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 In this second edition, we refi ne and expand our teaching in the area of pain treatment using 
neuromodulation, which we believe is critical to reduce the global epidemic of opioid abuse, 
societal dysfunction, and the malaise of suffering that so many experience. 

 Added improvements in this edition include new techniques, new targets, new waveforms, 
and new concepts in neurostimulation. We also update the brain and spine sections for the 
neurosurgical treatment of pain via neural bioelectric delivery. The use of intrathecal drug 
delivery is updated with a focus on safety. We add a section of infection control and reduction 
of bleeding risks. We have added new drawings, photographs, and tables to further make this 
a more comprehensive Atlas and to make it more applicable in daily use by our readers. 

 In the past 5 years, much has evolved in the fi eld of neuromodulation. In addition to pain, 
we are making great advances in the area of urinary and gastrointestinal health, cardiovascular 
diseases, Parkinson’s disease, infl ammatory diseases of the body, and neurological diseases 
that are life altering and very expensive to society. We expect the third volume of this Atlas in 
a few years to focus on all of these areas of interest and neuromodulation for the treatment of 
pain to play a smaller yet important role in a vastly expanding fi eld. 

 This book is intended to complement fellowship training, peer-to-peer experiences, and 
hands-on continuing medical education. By giving the visual description of each technique, we 
intend to improve physician practice and enhance outcomes. The physicians who have collabo-
rated on this book are world class in their research, clinical acumen, and ethics of practice. 

 We are hopeful that this book becomes a daily reference for students, residents, fellows, and 
experienced physicians as they strive to help ease suffering.  

  Charleston, WV, USA     Timothy     R.     Deer    

  Pref ace   
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   Part I 

   Neurostimulation: Spinal Cord 
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      History of Neurostimulation 

           Timothy     R.     Deer       and     Jimmy     Mali    

  1

1.1             Introduction 

 When we discuss advances like dorsal root ganglion spinal 
cord stimulation, high frequency stimulation, burst delivery, 
MRI compatibility, Bluetooth innovation, and the potential of 
smart programming, one may ask whether we are already in 
the future. But Galvani, Volta, Franklin, and Gilbert may have 
posed the same question as they evolved the fi eld. Interestingly, 
no matter what advances we see in our daily patient treat-
ment, our phase of the advancement will be viewed as anti-
quated by those who follow. This is good news; we want to 
encourage innovation. But at the same time, we need to cele-
brate the history of the fi eld. The purpose of this chapter is to 
examine, celebrate, and learn from past thinkers and scien-
tists, and to apply what they have taught us to future thought.  

1.2     The Ancient or Classical Age 

 Many of those involved in neuromodulation say that stimula-
tion began in Mesopotamia with the use of the electric eel to 
treat foot pain and headache. The ancient history of this dis-
cipline is more complex and interesting than simplifi ed ver-
sion, however. 

 In Greece, the interest in currents and electrical properties 
was vast. The Greeks coined the word  elektron  to describe 
amber, a fossilized resin used to create sparks, and later this 
term became the modern root of the word  electricity . Greek 
physicians were the initial users of current to treat illness, 

and along with the Mesopotamians, they were credited with 
the initial sparks that started what is now known as neuro-
stimulation. The fi rst documented use involved the release of 
electrically charged torpedo fi sh in clinical footbaths from 
the Nile to treat prolonged headache. Egyptian physicians 
called the electric fi sh “Thunderer of the Nile.” The use of 
electricity continued to develop in both Greece and Rome, 
and in some communities it was more common than the use 
of herbs and other medicinal treatments.  

1.3     The Dark Ages and Forward 

 After well-documented use of electrical current in the classi-
cal age, the stage went silent for innovation for many centu-
ries. This period has been referred to as the “dark ages” of 
neuromodulation history. Some use of these concepts may 
have been made, but documentation was poor, so the ability 
to teach new pupils and pass on knowledge seemed to evapo-
rate. As time progressed, however, some individuals stepped 
up to move the fi eld forward:

    William Gilbert:  This famous seventeenth-century scientist 
fi rst used the term  electricity  and described the relation-
ship of electromagnetism to the treatment of pain. Gilbert 
wrote of the use of lodestone, a piece of magnetic iron ore 
possessing polarity like a magnetic needle. He published 
reports of using lodestone therapy to treat headache, men-
tal disorders, and marital infi delity. The mechanisms for 
treating infi delity were never theorized, and the use of 
electrical current was not well understood.  

   Ewald Georg von Kleist  and  Pieter van Musschenbroek:  
These two scientists were both instrumental in inventing 
the initial methods of harnessing energy via electrical cur-
rent storage. Eventually their device become known as a 
Leyden jar, named after the University of Leyden (van 
Mussenchenbroek’s home town). Von Kleist, the bishop 
of Pomerania, tried to name the device the Kleistian jar, 
but this name was not adopted. The device was  constructed 
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by placing water in a metal container suspended by insu-
lating silk cords, and placing a brass wire through a cork 
into the water. The process of harnessing electricity was 
critical to all future work in science and medicine. The 
work of von Kleist and van Musschenbroek made the 
development of neuromodulation possible.  

   Jean Jallabert:  The work of von Kleist and van 
Musschenbroek was critical to the next major develop-
ment. In 1746, Jallabert used electricity to stimulate mus-
cle fi bers. This advancement was used to successfully 
treat a paralyzed limb, resulting in involuntary contrac-
tions, regeneration of muscle, and increased blood fl ow. 
Jallabert’s success inspired many scientists, and over the 
following two decades there were several reports of suc-
cessful treatment of neuromuscular disorders. This work, 
which seemed highly advanced for that time, led to the 
theory that electricity was a fl uid.  

   John Walsh:  The theory of electricity as a fl uid was evaluated 
by Walsh, who dissected the torpedo fi sh and explained 
that the electrical organ of the animal was like the Leyden 
jar. The torpedo fi sh, lodestone, Leyden jar, and early 
muscle experiments were the foundation of neuromodula-
tion that led to the future use of current therapies.  

   Henry Cavendish:  In 1771, Cavendish explained the rela-
tionship between electrical force and distance in mathe-
matical theory. This mathematical equation established 
the groundwork for many future electrical engineering 
advances.  

   Alessandro Giuseppe Antonio Anastasio Volta:  Volta 
invented the fi rst battery about 1800. His invention led to 
the ability to create modern devices.  

   Luigi Galvani:  Galvani may be considered the father of mod-
ern neuromodulation. He created what we may term bio-
electrics when he fi rst used sparks to move the muscles of 
frog legs. This simple concept led to the fi rst step of con-
necting electricity to an animal.     

1.4     Neurostimulation First Used 
in the United States 

 Benjamin Franklin is important to neuromodulation for two 
reasons: The development of the lightening rod was an early 
practical use of electricity, and Franklin was also the fi rst 
American to use neurostimulation. Franklin’s interest in 
electrical current peaked in 1756, after he learned about the 
work of Leopoldo Caldani, who reported that discharging a 
Leyden jar in the vicinity of a mounted and dissected frog’s 
leg could cause it to twitch. Many scientists touted electricity 
as a miracle cure for many diseases after the presentation of 
Caldani’s work. Especially popular was the hypothesis that 

paralysis might be cured by this method. Franklin did his 
own experiments on painful conditions. After discovering 
that his subjects experienced more discomfort than pain 
relief, he concluded that these claims were infl ated. 
Unfortunately for Franklin’s volunteers, many of whom 
were desperate and hopeless people, he used high-voltage 
stimulation that caused injury, pain, and tissue burns. 

 The fi rst use of neurostimulation in the United States, as 
Franklin reported to the French Academy of Sciences in 
Paris, was unsuccessful. This scientifi c report diminished the 
interest in electrical treatment in the United States for many 
years. Considering these issues, Franklin may have harmed 
the advancement of neurostimulation in the United States, 
but it is hard to lay blame on such a marvelous fi gure, who 
had the type of inquisitive mind that we all strive for. It also 
makes one wonder which of our current ideas may be off 
base, harmful, or in need of redirection. Time will tell, as we 
move forward and seek Food and Drug Administration 
(FDA) approval for new devices and methods.  

1.5     Batteries for Neurostimulation 

 In 1780, Galvani discovered that touching a frog’s leg with 
a copper wire led to nerve discharge and muscle contraction. 
He concluded from this experiment that animals had natural 
electricity that led to movement. This work was predicated 
on the theory of Isaac Newton that animal fl uids had a direct 
relationship to subtle electrical fi elds and caused 
movement. 

 Twenty years later, Volta published a paper that explained 
a chemical interaction in animals that led to “animal electric-
ity.” His work led to the development of batteries and low- 
voltage capacitors. Over time, the low-voltage electricity 
used by Volta was applied to humans; it was much better 
tolerated by research volunteers than the high-voltage stimu-
lation used by Franklin, and led to progress in pain treat-
ment. The work of both Volta and Galvani led to modern 
batteries and improved the understanding of electrical cur-
rent in animals.  

1.6     Early Neurostimulation: Failures 
and Advances 

1.6.1     Failures 

 Unfortunately, the path to the modern use of electricity has 
not been one of universal success and understanding. Volta 
felt that the use of electrical current in medicine had no sci-
entifi c backing. After Jallabert’s work became well known, a 
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period of quackery followed, including these misguided 
efforts:

    Magnetism:  Franz Mesmer’s work on magnetism theorized 
that the celestial bodies acted upon our bodies by “invisi-
ble fl uid.” He used magnets to channel this fl uid and 
 create an electrical fi eld. This “mesmerism” was short-
lived in popular acceptance and gave rise to suspicion 
among the public and the scientifi c community. Many 
years later, magnets became a popular alternative treat-
ment, but their relationship to “mesmerism” is unclear.  

   Infectious disease cures:  Elisha Perkins was a questionable 
scientist who theorized that he could use an electrically 
charged rod to cure yellow fever. His credibility was 
highly questioned when he died of the disease after treat-
ing himself with the device. After his death, the use of the 
electrically charged rod fell out of favor in infectious dis-
ease treatment.     

1.6.2     Advances 

     Too early for their time:  In 1801, electrical currents were 
used experimentally to resuscitate patients who had suf-
fered cardiac arrest or drowning. This crude technique 
was an early form of cardioversion. In 1804, a publication 
titled “The Elements of Galvanism” recommended pass-
ing an electrical current through the skin by applying gold 
leaf to the skin’s surface and then attaching a battery 
source to create an intermittent charge through the body 
for short intervals. This treatment was applied through the 
occiput when possible and was used to treat headache, 
tumors, and generalized pain. Currently occipital nerve 
stimulation has been found to be successful in treating 
migraine, headache, and potentially chronic pain.  

   André-Marie Ampère  and  Michael Faraday:  The next steps 
forward in this fi eld were the result of the work of André- 
Marie Ampère, who researched the effect of electrical 
current on magnetic needles. This study led to the under-
standing that currents can attract or repel each other 
depending on the fl ow of current. Faraday, a noted British 
scientist, advanced this work in 1831, when he described 
electromagnetic induction. His description was based on 
the observation that generation of electricity in one wire 
could “induce” magnetic and electrical effects in a sepa-
rate wire, based on Ampère’s work and his own observa-
tions. These descriptions of electromagnetic induction are 
the critical link to modern neuromodulation in the treat-
ment of pain and movement disorders.  

   The Magnetic Electrical Machine:  E. M. Clarke advanced 
the fi eld based largely by building on Faraday's work. The 

Clarke Magnetic Electrical Machine provided a steady 
supply of induced electricity and led to all future develop-
ments in medicine that needed electrical therapy. Initially, 
it was diffi cult to apply these therapies to patients because 
of the strong sensitivity of tissue to direct current. 
Concepts such as insulation, amplitude, and pulse width 
were still many years away, but these early developments 
were critical.  

   Guillaume-Benjamin-Amand Duchenne (de Boulogne):  
Duchenne was important in our fi eld because of electro-
puncture. He used small needles to apply current to the 
muscle to cause contraction and to assist in muscle map-
ping, and published these fi ndings in his book,  De 
l’Electrisation Localisée . This work led to the develop-
ment of early prostheses that used surface electrodes to 
move the body part and eventually to modern rehabilita-
tion stimulation devices. Current conceptual devices are 
being used to improve motor rehabilitation by applying 
current to the brain, spinal cord, and nerves of the periph-
eral extremities.  

   The fi rst United States patented device:  Charles Willie Kent 
patented the “Electreat” in 1919. This was an early ver-
sion of transcutaneous electrical stimulation. The work 
was based largely on an 1871 publication by Beard and 
Rockwell, which explained how the Faradic current prin-
ciples might be applied to pain relief.      

1.7     High-Frequency Stimulation 
and Voltage Alterations 

 The focus now is on the potential for high-frequency stimu-
lation to treat patients in a paresthesia-free method of cur-
rent delivery. This seems to be a new concept, but high 
frequency has a long history, at least in theory. The French 
physiologist d’Arsonval found that the application of high-
frequency current caused less pain. He used 10,000 oscilla-
tions per second, which was increased further by Hertz in 
1890, when he was able to achieve 1,000,000,000 oscilla-
tions per second without stimulating tissue in a painful 
manner. This initial stimulation was at a low voltage that 
was eventually increased by Hertz’s spark gap resonator, a 
device that allowed the use of a gap in the otherwise com-
plete electrical circuit to discharge current at a prescribed 
voltage. This increase in voltage control along with high 
frequency led to successful treatment of arthritis, pain, and 
tumors. The developments of d’Arsonval and Hertz remain 
critical for modern stimulation programming platforms. As 
we review these historical fi gures, the reader can put 
together each step and the impact it has had on current 
devices and delivery.  

1 History of Neurostimulation
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1.8     Modern Neurostimulation: 1960 
to the Present 

 The use of neurostimulation as we clinically know it today 
really had its start in the 1960s. Critical developments 
included basic and bench science research. Woolsey used 
electrical stimulation to map the animal cortex and subcor-
tex. Melzack and Wall further increased our understanding 
of pain perception with a 1965 publication in  Science , which 
provided the basic groundwork for the clinical application of 
neurostimulation. The gate control theory described inhibi-
tory and excitatory relationships in the nervous system, par-
ticularly in pain pathways. 

 At the University Hospitals of Cleveland, Case Western 
Reserve, Norman Shealy described the use of electrical cur-
rent to modulate the nervous system and change the percep-
tion of pain and suffering. Dr. Shealy worked with an 
engineering student, Thomas Mortimer, to develop a stimu-
lating lead that would work on the dorsal columns of the spi-
nal cord. They used a crude platinum electrode design with a 
positive and negative electrode to treat a 70-year-old man 
with thoracic pain from inoperable bronchogenic carcinoma. 
The generator was an external cardiac device with the lead 
placed in the intrathecal space. Although the target was not 
ideal and the patient was not one that would be considered 
appropriate today, the outcome was excellent during the test 
stimulation, which lasted 1½ days. An account of this land-
mark achievement was published as a case report in 1967. 

 This work ignited the fi eld and led to multiple projects 
that stimulated advancement. Shealy and others, such as 
William Sweet at Massachusetts General Hospital, modifi ed 
the technique over the next few years to stimulate the epi-
dural space. Sweet and Wepsic applied the concept of neuro-
stimulation to the peripheral nervous system in a 1968 paper, 
“Treatment of chronic pain by stimulation of fi bers of pri-
mary afferent neuron.” This work was an early example of 
taking work in the central nervous system and applying it to 
different targets. 

 The fi rst device company to achieve FDA approval for an 
implantable neuromodulation device was Medtronic 
(Minneapolis, Minnesota) in 1968. These early devices 
required radiofrequency communication between the elec-
trodes and power source. Earl Bakken, the founder of 
Medtronic and inventor of the wearable pacemaker, became 
a critical fi gure in neurostimulation, committed to advancing 
the fi eld. 

 Yoshio Hosobuchi was another great pioneer in this fi eld. 
He discovered that these devices could be used in the deep 
brain to treat facial pain. His 1973 paper, “Chronic thalamic 
stimulation for the control of facial anesthesia dolorosa,” was 
the birth of deep brain stimulation. Many patients were 
treated over the ensuing 4 years, but the use of electrical 
delivery to the brain was restricted in 1977, when the FDA 

determined that the use of these devices for pain was safe 
and effective but that they should not be used for other indi-
cations until further blinded, prospective research was 
performed. 

 Takashi Tsubokawa advanced this work further in 1991, 
when he showed that stimulation of the motor cortex allevi-
ated pain of central origin. This was the origin of motor cor-
tex stimulation, which was less invasive, easier to apply, and 
had fewer apparent risks. Eventually, deep brain stimulation 
was approved for the treatment of movement disorders in 
Parkinson’s disease and dystonia. Several studies of deep 
brain and motor cortex stimulation are currently ongoing, 
involving pain, depression, obsessive compulsive disorder, 
traumatic brain injury, Alzheimer’s disease, and obesity. 

 The past 5 years have shown more promising advances 
than the previous 20. Signifi cant advances have included 
dorsal root ganglion spinal cord stimulation, high-frequency 
stimulation, burst stimulation, MRI compatibility, and new 
lead and programming platforms that could change the fi eld 
and enhance people’s lives for many years forward.     
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2.1             Introduction 

 When contemplating neuromodulation as the next potential 
step, the treatment paradigm in the pain care algorithm, care-
ful attention must be paid to the patient’s potential to respond 
to the therapy. There are a number of factors (both disease- 
and patient-specifi c) one must consider when selecting 
patients for this treatment modality to maximize the change 
of a successful outcome. Data suggest that particular disease 
states are more likely to respond to spinal cord stimulation 
(SCS) than others ( e.g. , radicular pain versus phantom limb). 

 This chapter delineates the criteria to consider when 
assessing a patient’s candidacy for an implantable SCS sys-
tem. Importantly, the goal of this chapter is not to dogmati-
cally and inclusively describe selection criteria, but rather to 
give guidance and insight for potential refi nement of patient 
selection.  

2.2     Indications 

 The indications for neuromodulation through SCS are grow-
ing every day, owing in large part to steadily improving tech-
nology, new devices, and the devoted efforts by clinicians to 
responsibly explore novel uses for this modality, thus 
expanding its seemingly limitless utility. Particular disease 

states that were once considered “low probability for suc-
cess,” such as those that may contribute to axial low back 
pain, are now showing great promise. The same is true for 
groin pain, phantom limb pain, and chest wall pain. This 
improvement in outcomes may change the entire thought 
process for patient selection. The advent of new lead arrays, 
new structural targets, and new waveform and frequency 
delivery has paved the way for continued successes. At the 
time of this writing, multiple prospective randomized studies 
are now ongoing in both the United States and abroad that 
will further defi ne these candidates. 

 Analysis of available data regarding potentially success-
ful outcomes lends a degree of predictability when selecting 
candidates. This section outlines which criteria tend to pre-
dict a greater likelihood of sustainable positive results. 

 The indications for SCS that are best supported by the 
literature include radicular pain after spinal surgery, Complex 
Regional Pain Syndrome (CRPS) types I and II, peripheral 
nerve injury, painful neuropathies, lumbar radiculopathy, 
and cervical radiculopathy (Table  2.1 ). Vascular diseases, 
such as refractory angina with no correctable lesions, isch-
emic pain, and pain related to other peripheral vascular dis-
eases, also appear to have a great potential for response.

   A number of studies over the past 30 years suggest that 
SCS has preferential success for common pain characteris-
tics. In 1998, Kumar et al. reported that the fi ve most com-
mon etiologies for treatment with SCS were Failed Back 
Surgery Syndrome (FBSS), peripheral vascular disease, 
peripheral neuropathy, multiple sclerosis (MS), and 
CRPS. The largest percentage of successful response to SCS 
was noted in peripheral neuropathy (73 %) and refl ex sympa-
thetic dystrophy (100 %). FBSS had a success rate of 52 %, 
likely secondary to its mixed neuropathic and nociceptive 
nature. Kumar went on to say that patients without surgical 
procedures prior to implant typically responded better, and if 
a surgical history was present, having a shorter transition 
time to implant improved the outcome. In summary, he found 
SCS most successful in intractable angina and ischemic pain, 
as well as CRPS and neuropathic pain after spinal surgery. 

      Patient Selection 
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North et al. reported that SCS was successful in producing 
pain relief in up to 60 % of patients with arachnoiditis sec-
ondary to failed back surgery. Additional work showed that 

SCS could be superior to reoperation in patients randomized 
to one of these treatment arms. 

 In the past two decades, signifi cant advances in both hard-
ware and software for these devices appear to have signifi -
cantly improved the outcome for FBSS (Table  2.2 ). 
Specifi cally, data for new, advanced multicolumn paddle 
leads, percutaneous paddle lead arrays, high-frequency 
10,000 kHz stimulation, and burst stimulation offer new 
promise to these patients that may reduce the burden of failed 
treatment and, if successful, may offer alternatives to addi-
tional back surgery or increasing opioids.

   It has been suggested that SCS is most effective in the set-
ting of sympathetically mediated pain states, with success 
rates approaching 70 %. Kemler and colleagues produced 
peer-reviewed, high-level evidence that SCS was superior to 
conservative treatment for CRPS. In addition to sympathetic 
pain, evidence of effectiveness for pain of vasculopathic ori-
gin is also mounting. Many studies have shown improved 
pain, better function, and, perhaps most importantly, 
improved limb salvage in settings where the distal extremity 
ischemic lesion measures less than 3 cm. 

 The development of novel systems to perform dorsal 
root ganglion (DRG) stimulation within the neuroaxis may 
result in improved outcomes in neuropathic groin and 
extremity pain owing to the ability to target specifi c abnor-
mal pain fi bers that were traditionally very challenging 
with SCS.  

   Table 2.1    Likelihood of success with spinal cord stimulation   

  High probability  
 Chronic radicular pain 
 Neuropathic pain 
 Peripheral neuropathy 
 Ischemic pain 
 Refractory angina pectoris (not amenable to surgery) 
 Sympathetically mediated pain 
 Peripheral vascular disease 
 Failed Back Surgery Syndrome with radicular components 
 Complex Regional Pain Syndrome (CRPS), types I & II 
  Moderate probability  
 Visceral pain 
 Multiple sclerosis–induced nerve pain 
 Cancer-related pain syndromes such as radiation neuritis, 
chemotherapy-induced neuropathy 
  Low probability  
 Deafferentation pain 
 Spinal cord injury pain 
 Central/post-stroke pain 
 Cancer pain without nerve component 
 Nociceptive pain 
 Nerve root avulsion 

   Table 2.2    New technology producing outcome changes   

 New technology  Technical aspect  Disease states impacted 

 High-frequency 10 kHz  Similar to current systems 
 Technical software advancement 

 Axial back pain, patients who do not like or respond to 
paresthesia, salvage for failed SCS 

 Burst stimulation  Similar to current systems, different waveform 
 Technical software advancement 

 Axial back pain, patients who do not like or respond to 
paresthesia, salvage for failed SCS 

 Percutaneous paddles  Requires epidural sheath 
 Technical hardware advancement 

 Axial back pain, complex pain patterns 

 Dorsal root ganglion spinal cord 
stimulation (DRG-SCS) 

 Technical advancement of both hardware and 
software 

 Expands the fi eld: phantom pain, chest wall pain, groin 
pain, foot pain 

 MRI compatibility  Hardware advancement  Expands the fi eld for those who need serial MRI 

C.W. Hunter et al.
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2.3     Exclusion 

 Even as SCS has preferential success for some pain types, its 
failure in others has been reported in a number of studies. It 
should be noted that many of the unsuccessful outcomes pre-
viously reported may have been a product of shortcomings of 
the technology employed, and in its current form, may be 
more responsive. That being stated, the following data refer-
ence the disease states and pain states that have been shown 
to be historically resistant to SCS. 

 Patients at higher risk of failure include those with spi-
nal cord injury, thalamic stroke pain or pain of any origin 
within the brain, complete nerve root avulsion, and aching 
nociceptive pain of the limb secondary to arthritis. Other 
factors that may have negative predictive value includes 
cauda equina syndrome, paraplegia, primary bone pain, 
deafferentation syndrome, and cancer pain secondary to tis-
sue invasion.  

2.4     On the Horizon 

 Traditionally, pelvic, rectal, or anal pain has been character-
ized as somewhat resistant to SCS with a risk for failure, but 
a number of studies referencing retrograde and sacral lead 
placements report promising results. In 2011, Hunter et al. 
published their successes in treating these regions of pain 
with lead placements over the conus and the high thoracic 
region (Table  2.3 ). 

 Another pain syndrome that has shown resistance to tradi-
tional tonic SCS is discogenic low back pain. Conventionally 
placed leads over the dorsal columns in the epidural space 
have met with disappointing results. In recent European and 
Australian studies, Deer et al. have described some success 
in treating discogenic low back pain with a radicular compo-
nent by placing leads over the dorsal root ganglion at various 
levels, most commonly at L2. 

 The need for neuroaxial imaging after placement of SCS 
is very rare, but recent MRI compatibility advancements 
have broadened the scope of neuromodulation to include 
patients who require serial MRIs for disease surveillance. 
Among these patients are those with MS, intracranial tumors 
or malignancy, and neurodegenerative diseases.

   Table 2.3    Novel lead placements with reports of success for pain 
states traditionally resistant to spinal cord stimulation   

 Disease type  Lead placements with reported success 

 Pelvic pain  High thoracic (T6-7), over the conus, or 
sacrally via hiatus or retrograde approach 

 Discogenic pain  Dorsal root ganglion 
 Postherpetic neuralgia  Dorsal root ganglion, dorsal column at 

corresponding level with or without 
peripheral nerve lead 

 Axial low back pain  Newer paddle arrays via laminotomy or 
percutaneous approach 
 New current delivery 

 Phantom limb pain  Dorsal root ganglion 
 Groin pain  Dorsal root ganglion at T12 or L1 

2 Patient Selection
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      Disease Indications 

           Corey     W.     Hunter     ,        Eric     T.     Lee     ,     Robert     Masone     , 
and     Timothy     R.     Deer     

3.1             Introduction 

 Treating the proper patient with the proper device at the 
proper time is the essential key to medicine and extends to a 
successful neurostimulation experience. This chapter focuses 
on disease states that best lend themselves to a good 
outcome. 

 An analysis of peer-reviewed data suggests that particular 
disease states are more likely to be responsive to spinal cord 
stimulation (SCS) than others. An example may be a patient 
with chronic lumbar or cervical radicular pain who in gen-
eral is an excellent candidate for conventional tonic SCS, as 
compared to a patient with phantom limb pain who has been 
traditionally unlikely to respond. Interestingly, success has 
been seen recently in this complex phantom and stump pain 
group with the use of dorsal root ganglion spinal cord stimu-
lation (DRG-SCS).  

3.2     Indications 

 The appropriate indications for neurostimulation are expand-
ing rapidly. This is due in large part to steadily improving 
technology, a rapid innovation cadence, new devices, and 
devoted efforts by clinicians to explore new and novel uses 
for this modality, thus expanding its seemingly limitless 

utility. Particular disease states that were once considered 
“low probability for success,” such as those that may contrib-
ute to axial low back pain, are now considered viable candi-
dates. The advent of new lead arrays, new programming 
software, and enhanced screening has paved the way to con-
tinued successes. 

 Analysis of available data regarding potentially success-
ful outcomes lends a degree of predictability when selecting 
candidates. This section outlines what criteria tend to predict 
a greater likelihood of sustainable positive outcomes. 

 The indications for SCS that are best supported by the 
literature include burning or shooting pain in the extremity 
after lumbar or cervical spinal surgery, Refl ex Sympathetic 
Dystrophy (RSD)/Complex Regional Pain Syndrome 
(CRPS), types I and II, peripheral nerve injury, painful neu-
ropathies, refractory angina with no correctable lesions, 
ischemic pain, and pain related to peripheral vascular 
disease. 

