neuropathic
pain
Canadian Pain Society [48] Grade B strength recommendation
Cochrane review based on Agency for Level II-1 or II-2 evidence for relieving
Healthcare Research and Quality (AHRQ) intractable pain of FBSS on a long-term
criteria [49] basis

European Federation of Neurological Societies Level II evidence
(EENS) [50]

and pain societies have confirmed the role of SCS for the treatment of FBSS. A
summary of these recommendations can be found in Table 5.2. Even when com-
pared to other treatment options such as repeat spinal surgery which can carry an
improvement of 20-30 %, there are few modalities that can carry such success as
SCS.

In order to optimize the efficacy of SCS treatment for patients suffering from
FBSS, these patients need to meet certain selection criteria [32]. Up to 3640 %
post-SCS implant patients still have ongoing disability and pain, underscoring the
need for stringent inclusion and exclusion criteria [51]. As with any intervention,
patient selection is crucial. To qualify for an SCS treatment trial for chronic LBP
and lower extremity radicular pain, patients need to have failed at least 3—6 months
of adequate conservative medical management. This includes physical therapy,
analgesics, both opioid and nonopioid, and epidural steroid injections. Completion
of a pain psychology evaluation is typically advised prior to SCS, and for placement
of paddle SCS leads, thoracic imaging is recommended to ensure sufficient space
for the lead without causing spinal cord compression. Furthermore, a completed
successful SCS trial, defined as >50 % pain relief prior to permanent stimulator and
lead implant is essential to ensure efficacy of the treatment [52]. Patients with a
positive SCS trial have increased success post-implantation when compared to
those who fail to respond [53].

However, as with any surgery, SCS may have complications. In the PROCESS
trial, 19 (45 %) of the 42 patients still receiving SCS at 24-months experienced a
total of 34 SCS-related complications, primarily related to hardware migration and
biological events including wound breakdown or pain at the incision site [40]. Only
a small proportion of events (15 %) were attributed to loss of therapeutic effect.
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SCS Versus Revision Therapy for FBSS

When directly comparing SCS versus reoperation for treatment of FBSS, there is
clear superiority of SCS treatment [51]. In 2005, North et al. published a random-
ized control trial to investigate the issue of surgical revision; he randomly
assigned patients with FBSS to receive either SCS or reoperation. SCS was more
successful than reoperation (9 of 19 patients vs. 3 of 26 patients, p<0.01), and
patients initially randomized to SCS were significantly less likely to cross over
than were those randomized to reoperation (5 of 24 patients vs. 14 of 26 patients,
p<0.02) [51].

There is also evidence to suggest that the sooner a diagnosis of FBSS can be
recognized and subsequently treated with SCS, the better the prognosis for treat-
ment efficacy [54]. SCS performed early in the course of a patient’s chronic pain
process is associated with better outcomes than SCS performed late in the dis-
ease [52].

Intrathecal Pain Pumps

Intrathecal pain pumps function by delivering programmable doses of drugs, such as
an opioid alone or in combination with a local anesthetic agent, directly to the cere-
brospinal fluid. At present approved labeling is for either Morphine or Ziconatide to
be delivered via an intrathecal therapy. Although the efficacy of intrathecal pain
pumps for the treatment of FBSS has yet to be demonstrated in a large-scale random-
ized clinical trial [55], there is evidence supporting the use of implantable intrathecal
infusion systems for FBSS for both short-term and long-term relief of symptoms,
particularly for the nociceptive back pain component [56]. Similar to SCS, patients
are encouraged to undergo a successful trial prior to initiation of therapy.

Summary

Persistent postoperative lower extremity neuropathic pain and low back pain fol-
lowing spinal surgery affects a large number of patients. While revision surgery
may be indicated in cases of a new or recurrent pathology as confirmed on history,
physical, and imaging evaluations, many patients are not candidates for reopera-
tions. As such, an understanding of the pathophysiology of their symptoms, as well
as the currently available alternative treatment options, is essential. This includes
physical therapy, multidisciplinary rehabilitation, and pain management strategies
as well as neuromodulation techniques, such as spinal cord stimulation and intrathe-
cal pain pumps.
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Chapter 6
Considerations for Neuromodulation

Jeffrey S. Berger

Key Points

» Despite rapidly evolving technology and significantly increased utilization, the
complication rate associated with neuromodulation therapies, as well as explant
rates remain an issue.

* There are multiple medical factors including anticoagulation status, diabetes and
immunocompromised states, bacterial colonization, prior surgical incisions,
tobacco use, obesity, and potential for pregnancy which should be considered
prior to pursuing neuromodulation therapy.

* Device-related factors including MRI compatibility, componentry allergy as well
as pacemaker status need to be properly considered and addressed to ensure
successful future outcome and reduce risk of explant.

* SCS and intrathecal catheter/pump implants involve the neuroaxis and as such
more conservative anticoagulation discontinuation guidelines have been devel-
oped for these procedures in comparison to injectional procedures.

» Tight postoperative glycemic control, screening for and treating S. aureus
colonization as well as tobacco cessation have all been demonstrated to reduce
complication rates.

* MRI compatible componentry is now available from all of the major device
manufacturers. While all SCS manufacturers continue to maintain warnings
regarding possible interactions, the presence of a pacemaker/ICD is generally a
consideration rather than a strict contraindication to SCS therapy.
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Introduction

Over the course of 50 years, there have been remarkable advances in the field of
neuromodulation. Since the first report by Shealy, Mortimer, and Reswick on the use
of pacemaker technology to stimulate the spinal cord to ameliorate cancer-related
pain, there have been tremendous advances in electrode, lead as well as implantable
pulse generator (IPG) technology [1]. With improved componentry, physicians are
equipped with treatment options for a growing range of pain syndromes ranging
from failed back surgery syndrome to complex regional pain syndrome (CRPS) to
peripheral vascular disease as well as visceral pain states. Improved trialing and
implantation technique as well componentry has led to a significant reduction in
biologic complications as well as device-related malfunction [2—4].

Enhanced technology, reduced complication rate, improved physician education,
and growing community awareness have opened the door to treatment for tens of
thousands of patients who previously had no options outside of “living with the
pain.” Spinal cord stimulation (SCS) is increasingly being recognized as an under-
utilized treatment of chronic pain syndromes such as failed back surgery syndrome
(FBSS) yet often remains relegated as a treatment of last resort [5, 6]. Factors such
as pregnancy, ICD (pacemaker/defibrillator) status, or need for future MRIs which
previously have been identified as contraindications now are deemed considerations
[7-13]. Traditionally, neurostimulation has been indicated for neuropathic pain
states involving the lower limbs; increasingly SCS and PNS are being successfully
utilized for treatment of axial low back pain, cancer-related pain, peripheral vascu-
lar disease as well as less traditional applications such as knee pain, angina, chronic
abdominal as well as pelvic pain [14-18].

With improved technology, increased awareness, and earlier implementation in
the treatment algorithm, the utilization of neuromodulation has significantly
increased over the past 20 years with exponential growth in the number of trials as
well as permanent implants. However, a recent national study of 21,672 patients
undergoing spinal cord stimulator trials between 2000 and 2009 identified a trial to
permanent conversion ratio of only 41.4 % [7].

As the pool of potential neuromodulation candidates increases, it is critical that
neuromodulators take into consideration modifiable and nonmodifiable medical and
psychological factors as well as device-related considerations which ultimately will
predict trial success, long-term patient satisfaction, as well as risk of complication
and associated morbidity. This chapter focuses on biologic and device-related con-
siderations for selecting appropriate candidates for neuromodulation, optimizing
outcomes, and reducing modifiable risk factors.

Biologic Considerations

The complication rate associated with spinal cord stimulation has been reported to range
between 30 and 40 % [2, 4]. Complications associated with neuromodulation may be
mechanical in nature related to lead fracture, lead migration or implantable pulse



6 Considerations for Neuromodulation 59

generator (IPG) failure, biologic related to infection, allergic reaction, IPG seroma, epi-
dural fibrosis, epidural hematoma or physiologic related to change in stimulation cover-
age, dural puncture, nerve or cord injury, or compressive pathology [2].

Identifying appropriate candidates for neuromodulation is the key to successful
outcomes. Once it has been determined that the topography and morphology of a
patient’s pain state may respond to neurostimulation, neuromodulators must take a
thorough history and perform a complete physical examination to determine medi-
cal comorbidities that may influence componentry selection as well as risks associ-
ated with the trial and permanent implant. Medical considerations reviewed in this
chapter include anticoagulation, diabetes and immunocompromised states, bacterial
colonization, prior surgical incisions, tobacco use, obesity, pregnancy as well as
need for future MRIs.

Anticoagulation

One of the most devastating complications of neuromodulation is development of
epidural hematoma, subsequent cord compression, myelopathy, and paralysis. The
risk of bleeding-related complications associated with neuraxial anesthesia is sig-
nificantly greater in patients on anticoagulation therapy and clear, evidence-based
guidelines have been developed [19]. The majority of guidelines in this area have
been adopted from the anesthesia literature and until recently few evidence-based
guidelines existed for physicians performing interventional spine therapies includ-
ing spinal cord stimulation [20]. In contrast, the role of antithrombotic therapy in
preventing cardiovascular and cardio-embolic events has been well established and
well researched with multiple large evidence-based trials and secondary guidelines
for use and discontinuation [21-23]. The risks of myocardial infarction, pulmonary
embolism, stroke, and death associated with holding anticoagulation must be bal-
anced with the increased risk of epidural, pocket, or incisional hematoma and opera-
tive blood loss. Some patients such as those with recent cardiac stenting, active
cardiac arrhythmia, or thromboembolic event may be deemed too high risk to dis-
continue therapy. In addition, increased psychological stress associated with the
chronic pain syndrome may further increase the rate of thromboembolism by con-
tributing to a state of relative hypercoagulability [24].

Consideration should be given toward reducing the duration of spinal cord stimu-
lator trials to 5 days or less in patients at risk for thromboembolic event who are
holding anticoagulation therapy [25]. Due to decision-making complexity associated
with ever-growing numbers of drugs, drug classes, and disease states, well-
coordinated communication with the patient’s hematologist, cardiologist, or pre-
scribing physician is essential to determine whether the patient is at an acceptable
risk to hold therapy and mitigate risks associated with doing so. Whenever possible,
written authorization including documentation of specific medications, hold dura-
tion, and need for bridging therapy is advised.

The risk of spinal hematoma, defined as symptomatic bleeding within the neuraxial
space, has been estimated to be less than 1:150,000 based on 13 identified cases of
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spinal hematoma associated with 850,000 injections of epidural anesthetics [19, 26].
When performed on patients on low molecular weight heparin (LMWH), the risk of
spinal hematoma has been estimated to be unacceptably high at greater than 1:3000
[19, 27]. The risk of bleeding is greatest during initial placement and subsequent
removal of the neurostimulation leads. Difficult lead access, placement of multiple
leads, multiple attempts at epidural access, difficulty guiding the lead to target location
as well as physician inexperience may all increase the risk of spinal hematoma. The use
of large gauge needles with long bevels, decreased lead pliability related to stiff inner
stylettes as well as longer duration trials may further escalate these risk rates.

The American Society for Regional Anesthesia (ASRA) guidelines for discon-
tinuing antithrombotic and thrombolytic therapy have traditionally been used as a
surrogate in guiding decision-making. A recent study however indicated that 98 %
of respondents followed ASRA guidelines for anticoagulants but 67 % followed
alternate protocols for antiplatelet medications with 55 % discontinuing aspirin
(ASA) prior to SCS trials despite recommendations to the contrary [28]. The 2015
ASRA guidelines for interventional spine and pain procedures consider both SCS
and intrathecal catheter/pump implants to be high-risk neuraxial procedures and as
such advise more conservative discontinuation guidelines for these procedures. For
spinal cord stimulator trials patients should hold anticoagulation for appropriate
duration both prior to and during the length of the trial [2].

Discontinuation recommendations for neuromodulation procedures now exist
for ASA and ASA combinations when used for primary prophylaxis along with
phosphodiesterase inhibitors, new anticoagulants (dabigatran, apixaban, rivaroxa-
ban) as well as non-aspirin NSAIDs (excluding celecoxib). For ASA and ASA com-
binations being employed for secondary prevention, a shared assessment and risk
stratification is recommended prior to discontinuing. Patients on warfarin should
hold therapy for at least 5 days prior to procedure and a normal preoperative INR is
advised (previous general guidelines recommended INR <1.5). Refer to Table 6.1
for a summary of specific recommendations adapted from the 2015 ASRA guide-
lines for Interventional Spine and Pain Procedures [28].

Diabetes Mellitus

It is well known that patients suffering from diabetes have higher levels of operative
risks and surgical complications. Patients with diabetes are considered to be in an
immunocompromised state with significantly higher incidence of infection including
cystitis, cellulitis, and postoperative wound infection when compared to matched con-
trols [29, 30]. The increased risk of complication associated with diabetes is related to
both glycemic influence on immune function along with the long-term effects of
hyperglycemia on microvasculature and collagen formation with a subsequent
tendency toward impaired wound healing [30].

While no studies specific to neuromodulation have been performed examining
complication rates associated with hyperglycemia, multiple studies have demon-
strated that diabetes is an independent factor predicting postoperative infection risk.



6 Considerations for Neuromodulation 61

Table 6.1 Recommendations

regarding discontinuation of anticoagulation therapy for

neuromodulation patients based on 2015 ASRA Guidelines for Interventional Spine and Pain

Procedures

Medication
Non-aspirin NSAIDs
(excluding celecoxib)
ASA, ASA
combinations for
primary prophylaxis
Phosphodiesterase
inhibitors (Cilostazol,
Dipyridamole)

Anticoagulants
Warfarin

Acenocoumarol

IV Heparin

SQ Heparin, BID
and TID

LMWH
(prophylactic)
LMWH (therapeutic)
Fibrinolytics:
Fondaparinux

New anticoagulants
Dabigatran

Apixaban
Rivaroxaban
P2Y 12 inhibitors
Clopidogrel
Prasugrel

Ticagrelor

Recommendation
Discontinue 5 half-lives prior to procedure. Restart 2 h after procedure

Discontinue 6 days prior to procedure. Restart 24 h after procedure

Discontinue 2 days prior to procedure. Restart 24 h after procedure

Discontinue 5 days prior to procedure, normal pre-op INR. Restart 24 h
after procedure

Discontinue 3 days prior to procedure, normal pre-op INR. Restart 24 h
after procedure

Discontinue 4 h prior to procedure. Restart 2 h after procedure
Discontinue 8—10 h prior to procedure. Restart 2 h after procedure

Discontinue 12 h prior to procedure. Restart 12-24 h after procedure

Discontinue 24 h prior to procedure. Restart 12-24 h after procedure
Discontinue 4 days prior to procedure. Restart 24 h after procedure

Discontinue 4-5 days prior to procedure (6 days in patients with
impaired renal function). Restart 24 h after procedure

Discontinue 35 days prior to procedure. Restart 12—-24 h after procedure
Discontinue 3 days prior to procedure. Restart 24 h after procedure

Discontinue 7 days prior to procedure. Restart 12—24 h after procedure

Discontinue 7-10 days prior to procedure. Restart 12-24 h after
procedure

Discontinue 5 days prior to procedure. Restart 12-24 h after procedure

Glycoprotein IIb/IIIa inhibitors

Abciximab
Eptifibatide
Tirofiban

Antidepressants and
serotonin reuptake
inhibitors (SRIs)

Discontinue 2-5 days prior to procedure. Restart 8—12 h after procedure
Discontinue 8-24 h prior to procedure. Restart 8—12 h after procedure
Discontinue 8-24 h prior to procedure. Restart 8—12 h after procedure

Discontinuation for a period of 1-2 weeks; only necessary in high-risk
patients with stable depression (5 weeks for fluoxetine)

Data from Narouze S, et al. Interventional spine and pain procedures in patients on antiplatelet and
anticoagulant medications: guidelines from the American Society of Regional Anesthesia and Pain
Medicine, the European Society of Regional Anaesthesia and Pain Therapy, the American Academy
of Pain Medicine, the International Neuromodulation Society, the North American Neuromodulation
Society, and the World Institute of Pain. Reg Anesth Pain Med. 2015;40(3):182-212
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After controlling for all other factors, Golden et al. found that patients with mean
blood glucose values >200 mg/dl within 36 h of surgery were at significantly greater
risk of postoperative infection. Compared to the lowest quartile blood sugars, patients
in each subsequent blood sugar quartile demonstrated increasing rates of infection
[30]. Tight glycemic control during the immediate preoperative and ensuing 36 h
postoperative period was highly recommended as a modifiable risk factor to reduce
the rate of infection and wound-related complications. As the rate of diabetes increases,
more patients are expected to seek out neuromodulation for treatment of diabetes-
related morbidities such as peripheral polyneuropathy and peripheral vascular disease.
When considering neurostimulation, the presence of controlled diabetes represents a
consideration rather than a contraindication for neuromodulation therapies, and
patients should be educated regarding risks of postoperative hyperglycemia with
implementation of aggressive glycemic control interventions.

Tobacco Use

Active smoking has been identified as an independent risk factor contributing to the
development of low back pain, and the incidence of tobacco use is generally greater in
the patients with chronic pain [31]. Therefore, there is likely a higher incidence of
smoking in patients being considered for neuromodulation therapy. Multiple random-
ized controlled and prospective cohort studies have demonstrated that smoking results
in impaired wound healing in “clean” skin wounds. These same studies have identified
that a short period of smoking abstinence reduces the risk of wound infection back to
the levels of nonsmoker controls. The use of nicotine replacement therapies such as a
nicotine patch has not been demonstrated to increase the rate of surgical site infection
(SSI) [32]. Smoking cessation for a period of at least 3 weeks prior to surgery has been
found to significantly reduce the risk of postoperative impaired wound healing as well
as infection for head and neck surgery. In a randomized controlled study evaluating the
effect of smoking cessation on complications related to hip and knee surgery, Moller
identified significant reductions in wound-related complications, cardiovascular com-
plications, and secondary surgery with preoperative smoking cessation for a period of
6—-8 weeks with an overall complication rate of 18 % in the smoking cessation interven-
tion group versus 52 % in the control group [33]. The beneficial effects of smoking
cessation are only maintained with complete abstinence from smoking. While no stud-
ies exist specifically evaluating the effect of tobacco use on neuromodulation therapies,
similar deleterious effects on neuromodulation implants can be extrapolated based on
a number of studies evaluating a diversity of operative interventions [32-34]. While
active tobacco use is not an absolute contraindication to neuromodulation therapy, it
represents an independent risk factor for wound-related complications. As such, poten-
tial neuromodulation candidates should be educated regarding the deleterious effects of
smoking on wound healing, and counseled accordingly based on the presence of con-
comitant risk factors such as diabetes, immunocompromise as well as obesity. All
patients should be strongly encouraged to quit smoking altogether or at a minimum
abstain from tobacco for a minimum of 3 weeks prior to surgery.
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Malnutrition and Obesity

A number of studies have demonstrated a link between obesity and a proinflammatory
state [35]. Obesity has been reported to be a risk factor for neurostimulation-related
complications including SSI [2]. Obesity has not been shown to be an independent
risk factor for accidental dural puncture during epidural anesthesia [36]. Obesity has
been linked to a greater complication rate in adults undergoing spinal deformity
correction surgery with a higher incidence of major complication as well as SSI
[37]. Given the nature of neuromodulation procedures, access to the epidural space
may be more difficult in obese individuals with longer operative times which in turn
may be linked to greater risk of complication and infection. As such, obese patients
should be counseled regarding the potentially elevated risk of major complication as
well as infection. Whenever possible weight loss should be encouraged to reduce
not only surgical risks but also the multitude of other risks associated with obesity.
In obese individuals a goal for successful outcome following neuromodulation
should be an increase in activity levels, which may lead to secondary weight loss.
Therefore, while not a contraindication, obesity represents another consideration
which should be weighed in accordance with other risk factors.

Morbid obesity and malnutrition are often two co-occurring, potentially modifiable
risk factors for surgical intervention. Poor nutritional status has been associated with
greater risk of serious adverse event following orthopedic surgery [38, 39]. Modifying
preoperative risks related to morbid obesity may take longer and prove more difficult
than those associated with preoperative malnutrition. Malnutrition as measured by
low albumin levels (<3.5 g/dl) has been demonstrated to be associated with greater
risk of major perioperative complication when compared to morbid obesity in a large
cohort study of patients undergoing total knee arthroplasty. Malnutrition has been
associated with increased risk of major complication including mortality, superficial
and deep infection, prolonged ventilator time, pneumonia, and renal insufficiency/
failure [39]. Preoperative assessment for hypoalbuminemia with appropriate supple-
mentation may be a reasonable consideration for neuromodulation candidates who are
at greater risk for malnutrition, particularly if other surgical risk factors are present.

Bacterial Colonization

Staphylococcus aureus is the most common pathogen associated with SSI and is
responsible for approximately 25 % of nosocomial infections in the USA. Community
studies indicate that 25-30 % of the population at any point in time may be colonized
with S. aureus in the anterior nares [40—42]. Patients colonized with S. aureus may
have a two- to tenfold greater risk of developing an SSI [43]. The overall infection
risk associated with SCS implantation has been reported to range from 3.4 to 4.6 %
which is significant considering the elective nature of the therapy, particularly when
compared to lower incidence identified in the pacemaker literature [2, 4, 44].

In a large randomized, controlled study, preoperative screening for S. aureus and
subsequent intranasal application of mupirocin ointment to colonized individuals did
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not reduce the risk of SSI, but was shown to significantly reduce the incidence of
nosocomial infection [40]. As such, assessment for S. aureus colonization and sub-
sequent treatment with mupirocin nasal ointment and chlorhexidine soap may reduce
overall infection risk and should be a consideration prior to operative intervention.

Prior Incision Sites

Failed back surgery syndrome is a leading indication in the USA for neuromodulation
therapies. When large midline incisions are employed for prior lumbar surgeries or
during SCS/PNS lead or IPG revision surgery, it may be necessary to operate at the
site of a prior incision. In a large retrospective analysis of predictive factors for
complications following general surgery, operating through a prior incision was
identified in 32 % of patients with postoperative wound infection [45]. Operating at
the site of a previous incision may predispose to infection as a result of decreased
vascularity in scar tissue. Operating through a previous incision may also be associ-
ated with more complicated procedures necessitating longer surgical times which in
turn is also associated with greater infection risk [45]. When possible, neuromodu-
lators should avoid operating through prior incision sites and should give consider-
ation to utilizing alternate IPG sites for revision surgery, particularly in patients with
a history of infection or multiple risk factors.

Pregnancy

As the number of patients undergoing neurostimulation therapy for chronic pain
increases, a growing number of case studies have been reported in the literature examin-
ing the use of SCS during pregnancy. Women of child-bearing age may have the highest
incidence of complex regional pain syndrome (CRPS) [46] for which SCS has been
demonstrated as an effective form of treatment [47]. Many of these women rely on SCS
to maintain functional lives and reduce or avoid the burden of opioid or anticonvulsant
medications which may pose risk to the developing fetus [48]. As a result of chronic
pain and medication reliance, many women are not even able to consider the possibility
of pregnancy until after successful treatment with neurostimulation therapies.

Outside of several case reports, there are no large, controlled studies evaluating
maternal and fetal safety in conjunction with the use of a previously implanted
SCS device during pregnancy [7, 9, 48]. While no case report to date has identified
a fetal, maternal, or congenital defect or complication directly attributable to SCS
during pregnancy or labor, the small sample size and observational nature of these
reports provide little concrete data upon which to base recommendations. When
considering neuromodulation therapy for women of child-bearing age, implications for
future pregnancy should be discussed and patients should be counseled regarding
the lack of concrete, longitudinal data.
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Device-Related Considerations

MRI Compatibility

In the past many patient who would otherwise be excellent candidates for neuro-
stimulation were excluded based on potential need for magnetic resonance imaging
(MRI) to monitor disease states. Starting in 2013, manufacturers have received FDA
approval for MRI compatibility. Medtronic offers full-body 1.5 T MRI compatibil-
ity with spinal cord stimulation systems using both percutaneous and surgical pad-
dle leads. St. Jude, Boston Scientific, and Nevro have MRI compatible componentry
enabling MRI of the brain and extremities. Still, limitations exist with regard to
MRI safety in patients with SCS, including those patients needing access to high
magnetic field MRI. In patients with diseases such as multiple sclerosis with need
for routine MRI monitoring, communication with the patient’s neurologist should
take place when considering candidacy for SCS/PNS.

Allergy

Multiple cases of allergic reaction to pacemakers and associated componentry have
been reported in the literature [49]. Several case reports documenting allergic reac-
tion, contact sensitivity to SCS has been reported [50, 51]. Symptoms related to aller-
gic reaction may include itching, swelling, rash, or malaise [50] and may respond to
corticosteroids. Given similar presentation to infection, this is a likely under-recog-
nized complication frequently misdiagnosed as infection. In patients with known
allergy to titanium, platinum, iridium, or polyurethane or a history of multiple contact
sensitivities, skin patch testing can be obtained from the manufacturer [2].

Pacemaker Status

In the past, the use of SCS/PNS in conjunction with pacemakers or implantable
cardioverter defibrillator (ICD) represented a clear contraindication. This was
related to concern regarding possible false inhibition of pacemaker or false activa-
tion of ICD as a result of SCS impulses [12]. Subsequently, multiple case reports
emerged in the literature demonstrating safety with combined usage of these two
devices [11-13]. While all SCS manufacturers continue to maintain warnings
regarding possible interactions between these devices, the presence of a pacemaker/
ICD is generally considered to be a consideration rather than a strict contraindica-
tion to SCS therapy. In patients with pacemakers and/or ICD, communication and
coordination should take place with the patient’s cardiologist and a pacemaker
device representative should be available to assess for inappropriate feedback
between devices. Prior to pursuing neurostimulation, pacemaker/ICD patients
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should be counseled that despite the fact that no cases of adverse interaction between
devices have been reported, theoretical concerns regarding feedback between
devices may still exist.

Summary

Enhanced technology, reduced complication rate, improved physician education,
and growing community awareness have led to a dramatic rise in the number of
patients being treated with neuromodulation therapies. When selecting appropriate
candidates for neuromodulation, there are a number of biologic and device related
factors that physicians should evaluate and address when possible prior to operative
intervention. These can include potential risk factors for perioperative and postop-
erative complications such as anticoagulation and antiplatelet therapy, diabetes mel-
litus, tobacco use, bacterial colonization, prior incision sites, obesity, as well as
malnutrition. Device related factors including MRI compatibility, use in conjunc-
tion with pacemakers/ICDS, as well as implications for future pregnancy need to be
appropriately stratified and counseled. When these factors are properly identified,
patients can be appropriately counseled and modifiable risk factors addressed to
ensure best possible outcomes with neuromodulation therapy.
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Chapter 7
Practice Setup

Steven M. Falowski

Key Points

* Having a SCS placed does not mean that spine surgery cannot be performed in
the future. It is a treatment modality for their present pain.

* SCS has class I evidence of its superiority when placed against conventional
medical management and against repeat spinal surgery.

* Practice setup for the pain physician and treating surgeon can be variable for
these interventions.

» Relationships with pain physicians are crucial in spinal surgery. They are usually
the first-line treatment for patients with pain with conventional management
prior to surgery. They are also the treating physicians for those patients in chronic
pain following spinal surgery.

* SCS is not a last resort therapy, with the literature supporting earlier intervention
with appropriate patient selection.

Introduction

The neuromodulation community is based on a multidisciplinary approach that is
diverse in its delivery. The pedigree of clinicians that offer and employ neuromodulation
in their practice vary from neurosurgeons, orthopedic spine surgeons, and anesthesiolo-
gists to neurologists and rehabilitation physicians. For the formal nonsurgical residen-
cies, an ACGME (Accreditation Counsel of Graduate Medical Education)-accredited
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fellowship is necessary to become Pain Board Certified. The most common disease
indications for spinal cord stimulation (SCS) include FBSS, and complex regional pain
syndrome (CRPS). The literature supports that SCS can produce at least 50 % pain
relief in 50-60 % of the implanted patients and reduce the use of more medications [1].
Interestingly, with the proper follow-up care, these results can be maintained [1, 2]. Very
few other invasive modalities can claim this success rate. In addition to SCS there are
other therapies including intrathecal drug delivery (IDD), peripheral nerve stimulation
(PNS), peripheral nerve field stimulation (PNfS), as well as kyphoplasty and vertebro-
plasty which can be implemented into this multidisciplinary approach.

For advanced pain care therapies, it is generally accepted that a trial is performed
prior to implant. There are several factors that are important in being aware of these
therapies and having access to them for your patients.

Referral Network

A proper referral network is an important component to offer your services in the
management of pain patients, being mindful of where in the algorithm you would
like your practice to be situated. You can quickly develop a niche by being the spine
surgeon in your community who offers these neuromodulation therapies or who can
help navigate a pathway to obtain them. Many models exist, with the most common
for the surgeon described by a pain physician performing the trial and a surgeon
performing the permanent implant. However models do exist with the surgeon per-
forming both the trial and the permanent implant. The other option is working with
an interventional pain physician who performs both the trial and permanent implant
in whom you can build a referral network allowing you to share patients, but most
importantly having therapies available to your patients in chronic pain.

Relationships

It goes without saying, but building relationships with doctors in your referral net-
work is important. It allows your practice to grow, and builds your reputation as a
surgeon. Relationships with pain physicians are crucial in spinal surgery, as they are
usually the first-line treatment for patients with pain with conventional management
prior to surgery. They are also the treating physicians for those patients in chronic
pain following spinal surgery.

Pain Physicians’ and Surgeons’ Roles

As a surgeon, your role determines the surgical procedure and the postoperative care,
and influences the longitudinal implementation of the therapy. In the realm of inter-
ventional pain therapies, such as SCS, there are variable relationships. A common
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setup includes surgeons who identify patients as either surgical candidates or those
who are candidates for SCS. For those patients who are not spinal surgery candi-
dates, a pain physician may then perform a trial of the therapy and either move on to
permanent implantation or refer the patient back to the surgeon for permanent
implantation. Obviously, communication between the two providers, regarding con-
tact and lead placement that yielded the most efficacious treatment, along with sup-
porting documentation, will help mitigate poor outcomes.

By developing a strong relationship with pain physicians you can determine the
roles that work mutually for both sides. A common referral to a spine surgeon in this
setting leads to a “surgery versus spinal cord stimulation evaluation.” This fosters
the most appropriate therapy for the patient. The relationship can span those patients
who have undergone spinal surgery and subsequently have ongoing pain following
a technically successful surgery or those patients who have not undergone previous
surgery. Candidates for SCS or spinal surgery in this setting are most reliably identi-
fied from their surgeon.

Patient Identification Is Crucial

As with any spinal procedure, patient selection is paramount in success. Determining
proper candidates for pain therapies is crucial.

Early Intervention

It is well known that early intervention in chronic pain is of crucial importance. SCS
should not be viewed as a “last resort” therapy. It is important to view it as part of
the treatment paradigm. The literature supports that earlier intervention with SCS
leads to improved outcomes [3]. As the surgeon you can help drive these therapies
in an earlier fashion as you have the most exposure to the patient in the first 6
months following a spinal procedure.

Benefits to Surgeons

As described, it is important to know that literature has shown that 40 % or more of
spinal patients will carry the diagnosis of FBSS. This constitutes a large amount of
patients within a spine practice that can benefit from these therapies, which have
class I evidence to support its use [1, 4]. If you choose the role as an implanting
surgeon, not only would offering these therapies substantially increase your case
volume and reimbursement, but it will also help you build a niche in your market
which will build your referral base, common referrals being evaluation for surgery
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versus a SCS which helps build your practice on both ends. As an implanting sur-
geon you may share responsibility with pain physicians in your community who can
maintain management of the patient, while you maintain management and respon-
sibility of the SCS implant. Lastly, regardless of the role you choose, it gives you the
ability to have options for your patients. This is important as medicine’s changing
landscape has shifted to patient-centered care.

It is important to realize that your toolbox as a surgeon is based on your knowl-
edge base, technical proficiency, and access to therapies for your patients. By hav-
ing a working knowledge of these neuromodulation therapies, you will be able to
offer the patients what is truly in their best interest, as repeat spinal surgery or even
initial spinal surgery is not always the best option [1, 4]. These therapies can be
implemented in your practice and increase case volume, maintain the physician—
patient relationship, and foster a treatment for the patient over the continuum of
their care. Lastly, it is important to realize that these therapies are treatments for
their current conditions as spinal surgery may be warranted in the future even after
a neuromodulatory intervention.

Summary

Building a neuromodulation and pain practice requires development of expertise
and patient access. Providing access to appropriate pain care is essential in the
development of a surgeon’s practice. Appreciating this paradigm, many patients
already in your practice would likely benefit from these neuromodulation modali-
ties. Practice setup can vary, but if integrated into the surgeons’ practice would
increase case volume and reimbursement, as well as build a niche in your market.
Referral networks and relationships in a spine program are crucial for both surgeons
and pain physicians alike. Surgeons should be well equipped to perform evaluations
for surgery versus an SCS or IDD. In addition surgeons should be knowledgeable of
the therapy options available in order to guide their patients, especially in the setting
of pain following a spinal surgery. This helps build your practice by developing
multiple touch points within a treatment algorithm. As an implanting surgeon, you
may share responsibility with pain physicians in your community who can maintain
management of the patient, while you maintain management and responsibility of
the SCS implant.

References

1. Kumar K, Taylor RS, Jacques L, et al. PROCESS study SCS vs CMM for FBSS pain.
Neuromodulation. 2007;132(1-2):179-88.

2. Kumar K, et al. Spinal cord stimulation in treatment of chronic benign pain: challenges in treat-
ment planning and present status, a 22-year experience. Neurosurgery. 2006;58(3):481-96.
discussion 481-96.



7 Practice Setup 5

3. Kumar K, Rizvi S, Nguyen R, Abbas M, Bishop S, Murthy V. Impact of wait times on spinal
cord stimulation therapy outcomes. Pain Pract. 2014;14(8):709-20. doi:10.1111/papr.12126.

Epub 2013 Oct 25.
4. North RB, Kidd DH, Farrokhi F, Piantadosi SA. SCS vs re-operation for FBSS*. Neurosurgery.

2005;56(1):98-106.


http://dx.doi.org/10.1111/papr.12126

Chapter 8
Referral Networks

Jason E. Pope

Key Points

* The development for a strong referral network improves patient care by expedit-
ing delivery of specialty services.

» Careful planning can create an opportunity to assist the patient in navigating the
health care system.

* Geographic and resource limitations, both from the patients and the surrounding
providers, greatly impact the development model.

* Transparency and communication of expectations are important to convey and
revisit.

e Stark and anti-kickback statutes help govern defining some of these interactions.

Introduction

Formal training in medicine suggests that partnerships among specialties to improve
the patient’s global condition are essential. This concept is inherent to the growth of
medicine and its complexity [1], creating the need for specialty management to
keep pace. Patients need to have a visible and definable pathway to get efficient and
efficacious care, with easily navigable involvement with general practitioners and
subspecialties. These relationships among providers define this pathway and serve
many functions, both in the clinical and business realms.
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Patient Pathway

Referral networks are created based on patient need, access, durability, and out-
come of the services rendered.

Provider Referral Model

PATIENT — PROVIDERI — PROVIDER2 — PROVIDER3

For the case of this example, let’s assume that the patient has axial back pain
with unilateral lower extremity radicular complaints and no weakness, or numb-
ness, and is 2 months from a lifting injury.

As one might expect, the role of PROVIDER 1 (first to patient) is a complex one,
and is based on community resources and services rendered. For example, a patient
living in rural West Virginia would likely see their community primary care pro-
vider (PCP), where a referral would be made to whomever is the specialty available
in the area, which could be a neurologist and physiatrist, pain physician, orthopedic
spine surgeon, or a neurosurgeon. The approach and the services offered to the
patient are markedly different based on the specialty of the provider. For instance,
if the patient were to go to a neurologist, likely physical therapy and neuropathic
pain medications would be initiated. Being evaluated by a surgeon would likely
lead to a surgical opinion being rendered. If the patient went to a pain physician,
likely physical therapy and an epidural would be offered. Depending on the success
or failure of the conservative (and geographically regional) care, the patient may
need to see another provider to complete the treatment algorithm (PROVIDER 3).

Further, the patient in this rural center is unlikely to seek subspecialty resources
for an opinion (PROVIDER 2) first and ultimately bypassing the community pri-
mary care provider in this rural setting. If this same patient lived in San Francisco,
the reliance on a referral from the PCP is less, creating a potential need for direct-
to-patient (or consumer) marketing.

This point of this divergent algorithmic approach can be underscored at a major
tertiary care academic facility. One would expect that if a patient called the aca-
demic facility with the presentation of the above complaints, they would be routed
uniformly through a treatment approach, under the umbrella of care. Indeed, this is
not the case, and depending on the operator that answered the phone, the patient
could be directed to physiatry, neurosurgery, orthopedic surgery, vascular surgery,
pain management, or physical therapy.

The dependence of the patient on this gateway of care is vital to appreciate.
Patients will follow the algorithm and treatment pathway their physicians put into
motion, demonstrating the importance of having a keen understanding of your posi-
tion in this algorithm and where to place the patient within the scope of your prac-
tice and those in your referral network.
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Primary care iali
) practitioner ‘ﬁi

Treatment Additional imaging/
conservatively, triage testing
& confirm diagnosis

Establish plan

Fig. 8.1 Patient-centric model

As can be expected, the physician’s practice setting influences these defined
pathways; however, the principles of relationship and network building are the
same. The longitudinal philosophy of a linear referral care model is antiquated. The
Provider Referral Model has evolved appropriately to look more like Fig. 8.1. Of
most change in this evolution is the ability of the patient to have an interchangeable
flow between the PCP and specialist that is fluid and easily adjusted.

Referral Networks

When developing a referral network, as illustrated in the example above, a regional
analysis of gaps in patient care and opportunity is paramount. This includes patient
population demographics (median age, number, major employers, insurance type),
services available (number and type of medical entities in the area), specialties that
may be in your referral network, and specifically types of practices similar to your
own. Marketing firms typically provide this service [2]. Once the architecture of the
target is surveyed, work can begin on creating patient access to your clinic.

Essential Networks for Surgeons Providing Pain Care

The surgeon’s goal is to operate to improve patient care, with the expectation that
patients are appropriately referred and the pathology vetted. Good outcomes are
desired, whether the focus is for improved pain or function. Pain care requires a
reciprocal relationship with several specialties:

1. Pain Management

(a) Should be ACGME boarded.
(b) Background specialties typically include anesthesiology and physiatry/
physical medicine and rehabilitation.
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2. Neurology
3. Primary Care
4. Psychiatry and Psychology

Chronic pain, as defined by the International Association for the Study of Pain,
is pain that is unresolving after 6 months [3]. With the redistribution of patients
away from long-term opioid use, chronic opioid mitigating strategies are paramount
to be employed earlier. When simple strategies fail, and patients have nonoperative
pathology, advanced pain care therapies can be employed, such as spinal cord stim-
ulation (SCS) [4, 5]. As previously defined in the text, although the candidacy of the
patient for neuromodulation can be assessed and determined by many specialties,
the trial is typically performed by the pain management physician, and the perma-
nent is performed by a surgeon skilled to perform the permanent procedure.

Defining the Ideal Partnership

Ideal partnerships involve some fairly simple principles, but for the sake of
completeness are worth mentioning. These principles include:

. Respect

. Transparency

. Goodwill

. Patient-focused care

. Availability for service
. Communication

AN AW =

The typical worry when referral networks are created is the conception of “losing
your patient.” In the authors’ estimation, this concept is misguided and antiquated.
The focus of diligent and vigilant patient care should govern referral patterns. In our
previous patient, if the patient is referred to PROVIDER 1, for the sake of our
example, a surgeon, after assessment of surgical candidacy, goes to PROVIDER 2,
a pain physician, for a trial of conservative care. If conservative therapy fails, and if
the doctor-physician relationship is healthy, the patient should return to PROVIDER
1 for reassessment of surgical options. Notwithstanding, the aforementioned is con-
tingent on the requirement that the providers have the expertise and skill to exercise
these roles. If the patient is deemed a nonsurgical candidate and SCS is appropriate,
then the patient could return to PROVIDER 2 for a trial of therapy. This allows for
patient continuity and improvement in outcomes. This concept of a relationship
with integration of specialties is paramount in the success of proper patient care,
and especially in neuromodulation. This highlights the importance of an open refer-
ral network between surgeons and pain physicians and demonstrates that the roles
are fluid. Although the surgeon may not find a surgical pathology, they can be
involved with the permanent implantation of a spinal cord stimulator, while the pain
physician who has performed conservative measures can now exclude a surgical
pathology before proceeding with a spinal cord stimulator trial.
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Stark and Anti-kickback

No discussion of referral networks is completed without a comment on the laws
surrounding physician referrals. Stark law ((42 USC §1395nn)) and anti-kickback
laws are designed to keep the focus on the diligent care of the patient [6—8]. A com-
plete review of this topic is beyond the scope of this chapter, and for a detailed dis-
cussion it is advised to consult your personal attorney. Essentially, Stark law governs
the interaction of referrals from one entity to another owned or operated by a physi-
cian (Fig. 8.2).

The federal anti-kickback statute ((42 USC §1320a-7b(b)) is a policy that pro-
hibits the enticement as a reward for referral of federal health care business. For
instance, in the example of the patient above, if PROVIDER 1 refers to PROVIDER
2 and receives payment for the referral, this obviously violates anti-kickback stat-
ute. Table 8.1 describes the difference.

Fig. 8.2 Stark law Subpart A—General Exclusions
and Exclusion of Particular
Services

§411.1 Basis and scope.

(a) Statutory basis. Sections 1814(a)
and 1835(a) of the Act require that a
physician certify or recertify a pa-
tient’s need for home health services
but, in general, prohibit a physician
from certifying or recertifying the
need for services if the services will be
furnished by an HHA in which the phy-
sician has a significant ownership in-
terest, or with which the physician has
a significant financial or contractual
relationship. Sections 1814(c), 1835(d),
and 1862 of the Act exclude from Medi-
care payment certain specified serv-
ices. The Act provides special rules for
payment of services furnished by the
following: Federal providers or agen-
cies (sections 1814(c) and 1835(d)); hos-
pitals and physicians outside of the
U.S. (sections 1814(f) and 1862(a)(4)); and
hospitals and SNFs of the Indian
Health Service (section 1880 of the
Act). Section 1877 of the Act sets forth
limitations on referrals and payment
for designated health services fur-
nished by entities with which the refer-
ring physician (or an immediate family
member of the referring physician) has
a financial relationship.
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Table 8.1 Stark and anti-kickback comparison

Stark law Anti-kickback

Definition Prohibits a physician from referring Prohibits incentives or rewards for
patients covered by CMS entities referrals or generation of federal
to an entity where the physician healthcare program business
has a financial relationship

Encounter From physicians From anyone

Services Designated health services Any service

defined

Federal All Medicare/medicaid

healthcare

programs

Marketing

The presence of continuing to meet the need of a community is the underlining goal
of developing a referral network and offering healthcare. The resources available in
the community and the appreciation for lead generation or consumer interest guide
the strategy of the referral development. These marketing strategies include:

1. Print

(a) Brochure

(b) Mailers

(c) Referral packet for patients
(d) Referral packet for providers

2. Digital presence

(a) Website
(b) Driving traffic to the site

3. Social media
(a) Twitter
(b) Blogging

Oftentimes, a market analysis of the area is prudent, as development of a lead
generation focus is contingent on understanding the mechanisms for the patient’s
access to healthcare. Notwithstanding, careful reanalysis of the mechanism is vital
for molding the marketing plan.
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Summary

Referral networks are a vital strategy for healthcare and strategy for creation of a
pathway for patients to access healthcare efficiently and appropriately. Key compo-
nents include an understanding of an integration among specialties, as well as rela-
tionship and network building. With careful planning, these networks will fuel
patient-centric care.
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Chapter 9
Integration of Specialties

Steven M. Falowski

Key Points

* Spinal cord stimulation (SCS) is a procedure that, in most cases, is considered
minimally invasive, is performed as an outpatient same-day procedure, and has a
very-low-risk profile.

* SCS has class I evidence of its superiority when placed against conventional
medical management and against repeat spinal surgery.

* As a spine surgeon it is paramount to have a relationship with an interventional
pain physician performing these procedures to foster the options for your patients
or to offer the therapies in your practice.

* Those involved in the multidisciplinary approach range and span beyond primary
care physicians, pain management physicians, and spine surgeons.

Introduction

The treatment of chronic pain can be very challenging. As a spine surgeon it is
important to be able to treat your patients throughout their disease process. A radio-
graphic and technically successful surgery does not always translate into the patient
results that one desires. It is known that at least 30—40 % of spine surgery patients
will develop post-laminectomy syndrome/failed back surgery syndrome (FBSS) [1,
2]. The literature supports that SCS can produce at least 50 % pain relief in 50-60 %
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of the implanted patients and reduce the use of more medications [1]. Proper follow-
up care is necessary to ensure maintenance and success of the therapy. Of most
importance in the literature is that there is class I evidence in multiple trials to dem-
onstrate the efficacy of SCS [1, 3]. It has been compared against best medical man-
agement as well as surgery [1, 3].

As the treating spine surgeon it is important to be able to offer therapies to your
patients when pain persists following surgery, or perhaps when pain is present with-
out a surgical pathology. The ability to offer your patient options not only fosters the
doctor—patient relationship, but also serves as an important treatment modality in
this clearly defined subset of patients in a complex spine practice.

Multidisciplinary Approach

Most physicians will utilize a screening SCS trial prior to permanent implantation
of the system. There are several factors that are important in being aware of these
therapies and having access to them for your patients.

You will need to set up a proper referral network. This is determined by deciding
whether you want to perform the therapies yourself or be willing to work with
someone else who performs these therapies. Several models exist to integrate care
among specialties and to deliver the appropriate care and treatment algorithm to
your patients. As a spine surgeon, you can quickly become known for offering these
advanced therapies, or at least fostering the appropriate pathway to obtain them.

These patients exist throughout the realm of medicine and are treated by multiple
potential referring physicians. Patients usually are involved in a multidisciplinary
setting and it is important to identify potential candidates throughout their course in
traversing the medical field. The most common treating physicians include primary
care and internal medicine physicians, neurologists, and pain physicians. As a spine
surgeon in your community, you will likely receive many referrals for an evaluation
for candidacy for spinal surgery, and in the majority of cases the patient will not be
a candidate. Serendipitously, these patients may also be the same patients who
would benefit from interventional pain therapies or neuromodulation. This leads to
diversifying your offerings, developing a niche among spine surgeons, and creating
a patient-centric referral network while also delivering more cases to your
practice.

Another important aspect of any practice is building relationships with doctors in
your referral network. This is most commonly the pain management specialist when
considering a spinal surgery practice, but this should not overshadow the relation-
ship with primary care, internal medicine, and neurologists who may also be
involved in your referral network. Establishing relationships leads to your ultimate
role in the treatment algorithm. It is important to realize that the role of the surgeon
does not end with the surgical procedure, and that other specialties become involved
in the treatment of these patients throughout their disease process and recovery.
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Surgeons will commonly need to make decisions on whether patient’s pain pat-
terns can be improved with spinal surgery, and most importantly if surgery is the
right path for the patient. Commonly, surgeons are concerned with having
inappropriate surgical candidates in their clinic, but ultimately offering these thera-
pies can increase your case volume as you consider these patients would have nor-
mally be turned away from your practice as not suitable for spinal surgery.

Earlier intervention in the appropriate patients leads to success in neuromodula-
tion. These patients are receiving care among many specialties and identification of
potential candidates throughout their treatment algorithm is of the utmost impor-
tance. Education, awareness, and relationships are paramount in delivering these
therapies. Specific to surgeons, you have the ability to identify these patients early
in the process and offer options which will alleviate their pain and prevent the
potential long-term sequelae.

Summary

The benefits to your patients are clear in the setting of providing appropriate spine
surgery. Literature suggests that up to 40 % of spinal patients will carry the diagno-
sis of FBSS [1, 2]. It is then crucial for spine surgeons to establish and maintain
relationships with pain management specialists in the care of these patients. This
role and relationship can be variable based on practice setup. It is also important to
realize that this specific integration of the spine surgeon and pain management phy-
sician is only a part of the algorithm, as many specialties are involved in the care of
patients who can benefit from neuromodulation. These can include primary care
physicians, neurologists, rehabilitation physicians, and physical therapy.

Integration of pain therapies into your practice is crucial in appropriate care for
your patients. If as a surgeon you choose not to perform these therapies, it is impor-
tant that you know they are available and where patients will have access to them.
Your patients will appreciate that you have offered them options and continued their
care.
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Chapter 10
Coding and Reimbursement for Spinal Cord
Stimulation

Jason E. Pope and Steven M. Falowski

Key Points

* Formal education on coding and reimbursement is not performed currently
in fellowship or residency programs.

* Incorrect coding and billing can result in repayment penalties or denials.

* Preauthorization is recommended for spinal cord stimulation.

* Local coverage determinations and national coverage determinations describe
medical necessity for certain procedures.

* ICD codes describe diagnosis.

e CPT codes describe procedures.

* SCS coding and claim submission have undergone changes within the last
few years.

Introduction

Capturing the clinical encounter is an important aspect of medicine that
oftentimes is left to the provider to be self-taught while on the job. There is no
formal billing didactic and the ACGME (Accreditation Counsel of Graduate
Medical Education) or ABMS (American Board of Medical Specialties) does not
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require proficiency prior to residency or fellowship completion. Despite this,
CMS (Center for Medicare and Medicaid Services) requires accurate coding and
billing for payment of services, as failure to do so in either direction would result
in repayment penalties.

Coding and Billing

Historically, payments for medical encounters are dependent on National
Coverage Determinations (NCD) and Local Coverage Determinations (LCD).
These coverage determinations may vary and the reader is directed to their
regional carrier. ICD-10 (international classification of diseases and health-
related problems) is used to qualify the clinical scenario and disease being treated.
CPT (current procedural terminology) codes are used to describe procedures
employed to treat diseases. Therefore, for example once a patient is evaluated for
spinal cord stimulation, the ICD-9 or ICD-10 description of the disease has to
meet medical necessity from the NCD and LCD for the procedure (CPT code) to
be reimbursed for payment. Further, two payments are typically administered for
a given procedural service: a professional fee and a facility fee. Based on the site
where service occurs, both fees can change. If this description sounds too simple,
it is, as certified coders are typically employed in all practice types and sites
of service. The fee schedules for the services provided are usually contracted
between the provider and the insurance company. Accuracy and timeliness of
supportive documentation are vital.

The site of service and professional fees dramatically vary based on the location
of the procedure, with yearly updates. See the following determination 2015 for
spinal cord stimulation (Fig. 10.1) [1].

Once a service is rendered, diagnosis codes (ICD-9 or ICD-10) and procedure
codes (CPT) are assigned, and the claim is sent to the insurance carrier for
consideration of payment, based on NCD and LCD of medical necessity.
Oftentimes, qualifying the service will be needed. This is performed by assessing
whether a treatment for a diagnosis, once submitted as a claim, meets medical
necessity and the provider would receive payment. Providers can request these
assessments as follows:

Office (CF=$35.8228) ASC HOPD
CPT Description Physician | Overhead Total Physician | Facility | ASC total | Physician | Facility Total
Implant neuroelectrodes
63650 | (NA=National price is Not Available) 423.89 925.82 | 1,349.71 423.89| 3.836.95| 4.260.84 423.89 5,288.58 | 5712.47
Implant neuroelectrodes
63655 | (NA=National price is Not Available) 854.22 854.22 | 15,854.21( 16,708.43 |  854.22 | 17,099.35 | 17953.57
63661 | Remove spine eltrd perq aray 329.73 259.20 588.93 329.73 758.63 [ 1,088.36 329.73 1,383.53 1713.26
63662 | Remove spine eltrd plate 865.32 865.32 1,166.84 | 2,032.16 865.32 2,127.98 | 2993.30
63663 | Remove spine eltrd perq aray 463.98 337.61 801.59 463.98 | 3,836.95| 4,300.93 | 46398 | 528858 | 5752.56
63664 | Remove spine eltrd plate 885.01 - 885.01 885.01 3.836.95| 4.721.96 885.01 5,288.58 | 6173.59
63685 | Implant neuroreceiver 377.35 - 3771.35 377.35 | 20.806.60 | 21,183.95 377.35 | 26,152.16 | 26529.51
63688 | Revise/remove neuroreceiver 381.28 - 381.28 381.28 1,166.84 | 1,548.12 381.28 2,127.98 | 2509.26

Fig. 10.1 Site of service fee schedule [1]
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Predetermination

The coverage for payment of the service is predetermined before services are
rendered and any deficiency of coverage by an insurance plan can be addressed
prospectively, although it is not required.

Preauthorization

Preauthorization is a required process that allows a patient and providers the
opportunity to determine coverage and procure an authorization or approval from
a payor for a proposed treatment or service prior to performing the service.
Unfortunately, preauthorization does not guarantee reimbursement.

Indications and Patient Selection for Spinal Cord Stimulation

Despite painstaking efforts [2—5] of these therapies to be positioned earlier in the
algorithm than last resort, the NCD [6] for spinal cord stimulation (dorsal column
stimulation) requires all these below conditions are met:

1. The implantation of the stimulator is used only as a late resort (if not a last
resort) for patients with chronic intractable pain.

2. With respect to item a, other treatment modalities (pharmacological, surgical,
physical, or psychological therapies) have been tried and did not prove satisfac-
tory, or are judged to be unsuitable or contraindicated for the given patient.

3. Patients have undergone careful screening, evaluation, and diagnosis by a
multidisciplinary team prior to implantation. (Such screening must include
psychological as well as physical evaluation.)

4. All the facilities, equipment, and professional and support personnel required
for the proper diagnosis, treatment training, and follow-up of the patient
(including that required to satisfy item c) must be available.

5. Demonstration of pain relief with a temporarily implanted electrode precedes
permanent implantation.

The indications for spinal cord stimulation, on-label, by the Food and Drug
Administration (FDA) are neuropathic pain of the trunk or limbs.

The LCD for Spinal Cord Stimulation in Northern California, covered by
Noridian [6, 7], is code L33489. Interesting components of the code are bolded.

The implantation of spinal cord stimulators (SCS) may be covered as therapies for
the relief of chronic intractable pain. SCS is best suited for neuropathic pain but may
have some limited value in other types of nociceptive severe, intractable pain. Therapy
consists of a short trial with a percutaneous implantation of neurostimulator
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electrode(s) in the epidural space for assessing a patient’s suitability for ongoing treat-
ment with a permanent surgically implanted nerve stimulator. Performance and docu-
mentation of an effective trial is a prerequisite for permanent nerve stimulation.

Selection of patients for implantation of spinal cord stimulators is critical to suc-
cess of this therapy. SCS therapy should be considered as a late (if not last) resort
after more conservative attempts such as medications, physical therapy, surgery,
psychological therapy, or other modalities have been tried.

Patients must have undergone careful screening, evaluation, and diagnosis by a mul-
tidisciplinary team prior to implantation. (Such screening must include psychological
as well as physical evaluation.) Documentation of the history and careful screening
must be available in the patient chart if requested. Patients being selected for a trial

Must not have active substance abuse issues.

Must undergo proper patient education, discussion, and disclosure including an
extensive discussion of the risks and benefits of this therapy.

Must undergo appropriate psychological screening.

Many experts recommend that the temporary neurostimulator be placed in an
ASC or outpatient hospital setting. However, the temporary neurostimulator trial
can be done in an office setting if all the sterility, equipment, professional training,
and support personnel required for the proper surgery and follow-up of the patient
are available. Permanent neurostimulators must be placed in an ASC or hospital.
Physicians performing SCS trials in the office setting must have like privileges at a
local hospital or ASC, or the providers must be subspecialty boarded in Pain
Medicine by the American Board of Anesthesiology.

It is preferable that physicians performing the SCS trial will also perform the
permanent implant. If the physician implanting the trial neurostimulator does not or
cannot implant the permanent neurostimulator, the patient should be informed of
this in writing and given the name of the referral surgeon who will implant the per-
manent neurostimulator(s).

It is expected that accurate patient selection will lead to most patients going on to
receive permanent implants. Only patients who experience a positive response to a
trial should proceed to a permanent implantation. All trials which proceed to perma-
nent implant must have adequate documentation in the chart to support that decision.
A successful trial should be associated with at least a 50 % reduction of target pain, or
50 % reduction of analgesic medications, and show some element of functional
improvement. (Patients with reflex sympathetic dystrophy may show lower levels of
improvement since it takes longer periods for improvement than the typical 1-2-week
trial.) Physician judgment and experience will also be taken into account.

Physicians with a low trial-to-permanent implant ratio (less than 50 %) will be
subject to post-payment review and may be asked to submit documentation as to the
patient selection criteria, the radiologic imaging demonstrating proper lead place-
ment, and the medical necessity of the trials. Failure to provide this documentation
will be cause for post-payment denial and recoupment of reimbursement. It is
understood that all patients may not have a favorable result of the trial implant; but
careful selection should find the most appropriate patients.
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Table 10.1 Spinal cord simulation disease indications

Ideal candidates
CRPS
Ischemic pain
Neuropathy (diabetes or metabolic disorder)
Cervical or lumbar persistent radiculopathy!
“Failed surgery syndrome”

Moderate candidates
Axial pain
Truncal pain

Low candidates
Central pain
Spinal cord or brain injury neuropathic pain
Phantom pain
Avulsion injury

Noridian will reimburse for placement of a maximum of 2 leads or 16 “contacts,”
and for 2 SCS trials per anatomic spinal region per patient per lifetime.

If a trial fails, a repeat trial is not appropriate unless there are extenuating
circumstances that lead to trial failure. Appropriate medical documentation to
support a repeat trial can be sent on appeal.

In the description of the LCD, there is no classification of what diagnosis
warrants SCS based on medical necessity. Commonly, SCS is approved for
indication outlined in Table 10.1 [Deer/Pope Atlas]. It should be noted that Medicare
requires a primary and secondary diagnosis for the placement of spinal cord stimu-
lators (Table 10.2). Perhaps the most common is a primary code of Chronic Pain
syndrome, with a secondary code that may include Post Laminectomy syndrome,
Lumbar radiculopathy, or CRPS.

CPT Codes for Spinal Cord Stimulation

Please refer to Table 10.3 regarding CPT codes for the use in spinal cord stimulation.
General rules are as follows: The codes are determined based on the type of lead, not
the reason for placement (for the trial or the permanent). During the trial phase,
the lead removal is implied in the original code and an explant code is not used.
In addition, initial programming is implied in the original code. Of note, open surgical
trial codes do not include the explant or the programming. Most often, orthopedic
and neurosurgeons engage in the implant or revision phase of the procedure. This
includes CPT codes for the internal pulse generator (IPG) and the revision procedure,
respectively. The pulse generator can be either a rechargeable or a non-rechargeable
system; although the coding is the same (63685), overall the device costs for the
facility are different (rechargeable batteries are more expensive than the primary cell
devices). When laminectomy leads are placed, the code 63685 is used. When leads
are placed in an area of an existing laminectomy site, the code 63664 is utilized.
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Table 10.2 Typical ICD-10 diagnosis codes for spinal cord stimulation

Chronic pain disorders

338.0 Central pain syndrome
338.29 Other chronic pain
338.4 Chronic pain syndrome
CRPS
337.21 CRPS type I of the upper limb
337.22 CRPS type I of the lower limb
354.4 CRPS type II of the upper extremity
355.71 CRPS type II of the lower extremity
Spinal diagnosis
322.2 Arachnoiditis, chronic
3229 Arachnoiditis, other
722.10 Lumbar radiculitis due to herniated disc
722.52 Radiculitis due to degenerative disc disease, lumbar
722.83 Post-laminectomy syndrome, lumbar
722.81 Post-laminectomy syndrome, cervical
723.4 Radicular syndrome of upper limbs (not due to disc
herniation or degeneration)
724.4 Radicular syndrome of the lower limbs (not due to
herniation or degeneration)
Peripheral neuropathy 354.9 Peripheral neuropathy of the upper limb
255.8 Peripheral neuropathy of the lower limb
Abdominal 338.29 Chronic abdominal pain

Table 10.3 CPT codes for SCS

63650 Trial spinal cord stimulation

63655 Laminectomy spinal cord stimulation implant

63650 Percutaneous spinal cord stimulation implant

63685 Insertion spinal cord stimulator internal pulse generator (IPG)
63663 Revising a percutaneous lead with placemat in the same location
63664 Revising a laminectomy lead with placement in the same location

Coding Examples [8, 9]

Percutaneous Trial with separate Percutaneous Permanent Implantation

Trial Placement (including lead removal and programming): 63650
Percutaneous Permanent Placement: 63650, 63685(IPG), 95972(Programming)

Percutaneous Trial with direct conversion to Percutaneous Permanent Implantation

First Procedure with Trial Placement and Tunneled Extensions (including lead
removal and programming): 63650
Second Procedure with Permanent Placement: 63685
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Percutaneous Trial with Surgical Paddle Permanent Implantation

Trial Placement (including lead removal and programming): 63650
Permanent Placement: 63655 (Paddle), 63685 (IPG), 95972 (Programming)

Open Surgical Trial with Direct conversion to Paddle Permanent Implantation

First Procedure with Lead Placement and Tunneled Extensions: 63655, 95972

Second Procedure if removal for failed trial: 63662 (Removal Paddle)

Second Procedure if permanent placement: 63664 (Revision of paddle), 63685,
95972

**]t should be noted that 63664 can only be used if significant work is involved
in exposing or repositioning the previously placed lead.**

Summary

Coding and billing are key components to reimbursement and a mindful approach
of national and local coverage determinations, along with an appreciation for
diagnosis and procedure codes, will ensure success and allow patients access to
these important treatment modalities. Changes in how these devices are reimbursed
regarding the site of service and the number of contacts have created a more patient-
centered approach to neuromodulation, focused on safety and outcomes.
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Chapter 11
Medications Used for the Treatment
of Back Pain

Jonathan D. Carlson, Joshua Peloquin, and Steven M. Falowski

Key Points

* Physicians are encouraged to adhere to a pain management algorithm with the
primary driver being utilization of the full spectrum of minimally invasive and
invasive surgical techniques, physical medicine, and pain medications to amelio-
rate the patient’s pain symptoms.

¢ Nonsteroidal anti-inflammatory drugs (NSAIDs) and acetaminophen: Initial
therapy for back pain. Acetaminophen dose should not exceed 2 g/day.

* Muscle relaxants: When prescribed concurrently with NSAIDS, their use
appears to be additive and patients report greater pain relief.

* Antiepileptics: Are especially beneficial to patients suffering from neuropathic
pain. This class of medications must be titrated up slowly to effective doses. It is
important to remember that antiepileptic medications often do not impact pain
immediately and must be used for weeks to months before effects are optimized.

* Antidepressants: Many chronic pain patients suffer from depression. Depression
can hinder the effectiveness of other pain management modalities. Tricyclic anti-
depressants also appear to have a direct effect on neuropathic pain.
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* Opioids: Potent pain medication; should only be prescribed after NSAIDS and
other treatments have failed including interventional pain procedures. Their use
also should not obviate the need to assess other pain management modalities
such as physical therapy, pain procedures, weight loss regimen, and home exer-
cise therapy. When the decision is made to prescribe opioids for chronic nonma-
lignant pain, adhering to the recommended best practices is often considered the
“Standard of Care” by most State Medical Boards.

Introduction

Both patients and physicians should fully engage in the use of the less invasive
alternatives available for chronic pain treatment prior to use of more invasive surgi-
cal procedures. These alternative treatments include medications such as NSAIDs,
steroid burst, muscle relaxants, antidepressants and antiepileptics, and opioids.
Acupuncture, chiropractic care, and physical therapy are also found to be effective
treatments to aid the reduction of a patient’s chronic pain. Minimally invasive pro-
cedures such as epidural steroid injections, peripheral nerve blocks, radiofrequency
ablation, spinal stimulation, and intrathecal medication pumps should also be con-
sidered early in the treatment algorithm. Although there are many different methods
for treating chronic pain, this chapter will primarily focus on the classic pain medi-
cations for the treatment of acute and chronic back pain.

NSAIDs and Acetaminophen for Pain Management
of Back Pain

When the onset of back pain first occurs, the guidelines for treatment from the
American Pain Society, American Academy of Pain Management, and American
College of Physicians state that patients should begin initial treatment with first line
medications such as acetaminophen and NSAIDs [1]. When utilizing acetamino-
phen, doses should not exceed 2 g/day in patients without evidence of liver disease.
When a physician is administering any medications to patients, including first line
medications such as acetaminophen and NSAIDs, it is imperative to match up a
medications side effect profile with patient’s current comorbidities. Clearly, hepatic
and renal failure would preclude use of such agents, respectively. NSAIDS, such as
ketoprofen and nabumetone, are good options for treating pain patients. Nabumatome
is found to have a better gastrointestinal side effect profile then many other NSAIDS
[2] and is a good choice for patients suffering from GERD or who have a history of
ulcers. It also has short-term gastroprotective qualities many other nonselective
NSAIDS do not possess and is effective when used in short durations. A meta-
analysis comparing ketoprofen, ibuprofen, and diclofenac showed ketoprofen to
have statistically significant superiority when compared to other NSAIDs [3].
Recently, first-line treatments such as NSAIDs and acetaminophen have decreased
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in popularity among prescribing doctors in the treatment of pain. To analyze the
decline in NSAID and acetaminophen use by prescribing physicians, a study was
conducted by John N. Mafi et al. from the National Ambulatory Medical Care
Survey and the National Hospital Ambulatory Medical Care Survey. The study
cataloged nearly 24,000 visits for spine disorders and is widely thought to be a rep-
resentative sample of the approximately 440 million patient visits caused by chronic
pain in 2013. Data within the study showed the use of NSAIDs and acetaminophen
decreased between 2000 and 2010 (from 37 to 29 %). The use of opioid medications
increased (from 19 to 29 %) over the same time span [4].

Opioids for Pain Management

This switch must be approached with care and consideration by the prescribing
provider. The medical evidence-based application of opioids for the treatment of
chronic noncancer pain is lacking supportive randomized controlled trials. Scant
evidence and the marked rise of opioid-related deaths in the USA, necessitated the
development of best practices with prescribing chronic opioids for noncancer pain.
As a cautionary note, many state medical boards consider these best practices rec-
ommendations to be the “Standard of Care.” Several physicians have been censured
and/or had their medical licenses revoked when there has been a consistent pattern
with failure to comply linked to patient deaths from opioid overdose (Table 11.1).

Table 11.1 Opioid conversions

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

2. Determine equi-analgesic dose (table).

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

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

5. Monitor for adverse events and effectiveness.

Buprenorphine (IM/IV): 0.4 mg Meperidine (IV/IM/SC): 75 mg
Butorphanol (IM/IV): 2.0 mg Meperidine (PO): 300 mg

Codeine (IM/IV): 120 mg Methadone (acute IV): 5.0 mg
Codeine (PO): 200 mg Methadone (acute PO): 10 mg
Fentanyl (IM/IV): 0.1 mg Morphine (IV/IM/SC): 10 mg
Fentanyl (Transdermal): 0.2 mg Morphine (acute PO): 60 mg
Hydrocodone (PO): 30 mg Morphine (chronic PO): 30 mg
Hydromorphone (IV/IM/SC): 1.5 mg Oxycodone (PO): 20 mg
Hydromorphone (PO): 7.5 mg Oxymorphone (IV/IM/SC): 1.0 mg

Oxymorphone (PO): 10 mg

Disclaimer: It should be noted that these conversions are not definitive and should only be used as
a guide. Vigilance with individual patient application of opioids conversions is still at the sole
discretion of the prescribing provider
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Chronic Opioid Prescribing Best Practices to Mitigate Opioid Overdose [5]

1. Confirmation of pathology which warrants opioids via a thorough history
and physical exam as well as appropriate diagnostic testing.

2. Exhaust non-opioid based medications when possible.

3. Review of medical records to rule out potential contraindications (suicide,
diversion, illicit drug use, addiction, noncompliance, lack of legitimate
diagnosis, etc.)

4. Implement patient—physician opioid agreement.

5. Screen for opioid diversion: routine urine/oral drug screening, review of
online state-controlled prescription monitoring program (if available) to
assess if receiving opioids from several different providers (rule out “doc-
tor shopping” or “double dipping”), rule out multiple early refill requests,
random pill counts, etc.

Opioid medications should only be used for the treatment of pain when the
severity of the pain warrants it and with confirmed pathology. Typically, this
potent medication should only be considered when the patient’s pain is affecting
their activities of daily living and function, and when multiple non-opioid pain
medications have failed to adequately control the patient’s pain. Visual Analogue
Scale (VAS) pain scores alone can be misleading. Each patient’s physiological
response to opioid treatments will be unique and a tailored approach should be
implemented to reduce the possibility of over-medicating. When treatment is
initiated, it should be required by the physician that the patient agrees to abide
by a patient—physician opioid agreement. This agreement specifies the patient is
not to consume any alcohol, marijuana, or other illegal substances. Patients must
also agree to undergo periodic and unscheduled urine drug screens (UDS) to test
for illegal substance abuse as well as to monitor if the prescribed medication is
being utilized. UDS are a simple test that can screen for metabolites of com-
monly abused substances and medications. An example of this is patients who
use heroin in conjunction with prescribed opioids will test positive for 6-mono-
acetylmorphine (6-MAM) for approximately 12 h after substance abuse occurs
(Fig. 11.1). Beyond this 12 h window only morphine will be present in the
patients UDS. The following image illustrates the metabolites of heroin and its
eventual metabolism to morphine in the body. Tramadol, methadone, and ket-
amine are also very effective pain management medications that have both opi-
oid receptor activity and NMDA receptor activities. Methadone and ketamine
have very complex pharmacodynamics and pharmacokinetics with a high pro-
pensity for overdose potential; thus, they are often reserved for proficient pain
specialists.
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Fig. 11.1 Morphine-based metabolites

Tailoring Opioid Doses for Patient-Specific Needs

A tailored approach requires the potency and dose of opioids to be increased incre-
mentally as pain symptoms and patient comorbidities dictate.