 A number of studies over the past 30 years suggest that 
SCS has preferential success for common pain characteris-
tics. In 1998, Kumar et al. [ 1 ] reported the fi ve most common 
etiologies for treatment with SCS were failed back surgery 
syndrome (FBSS), peripheral vascular disease, peripheral 
neuropathy, multiple sclerosis (MS), and CRPS. The largest 
percentage of successful response to SCS was noted in 
peripheral neuropathy (73 %) and refl ex sympathetic dystro-
phy (100 %). FBSS had a success rate of 52 %, likely sec-
ondary to its mixed neuropathic and nociceptive nature. 
Kumar et al. [ 1 ] went on to describe that patients without 
surgical procedures prior to implant typically respond better 
and, if a surgical history was present, having a shorter transi-
tion time to implant improved the outcome. 

 It has been suggested that SCS is very effi cacious in the 
setting of sympathetically driven pain states, with success 
rates approaching 70 %. In 1989, Meglio et al. [ 2 ] reported 
that SCS was most effective in vasculopathic pain, low-back 
pain, and post-herpetic neuralgia. North et al. [ 3 ] reported 
that SCS was successful in producing pain relief in up to 
60 % of patients with arachnoiditis. He further proposed that 
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SCS had success rates as high as 88 % in FBSS, suggesting 
it may even be superior to reoperation. He found it most 
 successful in intractable angina and ischemic pain, as well as 
CRPS and neuropathic pain after spinal surgery. 

 With the advent of new technology and ideas, peer- 
reviewed publications are now reporting successes in 
treating axial low back pain. Some of these advances 
include DRG-SCS at L2, high frequency SCS at 10 kHz, 
hybrid systems with epidural and peripheral leads, and 
burst SCS. In addition to enhancing outcomes with axial 
back pain, these new therapies have expanded the chance 
of success with chest wall pain, groin pain, visceral pain, 
and other conditions once thought unlikely to be 
successful.  

3.3     Exclusion 

 Whereas SCS has preferential success for some pain types, 
its failure in others has been reported in a number of studies. 
It should be noted that many of the unsuccessful outcomes 
previously reported may have been a product of technologi-
cal shortcomings of the time or possibly resulting from a 
lack of accessibility to the more advanced product lines cur-
rently available. Notwithstanding, the following data refer-
ence those disease/pain states that have been shown to be 
historically resistant to SCS. 

 Patients at higher risk of failure include those with spinal 
cord injury, thalamic stroke pain, or pain of any origin within 
the brain, complete nerve root avulsion, and aching nocicep-
tive pain of the limb. With additional analysis of some of the 
longest-standing prospective data sources, one can surmise 

that other areas of potentially increased failure rates include 
cauda equina syndrome, primary bone pain, pain from dysto-
nia and paraplegia, extensive arachnoiditis, deafferentation 
pain, and cancer pain  

3.4     On the Horizon 

 Traditionally, pelvic, rectal, and anal pain has been charac-
terized as somewhat resistant to SCS with a risk for failure; 
however, a number of studies referencing retrograde and 
sacral lead placements report promising results. More 
recently in 2011, Hunter et al. [ 4 ] published their successes 
in treating these regions of pain with lead placements over 
the conus and the high thoracic region. This work is encour-
aging, as is work by Kapural et al. [ 5 ] on SCS to treat abdom-
inal pain and diseases of the viscera. 

 Congestive heart failure is another exciting area in devel-
opment and shows great promise in both animal models and 
human pilots. The next decade could prove to be a time of 
digital medicine that changes and saves patient lives. 

 Another pain syndrome that has shown resiliency to SCS 
is discogenic low back pain, as conventionally placed leads 
over the dorsal columns in epidural space have met with dis-
appointing results. Recently, Liong et al. described some 
success in treating discogenic low back pain with a radicular 
component by placing leads over the dorsal root ganglion at 
the affected levels. 

 Table  3.1  shows the probability of success with conven-
tional SCS. Table  3.2 . shows common lead targets for pain 
distributions and potential enhanced outcomes with new 
technology.

C.W. Hunter et al.
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   Table 3.1    Disease bias With SCS   

 High probability  Chronic radicular pain 
 Neuropathic pain 
 Peripheral neuropathy 
 Visceral pain 
 Ischemic pain 
 Sympathetically driven pain 
 Peripheral vascular disease 
 Multiple sclerosis 
 Refractory angina pectoris (not amenable to 
surgery) 
 Painful ischemic peripheral vascular disease 
 Failed back surgery syndrome 
 Complex regional pain syndrome (CRPS), 
types I and II 

 Low probability  Deafferentation pain 
 Spinal cord injury pain 
 Central/post-stroke pain 
 Cancer pain 
 Nociceptive pain 
 Nerve root injury 

   Table 3.2    Novel lead placements with reports of success for pain states traditionally resilient to SCS   

 Disease type  Lead placements with reported success 

 Pelvic pain  High thoracic (T6-7), over the conus, or sacrally at S1, S2, S3 via hiatus or retrograde approach 
 Discogenic pain  Dorsal root ganglion, multi-contact paddles at T8, T9, HF 10 kHz at T8, T9. Burst SCS at T8, T9, T10 
 Post-herpetic neuralgia  Dorsal root ganglion, or hybrid with epidural and subcutaneous leads 
 Axial low back pain  Dorsal root ganglion, multi-contact paddles at T8, T9, HF 10 kHz at T8, T9. Burst SCS at T8, T9, T10 
 Phantom limb pain 
 Groin pain after hernia repair 
 Congestive heart failure 

 Dorsal root ganglion 
 Dorsal root ganglion or hybrid SCS plus PNS 
 T1, T2, T3 

3 Disease Indications
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      Preoperative Evaluation for Spinal Cord 
Stimulation 

           Corey     W.     Hunter     ,     Eric     T.     Lee     , and     Timothy     R.     Deer     

4.1             Introduction 

 Preoperative evaluation and clearance is imperative to any 
surgical procedure. Due diligence must be paid to ensure the 
lowest chance of complication and the highest likelihood of 
success. This includes managing the patient’s expectations 
of the device and managing the procedure for its safe imple-
mentation. Tonic stimulation therapies require lead place-
ment location optimization and intraoperative cogent patient 
feedback, highlighting the importance of optimizing preop-
erative education and expectations. In addition, optimization 
of disease comorbidities and procedural hematological and 
infectious risk avoidance are of equal importance. Given this 
unique set of considerations, one can see the preoperative 
assessment for spinal cord stimulation (SCS) has several dis-
tinctive components. 

 This chapter reviews the preoperative evaluation for SCS 
as it pertains to (1) ensuring patient safety by minimizing 
risks (known and theoretical), (2) identifying the intended 
entry point, pathway, and position for fi nal lead placement 
while safeguarding that these are feasible and impose mini-
mal risk, and (3) maximizing the possibility for a positive 
outcome (pain relief).  

4.2     Procedural Considerations 

 Before any surgical procedure, a proper history and physical 
examination should always be performed. This will be the 
time to identify any comorbidities that may impact the 

 procedure itself and give the physician time to follow through 
on any suboptimal health concerns. It is equally important to 
elucidate any new information—especially changes or 
appearance of new symptoms—that may adversely affect the 
procedure itself such as neurological changes, fevers, skin 
lesions, or other signifi cant health changes.  

4.3     History 

4.3.1     Infection 

 Despite the minimally invasive nature of SCS, infection is 
still a concern. Any type of infection can pose a serious risk 
to the patient; however, an epidural abscess can be a particu-
larly devastating complication in even the healthiest of 
patients (Fig.  4.1 ). Therefore, careful attention should be 
paid to any perioperative illnesses or conditions that may 
suppress the immune system. The skin in and around the 
intended entry point(s) should be carefully inspected for any 
signs of recent infection. Even with diligent skin sterilization 
technique, if pathogens are present within the skin from a 
lesion of some sort, the needle has potential to carry these 
pathogens directly into the epidural space leading to infec-
tion. One should inquire about any history of methicillin- 
resistant  Staphylococcus aureus . If so, the physician may 
wish to take additional precautions such as preoperative 
bathing with chlorhexidine, intranasal bactobran, and preop-
erative vancomycin. In complex cases, additional consulta-
tion may be needed.  

 Systemic infections should be treated and under good 
control prior to moving forward. If any evidence of potential 
bacteremia exists, the benefi t of the stimulation system 
should be carefully weighed prior to moving forward. In the 
case of local infections such as cellulitis, the case should be 
delayed until proper evaluation and treatment can be 
arranged. This danger should be considered when the patient 
has had a recent infection in the area of needle insertion. This 
is not an uncommon concern when considering SCS as part 
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of an algorithmic process for the treatment of intractable 
 disorders. It is for these reasons, the authors advocate getting 
a basic complete blood count (CBC) prior to implant. 
Urinalysis may also be helpful in those patients with a  history 
of urinary tract diseases or risks.  

4.3.2     Coagulopathy 

 Bleeding is a concern in any surgical procedure, but proba-
bly none more so than in any case in which epidural access is 
involved. An epidural hematoma is a tragic and catastrophic 
complication. In a healthy, uncomplicated patient, the inci-
dence is as low as 1 in 40,000. Given the plethora of data as 
they pertain to epidural hematomas, there is a predictability 
of sorts as to when the risk may be higher at certain points 
than others (Fig.  4.2 ). As a result, guidelines are now in place 
that give some safeguards to lower the risk. 

 The patient should have no untreated bleeding disorders. 
Prior to implanting the device the patient should be ques-
tioned concerning diseases that affect clotting, liver function, 
and platelet activity. A preoperative workup would include a 
CBC including a platelet count.

•     International Normalized Ratio (INR) —the most pre-
dictive of potential complication  

•    Prothrombin time/partial thromboplastin time (PT/
PTT) and bleeding times —not as reliable, but may be 
helpful as general sources of information.  

•    Platelet function assay studies —a new test area that 
may lend information for patients on drugs that affect 
platelet function.    

 Special attention should be paid to assess whether the 
patient is taking any medication that may put she or he at risk 
for increased bleeding. The guidelines of the American 
Society of Regional Anesthesia (ASRA) on bleeding and 
medication should be reviewed when doing a patient evalua-
tion (Table  4.1 ). If it is discovered the patient is taking a 
medication listed on the ASRA guidelines that may affect 
bleeding, the prescribing physician should be consulted to 
determine if he or she can safely discontinue those medica-
tions for the appropriate length of time prior to invading the 
epidural space. At this point, this is the best available guid-
ance, but it was not designed for neuromodulation devices. It 
would be preferable in the future to have guidance directly 
applicable to this fi eld. 

 In permanent implants, the drugs may be restarted a few 
days after the leads are surgically secured. The number of 
days required off of these drugs is controversial and will vary 
from one medication to the next. New classes of drugs are 
being developed that are much more potent than the cur-
rently available products and may result in new risks for 
patients undergoing invasive procedures. The implanting 
physician should ask the prescribing physician to recom-
mend a time course in which the blood clotting should be 
back to a normal baseline, but in many cases, this may be 
diffi cult to determine. 

  Fig. 4.1    Sagittal T2-weighted MRI of an epidural abscess ( arrows , 
 arrowheads ) from an SCS trial       
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  Fig. 4.2    Sagittal T2-weighted MRI of an epidural hematoma follow-
ing spinal cord stimulator implant       

   Table 4.1    American Society for regional anesthesia consensus guide-
lines on anticoagulation and neuraxial blocks 2010   

  Antiplatelet medications  
 Nonsteroidal anti-infl ammatory 
drugs (NSAIDs) or 
cyclooxygenase-2 (COX-2) 
inhibitors 

 May continue 

 Aspirin (low dose)  Preferably stopped 2–3 d prior for 
thoracic and cervical epidurals, 
may be continued in lumbar 
epidurals. 

  Thienopyridine derivatives  
 Clopidogrel (Plavix)  Discontinue for 7 d 
 Ticlopidine (Ticlid)  Discontinue for 14 d 
 Prasugrel  Discontinue for 7–10 d 
  Glycoprotein IIb/IIIa inhibitors  
 Abciximab (ReoPro)  24–48 h 
 Eptifi batide (Integrilin)  8 h 
 Tirofi ban (Aggrastat)  8 h 
    The above are the times suggested until normal platelet 

aggregation is regained. Neuraxial techniques should be 
avoided until platelet function is recovered  

  Warfarin (coumadin)  
 Check INR (coagulation response time) INR should be normalized 
   2003 Guidelines stated INR <1.5 

  Heparin  
  Subcutaneous heparin   No contraindication (dosing twice 

daily and <10,000 U total daily 
dose) 

   Block should be performed before the injection is given 
   If frequency is 3 times a day or >10,000 U, safety has not been 

established 
  Intravenous heparin   Wait 2–4 h after last dose of IV 

heparin 
   Wait a minimum of 1 h after neuraxial block to restart IV heparin 
  Low-molecular-weight heparin (LMWH)  
  LMWH preoperative—wait time from last dose  
 Enoxaparin (Lovenox) 0.5 mg/
kg BID (prophylactic dose) 

 12 h 

 Enoxaparin (Lovenox) 1 mg/kg 
BID (prophylactic dose) 

 24 h 

 Enoxaparin (Lovenox) 1.5 mg/
kg QD 

 24 h 

 Dalteparin (Fragmin) 120 U/kg 
BID 

 24 h 

 Dalteparin (Fragmin) 200 U/kg 
QD 

 24 h 

 Tinzaparin (Innohep) 175 
units/kg QD 

 24 h 

  LMWH postoperative—time to wait after procedure before restarting  
 Twice-daily dosing  24 h 
 Once-daily dosing  6–8 h 
  Patients with epidural catheter on LMWH  
 Enoxaparin (Lovenox) 0.5 mg/kg: remove the catheter ≥12 h after 
last dose 
 Enoxaparin (Lovenox) 1–1.5 mg/kg, dalteparin (Fragmin), or 
tinzaparin (Innhop): remove the catheter ≥24 h after last dose 
 The catheter should be removed as soon as possible 
 Restart the LMWH ≥2 h after catheter removal 
  Specifi c Xa inhibitor: fondaparinux (arixtran)  
 No defi nitive recommendations 
   If neuraxial performed: recommend single-needle atraumatic 

placement or alternate thromboprophylaxis, avoid indwelling 
catheter 

  Fibrinolytic/thrombolytic drugs  
 Absolute contraindications 
  Thrombin inhibitors  
 No defi nitive recommendations 
  Herbal therapy  
 Neuraxial block not contraindicated for single herbal medication use 
 The following are the times to normal hemostasis owing to 
anticoagulant effect: 
 Garlic:  7 d 
 Ginkgo:  36 h 
 Ginseng:  24 h 

 The guidelines are the same for the placement and removal of 
epidural catheters 

Table 4.1 (continued) 

4 Preoperative Evaluation for Spinal Cord Stimulation



18

4.3.3        Cardiac Issues and Hypertension 

 Patients with extensive cardiac history must be carefully 
evaluated in conjunction with their cardiologist. Cardiac 
clearance should be considered based on guidance from the 
anesthesiologist involved in the care. Recently SCS has been 
cleared for use concurrently with pacemaker devices in many 
settings. The physician should obtain clearance from the 
treating cardiologist and have the devices checked in the 
perioperative period. In the case of a patient with a docu-
mented history of hypertension, pressures should be well 
controlled at the time of the implant.  

4.3.4     Diabetes Mellitus 

 Diabetes is another common condition that has signifi cant 
impact on patient’s outcome and health. Uncontrolled sugars 
or disease management can lead to increased infection risk 
and poor healing. Coordination with the primary care physi-
cian and/or endocrinologist managing the patient’s condition 
should ensue. Whereas “blood sugar” is an easy value to test, 
hemoglobin A1c (HgA1c)) is particularly helpful to gauge 
and assess for degree of control over the previous 3 months. 
Although no specifi c value may determine proceeding with 
trial, poorly controlled diabetic patients would most likely 
have increased risk of infection in a population that already 
has increased risk nearly twice as high as the general popula-
tion—9 to 4 % according to an evaluation published by 
Mekhail et al. in 2011 [ 1 ]. Interestingly, in cases of success-
ful SCS, the increased ability to function can lead to improved 
exercise, weight loss, and better control of diabetes.  

4.3.5     Allergies and Dermatological Diseases 

 Cutaneous allergic reactions, although uncommon, can be a 
complicating factor. There are reports in the literature in which 
patients have developed reactions and infl ammatory dermatitis 
at the concordant insertion site as well as that of the dressings. 
Heightened awareness should be present in people with a his-
tory of contact dermatitis/allergies to any materials used in the 
equipment used, from cleansing agents, to contrast, to metals, 
to bandaging and products containing latex (Fig.  4.3 ).    

  Fig. 4.3    Erythematous rash on the abdomen and fl ank primarily over-
lying lead extension       
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4.4     Physical 

 As with any preoperative workup, a thorough physical exam-
ination is a staple mark of good medicine. One should pay 
careful attention to and focus on neurological components 
such as manual motor testing and sensory elements (allo-
dynia, hyperalgesia, and paresthesia). Special consideration 
should be given to gait and balance because it has been sug-
gested that falls pose an increased risk for lead migration and 
damage, which obviously hinder the outcomes and increase 
complication rates.  

4.5     Radiological Evaluation 

 Anatomy and imaging is commonplace for SCS workups. In 
the process of selecting a patient for SCS, the region of a 
patient’s pain is carefully mapped. This will guide the physi-
cian to carefully choose an area of the nervous system to 
apply neuromodulation; as it pertains to stimulation of the 
dorsal columns, this will involve the introduction of leads 
into the spine. Magnetic resonance imaging (MRI) offers 
visualization of the spine and its corresponding anatomy in 
high detail. In cases in which MRI is either unavailable or the 
patient has a contraindication to it (e.g., body habitus, stents, 
implanted metal), computed tomography (CT) is an accept-
able alternative. CT myelogram is another option that many 
physicians feel is more reliable than any other imaging study. 
Some authors have recommended the consideration of epi-
durography prior to introducing a lead, but there is no evi-
dence this option would add benefi t. 

 In cases in which the intended lead placement is the cer-
vical spine, concerns of available space are even more para-
mount. Because the anatomy of cervical spine is smaller 
than the lumbar, imaging can be utilized to evaluate the 
safety of introducing a foreign object (the lead). In cases of 
potential critical stenosis, a consultation with neurosurgery 
may be warranted prior to going forward. Keeping the 
patient conversant during lead placement can also improve 
safety. 

 Additional considerations and potential complications 
may be elucidated with preoperative imaging. Congenital 
abnormalities (scoliosis and stenosis) can occur throughout 
the spine that can increase the diffi culty of a procedure and 
potentiate risk.  

4.6     Special Considerations 

 The previously iterated considerations reference guidelines 
that will help to maximize the precision and safety of the 
placement of the lead itself while minimizing the risk 
(Table  4.2 ). However, one may follow these recommenda-
tions in the most typical patient for SCS and still not meet 
with a positive outcome. The uniqueness of SCS lies in mak-
ing sure the candidate can optimally perceive the potential 
benefi t of this particular modality. Analysis of the available 
literature has shown that some predictability of success can 
be made in advance of trialing the patient for a stimulation 
system. These criteria should be considered in addition to 
those outlined previously.

   Table 4.2    Preoperative considerations for SCS that predict safety and success with SCS   

 Procedure-specifi c considerations  SCS-specifi c considerations 

 Absence of infection at site of implant or signs of systemic infection 
 Absence of bleeding diathesis 
   No history of bleeding disorders or platelet abnormalities 
   No history of nosebleeds, easy bruising, or diffi culty controlling 

bleeding 
   Discontinue all medications affecting hemostasis (NSAIDs, antiplatelet 

drugs, anticoagulants) 
 Absence of uncontrolled hypertension 
 Absence of uncontrolled blood sugars 
 Awareness of any history of contact dermatitis or potential allergic 
complications 
   If dermatological reaction is predicted, consider alternatives or 

prophylaxis 
 Radiological review to ensure the epidural space can accommodate the lead 

 Absence of aberrant opioid-related drug use behavior suggesting 
opioid abuse or diversion 
   Lost prescriptions 
   Dose escalation without practitioner’s approval 
   Requests for frequent refi lls 
   Evidence of drug diversion 
   Obtaining opioids from multiple prescribers or other sources 
 Absence of psychiatric/psychological co-morbidities 
   Untreated mood disorders (anxiety, depression) 
   Untreated psychosis 
   Personality disorders 
 Appropriate understanding of the risks and benefi ts of SCS 

4 Preoperative Evaluation for Spinal Cord Stimulation
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4.6.1       Prescription Medications 

 The ideal candidate should have no untreated or unmanaged 
drug addiction problems; this includes prescription and illicit 
drugs. A patient may be taking opioids for pain as long as 
these are properly prescribed and managed by a physician. 
Patients who arbitrarily dose escalate without their physi-
cian’s approval or instruction frequently request early refi lls 
owing to excessive consumption or lost prescriptions or dis-
play other signs of drug seeking should be considered for 
treatment of the underlying addiction problem fi rst. After the 
patient is successfully treated and considered stable, one 
may wish to reconsider trialing him or her.  

4.6.2     Psychiatric and Psychological 

 It is well stated in the literature that psychiatric and psycho-
logical conditions can adversely affect outcomes with 
SCS. As part of the standard workup, a patient must typically 
undergo psychiatric or psychological clearance. This can be 
of great benefi t—not just in determining the obvious of 
whether or not the patient is of sound mind and judgment 
( see  Sect.  4.6.3 ) but can aid in identifying those with under-
lying psychiatric/psychological comorbidities that may 
undermine the potential for a successful outcome. 

 Many patients affl icted with chronic pain also suffer from 
conditions like depression and anxiety. Outcome studies 
have shown the presence of these problems does not 
adversely affect the likelihood of success as long as they are 
considered stable. Like with addiction, once the problem has 
been addressed and managed, the trial can proceed. Screening 
for depression or anxiety can be diffi cult. Work by Doleys 
and Brown [ 2 ] showed that the Minnesota Multiphasic 
Personality Inventory (MMPI) is not predictive of an adverse 
outcome even if the patient’s scores indicated high levels of 
depression and anxiety. In this analysis, the patients with the 
worst scores on this inventory had excellent outcomes and 
showed a major improvement in repeat testing. Absolute 
contraindications to SCS are schizophrenia and delusional 
disorders. 

 Because of the complexity of this issue, if the implanting 
doctor is concerned about the issue, she or he should consult 
a psychologist or psychiatrist well versed in the relationship 
between pain and depression and familiar with SCS. The 
other area of concern is personality disorders. Whereas sev-
eral personality disorders can lead to functional disabilities, 
the diagnosis of borderline personality disorder should be 
seen as a relative contraindication to moving forward with an 
implant. Antisocial personality disorder is another  worrisome 
problem and these patients should also be viewed with 
caution.  

4.6.3      Cognition 

 The patient should have appropriate cognitive ability to 
understand the procedure, the risks, and expectations of the 
therapy. The patient must also understand the use of the 
equipment and the technical responsibilities of having the 
device implanted. Cognitive functioning can be diminished 
because of neurological disease or medical illnesses or from 
a baseline level of intelligence that does not allow for 
implanting. A psychologist, psychiatrist, or neurologist may 
be helpful in determining competence when the implanting 
doctor has doubts. In these settings a non-rechargable device 
with simple programming is often ideal. Family support can 
be critical to a good outcome in this complex group.  

4.6.4     Education 

 The preoperative period is an ideal time for patient education 
and discussion. Several studies have suggested that prepro-
cedure education improves the likelihood of a positive out-
come. This includes aspects of coping, understanding their 
condition, and the goals and expectations of the procedure. 
Material such as videos, DVDs, and patient education book-
lets can be a great supplement to patient discussion.      
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      Perioperative Precautions for Infection 
Control 

           David     A.     Provenzano    

5.1             Introduction 

 Surgical site infections (SSIs), which represent approxi-
mately 22 % of all healthcare-related infections, are asso-
ciated with signifi cant healthcare costs and medical 
morbidity. When an SSI occurs, direct inpatient medical 
costs typically double. Infection rates for implantable 
pain therapies (spinal cord stimulation and intrathecal 
drug delivery) have been reported in the range of 2–8 %. 
Recently, substantial emphasis has been placed on reduc-
ing the incidence of SSIs. Although SSIs may occur at any 
location, most infections related to implantable pain 
 therapies occur at the generator site or the intrathecal 
pump pocket. 

 It is imperative that implanting physicians understand the 
risk for SSIs, their causative factors, and methods to decrease 
their rate of occurrence. Because research specifi c to the pre-
vention of SSIs in implantable pain therapy is limited, 
evidence- based processes and well-developed infection con-
trol practices that are known to reduce the incidence of SSIs 
must be extrapolated from other surgical fi elds. In this chap-
ter, infection control strategies and risk reduction methods 
are divided into the three stages of the perioperative period: 
preoperative, intraoperative, and postoperative (Table  5.1 ).
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   Table 5.1    Methods to decrease the rate of surgical site infections in 
implantable pain therapy [ 1 ]   

  Preoperative  
   Identifi cation of patient risk factors 
   Optimizing immune and nutritional status 
   Optimizing medical comorbidities such as diabetes, 

immunosuppression, and dental disease 
   Preoperative screening and decolonization for  Staphylococcus 

aureus  carriers 
   Appropriate selection of intravenous antibiotic prophylaxis based 

on hospital pathogens 
   Weight-based dosing of antibiotics 
   Appropriate hair removal 
   Evaluation for skin lesions or areas of local infection 
  Intraoperative  
   Selecting appropriate agent for skin antisepsis 
   Wide prep and drape 
   Laminar fl ow and HEPA fi lters for operating room 
   Limiting traffi c in operating room 
   Adequate hemostasis 
   Limiting tissue trauma and avoiding electrocautery at tissue 

surface 
   Vigorous wound irrigation 
   Careful tissue approximation and attention to wound closure 
   Limiting surgical time 
  Postoperative  
   Occlusive dressing for at least 48 h 
   Attention to tape allergies and skin irritants 
   Continuing to optimize comorbidities 
   Education regarding fever and warning signs of early infection 
   Close wound surveillance 
   Consulting with an infectious disease specialist if any signs or 

warning signals of infection are present 

   HEPA  high-effi ciency particulate air  
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5.2        Preoperative Practices 

 Before an implantable pain therapy procedure, it is important 
to identify and (if possible) modify known patient risk fac-
tors for the development of SSIs, including altered immunity 
( e.g. , HIV/AIDS or corticosteroid use), malabsorption syn-
drome, poor dental hygiene, diabetes, obesity, remote infec-
tion, and tobacco use. If hair removal is required, it should be 
performed immediately before surgery, using electrical 
clippers. 

 Because a majority of SSIs are caused by  Staphylococcus 
aureus  (the leading nosocomial pathogen globally), it is 
important to preoperatively identify carriers of both 
methicillin- sensitive  S. aureus  (MSSA) and methicillin- 
resistant  S. aureus  (MRSA). More than 80 % of healthcare- 
associated  S. aureus  infections have an endogenous origin. 
In one review examining infection for implantable pain ther-
apies,  S. aureus  was the most commonly identifi ed organism. 
Preoperative decolonization protocols for known carriers of 
 S. aureus  (both MSSA and MSRA), which include  mupirocin 
nasal ointment and chlorhexidine soap, have been shown to 
reduce the risk of postoperative  S. aureus  infections in other 
populations receiving implantable devices ( i.e. , total joint 
arthroplasty). 

 Prophylactic antibiotic therapy with weight-based dosing 
(Table  5.2 ) has been shown to reduce the incidence of wound 
infection by 50 %, independent of surgery type. Weight- based 
dosing is important in order to achieve tissue and serum mini-
mum inhibitory concentrations. Furthermore, failure to opti-
mize antimicrobial therapy has been shown to increase the risk 
of infection by twofold to sixfold. Intravenous antibiotics 
should be administered within 1 h prior to surgical incision, or 
within 2 h when vancomycin is used. Additional studies have 
indicated a further reduction in SSIs when antibiotics (exclud-
ing vancomycin) are given within 30 min before incision. A 
study examining risk factors for infection following spinal sur-
gery demonstrated a 3.4-fold increased risk of SSI if antibiot-
ics were given after surgical incision.