Contraindications for Opioids

» Lack of appropriate pathology

* Severe respiratory instability

¢ Severe psychiatric instability or suicide risk

* Unaddressed or recent substance use disorder

* Severe opioid allergy/side effects

¢ Co-administration of drugs capable of inducing life-threatening interactions.

» Inappropriate use of medication (providing medication to others, concur-
rent alcohol use, concurrent or illegal substance use

For cases of mild pain, the initial regimen should be a nonsteroidal anti-inflammatory
drug (NSAIDs) or acetaminophen. For moderate levels of pain, an opioid receptor
agonist such as tramadol, hydrocodone, or oxycodone can be paired alongside with
NSAIDs or acetaminophen when deemed appropriate. In cases of severe pain, a higher
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potency opioid receptor agonist such as morphine, hydromorphone, oxymorphone,
methadone, or fentanyl may be considered for use. DNA testing appears to be a prom-
ising new method of tailored prescribing. Genetic testing can assist a physician in
determining which opioids are most appropriate for a specific patient. Genetic sam-
pling of saliva is easily done during the initial patient evaluation.

Several of the opioids listed above can be modified to increase the duration of
their effectiveness. These modified opioids are typically found in forms such as
extended-release tablets. These long-acting opioid treatments should only be given
to patients who are considered to have high opioid tolerance and when treatment
with short-acting opioids alone provides suboptimal pain relief. Patients who fall
into this category of treatment must be closely monitored for adverse effects.
Extended-release tablets should never be used to treat acute or postoperative pain,
or opioid-naive patients. Patients should be warned to never split extended-release
pills into partial doses or crush medications. Such actions can cause immediate
release of 12-24 h amount of dosing, thus causing adverse effects such as respira-
tory depression and overdose/death.

When physicians are developing a tailored approach for patient care, it is impor-
tant to note opioid medications, while powerful in the treatment of pain, are only
one variable in the treatment of a patient’s pain. The use of opioids should not delay
early implementation of other therapies and modalities such as exercise and physi-
cal therapy when medically indicated. A multimodal approach paired with supple-
mentation of opioids to alleviate pain is common practice. Vigilant attentiveness to
ruling out diversion is paramount and cannot be over emphasized. Careful attention
should be placed on avoiding long-term opioid use when other interventions have
not been exhausted including interventional procedures.

Proper Rotation and Conversion of Opioids for Ongoing
Pain Management

As treatment continues, chronic pain patients may develop a tolerance to the opioid
medications they are currently prescribed. Opioid medication rotation can be con-
sidered by the physician if this occurs. The proper conversion dosages for opioid
rotation can be calculated with the following table (Table 11.1).

Muscle Relaxants

Muscle relaxants such as cyclobenzaprine (Flexeril) and methocarbamol (Robaxin)
are found to be effective supplements for patients who are currently treating lower
back pain with NSAIDs or acetaminophen. Evidence suggests that when taken in
tandem with NSAIDs or acetaminophen, muscle relaxants are thought to provide
more effective short-term pain relief compared to NSAIDs and acetaminophen
alone. It is estimated 35 % of patients who visit their primary care physician for the
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treatment of low back pain are prescribed muscle relaxants. In 2003, Tulder et al.
performed a Cochrane review of the efficacy of muscle relaxants and low back pain.
The study was comprised of 30 randomized double-blinded trials. The trials pro-
vided evidence to support the effectiveness of muscle relaxants as an effective treat-
ment of both acute and chronic lower back pain [6]. The effectiveness and acceptance
of muscle relaxants for chronic pain is not without controversy.

The controversy lies in the side effect profile of most muscle relaxants. Muscle
relaxant side effects are numerous with the most common being sedation, drowsi-
ness, headache, blurred vision, nausea, vomiting, and increased probability of falls
in the geriatric population. Muscle relaxants such as Carisoprodol (Soma) and
Diazepam (Valium) have also been found to have a high potential for abuse and
dependency among patients. There is a synergistic effect when either of these two
relaxants is combined with opioids that could lead to respiratory depression/apnea
and death.

The most commonly used muscle relaxants include cyclobenzaprine (Flexeril),
methocarbamol (Robaxin), baclofen, tizanidine (Zanaflex), and carisoprodol
(Soma). Carisoprodol (Soma), although an effective muscle relaxant, should be
avoided as a chronic treatment option due to its active metabolite meprobamate,
which is a central acting tranquilizer. Meprobamate is highly addictive and poten-
tially deadly. Because of its addictive qualities, it is often difficult for physicians to
wean patients off of carisoprodol (Soma). Carisoprodol (Soma) usage has been the
culprit for several patient deaths due to overmedication and the global medical com-
munity has taken note. In 2007, it was removed from the market in Sweden and in
2008, the country of Norway followed suit. Currently, the European Union has
recommended the removal of marketing for carisoprodol to discourage its use.

Neuropathic Pain and Low Back Pain

Antidepressants and antiepileptics are typically used to treat patients who are suf-
fering from neuropathic pain. Tricyclic antidepressants such as amitriptyline or nor-
triptyline, and antiepileptics such as gabapentin (Neurontin or Gralise), pregabalin
(Lyrica) and topiramate are commonly utilized. A meta-analysis on the effects of
antidepressant treatment on chronic back pain was done in 2003 by Salerno S et al.
Their analysis indicated that patients who received antidepressant therapy for
chronic back pain experienced a reduction in their chronic pain levels in compari-
son to the placebo group. The study also unveiled a small, but nonsignificant trend
in patients who received the antidepressant treatments had improved function in
their activities of daily living and in their daily quality of life [7, 8].

Patients who are prescribed antidepressants are placed at risk for several adverse
symptoms, the most common being drowsiness, dry mouth, and dizziness. These
side effects paired with antidepressants minimal upside for pain relief rule them out
as a first-line treatment for primary chronic back pain [9]. However, depression is
common in patients with chronic pain, and clinicians should assess and treat depres-
sion accordingly. The chronic pain many patients experience is often alleviated
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once their depressive symptoms are abated. Antidepressants such as the tricyclics
are also found to be beneficial for treating patients suffering from neuropathic pain
and insomnia.

Antiepileptics Used in Treatment of Radicular and Non-
radicular Back Pain

Antiepileptic medications such as gabapentin, pregabalin, and topiramate appear
to have a positive affect on patients suffering from radicular back pain. All three
of these medications must be titrated up in order to reach the appropriate dose for
each patient.

Example of Pregabalin Titration
* Initial: 75 mg PO Q 12H

* Week 2: 150 mg PO Q 12H

* Week 3: 300 mg PO Q 12H

It is important to closely follow the patient during the titration phase; monitoring
for both serious and less consequential side effects. The serious side effects caused
by antiepileptic medications include suicidal ideation, blurred vision, altered mental
status, and decreased coordination. Less consequential side effects include dizzi-
ness, somnolence, and fatigue.

For the treatment of non-radicular pain topiramate appears to be moderately supe-
rior to gabapentin and is often the medication of choice for prescribing physicians. It
should be noted that topiramate can have deleterious effects on fetal development
and appropriate monitoring for pregnancy should always be done. Gabapentin can be
utilized as a medication for patients who are suffering from spinal stenosis and who
are already prescribed a pain medication regimen containing NSAIDs and exercise
therapy. When gabapentin is added to a patient’s pain medication regimen and
titrated up to 2400 mg/day it appears to be more effective in mitigating the patient’s
pain symptoms than NSAIDS and exercise therapy alone [10]. It is imperative for
both the patient and prescribing physician to understand the immediate effects of
these medications are limited. They can take weeks to months to reach their full
effectiveness and adequate time should be allotted to achieve its optimal effect.

Summary

When considering treatments for chronic pain it is important for patients and physi-
cians to consider all the treatments at their disposal before deciding on a plan.
Physicians should treat the patient in a stepwise fashion starting with least invasive
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treatment with the lowest chances of side effects. This often times includes acet-
aminophen, NSAIDS, and physical therapy. As a first step up in the treatment of
back pain, muscle relaxants, such as methocarbamol (Robaxin) or cyclobenzaprine
(Flexeril), may be considered. When attempts to mitigate a patient’s pain with
NSAIDS, acetaminophen, muscle relaxants, and physical therapy have failed, and
the patient has confirmed pathology, short-acting opioids may be considered. It is
essential to start with the lowest dose and least potent opioid that may potentially
alleviate the pain. Escalation of opioids should be executed slowly and only after
careful consideration of other options. DEA evaluation of iatrogenic overdose and
death from opioids has been linked with prescribing too high of an initial dose and/
or too rapid of an escalation with the opioid medication [5, 11].

If the patient is thought to suffer from neuropathic pain, antiepileptics such as
gabapentin, pregabalin, and topiramate can be utilized. It is key for the patient as
well as the prescriber to remember these medications must be titrated to effective
levels and relief may take weeks to month to be fully appreciated. Tricyclic antide-
pressants such as amitriptyline or nortriptyline also play an important role in pain
management. The mechanisms in which they work are not yet fully understood but
their benefits make them a key component worthy of consideration when physicians
are assessing the root of a patient’s chronic back pain. Symptoms of depression are
often found in chronic pain patients and it is thought to hinder the effectiveness of
other pain management when left untreated. As a result, the treatment of depression,
both with behavioral therapy and pharmaceutically, is often an integral piece of the
pain treatment algorithm. This should not be discounted or overlooked by the treat-
ing physicians.

Effective pain management is an intricate algorithm comprised of multiple treat-
ment techniques. While medications are an important piece of the pain management
algorithm, it is only one variable among many which must be assessed when treat-
ing a patient’s pain. It is imperative that the primary care provider, complementary
medical staff, pain specialist, and surgeon work together to build a comprehensive
pain management plan for each patient. This encompassing strategy will provide the
most adequate and thorough treatment available to patients for chronic back pain.
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Chapter 12
Interventional Procedures

Daniel A. Fung and Timothy T. Davis

Key Points

e Interventional procedures should be considered after conservative treatments
(medications, therapy, activity modification) have failed and before surgical
intervention.

e Physicians should be familiar with all medicare guidelines which have outlined
specific criteria that must be accurately documented prior to proceeding with any
interventional procedure.

e Trigger point injections are considered medically necessary when there is a
regional muscular pain complaint with a palpable taut band in an accessible mus-
cle and all conservative treatments have failed and been documented.

* Targeted medial branch blocks or intra-articular injections of the zygapophyseal
joints (facet joints, z-joints) with local anesthetic are indicated when a diagnosis
of cervical, thoracic, or lumbar spondylosis is established and correlated with
regional pain in the respective area.

» Epidural injections are indicated in the cases of radicular pain that has failed all
conservative treatments.

e SI joint injections will be considered medically necessary when an injection is
given with imaging confirmation for diagnostic or therapeutic purposes after
conservative management has failed.

* Discography is considered medically necessary for evaluation of disc pathology in
persons with persistent, severe low back pain and abnormal interspaces on MRI,
where other diagnostic tests have failed to reveal clear confirmation of a suspected
disc as the source of pain and surgical intervention is being considered.
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Introduction

Minimally invasive interventional procedures should be considered when conserva-
tive modalities have failed to provide adequate relief. Selection of the proper inter-
ventional treatment is predicated on the accurate identification of a pain generator.
There is no substitute for a thorough history and physical exam. Imaging should be
used as a supportive tool to confirm the suspected diagnosis. The future of interven-
tional pain medicine depends on a mindful and conservative application of proce-
dures, based on published outcome data. There is no place in the near or long term
for the “shot-gun” approach to identifying and treating sources of pain.

Medicare guidelines have outlined diagnosis-specific criteria that must be accu-
rately documented prior to proceeding with any interventional pain therapy. Each
interventional procedure is diagnosis specific and certain criteria must be met in
order to validate a diagnosis. These diagnosis criteria are separated into “major” and
“minor” criteria which consist of subjective complaints and objective findings. The
authors recommend a review and full comprehensive understanding of the Medicare
Coverage Database as it applies to each interventional procedure that is planned in
practice [1].

This chapter provides a comprehensive review of the most common interven-
tional procedures and discusses “evidence-based indications” with an overview of
the proper execution of each type of procedure.

Trigger Point Injections

Myofascial trigger points are “small, circumscribed, hyperirritable foci in muscles
and fascia, often found with a firm or taut band of skeletal muscle” [1]. When pres-
sure is applied over the trigger point, local tenderness and occasionally radiating pain
are elicited. Pressure or needle entry into the trigger point injections can sometimes
elicit a local “twitch response” when the tense muscle involuntarily contracts.

Indications and Rationale

Trigger point injections are indicated when a diagnosis of myofascial pain syndrome
is established as the source of a patient’s pain. Direct pressure over the trigger point
should reproduce the patient’s pain and commonly associated radiating pattern.
Trigger point injections are considered medically necessary when there is a
regional muscular pain complaint with a palpable taut band in an accessible muscle.
All failed conservative treatments including therapy, medications, and activity
modification must be documented. There must be exquisite spot tenderness at one
point along the length of the taut band with some degree of restricted range of
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motion and pain or altered sensation in an expected distribution. The pain must be
reproducible by pressure over the tender spot or a local twitch response or resolu-
tion of pain by stretching or injection [1].

Studies have shown a direct relationship between trigger point injections and
improved pain, range of motion, and quality of life. In a randomized controlled trial
Ay et al. showed that trigger point injections lead to statistically significant improve-
ments in pain, range of motion, and depression scores with both local anesthetic
injection and dry needling of trigger points [2].

Technique

Trigger points are identified by palpation over the painful muscle, a taut band of
muscle is usually felt, and reproduction of the patient’s pain is produced. Needle
placement into the trigger point is typically performed in the office under the physi-
cian’s knowledge of anatomy without specific equipment for guidance; however
electromyography or nerve stimulation can be used to confirm placement and ultra-
sound can be used to visualize intramuscular placement [3]. When the needle is in
place, medication (typically an anesthetic and a small amount of corticosteroid) is
injected or dry needling can be performed. Directing and repositioning the needle in
multiple planes within a trigger point area may help in further mechanical break-
down of the taut band. Some advocate the use of other injectates in trigger point
injections such as botulinum toxin, prolotherapy, or platelet-rich plasma (PRP)
which further treat the patient’s pain through their individual healing mechanisms.

Paravertebral Facet Joint Block and Facet Joint Denervation

Targeted medial branch blocks or intra-articular injections of the zygapophyseal
joints (facet joints, z-joints) with local anesthetic are indicated when a diagnosis of
cervical, thoracic, or lumbar spondylosis is established and correlated with regional
pain in the respective area. For coding purposes, “an injection may be placed in the
facet joint itself or around the medial branch nerve innervating the joint” [1].
Diagnostic facet blocks must provide at least 80 % relief of an individual’s usual
and customary pain, in order to justify proceeding with a facet rhizotomy.

Indications and Rationale

Facet joint pain is most commonly related to degenerative spondylosis and arthrop-
athy which presents as localized pain over the region of the degeneration [4]. A
traumatic forced flexion or hyperextension can cause capsular stretch or joint
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compression can also cause injury to the facet joints [5, 6]. Facet joint pain typi-
cally presents as localized pain over the facet joint with myofascial radiating pat-
terns that is worse with extension and rotation.

Along with clinical findings, diagnostic “paravertebral nerve blocks” (medial
branch blocks or intra-articular facet blocks) are used to assist with the diagnosis
of facet joint pain [4]. Local anesthetic is used to anesthetize the facet joint or the
medial branch nerves that innervate the facet joints. If the blocks achieve 80 % or
greater pain relief temporarily, then a patient is considered to be a good candidate
for radiofrequency denervation of the medial branch nerves [7]. There is moderate
evidence to support benefits of medial branch blocks. Randomized, placebo-
controlled, and double-blinded studies have shown significant pain relief with
radiofrequency nerve ablation, indicating strong evidence for its benefits [8].
Available evidence from randomized, controlled trials and observational studies
for benefits of intra-articular facet joint injections is mixed and rated moderate to
limited [9].

Techniques

Paravertebral Facet Blocks and Radiofrequency Ablations (Facet
Rhizotomy)

The medial branch nerves are terminal divisions of the dorsal rami of each spinal
nerve. They provide sensory sensation from the facet joints and motor innervation
to the multifidi muscles. Each facet joint is innervated by the medial branch nerves
at that vertebral level and the level above; thus it is important to block two sets of
medial branch nerves for each facet joint.

In the cervical spine, the medial branch courses around the waist of the artic-
ular pillars. The patient can be placed in the prone or lateral decubitus position.
The fluoroscopic beam is oriented with a slight tilt to line up the plane of the
joint and the needle is guided towards the lateral aspect of the waist of the
articular pillar. The fluoroscopic beam is then reoriented to a lateral position
and the needle is advanced to the midpoint of the articular pillar (Figs. 12.1 and
12.2).

In the thoracic spine, the medial branches course over the superior aspect of the
transverse process. Patients are placed in the prone position and the fluoroscopic
beam is oriented in an AP or slightly oblique view. The needles are directed towards
the superior aspect of the transverse process [10].

In the lumbar spine, the medial branch is at the junction between the superior
articular process and the transverse process [11]. Patients are placed in the prone
position and the fluoroscopic beam is oriented to square off the vertebral end plates
in an AP or slightly oblique view. The spinal needles are directed towards the super-
olateral aspect of the pedicle at the junction of the superior articular process and
transverse processes (Figs. 12.3 and 12.4).
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Fig. 12.1 AP fluoroscopic
view of right cervical
medial branch block

Fig. 12.2 Lateral
illustration of cervical
medial branch block. From
Fung DA et al. Injections
of the Cervical, Thoracic,
and Lumbar Spine. In:
Surgical Approaches to the
Spine, Watkins RG III and
Watkins RG, IV, eds.
Springer

New York;2015:389-409.
Reprinted with permission
from Springer

Radiofrequency ablation of the medial branches is performed at a similar loca-
tion to the medial branch blocks. An insulated needle with an active tip is used to
carry out the ablation. Sensory and/or motor stimulation are used to confirm place-
ment of the needle near the medial branch nerves and away from the dorsal roots.
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Fig. 12.3 AP fluoroscopic
view of left lumbar medial
branch block

Fig. 12.4 AP and lateral medical illustration of bilateral lumbar medial branch block. From Fung
DA et al. Injections of the Cervical, Thoracic, and Lumbar Spine. In: Surgical Approaches to the
Spine, Watkins RG III and Watkins RG, IV, eds. Springer New York;2015:389-409. Reprinted
with permission from Springer
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Fig. 12.5 AP fluoroscopic
view of bilateral lumbar
medial branch
radiofrequency ablation

Local anesthetic is administered prior to the ablation and the ablation is typically
carried out at around 80 °C for a duration of 60-90 s [12] (Fig. 12.5).

Facet Joint Intra-Articular Injection

Cervical facet joint injections are performed with the patient lying prone and a
25-35 ° caudal tilt of the fluoroscopic beam to line up the facet joint space. The
needle is advanced towards and into the joint space, and slight resistance is felt
when the joint capsule is engaged. A lateral fluoroscopic view can be used to assess
the depth of the needle. Contract is used to confirm location of the needle tip in the
facet joint and 0.5-1 cc of medication is then typically injected to avoid distending
the joint capsule.

Thoracic facet joint injections are performed with the patient lying prone and the
fluoroscopic beam in a far (50-60 °) caudal tilt. Using fluoroscopic guidance the nee-
dle is directed towards the inferior articular process; once bone is contacted the needle
type is walked superiorly into the facet joint. Once needle is in place, contrast is used
to confirm the locations and approximately 1 cc of medication is typically injected.

Lumbar facet joint injections can be performed in two ways. Both require the
patient to be in a prone position. The traditional way is with the fluoroscopic beam
orientated obliquely approximately 20-30 ° to visualize the facet joint. The needle
is directed towards the facet joint and once entered contrast is injected to confirm
location and approximately 1-1.5 cc of medications is typically injected. The
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author’s preferred method is to keep the fluoroscopic beam in a direct AP position.
The target is the posterior inferior aspect of the joint capsule. The needle is inserted
in a medial to lateral, inferior to superior trajectory. The needle tip contacts the pars
interarticularis of the inferior vertebrae, and then is marched up to the inferior aspect
of the joint space. A step off can be appreciated when the joint is entered. This
method is felt to be superior to the traditional intra-articular facet approach for
safety and reproducibility. The tip is on bone throughout the procedure; therefore,
the depth of the needle tip is known during the procedure, which makes it safe and
easy to avoid spinal canal entry. The technique is reproducible from an anatomic
perspective. The oblique fluoroscopic perspective of the lumbar facet joint can be
deceiving. The joint line can often appear to be a flat line under fluoroscopy, but in
reality, the joint is not a flat line, and can have scalloping traction osteophytes on the
posterior lateral margin of the superior articular process blocking the access to the
facet joint from the oblique approach.

Facet joint injections are relatively safe procedures in the right hands. Pain can
temporarily worsen after injection due to muscle spasms, contact with the articular
surface, or joint capsule expansion. Cervical injections can be risker due to the
denser arrangement of nerves and arteries; nonparticulate steroids should be used to
minimize the risk of arterial embolism. Another complication is injury to the spinal
cord if the needle is placed too deeply and medially [8, 9].

Epidural Injections

The epidural space surrounds the dural sac and exiting spinal nerve roots within the
spinal canal. The exiting spinal roots are typically the targets for epidural injections
to treat radicular symptoms.

Indications and Rationale

A radicular referral pattern of pain caused by injury or irritation to a spinal nerve root is
the primary indication for epidural injections. Radiculitis is often associated with dull
aching centrally at the level of the exiting nerve root with sharp radiating pain along a
dermatomal pattern that can be associated with numbness, paresthesia, and myotomal
weakness. Proper history and physical exam should be correlated with imaging studies
to visualize the pathology at the exiting nerve root. Electromyography (EMG) can also
be used to confirm a diagnosis of radiculitis. Subjects with radiculitis and positive find-
ings on EMG are reported to have improved functional outcomes from epidural steroid
injections as compared to EMG-negative subjects [13]. Epidural steroid injections are
accepted as a standard treatment for radiculitis and neurogenic claudication [14].

The American Society of Interventional Pain Physicians (ASIPP) guidelines
advise that epidurals should be limited to a maximum of six per year and only
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repeated as medical necessary. Numerous studies have validated the efficacy and
outcomes of caudal, interlaminar, and transforaminal steroid injections [15-18].
There is strong-to-moderate evidence supporting caudal and transforaminal epi-
dural steroid injections [8]. Evidence for interlaminar injections is considered
moderate to limited. However, multiple observational studies have shown positive
results with all forms of epidural injections [8].

In order to meet CMS documentation requirements, providers must document
moderate-to-severe pain, greater than 3/10, and functional impairment in activities
of daily living. At least 4 weeks of failed conservative management must be ade-
quately documented.

Accurate documentation of medication dosing, symptom location, as well as pre-
and post-procedure response to the injection, including pain level and ability to
perform previously painful movements, is also required [1].

Technique

Caudal, transforaminal, and interlaminar approaches to the epidural space are
described.

Caudal Epidural Injection

The patient is placed in the prone position. The sacrum and sacral hiatus are identi-
fied using a lateral fluoroscopic view. A spinal or Tuohy epidural needle is advanced
at a shallow angle in a cephalad direction into the sacral hiatus. A loss of resistance
technique with a glass syringe and saline can be used to identify entrance of the
needle through the sacral hiatus and into the epidural space. An epidural catheter can
be advanced up to the desired level of injection or injectate can be administered into
the lower caudal space with enough volume such that it spreads in a cephalad direc-
tion. Contrast solution is injected to confirm ideal placement in the epidural space
without intravascular uptake and then the medications are injected. The needle
should not be advanced past the S2 level to avoid the risk of dural puncture [19]. The
risk of cauda equina syndrome is low, at around 2.7 per 100,000 epidural blocks [7].

Interlaminar Epidural Injection

The patient is placed in the prone position with slight flexion of the spine to help
open up the intralaminar space (Fig. 12.6). AP fluoroscopy is used to visualize the
intralaminar space and the lamina above and below. The spinal needle is advanced
to just contact the superior aspect of the inferior lamina adjacent to the spinous
process to confirm appropriate depth of the needle. The needle is then slowly walked
off the lamina and advanced with a loss of resistance technique into the epidural
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Fig. 12.6 Positioning for cervical interlaminal epidural injection. From Fung DA et al. Injections
of the Cervical, Thoracic, and Lumbar Spine. In: Surgical Approaches to the Spine, Watkins RG
IIT and Watkins RG, IV, eds. Springer New York;2015:389—409. Reprinted with permission from
Springer

space (Fig. 12.7). Contrast is injection to confirm ideal placement of the needle and
then medications are injected. The thoracic and cervical epidural space can be
extremely narrow; thus entering at a more caudal interlaminar level and advancing
an epidural catheter up to the desired level are often advised.

Aspiration is performed prior to injection of contrast to check for blood or
CSF. The potential size of the dorsal epidural space is directly related to the volume
of the spinal canal at the targeted level [20, 21] (Fig. 12.8).

Transforaminal Epidural Injection

The authors will present and prefer the retroneural method for transforaminal epi-
dural steroid injections. The patient is placed in the prone position and an AP or
oblique fluoroscopic view is used to direct the spinal needle from a lateral starting
position medially towards the neural foramen. The needle is advanced obliquely
toward the inferior lateral aspect of the pedicle at the junction of the transverse pro-
cess and the pars. Lateral fluoroscopic imaging is then used to place the needle tip
at the 10 o’clock position of the foramen, also known as the “safe triangle”
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Fig. 12.7 Paramedian
approach for cervical
interlaminar epidural
injection. From Fung DA
et al. Injections of the
Cervical, Thoracic, and
Lumbar Spine. In: Surgical
Approaches to the Spine,
Watkins RG III and
‘Watkins RG, IV, eds.
Springer

New York;2015:389-409.
Reprinted with permission
from Springer

Fig. 12.8 AP fluoroscopic
view of cervical
interlaminar epidural
steroid injection with entry
point at the T1-T2
interlaminar space
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Fig. 12.9 AP fluoroscopic
view of lumbar
transforaminal epidural
steroid injection with
needles in place

Fig. 12.10 Lateral
fluoroscopic view of
lumbar transforaminal
epidural steroid injection
with needles in place

(Figs. 12.9, 12.10, 12.11, and 12.12). Cervical transforaminal epidural injections
are not advised for unexperienced physicians; serious adverse events have been
reported including paralysis, stroke, and death [22, 23].
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Fig. 12.11 AP
fluoroscopic view of
lumbar transforaminal
epidural steroid injection
after administering contrast
and medications

L5 transverse
process
Obturator

L4 & L5 trunk

Fig. 12.12 AP and lateral medical illustration of lumbar transforaminal epidural steroid injection.
From Fung DA et al. Injections of the Cervical, Thoracic, and Lumbar Spine. In: Surgical
Approaches to the Spine, Watkins RG III and Watkins RG, 1V, eds. Springer New York;2015:389—
409. Reprinted with permission from Springer
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Complications

Epidural injections are relatively safe procedures and complications are low. Previous
studies have reported complications rates around 2.4 % with the most common com-
plication being pain at the injection site [24]. Other studies have reported the inci-
dence of a minor infection at 1-2 %, major infections 0.1-0.01 %, and the risk of
epidural hematoma at less than 1 in 150,000 [25]. The risk of intravascular injection
can be prevented by injecting contrast first to rule out intravascular placement but
this is a possible complication and the use of nonparticulate steroid is recommended.
A dural puncture can occur if the needle is advanced passing the epidural space; most
patients will heal without intervention but if a dural leak persists it can be treated
with staying supine, hydration, analgesics, and an autologous blood patch [26]. If the
needle is advanced further into the dural space, contact with the spinal cord or nerve
roots can occur. Epidural infections and epidural hematomas are rare occurrences
that can lead to cauda equina syndrome. Extra care needs to be taken during left-
sided injections between T8 and L1 because the artery of Adamkiewicz, the largest
spinal segmental artery, lies at these levels in 60—80 % of patients [27, 28]. Certain
steroid solutions now come with warning labels “not for epidural use.” These are the
same steroids that have been used in the epidural space for many years. The use of
these products with this specific wording on the label in the epidural space is discour-
aged and very difficult to defend from a medical legal perspective.

Sacroiliac Joint Injections

The sacroiliac joint is a fibrocartilaginous joint formed by the connection between
the sacrum and the ilium.

Indications

Sacroiliac (SI) joint pain typically presents as chronic axial low back pain that is
localized to the lower back and buttock region. It is associated with leg length dis-
crepancy, older age, inflammatory arthritis, scoliosis, previous spine surgery, preg-
nancy, and trauma. SI joint arthropathy is typically diagnosed on history and
physical exam and with diagnostic SI joint injections.

In order to meet CMS documentation requirements, providers must document
moderate-to-severe pain, greater than 3/10, and functional impairment in activities of
daily living. At least 4 weeks of failed conservative management must be adequately
documented. Accurate documentation of medication dosing, location, as well as pre-
and post-procedure response to the injection, including pain level and ability to per-
form previously painful movement, is required. SI joint injections will be considered



12 Interventional Procedures 123

medically necessary when an injection is given with imaging confirmation for diag-
nostic or therapeutic purposes after conservative management has failed [1].

Evidence-Based Rationale

Physical exam and imaging findings are often nonspecific for the diagnosis of SI
joint pain [29]. Many patients with SI joint pain have radiographically normal-
appearing SI joints [30]. SI joint injections can serve as diagnostic and therapeutic
injections [29, 31]. Clinical studies have demonstrated intermediate-term benefit for
both intra- and extra-articular injection of steroid at the SI region [29].

Technique

The patient is placed in a prone position with a contralateral oblique fluoroscopic
angulation. The needle is advanced from an inferior and medial entry point cephalad
into the joint space. Contrast can be injected to confirm intra-articular placement, and
then followed by the injectate. ASIPP guidelines recommend that joint injections be
repeated only as necessary and limited to a maximum of six local anesthetic and ste-
roid blocks per year [7]. If adequate relief of symptoms is obtained, then sacral lateral
branch rhizotomy or fusion procedures can be performed for longer lasting relief.

Discography

Intervertebral discs consist of a central nucleus pulposus and a surrounding annulus
fibrosis. Only the outer third of the disc has neural innervations and vascular supply.
Degenerative disc disease or traumatic fissures in the annulus fibrosis are thought to
lead to discogenic pain [7, 32].

Indications

Discogenic pain typically presents as axial low back pain at the level of the suspect
disc. Discography is a diagnostic procedure used to diagnose discogenic pain or for
preoperative planning to evaluate for internal disc disruption, recurrent herniations,
and pseudoarthrosis and to determine spinal fusion levels [7]. Stimulation of interver-
tebral discs and the reproduction of patient’s usual axial pain indicate a positive physi-
ologic test for discogenic pain. A normal disc should not produce the patient’s usual
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pain. Fluoroscopic evaluation of the contrast spread pattern or post-procedure CT or
MRI can provide further radiologic evaluation of the internal anatomy of a disc [32].

Discography is considered medically necessary for evaluation of disc pathology
in persons with persistent, severe low back pain and abnormal interspaces on MRI,
where other diagnostic tests have failed to reveal clear confirmation of a suspected
disc as the source of pain and surgical intervention is being considered. During the
procedure, accurate documentation of volume of contrast injected, disc morphol-
ogy, pressures, and concordant or discordant pain level is required [1].

Evidence-Based Rationale

Discography relies on the subjective provocation of patient’s pain; due to this, clini-
cal outcome data and peer-reviewed literature have published a wide range of
results. Despite conflicting reports, discography does have applications in a number
of clinical settings [7]. Cohen et al. published a comprehensive review of lumbar
discography which reported discography to be the more accurate than other radio-
logic studies in detecting degenerative disc disease [32].

Technique

In lumbar discography the patient is placed in the prone position and a 25-35°
oblique fluoroscopic angle is used to line up the superior articular process with the
midline of the vertebral end plate. A two-needle technique is recommended using a
18-gauge needle followed by a 5-8 in. 22-gauge needle inserted through the 18-gauge
needle to keep the needle tip as sterile as possible. The needle is advanced towards
the superior articular process and walked just lateral off the superior articular process
towards the midline of the disc. As the needle encounters the annulus there is
increased resistance; at this point alternating AP and lateral fluoroscopy should be
used to insure that the needle tip is advanced to the center of the disc. A mixture of
radiographic contrast and antibiotics is then slowly injected to pressurize the disc and
the patient is questioned regarding their symptoms. The morphologic features of the
disc and contrast spread or leakage under fluoroscopy are also identified and recorded.
Manometry can be used to monitor the opening pressure and the filling pressures.
Discs that strongly reproduce the patients’ typical pain at low-to-medium pressures
are considered positive. Post-procedure CT or MRI imaging can be obtained within
2-3 h for further radiologic evaluation [33] (Figs. 12.13, 12.14, and 12.15).
Thoracic discography is similar in technique to lumbar discography but is only
recommended for skilled proceduralists because of increased risk posed by the anat-
omy. In thoracic discography the needle is advanced into the disc through a hyper-
lucent region centered over the disc on oblique fluoroscopy. This hyperlucent region



125

12 Interventional Procedures

Fig. 12.13 AP
fluoroscopic view of
lumbar discography

Fig. 12.14 Lateral
fluoroscopic view of
lumbar discography
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Fig. 12.15 Axial and lateral medical illustration of lumbar discography. From Fung DA et al. Injections
of the Cervical, Thoracic, and Lumbar Spine. In: Surgical Approaches to the Spine, Watkins RG III and
Watkins RG, IV, eds. Springer New York;2015:389-409. Reprinted with permission from Springer

is bordered by the superior and inferior vertebral endplates, laterally by the medial
head of the rib and medially by the border of the pedicle.

Cervical discography is also only recommended for skilled proceduralists.
The patient is placed in the supine position with the head slightly turned away
from the needle entry point. A right-sided needle entry point is commonly used
to avoid the esophagus. An oblique fluoroscopic view is used to visualize the
uncinated process and neuroforamen. The needle should be directed towards the
uncinated process. Once the uncinated process is contacted the needle is marched
medially off the uncinated process into the disc. AP and lateral fluoroscopy
should then be used to ensure proper placement into the midline of the disc
(Figs. 12.16 and 12.17).

Complications

Although extremely rare, the most unique and serious complication of discography
is discitis and it is difficult to treat with antibiotics due to the poor blood supply of
the discs. Prophylactic IV antibiotics and antibiotics mixed in with contrast may
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Fig. 12.16 AP
fluoroscopic view of
cervical discography

Fig. 12.17 Lateral
fluoroscopic view of
cervical discography

help decrease the risk of discitis [7, 34, 35]. Due to the subjective nature of discog-
raphy, there can have a high false-positive rate [7, 34, 35]. “Control” or normal disc
levels can be used to improve specificity of the study. However, Carragee et al. sug-
gested that performing discography at a normal level may lead to accelerated pro-
gression of disc degeneration [36].
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Minimally Invasive Interventional Procedures

Patients who have tried and failed conservative treatments and injections may be
candidates for some of the more advanced minimally invasive interventional proce-
dures. These procedures typically require small incisions and the implantation and
administration of medical devices or biologic and synthetic materials. These proce-
dures will be further discussed in future chapters but include and are not limited to
spinal cord stimulation, peripheral nerve stimulation, intrathecal drug delivery, and
vertebral augmentation for the treatment of advanced pain.

The Future of Interventional Procedures

The field of interventional pain management is constantly evolving with new mini-
mally invasive procedures constantly being developed and adopted. The field of
regenerative medicine is also emerging advocating biologic injections with stem
cells and growth proteins. Further large-scale peer-reviewed studies on these sub-
jects will be necessary to truly validate and confirm the safety and efficacy of such
procedures.
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Chapter 13
Neuromodulation

Kasra Amirdelfan

Key Points

* Neuromodulation is quickly evolving to keep pace with patients' needs.

* Advancements in neuromodulation include paresthesia-free therapies, novel
neuraxial targets, innovative waveforms and frequencies and new intrathecal
dosing regimens and pump platforms.

* Positioning of candidacy for advanced pain care therapies and placement in the
pain care algorithm is evolving by moving away from salvage therapy, with ear-
lier intervention improving treatment efficacy and safety.

* Intrathecal therapy is enjoying a rapidly evolving strategy and new offerings may
provide improved accuracy.

Introduction

The efficient, effective, and long-term treatment of chronic pain has continued to be
a challenging issue in modern medicine [1]. Until recently, the armamentarium of
choices for treatment has been limited to rehabilitation, medications, injections, and
nerve ablation. The developments in neuromodulation over the past four decades
have been key in emerging this technology as one of the best-studied and most
effective choices for the long-term control of chronic pain.

The North American Neuromodulation Society defines neuromodulation as a
therapeutic alteration of activity, either through stimulation or medication, both of
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which are introduced by implanted devices [2]. Neuromodulation devices are not
only used for the treatment of acute and chronic pain. Their utilization is also quite
important in other conditions, such as epilepsy, spasticity, and movement disorders,
including the emerging field of prosthetic neuromodulation [2].

Spinal cord stimulation (SCS) is arguably the best known and most utilized neu-
romodulation device for the treatment of chronic pain in the USA and around the
world [3]. As such, it has also been extensively studied for both safety and efficacy.
In 1967, Shealy and Mortimer were the first to describe the treatment of pain, via
electrical stimulation, with electrodes placed directly over the dorsal column, in the
intrathecal space of a patient with terminal cancer [4]. The first epidural placement
of electrodes over the dorsal column was described in 1971. Shimogi and colleagues
reported improved pain control with this type of placement [5]. Their efforts paved
the way for the advances achieved in this field.

Over the next four decades, the spinal cord stimulator has undergone numerous
iterations, including rechargeable internal power generators (IPGs), multiple con-
tacts and electrodes, as well as improved software, in order to maximize their effi-
ciency [6]. Throughout their evolution thus far, spinal cord stimulators have become
increasingly effective in controlling neuropathic pain in the trunk and limbs.
However there is now new evidence for sustained control of low back pain as well
[7]. These devices are now an integral piece of the standard of care for long-term
pain control in the USA and the rest of the developed world.

The first intrathecal delivery of drug has been credited to Leonard Corning, who
administered intrathecal (IT) local anesthetic for pain control in 1885 [8]. The mod-
ern format of the intrathecal drug delivery systems (IDDS) began to gain traction
after Wang and colleagues described improved pain control for cancer patients with
IT morphine in 1979 [9]. The efficacy of IT opioid analgesic infusion has been veri-
fied in a number of published studies, as well as our own clinical practices. The best
improvement with opioid IDDS is evident in chronic pain patients who have had
analgesia, with conservative dosing of systemic opioid medications, but were intol-
erant to their side effects [10]. Alternatively, in patients with a suboptimal response
to systemic or IT opioid medications, ziconotide has proven to be effective as a
novel IT agent for pain control [11].

Evidence

Although both intrathecal drug delivery systems (IDDS) and spinal cord stimulators
(SCS) are commonly utilized in the treatment of chronic pain, SCS has enjoyed a
recent insurgence in technical advancements and popularity as the neuromodulation
device of choice. This is based on its ease of implementation, efficacy, and low
complication rates reported in the literature [12]. Nonetheless, IDDS continues to
be a viable and strong choice for patients who would be candidates for neuromodu-
lation. However, IDDS is typically reserved for patients who have either been
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inappropriate candidates for SCS, due to various relative or absolute contraindica-
tions, or failed an SCS trial [13].

Spinal Cord Stimulation

Since their inception, the SCS devices have been extensively studied for safety and
efficacy [14]. SCS is commonly used in post-lumbar laminectomy syndrome
(FBSS) patients, after surgical options have been exhausted and the patient contin-
ues to have low back and/or limb pain. However, there is evidence in the literature
indicating that SCS may be a more effective and less costly modality than re-
operation for patients with a history of previous lumbar surgery [15]. Moreover,
patients who underwent an SCS implantation, after such re-operation, had a less
optimal outcome with SCS [15]. SCS has also been shown to be extremely cost
effective when compared with conventional medical management of FBSS patients,
among many other diagnoses where SCS would be indicated [16].

Primary Indications for SCS

Failed back surgery syndrome (FBSS)
Lumbar radiculopathy
Arachnoiditis
Complex regional pain syndrome (CRPS)
Causalgia
Cervical radiculopathy
Diabetic and peripheral neuropathy

The low complication rates associated with these implants have been reported in
multiple studies [12]. More importantly, the efficacy, in terms of optimal pain con-
trol [17], reduction in medications [14], and increase in function, including return to
work [18], has also been demonstrated in the published literature.

SCS devices have enjoyed increasing popularity not only based on their long-
term pain control, but also for their safety (Fig. 13.1). There is a significant lack of
similar strong evidence for other treatment options, including opioids [1] and inter-
ventional management techniques, such as epidural injections [19]. Furthermore,
there is research suggesting that earlier intervention with SCS after spinal surgery
may be significantly more successful versus later consideration in the treatment
algorithm [17].

The literature also suggests that SCS may be more effective than re-operation in
patients who have undergone a technically successful spinal surgery [20]. As such,
a growing number of pain physicians believe that SCS may not only be considered
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Fig. 13.1 Tonic SCS generator with software upgrade capability (courtesy of St. Jude Medical)

for patients with FBSS, but also for patients who have multilevel degenerative disc
disease without a clear surgical option to alleviate their low back and leg pain.

Various SCS modalities currently available or under near-term investigation can
be categorized as the following:

. Tonic or traditional stimulation

. Adaptive stimulation

. High-frequency stimulation (HF-10 Therapy™)
. Burst stimulation

. Dorsal root ganglion stimulation (DRG)

[ I OSSR

Each of these categories of SCS contains unique properties and advantages as
described below:

Tonic or Traditional Stimulation

Tonic SCS, also known as traditional stimulation or low frequency SCS, has been
highly utilized around the world, as it was the pioneer modality in this category of
neuromodulation. Tonic stimulation waveform frequency ranges between 1 and
50 Hz. It has been shown that tonic SCS is most effective within this range in the
attenuation of the pain signal at the dorsal column [21]. Traditional stimulators
depend on paresthesia mapping of the patient for a successful outcome. In other
words, the paresthesia sensation will need to overlap the painful areas of the patient
in order to attenuate their pain [22]. Therefore, intraoperative paresthesia mapping
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Accelerometer

Fig. 13.2 Medtronic restore sensor generator. Courtesy of medtronic, Inc

for placement of the leads within the epidural space, based on Barolat mapping, is a
requirement for this type of stimulation [22].

Adaptive Stimulation

Adaptive Stimulation was designed to address overstimulation and understimula-
tion resulting from posture changes, thereby enhancing SCS therapy. Changes in
body position cause the spinal cord to move within the intrathecal space resulting in
variations in the distance between the spinal cord and stimulating electrodes [23].
The resulting change in distance between the spinal cord and the stimulating elec-
trodes may cause transient overstimulation or understimulation which may require
patient or clinician adjustment of stimulation parameters to accommodate changes
in body position or physical activity [24].

The AdaptiveStim™ feature automatically adjusts the electrodes and stimulation
parameters, including amplitude, in response to changes in body position or physi-
cal activity. These changes are detected by an integrated three-axis accelerometer and
associated software contained in the neurostimulator (Fig. 13.2). Results from a mul-
ticenter, prospective randomized cross-over study show patient preference for



136 K. Amirdelfan

AdaptiveStim when compared to spinal cord stimulation without automatic
adjustment [25]. With AdaptiveStim, 88.7 % patients reported better pain relief and
90.1 % reported better convenience compared to conventional stimulation.

High-Frequency Stimulation

A form of high-frequency SCS at 10,000 Hz (10 kHz), known as HF10™ therapy,
has been the subject of growing interest with emerging published evidence in the
literature. Van Buyten and colleagues first introduced the HF10 technology to pain
physicians in a multicenter European study in 2013 [26]. They demonstrated signifi-
cant improvement of back pain at 6 months, in this pilot study. Tiede and colleagues
also reported similar results in the USA as part of an initial feasibility study [27].

A randomized, controlled trial (RCT) comparing HF10 stimulation to traditional
(tonic) stimulation, the first of its kind in neuromodulation, was recently completed
in the USA. This historic study demonstrated superior efficacy of HF10 therapy
SCS over traditional (tonic-low frequency) SCS for both back and leg pain at 12
months. The results were presented at the 2014 North American Neuromodulation
Society (NANS) meeting and the subsequently publsihed int he Journal of
Anesthesiology [7]. There are no paresthesias perceived by the patient at 10,000 Hz.
As such, HF10 therapy does not rely on paresthesia mapping for pain control. The
advantages of this phenomenon, aside from its superiority for back and leg pain
control, include eliminated negative positional effects of traditional SCS and loss of
pain control due to loss of paresthesia overlap.

Burst Stimulation

The supporting theory for the efficacy of burst SCS is based on the inherent exis-
tence of neurons within the central nervous system (CNS) which produce action
potentials in groups of “bursts.” Such bursts, typically at a frequency of 500 Hz, are
physiologically present in parallel to tonic action potentials in the CNS [28]. Studies
have also demonstrated a more powerful response from burst than tonic stimulation,
particularly in the activation of the cerebral cortex [29]. DeRidder and colleagues
were able to demonstrate improved efficacy of burst SCS over traditional SCS for
axial back pain [30]. Furthermore, burst stimulation does not produce paresthesias
for the majority of its patients secondary to its sub-sensory amplitudes, which may
achieve efficacy before the sensory thresholds are reached [31]. A randomized,
placebo-controlled trial for failed back surgery syndrome patients published by
Schu and colleagues established the efficacy of burst SCS vs. 500 Hz tonic SCS and
placebo [31]. A multicenter US RCT of burst SCS vs. tonic stimulation is currently
under way. Figure 13.3 depicts the various waveforms and frequencies for HF10,
burst, and traditional stimulation.



13 Neuromodulation 137

HF10
Therapy
Stimulation
(10,000Hz)

Burst
Stimulation
(500 Hz)

Tonic

Stimulation
(40 Hz)

Fig. 13.3 SCS waveforms and frequencies

Fig. 13.4 DRG leads at
the LS5 level (courtesy of
Kasra Amirdelfan, M.D.)

Dorsal Root Ganglion Stimulation (Fig. 13.4)

The dorsal root ganglion (DRG) has recently been established as a new target for
SCS in the neuraxis, although it has been of interest as a target to treat chronic pain
for some time [32]. The DRG is located bilaterally within the spine. The cell bodies
for the primary afferent neurons are located directly caudal to the pedicles in the
transforaminal space [33]. There are two main types of neurons (type A and B)
within the DRG. The type B neurons are thought to be responsible for nociceptive
sensation, whereas the type A neurons are largely responsible for touch, vibration,
and proprioception [34].
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The low amplitude of electrical stimulation at the DRG has been shown to
promote growth factors involved in the regeneration of spinal neurons [35]. This
promotion is mediated through specific growth factors, which are also associated
with neuropathic pain. Electrical activity has been shown to modulate such growth
factors [36]. As such, it is plausible that such neuro-secretory promotion via electri-
cal stimulation may be responsible, in a direct or an indirect manner, for the attenu-
ation of the pain signal at the DRG [37]. There is also evidence of wide dynamic
range (WDR) neuron attenuation with DRG stimulation in the animal model, which
could also be responsible for the analgesia with electrical stimulation at this
structure [38].

In a single-arm, prospective pilot study, Deer and colleagues demonstrated up to
70 % pain relief in subjects suffering from chronic neuropathic pain with DRG spi-
nal stimulation [39]. The long-term efficacy of the DRG SS has also been estab-
lished in a number of studies. Liong and colleagues published the 12-month results
of their multicenter European study, showing approximately 56 % overall pain relief
in their subjects with intractable pain of the trunk and limbs [40]. A randomized
RCT of DRG spinal stimulation versus tonic stimulation was recently completed in
the USA. Finally, there is emerging evidence for the treatment of low back pain with
DRG SCS placed at the L2 level [41]. Although promising, additional investigation
is warranted for this utilization.

The study randomized patients in a 1:1 fashion with complex regional pain syn-
drome or peripheral causalgia of the lower extremity (defined as the iliac crest
down), with a visual analog scale greater than 6, pain for at least 6 months, to treat-
ment with either traditional SCS or DRG-SS, with endpoint of efficacy at 3 months
and safety at 12 months.

152 patients were randomized, 146 were trialed (73 in each group). The results
are compelling and demonstrated statistical superiority to SCS.

°  81.2% of patients that underwent the trial with DRG experienced 50 % pain relief or
greater at 3 months as compared to 55.7 % for SCS

o 74.2% of the patients that underwent the trial with DRG experienced 50 % pain relief or
greater at 12 months as compared to 53.0 % for SCS

°  93.3% of patients that underwent the implant had 50 % pain relief or greater at 3 months, as
compared to 72.2 % for SCS

° 86 % of the patients that underwent the implant had 50 % pain relief or greater at 12 months
as compared to 70 % for SCS

o The DRG group demonstrated non-inferiority and superiority at 3 months when compared to
SCS for all primary endpoints

° At 3 months, 70 % of the patients in the DRG group had at least 80 % pain reduction

These results are impactful, nearing the goal of a number needed to treat (NNT)
of one. Moreover, there was no paresthesia difference noted with body position, as
compared to signification differences with SCS, with precise stimulation (no bleed
over paresthesia) in 94.5 % of patients. Subthreshold stimulation was very com-
monly achieved for DRG-SS. Migration rate is markedly lower for DRG-SS as
compared to SCS as the stress-relief loop for the DRG system is placed within the
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epidural space, as compared to traditional SCS placement superficial to the
lumbodorsal fascia.

Consider this: if a patient presents to clinic with CRPS or peripheral causalgia of
the lower extremity, and you offer them a trial of DRG-SS, they have nearly a 75 %
chance of getting at least 50 % relief at 12 months.

Intrathecal Drug Delivery System

The FDA has approved the intrathecal use of morphine and ziconotide for the treat-
ment of moderate-to-severe pain. Ziconotide is a unique non-opioid calcium chan-
nel blocker with analgesic properties in the intrathecal space. The Polyanalgesic
Consensus Committee (PACC), sponsored by INS, created a gold standard living
document providing recommendations, as an evidence-based algorithm to introduce
other medications as a solitary or combination therapy, for the treatment of both
nociceptive and neuropathic pain [42]. The PACC recommendations not only
include on-label uses of intrathecal agents; but they also include off-label medica-
tions as a single agent or in combination. At the time of this writing, the next itera-
tion of the PACC is convening for projected publication in 2016.

Implementation

Spinal Cord Stimulation

The appropriate candidate for spinal cord stimulation is a patient who has not
responded to conservative management. Moreover, such a patient does not have a
viable surgical reparative option, which could potentially provide him/her with sub-
stantial long-term pain relief and increase in function. Medical and psychological
comorbid factors will need to be taken into consideration for each patient. Once an
SCS candidate has been identified, they are typically evaluated for absolute and
relative medical contraindications for SCS [13]. Examples of such contraindica-
tions include, but are not limited to, uncontrolled diabetes, anticoagulation therapy,
which cannot be safely interrupted, and spinal pathology preventing the safe implan-
tation of the SCS device. The patient will then undergo a psychological evaluation
to rule out any potential psychological contraindications, such as severe depression
or secondary gain issues [43].

Once medically and psychologically cleared, the patient will typically undergo a
percutaneous trial. The electrodes are placed, via percutaneous needles, at the target
site within the epidural space. They are subsequently connected to an outside gen-
erator for the duration of the trial. The trial period may vary from 2 to 7 days,
depending on the patient and physician preferences. Permanent trials, where the
electrodes are subcutaneously implanted and connected to the outside generator via
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extensions, are more common in the European countries. The duration of such trials
may last up to 30 days. There are advantages and disadvantages to each type of trial,
which is beyond the scope of this chapter. However, length of trial past 5.9 days
does not improve the rate of SCS conversion to the permanent therapy or permanent
therapy outcomes [57]. Most physicians choose to perform the trials in the typical
manner based on the standard of care in their geographical location, patient prefer-
ence, and payer considerations.

During the trial, the patient will have the opportunity to fully evaluate his/her
pain relief, along with any potential increase in function. The patient will then report
the subjective and objective outcomes of the trial to the physician. During the trial,
the representative for the SCS company commonly reprograms the patient for opti-
mal stimulation as frequently as necessary. At the end of the trial, the patient will
undergo an assessment regarding candidacy for the permanent therapy. The leads
are typically “pulled” or removed in the office setting at the end of the trial visit.

One of the most medically appealing attributes of SCS therapy is the patient’s
option to undergo a percutaneous trial of the SCS system to establish its potential
efficacy prior to a permanent implantation. The patients who choose not to proceed
will either return to their established conventional regimen or be considered for
other interventional treatment, such as IDDS.

Those who choose to undergo a permanent implantation will have the leads sub-
cutaneously implanted, along with an internal power generator (IPG), under fluoro-
scopic guidance. The implanting physician may choose to implant the patient with
percutaneous leads, which are available for all modalities described above, or place
a paddle lead via laminotomy. Paddle leads are typically placed by a spine or neu-
rosurgeon under direct visualization after a laminotomy near the target site in the
spine. Paddle leads are currently only available for tonic and burst SCS, although
others are actively developing paddles for their platforms as well. Paddle leads are
thought to be more efficient due to the unidirectional nature of the electrodes [44]
versus the percutaneous leads, which have cylindrical configurations delivering the
electrical stimulation concentrically by 360°, although the risks and reversibility
challenges are higher as compared to cylindrical percutaneous systems [58]
(Figs. 13.5 and 13.6).

Another major advantage to SCS is the notion that the device implantation is
reversible. The entire device may be explanted by the surgeon, should the patient
choose to do so for any reason. The IPG and the electrodes can simply be removed
from the subcutaneous pocket and the epidural space, respectively. The removal of a
paddle lead may be more challenging. The scar formation around the paddles within
the epidural space typically renders such implantations more complex for revisions
or removals. Nonetheless, the procedure may be performed by an experienced spine
or neurosurgeon in an expeditious manner, should the need present itself.

The most common complications reported in the literature with SCS implants
are lead migration, infection, and lead fracture. Meaningful lead migration, defined
as migration with loss of paresthesias or pain control, is by far the most common
complication for SCS implants. The literature shows varying migration rates up to
22 % of the implanted leads [12]. However recent anchoring and surgical techniques
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Fig. 13.6 Epidural placement of percutaneous traditional SCS leads (AP and lateral) (courtesy of
Kasra Amirdelfan, M.D.)
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Fig. 13.7 A flowonix prometra pump (courtesy of Flowonix). b Medtronic synchromed II intra-
thecal pump catheter (reprinted with the permission of Medtronic, Inc. © 2013)

have mitigated lead migration to much lower rates. The rate of paddle versus percu-
taneous lead migration has been shown to be about the same [45]. However the
paddle leads are reported to be more stable [46]. Infection rates for SCS are reported
to be around 4-10 %, with some correlation to the patients’ associated comorbidi-
ties, such as diabetes [47].

Intrathecal Drug Delivery System (Fig. 13.7)

Intrathecal drug delivery systems (IDDS) provide an alternative for medication
delivery to the pain patient. Rauck and associates reported the best outcomes with
IDDS for patients who were either refractory to oral or transdermal opioids or had
intolerable side effects to such medications [10]. There is good evidence to support
intrathecal delivery for both nociceptive and neuropathic pain from malignant and
nonmalignant causes. These types of patients indeed form the majority of candi-
dates for IDDS in a pain management practice. However, there are also specific pain
diagnoses, which may respond better to IDDS, especially with combination therapy
[48]. Currently, the patients who are commonly considered for IDDS for pain con-
trol can be divided into three specific categories:

1. Patients with intolerable side effects to systemic opioids with a favorable analge-
sic profile <120 morphine equivalents.

2. Patients who are refractory to systemic opioids with poor analgesic profile >120
morphine equivalents.

3. Patients who have failed spinal cord stimulation trials.
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Once the physician has identified the appropriate patient, they typically undergo
a psychological evaluation. Furthermore, the pros and cons of a permanent intrathe-
cal pump implant and maintenance, as it pertains to the patient’s specific analgesia
and functional needs, are fully discussed. The patient will then undergo a trial of the
intrathecal medication considered by the physician [42]. The trial may vary from a
single shot of intrathecal injection or limited infusion to a more prolonged inpatient
intrathecal infusion of the medication, up to 1 week. The mode of trial chosen
depends on the physician’s standard of practice and site of service requirements
[49]. If optimal analgesia with a favorable side effect profile is achieved, the patient
will undergo the device implantation, consisting of placement of the catheter and
the reservoir. The catheter is placed intrathecally after it is typically inserted at the
L2 or L3 level, below the conus medullaris, and directed over the dorsal columns
around the T8 level for low back and leg pain targeting. The pump may be implanted
subcutaneously in the lower quadrants of the abdomen, or elsewhere, depending on
the patient and the physician’s surgical preferences. The pump is filled periodically
through the skin and the pump’s central access port approximately every 2 to 3
months. The frequency of the refills depends on the dosing and concentration of the
intrathecal regimen. Reprogramming occurs at the refills and intermittently as
needed, based on the patient’s specific requirements.

There are very few complications associated with the implantation procedure,
especially in comparison to potential complications with systemic medication
delivery [11]. One of the possible complications with IDDS therapy is a cerebro-
spinal headache after a catheter implantation or after a trial due to a cerebrospinal
fluid leak. Fortunately, this complication is usually self-limited as the leak is gradu-
ally mitigated and halted by scar tissue around the catheter. The other common
complications include infection, catheter dislodgment or migration, catheter frac-
ture, and occlusion. The incidence of all such complications is reported to be less
than 6 % [50]. Functional issues with the pump itself seldom occur; however,
pocket infection and bleeding are reported as potential complications in and around
the pump pocket.

A rare but serious complication of IDDS is the formation of a granuloma at the
tip of the catheter. Such a granuloma is a noninfectious collection of cells that is
hypothesized to result from an inflammatory response to the medication infusion
at the distal end of the catheter within the intrathecal space. Catheter granulomas
may compress the spinal cord, potentially constituting a compressive neurosurgi-
cal emergency [51]. Fortunately, the incidence of such granulomas is low and has
been reported to be in the range of 0.1-5 %; however, such a wide range suggests
that the actual incidence of granulomas is not well known [52]. As suggested, this
may represent a pharmacokinetic failure instead of a pharmacodynamic challenge
[59]. Along with continued improvements in catheter design and better under-
standing of the behavior of a foreign body and medications in the intrathecal
space, the incidence of catheter inflammatory masses may be on the decline.
Additional research is warranted to tabulate and understand the current incidence
with newer technology.
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Summary

Advanced neuromodulation devices for the treatment of chronic refractory pain
have made great strides over the recent past. Neurostimulation, in particular, has
enjoyed significant technological achievements over the past decade, with the emer-
gence of more efficacious and specific therapies [27, 30, 40, 53]. This is especially
true in the treatment of low back pain on a long-term basis, which has traditionally
been extremely challenging to accomplish. HF10 therapy has already proven to be
superiorly effective for the treatment of low back and leg pain, based on European
and North American evidence with up to 2-year follow-up, so far [7, 53]. Emerging
technologies such as dorsal root ganglion and burst stimulation have also rekindled
hope for a more efficient treatment of chronic axial and limb pain. The results of
their prospective US RCT studies are highly anticipated by both patients and experts
in this field.

Intrathecal therapy has remained a cornerstone of chronic management of both
malignant and nonmalignant pain. Advancing endeavors such as improved patient
selection, pump and catheter design, new medications, and new dosing strategies will
continue to provide an important tool for patients suffering from refractory pain [54].

Neuromodulation has already established its place in the realm of the standard of
care for the treatment of chronic pain as a safe and effective step in the treatment
algorithm. There is strong evidence suggesting that earlier intervention with neuro-
modulatory devices may improve outcomes and be more cost effective [16, 55, 56].
This type of modality has evolved to provide superior efficacy over a relatively short
period of time. Neuromodulation and its exciting emerging technologies have cre-
ated new horizons in the treatment goals of those physicians who care for patients
with neuraxial pain. With increased efficacy, such modalities may eventually replace
surgical repair of the spine for more complex patients with guarded prognoses
regarding pain control and functional outcome. Improved efficacy, robust support-
ive research, as well as concomitant reduction of short- and long-term medical costs
as compared with surgical intervention or conventional management will serve as
the primary catalysts in the rapid adoption of neuromodulation in more surgical
practices in the near future.
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Chapter 14
Intrathecal Therapy for Chronic Spine Pain

Melinda M. Lawrence and Salim M. Hayek

Key Points

» IT therapy is not considered first-line therapy and should be considered once
more conservative measures for intractable spine pain have failed or are not
tolerated.

* Appropriate patient selection is critical for successful outcomes with IT
therapy.

* IDDSs have proven to be beneficial in the treatment of chronic spine pain. FBSS
and VCFs are the most common indications for IDDSs in chronic spine pain
patients.

* The two drugs approved by the FDA to treat chronic pain in the IT space are
morphine and ziconotide. Commonly used IT medications for the treatment of
chronic pain include other opioids (hydromorphone, fentanyl); bupivacaine, a
local anesthetic; and clonidine, an alpha 2 adrenergic agonist.

*  When utilizing an IDDS it is important to have in-depth knowledge of the neur-
axial space, CSF flow dynamics, indications, IT medications, device matters, and
potential complications.

Patient Selection

An IDDS is an invasive and costly treatment option and therefore is not first-line
therapy. A stepwise approach should be taken when considering a patient for an
IDDS. Patients considered for an IDDS should first undergo more conservative
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treatment options which may include physical therapy, rehabilitation, pharmaco-
therapy (over-the-counter medications, adjuvant pain medications, oral and trans-
dermal opioids), cognitive and behavioral therapy, as well as alternative therapies.
When selecting a patient for IT therapy one should consider a patient who has failed
more conservative treatment options, is unable to tolerate pain medications due to
side effects or is unable to obtain adequate relief with oral or transdermal medica-
tions, has spinal anatomy that allows for placement of an IT catheter, is medically
stable without untreated infectious processes or bleeding disorders, is mentally
stable without untreated depression or anxiety disorders, and do not suffer from
significant personality disorders [1]. Patients should undergo a psychological evalu-
ation and a trial of IT therapy prior to permanent implant of an IDDS [2]. Another
important factor when considering IT drug delivery is age, especially in chronic
noncancer pain. Over time patients develop an increasing tolerance to IT opioids
which requires further dose escalation. The issue of tolerance and dose escalation
with IDDSs is an issue especially in younger patients [3]. Dose escalation is less of
an issue in those patients older than 50 [3].

Indications

The Food and Drug Administration (FDA) approves the use of IDDSs in patients
with moderate-to-severe pain due to cancer and noncancer causes. In those who suf-
fer from noncancer causes the most common origin of pain is the spine. Common
indications for chronic noncancer pain are post-laminectomy syndrome, failed back
surgery syndrome (FBSS), vertebral compression fractures (VCF), spinal stenosis,
spondylosis, and spondylolisthesis. Other indications for IDDSs are complex
regional pain syndrome, neuropathy, rheumatoid arthritis, chronic abdominal pain
(chronic pancreatitis), chest wall pain, and cancer pain [4—14].

Cerebrospinal Fluid Dynamics

An IDDS delivers medication to the cerebrospinal fluid (CSF) in the IT space where
it is then distributed and ultimately diffuses to the site of action. Several factors play
a role in the distribution of IT drug which include CSF flow, drug dose, drug vol-
ume, rate of administration, and drug solubility. Flow-sensitive imaging techniques
such as a phase-contrast MRI have allowed for qualitative and quantitative assess-
ment of CSF flow [15]. Advanced imaging has revealed that the majority of CSF
movement is due to pulsatile flow rather than bulk flow as previously thought [16—
18]. The pulsatile flow of CSF in the spinal column is mainly due to arterial pulsa-
tions and changes in intrathoracic pressure with respiration [15, 19-21]. There is
cranial CSF flow in diastole and caudad flow during systole in the cervical and
cervicothoracic regions; the direction of the CSF flow is a result of the arterial
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pulsations. In the lower thoracic spine respiratory influence is the predominant fac-
tor affecting flow [4, 19, 22]. During deep inspiration CSF moves cephalad while
exhalation moves CSF caudad [23]. Medications delivered via IDDS are of low
volume and slowly infused (typically <0.5 mL/day), which along with CSF flow
dynamics limits the drug spread to just beyond the catheter tip [24, 25]. Variable
anatomy that can occur in patients with spinal pain can further disrupt the pulsatile
flow. However, ambulation or lack thereof may have differential effects on CSF flow
and IT drug distribution [26].

Among medication factors including drug dose, drug volume, and rate of admin-
istration, lipid solubility may be the most important. Once the medication is deliv-
ered into the CSF via the IT catheter, it then diffuses through the pia arachnoid
mater prior to diffusing into the target sites in lamina II of the dorsal horn (substan-
tia gelatinosa; grey matter). A hydrophilic drug is more likely to penetrate into the
cord and spread in the CSF, while a hydrophobic drug, which has a much larger
volume of distribution, is more likely to be cleared from the IT space by diffusing
into epidural fat and ultimately cleared by small vessels. Rate of administration and
drug volume contribute to drug distribution and are derived primarily from literature
on spinal anesthesia and cannot be directly applied to the long-term drug delivery
with IDDSs (slow flow, low volume) [27]. Overall, CSF dynamics and the effect on
IT drug are very complex and further exploration is needed.

Intrathecal Medications

There are three medications approved by the FDA for continuous use in the IT
space, two medications are approved for the treatment of chronic pain, and one
medication for the treatment of spasticity. The two medications approved to treat
chronic pain in the IT space are morphine (Infumorph) and ziconotide (Prialt).
Baclofen (Gablofen and Lioresal) is approved for IT use in the treatment of spastic-
ity. Despite the fact that there are only two medications approved for continuous IT
administration for chronic pain, there are other medications used for chronic pain
that are considered to be standard of care. Commonly used IT medications for the
treatment of chronic pain include other opioids (fentanyl, hydromorphone); bupiva-
caine, a local anesthetic; and clonidine, an alpha 2 adrenergic agonist. For the pur-
pose of this chapter we focus on the medications used for the treatment of chronic
noncancer pain, specifically spinal pain.

Throughout the chapter we discuss the PACC (Polyanalgesic Consensus
Conference) guidelines in regard to IT medication recommendations. These guide-
lines can be used as a framework for interventional pain clinicians but they do have
limitations and may not be applicable to every patient. The PACC guidelines were
created through consensus by experts on IT therapy to help clinicians use IT therapy
in a safe and effective way. One must also keep in mind that consensus guidelines
and expert opinions represent the lowest level of evidence.
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Opioids (Fentanyl, Hydromorphone, Morphine)

Opioids, when administered neuraxially, have a primary site of action on the opioid
receptors in lamina II (substantia gelatinosa) in the dorsal horn of the spinal cord
[28]. IT therapy is often considered for patients who cannot tolerate opioids due to
adverse effects or have failed more conservative therapy [29]. An advantage of
delivering opioids intrathecally is that there is a 60-300-fold decrease in dose
required when converting from oral to IT [29]. Although the conversion rate for oral
to IT is generally thought to be 300:1, there have been reports of conversion rates as
low as 12:1 [30]. Conversion to IT administration can reduce or eliminate some of
the systemic adverse effects associated with opioids and bypass the first-pass hepatic
effect [29].

Although all IT opioids have the same site of action, the bioavailability is vari-
able and primarily determined by the lipid solubility of each individual opioid drug
[31]. Greater bioavailability in the dorsal horn is seen with hydrophilic drugs
(hydromorphone and morphine) and less bioavailability with hydrophobic drugs
(fentanyl). The greater bioavailability is due to the fact that hydrophilic drugs do not
diffuse out of the CSF as readily, have a smaller volume of distribution, and are thus
able to penetrate further into the grey matter. Hydrophobic opioids, on the other
hand, diffuse more readily out of the CSF into the plasma where they are metabo-
lized by the liver. Finally, opioid metabolites are eliminated from the system via
renal excretion.

Opioids are indicated for the treatment of neuropathic and nociceptive pain
according to the 2012 PACC guidelines [32]. Morphine is considered to be first-line
therapy for neuropathic pain, while hydromorphone is second line, and fentanyl is
third line. For nociceptive pain, morphine, hydromorphone, and fentanyl are all
considered to be first-line therapy. It must be noted that these recommendations are
likely based on consensus rather than evidence. Recommendations for IT opioid
dosing are listed in the guidelines for bolus trialing, daily starting doses, and maxi-
mum daily dosing. Recommended starting doses for morphine, hydromorphone,
and fentanyl are 0.1-0.5 mg/day, 0.02-0.5 mg/day, and 25-75 mcg/day, respec-
tively. Maximum daily dosing recommended are 15 mg, 10 mg, and no known
upper limit for morphine, hydromorphone, and fentanyl, respectively [32]
(Table 14.1).

In contrast to the traditional method of using IT therapy in highly opioid tolerant
patients, there is more novel concept of “microdosing” or using “low-dose” IT opi-
oids. Microdosing involves weaning down opioid medication prior to the trial and

Table 14.1 Adapted from PACC 2012 recommendations for IT opioid dosing [32]

Starting dose Maximum daily dose Maximum concentration ()
Morphine 0.1-0.5 mg/day 15 mg 20 mg/mL
Hydromorphone |0.02-0.5 mg/day | 10 mg 15 mg/mL

Fentanyl 25-75 mcg/day No known upper limit 10 mg/mL
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implant to minimize the initial IT opioid dose. Two studies with lower initial IT
opioid dosing reported sustained pain relief and limited IT dose escalation [22, 33].
Microdosing IT opioids is an attractive concept because it can decrease the potential
adverse effects associated with high-dose IT opioids. Although there is some evi-
dence to support microdosing, further research including prospective randomized
control trials is needed.