   Table 5.2    Preoperative weight-based dosing of antibiotics [ 2 ]   

 ≤80 kg  81–160 kg  ≥160 kg 

 Cefazolin  1 g  2 g  3 g 
 Clindamycin a   600 mg  900 mg  1200 mg 
 Vancomycin b   20 mg/kg  20 mg/kg (max 2500 mg)  3000 mg 

   a Clindamycin may also be used in individuals with a beta-lactam allergy 
  b Vancomycin use should be reserved for the following indications: (1) 
MRSA colonization; (2) institutionalized patients; (3) procedure performed 
in a facility with a recent outbreak of MRSA; and (4) beta-lactam allergy  
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5.3        Intraoperative Practices 

 One of the most important intraoperative practices is the 
appropriate selection of skin antisepsis. The two solutions 
most commonly used for skin preparation are based on 
povidone- iodine or chlorhexidine. Povidone-iodine is an 
iodophor, a complex of iodine and organic carrier com-
pounds. These complexes destroy microbial protein and 
DNA, and are active against a wide spectrum of bacteria and 
fungi. Specifi cally povidone-iodine is a complex of bacteri-
cidal iodine with the polymer polyvinylpyrrolidone. In order 
for iodophors to have signifi cant bactericidal activity, two 
minutes of contact is required to release free iodine. The free 
iodine is responsible for the antimicrobial activity. In vitro 
data have demonstrated signifi cant residual bacterial counts 
when exposure time is limited. The antimicrobial effects of 
iodophors may be inhibited or neutralized by an organic 
compound such as blood. In addition, some  S. aureus  has 
been shown to be resistant to the antimicrobial effects of 
povidone-iodine. Adverse reactions to povidone-iodine 
include contact dermatitis and impaired wound healing sec-
ondary to its cytotoxic effects on fi broblasts and keratino-
cytes (the predominant cell type in the epidermis). 

 Chlorhexidine gluconate is active against a broad spec-
trum of gram-positive and gram-negative bacteria, yeasts, 
and molds. Its mechanism of action includes the disruption 
of cytoplasmic membranes. Chlorhexidine-based products 
are superior to iodophors as a result of their residual antimi-
crobial effects, rapid activity, high binding to the skin, and 
lack of negative inhibitory effects by organic compounds. 
Studies examining SSI rates in individuals prepped with 
products based on either povidone-iodine or chlorhexidine 
demonstrated a substantial reduction in the overall rate of 
SSIs in the chlorhexidine group. Skin irritation and erythema 
have been documented with chlorhexidine-based products. 
Isopropyl alcohol, an effective bactericidal agent that disor-
ganizes cell membrane lipids and denatures cellular proteins, 
is often added to increase antimicrobial activity. 

 Although the practice of double gloving has not been con-
clusively demonstrated to reduce SSIs, it is recommended 
because it has been shown to reduce the perforation rates of 
the inner gloves. 

 It is important to control and optimize the operating room 
by limiting traffi c, keeping the operating room doors closed, 
and maintaining positive pressure ventilation. In an effort to 
prevent intraoperative contamination, the C-arm cover ( i.e. , 
sterile drape) should not be considered sterile, and surgical 
personnel should avoid contact. Previous research has dem-
onstrated signifi cant intraoperative contamination of the 
C-arm cover during the course of a surgical procedure, with 
the upper portions of the image intensifi er exhibiting the 
greatest rate of bacterial contamination. SSIs have also been 
associated with surgical case order, with surgeries performed 
later in the day carrying a higher risk for a postoperative 
infection. Extended operative time is a known independent 

risk factor for SSIs, so the surgeon and surgical team should 
try to optimize operating room effi ciency. 

 Prior to wound closure and placement of the generator or 
intrathecal pump into the pocket, the wound should be irri-
gated to assist in the removal of foreign material, debris, and 
blood clots. Although many practitioners often add antibiot-
ics to the irrigation, this practice has not conclusively been 
shown to positively infl uence infection rates compared with 
normal saline irrigation without antibiotics. In addition, sur-
gical technique should emphasize minimizing tissue damage 
and eradicating dead space.  

5.4     Postoperative Practices 

 An occlusive dressing should be used to protect the surgical 
incision for a minimum of 24–48 h. If dressing changes are 
required during the early recovery process, hand washing and 
sterile technique are recommended. Appropriate education on 
the signs and symptoms of infection should be provided to the 
patient and appropriate caregivers. It is also important to have 
appropriate follow-up, which includes wound surveillance. 

 If an infection is suspected, a diagnostic workup and con-
sultation with an infectious disease specialist should be initi-
ated. Laboratory tests including white blood count, C-reactive 
protein (CRP), and erythrocyte sedimentation rate (ESR) may 
be helpful in defi ning the occurrence of an SSI. It is important 
to remember that CRP and ESR are markers of infl ammation 
and are not specifi c for infection. CRP is a quantitative test 
that exhibits more consistent and predictable kinetics in the 
postoperative period and therefore may be more helpful in 
determining the existence of a postoperative infection. The 
postoperative decrease in ESR is slow, and the ESR may 
remain elevated for up to 1 year after spinal surgery. 

 In some patients, superfi cial infections can be treated 
effectively with antibiotics. If this treatment method is cho-
sen, close surveillance is required to monitor for the spread 
of the infection to deeper structures. If the infection has 
spread to deeper structures, then surgical incision, drainage, 
and removal of the devices is required. An MRI can be per-
formed to determine if the infection has spread to the neur-
axis. Reimplantation may be considered once the infection 
has been effectively treated and the infectious disease spe-
cialist has provided surgical clearance.  

    Conclusions 

 It is of paramount importance for pain physicians who 
manage implantable pain therapies (spinal cord stimula-
tion and intrathecal drug delivery systems) to have a 
strong understanding of SSI prevention and control. 
When appropriate steps are taken during all three stages 
of the perioperative process, the risk of infection can be 
signifi cantly reduced. Even when all measures are fol-
lowed, however, SSIs may still occur, so appropriate fol-
low-up is mandatory.     
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6.1             Introduction 

 Needle placement is one of the most important procedural 
tasks in placing a percutaneous spinal cord stimulation 
device, yet it is often overlooked in regard to its impact on 
the overall outcome and ease of the procedure. Needle 
placement sets the tone for the ease of placing the lead, the 
angle of lead placement, and the potential for complica-
tions. It is often viewed as a simple procedure, yet it is a 
technique that should be performed with vigilance and 
planning (Table  6.1 ). Prior to placing the needle, the patient 
must be prepared and positioned, and a fl uoroscopic scout 
fi lm is taken to evaluate the best route to use when placing 
the needle. If the patient has had instrumentation or has 
scoliosis or congenital spinal defects, a recent plain fi lm 

should be reviewed prior to going to the operating room. If 
stenosis is a concern, the clinician should consider an MRI 
or CT scan prior to moving forward, to ensure that there is 
adequate room in the epidural space.
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   Table 6.1    Checklist prior to needle placement   

 1. Understand the anatomy at the location of planned needle entry 
 2. Review the skin integrity for lesions or local infection 
 3.  Review recent plain fi lms if there is concern about barriers to 

needle placement 
 4.  Review recent CT or MRI images if signifi cant stenosis is a 

concern 
 5.  Plan the angle of approach for the needle, including the 

paramedian angle and needle-to-spine angle (as illustrated in this 
chapter) 
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6.2        Technical Overview 

 After proper patient preparation, the physician should 
develop a strategy for needle placement. This strategy should 
include level of entry, angle of entry, side of entry, and 
method of identifying the epidural space. The physician 
should also plan the site for the placement of the needle tip at 
the time of epidural space entry in relation to bony land-
marks. Once the route of entry is determined, a local anes-
thetic injection is given (Fig.  6.1 ). At this point, a #15 blade 
is used to make a small stab wound to place the needle. This 
step allows for an easier entry into the tissues and may reduce 
the risk of introducing infection into the epidural space from 
skin pathogens. The needle is then ideally placed at an angle 
of 30–45° and advanced until it contacts the lamina of the 
vertebral body caudal to the planed interlaminar space entry. 
It is then advanced and “walked off” cephalad into the liga-
ment (Fig.  6.2 ). In some patients, anatomical variants may 
require modifi cation of the needle angle to increase the ease 
and safety of access. In addition, the body habitus of the 
patient must be accommodated: If the patient is obese, a 

more caudal skin entry site is required to ensure maintenance 
of the desired needle angle of entry, whereas a more cepha-
lad skin entry site is needed for very thin patients. Once the 
needle is established in the ligament, the stylet is removed 
and the needle is advanced carefully, using the loss of resis-
tance or hanging drop technique (Figs.  6.3  and  6.4 ). Some 
have described a method of using a wire to identify the entry 
into the epidural space, but this technique is not well estab-
lished or uniform and should be used only if the implanter is 
trained in this approach. In some settings, such as in the 
upper thoracic spine, the anatomy makes entry into the epi-
dural space at a reasonable angle diffi cult. In these settings, 
the use of a curved-tip needle may be helpful. An example of 
this type of needle is seen in Fig.  6.4 .     

 The angle of the needle approach will determine the 
end point of the tip when entering the epidural space. In 
most cases, this point will be just below the spinous pro-
cess on an anterior-posterior view, and it will be in the 
posterior epidural space on a lateral view (Figs.  6.5 ,  6.6 , 
and  6.7 ). At this time, the needle is ready for lead place-
ment (Fig.  6.8 ).      

  Fig. 6.1    Local anesthetic should be applied in the same plane that is 
planned for the needle placement. The local anesthetic should be placed 
in the skin and subsequent tissues to the level of the supraspinous liga-
ment. If the needle is advanced aggressively into the spine, injection of 
local anesthetic into the spinal fl uid can lead to an accidental spinal 
block       

  Fig. 6.2    The angle of needle placement should be between 30° and 45° 
when possible. In some cases, the patient’s anatomy will not lend itself 
to that angle and adjustments must be made accordingly       
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  Fig. 6.3    Ideal needle placement with stylet removed       

  Fig. 6.4    The confi rmation of needle placement is performed by loss of 
resistance or hanging drop technique. The use of contrast occasionally 
is needed, but it should be avoided if possible       

  Fig. 6.5    Needle placement in the epidural space       

  Fig. 6.6    In morbidly obese patients, a cutdown may be needed to 
achieve a safe angle. The physician must weigh the risks of the cutdown 
with the risk of a sharper angle, which can lead to wet tap or nerve 
injury       

 

 

 

 

6 Needle Placement for Percutaneous Spinal Cord Stimulation of the Back and Legs



30

a b  Fig. 6.7    Fluoroscopic guidance 
is critical for placement. 
Anterior- posterior and lateral 
images are needed to confi rm 
needle placement       

  Fig. 6.8    Once the needle position is acceptable, the leads are placed to 
the proper target       
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6.3     Risk Avoidance 

 Several types of risk accompany needle placement: infection 
of the skin, tissues, or epidural space; epidural bleeding or 
hematoma; nerve injury; and post–dural puncture headache. 
These risks can be minimized by care in following risk- 
avoidance procedures. 

6.3.1     Risk of Infection 

 Do a thorough presurgical workup of coexisting diseases that 
may increase patient risks and determine whether the risks 
are acceptable. Primary care physicians and other specialists 
should be consulted to ensure that all systems are optimally 
controlled prior to implant. Choose a sterile operating area, 
prep widely, drape widely, use prophylactic antibiotics as 
directed, make a skin entry puncture, and use sterile 
dressings.  

6.3.2     Bleeding Risks 

 Assess preoperative risks of bleeding and determine whether 
the risks are acceptable. Consult with primary care or a car-
diovascular specialist regarding drugs that affect platelet 
function, bleeding times, or other areas of hemostasis, and 
determine whether the patient can be removed from those 
medications for an acceptable period prior to needle place-
ment. Consult with primary care regarding disease states that 
affect bleeding, such as leukemia or other diseases of the 
hematological system. If the platelet function is below 
50,000, the physician should be hesitant to proceed without 
the written consent of the treating physician assessing the 
patient’s bleeding status.  

6.3.3     Risk of Nerve Injury 

 The ability to harm a patient by introducing a large needle 
into the neuroaxis is a substantial worry. Fortunately, despite 
this potential harm, signifi cant injury is rare. Several steps 
are critical to avoid nerve injury: (1) Keep the patient alert 
and responsive during needle placement even when using 
monitored anesthesia care or conscious sedation; (2) Keep 
the needle angle at 45° or less; (3) If paresthesia is elicited, 

remove the needle immediately and enter the spine at a dif-
ferent location once the paresthesia dissipates; (4) If the 
patient complains of a stabbing or lancinating pain during 
needle placement, consider giving intravenous steroids as a 
method of reducing neuritis. The decision to give steroids 
(e.g., dexamethasone, at a dose of 2–12 mg) should be 
weighed against the risks of steroids for other disease states.  

6.3.4     Headache Risk 

 The risk of dural puncture is low with the placement of spi-
nal cord stimulation leads. The risks can be reduced by 
proper positioning, proper fl uoroscopic imaging, needle 
angle of 45° or less, and careful advancement of the needle 
through the ligaments with image guidance as the needle is 
advanced. Needle placement should be confi rmed by x-ray, 
hanging drop, loss of resistance, or in rare cases, the use of 
contrast. Once a dural puncture has been identifi ed, the 
patient’s risk of headache may be reduced by increasing 
intravenous fl uids, using abdominal binders to change intra- 
abdominal pressure, giving caffeine, and limiting activity. 
The use of a blood patch should be reserved for situations in 
which a severe post–dural puncture headache is not resolved 
with conservative measures.   

    Conclusions 

 The placement of a needle into the epidural space is seen 
by many clinicians as a simple portion of the implant of a 
spinal cord stimulation device, but needle placement 
should be viewed as a critical portion of the procedure 
and should be carefully planned and executed. By follow-
ing the recommendations of this chapter, the chance of a 
successful outcome should be enhanced.     
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7.1             Introduction 

 The placement of spinal cord stimulation (SCS) systems has 
several important components. For tonic stimulation requir-
ing therapeutic paresthesia overlying the patient’s pain, 
placement of the device within the epidural space is para-
mount. Lead placement is important because the ability to 
delivery energy in the correct location and the fl exibility to 
change the array of stimulation are dependent on the lead 
location. In the past few are shared in this chapter. In suc-
cessfully placing leads the physician must choose a patient 
with acceptable anatomy for placement, properly insert a 
needle, and pick a target for the desired lead location for 
proper stimulation. In many patients the most diffi cult com-
ponent of the procedure is guiding the lead from the needle 
to the end location. Multiple factors will infl uence the ease in 
which this task is completed. By modifying the technique, 
the physician can maximize the ease in which the lead is 
guided to the target.  

7.2     Technical Overview 

 In some clinical settings guiding a lead is technically very 
simple. The needle is placed at an angle of 40° or less from a 
paramedian approach, both in the sagittal plane and from the 
surface of the skin, into an area of the spine with excellent 
anatomy and the lead advances to the posterior epidural 
space without any obstructions. Unfortunately, in some 
patients the lead placement and guidance is very diffi cult. In 
these settings the clinician must make proper adjustments to 
the technique to optimize the procedure and improve the 
chances for a good outcome. In each setting physicians 
should go through a checklist of issues in their mind to 
improve success. 

 Prior to placing the lead the physician should evaluate and 
optimize needle placement. This includes proper needle 
angle, bevel orientation, and approach off the midline in a 
paramedian approach (Fig.  7.1a, b ).  

 Once the needle has been addressed, the next component 
to examine should be the lead itself. Issues to consider are 
the type of stylet (Fig.  7.2a ), length of lead, and whether the 
position is ideal for initial exit from the needle to start on a 
correct path toward the target. Initially in most cases the 
curved stylet is the initial starting point for lead placement. 
In situations in which the lead is advancing too far laterally, 
a change to a straight stylet (Fig.  7.2b ) may allow the lead to 
correct toward the midline. In some clinical settings the phy-
sician may need to alternate between a curved and a straight 
stylet several times to maneuver the lead to the desired loca-
tion. The need to exaggerate the curve in the stylet is rare, but 
in some cases the physician may create an exaggerated curve 
creating a “hockey stick” angle that is needed to drive the 
lead toward midline when it is tracking laterally. In cases in 
which an exaggerated stylet is used, the physician should 
reconfi rm placement of the lead with both fl uoroscopy and 
computer screening once the stylet is removed to detect a 
“rebound movement” that results in lead movement once the 
rigidity of the stylet is removed. Lead issues are reviewed in 
Table  7.1 . New stylets with polymer coatings may allow for 
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easy lead placements and stylet removal without lead con-
tour changes. Despite this advance the lead can still be diffi -
cult to place. 

   Epidural obstructions can be frustrating and potentially 
dangerous when attempting to successfully place a lead. 
These obstructions can be caused by several factors 
(Table  7.2 ) and can lead to a failure of the procedure. All 
manufacturers include a wire coil in their typical lead 
deployment kit. This coil wire can be used to create a path-
way or channel in the epidural space to help with lead 
advancement. These wire inserts can be helpful, but they 
can also lead to complications and should be used with cau-
tion. The authors prefer a different method for overcoming 
this issue. That is to use a technique of fi nesse and a gentle 
approach to avoid trauma. In this method the lead is 
advanced to the point of obstruction and then repeatedly 
advanced forward. Each time an obstruction is felt, the lead 
is withdrawn, and then advanced only during exhalation. In 
many cases this method will lead to an ability to advance 

the lead without traumatizing the tissue. Other options 
include using the curved and straight stylet to “drive” 
around the obstructive structure. In the event that these 
methods are unsuccessful, a different intralaminar level of 
entry should be considered. If diffi culty persists past a rea-
sonable number of attempts, the procedure should be 
aborted and a surgical laminotomy approach should be con-
sidered, even for the trial phase.

   Once the lead is driven to the desired target, hand-held 
computer screening can be used to ensure that the patient has 
the desired response. In the event the response is not optimal, 
additional modifi cations may be needed. Trolling of the lead 
can be used to optimize placement. In this method the lead is 
activated to the sensory threshold and then adjusted in the 
epidural space until optimal placement is achieved. When 
the clinician is satisfi ed with the placement, a fl uoroscopic 
image should be taken on lateral and anteroposterior views 
and saved for future comparisons if there are any concerns 
about lead migration.  

a b

  Fig. 7.1    The bevel of the needle should be cephalad ( b ) and the lead should be introduced with the goal of placement within the posterior epidural 
space ( a )       
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  Fig. 7.2    ( a ) Curved stylet; ( b ) Straight stylet       

   Table 7.1    Lead issues   

 Lead issue  Options 

 Lateral lead movement  Rotate the lead using a curved stylet 
 Obstruction to movement  Gently reposition the lead alternating the curved and straight stylets 

 Gently tap the lead against the obstruction on multiple rapid attempts, withdrawing slightly each time 
 Use the wire coil to pass the obstruction (use caution and stop if pain occurs) 

 Failure to achieve stimulation 
despite optimal X-ray 
placement 

 Troll with the lead to fi nd an area responsive to stimulation, try different programming arrays including a 
guarded cathode 

 High impedance of the lead  Reposition the lead cephalad or caudad 

   Table 7.2    Causes of obstructions   

 Epidural fi brosis 
 Epidural vessels 
 Fascial bands 
 Spinal stenosis 
 Disc protrusions compressing the canal 
 Postsurgical scarring 
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7.3     Risk Assessment 

     1.    The risk of nerve injury should be considered when guid-
ing a lead to the target zone. The lead may contact a nerve 
root or dorsal root entry zone and lead to an injury to the 
neural structures.   

   2.    The lead can rent the dura and lead to a chronic cerebro-
spinal fl uid leak. This can produce a chronic post–dural 
puncture headache.   

   3.    The lead can dissect an epidural vessel and cause a bleed 
that may create an epidural hematoma and subsequent 
neural injury.   

   4.    The lead may be guided to the lateral or anterior posi-
tion in the epidural space that can cause a motor nerve 
stimulation that can be very painful and stressful to the 
patient.      

7.4     Risk Avoidance 

     1.    To avoid nerve injury the clinician should keep the patient 
conversant and alert during the time of lead placement. 
An alert patient can warn of paresthesia and result in a 
change in practice for the implanter.   

   2.    To avoid the risk of dural tear or rent, the lead should be 
advanced only when resistance is minimal and the lead 
should not be forced to advance past an obstruction. 
When using the wire coil device, caution should be exer-
cised to avoid excessive force.   

   3.    Drugs that affect the bleeding function of the patient can 
lead to severe complications if not stopped prior to implant. 
The decision to stop warfarin, clopidogrel (Plavix), and 
other drugs should be made by the treating physician for 
the affl iction for which these drugs are being prescribed. 
The risk versus the benefi t of stopping these drugs should 
be considered prior to moving forward. Proper laboratory 
values that may have an impact on bleeding should be con-
sidered prior to moving forward.   

   4.    It is important to obtain an anteroposterior fi lm and a lat-
eral fi lm to ensure the lead is not positioned near a nerve 
root or ventral fi ber area. The evaluation of only one view 
can lead to a miscalculation of lead placement.   

   5.    The use of a shallow needle angle for entry into the epi-
dural space is important for risk avoidance. This maneu-
ver will improve the ease of passing the lead, help with 
directing the lead, and lower the incidence of lead migra-
tion over time.      

    Conclusions 

 The ability to drive a lead into a proper target zone can vary 
in diffi culty. The physician can have a great impact on this 
process by making modifi cations noted in this chapter. The 
process of guiding a lead is essential to the procedure.  

7.5     Supplemental Images 

 See Figs.  7.3 ,  7.4 ,  7.5 ,  7.6 ,  7.7 ,  7.8 , and  7.9 .            
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  Fig. 7.3    Percutaneous leads covering the T8–10 vertebral bodies       

  Fig. 7.4    Percutaneous lead covering T10 and T11 off THE midline to 
provide unilateral coverage       

  Fig. 7.5    Lateral view showing correct lead placement for thoracic 
implantation of SCS systems       

  Fig. 7.6    Staggered percutaneous array covering T8–11       
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  Fig. 7.7    Once the leads are confi rmed on x-ray, a cutdown is per-
formed, anchoring stitches are placed, and a pocket is made to implant 
the generator       

  Fig. 7.8    Percutaneous placement of a cervical lead in a patient with a 
history of anterior fusion       

  Fig. 7.9    Combined stimulation of percutaneous and peripheral leads 
for the treatment of axial and radicular and cervical pain       
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      Stimulation of the Spinal Cord 
by Placement of Surgical-Based 
Paddle Leads  
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    Timothy     R.     Deer      ,     Robert     M.     Levy     , and     Claudio     A.     Feler    

8.1             Introduction 

 Spinal cord stimulation can be achieved through various 
methods. One of the least invasive and most popular options 
is percutaneous lead placement via a needle in the epidural 
space and passing a cylindrical lead into the desired epidural 
location, producing circumferential modulation of surround-
ing structures of the neuroaxis. Percutaneous implantation of 
leads is favored by the majority of interventional pain physi-
cians and is a common method of performing most trials and 
many permanent implants. An increasingly common method 
of placing the permanent spinal cord stimulation leads is via 
an open surgical technique in which a small laminotomy is 
performed, allowing a ribbon-type surgical or paddle lead to 
be placed in an antegrade or retrograde fashion into the 

 epidural space under direct visualization. The paddle lead 
allows for a more effi cient, unidirectional lead that may offer 
more stability. Paddle leads are indicated based on surgeon 
preference as well as other clinical factors detailed in 
Table  8.1 .
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   Table 8.1    Indications for paddle lead placement   

 Surgeon prefers paddle lead 
 Surgeon not skilled in percutaneous technique 
 Diffi cult needle access to the spine because of anatomical 
characteristics 
 Epidural fi brosis 
 Revision because of lead migration 
 Inadequate power with percutaneous leads 
 Positional stimulation 
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8.2        Technical Overview 

 The placement of a paddle electrode requires additional sur-
gical skills as compared with the percutaneous placement of 
stimulation leads. Unlike the percutaneous cylindrical lead 
implantation, it does not require the ability to place a needle 
in the epidural space and to drive a lead. Placing a paddle 
lead through the open approach requires the surgical skills to 
safely dissect, expose the spinolaminar junction, and per-
form a small laminotomy, which allows for direct visualiza-
tion while placing the lead (Fig.  8.1 ). A variety of anesthetic 
choices are available including general anesthesia with neu-
romonitoring or awake placement with local/mac or spinal 
anesthesia, the latter two of which still allow appropriate par-
esthesia mapping. While the patient is upright prior to sur-
gery, it is important to determine the appropriate location for 
the future pulse generator by marking the patient’s belt line 
and seat line and placing the pulse generator such that it does 
not interfere with either. The procedure is initiated by prop-
erly positioning the patient in the prone or the semilateral 
position and ensuring all standard surgical precautions are 
taken to optimize patient safety. Once the patient is posi-
tioned, fl uoroscopy is utilized to identify the appropriate 
interspace (e.g., T9–10).  

 An incision is planned over the appropriate interspinous 
process. This area, as well as the gluteal pocket, is shaved, 
prepared, and draped in the usual sterile fashion (Fig.  8.2 ). 
After infi ltration of local anesthetic, the thoracic incision is 
opened with a 10-blade scalpel. Subperiosteal dissection is 
performed and retractors are placed. A small laminotomy is 
performed (using a combination of Leksell rongeurs, 
Kerrison punches, and diamond drill). An adequate open-
ing is made for the placement of the paddle lead (Fig.  8.3 ). 
Selection of the appropriate paddle lead depends on a 
 number of factors including choice of trial system, selec-
tion of active contacts during the trial stimulation (close or 
wide spacing), epidural anatomy, and size of laminotomy. 
A paddle lead is advanced under fl uoroscopic guidance 
such that the middle of the lead is positioned over where 

the patient had most adequate stimulation during the trial 
procedure (Fig.  8.4 ).    

 Next, the gluteal incision is opened. A pocket is made for 
the pulse generator and a subcutaneous pass is then made 
from the gluteal area to the thoracic incision. The paddle lead 
extension wires are brought through from top to bottom. The 
distal ends of the extensions are then inserted into the pulse 
generator and the set screws are tightened. Electronic analy-
sis of the neurostimulator system is then performed with 
electrode selectability, cycling, output modulation, imped-
ance, and compliance tested and found to be in an acceptable 
range. 

 As stated previously, some surgeons perform an awake 
test stimulation with a goal of obtaining paresthesias in the 
desired painful areas; other surgeons work under general 
anesthesia confi rming placement using a combination of 
x-ray guidance and evoked potential stimulation. A typical 
stimulation occurs to 4–6 Hz at a pulse width of 300–350 μs 
with increases in amplitude until electromyographic signal 
changes are detected. If the goal is to achieve bilateral lower 
extremity stimulation, central lead placement is usually 
desired. In some cases, the fl uoroscopic and anatomical mid-
lines vary and the stimulation is more accurate. In cases of 
unilateral limb pain, the goal is to stimulate the midline and 
the area just off the midline to the side of pain generation. 

 Options for paddle lead confi gurations include single, 
dual, tripolar, or pentapolar confi gurations, variability in 
number of leads placed, spacing of electrodes, curve of the 
paddle, and overall shape of the lead(s). The complexity of 
the lead, variation in programming, and hours of stimulation 
result in a marked variability in the amount of energy 
required by the pulse generator. 

 A strain-relief loop is also placed in the thoracic area and 
anchored down to the interspinous ligament. The extension 
is coiled beneath the pulse generator that is placed in the 
pocket. At the conclusion of the lead placement, a fi nal x-ray 
confi rmation is made to document position for future refer-
ence (Fig.  8.5 ). Both incisions are irrigated copiously with 
bacitracin irrigation and closed in multiple layers.   
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  Fig. 8.1    Types of paddle leads       

  Fig. 8.2    Exposure for lead placement       

  Fig. 8.3    Preparation of the epidural space       

  Fig. 8.4    Lead placement into the epidural space       

  Fig. 8.5    Fluoroscopic confi rmation of lead placement       
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8.3     Risk Assessment 

     1.    The placement of a paddle lead requires bone removal 
and tissue disruption. This leads to the risk of epidural 
bleeding and possible epidural hematoma.   