Drug-related adverse effects for opioids include respiratory depression, periph-
eral edema, hormonal changes, tolerance, opioid-induced hyperalgesia, constipa-
tion, pruritus, and granuloma formation [34].

A granuloma is a sterile inflammatory mass found at the tip of an IT catheter.
Granuloma formation has been associated with the use of high-dose opioids in the
intrathecal space. Granuloma formation is most commonly associated with high-
dose morphine but has also been reported with hydromorphone [35]. A granuloma
may be suspected if IT therapy is no longer working or less effective despite dose
escalation, there is new onset of intractable pain, and in the setting of new neuro-
logic symptoms. If a granuloma is suspected an MRI with and without contrast
should be ordered to evaluate. Treatment consists of removing the IT medication
and refilling the pump with normal saline, usually for 6 months [35]. Beagle dog
experiments show evidence of granuloma regression and near resolution with intra-
thecal infusion of preservative-free normal saline [36]. To minimize the chance of
developing a granuloma one should use the lowest effective dose of opioid and the
lowest concentration of opioid [35]. The utilization of nonopioid adjuvants, particu-
larly bupivacaine, may help in limiting IT opioid dose escalation [37]. Granulomas
are known to recur in patients who are re-exposed to granuloma-inducing opioids
[38]. Fentanyl has not been associated with granuloma formation and may be a use-
ful option in properly selected patients.

Ziconotide

Ziconotide is a synthetic version of a 25 amino acid polybasic peptide found in the
venom of a marine snail (Conus magus) that selectively blocks the presynaptic
N-type Ca** channels. Blockade of these Ca’* channels inhibits pain signal trans-
mission by inhibiting the release of calcitonin gene-related peptide, glutamate, and
substance P [39]. Ziconotide is one of the two medications approved by the FDA for
the treatment of chronic pain in the IT space, and a number of clinical trials have
shown that ziconotide is safe and efficacious in the treatment of intractable pain
[40-43].

Significant adverse effects are associated with the administration of IT ziconotide
at a sizable rate (11.6-30.6 % compared to a placebo rate of 2-10 %) and include
psychiatric disturbances (depression, anxiety, hallucinations), pain, dizziness, dip-
lopia, nystagmus, gait abnormalities, headache, cognitive (memory) impairment,
speech disorder, urinary retention, nausea, somnolence, and nervousness [44-47].
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The 2012 PACC considers ziconotide to be a treatment for patients with nocicep-
tive and neuropathic pain. Ziconotide may be used alone as a first-line agent or in
combination with an opioid as second-line treatment in the PACC algorithm. The
use of ziconotide in combination with an opioid (hydromorphone or fentanyl), bupi-
vacaine, or both opioid and bupivacaine was associated with delayed adverse effects
leading to discontinuation of ziconotide in nearly two-thirds of the patients [48]. It
should be noted that ziconotide has limited stability in combination with intrathecal
morphine [49]. One must be cognizant that there is a higher prevalence of adverse
effects associated with increased dosage, patient age, and titration rate [41]. Initial
doses should not exceed 0.5-2.4 mcg/day and the maximum daily dose recom-
mended is 19.2 mcg/day. Titration should be done carefully to limit the potential
adverse effects.

Local Anesthetics (Bupivacaine)

Local anesthetics are commonly used in the treatment of both acute and chronic
pain, and are utilized for both regional and neuraxial anesthesia. The mechanism of
action for local anesthetics is to block the voltage-gated Na* channels in the neuro-
nal cell membrane, thereby blocking action potential propagation [50]. Local anes-
thetics preferentially act on the fila radicularia given the large surface-to-volume
ratio of the rootlets compared to the spinal cord [51].

Bupivacaine, an amide anesthetic with high lipid solubility, is the most com-
monly used local anesthetic utilized for continuous spinal infusion to relieve acute
and chronic pain. Although many local anesthetics have been used for the treatment
of pain in the IT space, bupivacaine is the only local anesthetic included in the
PACC algorithms for IT therapies in neuropathic and nociceptive pain. According
to the 2012 PACC algorithms, bupivacaine is considered to be first-line treatment in
combination with morphine for neuropathic pain and second-line treatment for
nociceptive pain in combination with opioids (fentanyl, hydromorphone, and mor-
phine) [32]. Again, it should be noted that these recommendations are likely based
on consensus rather than evidence, as local anesthetics block neuronal transmission
of pain signals regardless of nociceptive or neuropathic nature. Combination ther-
apy is often utilized because local anesthetics and opioids have been found to act
synergistically when administered intrathecally for pain in acute pain (postoperative
and labor) and animal models of chronic pain [52-58]. Combination therapy has the
added benefit that it can also decrease the rate of dose escalation [37, 58]. Conversely,
a double-blinded randomized control trial found that bupivacaine, up to 8 mg/day,
did not offer better pain relief when added to opioids when compared to opioids
alone [59]. However, other studies have shown a beneficial effect on pain with aver-
age bupivacaine daily doses around 10 mg [37, 60].

The long-term safety of bupivacaine infusion in the IT space has been shown in
animal models [61, 62]. Although local anesthetics are considered to be safe, there
is a potential for adverse effects such as neurotoxicity [63—65], weakness, numbness,
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urinary retention, and hypotension. The limiting factor is generally due to sensory
and motor loss. Doses of IT bupivacaine as high as 125 mg/day have been reported
[66]; however, guidelines recommend an initial dose of 1-4 mg/day and a maximum
of 10 mg/day [32]. Nonetheless, many studies report average daily bupivacaine dos-
age around 10 mg [37, 60], suggesting that a substantial proportion of patients
receive greater than 10 mg/day—especially if one factors in amounts received
through patient-activated boluses.

Clonidine

Clonidine is a selective alpha-2 adrenergic agonist that is occasionally used in the
spinal space for the treatment of pain. Clonidine acts by inhibiting nociceptive
impulses at the dorsal horn of the spinal cord by activating pre- and post-junctional
alpha-2 adrenoceptors. In addition to this mechanism, increasing evidence has
shown that activated spinal cord glial cells contribute to enhanced pain states due to
the release of proinflammatory cytokines. In the IT space, clonidine has been shown
to markedly inhibit the neuroimmune activation associated with neuropathic pain
states which is characterized by glial activation, production of cytokines, and activa-
tion of NF-xB and p38 [67].

The addition of clonidine may be considered for a patient who has neuropathic
pain [32, 68-70] or to potentiate the effect of opioids, as alpha-2 agonists and opi-
oids have a synergistic relationship [71-73]. According to the PACC 2012, cloni-
dine may be used for neuropathic or nociceptive pain states. When treating
neuropathic pain, it is a second-line agent when used with morphine or hydromor-
phone, a third-line agent as monotherapy or when used with fentanyl, and a fourth-
line agent in combination with an opioid and/or bupivacaine. For nociceptive pain,
it is a third-line agent when used in combination with an opioid and fourth line in
combination with an opioid and bupivacaine. The starting dose recommended by
the PACC is 40—100 mcg/day with a maximum recommended dose of 600 mcg/day
[32]. It should be noted that clonidine has been shown to provide analgesia in a
dose-dependent manner when used in the spinal space [67, 68, 74].

Adverse effects may include bradycardia, confusion, dizziness, dry mouth, hypo-
tension, nausea, orthostasis, and sedation. Cardiovascular adverse effects paradoxi-
cally occur more frequently at lower doses. In addition, depression, insomnia, and
night terrors have been reported with the use of intraspinal clonidine [75]. With
abrupt discontinuation, rebound hypertension occurs [76], making titration down of
clonidine, when used in combination with other drugs, a challenge.
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Trialing

A trial is generally performed before a patient undergoes permanent implantation of
an IDDS. The reasoning behind trialing is that it can provide clinical information on
whether or not the therapy will prove to be efficacious for the patient. Although the
trial only proves efficacy in the short term, the long-term efficacy can be inferred.
There are many techniques that can be utilized when performing a trial. Trialing
techniques include single shot or bolus dosing (epidural or IT), continuous infu-
sions (epidural or IT), or using a combination of these methods. In addition, trialing
can be performed on an inpatient or outpatient basis [77]. The most common tech-
nique utilized for trialing in the USA is the continuous IT catheter (45 %) [78]. The
continuous IT catheter is considered to be the “gold standard” since it closely repli-
cates the permanent IDDS. However, there is limited data to support that this tech-
nique is superior. One should also consider the potential disadvantages when placing
a continuous catheter: risk of infection, increased cost, and the potential for spinal
cord injury [79]. Additionally, most externalized pumps used in trialing deliver rates
around 20 times the daily infusion rate used in IDDS; such high infusion rates result
in wider and deeper spinal spread [24] and may explain occasional reports of sig-
nificantly better analgesia during trial that are not replicated after implant. Each
practitioner should adhere to a trialing protocol that is safe and appropriate to obtain
the information needed to determine if a trial is successful or not. In general, a trial
is considered successful if the patient has >50 % pain relief and at that point would
undergo permanent implantation.

Clinical Application of an IDDS for Spine-Related Pain

FBSS and VCFs are the most common indications reported in the literature for
IDDS use for spine-related pain [8, 11-13, 68, 80, 81]. FBSS refers to patients with
persistent or new pain after spinal surgery for back or leg pain. In patients who have
FBSS with a predominance of axial pain, an IDDS can be a good option if other
more conservative measures fail or are not tolerated. Many studies have shown sig-
nificant improvement in pain scores in FBSS patients following implant of an IDDS
[8, 12—14]. VCFs can also cause a significant amount of axial pain amenable to
treatment with an IDDS if refractory to conservative measures. In one study, 24
patients with severe osteoporosis and VCFs who were refractory to conservative
measures underwent placement of an IDDS [9]. The results from this study by
Shaladi et al. revealed significant improvement in VAS scores (8.7 pretrial to 1.9 at
12 months), improved quality of life/function, and eliminated use of oral opioids
[9]. Although there is literature to support the use of IDDSs in patients with spine-
related pain especially in patients with FBSS, there is a need for more supportive
evidence with prospective randomized control trials.
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Complications Associated with IDDS Implantation

The complications associated with IDDS implantation can be grouped into several
categories which include drug, device, procedural, or programming related.

Drug complications are common and are most commonly associated with the use
of IT opioids; these drug complications can include peripheral edema, hormonal
changes, respiratory depression, and granuloma formation. IT ziconotide is associ-
ated with CNS side effects that may make the drug intolerable (see “Intrathecal
Medications” for further discussion of drug complications). A retrospective review
revealed that the most common cause of IDDS complication was secondary to IT
medications, although the effects were transient (77 %) [82].

Complications due to the device can be attributed to the pump and/or the cathe-
ter. However, catheter-related complications do account for the majority of known
device complications. Potential causes of device failure include changes in perfor-
mance or failure of the catheter (micro-fracture, pinhole leak, kink, disconnection,
breakage, shearing, migration, partial occlusion, tip fibrosis, inflammatory mass),
unexpected battery depletion, component or motor failure (corrosion), and catheter
access port failure [83]. One prospective study revealed that most catheter-related
complications are determined by surgical technique [84]. The type of catheter used
may also play a role in developing a potential complication [84]. Placement of the
IT catheter in a paramedian approach can prevent shearing by spinous processes and
decrease the likelihood of a catheter complication [82]. Device failure secondary to
the pump is less common and has been reported to be between 1 and 12.5 % [82,
85]. Type of IT drug may play a role in device failure. Device failure has been
reported to occur at a significantly higher rate when using non-approved IT drugs
(7.0 %) versus approved IT drugs (2.4 %). Non-approved drugs can cause corrosion
inside the pump due to corrosive agents (chloride ions, sulfate ions) in the drugs.
Drug qualities such as hydrophobicity, degree of positive ionization, impurities,
preservatives, pH adjustments, and concentration adjustments can increase the rate
of corrosion. Catheter and device failure can result in abrupt cessation of IT medica-
tions and depending on the drug can be serious and potentially life threatening.

Procedural related complications include post-dural puncture headaches, CSF
leak, pocket pain, spinal cord injury, hematomas (epidural or pocket), and wound
dehiscence. Needle entry should be at or below the L2/3 interspace, if possible, to
decrease the likelihood of spinal cord injury. Placement of a purse string suture
around the catheter is recommended to reduce the chance of a CSF leak. Securing
the reservoir to the fascia rather than the muscle will decrease the rate of persistent
pocket pain. Adequate hemostasis and adherence to anticoagulation guidelines can
help decrease the risk of hematoma. Should a patient develop a post-dural puncture
headache, they can be managed conservatively with analgesics, hydration, caffeine,
and laying in the supine position. If refractory, a post-dural puncture headache fol-
lowing IDDS placement may be treated with an epidural blood patch, and care must
be taken to avoid damage to the IT catheter. Although there are many possible
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procedural complications, most can be avoided by utilizing proper surgical tech-
nique [34].

An IDDS-related infection is a potentially serious complication that may require
discontinuation of therapy. The rate of infection reported in the literature is usually
reported as less than 5 % [34]. A preoperative prevention technique for surgical site
infection may include intranasal mupirocin in patients who are carriers of
Staphylococcus aureus [86]. Some practitioners may have patients shower preop-
eratively with chlorhexidine gluconate which may reduce skin flora; however, it has
not been found to reduce surgical site infections [87]. A superficial skin infection
may be treated with close monitoring, consultation with an infectious disease spe-
cialist, and appropriate oral antibiotics. If a patient develops a deep infection the
device should be removed, intraoperative cultures should be obtained, and appropri-
ate antibiotics should be initiated. When an epidural or bony infection is suspected,
advanced imaging with and without contrast should be ordered. There have been
reports of successful device salvage, although this is not common practice and the
risks and benefits must be weighed [88, 89].

Summary

IDDSs have proven to be beneficial in the treatment of chronic spine pain. When
utilizing this treatment it is important to have in-depth knowledge of the neuraxial
space, CSF flow dynamics, indications, IT medications, device matters, and poten-
tial complications. This advanced technology is not first-line therapy due to the fact
it is invasive and costly, but when it is applied to a well-selected candidate it can be
life changing. The current use of IDDSs focuses on chronic pain and spasticity
although novel applications are being studied. Additionally, novel devices have
entered the marked and some are in pre-market stages. The future of intrathecal
drug delivery for pain will depend on successful delivery of positive outcomes with
limited complications as well as on the performance of competing neurostimulation
devices.
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Chapter 15
Epidural Paddle Placement for Spinal
Cord Stimulation

Peter G. Campbell and Steven M. Falowski

Key Points

» Spine surgeons are required to place a paddle electrode array via laminectomy or
laminotomy.

* Implantation of a permanent system involving paddle electrode is typically con-
sidered after the completion of a successful external trial with a percutaneously
placed lead.

* Paddle electrode implantation may be performed either under monitored anes-
thesia care or under general anesthesia.

* Multiple arrays or different electrode configurations can be constructed with
paddle electrodes. They are more energy efficient and have the advantage of current
steering, as well as current shielding.

* An advantage of paddle electrodes resides in their more inherent stability in the
dorsal epidural space and lesser propensity to migrate.

* Preoperative MRI imaging of the area of electrode insertion is recommended.
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Introduction

Spinal cord stimulation (SCS) is a widely used, effective modality for treating
chronic pain. In the USA, the most common indication for SCS is failed back surgery
[1, 2]. Other indications include lumbosacral radiculopathy and complex regional
pain syndromes [3]. The efficacy of this technique has been demonstrated in several
sizeable studies when offered as a comparison with best medical management, as
well as a revision surgical procedure [2, 4, 5].

Proceeding with the implantation of a permanent system involving an epidural
paddle electrode array and a subcutaneous pulse generator typically is only consid-
ered after the completion of a successful external trial with a percutaneously placed
lead. However, there are situations in which an open paddle electrode trial is per-
formed such as with previous thoracic spinal surgery or when a percutaneous lead
cannot be placed whether secondary to scar tissue in the epidural space or inability
to enter the epidural space secondary to bony fusion. While placement of permanent
percutaneous system is an option, many authors report the longevity of the pain
relief is inferior to a paddle based system owing to the increased incidence of post-
operative lead migration [2, 6-8]. In either condition, the anatomic location chosen
for conclusive lead placement is based on the information accumulated from the
trial. The permanent lead is secured in a position so that the contacts of the perma-
nent electrode cover all the areas of the active and beneficial electrode contacts
during the trial and thus result in coverage in the identical somatic locations as the
trial electrode [9].

Spinal cord stimulation has been used to treat patients with a wide range of pain
syndromes including failed back syndrome, peripheral artery disease, refractory
angina, diabetic neuropathy, post-herpetic neuralgia, post-amputation pain, and
complex regional pain syndrome [10]. Accordingly, the use in multidisciplinary
spine and pain clinics continues to expand. Oftentimes, spine surgeons are asked to
place a paddle electrode array via laminectomy for treatment of one of these mala-
dies. This chapter attempts to discuss the procedural planning and operative tech-
nique associated with such implants.

Paddle Electrodes

Multiple arrays or different electrode configurations can be constructed with paddle
electrodes. The main advantage of paddle electrodes resides in their stability in the
dorsal epidural space and lesser propensity to migrate. Some data by North also sug-
gest a broader stimulation pattern and lower stimulation requirements with paddle
electrodes which leads to more energy efficiency in delivering electrical stimulation
[7]. Another advantage is the ease in current steering, as well as current shielding.
Paddle electrodes come in many configurations and sizes. There are single and dual
column electrodes available from all manufacturers, as well as Tripole configurations
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available from Medtronic Inc and St. Jude Medical Inc. There are four column paddle
electrodes from Boston Scientific Inc, as well as the Pentad electrode available from
St. Jude Medical Inc.

There are inherent benefits in paddle electrode placement. North et al. have
published on comparison between plate and percutaneous electrode placement.
Although more invasive than percutaneous placement, paddle placement yielded
significantly better clinical results in patients with failed back surgery syndrome at
up to 3 year follow-up [6, 7]. The evidence also demonstrated that shaping of the
electrical field is possible with paddle electrodes leading to more complex electrode
arrays and stimulation configurations [6]. Holsheimer et al. examined tripole con-
figurations demonstrating the ability to have finer control of paresthesia [11].
Electrical field steering could change the paresthesia area completely. When the
transverse tripolar configurations are used the threshold for stimulation of dorsal
roots is higher, compared with the dorsal column threshold. This results in a wider
therapeutic range, wider paresthesia coverage, and a greater probability to fully
cover the painful area with paresthesia. This leads to the concepts of enhanced cur-
rent steering and current shielding yielding to innumerable available programming
configurations [12, 13].

Preoperative Planning

Evaluating any patient’s surgical candidacy must involve deliberation into the
condition, patient-specific risk analysis, and a benefit advantage of the procedure.
Consideration of underlying medical comorbidities and anticoagulant use may require
the input of other specialists including primary care, cardiology, or pulmonology prior
to proceeding with a prone surgical procedure that will require abstention from anti-
coagulants and antiplatelet agents. Exclusion criteria for SCS implantation include an
uncontrolled psychiatric disorder, persistent local or systemic infection, immunosup-
pression, and anticoagulant or antiplatelet therapy that cannot be suspended [14].
Only once these preoperative conditions have been satisfied can surgical planning
commence.

An open paddle electrode implant may be performed either under monitored
anesthesia care which allows for intraoperative real time trial stimulation or under
general anesthesia which precludes patient interaction during surgery [15]. Some
authors have advocated some novel minimal access approaches to paddle placement
to allow the procedure to be performed under monitored anesthesia care or even
spinal anesthesia [16, 17]. Oftentimes, in the setting of morbid obesity, obstructive
sleep apnea, or chronic obstructive pulmonary disease many anesthesiologists prefer
a general anesthetic secondary to the risks of hypoxia while prone [18]. Also, many
patients cannot participate with an awake procedure secondary to various concerns
such as language barriers, cognitive issues, and occasionally revision procedures
requiring operative times of longer duration. Furthermore, in cases of cervical paddle
placement, general anesthesia is typically desired for patient safety and the ability
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to temporarily fixate the craniocervical junction in a point of maximum flexion that
would not be otherwise possible [19]. In a previous report, asleep stimulator place-
ment was associated with an improved outcome over the awake cohort [15].
At present, the authors routinely perform implantation of paddle electrodes under
general anesthesia. Electrophysiological monitoring relating to the spinal segment
of interest with SSEP and EMG recording is utilized. To compensate for variability
of physiologic midline, multi-column paddle electrodes are employed. The correct
cephalocaudal placement is determined from the stimulation during the percutane-
ous trial.

For paddle electrode placement there is some debate as to the value of obtaining
a preoperative MRI of the area of interest prior to implant. While the authors are not
aware of any published retrospective evaluation regarding the necessity of this
imaging preoperatively, many spine surgeons do advocate preoperative MRI, espe-
cially when implanting in the cervical spine given the smaller diameter of the canal
at that location. There is a case series in the literature whereby large disc herniations
at T6/7, T7/8, and T8/9 were the likely causative factor of an irreversible lower
extremity paralysis after SCS implant [20]. A commenter to this report suggested
preoperative imaging would have avoided this complication [21]. It is the authors’
practice to perform an MRI of the desired region, whether cervical or thoracic in
every case.

Open Thoracic Epidural Electrode Array Placement

After preoperative planning and determination of the anesthetic regimen the first
step in the surgical procedure is proper positioning of the patient. The prone posi-
tion is typically utilized unless the there is a plan to place the generator in the ante-
rior abdominal region. In that case the lateral position may be utilized. Bed selection
is institution dependent. For thoracic epidural paddle placement many implanters
may use the Jackson spinal table as these cases are often integrated into the opera-
tive caseload of degenerative spinal conditions that also are treated on this table.
Other authors describe the use of either bolsters or a radiolucent Wilson frame [22].
The C-Arm should be positioned to provide a true anterior-posterior view. It is
imperative that the spinous process be aligned in the middle of the field with the
endplates aligned at the region of interest to ensure accuracy. The level of ideal
stimulation and target coverage in the spine should be determined from the trial and
can be anatomically confirmed by rib counting on the AP view. The author will
typically place a radiopaque marker on what is thought to be the pedicle of the 11th
vertebrae during the trial electrode placement in order to provide a frame of refer-
ence for the paddle implant.

After positioning, draping and level confirmation, exposure to the segment of inter-
est is performed via incision and subperiosteal dissection down to the lamina. The
thoracic incision is typically made a spinal level below the location at which the pad-
dle lead is to be placed. The author utilizes a low profile, frame-based retractor system
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with transverse ratcheting retractor bodies for exposure similar to that used for anterior
cervical exposure. Other retractors utilized may include a cerebellar retractor or
Williams retractor. Once exposure has been achieved, a laminotomy or laminectomy
should be performed to provide access to the level of interest. Some authors advocate
electrode placement through a tubular retraction system to reduce length of stay [23].
There are also reports of placement via unilateral laminotomy [17]. Nevertheless, suf-
ficient bone should be removed so as not to limit the angle of introduction of the
electrode [22]. After bone removal with a high speed drill, 2 mm Kerrison rongeurs
are used to expose the spinal canal and remove the ligamentum flavum.

After exposure and laminotomy has been performed, care must be taken when
placing instruments in the dorsal epidural space of the unprotected spinal cord as
any ventrally directed force may result in neurologic injury. There are limited
options to free the epidural space along the entire course of the electrode. The tool
most commonly utilized is a Woodson dural separator for this purpose. Subsequent
to preparing the epidural space, the electrode template is then passed cranially in the
epidural space while maintaining attention to any ventral force vectors so as to
avoid compressing the spinal cord. It is the authors’ recommendation to place the
template and/or electrode with a force parallel to the spinal cord to limit the risk of
spinal cord compression and subsequent injury. It is therefore imperative to employ
methods to decrease the angle of incidence with the spinal cord. If the paddle will
not advance after this exposure there are several options. There have been reports of
the use of a malleable wire snare suture retriever to assist with electrode steerage
[24]. Another technique that the authors find consistently helpful is the creation of a
1.5-2 mm trough, spanning the entire length of the lamina to provide access for a
blunt nerve hook in an effort to break up dural adhesions that are not allowing mid-
line paddle electrode placement [25]. The last resort in the setting of an electrode
not passing to the desired location is performing another laminotomy or laminec-
tomy at a higher level to create more space and access for safe electrode introduc-
tion [22]. In the thoracic spine the leads are often tethered with stress relaxation
loops or via anchors sutured to the paraspinal musculature with the leads passed
percutaneously to the battery site (Fig. 15.1). The author finds it useful to leave a
portion of ligamentum flavum attached to the subjacent lamina for the purpose of
lead stabilization with either a butterfly anchor or suture.

Lead migration and infection are common forms of spinal cord stimulator failure
[26]. Rates of paddle migration vary between series from 3 to 32 % [27]. However,
as hardware technology has improved over the years, current reports show rates
approaching zero for the indication of spontaneous fracture, migration, or infection
after thoracic epidural paddle electrode array implant [28]. Even with the successes
gained by implant improvements, most studies continue to report about one-third of
implanted patients become non-responders to long-term SCS therapy [28]. In the
authors’ experience this typically occurs within the first 2 years after implant.
Accordingly, some of these patients will occasionally request hardware removal
secondary to lack of efficacy. Thus, revision and removal of the epidural electrode
array can be performed safely if adherence to the dorsal plane of scar tissue
surrounding the lead is incised and removed [29].
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Fig. 15.1 Intraoperative
fluoroscopic image
showing a thoracic multi
column paddle electrode
covering the entire
vertebral body of T9 with
some coverage over the
T8/T9 disc space

Open Cervical Epidural Electrode Array Placement

Neuromodulation via cervical stimulation is often utilized to control neck and upper
extremity pain. In order to obtain coverage in the neck and upper extremity, an
upper cervical vertebral body is typically targeted. However, some authors’ enthu-
siasm for cervical spinal cord stimulation is tempered by the challenge of securing
an electrode in this inherently more flexible region [30]. Unsurprisingly, there is
reportedly a higher rate of lead migration in the cervical spine than the thoracic
spine [31]. Additionally, preoperative imaging with cervical MRI is more critical in
this region leading some authors to uniformly recommend it preoperatively [32].
The authors always obtain an MRI prior to paddle implant in order to assess canal
diameter so an appropriately sized paddle may be selected. The authors perform the
procedure under general anesthesia with the head stabilized in a Mayfield head
frame so as to obtain maximum flexion and temporary reversal of the cervical lor-
dosis. However, there are reports in the literature of this procedure being done under
conscious sedation with good results [33].

Two options exist for the passage of a paddle electrode in this spinal segment.
Anterograde cervical epidural paddle electrode placement is possible only after
laminotomy or laminectomy. Placing a high cervical epidural paddle in the cephalad
direction certainly offers benefits in terms of operative ease [29]. Fluoroscopy is
used to plan the skin incision which is generally about 5 cm in length. Typically, the
laminotomy is performed at the C4/5 or C5/6 interspace depending on paddle length.
The electrode is then advanced under fluoroscopic guidance to the planned level.
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If any epidural resistance hinders electrode placement, additional laminotomies are
performed and a more extensive epidural dissection is carried out so adhesions can
be separated under direct visualization [33].

If a retrograde paddle placement is desired, the patient is positioned prone in pins
with capital flexion. Two techniques have been described for retrograde paddle
placement. The most frequently reported technique involves placement at C1/C2,
while newer reports demonstrate feasibility of placement at CO/C1 [32-34]. Incision
is made from the occiput down to C2 or C3. At that point either a laminotomy at C1
to expose the epidural plane for C1/2 retrograde passage or blunt dissection of the
posterior occipito-atlantic membrane to find the dural plane superior to the level of
Cl1 is performed. Subsequently, the spinal cord electrode is then advanced in a ret-
rograde fashion under fluoroscopy to its ideal position.

Given the flexion in the region special attention is typically paid to securing the
electrode in place. Most authors strongly suggest a sizeable stress relaxation loop in
the cervical region [27, 32-34]. Some recommend anchor placement with suture to
the paraspinal musculature [32]. Papahill reports a 0 % lead migration rate with
“several” strain relief loops of electrode placed deep to the subfascial with no addi-
tional anchoring [33]. The authors tend to place sizeable stress relaxation loops in
both the cervical region and at the battery insertion site as to alleviate any points of
increased strain along the system. Care is taken to ensure the leads are tunneled out
of the cervical spine in a submuscular and subfascial manner. Given the higher rates
of migration in the cervical spine, utilizing good surgical technique at implant date
almost certainly decreases the rate of postoperative lead migration.

Summary

Both the hardware and software utilized in the treatment of chronic pain by spinal
cord stimulation continue to improve. Manufacturers have improved paddle elec-
trodes and leads, thereby markedly decreasing the rate of spontaneous lead fracture
and migration [28]. New paradigms of stimulation such as burst and high-frequency
tonic programing are being applied at the software level in order to provide pares-
thesia free coverage with many patients finding better pain relief and improved pain
quality through these modalities [35]. Given the current array of implant choices
and the emerging technologies that are certain to be released in the near future, the
options available for neuromodulation will continue to offer providers even more
flexibility with an ever expanding set of indications for treatment of chronic pain.
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Chapter 16
Percutaneous Placement

Konstantin V. Slavin and Dali Yin

Key Points

* Percutaneous SCS electrodes present a minimally invasive option and eliminate
the need in laminectomy approach.

e Multiple advantages of percutaneous electrode leads (MRI conditional approval,
ability to advance in cranio-caudal direction, ease and safety of insertion, multi-
ple individualized configurations, etc.) should prompt neurosurgeons to become
more familiar with their use.

* Spine surgery training provides an excellent background for percutaneous inter-
ventions in the epidural space.

* In a comprehensive spine surgery practice, an ability to use percutaneous SCS
electrode leads widens surgeon’s armamentarium and reduces dependence on
outside physicians.

Introduction

Over the last 50 years or so, spinal cord stimulation (SCS) has become an estab-
lished approach for management of chronic pain. As the matter of fact, it is likely
the most common surgical intervention that is performed for treatment of pain both
nationally and worldwide. In part, this widespread use and universal acceptance
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came from surgeons, mainly neurosurgeons, educating our nonsurgical colleagues
and shifting the practice (and bulk volume) of SCS from few specialized neurosur-
gical centers that possessed interest, experience and expertise in surgical manage-
ment of pain to myriad of pain practices, vast majority of which are run by
non-surgeons.

This development became possible due to technological innovations of the early
1970s when the first cylindrical electrode leads became available. These new elec-
trodes were a major advancement from previous flat, “plate-like” electrodes, mainly
because they could be inserted into the epidural space through a needle, thereby obviat-
ing the need for open exploration to obtain access to the epidural space and, therefore,
allowing non-surgeons to implant these electrode leads for trialing and permanent use.

Although earlier generations of neurosurgeons embraced percutaneously implant-
able electrodes, the entire premise of percutaneous access to the epidural space did
not become part of standard neurosurgical armamentarium and educational curricu-
lum. And while each neurosurgeon is expected to master craniotomies and laminec-
tomies, training in placement of percutaneous electrodes became non-mandatory,
similar to other “non-mainstream” neurosurgical skills such as stereotactic electrode
insertions or endovascular interventions. There is no good explanation for this phe-
nomenon other than lack of interest, and involvement of other specialties, as neuro-
surgeons are indeed very proficient with spinal needles and catheters, and routinely
place lumbar drains and other intrathecal catheters as needed for diagnostic and
therapeutic purposes (such as lumboperitoneal shunts, intrathecal pumps, etc.)

So, when it comes to SCS trials and implants, the spine surgeons (neurosurgeons
and orthopedists specializing in spine) are expected to use flat, paddle-type, so-
called surgical, or laminectomy leads—and even current educational guidelines
issued by the North American Neuromodulation Society (NANS) accept neurosur-
gical residency as a proof of proficiency in implantation of paddle leads [1]—while
use of percutaneous “wire-like” cylindrical leads is delegated to pain physicians that
come from anesthesiology and physiatry backgrounds. These same NANS guide-
lines spell educational requirements for implantation of percutaneous electrodes in
terms of volume of cases one has to perform under supervision before independent
practice is allowed. This situation seemed to satisfy all parties involved (even though
quite a few functional neurosurgeons continued using percutaneous implantation
technique) as both percutaneous and paddle-type electrodes have their own benefits
and limitations (Table 16.1).

But as technology advanced further, some limitations of percutaneous electrodes
were improved upon—the high migration rate was successfully mitigated by intro-
duction of new lockable or injectable anchors, the concern about higher energy
requirements was resolved with introduction of smaller and longer-lasting batteries,
as well as rechargeable devices. At the same time, new advantages of percutaneous
electrodes came into play, with the most important being the MRI conditional
approval of percutaneously inserted leads that opened access to SCS for many
patients with oncological and demyelinating conditions that would not be considered
SCS candidates earlier. In addition, new stimulation targets (such as dorsal root
ganglion [DRG]) and paradigms (such as 10,000 Hz stimulation [HF10]) presently
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Table 16.1 Advantages and disadvantages of different electrode types

Percutaneous leads Paddle leads

Advantages Advantages

Relatively lower invasiveness Unidirectional stimulation

Relative ease of insertion Flat contacts

Epidural insertion below the cord level Lower power requirements

Ability to implant multiple leads at once Insulation of dorsal tissues

Freedom to advance in cranio-caudal direction | Higher stability in epidural space

Multiple configurations possible Fixed distance between electrode contacts
MRI compatibility (conditional) Direct visualization of dura

Disadvantages Disadvantages

Omnidirectional stimulation Relatively higher invasiveness

Cylindrical contacts Requirement of complex surgical skills
Higher power requirements Epidural entry over the spinal cord

Lack of dorsal insulation Challenging implantation of more than 1 lead
Higher chance of migration Limited reach (1-2 level from laminectomy)
Variable distance between electrodes Limited choice of configurations

Indirect visualization Lack of full body MRI labeling

utilize percutaneous electrode leads only. At present time, the only electrode leads
that are conditionally approved for MR imaging of spine (there are some MRI con-
ditionally approved paddle leads—but only for imaging of head and extremities) are
percutaneous leads. When considering this as well as the lack of paddles intended
for DRG stimulation and HF10 SCS, there is now an urgent need in neurosurgeons
learning or relearning to use percutaneous approach to offer their patients the new-
est technology in electrode leads.

Finally, there are two other recent technological innovations that should raise the
level of neurosurgical interest in percutaneous lead insertion—the percutaneous
paddles and wireless SCS devices. With introduction of very narrow paddle leads, it
is now possible to insert one or even several of them into the epidural space without
laminectomy using a proprietary percutaneous introducer system. There is also a
recent introduction of miniaturized wireless spinal cord stimulation devices that
contain telemetry hardware and the energy receiver in the lead itself. These devices
work by coupling with an external power source and do not need implantable gen-
erator. New wireless SCS systems have been tested for MRI safety and were granted
conditional approval for both 1.5 T and 3 T MRI scanners.