   2.    Infection is a concern and possible complications include 
osteomyelitis, epidural abscess, meningitis, sepsis, and 
death. The most common complication is superfi cial 
wound infection.   

   3.    Paddle leads are considered much more stable than percu-
taneous leads. Possible system failures include lead frac-
ture, lead migration, and current leak from abnormalities 
of the wire covering or insulation.   

   4.    Epidural fi brosis develops below and around the leads 
and may cause a change in the stimulation parameters and 
could change the overall success of the procedure.      

8.4     Risk Avoidance 

     1.    The risk of bleeding can be minimized by optimizing the 
patient’s health prior to implant. The physician should 
review laboratory values that have an impact on the bleed-
ing function. Medications that affect bleeding function 
should be reviewed by the patient’s family doctor or car-
diologist and modifi ed to reduce bleeding risk if possible. 
If the patient cannot come off drugs that affect platelets 
and bleeding function for an acceptable period of time 
prior to implant because of medical risks, the procedure 
should not be performed for concern of epidural hema-
toma. The patient and the caregivers should be informed 
to monitor postoperative symptoms to identify bleeding 
early and allow immediate treatment.   

   2.    Prior to surgery, the physician should review the patient’s 
planned incision sites for infection or lesions in the surgi-
cal area. The surgery should be delayed if there is any 
doubt about the safety of moving forward.   

   3.    Preoperative antibiotics, intraoperative antibiotic irriga-
tion, and postoperative oral antibiotics may reduce the 
risk of infectious complications. This should be coupled 
with careful attention to detail of preparing, draping, and 
wound closure to reduce the risk of contamination. In 

patients with a history of immune system compromise 
such as human immunodefi ciency virus/acquired immu-
nodefi ciency syndrome (HIV/AIDS), cancer, poorly con-
trolled diabetes mellitus, and primary immune 
dysfunction, a consultation with an infectious disease 
specialist or primary care doctor should be considered.   

   4.    Prior to placing a paddle lead, the surgeon should con-
sider the amount of room in the spinal canal and deter-
mine whether there is adequate room for the volume of 
the lead. This can be determined by a preoperative mag-
netic resonance imaging (MRI) or computed tomography 
(CT) myelogram. The implanter may also decompress the 
spinal canal at the time of implant by performing more 
extensive bony removal at the stenotic levels.   

   5.    Careful attention to lead position, strain-relief loop at the 
incision site, and avoidance of pressure on the lead can 
reduce the risk of fracture and electrical system disrup-
tion. Over the past few years, the quality of lead manufac-
turing has also reduced this risk.      

    Conclusions 

 The paddle lead option is often a very good solution to 
treating diffi cult pain problems. This method can be cho-
sen because of the preference of the surgeon or can be an 
option based on clinical scenarios that develop based on 
patient needs and anatomy. Unidirectional current, effi -
cient energy delivery, and enhanced lead stability are all 
reasons to consider the paddle lead approach in treating 
patients with diffi cult pain syndromes. Device selection 
may continue to evolve as the availability of fi rst-genera-
tion percutaneous paddles, new paresthesia-free devices 
and mechanisms such as high-frequency and burst stimu-
lation, and new targets such as the dorsal root ganglion 
continue to be added to the neuromodulation armamen-
tarium. These new offerings may reduce the need for sur-
gical paddles, but thus far, the extent of this paradigm 
shift has not been determined.  

8.5     Supplemental Images 

 See Figs.  8.6  and  8.7 .       
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  Fig. 8.6    Dual paddle leads to treat axial and foot pain       
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  Fig. 8.7    Proper placement of paddle for lumbar radiculopathy       
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      Programming Spinal Cord Stimulation 
Systems 

           Timothy     R.     Deer     

9.1             Introduction 

 The placement of a lead into the epidural space is an accom-
plishment that is essential to performing spinal cord stimula-
tion. Once the lead is in place, the clinician must program the 
device to deliver current to change the way the spine 
 modulates neural signals. Each device manufacturer has sig-
nifi cant intellectual property design that makes their pro-
gramming unique. The goal of this chapter is to give a 
noncommercial look at general programming principles. The 
physician should have a good understanding of electrical 
properties that are critical in achieving an overall acceptable 
outcome. The fi rst perception the physician must compre-
hend is the lead target for ideal stimulation (Table  9.1 ). The 
targets are a starting point for programming, but they may 
vary based on patient-specifi c anatomy. The basic concepts 
of programming involve the understanding of amplitude, 
pulse width, and frequency (Fig.  9.1 ). Amplitude involves 
the intensity of the electrical fi eld. Increasing the amplitude 
changes the size of the electrical fi eld. Pulse width is the 
length of time the nerve target is exposed to an impulse. 
Frequency is the number of exposures that occur per minute 
of stimulation.

  9
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    Table 9.1    Targets for lead placement   

 Cathode placement  Stimulation target 

  Cervical  
 C2  Face, below the maxillary region 
 C2–C4  Neck, and shoulder to hand 
 C4–C7  Forearm to hand 
 C7–T1  Anterior shoulder 
  Thoracic  
 T1–T2  Chest wall 
 T5–T6  Abdomen 
 T7–T9  Back and legs 
 T10–T12  Leg limb 
  Lumbar/sacral  
 L1  Pelvis 
 T12, L1  Foot 
 L5, S1  Foot, lower limb 
 S2 to S4  Pelvis, rectum 
 Sacral hiatus  Coccyx 

Programming Basics
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  Fig. 9.1    Programming basics       
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9.2         Technical Overview 

 The basic concept of using electrical current to modulate the 
neurotransmission of pain signals involves creating an elec-
trical fi eld that changes synaptic connections. Thinking of 
membrane as an uneven capacitor, application of a charge 
can create a membrane potential change. This results in a 
cathode-driven depolarization, and an anode-driven hyper-
polarization (Fig.  9.2 ). This strategy of using cathodes and 
anodes concurrently allows the clinician to shape the current 
to achieve the desired therapeutic stimulation, as previously 
described by Holsheimer. Using a paddle lead confi guration, 
we can illustrate the vertical and horizontal mapping that can 
form the patient response created by changing the number 
and position of positive and negative contacts (Fig.  9.3 ).   

 To shape the fi eld, the clinician must understand several 
components:

    1.    Where is the lead position? The target location of the lead 
will determine the stimulation possibilities. The implanter 
should review the anterior-posterior view and the lateral 
view to determine the patient’s response to changes in 
lead activation.   

   2.    How many contacts are on the lead? An octipolar lead 
will allow many more possible combinations of program-
ming than a quadripolar lead. A paddle lead with multiple 
contacts may allow lead screening in both vertical and 
horizontal orientations.   

   3.    How many leads or contacts are in the spine? By adding a 
second or third percutaneous lead, the number of pro-
gramming options will increase dramatically. This is also 
true for changing from a simple quadripolar surgical lead 
to a more complex tripolar or pentapolar paddle lead. 
These increased contact systems lead to an exponential 
improvement in possible electrode combinations to shape 
the fi eld.   

   4.    The system must contain one cathode to drive current. A 
single cathode drives current to that area of the system. 
The addition of cathodes to the system leads to dispersion 
of the current. A general rule is that the number of 

 cathodes is directly proportional to the concentration of 
current in an area of neural tissue. In some peripheral 
nerve tissues, the addition of multiple cathodes will result 
in current being spread through the area, increasing the 
number of small nerve fi bers exposed to the current.   

   5.    The system must contain one anode to create a fi eld along 
with the cathode. Anodes may be used to guard a cathode 
to isolate the negative charge, or they may be used to 
shape current based on multiple cathode and anode 
combinations.   

   6.    The amplitude of stimulation will determine the strength of 
the stimulation delivered to the patient. In some settings, 
increasing the amplitude will result in increased radicular 
fi ber recruitment and perception of a spread of the impulse 
to additional areas in the extremity or axial region.   

   7.    The frequency of stimulation will determine the number 
of impulses provided to the nerve tissue per minute. Some 
patients prefer a low frequency; others prefer the fre-
quency to be very high. The use of high-frequency stimu-
lation has been found to be helpful in some conditions 
( e.g. , complex regional pain syndrome) that may fail low- 
frequency stimulation.   

   8.    The pulse width determines the amount of time the nerve 
tissue is exposed to the current. Increasing pulse width 
can change the area of stimulation in a limb. In some set-
tings, pulse width adjustment has no effect on the percep-
tion of stimulation.      

Bipole
Cathode =

depolarization

Total field

Anode =
hyperpolarization

  Fig. 9.2    Depolarization/hyperpolarization       
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  Fig. 9.3    ( a ) Clinical example of programming, 
array off. ( b ) Bipolar array. ( c ) Dual anode with 
cathode. ( d ) Staggered array. ( e ) Dual matched 
cathode/anode. ( f ) Staggered array. ( g ) Shifting of 
the fi eld. ( h ) Lateral array (Reprinted with 
permission of St. Jude Medical; all 
rights reserved)           
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Fig. 9.3 (continued)
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Fig. 9.3 (continued)
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9.3     Risk Assessment 

 Several programming pitfalls can stand in the way of achiev-
ing a successful spinal cord stimulation system:

•    The placement of leads into an improper anatomical loca-
tion will make it diffi cult to achieve proper programming, 
even in the best of hands or with the ideal technology.  

•   Prior to programming the system, the implanter and the 
programmer should identify the electrode contact posi-
tion. Activating a contact that is in the wrong position can 
lead to painful paresthesias. Electrodes in the far lateral or 
anterior epidural space can result in motor activation 
when programmed.  

•   Improper understanding of programming can lead to a 
failed trial or permanent implant even in the setting of a 
proper candidate, good lead placement, and good surgical 
technique.  

•   If the lead is positioned on top of epidural adipose tissue, 
a large blood vessel, or epidural scar or fi brosis, conduc-
tion from the lead to neural tissue may be poor, causing 
the system to fail.  

•   Improper contacts at the generator or at a connector loca-
tion will lead to poor electrical current transfer and a 
failed or ineffi cient system.  

•   Patients may require different programs based on activity; 
for example, the patient may require low amplitudes and 
simple programming while at rest, but may require much 
different parameters during walking or other activity.     

9.4     Risk Avoidance 

 Care in implantation and programming can minimize the 
pitfalls:

•    Before attempting to program the system, the clinician 
should ensure that the leads are in proper position 
based on the target of stimulation. Lateral views should 

also confi rm the lead in the proper posterior epidural 
space.  

•   The electrodes may vary in orientation, with some con-
tacts more lateral than others. The programming is based 
on the physician's activating the proper contact and decid-
ing on ideal anode and cathode positions.  

•   During the implant of trial leads and the subsequent per-
manent implant, the clinician should strive for lead place-
ment that allows for ideal coverage at the center of the 
lead. This is true for single and dual percutaneous leads 
and for surgical paddle leads.  

•   “Dead zones” (areas of minimal or no stimulation) are 
identifi ed by high impedance on attempted programming 
or failure to elicit a paresthesia despite high amplitudes. 
This problem can be avoided during the trial phase and at 
the time of permanent implantation by repositioning the 
lead. Once the lead is in place, the problem can be 
addressed by programming alternate contacts, increasing 
the ratio of cathodes to anodes to drive current, program-
ming the other lead in dual-lead systems, or by surgical 
revision to change the lead position. In cases of epidural 
fi brosis, a revision to a paddle lead may be necessary to 
increase current strength.  

•   High impedance can be a sign of improper contacts within 
the system. This can occur at the generator or at exten-
sions or connectors when used. At the time of surgery, it 
is important to clean the contacts and ensure that the sys-
tem is dry, with no fl uid in the connections. Once the sys-
tem is implanted, this problem usually will require 
programming of alternative contacts; in some patients, 
reoperation is needed to explore the connections for fl uid 
or damage.  

•   New, advanced systems allow multiple program selec-
tions, which the patient can control when doing different 
activities. This ability can be helpful to stimulate different 
dermatomes, to cycle programs to give a sensation of 
broader coverage, or to treat patients whose pain pattern 
changes with varying activity, such as those with spinal 
stenosis.     
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  Fig. 9.4    Waveform innovations. 
Burst stimulation ( top ), high 
frequency stimulation at 
10,000 Hz ( middle ), and tonic 
stimulation at 40 Hz ( bottom )       

9.5     Future Trends 

 Commonly, spinal cord stimulation employs a frequency of 
40–60 Hz. New current waveform applications have been 
developed that use high-frequency stimulation, with research 
suggesting pain reduction without the need for therapeutic 
paresthesia coverage overlying the typical painful area. 

 Traditional tonic stimulation with 40 Hz stimulates the 
lateral path of pain perception. It appears that high-frequency 
stimulation at 5000–10,000 Hz stimulates the medial path, 
most commonly involved with the affective component of 
pain (Fig.  9.4 ). 

 Studies suggest that lead placement is less confi ned to the 
Barolat coverage mapping described in Table  9.1 , and may 
be less positional and offer an option for patients not respon-
sive to tonic stimulation. Burst stimulation delivers a 40 Hz 
burst with fi ve spikes at 500 Hz per burst and engages the 
medial and lateral pathway, which may affect not only the 
brain’s quantitative assessment of pain but also the qualita-
tive awareness and attention to pain, potentially employing 
the best of both tonic and high-frequency stimulation 
concurrently.   
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    Conclusions 

 Many physicians spend hours training to implant leads, 
place generators, and connect systems. These surgical 
concerns must be addressed, and competence is part of 
the core skills of an implanter, but it is also important for 
the physician to understand electrophysiology and how 
programming can impact the success of a system. This 
understanding is important for lead placement, trouble-
shooting, changing pain patterns, and overall patient care. 
The competent implanter should have a good understand-
ing of the concepts in this chapter and be prepared to 
instruct technicians and nurses who assist in the 
programming.     
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      Anchoring Percutaneous Leads During 
Permanent Device Placement 

           Timothy     R.     Deer      ,     Stanley     Golovac     , and     Matthew     Kaplan    

10.1             Introduction 

 In many settings, the education and training of an implanting 
physician for spinal cord stimulation (SCS) focuses on the 
preoperative evaluation, needle placement, lead direction 
and location, and overall surgical technique as critical parts 
of a good long-term outcome. In the best of hands, all of 
these issues are important, but the procedure is made durable 
with the action of properly anchoring the lead. This chapter 
focuses on this component of SCS placement. 

 Even with meticulous attention to anchoring, lead migra-
tion can occur and is generally the complication most often 
reported at 1 year after implantation. New anchors, methods, 
and technology may reduce this problem to a negligible 
issue.  

10.2     Technical Overview 

 The procedure for preoperative assessment, positioning, nee-
dle placement, and lead location and selection is completed 
in the usual fashion. The angle of the needle may affect the 
ease of anchoring. In general, the angle should be at 45° or 
less, if possible based on the anatomy. This low angle allows 
for less torque on the lead when placing the anchor 

(Figs.  10.1 ,  10.2 , and  10.3 ). An incision to the fascia and 
ligament may be made either prior to lead placement 
(Fig.  10.4 ) or after the needle is in position. The clinician 
should dissect the fatty tissue from the area surrounding the 
needle so that fascia and ligament are easily visible 
(Fig.  10.5 ). The fascia has a shiny appearance that should be 
visualized around the lead entry, and the ligament resembles 
leather. Anchoring sutures are then placed in the desired 
location to properly align the lead to reduce torque on the 
structure and to allow a strain relief loop.      

 Anchoring can be a challenge in some patients who tend 
to be more technically diffi cult. Patients in this category may 
include those with uncontrolled diabetes, morbid obesity, a 
history of multiple spine surgeries, or poor tissue health sec-
ondary to cachexia. Attention to detail will be critical in this 
patient group. 

 When the needle and stylet are removed, careful attention 
should be given to maintaining the lead position. This por-
tion of the procedure should be confi rmed with fl uoroscopic 
views taken before and after the needle and stylet have been 
removed to ensure that the position remains consistent. At 
this point, an anchor is moved over the lead to the entry point 
of the lead into the fascia or ligament (Fig.  10.6 ). The anchor 
should be brought forward so that no slack exists between 
the anchor and the lead. In some settings, the physician can 
improve this situation by making an incision around the nee-
dle before removing it. This incision will allow the anchor to 
slide into the ligament. At this time, additional sutures may 
be placed, based on the type and manufacturer of the anchor 
chosen. Some clinicians prefer a single suture, whereas oth-
ers prefer multiple sutures to avoid lead movement. New 
anchoring methods are available for those who have chal-
lenges in suturing or who prefer uniformity in suture spac-
ing. In addition to securing the anchor to the tissue, it is 
important to secure the lead to the anchor, which can be done 
by using surgical ties (or preferably mechanical anchors) to 
secure the lead (Fig.  10.1 ).  

 Some anchor models are equipped to mechanically lock 
onto the lead to prevent the lead from moving despite a 

  10

        T.  R.   Deer ,  MD      (*) 
  The Center for Pain Relief  ,    400 Court Street, Suite 100  ,  
 Charleston  ,   WV   25301  ,   USA   
 e-mail: DocTDeer@aol.com   

    S.   Golovac      
  Florida Pain ,   4770 Honeyridge Lane , 
 Merritt Island ,  FL   32952 ,  USA   
 e-mail: sgolovac@mac.com   

    M.   Kaplan      
  Preferred Spine and Pain ,   1250 South AW Grimes Boulevard , 
 Round Rock ,  TX   78664 ,  USA   
 e-mail: kaplan.matthew@yahoo.com  

mailto:DocTDeer@aol.com
mailto:sgolovac@mac.com
mailto:kaplan.matthew@yahoo.com


58

secure, immovable anchor. The Clik™ anchor (Boston 
Scientifi c, Natick, MA) is a locking anchor that is placed 
over the lead (Figs.  10.7  and  10.8 ). The company recom-
mends fi rst securing the lead to the fascia before locking the 
lead in place. This lead has a screw lock system, which is 
tightened using a screwdriver until it “clicks." The lead can 
be locked and unlocked by turning the screw. Medtronic 
(Minneapolis, MN) has introduced two new compression-fi t 
anchors (Injex®), which come as either a bi-wing design 
(Fig.  10.9 ) or a bumpy design (Fig.  10.10 ). The lead comes 
preloaded on a dispenser tool (Fig.  10.11 ). The anchor and 
dispenser tool are placed over the lead, the anchor slides into 
place, and the dispenser tool locks the anchor onto the lead. 
The anchor and lead are then secured to the fascia. St. Jude 
Medical (St. Paul, MN) has introduced the Swift-Lock™ 
anchor. This is a cigar-shaped anchor that is placed over the 
lead. The anchor is then secured to the fascia. Using either 
fi ngers or hemostats, the anchor is rotated until two triangles 

line up to indicate that the anchor is locked to the lead. The 
anchor can be unlocked by reversing the twist direction 
(Fig.  10.12 ). When using these systems, attention must be 
paid to avoid tension on lead components that can damage 
and eventually fracture the lead. When using these types of 
anchors, it is also important to carefully secure the anchor to 
the tissue so that the anchor itself will not shift.       

 In addition to mechanical anchoring, the physician can do 
things to reduce the severity of complications associated with 
minor lead migrations. The physician should pay careful 
attention to the stimulation pattern of the lead(s) when obtain-
ing optimal stimulation. The ideal lead orientation involves 
obtaining optimal stimulation patterns using electrodes in the 
center of the lead. This allows for correction of small lead 
distance migrations with programming changes rather than 
surgical revisions. Excellence in anchoring involves more 
than technical skill; it also involves a good understanding of 
the concept of spinal neurostimulation programming.  
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  Fig. 10.1    Anchoring and 
suturing technique. Proper needle 
placement ( a ). Proper placement 
of the surgical lead ( b ). Proper 
placement of the anchoring 
device at the fascia entry point 
( c ). Suturing of the anchoring 
device ( d ) employing the 
Deer- Stewart suturing technique, 
showing three interrupted sutures 
in the middle of the anchor and 
fi gure-of- eight sutures at the 
distal and proximal anchor ends. 
The fi gure-of-eight sutures are 
numbered based on needle entry       
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  Fig. 10.2    Anchoring to fascia and ligament       

  Fig. 10.3    Anchoring to the fascia and ligament       

  Fig. 10.4    Sutures may be placed in the fascia and ligament prior to 
removing the needles, in order to protect the leads       

  Fig. 10.5    Dual needles are seen with a pocket created prior to anchor-
ing to allow for observation of hemostasis prior to closure       

  Fig. 10.6    Anchors should be abutting the fascia prior to securing them 
to the spine       

  Fig. 10.7    Clik™ anchor with hex wrench       
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  Fig. 10.8    Fluoro image of Clik™ anchor       

  Fig. 10.9    Injex® bi-wing anchor       

  Fig. 10.10    Injex® Bumpy anchor       

  Fig. 10.11    Injex® dispenser tool       

  Fig. 10.12    Swift-Lock™ anchor (Reprinted with permission of St. 
Jude Medical)       
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10.3     Suturing and Anchoring Materials 

 The suture used to anchor the lead should be nonabsorbable 
and durable. In the past, many texts and articles have recom-
mended silk as a mainstay of anchoring, but over time, the use 
of silk can lead to migration because the silk can degrade and 
eventually break down, allowing potential movement of the 
lead. Sturdy, nonabsorbable sutures such as Ethibond (Ethicon, 
Somerville, NJ) and other similar sutures will reduce the risk 
of long-term migration. Also, using a large cutting needle (CT-
1) will allow the physician to take a  bigger bite of the fascia, 
thus helping to more effectively secure the anchor and lead. 

 Boston Scientifi c has recently introduced the fi Xate™ Tissue 
Band, a novel device to assist with lead anchoring. The suture 
comes preloaded in the device, which is placed over the lead. The 
button is depressed, and device delivers the suture into the tissue. 
Using a knot puller, the suture is then secured. The advantage of 
this method may be to reduce the risk of human error, and it may 
be particularly helpful for those who feel that suturing for anchor-
ing is not their strong point. The disadvantages are added costs 
and the potential for not properly aligning the anchor and sutures. 

 The type of anchor the clinician chooses may not be very 
signifi cant. Manufacturers often point out the advantages of their 
anchoring systems, and clinicians develop preferences based on 
individual experiences, but to date no long-term studies have 
been performed to compare anchors from competing companies. 
Regardless of the anchor chosen, it is important for the clinician 
to perform several safeguards to improve outcomes (Table  10.1 ).

10.4        The Deer-Stewart Anchoring Method 

 In our experience, the commitment to excellence in anchor-
ing is worth adding a few minutes to the surgical procedure. 
To properly secure the lead that has been placed percutane-
ously, it is important to space the sutures properly. This can 
be achieved by using both strategically placed sutures that 
use the benefi ts of the anchor and fi gure-of-eight sutures that 
lead to tissue fi brosis around the anchor lead complex. 
Figure  10.1  illustrates the technique in which three sutures 
are placed through the fascia and ligament (prior to needle 
removal), and two additional fi gure-of-eight sutures are 
placed at the proximal and distal ends of the anchor. This 
technique can be applied to any manufacturer’s lead to secure 
better anchor to tissue fi brosis and subsequent reduction in 
anchor shifting.  

10.5     Risk Assessment 

 The ability of clinicians to anchor percutaneous leads and 
avoid migration appears to be improving. Nevertheless, 
migration still occurs and can require reprogramming the 
system, revising one or more leads, converting to a surgical 
lead, or removing the device. Because these systems are 
often therapies offered late in the algorithm, these occur-
rences are unfavorable. Several situations increase the risk:

•    If the physician fails to remove adipose tissue from the 
fascia and ligament before anchoring, the tissue can 
become ischemic and the lead can migrate.  

•   In extreme paramedian approaches, the cut-down can be 
over muscle tissue. When anchoring is performed to mus-
cle tissue, migration can occur as the patient's normal 
movement requires muscle contraction.  

•   Suture breakage can occur, making one-suture anchoring 
techniques extremely risky. Breakage of the suture may 
lead to shifting of the lead or anchor.  

•   The anchor can cause discomfort if it is superfi cial in the 
tissue. The new mechanical anchors have not resolved 
this problem.     

10.6     Risk Avoidance 

 Applying the following precautions can greatly reduce the 
risk of lead migration:

•    Migration can be reduced by using an angle of 45° or less 
for needle entry into the epidural space and by using a 
paramedian approach with needle placement. Needle 
entrance is best approached medial to the pedicle 1.5–2 
levels inferior to the targeted entrance interlaminar level.  

   Table 10.1    Physician action to safeguard against migration risk   

 Migration risk  Physician action 

 Needle angle  Needle angle of 30–45° 
 Needle entry  Paramedian approach 
 Fatty tissue at 
anchoring site 

 Débride fatty tissue around the needle entry 
site, exposing fascia and ligament for proper 
anchoring 

 Anchoring to muscle  When using an exaggerated paramedian 
approach, the physician should dissect 
medially until approaching ligament or 
fascia, avoiding anchoring to muscle, which 
may lead to migration with contraction 

 Lead anchor gap  The anchor should be as close to the lead 
entry into the ligament or fascia as possible, 
avoiding room for migration distal to the 
anchor 

 Suturing with silk  Avoid silk sutures when anchoring 
 Dependence on lock 
systems 

 When using anchor lock systems, the 
clinician should give attention to avoiding 
tension on the lead and to properly securing 
the anchor 

 Hematoma below 
anchor 

 Hemostasis should be obtained prior to 
closing the wound 

 Minimal migration 
changes 

 Final lead placement should result in 
accommodation of small migrations 
(<5 mm) with reprogramming rather than 
reoperation 
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•   Anchoring should occur only after all fatty tissue has 
been débrided from the area surrounding the needle.  

•   When the paramedian approach is used in an extreme 
manner, the amount of fascia and ligament available for 
anchoring is unacceptable. The paramedian approach 
should be used in all cases of implantation, but the needle 
entry point should remain in the area of the spine that 
allows for proper anchoring. If the paramedian approach 
is extreme, the tissue underlying the needle entry is mus-
cle tissue.  

•   Nonabsorbable suture should be used for anchoring. 
When possible, silk should be avoided because its long- 
term stability is worrisome.  

•   In thin patients, it is important to use a double-layer or 
triple-layer closure to reduce the risk of discomfort at the 
anchor placement site. If the tissue layer present to cush-
ion the anchor is unacceptable, the surgeon can make a 
pocket in the muscle adjacent to the anchor to place any 
excess wiring or strain relief loops.  

•   Attention to hemostasis should be given in the area of 
lead placement. Hematoma development in and around 
the lead can lead to movement of the anchor, fracture of 
the sutures, or movement of the leads.     

    Conclusions 

 The implanting team should consider anchoring as a criti-
cal part of the surgery. Properly anchoring the lead is an 
important step in the long-term success of the procedure. 
Many clinicians focus on the placement of the lead, the 
creation of the pocket, and wound closure. Equal thought, 
planning, and care should be given to the anchoring tech-
nique, and appropriate training should focus on this criti-
cal part of the procedure.     
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      Tunneling Spinal Cord Stimulation 
Systems 

           Timothy     R.     Deer       and     Jason     E.     Pope    

11.1             Introduction 

 Every aspect of the surgical procedure to implant a spinal 
cord stimulation system demands respect. This globally 
encompasses: good surgical technique and knot tying, but 
can be broken down into its components: placement of the 
leads and anchoring, creation of the pocket for the internal 
programmable generator (IPG) and tunneling from the para-
spinal incision to the pocket location. Often overlooked, the 
process of tunneling the lead or lead connectors from their 
neurostimulation target to the IPG location is critical for the 
device to be functional and allow communication between 
the electrode contacts and the desired neurological tissue. 
This chapter focuses on the procedure of tunneling for spinal 
cord stimulation.  

11.2     Technical Overview 

 The patient is positioned, prepped, and draped in a normal 
fashion. Commonly, one of two approaches are employed: 
(1) placement of the needle(s) and lead(s) fi rst, followed by a 
cut-down to expose the fascia and ligament for anchoring, or 
(2) performing the cut-down and surgical dissection to the 
fascia fi rst, followed by placement of the needle(s), leads(s), 
and then anchoring. Nevertheless, anchoring should occur 
prior to tunneling, as the leads should be secured with a 
strain relief loop in the tissue to reduce the risk of migration. 
In addition to securing the lead, an incision is made to create 

a pocket for the generator. The pocket is sized to properly fi t 
the desired device, and hemostasis is confi rmed. In our cen-
ter, typically both the paraspinal and pocket surgical dissec-
tion is performed prior to needle and lead placement for 
implantation of the device. Please refer to Chaps.   6    ,   7    ,   9    ,   23    , 
and   24     for a detailed description of the various other compo-
nents of the surgical implantation procedure. 

 Once both incisions are suffi ciently created, hemostasis is 
achieved, the leads are deployed and anchored, and the course 
of planned tunneling is determined. The course of tunneling 
is based on landmarks, body habitus, and bony margins, 
avoiding acute angles and bony prominences. Once the course 
is determined, a sterile skin marker is used to outline this 
pathway of planned tunneling. Depending on the distance 
between the IPG location and the anchoring site, local anes-
thesia may be placed along the marked path. If local anes-
thetic is chosen, care must be taken to ensure that maximum 
doses are avoided. Further, if deepening the sedation or 
increased intravenous analgesia for tunneling proposes dur-
ing the case, it is recommended that a trained anesthesia pro-
vider perform the monitored anesthesia care (MAC). 

 Tunneling devices are commonly a component of the 
implantation kit provided by the spinal cord stimulation man-
ufacturer and may necessitate the direction of its passage. It is 
the author’s preference to tunnel from the IPG location to the 
lead incision. It is recommended to use fl uoroscopy and per-
form a “scout” image to signify any bony anatomy that needs 
to be avoided, along with palpation. A marking pen should be 
used to outline any prominences identifi ed. Once the tract is 
identifi ed potential barriers marked, a slight bend is placed in 
the tunneling tool to ensure ease with location identifi cation 
as the tunneling is performed. 

 The implanter should palpate the tract as the tunneling 
tool is advanced to gauge the depth and course of the prog-
ress. The depth of the tunneling process should be in the sub-
cutaneous adipose tissue. The tunneling can be painful and 
potentially dangerous if it occurs in the wrong tissue plain. It 
is always recommended to know the location of the distal 
end (tip) of the tunneling tool as it is passed. If the course of 
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tunneling is too superfi cial, it can be very painful and lead to 
skin erosion. Conversely, if the tunneling course is too deep, 
for example in the muscle, abdominal cavity, or pleura, this 
can lead to signifi cant injury and result in potential morbidity 
and potential mortality. 

 After the tunneling device has been passed, it is removed 
carefully and deliberately, leaving the plastic tunnel for 

placement of the leads. The leads or extensions are passed 
into the plastic tunnel and fed through to the pocket loca-
tion or counter incision. The plastic tunnel is then removed, 
leaving the leads in place. It is then recommended that the 
lead be cleaned and then placed within the IPG. See 
Figs.  11.1 ,  11.2 ,  11.3 ,  11.4 ,  11.5 ,  11.6 ,  11.7 ,  11.8 ,  11.9 , 
and  11.10 .            

  Fig. 11.1    The course of tunneling is planned based on landmarks and 
the best direction for placing the tunneling tool       

  Fig. 11.2    Local anesthesia placed along the tract for tunneling       

  Fig. 11.3    Initiation of tunneling at lead insertion site       

  Fig. 11.4    Angle of tunneling with attention to sterile technique       
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  Fig. 11.5    Palpation of the course of tunneling to ensure adequate depth       

  Fig. 11.6    Continued progress of tunneling toward the pocket       

  Fig. 11.7    Final passing of the device through the tissue to complete the 
tunneling process       

  Fig. 11.8    Lateral decubitus representation of tunneling along a 
planned direction       

  Fig. 11.9    Depiction of tunneling from the posterior lead position to the 
generator pocket       
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11.3     Risk Assessment 

     1.    The risk of tunneling depth should be considered. The 
physician may tunnel in a superfi cial plane, causing skin 
irritation or eventual erosion. The physician may tunnel 
too deeply, causing injury to muscle or more serious 
dilemmas such as visceral or pleural injury.   

   2.    Tunneling can lead to hematoma formation, which can 
lead to pain and potential loss of the system.   

   3.    Strict sterility of the surgical fi eld needs to be maintained 
and the tunneled path should be included in the surgically 
prepped area. Alcohol-based prep is recommended as it is 
more bacteriocidal.   

   4.    Tunneling can place the physician in physically awkward 
positions requiring the rod to be placed well above the 
patients head, or below the table when tunneling from a 
lateral decubitus position. This positional challenge can 
lead to wound contamination or fi eld contamination.   

   5.    Tunneling can be traumatic and may cause severe pain, 
making the level of comfort diffi cult to control for the 
patient, and to those providing sedation. This is a com-
mon problem when tunneling from the head and neck to 
the lower fl ank or buttocks. Care must be taken to ensure 
a quite operative fi eld, by employing deepened sedation 
or increased analgesia.   

   6.    Tunneling can lead to tissue infection and eventual loss of 
the system.   

   7.    Tunneling can result in an injury to components of the 
system since a sharp metallic object is placed in proxim-
ity to the leads, anchors, and wire loops.      

  Fig. 11.10    The completed tunneling procedure in lateral decubitus 
position       
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11.4     Risk Avoidance 

     1.    The physician should constantly monitor the depth of the 
tunneling path. This is accomplished by using the non- 
tunneling (typically nondominant) hand to palpate the 
course of the tunneling tool as it is advanced toward the 
target incision. With adherence to this policy, the risk of 
injury is greatly reduced.   

   2.    Placing a slightly contoured bend on the device aids iden-
tifi cation of the distal (tip) end of the tunneling tool.   

   3.    The patient should be evaluated preoperatively for bleed-
ing disorders and medications that may affect clotting. If 
the area of tunneling appears to be swelling or expanding, 
tissue pressure should be applied until the situation has 
stabilized.   

   4.    While prepping and draping for permanent stimulation 
implants, the physician should consider the course that 
will be used for tunneling and properly conduct the surgi-
cal fi eld so that the physician’s elbows, hands, and the 
tunneling rod itself will not come into proximity with any 
unsterile area.   

   5.    Prior to tunneling the device, the physician should apply 
local anesthetics to the planned tract to reduce pain asso-
ciated with the procedure. Additional local anesthetics 
can be added if tunneling is painful, with time allotted to 
allow the anesthetic effect to commence. In some 
instances, the anesthesia team will slightly increase seda-
tion just prior to tunneling. Some clinicians advocate an 
epidural block prior to placing the leads to reduce the pain 
of tunneling. The author does not support this idea for 
several reasons, but the most convincing is the need to 
avoid high volumes of fl uid in the epidural space at the 
time of implanting new leads.   

   6.    The entire procedure requires vigilance to reduce the risk 
of infection. The skin should be prepped widely, draping 

should be extended to widen the surgical fi eld, and the 
clinician should avoid contact with any unsterile area. 
The use of antibiotic solution to coat the tunneling tool, 
and to irrigate the tunneling tract may reduce the risk of 
infection.   

   7.    When tunneling near components of the system, the phy-
sician should be able to clearly visualize the entire implant 
and strive to avoid any contact with the tunneling tip. The 
use of an Army-Navy, or rake, or similar retractor, may be 
helpful in protecting the system.      

    Conclusions 

 The placement of a spinal cord stimulation system is a 
complicated procedure requiring technical skills, good 
clinical judgment, and vigilance to good outcomes. Many 
physicians have great concern regarding proper lead place-
ment, and creation of a pocket, but do not give the tunnel-
ing process proper consideration. This chapter summarizes 
potential pitfalls and need for attention to this important 
part of the procedure. Competence in tunneling can lead to 
an improved cosmetic outcome, improved patient comfort, 
and improvements in the overall patient experience.     
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      Pocketing Techniques for Spinal Cord 
Stimulation and Peripheral Nerve 
Stimulation 

              Timothy     R.     Deer       and     C.     Douglas     Stewart    

         For too many young implanters, the creation of a pocket is a 
hurdle that intimidates them from offering permanent 
implants. Conversely, experienced implanters should be cau-
tioned not to take this process too lightly, as optimal pocket-
ing can greatly impact the overall device experience. 

12.1     Technical Overview 

 The technical aspects of the spinal cord stimulation implant 
are often centered on lead placement and spinal interven-
tions, but the pocket is an equally important part of the pro-
cedure that deserves special attention. The decision-making 
for pocketing begins prior to implantation. When choosing 
the pocket site, the physician should consider the patient’s 
body habitus, the site of the lead implant, the likelihood of 
weight gain or loss, the risk of migration, and the impact on 
the sterile fi eld (Table  12.1 ). The patient (especially those 
with very large body habitus) should be evaluated while sit-
ting, standing, and lying down, to make sure that no signifi -
cant shift in the soft tissue will adversely affect outcome. If 
the lead entry anchoring point is in the upper lumbar spine, 
placing the pocket above the beltline should resolve this 
issue in most cases, as signifi cant tissue shifts have little 
impact in this body region.

   New devices are becoming smaller, and the choice of 
pocketing sites may continue to evolve, providing less impact 
on body contours and greater comfort. One factor affecting 
the selection of the surgical site is the direction of Langer’s 
lines, sometimes called cleavage lines, which correspond to 
the natural orientation of collagen fi bers in the dermis 
(Fig.  12.1 ). Knowing the direction of Langer’s lines within a 

specifi c area of the skin is important for surgical operations, 
particularly cosmetic surgery. Given a choice about where 
and in what direction to place an incision, the surgeon may 
choose to cut in the direction of Langer’s lines. Incisions 
made parallel to Langer’s lines may heal better and produce 
less scarring than those that cut across. Incisions perpendicu-
lar to Langer’s lines have a tendency to scar and create an 
unsightly cosmetic outcome, although sometimes such inci-
sions are unavoidable.  

 Another factor that can result in a poor outcome is place-
ment of the pocketing incision across a previous surgical 
scar. The result can be poor healing, poor cosmesis, and 
sometimes chronic pain. 

 It is important to carefully mark the site of implant preop-
eratively to ensure that the physician does not become dis-
tracted by other issues in the operating room (Fig.  12.2 ). 
Once the pocket site is determined, the patient is positioned 
to expose the site for surgical intervention.   

 The incision should be made with one distinct motion to 
ensure an even cut to improve closure. The surgeon should 
retract the skin at the time of incision to allow for an even 
tissue plane for dissection. The incision depth varies based 
on the patient’s body fat and adipose tissue. Routinely, the 
incision is made between 1.5 and 3.0 cm in depth. It should 
be deep enough to avoid generator erosion through the tis-
sue, but superfi cial enough to allow for computer telemetry. 
When the proper tissue plane is achieved, the tissue is dis-
sected by blunt dissection, cutting electrocautery dissection, 
or sharp dissection; clinicians differ in their preferences. The 
blunt dissection technique, which is associated with less tis-
sue trauma and bleeding, is often preferred, although aggres-
sive blunt dissection increases the likelihood of seroma 
formation. In some patients, fi brous tissue is present and 
must be dissected by sharper and more aggressive tech-
niques. The use of sharp scissors to separate rather than cut 
the tissue is a common strategy to combine both the sharp 
and the blunt tissue dissection techniques. 

 The ideal pocket size should be 120–130 % of the genera-
tor volume. The extra room will allow tissue slack, to avoid 
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wound dehiscence and to decrease pain. If the pocket is 
larger than the recommended size, the patient may be prone 
to generator fl ipping, which can lead to a need for surgical 
revision. 

 Hemostasis is important, as bleeding can lead to hema-
toma, seroma, wound dehiscence, and the need to explore the 
wound. When making the pocket, the clinician should care-
fully retract the tissue and examine the pocket for bleeding. 
Bleeding can be controlled by cautery or, in the case of pul-
satile arterial bleeds, by an absorbable ligature suture. Suture 
is used to ligate the bleeder when cautery is not successful. It 
is important to avoid cautery at the surface of the skin, where 
wound closure occurs. Being too aggressive with the tissue 
heating can lead to necrosis and poor tissue healing. 

 Prior to closing the wound, the pocket should be irrigated 
aggressively with an antibiotic such as bacitracin. The 

 irrigation should be copious, using 500–1000 mL or more. 
Irrigation of the wound is a critical factor in reducing infec-
tion risks, and the clinician should strive to make this part of 
the routine pocketing methods. 

 After the pocket is completed, a tunneling procedure is 
performed to bring the lead wiring to the pocket (Figs.  12.3  
and  12.4 ). This wire should be long enough to allow for a 
strain relief loop to reduce the risk of migration. The loop of 
wire should fi t smoothly behind the generator. The impor-
tance of making the pocket 20–30 % larger than the genera-
tor is helpful with this step, to ensure that there is proper 
room for the wiring.  

 Wound closure should be seen as another critical point in 
the implant process. It is important to use a two-layer to three-
layer closure technique, to ensure proper skin alignment, and 
to avoid tension of the tissue, which can lead to necrosis.  

   Table 12.1    Pocket site selection information   

 Location  Advantages  Disadvantages  Ideal uses 

 Buttock  The generator is close to the 
implant site for the lumbar and 
thoracic spine 
 Patients with implants for back and 
leg pain do not require 
repositioning 
 The amount of adipose tissue is 
adequate in normal or obese 
patients 

 The generator can cause pain from 
irritation by the belt or clothing 
 In the immediate postoperative 
period, putting pressure on the 
tissue when sitting can open the 
wound (a greater concern for the 
obese patient) 
 Bending at the waist can place 
pressure on the wiring and may 
cause concern about migration 

 Sacral and caudal implants 
 Lumbar and thoracic spine 
implants 

 Abdomen  The generator is in an area with low 
pressure during sitting and lying 
 The generator is easily accessible 
for patient programming 

 The amount of wiring between the 
spine and the pocket may increase 
the risk of lead migration 
 In obese patients, the abdominal 
wall contour may lead to generator 
discomfort 
 When the leads are implanted 
simultaneously with the generator, 
the patient must be repositioned, 
reprepped, and redraped, a process 
that can increase the risk of 
infection 

 Patients who have discomfort 
from implants at other sites 
 Staged implant procedures, in 
which the trial leads are 
surgically implanted for the trial 
 Peripheral nerve implants of the 
pelvis, abdomen, or chest wall 

 Posterior fl ank  The ideal implant site for most 
implants 
 The location above the beltline has 
less stress on the tissue than the 
buttock 
 The area is less contaminated, 
owing to its distance from the anus 
and pelvis 
 Compared with the buttocks and 
abdomen, the stress on the leads is 
less when tunneling from the 
cervical spine and head and neck; 
this may reduce the risk of 
migration 
 Lumbar incisions are in close 
proximity to the fl ank, which may 
reduce the risk of migration 

 Sensitivity may result in pain at the 
generator site 

 Lumbar, thoracic, and cervical 
spine implants 
 Head and neck implants 
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Table 12.1 (continued)

 Location  Advantages  Disadvantages  Ideal uses 

 Spine implant site, through 
same incision (possible for 
very small generator) 

 The distance between the spinal 
leads and the generator reduces the 
risk of migration 
 Single incision means fewer sites to 
become infected 

 Excessive wire length of the leads 
may make it diffi cult to place the 
generator into the pocket 
 Discomfort may occur with sitting 
or reclining 

 Patients with adequate tissue to 
support a generator in the 
paravertebral tissue 

 Chest  Chest wall position puts minimal 
stress on implants in the occiput, 
and facial nerves for peripheral 
implants 

 Area is sometimes diffi cult to reach 
by tunneling (When tunneling from 
the head and neck, it is important to 
be aware of the vessels of the neck 
and the lung position) 
 Tunneling must occur over the 
clavicle 

 Implants of the head and neck, 
including peripheral nerve and 
intracranial nerve implants 

 Subpectoral  May avoid the risk of skin erosion 
in children or patients with very 
low body fat 

 Technically diffi cult procedure 
requires additional training 

 Children or very thin patients 
without enough subcutaneous fat 
to support the metal under the 
dermis 

 Extremity (possible for small 
generator) 

 Not necessary to tunnel the wiring 
over joints, which can cause 
migration 

 The subcutaneous tissue of the limb 
may not support the device, because 
of pain or erosion 
 Site not possible with larger internal 
programmable generators 

 Peripheral nerve implants 

 Axillary line at T4  Reduced need for tunneling, 
compared with fl ank or buttock 
 Brassiere can be used to secure the 
antenna of a radiofrequency device 

 The tissue may be irritated by arm 
movement 
 Device may be diffi cult to reach 
with the opposite arm for 
programming 

 Cervical spine or head and neck 
implants 
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  Fig. 12.2    Anatomic pocketing sites         Fig. 12.3    After the pocket is completed, a tunneling procedure is per-
formed to bring the lead wiring to the pocket       

  Fig. 12.1    Langer’s lines on a 
map of the human body       

 

  

T.R. Deer and C.D. Stewart



73

12.2     Risk Assessment 

 A risk of complications can accompany the pocketing por-
tion of the procedure:

•    The generator can cause pain and irritation if placed too 
superfi cially.  

•   The generator may be unable to communicate with telem-
etry if it is placed too deeply.  

•   The generator can cause pain if placed close to a bony 
prominence.  

•   Seroma of the pocket can lead to wound dehiscence and 
pain.  

•   Hematoma of the wound can lead to the need for surgical 
evacuation, and wound dehiscence or infection.  

•   Cautery lesioning for hemostasis can lead to skin break-
down if done too near the surface.  

•   Coiling the wire above the generator can lead to pain or 
erosion.     

12.3     Risk Avoidance 

 The clinician should take all possible steps to avoid risks to 
the patient:

•    The depth of the generator must be in the subcutaneous 
tissue with appropriate adipose tissue for cushioning.  

•   The generator must be superfi cial enough to allow com-
munication. Prior to leaving the operating room after per-
manent implantation, the clinician should test the device 
for impedance.  

•   The bony prominences of the pocket region should be 
examined preoperatively and at the time of implantation. 
The implant should avoid the rib, anterior superior iliac 
spine, posterior superior iliac spine, and sacrum.  

•   Seroma can be reduced by using blunt dissection, limiting 
tissue trauma, and ensuring good hemostasis of venous 
bleeders. Hemostasis can be improved by packing the 
pocket with antibiotic-soaked sponges for 5–10 min dur-
ing the course of the procedure.  

•   Hematoma can be avoided by close attention to preopera-
tive medications that affect clotting or change platelet 
function. Careful attention to identifying and resolving 
bleeding is critical prior to wound closure. Bleeding can 
be resolved by cautery, suturing, and applying pressure.  

•   When using cautery, the physician should avoid surface 
bleeders that border the skin margin.  

•   Wire that is in excess of that needed for spine insertion 
and tunneling should be carefully secured in a strain relief 
loop at the spinal site of lead placement and at the pocket 
site, with attention to placing the wire below the generator 
(Figs.  12.5  and  12.6 ).       

  Fig. 12.4    Posterior fl ank incision in close proximity to the site of L3 
lumbar incision.       
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  Fig. 12.5    Wire for strain relief behind the generator, which is being 
secured with a hex wrench       

  Fig. 12.6    Wire strain relief loop       
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    Conclusions 

 When creating a pocket, the physician should carefully 
plan its location based on factors such as lead target, body 
habitus, and patient function. The pocket should be made 

with careful surgical skill, and attention should be given 
to avoid risks. Wound closure and postoperative follow-
up should be performed with a focus on reducing tissue 
trauma and optimizing wound healing (Fig.  12.7 ).      

a b

  Fig. 12.7    ( a ,  b ) Examples of a well-healed pocketing site       
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      Wound Closure 

           Timothy     R.     Deer       and     C.     Douglas     Stewart    

13.1             Introduction 

 Over the past two decades I have trained hundreds of physi-
cians to implant devices. The excitement of learning to 
implant a spinal cord stimulation lead or an intrathecal cath-
eter can be a signifi cant professional achievement. 
Unfortunately the number of physicians who are students of 
the entire procedure is less common. Part of the total implant 
package includes learning the fi ner points of wound closure. 
This chapter is dedicated to that pursuit.  

13.2     Overview 

 As a method for closing cutaneous wounds, the technique of 
suturing is thousands of years old. Although suture materials 
and aspects of the technique have changed, the goals remain 
the same: closing dead space, supporting and strengthening 
wounds until healing increases their tensile strength, approx-
imating skin edges for an aesthetically pleasing and func-
tional result, and minimizing the risks of bleeding and 
infection. 

 Proper suturing technique is needed to ensure good results 
in dermatological surgery, not only for cosmetic reasons but 
also for anchoring implantable therapies. The postoperative 
appearance of a wound can be compromised if an incorrect 
suture technique is chosen or if the execution is poor. 
Conversely meticulous suturing technique cannot fully com-
pensate for improper surgical technique, because poor inci-
sion placement, with respect to relaxed skin tension lines, 
excessive removal of tissue, or inadequate undermining, may 
limit the surgeon's options in wound closure and suture 
placement. Gentle handling of the tissue is also important to 
optimize wound healing. 

 The choice of suture technique depends on the type and 
anatomical location of the wound, the thickness of the 
skin, the degree of tension, and the desired cosmetic 
result. The proper placement of sutures enhances the pre-
cise approximation of the wound edges, which helps min-
imize and redistribute skin tension. For our discussion 
wound placement is fairly mandated by the type of 
advanced implantable therapy. The location of the 
implantable internal pulse generator (IPG) or reservoir is 
commonly dictated by avoiding bony anatomy and place-
ment overlying pressure points, accommodating the size 
of the device. 

 The IPG for either dorsal column stimulation or periph-
eral stimulation strategies is commonly placed within the 
fl ank, ipsilateral to the lead entry or placement, so as to 
avoid crossing the midline. Other sites for IPG placement 
include the infraclavicular area, buttock, or abdomen. For 
peripheral nerve stimulation, IPG location is limited by 
size and can be placed within the leg or arm, taking care 
with the leads crossing major joints. The placement for 
intrathecal reservoir is on-label and commonly placed 
within the abdomen, although some authors advocate pos-
terior placement. 

 The aforementioned acknowledged, the surgical sites 
are fairly open and flat, thus lending themselves to a few 
common closure techniques. Regardless of technique 
chosen, wound eversion is essential to maximize the 
likelihood of good epidermal approximation and is desir-
able to minimize the risk of scar depression secondary to 
tissue contraction during healing. The elimination of 
dead space (Fig.  13.1 ), the restoration of natural anatom-
ical contours, and the minimization of suture marks are 
also important to optimize the cosmetic and functional 
results.   
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  Fig. 13.1    Wound closure with elimination of dead space. Note the elimination of any dead space in the wound       
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13.3     Techniques 

 A few simple rules promote the opportunity for a success 
wound closure:

    1.    Clean and dry, well-controlled hemostasis and removal of 
tissue debris and clot   

   2.    Adequate room for implanted devices   
   3.    Elimination of dead space   
   4.    Appropriate technique for closure of skin     

 There are as many closure techniques as individuals doing 
them. Excellent outcomes are produced by attention to detail. 
The authors have spent many years using these techniques; 
experience, empirical study, and anecdotal observation have 

proven their worth in the low complication rate and high degree 
for success. Consideration of type of stitch employed and 
choice of suture used (Table  13.1 ), along with type of needle 
(Fig.  13.2 ), improve the chance for desirable outcomes. 

 The choice of suture material is left to the surgeon; how-
ever in most instances absorbable material is the best choice. 
Most surgeons have a basic “suture routine,” a preference for 
using the same material(s) unless circumstances dictate oth-
erwise. A monofi lament material is the material of choice. 
The exception would be the anchoring stiches, because syn-
thetic nonabsorbable suture is used to anchor implanted 
devices. 

 Wound closure can be accomplished using sutures, sta-
ples, adhesives, or adhesive strips. We look at all these tech-
niques but focus primarily on suturing.

13 Wound Closure
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Shapes
1/4 circle 3/8 circle 1/2 circle 5/8 circle Straight

End type

Rolled-end

Drilled-end

Regular-eye

Spring-eye

Spring double eyes

Symbol

Taper point needle

Blunt taper point needle

Tapercut needle

Cutting needle

Reverse cutting needle

Micro-point spatula needle

Point type of needle
  Fig. 13.2    Types of needles        
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13.4         Closure Methods 

13.4.1     Suturing: Knot Tying 

 Once the suture is satisfactorily placed, it must be secured 
with a knot. The instrument tie is used most commonly in 
cutaneous surgery. The square knot is traditionally used 
(Fig.  13.3 ). First, the tip of the needle holder is rotated clock-
wise around the long end of the suture material for two com-
plete turns. The tip of the needle holder is used to grasp the 
short end of the suture. The short end of the suture is pulled 
through the loops of the long end by crossing the hands, such 
that the two ends of the suture material are situated on oppo-
site sides of the suture line. The needle holder is rotated 
counterclockwise once around the long end of the suture. 
The short end is grasped with the needle holder tip, and the 
short end is pulled through the loop again. 

 The suture should be tightened suffi ciently to approxi-
mate the wound edges without constricting the tissue. 
Sometimes leaving a small loop of suture after the second 
throw is helpful. This reserve loop allows the stitch to 
expand slightly and is helpful in preventing the strangula-
tion of tissue because the tension exerted on the suture 
increases with increased wound edema. Depending on the 
surgeon's preference, one or two additional throws may be 
added. 

 Properly squaring successive ties is important. That is, 
each tie must be laid down perfectly parallel to the previous 
tie. This procedure is important in preventing the creation of 
a granny knot, which tends to slip and is inherently weaker 
than a properly squared knot. When the desired number of 
throws is completed, the suture material may be cut (if inter-
rupted stitches are used) or the next suture may be placed 
(Fig.  13.3 ).   
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  Fig. 13.3    Knot tying: square knot using instruments       
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13.4.2     Suturing: Stitch Techniques 

13.4.2.1     Simple Interrupted Stitch (Fig.  13.4 ) 
 Compared with running sutures, interrupted sutures are easy 
to place, have greater tensile strength, and have less potential 
for causing wound edema and impaired cutaneous circula-
tion. Interrupted sutures also allow the surgeon to make 
adjustments as needed to properly align wound edges as the 
wound is sutured. 

 Before the dermis is closed, all tension should be removed 
from the wound with subcuticular stitches. The stitches 
placed in the most superfi cial layer are only there to approxi-
mate the edges and make the wound watertight. 

 If there is tension on the wound, there will be deposition 
of excess collagen material if there is a widening of the sub-
cutaneous layer, causing a wide unattractive scar. If the sub-
cutaneous tissue is not closed or closed poorly then there will 
be excessive tension on the suture line that will interrupt 
microcirculation and cause poor or delayed healing, thus 
presenting the potential for a failure of the wound line itself. 

 Disadvantages of interrupted sutures include the length of 
time required for their placement and the greater risk of 
cross-hatched marks across the suture line. The risk of cross- 
hatching can be minimized by removing sutures early to pre-
vent the development of suture tracks.   

13.4.2.2     Simple Running Stitch (Fig.  13.5 ) 
 Running sutures are useful for long wounds in which wound 
tension has been minimized with properly placed deep 
sutures and in which approximation of the wound edges is 
good. This type of suture may also be used to secure a split- 
or full-thickness skin graft. Theoretically, less scarring 
occurs with running sutures than with interrupted sutures 
because fewer knots are made with simple running sutures; 
however, the number of needle insertions remains the same. 

 Advantages of the simple running suture include quicker 
placement and more rapid reapproximation of wound edges, 
compared with simple interrupted sutures. 