Temporary vs. Permanent Placement

In general, there are two reasons to implant percutaneous electrode leads. One is to
use them for a short-term testing of the modality (so-called stimulation trial) and
another is to provide long-term stimulation (so-called permanent implantation).
Although the trial and permanent electrodes are positioned in the epidural space in a
similar fashion, these interventions have their distinct nuances and may require differ-
ent electrode leads as most manufacturers supply “temporary” electrode leads that are
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not intended for long-term stimulation and are used exclusively for trialing. The main
difference between trial and permanent implantation is that trial leads are usually
inserted without any incision using a pure needle-based percutaneous approach,
whereas permanent implantation of percutaneous electrodes included making surgical
incision and anchoring the electrode leads to the deep tissues. It is not uncommon to
use percutaneous electrode leads for trial only and then to proceed with permanent
implantation of paddle-type surgical electrode leads. The advantages of pure percuta-
neous trial is its low invasiveness, option to perform electrode lead insertion in office
setting (as long as there is sterile procedure room and proper radiological control, e.g.,
fluoroscopy device such as C-arm), simplicity of lead removal at the end of the trial
period, and lack of any incision that would require surgical skills, hemostasis, ability
to suture, etc. A shortcoming of a percutaneous trial is that if the trial was successful,
the lead still has to be removed and discarded, and a subsequently implanted perma-
nent lead may need to be positioned in exactly the same location through a separate
procedure (and this may be quite challenging due to development of epidural adhe-
sions ant therefore trial results may be less predictive of long-term outcome).

In our practice, the majority of implanted SCS devices include percutaneous elec-
trode leads—and with the use of this lead type we prefer to avoid having the patient go
through electrode insertion twice. Therefore, we use the so-called “tunneled trial”
approach: the trial electrode leads are inserted as if they were permanent—with incision,
anchoring, etc.—and then temporary extension cables are tunneled out and used for con-
nection to an external pulse generator (EPG). If the trial is successful, the extension
cables are discarded and the electrode leads that were used for trial are kept in place and
get connected to an implantable pulse generator (IPG) placed through a separate inci-
sion. The main advantage of this approach is that the same electrode lead that was used
during the trial will be utilized during the permanent phase of long-term treatment
thereby matching the exact location (and effects) of trial electrode placement. From a
technical point of view, the lead insertion becomes easier as the skin incision and tissue
dissection with visual exposure of deep fascia make accessing the epidural space less
complicated and more predictable. Since the procedure is more invasive, it is usually
done in a standard operating room (which is an encumbrance for non-surgeons, but a
much preferred location for surgeons) with easy access to surgical instruments, fluoros-
copy equipment and hemostatic tools, as well as a routinely high standard of sterility.
The disadvantage of the tunneled trial technique is that if the trial fails, the patient has to
return to the operating room for lead/anchor/extension cable removal. In addition, for
non-surgeons, the need in proper surgical technique may be a certain deterrent.

Preparation for the Procedure

The initial steps in SCS procedure take place well in advance of the operative inter-
vention. Proper patient selection, mandatory psychological evaluation, setting clear
expectations of treatment, and detailed discussion of surgical intervention and its
possible complications are key moments in the process of patient preparation for
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trial. The patient has to understand the concept of stimulation-induced paresthesias
and be willing to participate in the trial lead insertion process as success in reaching
anatomical location that produces concordant paresthesias is absolutely dependent
on the patient’s feedback.

It is also important to document exact anatomical location of the patient’s painful
areas as all of them have to be covered with non-painful paresthesias in order for
SCS to be effective. Creation of so-called “pain maps” may be useful in estimation
of eventual location of electrode contacts as most anatomic regions appear to have
reliable correlates in terms of vertebral level of stimulation.

With this, it is important to obtain proper imaging of not only the level where the
electrode will be inserted (usually, mid-lumbar or upper lumbar regions) but also the
level where electrode contacts will be positioned as tight stenosis at lower thoracic
levels or previous thoracic laminectomy may present significant challenge for opti-
mal electrode lead placement.

We recommend discussing location of the generator implant with your patients
beforehand—in general, our preference is to put them into the abdominal wall rather
than buttock or flank area for the sake of easier recharge and programming, as well
as for less discomfort during sitting and lying down. In addition, the abdominal IPG
placement appears to result in less stress to the electrodes and/or extension cables
thereby reducing the risk of migration or fracture [2]. The side of IPG implantation
is dictated by patient’s individual anatomy, presence of surgical scars, shunts, sto-
mas or external tubes, as well as by the patient’s driving status as those who drive
may want to have the IPG on the left side of the abdomen so it does not interfere
with the seatbelt position whereas for those spending more time in the passenger
seat the opposite may be true.

The last concerns to be addressed prior to the lead insertion are the planned posi-
tion of the active lead contacts, estimated number of leads (1-4) and contacts per
lead (4-16), and the type of electrode lead to be used (manufacturer and model),
including the number of contacts, length of the lead and the need in anchors and
extension cables as this information has to be communicated with the vendor who
will have requested devices available along with the mandatory backup devices in
case of intraoperative technical challenges.

Procedural Detail

The procedure starts from positioning the patient prone on a radiolucent table
(Fig. 16.1). C-arm fluoroscopy device is placed around the patient to obtain antero-
posterior view of the thoracolumbar junction and the upper lumbar spine (Fig. 16.2)
as most electrode leads have to be positioned at the low thoracic level. The area of
intervention is prepped and draped in a standard sterile fashion—the size of surgical
field is determined by whether there is a plan to anchor the electrode lead(s) and
tunnel the extension cables or if the lead(s) will be simply inserted for trial purposes
only; tunneling necessitates wider area of preparation (Fig. 16.3). Based on the
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Fig. 16.1 Patient
positioned prone on the
operating table

Fig. 16.2 C-arm
fluoroscopy device is
positioned around the
patient
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Fig. 16.3 Levels of
surgery are marked on the
patient’s skin

planned location of IPG, it is recommended to tunnel temporary extension cables in
the opposite direction, so that the exit site of the temporary extensions does not get
on the way of eventual tunneling path toward IPG. This is also important in decreas-
ing risk of an infection from the previous externalized extensions.

The entry into epidural space is usually chosen at L1-2 or L2-3 interspace level.
In general, it is recommended to place the needle entry below the level of the spinal
cord conus in order to minimize the risk of spinal cord injury during needle and
electrode lead insertion. From this upper lumbar insertion level it is possible to
place SCS lead(s) anywhere along the spinal cord all the way to C2, but for cervi-
cal lead placement we prefer using high thoracic epidural entry point that is much
more technically challenging and is not recommended for those with limited
experience.

Although most electrodes are positioned over the midline, the needle insertion
point has to be paramedian, at least 1 or 2 cm away from the midline. This parame-
dian insertion allows one to avoid positioning the electrode lead between the spi-
nous processes. This position may lead to repetitive compression of the implanted
lead by the bone and would inevitably result in lead fracture. Usually, a 30° angle in
axial plane would suffice for paramedian direction of the needle (Fig. 16.4).
Similarly, the needle has to be obliquely directed in cranio-caudal plane: perpen-
dicular needle insertion (at 90° angle to the skin surface) results in more challenging
identification of the epidural space and significant difficulty in advancing the lead
out of the needle tip inside the epidural space. Usually, a 30°-45° angle is chosen.
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Fig. 16.4 Insertion of
needle into epidural space

The needle used for electrode lead insertion is a special Tuohy-type needle that
is provided in the electrode lead kit from every manufacturer. Most kits would
include a 4 in. long needle with a marching stylet; longer needles (6 in.) are avail-
able upon request. These needles have a sharp tip and a side opening to facilitate
penetration of soft tissues, including ligamentum flavum, but make it easier to direct
the exiting electrode lead into the epidural space with the use of this bevel. There are
also “Coude-type” needles with a more curved tip; we do not recommend using
them for antegrade electrode insertions.

For pure temporary percutaneous electrode lead insertion (non-tunneled), the
skin entry point is usually chosen one and a half vertebral levels below the inter-
space chosen for epidural entry. Laterality of such entry correlates with location of
the vertebral pedicle. Therefore, for L2-L3 epidural entry, the skin entry marked
over projection of pedicle of L4; for L1-L2—pedicle of L3. For insertion of two
electrodes, the entry points are chosen on both sides of the same level or on two
levels on the same side. Alternatively, for percutaneous electrode leads intended for
tunneled trial, the midline incision is usually made in the same fashion—at the level
of L3-L4 for L1-L2 insertion and at the level of L4-L5 for L2-L3 insertion. In this
case, the incision is made in vertical direction, 2—4 cm in length depending on the
patient’s size, and the fascia is exposed on both sides of midline. We recommend
creating a small pocket above the fascia under the subcutaneous adipose layer in
order to make room for anchors, electrode loops and connectors to temporary exten-
sion cables. Making this pocket prior to insertion of the leads eliminates the need for
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tissue manipulation after the electrode leads are in place and reduces the risk of
inadvertent lead damage during tissue dissection or migration after placement. The
size of subcutaneous pocket should be 2-3 cm wide and 2—4 cm long. It is also
recommended to insert the needle into the fascia in the most superior aspect of the
exposed fascia to there is room for anchors caudal to the insertion point. Inserting
the needle in the middle of the incision or more caudal would usually necessitate
caudal extension of the skin incision.

The needle is directed toward the midline from paramedian entry point. The
anatomy of the epidural space is such that the space is thickest over the midline—
the somewhat triangular shape of spinal canal with apex at midline is not perfectly
matched by the oval shape of thecal sac. The midline epidural space is usually
2-4 mm thick, but there is individual variability, as well as possible presence of
stenosis and/or scar tissue from previous interventions may make the space narrower.
The posterior epidural space is filled with fat and vessels. The softness of epidural
fat contrasts with the hardness of ligaments that define epidural space dorsally; this
difference in density translates into so-called “loss of resistance” phenomenon. An
experienced implanter would feel entry into the epidural space based on tactile feed-
back, particularly with proper radiographic guidance, but is generally recommended
to confirm this loss of resistance by gentle injection of saline or air during the needle
advancement. For this, the needle is inserted with the stylet in and the interosseous
space is gently probed. Once the interlaminar space if entered, the stylet is removed
and a plastic or glass syringe is attached to the needle hub. As the advancement
continues, a gentle pressure is applied to the syringe plunger; once the epidural
space is entered, the resistance of tissues disappears and the syringe ~1 ml of con-
tents (be that air or saline) gets injected into the epidural space. At this point, it is
recommended to disengage the syringe and confirm that there is no fluid flowing
from the needle hub to make sure that the needle did not go too deep and inadver-
tently penetrate the dura.

We routinely use a guidewire that comes in the lead insertion kit for testing the
loss of resistance: instead of syringe with air or saline, we insert this guidewire into
the Tuohy needle after the needle tip passes between the laminae and enters the liga-
mentum flavum. As soon as the needle penetrates the ligament, the guidewire is
advanced into the epidural space under fluoroscopic control. As the guidewire
pushes away the underlying dura, it becomes easier and safer to advance the needle
by another millimeter or two allowing positioning of the entire needle tip opening
into the epidural space. This minor needle advancement facilitates subsequent inser-
tion of the electrode lead into the epidural space.

Once the needle is positioned in the epidural space (Fig. 16.5), we recommend a
short run of live fluoroscopy during initial part of electrode lead insertion as the
angle at which it leaves the needle is crucial for ultimate lead positioning. Here, the
lead should be placed as close to the midline as possible since lateral deviation of
the lead may result in its circling around the thecal sac and getting into the ventral
epidural space instead of remaining in the posterior epidural space. If the plan is to
insert a single lead, we prefer placing it at midline with only mild deviation toward
the side of worse pain. If two electrodes are contemplated, each would be placed
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Fig. 16.5 Fluoroscopic
image of paramedian
needle insertion

next to midline for patients with bilateral pain or one would be placed at midline and
another 2-3 mm lateral toward the side of pain in patients with unilateral pain. Use
of curved stylets that are provided in the lead kits and are frequently preloaded into
the leads facilitates easy steering of the lead during its epidural advancement
(Fig. 16.6).

The level of electrode contacts is determined by the patient’s pain location and
adjusted based on results of intraoperative stimulation. During intraoperative test-
ing, the electrode leads are connected to a sterile single-use screening cable
(Fig. 16.7) which then connects to an external (non-sterile) programmer that is held
outside of the sterile field by a dedicated assistant or clinical specialist from the
device manufacturer. The patient sedation is stopped prior to initiation of intraop-
erative testing. Since it is easier to pull electrode out rather than advance it in further
during the intraoperative testing stage, we prefer to intentionally advance the lead
higher than needed and then, during the testing, “trawl” it down until desired cover-
age is obtained. We recommend removing the stylet from each electrode lead prior
to starting the intraoperative testing.

The patient is usually asked three questions: when paresthesia starts, where it is
felt, and whether all painful areas are properly covered. We do not ask the patients
whether stimulation reduces or eliminates their pain as it may take several hours or
even days of stimulation before the pain relief becomes noticeable. In addition, it
may be difficult for the patient to discern pain relief while on the operating table.
Ideally the paresthesias should be completely concordant with spreading into all
painful areas with minimal involvement of non-painful regions. Proper coverage of
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Fig. 16.6 Fluoroscopic
view of percutaneous
electrode lead being
advanced in cephalad
direction

Fig. 16.7 Electrode tails
are connected to the
screening cable for
intraoperative stimulation
trial
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painful areas is of paramount importance in conventional spinal cord stimulation as
some patients will not get good pain relief even if paresthesias are concordant, but
no patient will get pain relief if paresthesias do not match the area of pain.
Sometimes, the best stimulation may shift by contact or two after the patient changes
position from prone to supine. To be prepared for this contingency, we recommend
trying to get best stimulation from the middle of the electrode array, aiming to place
the middle of the lead on what has become known as “the sweet spot”. Given this
positioning of the lead, even if the spinal cord moves relative to the electrode lead
after position change, the proper stimulation coverage may still be obtained using
adjacent electrode contacts.

The implanters should be aware that not only may individual dermatomal distri-
bution vary from person to person, but that radiographic midline may be very differ-
ent from physiological midline. In addition, this difference is even more pronounced
in patients with scoliosis. With this, it is not uncommon to position two electrodes
side by side on both sides of radiographic midline and then discover that patient
feels stimulation from both leads on the same side. In such cases, the more lateral
electrode has to be pulled down and readvanced on the opposite side of the other
electrode.

Only after paresthesias are mapped and confirmed, can the needles be removed.
The electrode lead position gets recorded with intraoperative fluoroscopy and the
image (with proper landmarks such as, for example, 12th ribs) gets saved on the
screen for subsequent comparison. After the needles are removed, the electrode
leads get anchored to the fascia (or to the skin in case of temporary trials). The
anchor is placed as close to the fascia as possible (Fig. 16.8); most anchor models
have a narrow “nozzle” that may be inserted into the fascia prior to the anchor
suturing. The sutures used for anchoring are 2-0 non-absorbable braided dacron
(Ethibond or Surgi-Dac) or silk (Fig. 16.9). We do not recommend using either
absorbable (Vicryl, Polysorb) or monofilament (Prolene, Monocryl) sutures for
this purpose.

Once the anchoring is completed, a control radiograph is obtained and com-
pared with pre-anchoring image. After that, we proceed with tunneling the
temporary extension cables to an exit point 10—12 cm away from the midline
(Fig. 16.10) and then connect these cables to each electrode lead. Once the
connection is secured with set screws, the excess of the electrode leads and the
connectors are buried under the skin, the incision gets irrigated with antibiotic
solution, the hemostasis is obtained with bipolar coagulation (use of monopo-
lar stimulation after the electrode is inserted into the epidural space is not rec-
ommended), and the closure is performed in layers. The dressing is placed over
the incision and over the exit site of the extension cables (Fig. 16.11). The
impedance of electrode contacts is tested by connecting the extensions to the
screening cable and running diagnostic testing through the external
programmer.
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Fig. 16.8 Electrodes are
anchored to the fascia

Fig. 16.9 Two
nonabsorbable sutures are
placed over each anchor,
which is fixed onto the
fascia
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Fig. 16.10 Tunneling for
extension cables, and
connection between
electrodes and extension
cables

Fig. 16.11 Sterile
dressings over the incision
and the exit site of the
extension cables
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Summary

Proper electrode insertion is one of the most important technical parts of the spinal
cord stimulation approach, but it translates into a good outcome only if other aspects
are addressed with similarly meticulous attention to detail. This includes patient
selection, trialing process, permanent implantation procedure, and subsequent
patient management, all of which are discussed in other parts of this book.
Percutaneous technique is remarkably simple and intuitive for those who are famil-
iar with spinal anatomy and are willing to spend time and effort in practicing the
approach on several occasions. Although an alternative technique of using surgical
paddle leads attracts spinal surgeons from neurosurgical and orthopedic back-
grounds, recent introduction of new features, targets and paradigms that are only
available with percutaneous lead options (full body MRI-conditional compatibility,
high frequency stimulation, dorsal root ganglion stimulation, etc.) should prompt
them to learn percutaneous technique in order to continue providing their patients
with the best treatment options.
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Chapter 17
Peripheral Nerve Stimulation—Cervical
Syndromes

Joshua M. Rosenow

Key Points

e Peripheral stimulation may be utilized to treat a variety of cervical pain
syndromes, either localized pain or pain referred from upper cervical root
neuralgias.

* The published series on these techniques show good rates of conversion of trials
to permanent implants.

* The published series on these techniques are mostly small retrospective series,
which limits their generalizability.

* These procedures are straightforward and relatively simple to perform.

* Device-related complications such as lead migration remain the most significant
long term issue with these procedures. Adherence to good surgical techniques
can minimize these problems.

Introduction

Neurostimulation is an attractive technique for the treatment of medically refractory
pain syndromes. Minimally invasive implantation of neurostimulation electrodes
often provides significant pain relief via a reversible and adjustable therapy with
low medical and surgical risks. While neurostimulation is most often employed for
treatment of axial and radicular lumbar syndromes, cervical pain syndromes are
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being treated with increasing frequency. This is being driven in large part due to
improvements in neurostimulation device technology. Advances such as 8- and
16-contact percutaneous electrodes, slender 8-contact paddle electrodes, ultrasound
guidance, and programming options such as a wider parameter space and current
steering, all enable physicians to treat a wider range of pain conditions.

This chapter discusses the use of peripheral stimulation for the treatment of
cervical syndromes such as axial cervical pain, cervicogenic headache, and occipital
neuralgia.

Evidence

Unfortunately the body of scientific evidence for these procedures is rather sparse.
Recently, an excellent evidence-based guidelines document has been published that
analyzed the literature on the use of peripheral (occipital) nerve stimulation for the
treatment of refractory occipital neuralgia (C2 neuralgia) [1]. No articles have been
better than class III evidence. The large prospective series is that of Melvin et al. [2]
and consisted of only 16 patients, 11 of which underwent a successful trial of stimu-
lation and proceeded to permanent implantation. In these patients there was a statis-
tically significant decline in SF-MPQ (64 % change, p=0.0013), VAS (67 % change,
p<0.0001), and PPI (67 % change, p=0.0009) at 12 weeks following permanent
system implantation. Smaller series by Magown et al. [3] and Kapural et al. [4]
demonstrated similar improvements in pain levels, as well as improvements in stan-
dardized scales such as the Pain Disability Index (PDI).

Retrospective series are only slightly larger. Weiner and Reed’s seminal series
[5] included 13 patients, all of whom continued to report greater than 50 % pain
relief at a mean follow-up of 2 years. In the series of Slavin et al. [6], 10 of 14
patients underwent successful trials, with three systems removed during the mean of
22 months follow-up. The 7 remaining patients continued report greater than 60 %
pain relief at last follow-up.

There are no randomized trials investigating the choice of stimulating lead (per-
cutaneous vs. paddle lead). Series by Abhinav [7], Magown [3], Oh [8], and Kapural
[4] all documented successful use of subcutaneously placed paddle electrodes.

Migration is one of the more common complications of these procedures and the
series of Slavin et al. [6] (10 patients, percutaneous electrodes) and Oh et al. [8] (10
patients, paddle electrodes) both reported a 10 % migration rate. However, in larger
series of patients who underwent occipital stimulation for treatment of primary cra-
nial pain the reported migration rate was between 13.9 and 24 %. Falowski et al.
reported on a series of 28 patients demonstrating a significant decrease in the rate of
migration utilizing specific anchoring techniques and strain relief loops [9].

The reported series of patients who underwent trials and neurostimulation device
implantation for regional cervical pain are also small. Burgher’s et al. series [10]
only contained 1 of 10 patients with cervical pain, as opposed to lumbar pain. Lipov
[11] reported a single case of regional stimulation for axial cervical pain.
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Implementation

In planning a peripheral neurostimulation system for a specific patient, several factors
need to be considered. First and foremost is the target structure to be stimulated.
This is dictated by the region of pain and consideration needs to be given to whether
the target is a named nerve or a geographic region. The type of lead to be implanted
(paddle, percutaneous) needs to be decided. Next, the placement of the pulse
generator needs to be discussed with the patient, as this may also dictate the surgical
approach for lead placement. Often, these factors are interrelated and their compet-
ing priorities decide the overall implant approach.

Cervical peripheral stimulation trials are almost always performed using percu-
taneously inserted electrodes. If the stimulation target is a named nerve (such as the
greater or lesser occipital nerve), the path of the electrode should be planned in
close relationship to the path of the nerve. In many cases, this results in perpendicu-
lar orientation as the electrode crosses the path of the nerve. However, the electrode
can also be placed parallel to the nerve, especially if ultrasound guidance is success-
ful at identifying the nerve.

In placing the trial electrodes, standard stainless steel Touhy needles (such as
those included in most spinal cord stimulation electrode lead kits) may be used.
These should be appropriately curved to approximate the patient’s anatomy. The
bevel of the needle should be pointed away from the skin surface to reduce the
chance of violating the skin. Usually only a small stab incision is needed for inser-
tion. The proper plane is located just beneath the dermis and not too deep so as to
cause muscular contractions. However, in patients with very thick subcutaneous fat,
it may be necessary to place the electrode deeper so as to facilitate the current reach-
ing the target structure. After confirmation of paresthesia coverage the lead may be
sutured to the skin for the duration of the trial.

If performing stimulation for regional pain, a box demarcating the area of pain
should be marked off on the skin. The insertion needles and electrodes can then be
inserted subcutaneously along the borders of this box to bracket the painful region
(Fig. 17.1). Stimulation may be conducted either with the electrodes being used
independently or via a stimulation field set up between the electrodes.

For a stimulation trial, the electrodes may be stabilized by suturing them to the
skin with a combination purse-string/drain suture. However, for a permanent
stimulation system implantation, anchoring the electrodes is one of the more cru-
cial steps, as electrode migration is one of the most frequently reported complica-
tions of these procedures. When anchoring the leads, it is important to identify a
firm stable tissue layer to which to anchor the leads. In the cervical region this is
often the most superficial layer of posterior cervical fascia. Anchoring to subcuta-
neous fat layers often leads to an unstable electrode that migrates with cervical
motion. It should be noted that the anchoring depth is often deeper than the inser-
tion depth. Given this, it is reasonable to first dissect down to the anchoring layer
and then insert the needle and electrode more superficially during a permanent
implant procedure.
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Fig. 17.1 Example of
regional peripheral
stimulation (in this case for
axial thoracic pain). The
two sets of electrodes have
been inserted
subcutaneously along the
length of the demarcated
lateral borders of the
patient’s painful region.
Successful stimulation
coverage for this patient
was achieved via a
combination of programs
that used both the
electrodes independently
and in cross-talk
configuration

Electrodes may be anchored with commercially available anchoring sleeves. If these
are used, efforts should be made to avoid having the entire anchor located under-
neath the incision, so as to reduce the chance of erosion. The least bulky anchor
possible should be utilized. Some physicians have chosen to forgo a formal anchor
sleeve altogether and simply suture the lead to the fascia. It remains to be seen if this
increases the chance of electrode fatigue and breakage over time. Subcutaneous
pockets are may also be created around the main incision for placement of relaxing
electrode loops to add slack to the system.

For permanent implantation, either percutaneous of paddle electrodes may be
used. Percutaneous electrodes are now available in multiple configurations with
anywhere from 4 to 16 stimulating contacts on the electrode. Electrodes with
16 contacts may enable the capture of bilateral greater occipital nerves with a single
lead. To place a subcutaneous paddle lead a pocket for the body of the paddle must
be created. This is typically done with gentle blunt dissection. It is important not to
be overly aggressive and make this pocket much larger than the paddle body. Doing
so not only can increase the diffusion of charge away from the target structure but
also leads to more mobility of the electrode, which is suboptimal both in terms of
comfort (patients feel the paddle rotating) and consistency of therapy.

When implanting upper cervical peripheral stimulating electrodes (those
intended to treat syndromes such as cervicogenic headache and occipital neuralgia),
several incision configurations may be used. If bilateral leads are to be tunneled to
a generator implanted in the infraclavicular region, two incisions may be used: a
submastoid incision ipsilateral to the generator and a midline incision (Fig. 17.2).
For generators implanted in other dorsal locations, a single midline incision may be
created with the electrodes both anchored in the same incision (Fig. 17.3).
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Fig. 17.2 Percutaneously
implanted upper cervical
electrodes for stimulation
of the occipital nerves.
These were implanted via
two separate incisions, one
in the submastoid region
and another in the midline

Fig. 17.3 Percutaneously
implanted upper cervical
electrodes for stimulation
of the occipital nerves.
These were implanted via a
single midline incision.
Note the relaxing loops
present caudal to the
electrodes
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Fig. 17.4 Examples of locations for peripheral stimulation IPG sites. (a) Infraclavicular region,
(b) midline dorsal upper thoracic (note paddle electrodes used in this case), (¢) lumbar (note exten-
sion wires added in upper thoracic region to increase slack in the system and reduce risk of elec-
trode migration)

When performing peripheral stimulation procedures in the cervical region, there
are several options for locating the implantable pulse generator (IPG) (Fig. 17.4).
The leads may be tunneled laterally and over the clavicle to an IPG implanted in the
upper chest. This provides for a short electrode distance (often without the need for
extension wires) but may place torque on the leads with cervical motion, increasing
the chance of lead migration if they are not securely anchored. The IPG may also be
placed in the midline interscapular region. This allows for a shorter lead length with
less force on the lead. If this location is considered, the patient should be observed
sitting in chairs with backs of various heights to ensure that the IPG will not cause
discomfort when the patient sits back against the chair. Another option is to place
the IPG in the low back/upper buttock region. This will require the longest length of
lead and often also requires the use of an extension wire down to the IPG site. For
IPG implants in this location, attention must be paid to the total length of implanted
lead/extension so that there is enough slack in the system to allow significant range
of motion in both the cervical and lumbar regions without pulling the electrodes.

For many peripheral nerve stimulation procedures in the cervical region, no
image guidance is required. Fluoroscopy can be a valuable adjunct in occipital
nerve stimulator electrode implants because the level of the ring of C1 is often
used as a marker to help establish the craniocaudal position of these electrodes.
Ultrasound may be used instead of fluoroscopy. This allows real time visualization
of the relationship between the implant needle/electrode and the nerve and major
vasculature without exposing the physician to ionizing radiation.
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Summary

Peripheral nerve stimulation is a relatively straightforward technique for the
treatment of cervical pain syndromes. Adherence to good surgical practices is
important to reduce device-related complications. While this method is increasingly
employed, the available scientific evidence is plagued by methodological flaws and
small sample sizes.
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Chapter 18
Peripheral Nerve Stimulation for Axial Pain
Syndromes

W. Porter McRoberts

Key Points

* Axial pain is difficult to treat both surgically and nonsurgically. Traditional
spinal cord stimulation (SCS) has great difficulty generating paresthesia as well
as pain relief in these areas.

* The morphology of the spinal cord and entering nerves predispose electrical
recruitment of the sensory fibers of the extremities long before activation of the
axial sensory nerves.

* Peripheral nerve field stimulation (PNfS) is described as the blind deployment
of electrodes in the subcutaneous periphery deep to the skin over unnamed
nerves.

* Cross talk and hybrid stimulation force the conduction of electricity via a circuit
between electrodes distant from each other, and thus large areas of paresthesia
are generated.

* PNIS is currently off-label for most traditional neuromodulation systems.

* Newer waveforms and current densities may have increased ability to treat axial
pain syndromes, but at present little data exists to suggest successful low back
pain treatment, and far less exists to recommend treatment of the painful axial
thoracic or cervical spinal areas.

W.P. McRoberts, M.D. (b<)

Interventional Spine and Pain Medicine, Neurosurgery, Holy Cross Hospital,
3111 NE 44th St., Ft. Lauderdale, FL 33308, USA

e-mail: portermcroberts @ gmail.com

© Springer International Publishing Switzerland 2016 199
S.M. Falowski, J.E. Pope (eds.), Integrating Pain Treatment into Your Spine
Practice, DOI 10.1007/978-3-319-27796-7_18


mailto:portermcroberts@gmail.com

200 W.P. McRoberts

Introduction

Any surgeon reading this text knows that axial spinal pain is a “bear to treat.” What
follows is a description of the methodology and rationale for an effective but
controversial method for treating axial pain with neuromodulation, peripheral nerve
field stimulation. PNfS was likely initially developed simultaneously by both
Giancarlo Barolat [1] and Teo Goroszeniuk [2] in the early 2000s. The aim was to
provide paresthetic coverage of difficult-to-treat areas such as the axial areas
overlying the low back, thoracic spine, as well as the neck. There exists no optimal
treatment for pain syndromes in these axial areas of yet. Traditional SCS, when
placed over the dorsal columns, excels at treatment of radicular, buttock, and
neuropathic pain, but for several neurophysiologic reasons largely fails at treatment
of axial pain [3]. The more central and more cephalad the pain exists, the more
difficult it is to treat [4-6].

The topographic arrangement of the axial target neurons, those second-order
sensory neurons in the dorsal columns which serve sensation to the spine and back,
projects rostrally in the most lateral tracts (Fig. 18.1) [7]. Additionally, these axial
sensory projections are generally of small fiber type, which neurophysiologically
are activated at stimulation thresholds many orders lower than larger fibers. Adjacent
to these lateral tracts are several sets of large fibers, which are either useless to the
modulation of pain or painful to stimulate. Large, dorsal spinocerebellar tract fibers
run nearby and are also likely to be activated by SCS [8, 9]. Lastly, the maximum
stimulus allowed in SCS exceeds perception threshold by only 40 % and
compounding difficulty, the maximum depth that fibers within the cord can be

pelvis ' s4.5 s2 g1 Ls,

foot

Fig. 18.1 The somatotopic organization of the thoracic dorsal columns: Note the proximity of the
low back fibers to the lateral portions of the column and thus the entering dorsal root entry zone
fibers from the thoracic rootlets. From Holsheimer J. Does dual lead stimulation favor stimulation
of the axial lower back? Neuromodulation 2000;3(2):55-7. Reprinted with permission from Jan
Holsheimer and John Wiley and Sons



18  Peripheral Nerve Stimulation for Axial Pain Syndromes 201

caudal

buttock
posterior thigh
posterior leg

foot

3 2 ! « anterior leg
S : | anterior thigh

' s : abdomen

..... — ‘ low back

chest

internal arm
ulnar forearm
median hand
radial forearm

L external arm
anterior shoulder

m % 1 © ~ © O
E R EBFRPR

o
-

T24)
T

N © -
~ O O O O O ~ e
S -
Vertebral level of the stimulating cathode rostral

Fig. 18.2 A three-dimensional plot showing the probability of paresthesia contours as a function
of the vertebral level of epidural stimulation. From Holsheimer J, Barolat G. Spinal geometry and
paresthesia coverage in spinal cord stimulation. Neuromodulation, 1998;1(3):129-36. Reprinted
with permission from Jan Holsheimer and John Wiley and Sons

activated is about 0.2-0.25 mm [8]. There is simply a small paresthetic window for
low back and axial coverage because long before stimulation of the target fibers
occurs—painful stimulation of nearby DREZ and other fibers occurs (Fig. 18.2)
[10]. The physiologic problem becomes compounded as one moves cephalad. In
short, searching for the low back fibers in the cord parallels the proverbial needle
search in the haystack. This challenge has been the impetus for development of
tripolar as well as multicolumn arrays, which while improving the chances of axial
coverage still have great difficulty of providing lasting relief.

Practice and Technique of PNfS and Hybrid
Stimulation (HS) in the Axial Space

From the neurophysiological frustrations described above arose PNfS and
HS. PNfS enjoys as its almost sole audience the subcutaneous sensory fibers,
which synapse at the dorsal horn. In the majority of cases, there exist no other
electrically active neural fibers nearby. There exist three separate approaches to
stimulation of the axial back and neck: (1) direct peripheral nerve stimulation,
which is stimulation of a target nerve, such as the cluneal or thoracic intercostal
nerves for stimulation of pain within that neural watershed; (2) PNfS which is
defined as stimulation of the subcutaneous tissues by placing an electrode array
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wholly under the skin in the area of pain within the local watershed; and (3) hybrid
stimulation defined as cross-talking electrical stimulation from electrodes at a
distance from each other, be it electrical circuit from periphery to periphery [11],
or between the spinal cord and the periphery. The use of PNfS and HS is based on
the concept that the delivery of current to a specific peripheral nerve or DRG
will affect transmission of pain influencing the firing of the A-delta and C fibers, as
well as possibly change the neurotransmitters in the tissue. Although the exact
mechanism of PNfS is unknown, it is thought to rely on the “gate-control theory”
put forth by Melzack and Wall [12]. This theory proposed that the activation of
low-threshold myelinated primary afferent fibers decreases the response of dorsal
horn neurons to unmyelinated nociceptors through competitive inhibition.

The placement of a PNfS lead, while appearing easy, is dependent on the area of
target pain. Pain outside the area of paresthesia will not be influenced, so the aim is
to produce a net of depolarizing current, which will serve to depolarize the A-beta
fibers and competitively inhibit A-delta and C fibers at the dorsal horn. Electrodes
should be placed to frame the painful area, casting the net either within the periph-
ery itself or between the spinal canal/cord and the periphery. Having the patient
mark the painful areas on the skin is additionally very helpful, especially if done
over the days preceding the trial (see Figs. 18.4 and 18.6).

Flank pain following spinal fusion might be trialed as seen in Fig. 18.3, one lead
overlying the spinal cord, one lead in the gutter, overlying the post-ganglionic
afferent dorsal root entry zone fibers, one PNfS lead superior to the painful area,
and one inferior, one anterior. The trial patient seen in Fig. 18.3 was implanted with
two leads in the canal and two in the periphery, one posteriorly, one anteriorly.