 Disadvantages include possible cross-hatching, the risk of 
dehiscence if the suture material ruptures, diffi culty in mak-
ing fi ne adjustments along the suture line, and puckering of 
the suture line when the stitches are placed in thin skin. 
Again this can be minimized with good subcutaneous clo-
sure. A good subcutaneous closure will align the wound and 
take tension off the wound.   

  Fig. 13.4    Simple interrupted stitch       

  Fig. 13.5    Simple running stitch       
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  Fig. 13.6    Horizontal mattress stitch       

13.4.2.3     Horizontal Mattress Stitch 
 The horizontal mattress suture is placed by entering the skin 
5–7 mm from the wound edge. The suture is passed deep in 
the dermis to the opposite side of the suture line and exits the 
skin equidistant from the wound edge, much like placing two 

simple sutures using the same stich. The needle reenters the 
skin on the same side of the suture line 5–7 mm lateral to the 
exit point. The stitch is passed deep to the opposite side of 
the wound where it exits the skin and the knot is tied 
(Fig.  13.6 ).   
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13.4.2.4    Vertical Mattress Stitch 
 The vertical mattress suture is a variation of the simple inter-
rupted suture. It consists of a simple interrupted stitch placed 
wide and deep into the wound edge and a second more super-
fi cial interrupted stitch placed closer to the wound edge and in 
the opposite direction. The width of the stitch should be 
increased in proportion to the amount of tension on the 
wound. However, remember there should be no tension on the 
wound. The tension should be minimized by the use of subcu-
ticular sutures whether running or interrupted (Fig.  13.7 ).    

  Fig. 13.7    Vertical mattress stitch       
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13.4.3     Non-suture Closure Techniques 

 Non-suture closure techniques include steri-strips 
(Fig.  13.8a ), staples (Fig.  13.8b ), and skin adhesives. 

These strategies impart a reduction of stress along the 
incision line. Staples need to be removed within 5–7 days 
following placement for most applications in the pain 
space.    

Steri-strips Staples

  Fig. 13.8    ( a ) Steri-stripes; ( b ) Staples       
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    Conclusions 

 Patient identifi cation of implantable, advanced technologies 
begins the journey of securing sustained care for patients. 
Implementation of the advanced therapy largely hinges on 
the ability to place and secure the system, along with an effi -
cacious and succinct surgical technique.     
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      Wound Healing 

              Timothy     R.     Deer       and     C.     Douglas     Stewart    

         Many neuromodulators have a background in pharmacology 
and physiology, but little understanding of the surgical prin-
ciples that guide postoperative management. Wound healing 
is an intricate and spontaneous phenomenon that results in a 
desirable outcome when allowed to proceed in the normal 
fashion. When the skin is broken, the natural process of 
wound healing is initiated. The classic model of wound heal-
ing occurs in several ordered and overlapping phases: (1) 
hemostasis, (2) infl ammation, (3) proliferation, and (4) 
remodeling. While this process takes place, the tissue must 
be held in apposition until the healing mechanisms provide 
the wound with suffi cient strength to withstand stress with-
out mechanical support. This chapter discusses the basics 
involved in wound healing and what it means to the implant-
ing and managing physician. 

14.1     Technical Overview 

 Tissue is defi ned as a collection of similar cells and the inter-
cellular substances surrounding them. There are four basic 
tissues in the body: (1) epithelium; (2) connective tissues, 
including blood, bone, and cartilage; (3) muscle tissue; and 
(4) nerve tissue. In most instances, wounds will heal sponta-
neously if no distractors interfere with the process. Processes 
such as uncontrolled diabetes, immunosuppression, and poor 
skin apposition can disrupt this process. In wounds that are 
created in a sterile operating room environment, the process 
should occur in an ordered and defi ned fashion. The choice 
of wound closure materials and the techniques of using them 

are prime factors in the restoration of continuity and tensile 
strength to the surgical wound during this process. 

 The rate at which wounds regain strength during the 
wound healing process must be understood as a basis for 
selecting the most appropriate wound closure material. Other 
factors to consider include suture removal, staple removal, 
and wound care.  

14.2     Recovery of Tensile Strength 

 Tensile strength is a tissue characteristic that affects the tis-
sue’s ability to withstand injury but is not related to the length 
of time it takes the tissue to heal. As collagen accumulates 
during the reparative phase, strength increases rapidly, but it 
may take 12–26 weeks before a plateau is reached. In the ini-
tial days after wound creation, optimal healing requires 
extrinsic support of the wound from the method used to bring 
it together—usually sutures. Although skin and fascia (the 
layer of fi rm connective tissue covering muscle) are compara-
tively strong tissues, they regain tensile strength slowly dur-
ing the healing process. Variations in tissue strength also may 
be found within the same organ. Factors that determine tissue 
strength include the general health, age, and weight of the 
patient, the thickness of tissue, the presence of edema, and the 
duration of tissue injury, which can be affected by pressure, 
ongoing tissue trauma, and blood fl ow. Table  14.1  highlights 
major factors that can adversely affect wound healing:

•     Age —With the aging process, both skin and muscle tissue 
lose their tone and elasticity. Metabolism also slows, and 
circulation may be impaired. Aging alone is not a major 
factor in wound healing, but aging and chronic disease 
states often go together, and both delay repair processes 
through delayed cellular response to the stimulus of injury, 
delayed collagen deposition, and decreased tensile strength 
in the remodeled tissue. All of these factors lengthen heal-
ing time and may lead to wound breakdown.  

•    Weight —Obesity results in adipose deposition at the 
wound site that may prevent a good closure. Fatty tissue 
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does not have a rich blood supply, making it very suscep-
tible to infection. In addition, suturing to adipose can 
result in poor tissue closure and wound breakdown.  

•    Nutritional status —Specifi c defi ciencies or overall mal-
nutrition associated with chronic disease or cancer can 
impair the healing process. Dietary inadequacies and poor 
absorption can lead to poor overall health and defi ciencies 
of vitamins and minerals that are important in tissue 
recovery. Recent analyses suggest that zinc, magnesium, 
and vitamins A, B, and C are essential to support cellular 
activity and collagen synthesis in the healing process. In 
many cases, supplementing these substances is not help-
ful because they are discharged in the urine, so it is essen-
tial to eat a healthy and balanced diet.  

•    Dehydration —If the patient’s system has been depleted 
of fl uids, the resulting electrolyte imbalance can affect 
cardiac function, kidney function, cellular metabolism, 
oxygenation of the blood, and hormonal function.  

•    Inadequate blood supply to the wound site —Oxygen is 
necessary for cell survival, and thus for healing. Skin 
healing takes place most rapidly in the face and neck 
(which receive the greatest blood supply) and most slowly 
in the extremities. The presence of any condition that 
compromises the supply of blood to the wound, such as 
poor circulation to the limbs in a diabetic patient or arte-
riosclerosis with vascular compromise, will slow and can 
even arrest the healing process.  

•    Immune responses —Because the immune response pro-
tects the patient from infection, immunodefi ciency may 
seriously compromise the outcome of a surgical proce-
dure. Factors related to immunodefi ciency that impact 
healing include recent chemotherapy, malignancy, pro-
longed doses of catabolic steroids, and (in some settings) 

infection with hepatitis or HIV. With new drugs for the 
latter two illnesses, the degree of immunosuppression 
varies. On the other hand, an overactive immune response 
also can interfere with the healing process through an 
exaggerated immune response to specifi c suturing materi-
als or implanted devices that will have an impact on the 
healing of the wound.  

•    Chronic disease —A patient whose system has already 
been stressed by chronic illness—especially endocrine 
disorders, diabetes, malignancies, localized infection, or 
debilitating injuries—will heal more slowly and will be 
more vulnerable to postsurgical wound complications. 
All of these conditions merit concern, and the surgeon 
must consider their effects upon the tissues at the wound 
site, as well as their potential impact upon the patient’s 
overall recovery from the procedure. Collaboration with a 
physician well versed in management of the disease(s) 
specifi c to the patient can be helpful.  

•    Radiation therapy —Radiation therapy to the surgical 
site prior to or shortly after surgery can produce consider-
able impairment of healing and lead to substantial wound 
complications. Surgical procedures in patients who have 
had radiation for malignancies in the area of the planned 
surgery must be carefully considered to help avoid poten-
tial healing problems. In some of these settings, the gen-
erator for the stimulation device or intrathecal pump 
pocket must be adapted to the area of the radiation fi eld.  

•    Old scar —If an implant is planned in an area of previous 
surgical intervention, problems due to fi brosis and 
decreased vascularization can arise. This concern can be 
compounded if an incision must cross an old surgical 
wound. This practice can be limited by careful preopera-
tive planning.   

   Table 14.1    Factors that can adversely affect wound healing   

 Patient factor  Adverse impact on healing 

 Age  Extremes of aged and youth 
 Weight  Extremes of obesity and cachexia 
 Nutrition  Negative protein balance 
 Blood supply  Ischemia and edema 
 Immune function  Immunosuppression 
 Chronic disease  Overall poor response to tissue trauma 
 Radiation therapy  Negative tissue response 
 Chemotherapy  Negative tissue response 
 Previous surgical scar at 
wound site 

 Negative impact on healing 
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14.3        Phases of Wound Healing 

 Once a surgical wound is created, a cascade of events is set 
into motion. In the time immediately after the incision, plate-
lets aggregate at the injury site to form a fi brin clot, which 
reduces active bleeding and creates the initial phases of 
hemostasis. This process is dependent upon the platelet level 
and function, fi brin, and the overall hormonal response. 

 The infl ammation phase is next. This phase is important for 
wound healing and tissue sterilization. In this part of wound 
healing, bacteria and cell debris are phagocytosed and removed 
from the wound by white blood cells. Immunosuppression can 
have its biggest negative impact during this phase. The body 
also releases tissue factors in blood that cause the migration 
and division of cells during the proliferation phase. 

 The proliferation phase consists of several complex 
 processes. Angiogenesis is the process where vascular 

endothelial cells form new vascular structures. Collagen 
deposition occurs simultaneously, and is followed by the 
deposition of collagen and the eventual formation of granu-
lation tissue. As the wound undergoes epithelial cell mold-
ing, the wound contracts. Fibroblasts grow and develop an 
important new provisional extracellular matrix, as the cells 
deposit collagen and fi bronectin. As this progress occurs, 
epithelial cells simultaneously gather and cover the new 
tissue. 

 After the epithelial matrix is deposited, wound contrac-
tion occurs. This process occurs when myofi broblasts func-
tion to grip the wound edges and pull the tissue together. At 
the end of the process, the body uses phagocytosis to destroy 
unwanted or unnecessary cells. 

 In the end process, collagen deposition results in the per-
manent scar and tissue restructuring that is a completely 
healed wound (Fig.  14.1 ).   

Minutes Hours Days Weeks Months Years

60 24 48 7 14 12107
1 2

Coagulation

Vasoconstriction

3 4 5 10 20 30 1 2 3 4 5 6 12 1 2 3 4 5 61 2 3 1 2 3 4 5 6 1 2

Inflammation

Vasodilation
Maturation and remodeling

Fibroplasia and granulation tissue formation 50% of normal tissue strength

Angiogenesis

Contraction

- incomplete basement membraneEpithelialization
- complete basement membrane

Polymorphonuclear neutrophils predominant Macrophages predominant

  Fig. 14.1    The process of wound healing       
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    Conclusion 

 The wound healing experience is a perfect example of the 
body’s “fi xing itself.” The surgeon’s job is to see that the 
process takes place without interruption and as seam-
lessly as possible, to afford the patient the best possible 
surgical and cosmetic result.     
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      Complications of Spinal Cord 
Stimulation 

              Timothy     R.     Deer       and     Jason     E.     Pope    

         Spinal cord stimulation (SCS) is a therapy that offers hope to 
thousands of patients who suffer from chronic pain. The 
therapy has undergone signifi cant advancements in recent 
years, including improved leads, more complex program-
mable generators, different arrays for achieving nerve activa-
tion, innovations in software, and novel waveform 
applications. But the implementation of SCS requires viola-
tion of our natural barrier, the skin, which innately can create 
adverse effects. Further, placement requires reliable identifi -
cation of the epidural space and basic surgical skills, includ-
ing sterile technique, anchoring, and incision closure. The 
assessment of the complications associated with SCS is dif-
fi cult. Complications commonly are considered to be either 
biological or device-related. Systematic analyses have shown 

device complications to be 14–43 %. Nearly 80 % of these 
may require a surgical revision, and 11 % of patients in 
chronic therapy have a complication that requires removal of 
the device. The risk of life-threatening complications appears 
to be less than 1 %. The purpose of this chapter is to give an 
overview of important complications and to evaluate strate-
gies to reduce the risk to the patient. 

 The physician must be vigilant to prevent, identify, and 
resolve complications (Table  15.1 ). Even in the most talented 
hands, complications will occur. By optimizing patient 
comorbidities and anticipating potential challenges, your 
complication rate can be mitigated (but not eliminated), and 
the overall safety and satisfaction of your neuromodulation 
practice will be far-reaching.
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   Table 15.1    Complications of stimulation   

 Complication  Diagnosis of problem  Treatment of problem 

  Neuraxis complications  
 Nerve injury  CT or MRI, EMG/NCS/physical exam  Steroid protocol, anticonvulsants, 

neurosurgery consult 
 Epidural fi brosis  Increased stimulation amplitude  Lead reprogramming, lead revision 
 Epidural hematoma  Physical exam, CT or MRI  Surgical evacuation, steroid protocol 
 Epidural abscess  Physical exam, CT or MRI, CBC, blood work  Surgical evacuation, IV antibiotics, Infectious 

Disease consult 
 Post–dural puncture headache  Positional headache, blurred vision, nausea  IV fl uids, rest, blood patch if required 
  Device complications  
 Unacceptable programming  Lack of stimulation in area of pain  Reprogramming of device, revision of leads 
 Lead migration  Inability to program, x-rays  Reprogramming, surgical revision 
 Current leak  High impedance, pain at leak site  Revision of connectors, generator, or leads 
 Generator failure  Inability to read device  Replacement of generator 
  Nonneurological tissue complications  
 Seroma  Serosanguinous fl uid in pocket  Aspiration; if no response, surgical drainage 
 Hematoma  Blood in pocket  Pressure and aspiration; surgical revision 
 Pain at generator  Pain on palpation  Lidoderm patches, injection, revision 
 Wound infection  Fever, rubor, drainage  Antibiotics, incision and drainage, removal 

   CBC  complete blood count,  EMG  electromyography,  NCS  nerve conduction study  
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15.1       Complications of the Neuraxis 

15.1.1     Epidural Hematoma 

 Bleeding in the epidural space is common when needles and 
leads are introduced. In most patients, this bleeding is unno-
ticed and causes no sequelae. In rare patients, the bleeding 
progresses to the development of an epidural hematoma. If a 
developing epidural hematoma progresses, it can lead to 
numbness, back and leg pain, weakness, and eventual para-
plegia. The treatment for clinically signifi cant epidural 
hematoma is surgical evacuation. It is critical that this prob-
lem be identifi ed early and treated within 24 h of the devel-
opment of symptoms. Weakness in the postoperative period 
after device implantation is a red fl ag warning that should 
raise the suspicion of this tragic complication. 

 Risk factors for developing an epidural hematoma include 
the use of anticoagulants, platelet-acting drugs, aspirin, or 
NSAIDs. Independent risk factors for epidural hematoma 
following spinal surgery include male sex (4:1) and age in 
the 5th or 6th decade of life. Other factors may include dif-
fi cult percutaneous lead placement, laminotomy approach to 
lead placement, and revision of previously placed leads. The 
need to perform surgical instrumentation and to create a 
bony insult dramatically increases the risk of a signifi cant 
bleed. 

 The diagnosis of epidural hematoma is assisted by clini-
cal suspicion, physical examination, and history, but the con-
fi rmatory diagnosis is made by CT scan. MRI can be obtained 
once the leads are removed. Early neurosurgical consultation 
is suggested if epidural hematoma is on the differential.  

15.1.2     Epidural Abscess 

 Another major complication of the neuraxis associated with 
SCS is epidural abscess, one of the infectious risks of 
implanting devices in the body. (Other risks include inci-
sional infection, cellulitis, meningitis, and discitis.) The risks 
of a serious infection appear to be less than 1 in 1000. 
Epidural abscess may present with severe pain in the area of 
the lead implant. This pain may be associated with fever, 
usually over 101 °F. Radicular pain may develop if the 
abscess extends to the canal or compresses the cord. Risk 
factors for abscess include immunocompromised state, his-
tory of chronic skin infections, history of methicillin- resistant 
 Staphylococcus aureus  (MRSA) infection or colonization, 
chronic diseases such as poorly controlled diabetes mellitus, 
or local infection at the surgery site. Abscess is diagnosed by 
clinical suspicion, history, and physical examination, and is 
confi rmed by CT scan. MRI may be performed once the 
device is explanted.  

15.1.3     Other Neurologic Injury 

 Neurologic injuries of the spinal cord or nerve roots are other 
potential risks of SCS. Injury may occur by needle trauma, lead 
placement or removal, or surgical manipulation during paddle 
lead placement. Neurologic injury is more common with paddle 
placement than with percutaneous cylindrical lead placement. 

 In many patients, the injury is associated with deep sedation 
or general anesthesia. In the immediate postprocedure period, 
the injury may be diffi cult to diagnose. CT scans may not show 
an abnormality, and MRI cannot be performed until the device 
is surgically removed. An electromyogram and nerve conduc-
tion study may be helpful in determining the injury, but fi nd-
ings may not become abnormal for several days after the insult. 

 Less worrisome complications include inadvertent dural 
puncture with post–dural puncture headache, which has been 
reported in up to 11 % of cases, although that number appears 
much higher than clinical practice would suggest. This risk is 
increased by obesity, calcifi c ligaments, patient movement, 
and previous surgery at the level of needle entry. A parame-
dian approach with an angle of less than 40° appears to lower 
the risk of complications. 

 Spinal cord stenosis can develop over time in the vicinity 
of an implanted lead; it may result in new radicular symp-
toms and can progress to myelopathy over time. This prob-
lem requires revision, decompression, or lead removal.   

15.2     Complications Outside the Neuraxis 

 Reported incidences of wound infections involving the gen-
erator, tunneled area, or lead incision site have ranged from 
0 to 4.5 % of patients. This problem is diagnosed by pain, 
swelling, rubor, and drainage of purulent material (Figs.  15.1  
and  15.2 ). An elevated white blood cell count, sedimentation 
rate, or C-reactive protein should create concern regarding 
the infectious status of the implant. Other causes of infection 
should also be considered.   

 Some patients may develop a swollen, irritated wound 
that is not associated with infection. This complication, 
termed a seroma, is caused by a buildup of serosanguinous 
fl uid, and occurs with a frequency of 0.9–5.8 %. Seroma is 
diagnosed by lack of fever and a normal white blood count. 
If the diagnosis cannot be determined, incision and drainage 
with cultures may be required to make a conclusive  diagnosis. 
In most cases, seroma can be treated without device removal. 
Careful dissection and attention to minimizing tissue trauma 
may reduce the risk of this complication. Compression with 
an abdominal binder, if appropriate, reduces the chance of 
seroma development. 

 Bleeding can occur at the generator site or lead incision. The 
result can be hematoma requiring drainage, or wound dehiscence. 
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The best treatment is prevention, which consists of thoughtful 
tissue dissection, pressure to the area of bleeding, suturing of arte-
rial bleeding, coagulation of ongoing small vessel hemorrhage, 
and careful inspection of the wound prior to closure. 

 Pain at the generator site may occur secondary to neu-
roma, tissue irritation, or bony contact with a rib or pelvic 
bones. Treatment can include topical local anesthetic patches, 
wound injection, or surgical revision.  

  Fig. 15.1    Postoperative cellulitis with early dehiscence         Fig. 15.2    Gross infection present at generator site       
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15.3     Device-Related Complications 

 The most commonly reported complication of SCS devices is 
loss of paresthesia capture over time, which can result from lead 
migration, the patient’s development of tolerance to stimulation, 
or fi brosis below the lead, which increases impedance. Many of 
these problems can now be overcome by changes to the device. 
If reprogramming the system does not resolve the situation, 
plain fi lms of the leads may be helpful in diagnosing migration. 
Eventual treatment may require lead revision or conversion to a 
percutaneous or traditional surgical paddle lead. 

 Lead migration is another complication that can lead to 
system failure (Fig.  15.3 ). This problem plagues both percu-
taneous and paddle systems. The authors have experienced 
less than 1 % migration based on x-ray evaluation, and recent 
studies have shown the number to be less than 11–13 % in 
most evaluations. The problem is diagnosed with loss of 
therapeutic stimulation not overcome by reprogramming, 
dramatic change in location or characteristics of the stimula-
tion, and by comparison of anterior-posterior and lateral 
fi lms with the original implant fi lms. Treatment commonly 
requires surgical lead revision. Careful attention to anchor-
ing to the lumbodorsal fascia may reduce the risk of this 
complication but cannot prevent it entirely.  

 Painful stimulation or loss of stimulation can occur sec-
ondary to current leakage or loss of system integrity. This 
problem is often diagnosed by computer analysis showing 
high impedance compared with baseline. Possible causes 
include lead migration, poor conduction secondary to fl uid in 
or around the contacts, or partial or total lead fracture. 

 Device fl ipping and generator pain may occur secondary 
to diffi culties at the pocket. These complications can be 
reduced by anchoring the generator and securing the device 
in a pocket that is adequate to allow room for the device. If 
the pocket is too small, it may lead to poor wound closure, 
pressure on the tissue, and even erosion over time. Further, 
placing the incision line over the device may interfere with 
wound healing. A pocket that is too large may lead to fl ip-
ping of the device, pain secondary to device tissue irritation, 
or a seroma in the area of the pocket that is not involved in 
the implant. The physician should be careful to measure the 
pocket size intermittently as it is created. Some manufactur-
ers are now supplying spacers that can be used to check 
pocket size without having to place the actual device into the 
pocket as it is created. 

 Erosion of device components through the skin can lead to 
loss of the system. This erosion can occur secondary to poor 
tissue health from chronic disease, weight loss, and place-
ment of anchors in the superfi cial tissues. When erythema 
occurs around a generator, the physician should consider sur-
gical revision prior to the complete loss of tissue integrity, 
which requires removal of the system. In the placement of 
peripheral leads, the device should be placed below the der-
mis. In general, the physician should determine this depth by 
palpation, needle placement, and observation when making 
an incision to secure the lead. The use of suture for securing 
the peripheral lead without the use of a formal anchor should 
be considered, as many cases of device erosion occur at the 
Silastic anchor site. New anchors containing harder sub-
stances such as titanium may worsen this problem.  

  Fig. 15.3    Migration of the lead       
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15.4     Risk Assessment 

•     The patient should be assessed for bleeding risks prior to 
moving forward for an implant. A careful review of medi-
cations that affect bleeding, an evaluation of coexisting 
diseases, and an evaluation of the spinal anatomy and chal-
lenges should be undertaken prior to moving forward.  

•   Perioperative comorbidities need to be optimized. 
Infection risk assessment includes a review of coexisting 
diseases, inspection of the patient’s skin, and a review of 
preoperative laboratory studies. In patients with a history 
of problems such as advanced HIV disease, brittle diabe-
tes mellitus, chronic systemic steroid use, and malig-
nancy, caution should be exercised and implantable 
devices should be moved further down the treatment 
algorithm.  

•   Patients who are at risk for neural injury during implanta-
tion are hard to identify because of the low incidence of 
this problem. The incidence of neurologic injury is higher 
with paddle leads than with percutaneous leads. The 
patient with multiple spinal instrumentation procedures, 
the morbidly obese, the extremely anxious, and the patient 
with extensive spinal disease such as signifi cant scoliosis 
should be approached with caution.  

•   Inadvertent dural puncture can lead to a headache that 
may impair the ability to assess the success of a stimula-
tion trial or may complicate the postoperative period after 
permanent implantation. The risk of this complication is 
increased with obesity, scoliosis, signifi cant stenosis, lig-
ament calcifi cation, and previous surgery at the site of the 
planned implant. The risks are also increased in a patient 
with extensive movement and inability to cooperate with 
the implant approach.  

•   The development of stenosis in the vicinity of a previ-
ously implanted lead can produce symptoms and lead to 
the ultimate removal of the device. Before placing a 
device in the cervical spine, the doctor should consider an 
imaging study to assess preimplant spinal diameter. In 
cases of preexisting stenosis, the implant should be 
approached with caution.  

•   Wound infections can vary from mild erythema to frank 
dehiscence. The implanter should use great care in wound 
closure to ensure that tissue alignment is ideal. It is impor-
tant to evaluate the patient preoperatively for local skin 
abnormalities and evaluate disease states for possible 
increased risks of systemic infections. A history of previ-
ous MRSA infections should alert the physician to poten-
tial diffi culties. Preoperative infection risk assessment is 
mandatory.  

•   Seroma can develop in the wound surrounding the gener-
ator and can lead to loss of the device because of wound 
breakdown. History of seroma development with other 
surgical procedures may alert the physician to potential 

risks of this complication. Patients with connective tissue 
disorders such as lupus, rheumatoid arthritis, and sclero-
derma may have a greater propensity to develop these 
problems.  

•   Pain at the generator site is most common in patients with 
a history of complex regional pain syndrome or fi bromy-
algia. It is diffi cult to predict which patients will have 
problems of this kind.  

•   Loss of proper stimulation paresthesia can occur, leading 
to reduced relief or a complete loss of relief. This loss can 
be due to epidural fi brosis, migration, positional change, 
or other electrical stimulation factors. The physician 
should carry out a troubleshooting evaluation when loss 
of coverage occurs, including a physical examination, 
plain fi lm evaluation, and computer analysis of the 
system.  

•   Lead migration can lead to an adverse outcome. The risk 
of migration is increased by movement in the early preop-
erative period, including bending at the waist, lifting 
above the head, and carrying heavy objects. The tech-
niques used for anchoring and suturing can reduce the 
risk of migration, but cannot eliminate the problem.  

•   Lead fracture is more common with surgically placed 
paddle electrodes. The presence of tension on the wiring 
can increase this risk, as can trauma to the area of the 
spine where the implant is placed.  

•   Device fl ipping leads to the inability to program or use the 
SCS system.  

•   Erosion of the leads, anchors, or generators through the 
skin can lead to loss of the system or the need for an 
extensive revision.  

•   Loss of pain relief can occur even though paresthesias are 
still felt in the proper region, impedance numbers are 
appropriate, and the leads and generator are functioning 
properly.     

15.5     Risk Avoidance 

•     Patients taking clopidogrel, warfarin, and other anticoag-
ulants should be taken off these drugs prior to implanta-
tion. This decision should be made by the physician 
prescribing the medications. If the patient cannot be taken 
off of these agents, the procedure must be canceled. If the 
physician feels the procedure is critical, admitting the 
patient for an infusion of heparin to allow for discontinu-
ation of oral medications can be considered.  

•   Preoperative antibiotics should be given prior to moving 
into the procedure area. The use of preoperative antibiot-
ics is sometimes considered controversial, but it now has 
become standard of care for most implanters. Other risk 
avoidance techniques include extensive prepping and 
wide draping, with careful attention to sterile technique. 
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Vigorous irrigation should be used to create tissue dilu-
tion of any potential infectious agents. Wound closure 
should be considered critical to reducing complications 
and should be taken very seriously. Postoperative fol-
lowup is needed to detect any early signs of infection such 
as rubor, drainage, or painful incisions. In these cases, an 
early intervention such as incision and drainage should be 
considered.  

•   The risk of neural injury can be reduced by proper patient 
education, including the need for patient cooperation with 
maintaining minimal movement during the procedure. The 
physician should focus on proper patient positioning prior 
to moving forward. The use of fl uoroscopy should be 
approached carefully, with attention to aligning the spine to 
allow for a good approach. In diffi cult cases, the patient 
should remain alert during the implantation to provide early 
warning to the implanting doctor of impending nerve injury.  

•   Post–dural puncture headache is a known complication 
that is unavoidable in some patients. Several actions can 
reduce the risk:
 –    Using a needle angle of 45° or less  
 –   Using a paramedian approach  
 –   Using both a hanging drop and loss of resistance 

technique  
 –   Using contrast and lateral views if the depth of the 

needle is not clear  
 –   Being patient and using a careful and thoughtful 

approach to the space     
•   In patients with preimplant imaging that suggests moder-

ate to severe stenosis, the doctor should be cautious with 
percutaneous implants. The alternative of decompression 
with placement of a paddle lead is an another option when 
there is any doubt about a risk of disease progression 
causing nerve impingement. The use of small-profi le 
leads for trialing should be considered in these patients. 
When this approach is taken, the patient should be alert 
and responsive during lead and needle manipulation.  

•   Wound infections are best avoided by careful preopera-
tive screening, optimization of coexisting diseases, and 
evaluation of skin condition prior to making an incision. 
The patient should be prepped and draped widely, and 
careful attention should be given to wound closure. The 
physician should be vigilant regarding tissue approxima-
tion and the reduction of tension on the wound. The 
patient should be followed in the postoperative period 
with inspection of the wound. If a superfi cial infection 
develops, the authors recommend an aggressive approach 
of excising the wound tissue with an elliptical incision for 
incision and drainage of the wound before the infection is 
extended. If the infection involves the pocket or the poste-
rior spinal incision, it is important to remove the device in 
its entirety and consult an infectious disease specialist 
when appropriate.  

•   Seroma formation can lead to devastating results, includ-
ing failure of the system. Some clinicians recommend 
aspiration of the fl uid with analysis. This is reasonable, 
but careful attention must be paid to avoid contaminating 
a noninfected pocket. Preventing the initial problem of a 
seroma is the best approach. The risk can be reduced with 
careful and gentle handling of the tissue, judicious use of 
cautery, and sharp dissection rather than vigorous blunt 
dissection. Some clinicians have reduced seroma by mak-
ing the generator pocket prior to placing the leads, and 
packing the wound with antibiotic-soaked sponges to 
tamponade venous and small arterial bleeders.  

•   Hematoma can form both subcutaneously and epidurally. 
Epidural hematoma needs to be identifi ed and acted upon 
quickly. Subcutaneous hematoma can result from poor 
intraoperative hemostasis or postoperative trauma. 
Treatment commonly requires vigilance and, in rare cir-
cumstances, evacuation.  

•   Pain at the generator site can lead to a bad outcome even 
in patients who have excellent stimulation and reduction 
of their primary problem. The device should be placed 
1–2 cm below the dermis, with attention to avoid placing 
the generator too superfi cially. Placing the generator near 
the pubic bones or the rib margin can also cause pain with 
movement. Another important factor is the distribution of 
adipose tissue in the patient’s body habitus. In some 
patients, placement of the device in the buttock leads to 
pain secondary to lack of adipose tissue in the region. The 
development of smaller implantable generators has 
allowed the pocket to be created closer to the spinal inci-
sion site, which may mitigate this risk.  

•   Loss of paresthesia can be devastating to the patient who 
has experienced pain relief with SCS. The physician may 
fi nd that this problem can be overcome by complex com-
puter reprogramming, with a change in lead arrays, pulse 
width, or amplitudes. If reprogramming fails to resolve 
the issue, the physician should review the impedance 
numbers at each contact. High impedance of the system 
or individual contacts may lead to the need to revise the 
leads, open the system and check the contacts, or revise 
the system to a surgical paddle lead system. A plain fi lm 
showing lead migration can sometimes give insight into a 
reprogramming strategy that may help to avoid the need 
for more surgery, but if this is not possible, the treatment 
of this problem is with revision.  

•   Lead migration can be reduced by using a paramedian 
approach, using a shallow needle angle of 45° or less, and 
dissecting the tissue to anchor to fascia and ligament 
rather than adipose tissue (Table  15.2 ). Anchoring tech-
niques vary; this atlas reviews some options in detail, but 
the primary construct is to anchor the lead to the device 
and the device to the fascia and ligament. New anchors 
help the physician to more easily secure the lead to 
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 material, but even with these advances it is very important 
to secure the anchoring device to the body tissue. Bracing, 
limitation of activity, and restrictions on motion may help 
in avoiding this complication, but these recommendations 
have never been proven effective in a prospective 
fashion.  

•   Lead fracture can be reduced by using a shallow angle to 
insert the device, by adding a strain relief loop to the spi-
nal incision, and by adding a strain relief loop underneath 
the generator.  

•   Device fl ipping can be reduced by using a nonabsorbable 
suture to anchor the device to the fascia in the pocket and 
by properly sizing the pocket to avoid excessive unoccu-
pied volume surrounding the device.  

•   Erosion cannot be avoided in some patients, but it may be 
possible to reduce the risk. Change in body habitus over 
time due to weight loss or weight gain may lead to new 

tissue pressures on the metal or Silastic devices. In other 
settings, erosion may occur in patients with poor skin 
integrity due to chronic diseases or medications. The phy-
sician should place the initial generator in the fatty tissue 
below the dermis, with adequate tissue to cushion the 
materials. If the patient starts to experience redness or 
pain over the device, the physician may consider device 
revision. Many physicians have begun to use nonabsorb-
able sutures to secure peripheral leads for nerve or nerve 
fi eld stimulation. The risk of erosion around Silastic 
anchors in the periphery appears to be substantial, requir-
ing chronic monitoring when anchors are used.  

•   The loss of pain relief in an area despite adequate stimula-
tion patterns can be very frustrating to both the patient 
and the physician. In some settings, there is no option to 
resolve this problem and treatment may require device 
removal.   

   Table 15.2    Migration risk avoidance   

 Migration risk  Physician action 

 Needle angle  Needle angle of 30–45° 
 Needle entry  Paramedian approach 
 Fatty tissue at anchoring site  Dissect fatty tissue around the needle entry site, exposing fascia and ligament for proper anchoring 
 Anchoring to muscle  When using an exaggerated paramedian approach, the physician should dissect medially until 

approaching ligament or fascia; avoid anchoring to muscle, which may lead to migration with 
contraction 

 Lead anchor gap  The anchor should be as close to the lead entry into the ligament or fascia as possible, avoiding room for 
migration distal to the anchor 

 Suturing with silk  Avoid silk sutures when anchoring 
 Dependence on the anchor  The anchor should be seen as one component of securing the system; total dependence on the anchor can 

lead to poor outcomes 
 Hematoma below anchor  Hemostasis should be obtained prior to closing the wound, as bleeding can lead to catheter movement 

owing to pressure on the anchor from hematoma compression 
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       Conclusions 

 SCS is a great option for many patients who suffer from 
chronic pain. Although the success of these devices 
 continues to improve in the areas of pain reduction, func-
tional improvement, and quality of life, they are not 
without risks. It is critical for the physician to identify 
risks, reduce their occurrence, and treat them 

 appropriately to reduce the numbers of permanent 
complications.  

15.6     Supplemental Images 

 See Figs.  15.4 ,  15.5 ,  15.6 ,  15.7 ,  15.8 ,  15.9 , and  15.10 .            

  Fig. 15.7    Erosion of an anchor through the tissue, causing exposure of 
the device       

  Fig. 15.4    Lead fracture, anterior view       

  Fig. 15.5    Lead fracture, lateral view       

  Fig. 15.6    Suture abscess       
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  Fig. 15.10    Cephalad lead migration into the cervical nerve root       

  Fig. 15.8    Infected pocket requiring removal of the spinal cord stimula-
tion device       

  Fig. 15.9    Caudad lead migration       
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      Stimulation of the Nervous System 
to Treat Neuropathic Pain of the Foot 

           Timothy     R.     Deer       and     Giancarlo     Barolat     

16.1             Introduction 

 Neuropathic foot pain is a common disease state that 
affects more than 200 million people globally. The pain 
may vary from a mild tingling to an excruciating, 
 constant burning pain, often exacerbated in the evening 
hours. Neuropathic pain is often difficult to treat with 
conservative measures, and more advanced techniques 
are required. This problem comes to light in those 
 suffering from primary peripheral nerve problems, 
 neuropathies, nerve entrapment, spinal nerve root injury 
or scar entrapment, and complex regional pain syndrome 
(Table  16.1 ).

   Spinal cord stimulation (SCS) can be successful in treat-
ing this troubling problem. Conventional methods involve 
routine placement at the common locations in the spinal 
canal (T8 through T12), but in some cases, stimulation is 

required at the level of the nerve root or peripheral nerve. 
This chapter discusses possible strategies to successfully 
control neuropathic foot pain.  

  16
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   Table 16.1    Common disease states causing neuropathic foot pain   

  Neuropathies:  diabetic, alcohol-induced, metabolic, nutritional 
defi ciency, heavy metal, chemotherapy-induced, idiopathic, 
infectious (HIV, syphilis) 
  Spine-induced pain:  disc impingement of the nerve, foraminal 
narrowing, central stenosis, epidural fi brosis, arachnoiditis, 
mechanical entrapment of the nerve, nerve trauma, iatrogenic, bone 
impingement on the nerve, failed back surgery syndrome 
  Complex regional pain syndromes types I and II,  Raynaud’s 
syndrome, vasculitis, ischemic pain secondary to peripheral vascular 
disease, vasospasm 
  Peripheral nerve pain:  nerve injury, nerve entrapment, tarsal tunnel 
syndrome, postsurgical scarring, neuroma, bony deformity causing 
nerve pain 
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16.2     Technical Overview 

 Other sections of this Atlas have covered many of the pearls 
of this section. Needle placement, lead placement, and tech-
niques such as anchoring and pocketing are consistent with 
descriptions in other sections of this text. Nerve root stimula-
tion, paddle lead placement, and peripheral nerve placement 
are also covered elsewhere. The primary technical decision 
in treating this pain disorder is a cerebral exercise. The deci-
sion of where to target the nervous system to achieve the 
desired result is the most critical decision in this process 
(Table  16.2 ).

16.2.1       The Method of Epidural Stimulation 

 Whether a percutaneous lead or a paddle lead is utilized, to 
achieve focally consistent and lasting stimulation of the foot, 
the active part of the lead should be at the T11–L1 level. This 
placement most likely entails stimulation of the cauda equina 
as it overlaps the tail end of the spinal cord, rather than the 
dorsal columns. The placement is often done in parallel or a 
staggered array (Fig.  16.1 ). If these lead arrays are success-
ful, no further adaptations are needed, and in some cases, 
both foot pain and other dermatomal patterns are treated. 
Some physicians prefer to cross the midline with the leads 
used in a guarded array, with two cathodes in the center of 
the lead to drive the current deeper (Fig.  16.2 ). This pattern 
often leads to total coverage of the entire leg, including the 
feet. In selected patients, the paresthesia in the foot is trou-
bling and not desired. The epidural approach is not the ideal 
treatment option for these patients.    

   Table 16.2    Lead placement options   

 Approach  Location 

 Traditional approach  T8–T12 
 Modifi ed approach  Crossing midline at T10–T11 
 Conus approach  Crossing midline at T12–L1 
 Nerve root approach  Lead capturing the nerve root in lower 

lumbar spine 
 Nerve root approach  Lead capturing the nerve root at 

foramen L4–5 or S1 
 Peripheral nerve approach  Lead placed at the peripheral nerve pain 

site 
 Dorsal root ganglion 
stimulation 

 Dermatomal placement ipsilateral to 
foot pain 

  Fig. 16.1    Traditional lead placement       
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16.2.2     The Nerve Root Method of Stimulation 

 The lead can be placed in the area of the L5 or S1 nerve root 
by the percutaneous approach, using the retrograde approach 
or the sacral hiatus route. The retrograde approach involves 
entering the epidural space in a caudad approach via the 
intralaminar space two to three levels above the target nerve. 
Once the epidural needle has been successfully placed with 
fl uoroscopic guidance, the lead is driven down the middle of 
the epidural space until it is one level above the desired level. 
Using an appropriate stylet, the lead is then directed under 
x-ray guidance to the nerve target. The alternative method is 
to use a percutaneous approach to enter the sacral hiatus with 
an epidural Tuohy needle and then place the lead antegrade 
to the desired nerve foramen. The lead is placed at the fora-
men or adjacent to the foramen for stimulation (Figs.  16.3  
and  16.4 ). This approach can be very helpful, but the size of 
conventional leads makes it diffi cult to stabilize this lead 
placement. Current research is working on developing new 
technology to address these issues, but currently there are no 
approved leads specifi c to the foramen or these neurological 
structures.   

 In some patients, it is not possible or desirable to place the 
nerve root leads via the percutaneous approach. A paddle 
approach is a possible solution. The lead can capture the 
nerve at the foramen or in the spinal canal as it travels to the 
foramen. These two lead placements are depicted in 
Figs.  16.5 ,  16.6 , and  16.7 .    

 The chapter on peripheral nerve stimulation covered the 
possibility of placing a lead on the peripheral nerve. The tar-
get for this nerve stimulation is based on examination, pain 
pattern, and (when available) an electromyogram or nerve 
conduction study. The technique can be performed using 
either a percutaneous approach or a paddle lead approach, 
based on surgeon preference and patient characteristics. 
Depending on the exact topography of the pain, electrodes 
can be implanted on the sciatic, posterior tibial, peroneal, or 
saphenous nerve. In the hands of one of the authors (GB), 
peripheral nerve stimulation is actually the preferred initial 
neurostimulation approach. If the pain involves areas larger 
than the foot, an intraspinal stimulation target is preferable. 
As discussed below, the dorsal root ganglion is a possible 
location for stimulation for a patient with isolated foot pain.  

  Fig. 16.2    Guarded array placement. If the foot is not stimulated by the 
epidural approach, a nerve root approach is an option. Either a percuta-
neous or paddle approach can be used       
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  Fig. 16.5    Mixed paddle approach (Courtesy of Giancarlo Barolat, MD)       

  Fig. 16.6    Epidural paddle approach (Courtesy of Giancarlo Barolat, MD)       

  Fig. 16.3    Nerve root placement       

  Fig. 16.4    Nerve root placement via caudal approach       

 

 

 

 

T.R. Deer and G. Barolat



109

16.2.3     Dorsal Root Ganglion Stimulation 

 Novel treatment targets have emerged that may remedy the 
traditionally challenges of dorsal column stimulation. The 
dorsal root ganglion (DRG) is located bilaterally caudal to 
the pedicle. It is composed of the cell body of the primary 
afferent nociceptor and can be accessed via the epidural 
space. Specifi cally designed equipment, similar to that 
employed in SCS, is used to deliver a specifi cally designed 
lead to the DRG ipsilateral to the affected foot (Fig.  16.8 ). 
Because of the redundancy of afferent nociception and cross- 
dermatomal innervation, the lead can be placed above or 
below the dermatomally identifi ed DRG. This exciting tech-
nology may remedy many challenges with foot coverage that 
can occur with traditional SCS, including durability and 
positionality. The technology is available in Europe and the 
pivotal Food and Drug Administration (FDA) study in the 
United States is currently under way.    

  Fig. 16.7    Lateral view of paddle approach (Courtesy of Giancarlo 
Barolat, MD)       
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a b

  Fig. 16.8    AP ( a ) and lateral ( b ) view of left DRG placement 12       
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16.3     Risk Assessment 

 The various types of nervous system stimulation used to treat 
foot pain carry risks of failure or complications:

•    The foot innervation can lead to a challenging problem 
with SCS. If the lead is placed too high in the spine, the 
result is a failure to achieve proper target stimulation.  

•   Stimulation in the upper lumbar spine, such as at the level 
of the conus, can lead to an unstable lead location and a 
varying degree of stimulation, which may be unpleasant.  

•   Nerve root stimulation may be felt as an intense paresthe-
sia that is so powerful the patient gets motor recruitment.  

•   Stimulation of the peripheral nerve can lead to the devel-
opment of scar tissue, reducing the long-term success of 
the device.     

16.4     Risk Avoidance 

 The risks noted above may be avoided by following some 
helpful procedures:

•    Crossing the midline in the thoracic spine may result in a 
more uniform stimulation pattern leading to coverage of the 
back down to the feet. This pattern is often achieved by using 
a “double guarded” cathode array. That involves a (+ − − +) 
programming of the portion of the lead crossing the midline; 
two leads in a staggered orientation may be required.  

•   Placement of the lead over the conus can be very helpful 
in achieving stimulation of the foot, but unfortunately lat-
eral movement of the lead is an issue, along with move-
ment of the conus with positional changes. This problem 
can be reduced by crossing the midline with the center of 
the confi guration of programming at the conus, using a 
single lead or dual leads.  

•   When placing a stimulation lead in the vicinity of the 
nerve root, the programming should be started initially to 
capture the threshold and then backed off to a subthresh-
old level. The patient should be offered several programs 
that cover different contacts on the lead and should have a 
variety of pulse width options.  

•   Peripheral nerve stimulation leads can be placed percuta-
neously in the vicinity of the nerve to avoid direct nerve 
contact, reducing the impact of scar in some patients. If 
the lead must be placed directly on the nerve, a fascial 
graft may be helpful in stabilizing the stimulation pattern, 
although this technique is diffi cult to perform and has 
questionable long-term outcomes.     

    Conclusions 

 A successful outcome for patients suffering from neuro-
pathic foot pain can be achieved with SCS. The method of 
lead placement, the neuropathic pain target, and lead pro-
gramming may all play a critical role in the long-term 
 effi cacy of the device (Fig.  16.9 ). The clinician must be an 
active problem solver in these situations and must adapt 
to the patient’s response.      

  Fig. 16.9    Percutaneous lead 
placement for foot pain       
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      Sacral Nerve Root Stimulation 
for the Treatment of Pelvic 
and Rectal Pain  

           Kenneth     M.     Alò     ,     Nameer     R.     Haider      , and     Timothy     R.     Deer     

17.1             Introduction 

 Pelvic, ilioinguinal, testicular, and sacral pain may have both 
visceral and somatic causes, lending themselves to stimula-
tion techniques. Sacral nerve root stimulation has been rec-
ognized as a treatment of pain of the pelvis, rectum, and 
perineum, and serves to manage intractable pain of the blad-
der from interstitial cystitis, post-radiation and nerve entrap-
ment pathologies. Further, functional improvements of 
bladder dynamics can be performed with sacral stimulation 
and intersem techniques. The sacral nerve targets are nor-
mally at S2, S3, and S4. 

 Ilioinguinal nerve stimulation has been utilized to treat 
chronic intractable pain of the groin often after herniorrhaphy- 
induced nerve entrapment, pelvic surgery, hysterectomy, and 
appendectomy (Fig.  17.1 ). 

 Chronic orchialgia may be caused by structural abnor-
malities including wallerian degeneration of the spermatic 
cord or vasal nerves. This may explain how neurostimulation 
of the spermatic nerves provides pain relief in patients with 
chronic testicular pain. Other causes of orchialgia include 
postoperative scarring, trauma, and chronic infection leading 
to nerve damage (Fig.  17.2 ).    
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  Fig. 17.1    Ilioinguinal nerve stimulation       
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17.2     Selection of Candidates 

 Pelvic, sacral, rectal, and groin pain are complicated patient 
complaints that can be experienced by an eclectic group of 
individuals. Some of these patients are excellent candidates 
for stimulation whereas other patient populations have a 
poor prognosis. Table  17.1  identifi es the important factors to 
consider when selecting patients for this procedure and their 
predictive impact on outcome.

  Fig. 17.2    Spermatic nerve stimulation       

   Table 17.1    Important factors to consider when selecting patients   

 Factor  Consideration  Predictor 

 Pain generator is 
understood 

 Diagnostic workup has shown an 
objective abnormality 

 Positive 

 History of sexual or 
mental abuse 

 Psychological evaluation and 
workup 

 Negative 

 Disease is stable  No progressive condition is 
present 

 Positive 

 Previous treatment  History suggests some relief 
from other treatments 

 Positive 

 Coexisting disease  History of fi bromyalgia, irritable 
bowel, fatigue 

 Negative 

 Pain character  Pain is burning or stabbing in 
nature 

 Positive 

 Drug abuse  Active drug abuse behavior  Negative 
 Bleeding disorders  History of active coagulopathy  Negative 
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17.3        Technical Overview 

 Traditionally four methods are used for percutaneous access 
to stimulate the sacral nerve roots. One surgical method to 
stimulate the nerves has been described. 

17.3.1     Sacral Nerve Stimulation 

17.3.1.1     The Retrograde Technique 
 The retrograde approach became very popular over the past 
10 years. This method involves the placement of the epidural 
needle into the spinal canal, directing the bevel from a cepha-
lad to a caudad position. The needle is placed under fl uoro-
scopic guidance and thereafter the lead is directed from the 
epidural entry zone downward until it is secured in the area 
of the S2, S3, and S4 nerve roots unilaterally or bilaterally. 
The leads are then secured to the fascia and ligament at the 
needle entry site. This approach is usually attempted with a 
needle entry at L2–3 or L3–4. Entry at the LS–S1 level is 
diffi cult owing to spinal angulation and may lead to diffi -
culty in advancing the lead into the dorsal epidural space. 
The disadvantage of the technique is the risk of wet tap, 
nerve irritation with lead placement, and potential inability 
to pass the lead distally (Fig.  17.3 ).   

17.3.1.2     The Lumbar Transforaminal Technique 
 The lumbar transforaminal approach involves placing a nee-
dle in the superior aspect of the lumbar nerve root foramen 
and then passing the lead inferiorly until the lead is satisfac-
torily placed over the sacral targets. This approach is techni-
cally diffi cult, may result in dorsal root entry zone injury, 
and may lead to diffi culty in directing the lead inferiorly 
owing to an unsatisfactory entry angle of the lead at the 
foraminal entry zone. This method is covered in detail else-
where in this Atlas.  

17.3.1.3     The Sacral Transforaminal Technique 
 The sacral transforaminal approach involves placing the lead 
directly through the sacral foramen to the target nerve. This 
approach has been used to treat incontinence by direct nerve 
stimulation and to treat chronic pain. This approach is simple 
but has complication risks. The approach may lead to nerve 
injury and is diffi cult to anchor once the device is in place 
(Fig.  17.4 ).   

  Fig. 17.3    Sacral stimulation with retrograde lead       

  Fig. 17.4    Sacral transforaminal lead placement (lower lead)       
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17.3.1.4     The Sacral Hiatus or Caudal Approach 
Technique 

 The sacral hiatus can be entered by placing an epidural intro-
ducer needle into the caudal space and then driving the lead 
laterally to stimulate the sacral nerve targets. The target may be 
in the midline if the pain is in the rectum or coccyx. The 

 advantage of this technique is the simple approach and ease of 
driving the lead. The disadvantage of the technique is the dif-
fi culty of anchoring the lead as it exits the sacral hiatus, espe-
cially if the body fat is not appropriate to give adequate coverage 
over the lead or anchor. If erosion is a risk, the permanent lead 
must be placed using the neurosurgical technique (Fig.  17.5 ).   

a

c

b

  Fig. 17.5    ( a – c ) Placement of leads via sacral the hiatus       
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17.3.1.5     The Neurosurgical Laminotomy 
Approach 

 In some cases the lead cannot be placed via one of the percu-
taneous methods because of anatomical challenges. This 
approach is also used for patients who have inadequate tissue 
to place a permanent lead at the sacral hiatus. The approach 
requires the creation of a small laminotomy on the involved 
side or sides to place a lead over the target nerve roots.   

17.3.2     Ilioinguinal Nerve Stimulation 

17.3.2.1     Percutaneously Access the Ilioinguinal 
Nerve 

 The lead is placed in the tissue parallel to the inferior course 
of the ilioinguinal nerve. If the trial gives successful pain 
relief, a permanent device is placed in the nerve distribution. 
In the past we often dissected down to the actual nerve to 
place the lead under direct vision, but the use of a percutane-
ous nerve approach appears to be equally successful for the 
patient with reduced trauma overall. The generator may be 
placed in the lower abdominal wall near the area of the leads 
to reduce the risk of migration. Care should be taken to 
 dissect down to the level of the nerve before needle/lead 
insertion during permanent placement to ensure that both the 
distal and the proximal electrode contacts of the lead are in 
the same plane as the nerve to ensure optimal stimulation 
(Fig.  17.6 ).    

17.3.3     Spermatic or Vasal Nerves in the Vas 
Deferens Stimulation 

17.3.3.1     Percutaneously Access the Spermatic 
or Vasal Nerves in Vas Deferens 

 The lead is placed in the tissue adjacent to the spermatic cord 
and vas deferens (Fig.  17.7 ). 

 The generator may be placed in the lower abdominal wall 
near the area of the lead to reduce the risk of migration. 
Ultrasound guidance may be employed to provide optimal 
lead placement and to mitigate risk of complications. The 
patient should be made aware of this risk.  

  Fig. 17.6    Placement of leads for treatment of the ilioinguinal nerve       

a

b

  Fig. 17.7    ( a ,  b ) Spermatic nerve stimulation       
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   Pocket Placement 
 The pocket for the sacral nerve stimulation should be as 
close in proximity to the lead insertion site as possible. This 
may involve placing the pocket into the buttock or just above 
or below the beltline. The physician should consider the 
patient’s body habitus, bony landmarks, and skin condition 
prior to creating the pocket. 

 For ilioinguinal and vasal nerve stimulation, the generator 
should be sutured to the anterior abdominal fascia in order to 
prevent displacement, migration, or angulation after implan-
tation or that may occur after weight loss. Angulation of the 
internal pulse generator may lead to diffi culty in charging 
(Fig.  17.8 ).      

a

c

b

  Fig. 17.8    ( a – c ) IPG location relative to lead placement and entry       
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17.4     Risk Assessment 

     1.    The retrograde approach can lead to a very steep angle 
and may increase the risk of a wet tap or direct nerve 
root insult.   

   2.    The retrograde approach can lead to diffi culty passing 
the lead. The most common area of diffi culty is at the 
LS–S1 level.   

   3.    The lumbar transforaminal approach can lead to nerve 
root injury and an increase of the pain level. It is also dif-
fi cult to anchor the lead, which may lead to migration.   

   4.    The sacral transforaminal approach can lead to nerve 
root injury and increased pain. It is also diffi cult to 
anchor the lead, which may lead to migration.   

   5.    The sacral hiatus approach may lead to infection based 
on the relative location to the rectum. This concern is 
more worrisome for the permanent device.   

   6.    The sacral hiatus or caudal approach can cause nerve irrita-
tion that may lead to increased pain. In some cases, it is 
diffi cult to place the lead because of a stenotic or narrow 
canal blocking the path. An epidurogram is often helpful to 
identify proper needle placement and the size of the canal.   

   7.    The neurosurgical approach can lead to bleeding and the 
potential for nerve damage when entering the sacrum.   

   8.    The history of mental, physical, or sexual abuse may 
lead to psychological disorders that affect the long-term 
outcome of the device.   

   9.    The presence of implanted mesh in the inguinal canal 
may preclude needle entry or stimulation.   

   10.    Individuals of childbearing age should be counseled and 
advised of the risks of vasal nerve stimulation including 
impotence, erectile dysfunction, and damage to testis.      

17.5     Risk Avoidance 

     1.    The risk of the retrograde approach can be reduced by using 
a needle with a curved bevel to enter the epidural space. 
This risk can also be reduced by positioning the pelvis with 
a total elimination of the baseline lumbar lordosis.   

   2.    Lead placement by the retrograde approach and by the 
lumbar transforaminal technique can beassisted by driv-
ing the lead in the midline until the lead crosses the L5–
S1 junction, at which time the lead may be redirected to 
the desired side of capture.   

   3.    The lumbar transforaminal approach can be diffi cult to 
achieve and should be attempted only in those who are an 
expert at the procedure of transforaminal injection. The 
risk can be reduced if the patient is kept conversant and 
alert during lead placement and lead movement.   

   4.    The sacral transforaminal approach can be improved by 
placing several pillows below the pelvis to reduce the 
amount of lordosis. The procedure can be improved by 
keeping the patient alert and by carefully adjusting the 
fl uoroscopic beam to improve the view of the foramen.   