Fig. 18.3 A photo showing multiple central and peripheral leads. From the left to right: An SCS
lead over the right dorsal column, an SCS lead covering the right T12-L1 dorsal root entry zone
fibers, two thoracic intercostal nerve peripheral nerve stimulation leads, and lastly in the anterior a
PN{S lead cross-talked to the central leads
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Fig. 184 A
dermatographic
representation of the pain
and its intensity with lead
locations noted in barred
areas

Posterior, high axial cervical and complex thoracic pain following attempted
keyhole and cervical laminoplasty might be trialed in the following manner:
SCS lead over the posterior dorsal columns in the low cervical region, and then
one lead superficially just near the area of maximal pain in cervical area and a
second lead in the area of maximal pain in thoracic spine, as can be seen in
Figs. 18.4 and 18.5. Since the density of paresthesia is divisible by the area
stimulated, the decision to sacrifice the right, low thoracic midline 7-8/10 pain
was made to likely capture the midthoracic pain seen surrounding the lead place-
ment there. Additionally, as can be seen in Fig. 18.4, asking the patient to make
a dermatographic representation of the existing pain aids planning of lead place-
ment significantly (Fig. 18.6).

Focal, axial spinal pain, perhaps the most demanding to treat with SCS alone, is
often well treated with SCS leads in conjunction with overlying PNfS leads, forming
an HS field of paresthesia programmed to place either cathode or anode in the canal
with the corresponding electrode in the periphery overlying the pain (see Figs. 18.7,
18.8, and 18.9). Interestingly, it has been the observation of the authors and others
that with HS programming, even if one anesthetizes the skin and periphery with
local anesthetic around the peripherally placed lead, one can still cross-talk program
to obtain principally axial paresthesia—indicating that neither the peripheral
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Fig. 18.5 The
radiographic representation
of the planned patient
noted in Fig. 18.4

85 kVp
1.10 mA

Fig. 18.6 Pain mapping
the thoracic spine after
fusion from high cervical
to low lumbar spine
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Fig. 18.7 Programming of S

. MCROBERTS
overlying leads and cross 2753575.001
talk between SCS and 00111961

PNfS 7

Fig. 18.8 Programming of
left thoracic posterior wall
pain with cross talk

cutaneous nerves nor the ascending dorsal sensory tracts are likely the primarily
depolarized neural tissue, as the peripheral nerves are chemically impeded and the
dorsal tracts represent primarily radicular projections to areas where patients do
not typically report paresthesia. They rather report axial paresthesia—indicating
depolarization of either DREZ, DRG, or large, axial peripheral nerves.
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Fig. 18.9 Programming of
very focal thoracic pain
with overlying PNfS lead
in the horizontal position

83 kVpi
105 mA
5

Evidence

PNS is neither new nor experimental. PNS was the first tested and reported invasive
neuromodulatory device used to treat pain in 1967 when Wall and Sweet published
their sentinel, “Temporary abolition of pain in man” [13]. Since that time, significant
case studies have demonstrated effect and technique, but to date PN'S and PNfS lack
the scientific effort seen to substantiate SCS. Several case series have suggested
PN{S as effective for truncal pain. Paicus et al. [14] first reported a case series of six
patients, five of whom had undergone previous surgery, and all noting at least 50 %
pain relief. Verrills et al. [15] reported a consecutive case series of patients with PNfS
in which 85 % reported at least 50 % pain relief. Discographically confirmed cervical
discogenic pain was treated with 100 % improvement with PNfS at 9-month follow-
up [16]. At least two case series have described pain relief with concurrent use of
PNf£S and SCS hybrid stimulation [17, 18]. Bernstein et al. [18] chronicled a series
of 20 patients with combined SCS/PNfS with the majority of patients reporting
a preference of the combined stimulation over either modality alone.

Currently, there are three large prospective studies investigating PNfS either
alone or in combination with SCS. The two US studies are currently suspended,
but in Europe there is a 200 patient study which is at present well over half enrolled
[19]. McRoberts et al. [20] have published a prospective, randomized, controlled
study of 44 patients with a year’s follow-up. Excellent or good pain relief was
reported by 68.2 % of patients at the 4-week visit, 69.5 % of patients at the 12-week
visit, 60.8 % of patients at the 24-week visit, and again 69.5 % of patients at the
52-week visit. Also at the 52-week follow-up visit, 90.9 % (N=20) of patients
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indicated that they would undergo the procedure again, and 90.9 % (N=20) of
patients reported that they would recommend the procedure to a friend or family
member. Visual analog score (VAS) was reduced from about 8/10 to less than 4/10
at the year mark. Kloimstein et al. [21] reported a multicenter, 118-patient prospec-
tive study of PNfS. They found that a mean VAS score at baseline of 7.9 reduced
immediately to 4.58 after lead implantation and maintained at 4.7 at the end of the
follow-up period of 6 months, yielding an average pain reduction of 44 %.
Furthermore, at 6-month analysis, a mean opioid reduction from baseline of 69.4 %
was achieved. A 2010 World Institute of Pain study followed 111 patients implanted
with subcutaneous peripheral nerve stimulation [22] for a variety of conditions, the
gross majority involving the axial cervical, thoracic, and lumbar areas. Pain inten-
sity scores before and after subcutaneous target stimulation (STS) for all 111
patients yielded a median of 8/10 before STS and 4/10 after STS. A quarter of
patients demonstrated a 75 % reduction in pain. In a 100 consecutive case series of
PNIfS published by Paul Verrills et al. [23], the majority of which focused on
thoracic, lumbosacral, abdominal, pelvic, and groin pain, the average pain reduc-
tion was 7.4 to 3.2 on the VAS, at an 8.1-month follow-up. Well over half of
patients rated either “good” or “excellent” pain relief, and less than 10 % were
“unsatisfied” with their pain relief.

Implementation and Patient Selection

A familiarity with SCS is a first necessity. Multiple training courses exist for the
surgeon to learn percutaneous implant techniques and the novice implanter is
encouraged to attend several prior to attempting SCS, even if seasoned in the operat-
ing theater. It is essential to understand that success in pain relief with SCS, and
even more so with PNS and HS, is predicated on an understanding of the usefulness
of the neural target in mitigation of pain. Surgical technique predicts safety more
than pain relief. The optimum patient describes truncal or cervical neuropathic pain
that has been longstanding and unchanging. Yet unpublished retrospective data
known to the author suggests, as does common sense, that pain syndromes that are
often changing predict failure. The reprogramming plasticity of the implanted system
is limited with SCS, and even more so with PNS, as smaller watersheds of paresthesia
will simply be less likely to cover changing pain areas. The optimum patient describes
long-term, unchanging pain.

Planning is essential, and involving the patient in the process crucial. Force the
patient to draw on their bodies representations of their painful areas. Query and
understand areas of maximal pain and most meaningful pain. Palpate and prod and
generate a concept of depth and type of pain. Cognitively, the patient who does well
with SCS is the same patient who does well with HS and PNfS; they understand the
limitations of the therapy and have reasonable expectations and goals, and have
been cleared by psychological assessment.
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Summary

Axial pain syndromes greatly challenge the patient, surgeon, and interventionist for
a variety of reasons. The sources of axial pain are often elusive, and even when identi-
fied often do not remit to surgical approaches. More rare than common is a painful,
structural deformity which requires surgical fixation, and if performed is commonly
plagued by painful syndromes in adjacent segments. The surgeries themselves pro-
duce traumatic results from which many patients never recover. In understanding the
often profound challenges noted above, the concept of “hiding the pain from the
brain” seems a more reasonable alternative. Traditional spinal cord stimulation has
shown good effect in treating extremity pain, but is challenged in treating axial pain.
While newer approaches, novel frequencies, and neural targets may improve out-
comes in the low back, they too may be quite similarly challenged, as the aim of relief
ascends the spine. Hybrid and PNfS may quite possibly remain the most favored and
effective approach to treating axial pain in the neck and thoracic areas.
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Chapter 19
Intrathecal Drug Delivery: Surgical Technique

William S. Rosenberg

Key Points

Good preoperative understanding of the patient’s diagnosis and disease process,
pain distribution, anticipated future treatments, and preferences is required.
Meticulous attention to surgical detail and tissue handling is necessary for good
outcomes and a low infection rate.

A tunneled, externalized intrathecal catheter can be a simple, successful, and
cost-effective way to control pain in palliative care or end-of-life circumstances.
Epidural hematoma and spinal cord injury must be ruled out in the case of new,
immediate postoperative neurological deficit that is not rapidly responsive to
changes in intrathecal dosing.

A new neurological deficit in a chronically implanted intrathecal drug delivery
system must raise the concern for inflammatory mass.

An infected intrathecal drug delivery system must be removed, except under

unusual circumstances involving short-term life expectancy.

Introduction

Intrathecal drug delivery can be a life-changing intervention for the patient
with chronic or cancer-related pain. The spine surgeon is well suited to take
part in any or all the steps ranging from implementation, maintenance, and
troubleshooting such a system, in addition to participating in patient selection
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and ongoing treatment, if interested. Complete understanding of the device,
its implantation, and use in treating pain is necessary for good patient
outcomes.

Patient Selection

From the surgeon’s perspective, patient selection often begins with the referring
physician and the broader issues of determining the proper patient for implantation
will be covered elsewhere in this publication. However, regardless of whether the
recommendation for intrathecal drug delivery (IDD) is originating elsewhere, it is
incumbent on the implanting surgeon to develop a complete understanding of the
patient’s diagnosis, natural history, overall treatment plan, and any concurrent medi-
cal issues. Often patients will have multiple painful areas and it is important to
achieve a clear consensus with the patient (and referring physician, if applicable) as
to the exact distribution of the pain for which IDD is being used. Active infection is
almost always a contraindication to initiating IDD and this diagnosis must be sought
and actively treated prior to implantation. Similarly, coagulopathy—whether patho-
logical or iatrogenic—must be addressed. A careful physical examination is
required, in particular to document any existing findings that might be confusing
after implantation.

It is important to verify the patient’s understanding of IDD and his/her
comfort with the concept and procedure. While the referring physician may have
primary responsibility for recommending and managing IDD, the surgeon, by virtue
of implanting the device, becomes part of that patient’s health care team. Failure to
achieve consensus on the realistic issues of life with an IDD system and reasonable
goals for pain control can result in postoperative symptoms (e.g., pump-related dis-
comfort) that can and will involve the implanting surgeon. These can often be miti-
gated through preoperative education and agreement. Moreover, it is important to
have an understanding of, and to fully engage, the patient’s social support systems
and infrastructure in this education, thereby increasing the likelihood of successful
treatment.

The issue of intrathecal drug trialing in patient selection is complex and will be
covered more extensively in other chapters. In short, if trialing is desired, it can be
achieved using several different paradigms: single injection, temporary epidural or
intrathecal catheter, or permanent intrathecal catheter [1]. If the latter is desired—in
which the intrathecal catheter that is placed is the one that will be used for long-
term, pump-delivered treatment—this procedure is discussed below under tunneled,
externalized catheter for palliation. In any event, the delivery of an intraspinal
opioid dose mandates at least 24 h of observation for respiratory compromise to
avoid serious complication.
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Technique

Preoperative Planning

Prior to arriving in the operating room, it is important to have determined the desired
spinal level of the intrathecal catheter and the planned location of the pump pocket.

The appropriate level for catheter placement will be determined by the distribu-
tion of the pain that requires coverage. Since CSF flow and drug distribution are
practically limited to several spinal levels above and below the catheter tip, optimal
surgical planning requires careful consideration of this dermatomal distribution [2].
It is important to be realistic in the number of dermatomes that can be covered and
to consider other treatment modalities if the required coverage is too extensive. For
head and neck analgesia, placement of the catheter tip in the high cervical canal or
even foramen magnum can be successful. For lower back pain, placement of the
catheter tip in the mid to lower thoracic region is usually desired.

The factors influencing pump pocket placement are (1) body habitus, (2) natural
history of the disease process, (3) anticipated future treatments, and (4) patient pref-
erence. While it is very important to anchor the pump to fascia in order to prevent
flipping and refill problems, competing with this is the requirement for placement
close enough to the skin surface to allow for pump interrogation and needle access.
The body habitus of some obese patients with thick subcutaneous fat may preclude
fulfilling both of these requirements at the usual abdominal location. In addition, the
usual abdominal pump pocket location may need to be modified because of stomas,
drains, and other issues impacting the abdominal wall.

Particularly in the case of cancer-related pain, the natural progression of
the disease, as well as anticipated future treatments, must be considered. Since the
liver is often involved, or becomes involved, with metastatic cancer, a right upper
quadrant pump placement is best avoided, if possible. Placement in this location
will preclude adequate clinical evaluation and sometimes treatment. With radio-
therapy, for example, the pump should not be located directly in the radiation
beam. If radiation treatment is currently being employed or anticipated for the
future, coordination with the radiation oncologist is mandatory in optimal surgical
planning [3].

The location of the pump pocket should be planned by the surgeon, with active
patient participation, in the preoperative holding area. Relevant positions, such as
sitting, should be explored and contact with an osseous surface (e.g., rib or anterior
iliac crest) should be avoided, as this will result in chronic postoperative pain. For
complex situations, alternative locations to the abdomen can include the lateral
chest wall on the thoracic ribs in the posterior axillary line, the buttock region, or
the medial thigh. The lateral chest wall can be a good location for obese patients
whose abdominal subcutaneous fat prevents acceptably securing the pump.
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Patient Positioning

The usual position for placement of the pump in the abdomen or chest wall is lateral
decubitus. It is important to verify that there is no obstruction to fluoroscopic visu-
alization along the entire anticipated course of the intrathecal catheter. This is par-
ticularly important for cervical placement. It can be very helpful to make sure that
both the thoracic and lumbar spine are perpendicular to the floor when positioning
on the operative table, which usually requires building up the padding between the
arms until the upper arm is parallel to the floor and securing the thorax and hips with
wide tape. For upper thoracic and cervical catheter placement, care must be taken to
position the arms in such a way that they do not interfere with fluoroscopy.

Catheter Placement

The intrathecal catheter is usually placed via paramedian approach through a Tuohy
needle, as this approach has been demonstrated to result in a lower incidence of
catheter breakage than an interspinous midline trajectory. It is important to plan the
needle track to achieve the shallowest angle of incidence as is practical. This will
allow more translation of driving force along the longitudinal axis of the catheter
and, thus, result in easier placement, as well as reduced complications such as
occlusion and breakage.

Once the entry site for the needle is selected, a small incision is made and taken
down to the lumbar fascia. Clear visualization of the fascia is important to assure
adequate anchoring (see below). The Tuohy needle is then placed into the thecal
sac. Once there is the free flow of CSF, the pump is opened and prepared by the
scrub tech on the back table, thereby preventing unnecessary expense if placement
of the catheter proves impossible. Fluoroscopy can be helpful in placing the cathe-
ter, particularly in obese patients. Many implanters place a purse-string suture in the
fascia around the catheter entry site. Placement of this purse-string suture, as well
as incising the fascia to accommodate a transfascial anchor, is most safely per-
formed with the Tuohy needle in place (Fig. 19.1).

Once the fascial entry site is prepared, the intrathecal catheter is placed under
fluoroscopic guidance (Fig. 19.2). The ideal location of the catheter tip is dorsal to
the spinal cord. Frequently, placement is quite smooth and the proper spinal level is
easily attained. However, it is useful to know strategies for those cases in which this
is not the case. The CSF space changes with the cardiac cycle. Sometimes, attempt-
ing to advance the catheter in time with the audible pulse oximeter can allow the
catheter to advance during the phase of maximal thecal sac diameter. Another tech-
nique involves gross manipulation of the patient’s shoulder in a dorsoventral plane
while advancing the catheter, changing the orientation of the catheter within the
thecal sac and sometimes allowing it to pass through an area of obstruction. Lastly,
spinning the hub of the catheter—with or without placing a small bend in the tip of
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Fig. 19.1 Placement of intrathecal catheter through Tuohy needle after accessing CSF. Note:
Black suture is purse-string placed around needle as it passes through fascia which, at this point,
remains untied

Fig. 19.2 Radio-opaque
intrathecal catheter after
cervical placement
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the stylet—can sometimes allow the catheter to find a path through the obstruction.
Once the catheter tip is at the appropriate level, the stylet and needle are withdrawn
and intrathecal placement, if needed, is verified using contrast (e.g., iohexol) and
subtraction fluoroscopy.

Pump Pocket and Tunneling

In creating the pump pocket, it is important to maintain the manufacturer-
recommended depth from the skin surface to facilitate communication and refills. If
at all possible, it is optimal to expose the pocket along the fascia to allow for ade-
quate anchoring, thereby preventing “flipping” of the pump. Meticulous hemostasis
is required to reduce the incidence of pocket hematoma. Once this has been achieved,
four non-absorbable sutures are placed in the quadrants of the pocket, secured to the
fascia. The catheter is tunneled subcutaneously into the pump pocket with care to
maintain a subcutaneous level. Too shallow placement can result in pain and ero-
sion; too deep placement when tunneling between the back and the abdomen can
result in soft tissue injury and/or entry into the peritoneal cavity (see below).

Once the catheter is in the pump pocket, the pump is attached to its proximal end
and placed into the pocket (Fig. 19.3). Excess catheter is coiled underneath the
pump to reduce the possibility of damaging it during pump needle access.
Vancomycin powder can be placed prior to pump placement (see below). Once the
pump and catheter are in their final position, the catheter is accessed using the
appropriate needle and the proper port and enough CSF are withdrawn to confirm
catheter patency and empty it of any residual dye. A multilayered, tension-free

Fig. 19.3 Pump within pump pocket. Anchoring sutures are being tied



19 Intrathecal Drug Delivery: Surgical Technique 217

closure is performed on both the pocket and the catheter incision, with particular
attention to a watertight closure of the lumbar incision.

Infection Prevention

Infection of an IDD system is a potentially preventable complication that can have
devastating consequences. Not only is there significant clinical risk, possibly includ-
ing meningitis, but there are also psychological consequences of having to remove
a successful implant and the economic costs of ultimately replacing the system.
Therefore, infection prevention is exceedingly important.

The mainstay of infection prevention, as is true for most surgical procedures, is
meticulous attention to tissue handling, hemostasis, and closure. Preoperative anti-
biotics should be dosed and timed appropriately. Excessive cautery, resulting in
retained dead tissue, should be avoided. An iodine-impregnated surgical adhesive
drape should be used, as well as silver-impregnated surgical bandages.

There are several low-cost techniques that will almost certainly result in a lower
infection rate, although no high-quality clinical data on these strategies have been
collected. Frequent and copious irrigation with antibiotic solution is recommended,
along with stapling antibiotic-soaked sponges to the skin edges of each incision
prior to placing any material that will remain in the body after closure. Vancomycin
powder is inexpensive and can be used in both the pump pocket and catheter
incision.

Revision Strategies

Revision of an IDD system can range from a simple pump replacement to a diagnos-
tic exploration. The general principles are the same as with primary implantation.
Low-energy electrocautery can be quite helpful and expeditious in dissecting out
catheter embedded in scar without damaging it. At times, it may be necessary to
place a new intrathecal catheter, in which case the prior catheter can be tied off and
left in place, avoiding the significant risk of persistent CSF leak if it is removed. If
removal is necessary and the track to the dura is persistent, fibrin glue injection
down that track prior to closing it can be helpful in preventing a CSF leak.

Documentation

Adequate documentation of the implant procedure is necessary, both to provide infor-
mation to the implanter in the future and to provide a new health care provider with
enough information to care for the patient. Minimally, the operative note should include
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the precise system being implanted, the final spinal level of the catheter tip, and whether
it is dorsal or ventral to the spinal cord. This latter information can be important in
interpreting new neurological symptoms. This same information, along with the name
of the implanter and date of implantation, can often also be placed into memory on the
pump, providing an emergency backup if the operative note is unavailable.

Special Circumstances

Tunneled Externalized Catheter for Palliation

For end-of-life palliation, as well as for permanent catheter trials (see above), it may
be desirable to place an externalized, tunneled intrathecal catheter and connect it to
an external pump [4, 5]. This can be very cost effective when the patient’s life
expectancy is short and, if done properly, can be internalized to an implanted pump
if the clinical situation significantly changes (or the trial is successful).

The catheter implantation procedure for an externalized catheter is described
above. A small incision is made in another area, often a smaller incision along the
course of that which would be used for pump placement, if applicable. The catheter
is tunneled subcutaneously into the second field; an extension is attached, brought
out through a separate stab incision, and attached to a pump. Attachment of the
catheter to the external pump tubing can be challenging and require ingenuity, as
there is no standard system for achieving this.

If pump implantation is desired, the anticipated pump incision is prepped and the
exit site of the catheter is draped out of the field. The pump incision is made, the cath-
eter exposed, and the extension disconnected and removed by the circulating nurse
from outside the sterile field. Implantation of the pump can then proceed as usual.

Open Catheter Placement via Laminotomy

On rare occasion, placement of an intrathecal catheter using a needle-based tech-
nique is impossible. If warranted, a catheter can be placed under direct visualization
via laminotomy using standard neurosurgical principles. In such cases, a purse-string
suture in the dura around the catheter can often help to prevent persistent CSF leak.

C1/2 Puncture for Catheter Placement

Even less common are cases requiring placement of the catheter through a C1/2
puncture (Fig. 19.4). The principles as outlined above are similar, although steering
the catheter caudally to the desired level can be challenging because of the neces-
sary perpendicular angle of the needle.
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Fig. 19.4 C1/2 placement
of intrathecal catheter. The
catheter can be seen
exiting the needle (black
arrows) and being placed
caudally to the T1/2 level
(inset, blue arrows)

Troubleshooting and Complication Management

Neurological Deterioration

A new neurological deficit immediately following routine placement of an IDD sys-
tem is rare and underscores the importance of a careful, well-documented preopera-
tive neurological assessment. Depending on the nature of the new finding, an MRI
can usually rapidly address the unlikely possibility of an epidural hematoma or spi-
nal cord injury. Once these possibilities are eliminated, one can focus on the more
likely scenario of drug effect from the newly administered intrathecal medication.

A new neurological deficit in a chronically implanted IDD system should raise
the prospect of a catheter-associated inflammatory mass (see below).

CSF Leak

On occasion, patients will develop the signs and symptoms of a CSF leak following
IDD system implantation. An actual leak through the suture line needs to be imme-
diately addressed to prevent egress of CSF and the consequent potential for dehis-
cence and/or infection. Postural headache with or without nausea and vomiting, in
the absence of visible CSF leakage, can often be treated using noninvasive modali-
ties. Rest with limitation of upright posture, analgesics, caffeine, and hydration can
often ameliorate the CSF leak, although the time required to maintain such therapy
is frequently longer than is the case without an intrathecal catheter. If the CSF leak
persists, a percutaneous blood patch or surgical exploration should be considered.
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Infection

In almost all cases, documented infection of an IDD system requires complete
removal of the implant, as the risk of meningitis can be high. Reimplantation can
certainly be considered once appropriate antibiotic therapy has been administered,
possibly at another pump pocket site. If the causal organism is in doubt, cultures can
be obtained at the time of explantation, and CSF can be collected from the catheter
for examination prior to withdrawal if there is concern for meningitis.

One exception to immediate implant removal is in the case of highly effective
intrathecal analgesia and very short life expectancy. In such cases, the benefit of
maintaining pain control and quality of life in the short term may outweigh the risk
of progressive infection. Paradoxically, this is most true when the pump pocket is
draining or even partially open. Under those circumstances, there is no risk of
abscess formation with pressure driving infection along the catheter and toward the
intrathecal space. As long as the open pocket can be adequately managed with
dressings, this situation can be maintained at the end of life, even for months, if
necessary. There have been reports of salvaging infected pumps using various
antibiotic-impregnated delivery mechanisms within the pocket [6].

Pump Malfunction

The implanting surgeon may be asked to participate in the evaluation of a pump
malfunction. This can present as sudden loss of clinical efficacy, intermittent symp-
tom of over- or underdosage, or with a more overt sign, such as fluid accumulation
in the pump pocket. A methodical approach to this diagnosis is valuable, as failure
modes exist throughout the system.

When confronted with a patient in whom clinical efficacy of the intrathecal drug
delivery is being questioned, and if there is a local anesthetic in the pump (e.g., bupiva-
caine), a very useful office test for overall drug delivery and efficacy can be a one-time,
supervised bolus. A bolus of 1-2 mg bupivacaine over a short time period (1-2 min)
will produce a limited regional anesthetic effect (sensory level, motor weakness) con-
sistent with the level of the catheter tip. Because of these effects, this test should NOT
be performed if the catheter tip is in the cervical spine, as there is a risk of respiratory
compromise. The patient is requested to completely empty his/her urinary bladder prior
to the bolus, as short-term urinary retention can result. In addition, a warning is given
with regard to probable lower extremity weakness to avoid patient distress and the
bolus is given after the patient is placed in a comfortable recumbent position. If the
clinical findings after the bolus are consistent with the record of catheter placement, the
pump has been confirmed to be delivering medication to the appropriate level and
consideration should be made for adjusting the dose and/or medication.

A useful start in assessing a possible pump malfunction is to interrogate the device
and examine the logs stored on it. One might find that the pump is, in fact, near the
end of its anticipated life and should be replaced. Alternatively, a pattern of motor
stalls or other complications may help in identifying the problem. If a motor stall is
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correlated with exposure to high-strength magnetic fields (e.g., MRI), this might
reflect the normal functioning of the pump. Unexplained motor stalls, especially if
they occur with some frequency, are not normal and need to be investigated.

If there are symptoms of underdosage just prior to refill and/or overdosage just
after refill, careful determination of the actual reservoir volume should be performed
and compared to the anticipated volume. This comparison should be a routine com-
ponent of the refill procedure and recorded. Any significant discrepancy needs to be
investigated. This can be done by performing a comparison within a few days of
refill. If there is concern for risk to the patient, the medication can be replaced with
saline while the pump is being investigated. If this approach is taken, depending on
the clinical scenario, the patient should be covered with systemic medication to
prevent a withdrawal syndrome.

If there is further concern for pump malfunction, serial fluoroscopic examination
of the pump can be performed with attention to the positioning of the rotor (“rotor
study”). This is often done in conjunction with the placement of intrathecal dye
within the pump (see below).

Catheter Complications

Another etiology for loss of clinical efficacy can be related to catheter malfunction.
The catheter can become disrupted or disconnected, causing diversion of medica-
tion. It can change spinal levels, producing deviations in clinical effects, or become
blocked or kinked, causing complete failure of medication egress.

If the patency or connectivity of the catheter is in question, the easiest, fastest,
and most cost-effective way to assess the catheter is using an in-office bolus (see
above), if possible. If this approach is not possible, a catheter study can be per-
formed under fluoroscopic guidance. The catheter is accessed percutaneously and
enough CSF is withdrawn to clear it of medication. This step is critical as failure to
clear the catheter could result in an injurious and potentially fatal intrathecal bolus
of medication during infusion of contrast. (The inability to withdraw CSF, however,
is not itself an indication of catheter malfunction.) Once the catheter is filled with
CSF, intrathecal contrast can be instilled and followed radiographically. One study
used high-resolution 3D computed tomography to diagnose a catheter leak that was
not apparent on fluoroscopy [7].

Another cause of loss of efficacy or need for frequent dosage increases is the
formation of an inflammatory mass at the catheter tip [8]. Formerly known as a
“granuloma,” its presentation can range from dosing and efficacy issues as described
to frank neurological deficit associated with a compressive intradural extramedul-
lary mass lesion (Fig. 19.5), underscoring the importance of a careful neurological
examination during pump refills. If there is no neurological deficit, an inflammatory
mass will often involute in response to changing to saline intrathecal delivery and/
or repositioning the catheter tip. If the presence of neurological deficits precludes
waiting for regression, surgical resection and decompression can be considered
(Fig. 19.6). The risks and benefits of this approach need to be carefully weighed,
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Fig. 19.5 Thoracic
CT-myelogram showing
inflammatory mass
surrounding two intrathecal
catheters. Spinal cord is
displaced to the right and
posteriorly

Fig. 19.6 Intraoperative
ultrasound through dura
after laminectomy. Asterisk
marks the inflammatory
mass with the more
hypoechoic spinal cord
rotated upward and to the
left

W.S. Rosenberg

however, as there can be dense adhesions to the surrounding structures, including
the spinal cord and nerve roots, increasing the risk of neurological injury. Standard
neurosurgical techniques are used (Fig. 19.7) and the catheter can be repositioned,

removed, or replaced as appropriate.

A rare complication of intrathecal catheter placement is peritoneal transgres-
sion during subcutaneous passage between a lumbar operative site and an
abdominal pump pocket (Fig. 19.8). This warrants particular consideration in
debilitated patients, such as those with extensive cancer, and can occur in all
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Fig. 19.7 Intraoperative microphotograph of conus (across top) displaced by partially resected
inflammatory mass. Note: Blue arrow indicates the visible portion of catheter within the mass that
ends in a crystallized accumulation of intrathecal medication (asterisk)

Fig. 19.8 Abdominal CT
scan with intraperitoneal
catheter (blue arrow)

types of patient body habitus. A small through-and-through entry into the peri-
toneal cavity can result in the eventual location of almost the entire catheter
within the peritoneum as a result of the negative pressure. The catheter can be
revised with gentle, steady pressure, withdrawing it from within the peritoneum
and abdominal exploration is rarely required, as long as no visceral injury has
occurred.
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Pump Pocket Complications

A fluid collection can form around the pump in the subcutaneous pocket. Wearing
an abdominal binder for several weeks following implantation can sometimes miti-
gate this seroma. It requires treatment only if (a) it becomes painful or physically
unmanageable or (b) it interferes with normally interrogating and refilling the pump.
In this rare event, sterile percutaneous aspiration is often curative. If the problem
does not resolve with one or two aspirations, catheter fracture or another mecha-
nism causing CSF accumulation should be considered. In the case of recurrent
seroma refractory to multiple drainage attempts and other treatments, doxycycline
sclerotherapy can be used [9].

A pump that has not been adequately secured or has come loose from anchoring
can be quite mobile within the pocket, at times completely turning over such that
there is no longer percutaneous access—the “flipped” pump. This is a major prob-
lem as it both impedes the ability to interrogate and communicate with the pump
and completely prevents refilling it. The latter can be an urgent clinical problem in
cases of very low reserve medication. Sometimes it is possible to manipulate the
pump to flip back over into the normal position, using gentle but steady manual
pressure. This can save the patient from an emergency surgery in the case of urgent
need to refill the pump. The only other option is to explore the pump pocket and
surgically reposition and restabilize the pump.

Summary

The spine surgeon can, and should, be an integral member of the team implement-
ing and managing intrathecal drug delivery. The surgical skill set is well used in the
implantation and maintenance of these complex devices. Thoughtful and well-
considered diagnosis, artful technique, and sound understanding of fundamental
clinical principles are critical in the service of achieving the best and longest lasting
pain relief possible for the patient.
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Vertebroplasty and Kyphoplasty
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Key Points

* Vertebroplasty and kyphoplasty are image-guided, minimally invasive procedures
that involve injection of cement into a fractured vertebral body.

* The primary goal of vertebroplasty and kyphoplasty is reduction in back pain
and disability.

* For selected patients with cancer and disabling back pain from a vertebral frac-
ture, kyphoplasty is superior to conservative medical therapy in reducing back
pain, disability, and improving quality of life for patients. Both vertebroplasty
and kyphoplasty are reasonable treatments in selected patients with cancer and
disabling back pain from a vertebral fracture that is refractory to conservative
medical therapy.
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» For selected patients with osteoporosis and disabling back pain from a vertebral
fracture, there is conflicting data from randomized controlled trials. Overall,
both vertebroplasty and kyphoplasty are reasonable treatments in selected
patients with osteoporosis and disabling back pain from a vertebral fracture that
is refractory to conservative medical therapy.

* Complications from performing vertebroplasty and kyphoplasty are uncommon
and are generally caused by extra-osseous leakage of the injected cement that
may go unrecognized by the operator in real time. This may cause local radicu-
lopathy, lower extremity paralysis, and/or distal embolism. These risks can be
minimized by strict adherence to meticulous technique and a conservative treat-
ment strategy.

Introduction

Vertebroplasty and kyphoplasty are image-guided minimally invasive procedures
that involve injection of an implant, most typically cement, into a fractured vertebral
body. While vertebroplasty involves injection of cement directly after introduction
of a percutaneous needle into the vertebral body, kyphoplasty involves an additional
step in which a cavity is created, most typically by inflating a balloon tamp within
the vertebral body into which the cement is subsequently injected. These procedures
are performed to relieve back pain and disability from symptomatic osteoporotic or
neoplasm-related vertebral compression fractures that are refractory to conservative
medical therapy.

Osteoporotic Vertebral Fractures

The majority of osteoporotic vertebral fractures are asymptomatic, or result in toler-
able symptoms. Only a third of new fractures result in medical attention [1]. In most
patients, the resulting acute back pain resolves over 6—8 weeks as the fracture heals
[2]. These patients are typically managed with oral analgesics and/or bed rest, as
well as orthotic devices and physical therapy. Calcium and vitamin D supplementa-
tion and anti-resorptive agents also aid in prevention of future vertebral fractures.
Conservative medical management is appropriate for patients with mild pain and
disability; however for patients with severe pain and marked disability, conservative
treatment is not benign. In this cohort, high-dose narcotics may lead to undesirable
side effects such as excessive sedation, and bed rest can lead to loss of bone mass
and deconditioning. These ill effects are particularly pronounced in elderly patients.
Such patients may benefit from vertebroplasty or kyphoplasty to facilitate more
rapid pain relief and improvement in functional status compared with ongoing
conservative medical management.
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Neoplasm-Related Vertebral Fractures

Patients with spinal neoplasms commonly experience back pain. Stretching or invasion
of the periosteum can cause local pain, while foraminal or epidural tumors may
cause neural dysfunction and/or neuropathic pain. Osteolytic tumor deposits weaken
bony integrity, and secondary vertebral compression fracture can acutely exacerbate
back pain. This is particularly evident in multiple myeloma where one in three
patients will experience a painful vertebral fracture [3]. Conservative medical man-
agement remains the mainstay of treatment, with palliative radiotherapy as an effec-
tive adjunctive treatment. However new or worsening vertebral fractures occur in up
to a third of patients after spinal radiotherapy [4—6], and the total dose is limited by
the tolerance of adjacent tissues, in particular the spinal cord. For such patients with
neoplasm-related vertebral fractures, vertebroplasty and kyphoplasty offer additional
treatment options to facilitate rapid pain relief and improvement in functional status.
In addition, these treatments may provide additional structural support preventing
further vertebral collapse.

Evidence

Integrating the best available evidence from the medical literature with clinician
expertise whilst accounting for patient values allows for best evidence-based clinical
practice. Since the publication of the two highly publicized negative randomized
controlled trials of vertebroplasty for osteoporotic fracture in the New England
Journal of Medicine in 2009, subsequent larger prospective randomized controlled
trials have provided further high-quality evidence to guide current clinical practice;
outcomes of the major prospective randomized controlled trials for vertebroplasty
and kyphoplasty are summarized below.

The INVEST (Investigational Vertebroplasty Safety and Efficacy Trial) published
in the New England Journal of Medicine in 2009 was a prospective international
multicenter randomized “sham-controlled” trial of vertebroplasty for osteoporotic
fracture [7]. Patients were included if back pain intensity was scored 3 or more
(scale 0—10) with less than 12-month duration with failure of pain relief with con-
servative medical therapy. If fracture age was uncertain, bone marrow edema on
MRI or increased activity on bone scan was required. A total of 131 patients were
randomized to vertebroplasty (n=68) or “sham” procedure groups (n=63). At base-
line, mean back pain intensity was 7 and duration was 16 weeks in the vertebro-
plasty group and 18 weeks in the control group. Mean modified Roland—Morris
Disability Questionnaire (RDQ) score was 17 in the vertebroplasty group and 18 in
the control group indicating significant disability. At 1 month, there was no differ-
ence in the primary outcome measures of back pain intensity or RDQ score (P=0.19
and P=0.49, respectively). Some of the major limitations of the INVEST trial
were inclusion of fractures up to 12 months old (pain for >6 months was present in
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one-third of patients), the lack of a physical examination component, lack of MRI
or bone scan as part of the inclusion criteria, and the use of a controlled intervention
rather than a true sham.

An Australian prospective multicenter blinded randomized sham-controlled trial
of vertebroplasty for osteoporotic fracture was also published in the New England
Journal of Medicine in 2009 [8]. Patients were included if there was back pain of
less than 12-month duration and recent vertebral fracture as defined by vertebral
collapse, a fracture line, and/or bone marrow edema. A total of 78 patients were
randomized to vertebroplasty (n=38) or sham procedure (n=40) groups. At base-
line, average back pain intensity was 7 and duration of 9 weeks in both groups. At 3
months, there was no difference in the primary outcome measure of overall back
pain intensity. Some of the major limitations included inclusion of fractures up to 12
months old (pain > 6 weeks was present for 70 % of patients), the lack of a minimum
back pain score, the lack of a physical examination component, and small patient
numbers.

The Fracture Reduction Evaluation (FREE) trial was a prospective international
multicenter open-label randomized conservative management controlled trial of
kyphoplasty for osteoporotic fractures also published in 2009 [9]. Patients were
included if there was back pain of less than 3-month duration, with a score of 4 or
more (scale 0-10) and vertebral bone marrow edema or pseudoarthrosis on MRI
scans. A total of 300 patients were randomized into kyphoplasty (n=149) or conser-
vative medical management groups (n=151). At baseline, mean duration of back
pain was approximately 6 weeks. Mean time between randomization and kypho-
plasty was 7 days. By 1 month, kyphoplasty resulted in significantly improved qual-
ity of life over conservative management, achieving the primary outcome measure
(P<0.0001). In addition, back pain scores were significantly reduced at 1 week
(P<0.0001) and 12 months (P=0.0034). Limitations of the FREE trial included the
lack of blinding which can overestimate treatment benefit, and the inclusion of a
small number of neoplasm-related fractures (n=4).

The VERTOS 1II trial published in 2010 was a prospective international multi-
center open-label randomized conservative management controlled trial of vertebro-
plasty for osteoporotic fracture published [10]. Patients were included if there was
severe back pain with visual analogue scale (VAS) score of 5 or more, for less than
6-week duration, focal tenderness on physical examination at the fractured level, and
bone marrow edema on MRI scan. A total of 202 patients were randomized into
vertebroplasty (n=101) or conservative medical management (n=101) groups.
At baseline, mean VAS scores were 7.8 and 7.5 in the respective groups for a mean
of 30 days. Vertebroplasty resulted in significantly greater pain relief at 1 month than
conservative treatment, meeting the primary outcome measure. The mean reduction
of VAS score from baseline was 2.6 greater in the vertebroplasty group (P<0.0001).
This was a durable effect with a significant difference between groups in favor of
vertebroplasty at 1 year. Notable secondary outcomes were earlier significant pain
(reduction in VAS by 3 or more) relief in the vertebroplasty group (30 days vs.
116 days, P<0.0001) and a gain in 120 pain-free (VAS 0-3) in the 12 months after
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vertebroplasty. A major limitation in the VERTOS 1I trial was a lack of blinding
which can overestimate treatment effect.

The Cancer Patient Fracture Evaluation (CAFE) trial published in 2011 was a
prospective international multicenter open-label randomized conservative manage-
ment controlled trial of kyphoplasty for fractures in cancer patients [11]. Patients
were included if back pain score was 4 or more (scale 0—10) and RDQ disability
score of 10 or more from a clinically diagnosed vertebral fracture in a patient with
cancer; fractures were confirmed with plain radiography or MRI. A total of 134
patients were randomized into kyphoplasty (n=70) or conservative therapy groups
(n=64). At baseline, estimated symptomatic fracture age was 3.5 months; 70 % of
patients had edema on MRI. Mean baseline RDQ scores were 18 points in both
groups indicating severe disability. Kyphoplasty resulted in significantly greater
reduction in back pain-related disability than conservative management, meeting
the primary outcome measure. The treatment effect for kyphoplasty was 8.4 points
(P<0.0001). Notable secondary outcomes included significant reduction of back
pain after 7 days in the kyphoplasty group, but no change in the conservative man-
agement group (P<0.0001), as well as significant improvements in Karnofsky per-
formance status score after 1 month in the kyphoplasty group but no significant
change in the conservative management group (P<0.0001). Limitations of the
CAFE trials include the lack of histological confirmation of vertebral fracture
etiology. Thus fractures may have been caused by metastasis, radionecrosis, osteo-
porosis, or a combination.

Subsequent meta-analyses of prospective randomized and non-randomized con-
trolled trials comparing vertebroplasty and kyphoplasty to conservative or sham
treatment for osteoporotic fractures were subsequently published in 2012 [12, 13].
The meta-analyses included data from the INVEST, Australian, VERTOS 1I, and
FREE trials. Overall, these revealed greater pain relief, reduced disability, and
improved quality of life after vertebroplasty and kyphoplasty. For patients with
neoplasm-related fractures, there are no additional randomized controlled trials, and
thus no meta-analysis.

With regard to procedural safety, major complications occur in less than 1 % of
patients treated for osteoporotic fractures and less than 5 % treated for neoplasm-
related fractures [14]. In meta-analysis of the prospective randomized controlled
trials there were no statistically significant differences in medical adverse events
between vertebroplasty/kyphoplasty or conservative treatment [12]. However ran-
domized controlled trials may be limited in the detection of rare harms. Overall,
potential complications that have been reported in the literature include symptom-
atic extra-osseous cement leakage; radicular or spinal cord injury resulting in pain,
paralysis, or bowel/bladder dysfunction; or need for emergent surgical decompres-
sion, cement or fat pulmonary emboli, osteomyelitis, rib or pedicle fracture, local
vascular injury, hypotension or depressed myocardial function, pneumothorax and
death from fatal cement or fat embolism, cardiovascular collapse, or cement ana-
phylaxis. The major source of complications is unrecognized cement leakage. The
cavity created by the balloon tamp inflation during kyphoplasty does reduce the
rates of overall cement leakage compared to vertebroplasty [15]; however rates of
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symptomatic cement leakage are similar. In addition, meta-analyses have shown
that there is no increased risk of secondary vertebral fractures after vertebroplasty
compared to conservative management of osteoporotic fractures [16, 17].

Patients with neoplasm-related fractures are at higher risk of complications com-
pared to osteoporotic fractures; in particular fractures with destruction of the poste-
rior vertebral wall or epidural tumor extension incur higher procedural risk.
Importantly, patients with this fracture morphology were deemed unsuitable and
hence excluded from the CAFE trial and there were no major complications. Thus
both procedural effectiveness and safety have to be balanced in the treatment of
individual patients.

These recent evidentiary updates have led to endorsement of vertebroplasty and
kyphoplasty by the National Institute for Health and Care Excellence (NICE) in
2013 for patients with severe ongoing back pain from a recent vertebral fracture that
is refractory to conservative medical management, if there are concordant physical
examination and imaging findings. Similarly, in the last 2 years, multiple interna-
tional societies have also published guidelines and position statements endorsing
both vertebroplasty and kyphoplasty for selected patients who have ongoing severe
pain and disability that is refractory to conservative medical management [18-20].

Implementation

Successful integration of vertebroplasty and kyphoplasty into your spine practice
requires good foundational knowledge of the current evidence in the medical litera-
ture, an appropriate patient selection strategy, meticulous technique, and routine
assessment of clinical outcomes.

Patient Selection

Selection of patients should focus on those who will likely benefit most from verte-
broplasty and kyphoplasty. Absolute and relative contraindications are summarized
in Boxes 20.1 and 20.2. Typical symptoms from a recent unhealed vertebral com-
pression fracture include deep midline pain that is exacerbated by axial mechanical
loading (typically worse with standing/weight-bearing and may be relieved by
recumbency) or flexion. There may be midline or slightly off-midline tenderness at
the fractured level. Localization to a particular level is especially important in
patients with multiple fractures, some of which may be healed and do not require
treatment. In difficult cases, physical examination can be performed with fluoro-
scopic assistance. If there is a clear disparity between the examination findings and
imaging, or clear alternate source of back pain, vertebroplasty or kyphoplasty
should not be performed.
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Box 20.1 Absolute contraindications to vertebroplasty and kyphoplasty

1. Active systemic infection, in particular spinal infection.

2. Uncorrectable bleeding diathesis.

3. Insufficient cardiopulmonary health to safely tolerate sedation or general
anesthesia.

4. Known anaphylaxis to bone cement.

5. Compressive myelopathy from fracture retropulsion or epidural tumoral
extension.

Box 20.2 Relative contraindications to vertebroplasty and kyphoplasty
These relative contraindications substantially increase technical difficulty and
risk of the procedure. Thus they should not be considered early in the integra-
tion of vertebroplasty and kyphoplasty into your spine practice.

» Vertebroplasty above TS5. Visualization is challenging due to radiographic
overlap by the shoulders. In addition, the pedicles and vertebral bodies are
small.

* Marked loss of vertebral body height (greater than 75 % height loss). There
is typically little space for cannula placement, and needle trajectories need
to be extremely accurate.

* Marked disruption of the posterior vertebral body cortex. This increases
the risk of posterior cement leakage into the spinal canal, and venous
extravasation into the basivertebral vein.

* Substantial canal narrowing. This increases the risk that even a small
amount of cement leakage could produce neurologic compromise.

* Retropulsed fracture fragments. If the posterior vertebral body wall is
unstable, there is risk of further spinal canal compromise. Some practitio-
ners limit treatment to patients in which retropulsion <20 % of canal diam-
eter [28].

* Epidural tumoral extension. This increases the risk of posterior cement
leakage into the spinal canal.

Imaging should be performed in all cases to confirm the clinical diagnosis and
assess fracture acuity. While plain radiographs are often the initial investigation,
magnetic resonance imaging (MRI) is the test of choice. This should be obtained
in all patients if not contraindicated. Short tau inversion recovery (STIR) or
T2-weighted sequences with fat saturation are the most useful (Fig. 20.1). Unhealed
fractures show hyperintense signal consistent with bone marrow edema. MRI not
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Fig. 20.1 Utility of MRI. (a) T1 MRI shows low attenuation in the acute L2 vertebral body frac-
ture. (b) T2 MRI shows altered signal in the L2 vertebral body. (¢) STIR MRI shows obvious
increased signal in the L2 vertebral body from bone marrow edema. Use of STIR of fat-saturated
T2 MRI is helpful to define the extent of bone marrow edema for appropriate patient selection.
It is reasonable to exclude patients without abnormal STIR signal from treatment

only assesses fracture acuity but may also reveal other fractured levels not discernible
on less sensitive modalities such as plain radiography or CT. MRI also distin-
guishes osteoporotic from neoplasm-related fracture, and assesses for fracture
retropulsion, epidural tumor extension, spinal canal compromise, and compression
of the spinal cord or nerve roots. In patients who cannot undergo MRI, nuclear
scintigraphic bone scan is the test of choice. Unhealed fractures will take up the
injected ®™Tc-MDP tracer in much higher concentrations and this is predictive of
positive clinical response after vertebral augmentation [21]. For neoplasm-related
fractures, computed tomography is particularly important to assess the integrity of
the posterior vertebral body cortex, which impacts on the risk of cement leakage
into the spinal canal.

It is also important to document pain and disability levels using well-established
scales used in the literature, such as the 10-point numeric back pain scale or visual
analogue scale, and RDQ. Patients with severe ongoing back pain and disability that
is refractory to conservative medical therapy should be selected for treatment. Failure
of conservative therapy is variably defined, but can be considered as pain that is not
adequately controlled by analgesics and/or bed rest, or intolerance to analgesics
(e.g., excessive sedation from narcotic analgesia). While one should consider an ini-
tial trial of conservative therapy, there has been a growing trend to earlier treatment
(within days) for highly selected patients, such as those requiring hospitalization
and/or parenteral analgesia [22, 23].
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Technique

The patient should be positioned prone or oblique prone for thoracic and lumbar
procedures. Proper cushion support under the upper chest and lower abdomen maxi-
mizes extension promoting kyphosis reduction [24]. The patient’s arms should
be placed toward the head to ensure that they are not in the path of the fluoroscope.
The majority of vertebroplasty and kyphoplasty can be performed with moderate
conscious sedation and local analgesia; in some cases, general anesthesia is required
to provide adequate comfort and safety. In all cases, continuous ECG, blood pres-
sure, and pulse oximetry monitoring should be performed in conjunction with certi-
fied nursing personnel, nurse anesthetists, or anesthesiologists. Use standard
operating-room guidelines for sterile preparation of the skin, draping, operator
scrub, and sterile gowns, masks, and gloves, as well as intravenous antibiotic pro-
phylaxis prior to skin incision.

Most often vertebroplasty and kyphoplasty are performed with fluoroscopic
guidance. Have a clear understanding of the affected level and appropriate bony
landmarks prior to skin incision. Use of biplane fluoroscopy reduces procedure
time, and the image dose may be increased if required to help identify bony land-
marks in markedly osteopenic patients. The needle may be placed via a transpedicu-
lar or parapedicular approach. The transpedicular approach passes through the
posterior surface of the pedicle, via the length of the pedicle, and into the vertebral
body. This long intraosseous path protects adjacent soft tissues including neural and
vascular structures. However, this approach can limit the ability to achieve a midline
needle tip position. The alternate parapedicular approach penetrates the pedicle along
its path that permits a more central tip placement, facilitating unilateral treatment
(Fig. 20.2).

The needle trajectory must be kept lateral to the medial cortex and superior to the
inferior cortex of the pedicle (Fig. 20.3). This prevents entry into the spinal canal or
the neural foramen. Once the needle has traversed the pedicle, it can be advanced to
the anterior aspect of the vertebral body. If a curved vertebroplasty needle is used,
different areas of the vertebral body can be targeted (Fig. 20.4). Once in position the
needle stylet is removed, and the cannula filled with saline to prevent pressurized
injection of air and secondary embolus. Subsequently, cement can be injected
through the percutaneous cannula into the bone. For kyphoplasty, after initial posi-
tioning the cannula is pulled back slightly into the posterior aspect of the vertebral
body to create room to allow for the insertion and inflation of a balloon tamp.
The tamp creates a cavity into which cement is injected (Fig. 20.5). The long flexi-
ble cement delivery systems minimize radiation exposure to the operator [25].
Careful fluoroscopic monitoring is performed during cement injection. Any extra-
osseous cement extravasation should be avoided; in particular posterior or postero-
lateral leakage could result in irritation or injury to the spinal cord or nerve roots.
The optimal volume of cement remains a matter of controversy. Small volumes of
cement continue to result in good clinical outcomes after vertebroplasty [26].
Attempting to place a large volume of cement may in turn lead to higher rates of
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Fig. 20.2 Unilateral parapedicular approach. (a) AP fluoroscopic image shows the needle tip
entry position at the lateral margin of the pedicle. (b) Lateral fluoroscopic image shows needle tip
entry position halfway along the pedicle. AP (¢) and lateral (d) fluoroscopic images demonstrating
final midline needle tip position achieved in the anterior third of the vertebral body

Fig. 20.3 Importance of the medial and inferior pedicle cortices. (a) AP fluoroscopic image.
During the entire course of transpedicular needle access, the medial and inferior pedicle cortices
must remain visible until the entire pedicle has been traversed on the lateral projection (b). Note
that the entire needle trajectory within the vertebral body should be considered during initial trans-
pedicular access for optimal final needle position

extra-osseous leakage and symptomatic complications; similarly cement fill in the
posterior third of the vertebral body close to the basivertebral vein is best avoided.
The needle may be reinserted to deliver the final portion of cement, and after
allowing the cement to harden, the needle and cannula are removed with a gentle
rocking motion to prevent cement migrating along the needle tract.
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Fig. 20.4 Ultility of the curved vertebroplasty needle. (a) Lateral fluoroscopic image demonstrating
the curved needle tip with cement injection in a pathological L1 fracture. (b) Lateral fluoroscopic
images with the curved needle repositioned to a target inferior bony compartment. (c¢) Lateral
fluoroscopic images with the curved needle repositioned to a target superior bony compartment

Fig. 20.5 Unilateral balloon kyphoplasty. (a) Lateral fluoroscopic image shows the balloon tamp
inflated within the vertebral body. (b) Lateral fluoroscopic image shows the cement infected into
the balloon cavity and adjacent trabecular bone. Note that the cement fill has been limited to the
anterior two-thirds of the vertebral body to avoid basivertebral venous extravasation

Post-procedure Care and Clinical Qutcomes

Afterward, the patient should have a period of observation of vital signs and lower
limb neurological function as well as bed rest (for example 2 h). This also allows the
cement to fully harden and integrate before axial load of the spine. Most patients
can be discharged later on the same day. Any clinical deterioration suspicious for
local cement leakage should prompt cross-sectional imaging with CT and/or
MRI. Systemic or cardiorespiratory deterioration is suspicious for cement or fat
pulmonary embolism, and should prompt chest imaging.

Post-procedure follow-up should reassess previously recorded pain and disability
scale scores. These procedures should be performed within a quality improvement
program where the clinical effectiveness and safety can be examined. Rates of all
major permanent complications should be <2 %, including in neoplasm-related
fractures [27]. Greater than 1 % permanent neurological deficit rate for osteoporotic
fractures and 5 % for neoplasm-related fractures should prompt additional review
of practice [27].
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Summary

Successful integration of vertebroplasty and kyphoplasty into your spine practice
requires a good understanding of the evidence in the medical literature, appropriate
patient selection, meticulous technique, and routine assessment of clinical outcomes.
There is sufficient data to support the use of vertebroplasty and kyphoplasty in
selected patients with osteoporotic or neoplasm-related vertebral fracture-related
pain and disability that is refractory to conservative therapy. All published trials
have limitations, and further trials are ongoing. In the meantime, practitioners who
perform these procedures should use strict patient selection and meticulous technique
to maximize the excellent safety profile and monitor their clinical effectiveness,
ideally within the setting of a quality improvement program.
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Chapter 21

Emerging Technology in Neuromodulation:
Waveforms and New Targets in Spinal Cord
Stimulation

Timothy R. Deer and Chong H. Kim

Key Points

* Conventional spinal cord stimulation (SCS) requires perceived therapeutic
paresthesia overlapping the patient’s pain mapping area.

* Conventional SCS systems typically use a frequency between 40 and 100 Hz.

* In conventional SCS, leads are commonly placed midline or slightly off midline
in the posterior epidural space to stimulate the dorsal columns.

* Challenges exist with conventional SCS, including unpleasant and unwanted
paresthesias, postural stimulation changes, and the inability to cover discrete
regions of the body.

* Burst stimulation delivers 40 Hz bursts with 5 spikes at 500 Hz per burst with a
specific waveform construct.

* High-frequency (HF10) stimulation waveforms at 10,000 Hz with a specific
shape and characteristic.

* Ininitial prospective and observational publications, burst, and HF10 modalities
have been shown to improve outcomes in patients that have failed conventional
frequency tonic SCS.

* Both HF10 and burst stimulation achieve pain treatment without the need to
achieve paresthesia. HF10 is paresthesia free and burst is sub-threshold.

» Paresthesia-free stimulation may change the pain care algorithm for both axial
back pain with or without radicular complaints. Initial data is very encouraging
from both the USA and international data.
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* Dorsal root ganglion (DRG) stimulation may provide more selective and consistent
targeting of painful areas than conventional SCS. DRG stimulation, in initial
studies, has produced discrete prescribed paresthesia that is specific to the areas
of abnormal nerve function.

* DRG stimulation has been able to achieve pain relief at a sub-threshold or
paresthesia-free level of energy in early reports from Australia and Europe.

Introduction

Spinal cord stimulation (SCS) is a commonly accepted treatment option for neuro-
pathic pain [1-4]. Despite the growing evidence of clinical efficacy, there are a
number of patients that fail this therapy because of unwanted paresthesia, failure to
cover an area of painful neural stimulus, excessive energy requirements, or lack of
pain relief. Conventional SCS uses a fixed pulse width and amplitude and low fre-
quency to replace the painful sensation with a better tolerated sensation, also known
as paresthesia. Additionally, in conventional SCS, the leads are placed in the poste-
rior epidural space, most commonly on or near midline, to stimulate the dorsal
column. Ideally, the paresthesia should only be localized to the areas of pain, with-
out stimulation of unwanted areas, and the paresthesia should be pleasant, without
variations regardless of movement or postural change [5-8]. Considering that it is
easier to stimulate a normal nerve than an abnormal nerve in the dorsal column, it is
not surprising that patients often fail this therapy when they have specific pain such
as the foot or groin. Unfortunately in the use of conventional SCS, failure in any of
these aspects can lead to the failure of SCS treatment.

Advances are under way with new technologies, new strategies in electrical
waveform delivery, frequency, and targets for stimulation to address these areas of
concern and to improve the outcome in the use of SCS.

Evidence

The most accepted mechanistic proposal for the action of SCS is based on the gate
control theory proposed by Melzack and Wall, that activity in large-diameter cuta-
neous fibers (type AB) inhibits the transmission of noxious information to the brain
by small (C and Ad) fibers. Therefore, it has been postulated that electrical stimula-
tion could activate these large fibers and that this would ultimately suppress pain
transmitting small secondary neurons [9]. Conventional treatment of neuropathic
and chronic pain with SCS is based on tonic stimulation, with the pain relief depen-
dent on perceived therapeutic paresthesia coverage of the typical areas of pain.
The described mechanism of conventional SCS in pain relief is likely related to a
combination of a spinal and supraspinal mechanisms [10, 11]. This includes anti-
dromic activation of ascending dorsal column fibers and orthodromic activation of
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TONIC STIMULATION (TRADITIONAL)

Pulse width
200 usec

Overall frequency 40 Hz*

BURST STIMULATION

Pulse width
1000 usec

i 5 pulses per burst

*Frequencies may vary

Fig. 21.1 Comparison of traditional and burst stimulation waveforms. Courtesy of St. Jude
Medical

ascending fibers with descending serotoninergic pain modulatory systems [12—15].
New advances in waveform and frequency challenge the traditional paradigm with
pain relief without perceived paresthesia. Conventional SCS uses tonic stimulation,
performed using either a constant current or a constant voltage generator that
induces electrical signals at the level of the spinal cord. Tonic stimulation describes
the waveform characteristics of the energy applied, typically a continuous fre-
quency, regardless of the type of system power source (constant current or voltage).
Conventional SCS applies stimulation frequencies most commonly between 40 and
100 Hz. In contrast, high-frequency (HF10) and burst stimulation delivers the
energy at much higher frequencies and at very-well-defined waveform morphology.
HF10 stimulation provides a unique waveform with fixed pulse width and frequency
delivered at 10,000 Hz while burst stimulation delivers groups of pulses at 500 Hz
in a specific waveform fingerprint [16—18].

Burst SCS uses small bursts of pulses of stimulation, rather than the continuous
pulses to provide pain relief, without eliciting paresthesia [17]. Burst programing
delivers groups of pulses, called burst trains separated by quiescent periods. Each
burst train contains a series of pulses at constant pulse amplitude, pulse width, and
interpulse frequency (Fig. 21.1). Burst stimulation is based on the ability to emit
significantly more energy per second than traditional tonic stimulation. As a result,
lower temporal integration is considered to be required to reach the excitation
threshold of a neuron, thereby activating neurons that cannot be influenced by tonic
stimulation [17, 19]. This stimulation below the threshold for activation of the A
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fibers is believed to result in the paresthesia-free pain relief. Burst stimulation is
based on the knowledge of dual-firing properties of thalamic cells, including tonic
and burst modes [20]. Thalamic burst stimulation can activate the cortex more effec-
tively than tonic firing [15]. This eventually led to research of its activity on the
spinal cord [17]. Burst stimulation consists of intermittent packets of closely spaced,
high-frequency stimuli with five spikes at 500 Hz per burst, with a pulse width of 1
millisecond (ms) and 1 ms interspike interval delivered in constant current mode.
The cumulative charge of the five 1 ms spikes is balanced during 5 ms after the
spikes, which differentiates it from high-frequency clustered firing, in which each
pulse is immediately charge balanced [18]. It is hypothesized that the affective com-
ponent of pain is separate, and distinctly different than the perceptive pathway. It is
theorized, and evidence suggests, that burst stimulation works by modulating both
the medial (affective) and lateral (perceptive) [17, 18].

Burst stimulation has been studied extensively. In a double-blind placebo-
controlled trial comparing tonic stimulation with burst stimulation with placebo,
burst stimulation statistically significantly improved pain reduction for general pain,
back pain, and leg pain [19]. Additionally, at clinically useful amplitudes, burst
stimulation waveform provided analgesia without a reliance on perceived paresthe-
sia [18]. In another study, patients that had traditional, tonic stimulation for at least
6 months were given burst stimulation for 2 weeks. The patients were grouped into
three categories: diabetic peripheral neuropathy (DPN), failed back surgery syn-
drome (FBSS), and FBSS-poor responders (FBSS-PR). FBSS-PR was defined as
patients with failed back surgery syndrome plus poor or lost therapeutic benefit
from their SCS device. Interestingly, the visual analog scale (VAS) was reduced
nearly 62 % on average with burst-SCS compared to 37 % with SCS. Additionally,
the effect compared to tonic stimulation was largest for PDN (decreased 77 %), as
compared to FBSS (decreased 57 %), or FBSS-PR (23 %) [21]. Another study simi-
larly examined previously SCS-implanted patients and intervened with 2 weeks of
burst stimulation [22]. VAS reduced 46 % with the burst stimulation with 73 % of
the patients reporting no paresthesia while 23 % reported a reduction. Overall, 91 %
preferred the burst stimulation. A prospective, randomized, double-blinded,
placebo-controlled study examined the burst stimulation to 500 Hz tonic stimula-
tion and to placebo stimulation in FBSS subjects [23]. Overall, burst stimulation
resulted in significantly better pain relief and improved pain quality. It is important
to note that since burst stimulation has energy requirements that are usually less
than traditional tonic stimulation, primary or rechargeable battery can be used.

No complications were reported to be associated strictly with burst-SCS. Recently,
arandomized multicenter comparative efficacy study evaluating burst to tonic stim-
ulation has been fully enrolled in the USA under FDA pivotal monitoring (Sunburst,
St. Jude Neuro division, Plano, Texas). The results of this study, which has a non-
inferiority design, should be available by the fall of 2015.

HF10 therapy is another advance heralded as providing analgesia without pares-
thesia. HF10 (Nevro, Menlo Park) is capable of delivering frequencies from 2 to
10,000 Hz but the therapy is always delivered at 10,000 Hz compared to the 40 to
100 Hz typically used in conventional SCS. At this time, it is the only FDA-approved
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Waveform Comparison

HF10™ therapy

Traditional SCS

Fig. 21.2 Comparison of traditional and HF10™ therapy waveforms. Courtesy of Nevro Corp

paresthesia-free therapy. HF10 therapy uses biphasic charge-balanced pulse train
with pulse widths usually set to 30 microsecond and a uniform frequency (Fig. 21.2).
Like all forms of SCS it has been theorized that HF10 therapy may also impact both
spinal and supraspinal mechanism pathways, but the mechanism of action is not
currently fully elucidated. Preclinical work in animal models suggests the ability of
HF10 SCS to suppress hypersensitized wide dynamic range cells [24].

Several studies have shown HF10 to be efficacious in treatment of chronic pain.
One studied predominant back pain patients, who were trialed sequentially with
traditional SCS and then HF-10 SCS [16]. At the end of the sequential trials, HF10
stimulation reduced VAS 77 % from baseline, with a responder rate of 83 %, while
traditional SCS had a VAS reduction from baseline of 55 %, with a 58 % responder
rate. 88 % preferred HF10 over traditional SCS. Although HF10 performed better
than traditional SCS, both methods significantly produced a reduction in baseline
pain. A European multicenter trial yielded similar findings [25, 26]. Patients were
implanted with HF10 SCS and followed for 6 months [25]. 88 % of the patients
trialed with HF10 were converted to the permanent therapy. At 6 months, the aver-
age baseline back pain VAS was improved to 2.4 from 8.4. The ODI at 6 months
improved to 37 from 55. Of note, 74 % of the patients at 6 months were defined as
responders (having a greater than 50 % VAS improvement in their pain) and 85 %
of the patients reported satisfaction with HF10. This study also showed improve-
ment in the use of opioids. Of the 86 % of the patients who were using opioids at
baseline, 38 % eliminated their need for opioids and 62 % reduced them. At 24
months, average VAS back pain was 3.3 from 8.4 and leg pain 2.3 from 5.4 [26].
Finally, a multicenter, prospective, randomized, controlled trial (SENZA-RCT)
showed that 84.5 % of implanted HF10 therapy subjects were responders for back
pain and 83.1 % for leg pain. In comparison, in the controlled group consisting of
traditional SCS subjects, 43.8 % were responders for back pain and 55.5 % for leg
pain. The superiority of the paresthesia-free HF10 group continued to show superi-
ority at 12 months [27].
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In a study in Switzerland, investigators studied stimulation at 5 kHz to sham (no
stimulation) and tonic stimulation in a double-blind, two period crossover, random-
ized control trial [28]. They reported that only 14/33 patients responded to the 5 kHz
stimulation, and the 5 kHz stimulation was equivalent to sham for primary outcome
measures. This may suggest that the results are inherently dependent on the fre-
quency used for stimulation, and not all high-frequency stimulation is equal. The
study had many questions on method however such as lead placement, precondi-
tioning to tonic stimulation, and patient selection that many feel no valid conclu-
sions can be made. HF10 stimulation requires a much higher energy burden as
compared to conventional or burst stimulation. There is no evidence that this may
impact battery life but daily charging is required. With the constraints of current
battery technology, HF10 stimulation at this time is used with rechargeable technol-
ogy. Since the HF10 SCS stimulation does not require a paresthesia for analgesia,
and based on years of empirical work programming patients, the area of stimulation
for this therapy is between T8 and T11, and the leads can be placed with the implant
procedure performed with the patients in continual sedation with placement based
on anatomical landmarks in the midline.

The complication rate of the HF10 appears to be the same as compared to tradi-
tional SCS, and there is no evidence in the human or animal that higher frequencies
cause neural damage.

Dorsal root ganglion (DRG) stimulation involves placement of a novel electrode
lead on the surface of the DRG. The DRG contains cell bodies of primary sensory
neurons. There are several types of DRG neurons and they are known to participate
in the signaling process as well as modulation of this process [29]. This includes
sensory processing of nociceptive pain and the development of neuropathic pain. As
aresult, the DRG has long been a clinical target for pain control, most recently with
neuromodulation [30-39]. The location of the DRG is consistent and is always in
the epidural space between the medial and lateral aspects of the pedicle with the
neural foramen and is made up of the dorsal sensory root fiber cell bodies as dorsal
afferent sensory axons and ventral efferent motor axons form the respective rootlets.
The DRG is accessed for neurostimulation from an epidural approach using a DRG
lead-specific sheath (Fig. 21.3). The DRG lead is much smaller than conventional
leads and has a unique shape. It is theorized that electrical stimulation around the
DRG may decrease hyperexcitability of the DRG neurons and thereby provide relief
of chronic aberrant pain.

DRG stimulation was initially studied in a prospective, single-arm, pilot study
[37]. The results showed 70 % overall reduction in pain as well as reduction in pain
medication use. Pain relief in the foot was even more vigorous at over 80 %, which
is encouraging considering that this can be a difficult target with conventional dorsal
column stimulation. A larger multicenter prospective trial studied DRG stimulation
in chronic pain of limb and/or trunk [38]. At 6 months, average overall pain ratings
were 58 % lower than baseline, with more than half the subjects reporting greater
than 50 % relief. The proportions of subjects experiencing 50 % or more reduction
in pain specific to back, leg, and foot regions were 57 %, 70 %, and 89 %, respec-
tively. The study had two reversal periods in which the stimulation was turned off,
during which time, the pain returned to baseline levels. Furthermore, the results
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Fig. 21.3 Image of DRG lead sheath. Courtesy of St. Jude Medical/Spinal Modulation Inc

showed stable paresthesia intensity over time with no significant difference in the
paresthesia intensity perceived during different body postures/positions (standing
up vs. lying down). The subjects continued to experience benefit at 12 months [40].
Pain was reduced by 56 % at 12 months post-implantation, and 60 % of subjects
reported greater than 50 % improvement in their pain with DRG stimulation. Pain
localized to the back, legs, and feet was reduced by 42 %, 62 %, and 80 %,
respectively.

In addition to pain improvement and stable paresthesia intensities independent of
body position, DRG stimulation may be better able to capture discrete painful areas
such as the feet or groin [41, 42]. DRG stimulation modality may allow for more
selective and consistent targeting of painful areas than conventional SCS.

DRG stimulation has been attempted with conventional SCS systems; however
currently approved systems are large and may compress the DRG within the fora-
men. Additionally, the size and spacing of the electrodes are not designed to target
the DRG and may recruit and stimulate other structures. The new system is specifi-
cally designed to address these issues, to safely, comfortably, and optimally stimu-
late the DRG.

In the 12-month prospective study, the most common adverse events were tem-
porary motor stimulation, cerebral spinal fluid leak with associated headaches, and
infection. The two most frequent adverse events were attributed to implant proce-
dure and programming of the novice device and technique. The infection rates were
comparable to conventional published rates.

Recently, the results of the US pivotal study on DRG stimulation as compared to
conventional stimulation were presented at the International Neuromodulation
Society meeting [43]. In this FDA-monitored study, DRG showed both non-inferiority
and superiority as compared to conventional spinal cord stimulation in the treatment
of neuropathic pain of the groin and lower limb [44].
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Implementation

Advances in waveform with burst stimulation, high-frequency stimulation with
HF-10 and new target with DRG stimulation offer new ways and target to deliver
energy. These appear to offer advantages over conventional spinal cord tonic stimu-
lation. HF10 and burst stimulation may offer advantages over tonic stimulation
including better patient tolerance with paresthesia-free stimulation, comparable
increase in function, and possible success with a subset of patient population refrac-
tory to conventional or tonic spinal cord stimulation. In addition to pain improve-
ment and stable paresthesia intensities independent of body position, DRG
stimulation may allow more selective targeting of painful areas. These new advances
may improve the trial to permanent conversions and more importantly improve
therapy sustainability.

Summary

Advances are under way in electrical waveform delivery, frequency, and targets for
stimulation to address the concerns of conventional SCS and more importantly to
improve the outcome in the use of SCS. This is truly an era of innovation that may
revolutionize the field and improve patient care and outcomes.
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