   5.    When using the sacral hiatus or caudal approach, the 
patient should be widely prepared and draped with a 
potent cleanser on at least six occasions. The prepara-
tion should involve the buttocks, anal region, and 
perineum.   

   6.    The reduction of space in the sacral hiatus can lead to 
diffi culty in passing the lead. The use of smaller leads 
and 17-gauge needles may help overcome this issue. If 
the obstruction continues, the physician should consider 
an alternative route of lead placement.    

    7.    The neurosurgical approach should be performed with 
caution and the surgeon should carefully expose the 
nerve roots as they enter the foramen. If there are any 
structural anomalies that are known prior to moving for-
ward, the surgeon should consider placing the leads with 
the patient under sedation to ensure ongoing communi-
cation and warning of any paresthesia.   

   8.    Ilioinguinal lead placement involves risks including 
direct damage to inguinal, ilioiohypogastric, genito-
femoral, femoral, and lateral femoral cutaneous 
nerves, as well as possible damage to abdominal con-
tents and viscera. This procedure should therefore be 
performed with extreme caution. Ultrasound guid-
ance may be employed to mitigate this risk (Gofeld & 
Christakis  2006 ).   

   9.    Vasal neurostimulator lead placement carries inherent 
risk of vascular damage within the spermatic cord and 
should therefore be performed with extreme caution. 
Ultrasound guidance may be employed to mitigate this 
risk. The patient should be made aware of this risk 
(Parekattil et al.  2013 ).   

   10.    In pelvic pain patients, it is important for the patient to 
be given a full psychological evaluation prior to moving 
forward. Psychological comorbidity is not an absolute 
contraindication, but the treatment and counseling may 
improve the long term outcome with the device.    

      Conclusions 

 Stimulation of the sacral, ilioinguinal, and vasal nerves 
can lead to decreased pain, improved function, and 
improved quality of life. The nerves are technically diffi -
cult to access by conventional percutaneous methods. The 
patients should be carefully selected, the sacral and pelvic 
anatomy carefully reviewed, and the patient should be 
educated regarding expectations and risks.     
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      Selective Nerve Root Stimulation: 
Facilitating the Cephalocaudal 
“Retrograde” Method of Electrode 
Insertion 

           Kenneth     M.     Alò     ,     Darnell     Josiah      , and     Erich     O.     Richter    

18.1             Introduction 

 Selective nerve root stimulation (SNRS) as a method was 
fi rst presented in 1998 [ 1 – 3 ] and was published in 1999 
[ 4 ,  5 ]. Despite advances at that time in dual electrode 
 technology and patient controlled programming, “antero-
grade” spinal cord stimulators (SCSs) were unable to consis-
tently produce and maintain paresthesia in the neck, pelvic, 
and foot dermatomes [ 6 ,  7 ]. As well some individual lower 
extremity dermatomes lacked SCS paresthesia coverage. 
Thus, selective, cephalocaudal, “retrograde” electrode place-
ment was developed to improve capture in these targets [ 4 ]. 
Safety concerns limited cervical in vivo application [ 3 ,  5 ]; 

however, lumbosacral placement gained interest in the evalu-
ation of many diffi cult-to-treat conditions [ 8 – 19 ]. Despite 
initial enthusiasm and success, many encountered technical 
diffi culty entering the lumbar intralaminar space from the 
superior to inferior or cephalocaudal, “retrograde” direction 
[ 17 ,  20 ,  21 ]. Subsequently this author began teaching a nee-
dle entry technique utilizing a lateral intralaminar approach 
(Figs.  18.1 ,  18.2 ,  18.3 ,  18.4 ,  18.5 ,  18.6 ,  18.7 ,  18.8 ,  18.9 , and 
 18.10 ). This mimics the “single-shot epidural” needle place-
ment applied commonly by interventional practitioners. This 
facilitates entry of the stimulation electrode into the epidural 
midline, and standardizes entry of the needle below the 
conus at L2–3.            

  18
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  Fig. 18.1    S2–3 Retrograde: L2–3 epidural “lateral” approach (antero-
posterior [AP] view)       

  Fig. 18.2    S2–3 Retrograde: L2–3 needle tip in steep caudal view to 
limit hand exposure       

  Fig. 18.3    S2–3 Retrograde: electrode directed caudally in the midline       

  Fig. 18.4    S2–3 Retrograde: electrode crossing S1 level in midline       
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  Fig. 18.5    S2–3 Retrograde: S1 level electrode posterior on lateral 
view       

  Fig. 18.6    S2–3 Retrograde: electrode rotated to right S2–3 foramen: 
stimulating right S2–4 roots       

  Fig. 18.7    S2–3 Retrograde: dual L2–3 epidural “lateral” approach 
(AP view)       

  Fig. 18.8    S2–3 Retrograde: dual L2/3 needle tips in steep caudal view 
to limit hand exposure       
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  Fig. 18.9    S2–3 Retrograde: dual electrodes at fi nal S2–3 foramen 
stimulating S2–4 roots       

  Fig. 18.10    S2–3 Retrograde: dual electrodes at S2–3 stimulating S2–4 
roots (lateral view)       
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18.2     Technical Overview 

18.2.1     Cephalocaudal Lumbosacral Electrode 
Placement: Foot and Pelvic Root 
Placement 

 To stimulate the foot, a quadrapolar electrode enters the 
midline at L2–3 crossing over the L3–4 disc space before 
it is then rotated to, but not through, the L4 foramen 
(Figs.  18.11  and  18.14 ). This positioning allows the elec-
trode to remain “in line” with the ipsilateral L4, L5, and 
S1 roots. It is then programmed at the foramen with an 
anode and up to three proximal contacts as cathodes. This 
allows depolarization of all three roots as they course 
cephalad lateral to medial. A second electrode can be 
applied if needed depending on the stimulation pattern 
obtained (Fig.  18.11 ). Given the reduced cerebrospinal 
fl uid and proximity to the root, most patients feel initial 
paresthesia at low thresholds (1.0–1.5 V), with maximal 
tolerable intensity approximately 1.5 times that level 
(1.5–2.5 V).  

 To stimulate the pelvic roots, a quadrapolar electrode 
enters the midline at L2–3 and remains there until it 
crosses S1 before it is rotated to, but not through, the ipsi-
lateral S2 foramen. A second electrode is positioned in the 
same fashion contralaterally for bilateral pathology 
(Figs.  18.1 ,  18.2 ,  18.3 ,  18.4 ,  18.5 ,  18.6 ,  18.7 ,  18.8 ,  18.9 , 
and  18.10 ). These electrodes are also programmed with a 
distal anode at the foramen, and up to three cathodes over 
the proximal S2–4 roots, respectively. This allows an ana-
tomical placement for stimulating all of the following 
conditions: urge incontinence, neurogenic bowel dysfunc-
tion, urgency-frequency syndromes (including detrusor 
dysfunction), pudendal neuralgia, vulvadynia, and inter-
stitial cystitis [ 15 ,  16 ]. This may be done as well with 
small paddle style electrodes through a small S1 laminot-
omy (Fig.  18.12 ). To ease placement of the paddle toward 
the S2 foramen, a Penfi eld 3 can be used at the laminot-
omy to elevate the electrode into position (Fig.  18.13 ). 
Given the relative lack of cerebrospinal fl uid at the S2 
level, most patients feel initial paresthesia at low thresh-
olds (0.7–1.2 V) with maximal tolerable intensity approx-
imately 1.5 times that level (1.2–1.7 V).   

 When programming both foot and pelvic electrode place-
ments, varying pulse width is perceived as increasing or 
decreasing regional paresthesia coverage, and varying fre-
quency as altering character and intensity of paresthesia. The 
clinical parameter effects and thresholds of these electrodes 
are physiologically those of intraspinal, epidural, peripheral 
nerve stimulators.  

  Fig. 18.11    Unilateral left leg/foot stimulation with two quadrapolar, 
selective, cephalocaudal electrodes. Distal electrode terminates at the 
L4 foramen stimulating the L4–S1 roots with an anode at the foramen, 
and three proximal cathodes. The proximal electrode stimulates the L3 
and L4 roots programmed the same way. As pulse width is increased, 
geographic paresthesia coverage is increased in the left L3–S1 
dermatomes       

  Fig. 18.12    Bilateral pelvic stimulation with 3.8-mm quadrapolar, 
selective, cephalocaudal paddles (S1 laminotomy). Distal contacts are 
anodes at each S2 foramen, and proximal three contacts are each 
cathodes       

  Fig. 18.13    Lateral radiograph of Fig.  18.12 . Penfi eld 3 elevating tool 
assisting with placement of 3.8-mm paddles toward the S2 foramen       
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18.2.2     Cephalocaudal Lumbosacral Electrode 
Placement: Coccygeal Root Placement 

 To stimulate the coccyx, a quadrapolar electrode enters the 
midline at L2–3 and remains there until the tip rests at S3 
(Fig.  18.13 ). If the tip of the electrode is advanced to close to 
the sacral hiatus, painful stimulation may be seen, in particu-
lar if scarring from a previous coccygectomy is encountered. 
Programming follows the same distal anode, proximal 
 cathode confi guration to achieve paresthesia into the distal 
S4 and S5 dermatomes. Wide pulse widths assist in recruit-
ing both the left and the right S4 and S5 roots, which are 
close to the midline at this level (with single or dual quad-
rapolar electrodes).   

18.2.3     Cephalocaudal Lumbosacral Electrode 
Placement: Individual Lower Extremity 
Root Placement 

 To stimulate the individual lower extremity roots, a quadapo-
lar electrode enters the midline at L2–3 and is rotated to, but 
not through, the foramen at the root level(s) of interest 
(Figs.  18.14 ,  18.15  and  18.16 ). Programming and activation 
thresholds are much like those for foot placement, with the 
possibility of slightly increased activation and maximal 
intensity thresholds, owing to the relative increase of cere-
brospinal fl uid above L5. When programming individual 
lower extremity root electrodes (just as coccygeal, pelvic, 
and foot), varying pulse width is perceived as increasing or 
decreasing regional paresthesia coverage, and varying fre-
quency as altering character and intensity of paresthesia.    

  Fig. 18.16    Individual quadrapolar, selective, cephalocaudal root elec-
trodes for lower extremity radicular pain. Right electrode just medial to 
the foramen of L3 (capturing L3–S1), and left at the foramen of L2 
(capturing L2 and L3 roots). Both programmed with a distal anode at 
the foramen, and up to three proximal cathodes       

  Fig. 18.15    Individual quadrupolar, selective, cephalocaudal root elec-
trodes for lower extremity radicular pain. Right electrode at the fora-
men of L3 (capturing the L3–5 roots), and left at the foramen of L4 
(capturing the L4–S1 roots). Both programmed with a distal anode at 
the foramen, and up to three cathodes proximally       

  Fig. 18.14    Midline quadrupolar, selective, cephalocaudal electrode 
for coccygodynia. Programming a distal anode and up to three proximal 
cathodes with a wide pulse width (>200) provided paresthesia capture 
of the bilateral S4 and S5 roots       
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18.2.4     Contraindications 

 Relative contraindications to perform cephalocaudal elec-
trode insertion include previous spinal epidural operation, 
spondylolisthesis, spina bifi da, and epidural lipomatosis. 
Absolute contraindications include lack of informed con-
sent, coagulopathy, lack of adequate training, and infection. 
Experienced interventionalists, noting that in vivo cephalo-
caudal cervicothoracic placements have not been routinely 
performed to date, should carefully consider needle or elec-
trode placements above L2–3.   

    Conclusions 

 The cephalocaudal, “retrograde” method of electrode 
insertion remains an important technique for the interven-
tional neuromodulation specialist. With prudent applica-
tion of the modifi ed placement and programming 
approach described, this strategy can facilitate SNRS of 
many conditions involving the L2–S5 anatomy.     
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      Neurostimulation for the Treatment 
of Anterior Abdominal Pain 

           Nameer     R.     Haider      and     Timothy     R.     Deer     

19.1             Introduction 

 Abdominal pain is a common disease state that affects mil-
lions of people globally. Unlike other painful areas of the 
body, pain in the abdomen can be visceral or somatic, and 
even further, with vicerosomatic convergence, the presenta-
tion can be very complex. Many patients suffer from pain 
of the anterior abdominal wall after surgical procedures, 
such as hernia repairs, cesarean sections, cholecystectomy, 
appendectomy, bowel surgeries, and from chronic condi-
tions, such as endometriosis. Furthermore, after multiple 

abdominal surgeries, adhesions may form within the tissues 
of the abdominal wall leading to localized neuropathic 
pain. This neuropathic pain is secondary to nerve entrap-
ment or direct nerve trauma. Treatment of such painful con-
ditions is often diffi cult and complex. Recently, transversus 
abdominis plane blocks with local anesthetic have been 
utilized to treat such painful conditions. This method, 
although often effi cacious temporarily, is not seen as a 
long-term solution in most cases. More defi nitive pain 
relief of anterior abdominal pain may be achieved by 
implantation of a neurostimulator.  

  19

        N.  R.   Haider    ,  MD   
  Minimally Invasive Pain Institute ,   Washington ,  DC ,  USA   
 e-mail: drhaider@killpain.com   

    T.  R.   Deer ,  MD      (*) 
  The Center for Pain Relief ,   400 Court Street, Suite 100 , 
 Charleston ,  WV   25301 ,  USA   
 e-mail: DocTDeer@aol.com  

mailto:drhaider@killpain.com
mailto:DocTDeer@aol.com


130

19.2     Technical Overview 

 The visceral nociceptive pathway is much different than its 
somatic counterpart. The visceral nociceptive afferents have 
fi rst-order neurons located in the dorsal root ganglia and 
extend up to more than fi ve vertebral body segments before 
terminating in the ipsilateral dorsal horn of the spinal cord. 
There, they ascend along the ipsilateral postsynaptic dorsal 
column (PSDC) pathway and spinothalamic tract (STT) 
bilaterally (Fig.  19.1 ). The visceral nociceptors are widely 
distributed in laminae I, II, V, X, and contralaterally in lami-
nae III and X.  

 Divergently, the somatic nerves that supply the abdominal 
wall have primary afferents within the dorsal horn and ascend 
contralateral in the spinothalamic tract, before synapsing 
with thalamus and then unto the somatosensory cortex. The 
nerves that are within the transversus abdominis plane (the 
plane between the transversus abdominal muscle and the 
internal oblique) provide sensation to the anterior abdominal 
wall bilaterally. Branches of spinal nerves from T7–L1 are 
located within this plane. 

 The transversus abdominis plane (TAP) block procedure 
was fi rst described in 2001 by Rafi  [ 1 ] as a blind landmark 
technique targeting the lumbar triangle of Petit (Fig.  19.2 ).  

 More recently, an ultrasound-guided subcostal approach 
has been utilized to place the stimulating leads in the plane 
between the internal oblique and the transversus abdominis 
muscles. A third method of lead placement has been 
described in this area that involves a percutaneous nerve 
stimulator to guide placement of a small novel lead. This 
device, StimRouter (Bioness; Valencia, CA) is now in U. S. 
Food and Drug Administration (FDA) studies. 

19.2.1     The Percutaneous Method of Epidural 
Stimulation 

 In some settings physicians have chosen to treat this com-
plex problem with spinal cord stimulation (SCS). Once the 
epidural needle is in place, the lead is targeted to the nerves 
that are involved in the generation of pain. The traditional 
approach involves placing the lead at the level of T4–7. 
This is often done in parallel or a staggered array. If these 
lead arrays are successful in controlling abdominal pain, no 

further adaptations are needed. In many settings, the pain 
best treated by this method is visceral in nature. Kapural 
et al. [ 2 ] have shown the most common lead placement for 
this  abnormality is at T5 or T6. This pattern often leads to 
total coverage of the entire abdomen. In selected patients 
the paresthesia is unpleasant or does not adequately cover 
the patient’s pain. In these cases the epidural approach is 
not the ideal treatment option.  

19.2.2     The Method of Transversus Abdominis 
Plane Stimulation 

 The anatomical boundaries of the lumbar triangle of Petit are 
external oblique muscle anteriorly, latissimus dorsi posteri-
orly, and iliac crest inferiorly. This may act as the landmark 
in order to facilitate the placement of neurostimulator leads 
in the neurovascular plane. 

 Ultrasound-guided access to the transversus abdominis 
neurovascular plane may be performed using an oblique sub-
costal approach or a horizontal approach at the midaxillary 
line between the postal margin and the iliac crest. Prior to 
attempting this method the physician should be well versed 
in ultrasound imaging and the anatomy of the musculature of 
this region. 

 Hydrodissection of the transverse abdominis plane with 
normal saline may be employed to facilitate placement of 
neurostimulator leads. However, utilizing this approach may 
limit the ability to stimulate the surrounding tissues until 
there has been absorption of the fl uid. 

 Using a needle with a plastic stylet, the needle should be 
bent to mimic the convexity of the anterior abdominal wall in 
order to place the lead electrode in the transversus abdominal 
plane along this convexity. This may be more easily facili-
tated by advancing the lead from a lateral to a medial direc-
tion. Furthermore during permanent placement of leads, 
careful dissection to the anterior abdominal wall should be 
performed before needle entry and placement in order to 
ensure that all contacts of the lead placed within the transver-
sus abdominis plane. 

 Another option for lead placement is the use of an intro-
ducer sheath to separate tissue planes and allow adequate 
room for lead placement and program. Novel sheaths exist 
for this method.   
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  Fig. 19.1    The postsynaptic dorsal column pathway. Importantly, these fi bers ascend ipsilaterally within the spinal cord       
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19.3     Risk Assessment 

     1.    The patient may be at high risk with epidural lead place-
ment or major neurosurgical interventions may be a can-
didate for transversus abdominis plane lead placement. 
The risks are limited, but careful preoperative planning, 
as well as extensive knowledge of the regional anatomy, is 
necessary.   

   2.    Skin infection is the most common problem with peripheral 
nerve stimulation, but it is limited in its potential severity.   

   3.    Nerve injury of a peripheral nerve or its fi bers is possible 
and may lead to increased pain.   

   4.    Injury to vascular structures is possible and may lead to 
ischemic injury, although the ability to directly visualize 
the surgical fi eld reduces this risk.   

   5.    Skin erosion may occur when the lead, anchor, or genera-
tor irritates the skin causing a cellulitis and potential skin 
breakdown.   

   6.    Pain and a component of the device may be due to a 
decreased use of the device, increase function, and need 
to revise the system.      

19.4     Risk Avoidance 

     1.    The patient should be alert and awake during the place-
ment and the needle or lead should be redirected if the 
patient complains of paresthesia. Only the entry site 
should be anesthetized; an area where the lead is to be 
implanted adjacent to the nerve should not be anesthe-
tized in order to prevent injury.   

   2.    The use of needle with a plastic stylet will optimize place-
ment of the needle on the abdominal wall convexity.   

   3.    Nonabsorbable suture may be used for the anchoring.   
   4.    The bony structure should be carefully examined prior 

to device implantation. The IPG pocket should be in a 
location that receives the least amount of tissue pres-
sure or movement during the patient’s daily activities. 
Placement of the generator in close proximity to the 
anterior superior iliac spine and anterior rib margins 
should be avoided. In newly developing peripheral 
leads the need for a generator may be avoided. Options 
may be skin-based power sources or remote blue tooth 
technology.   

   5.    The IPG that is usually placed above the belt line in 
order to avoid undue pressure that may lead to skin 
erosion.   

   6.    If pain persists after implantation, options include use of 
topical anesthetics, topical patches, compounded pain 
creams, padding, and surgical revision.   

   7.    Use of ultrasound guidance allows for direct visualization 
of all anatomical structures including bowel and abdomi-
nal viscera, needle, and the lead, thereby increasing the 
safety margin and optimizing lead placement.      

19.5     Conclusions 

 Anterior abdominal wall pain can be a debilitating condition 
causing extreme suffering for this patient population. 
Neurostimulation in both the epidural space and the transver-
sus abdominis plane may be employed to control these pain-
ful conditions. The possibility of hybrid targets and smaller 
self-contained peripheral nerve stimulation leads should be 
entertained in future studies.  
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19.6     Supplemental Images 

 See Figs.  19.3 ,  19.4 ,  19.5 , and  19.6 .         

  Fig. 19.3    Abdominal TAP stimulation, AP view       

  Fig. 19.4    Abdominal TAP stimulation, lateral view       

  Fig. 19.5    Abdominal TAP stimulation, lateral view with needle       

  Fig. 19.6    TAP stimulation, AP view with needles       
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      Electromyographic/Somatosensory- 
Evoked Potential Monitoring During 
Thoracolumbar Spinal Cord Stimulation 

           Erich     O.     Richter     ,     Marina     V.     Abramova     ,     Darnell     Josiah     , 
and     Kenneth     M.     Aló    

20.1             General Uses of Neurological 
Monitoring in Spine Surgery 

 Intraoperative neurophysiological monitoring has become a 
routine procedure in complex spine surgery. Somatosensory- 
evoked potential (SSEP) recording has been advocated to 
monitor the functional integrity of the nervous system during 
surgical manipulation [ 1 – 4 ]. When stimulated, sensory affer-
ents give rise to signals carried via the dorsal columns (DCs) 
within the spinal cord to the medial lemniscus and spinocer-
ebellar tracts, ending in the primary somatosensory cortex 
[ 5 ]. SSEP monitoring does not involve the motor pathways, 

which in some clinical situations can lead to false-negative 
results and postoperative neurological defi cits undetected 
intraoperatively [ 6 – 12 ]. Dermatomal SSEP testing allows 
for assessment of individual nerve roots during surgery and 
has been shown to be more sensitive [ 11 ,  13 ]. However, the 
sensitivity and specifi city of this method varies and is infe-
rior to electromyographic (EMG) monitoring [ 13 – 15 ]. EMG 
has become the standard of practice in complex spine sur-
gery, providing surgeons with accurate feedback about indi-
vidual nerve root activity during surgical manipulation of 
neural structures and the presence of malpositioned screws 
[ 12 ,  16 – 19 ].  
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20.2     Neurological Testing to Implant 
Spinal Cord Stimulation Devices 

 We devote this chapter to a technique that allows the comfort 
and safety of general anesthetic while determining the physi-
ological midline (PM) by objective neurophysiological test-
ing [ 20 ,  21 ]. 

 The identifi cation of PM using evoked potentials was 
introduced by Claudio Feler, who obtained a patent for a 
device to perform the mapping [US 6,027,456]. Although 
the device did not gain widespread usage, a few centers 
adopted this methodology using standard intraoperative 
electrophysiological monitoring equipment. To obtain the 
optimal coverage over painful areas, two major criteria must 
be met: the applied stimulation should be positioned longitu-
dinally along the DC and the PM must be identifi ed. When 
general anesthesia is used, intraoperative neurophysiological 
monitoring with evoked potentials becomes the only way to 
determine the PM. Stimulation of various portions of the 
dorsal spinal cord produces paresthesia in a given distribu-
tion in the awake patient and produces a reliable pattern of 
SSEPs and motor unit action potentials (MUAPs) of the 
EMG in the patient under anesthesia. In addition, the output 
data may include interpolations between specifi c measured 
points for optimal assessment of applied stimulation between 
evaluated lateral positions [US 6,027,456]. 

 These fundamental fi ndings have been implemented in 
practice by the senior author (KA) who began using this 
approach in 1999, noting a marked outcome improvement 
over the previous fl uoroscopically guided technique. In this 
technique MUAPs via EMG activation are used to determine 
the PM by examining the symmetry of the evoked potentials 
with presumed midline stimulation. In addition it became 
clear that objective MUAPs via EMG activation of specifi c 
muscles corresponded with postoperative induced paresthesia 
in particular regions depending on laminectomy level. For 
example, EMG activation of the external oblique muscle from 
a T9 to T10 thoracic paddle consistently correlates with low 
back paresthesia (Fig.  20.1 ). These correlations are summa-
rized in Table  20.1 . These concepts can be readily employed 
as a basis for cervical and sacral placement of electrodes. The 
application of EMG/SSEP for cervical and sacral spinal cord 
stimulation (SCS) is further explored in later chapters. 

   The general concept of using intraoperative EMG in the 
placement of the SCS on the PM of the spinal cord is similar 
with respect to the two- and three-column paddle confi gura-
tion and differs in terms of whether the “expected” pattern 
should be symmetrical (the middle column of a three-col-
umn array) or “equally asymmetrical” (a two-column array). 
We have just begun PM evaluation with this technique using 
the newest fi ve-column array (Penta, St. Jude Medical, 
Plano, TX).  

a b

  Fig. 20.1    Intraoperative view of thoracic paddle lead implantation. ( a ) 
The electrode is behind the body of T9 and T10. Stimulation is right 
sided with the cathode at the second position and the anode at the third. 

( b ) With right-sided stimulation, there is right-side gastrocnemius acti-
vation, which will correlate with an S1 dermatomal paresthesia       

   Table 20.1    Correlations between EMG activation of specifi c muscles 
with postoperative induced paresthesia—thoracic paddle electrode at 
T9–10 (laminectomy T10–11)   

 EMG activation, muscle group  Induced paresthesia 

 External oblique  Low back 
 Tibialis anterior  L4 
 Vastus lateralis  L5 
 Gastrocnemius  S1 
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20.3     Technique of Midline Positioning 
of the Spinal Cord Stimulator: 
Tripolar Paddle 

 Once the three-column paddle (Fig.  20.2 ) is placed in the 
dorsal epidural space, the superior midline contact is stimu-
lated at minimal settings and the EMG trace recording asso-
ciated with the dermatomal level of stimulation is monitored. 
The stimulus intensity is gradually increased until MUAPs 
are seen on EMG. The lowest stimulus intensity needed to 
elicit a motor response is referred to as the threshold stimu-
lus. MUAPs will be seen bilaterally at the threshold stimulus 
if the midline contact of the SCS is in line with the PM of the 
spinal cord. If MUAPs are seen unilaterally, the threshold 
intensity for that side is recorded and the stimulus is further 
increased to elicit a response on the other side. A difference 

in threshold stimulus intensity between the left and the right 
sides indicates that the SCS is lateral to the PM. Medial/lat-
eral repositioning of the SCS is only necessary, however, if 
the difference in threshold intensity between the two sides is 
greater than 2 mA. In this case the paddle may not be per-
fectly fl at on the lateral x-ray (Fig.  20.3a ), thus dissection of 
the lateral recesses or proximal/superior lamina is further 
performed until the electrode is perfectly aligned with verte-
brae on a lateral view (Fig.  20.3b ). This ensures optimal 
electrode column symmetry and programmability relative to 
the PM. Of course, as a last resort, the laminotomy can be 
extended to a full laminectomy to allow perfect alignment of 
the paddle on the PM. In this case tissue must typically be 
identifi ed to suture the electrode in place to prevent migra-
tion. These tenants hold true for all paddle (one-, two-, three- 
and fi ve-column) array confi gurations.    

  Fig. 20.2    Intraoperative image of initial placement of a three-column 
paddle electrode. Self-retaining retractors are seen providing exposure. 
The middle column of the paddle lies under the image of the spinous 
processes, and the array is relatively symmetrical with respect to the 
pedicles. This is a reasonable starting position to begin physiological 
mapping       
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a b
  Fig. 20.3    Lateral 
intraoperative views. 
( a ) Lead placed off the midline. 
( b ) Perfect alignment on the 
midline       
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20.4     New Frontiers of Intraoperative EMG 
Application 

 There appears to be a correlation between the muscles with 
objective EMG activation during intraoperative monitoring 
and the subjective paresthesia obtained postoperatively as 
described in Table   13.1    . Thus this may be explored to gener-
ate a precise model of paresthesia coverage and create a 
functional dermatomal mapping of perceived stimulation 
threshold after the surgery. Furthermore the EMG activation 
threshold may be a reliable predictor of the patient’s per-
ceived paresthesia threshold. It has been the author’s experi-
ence that EMG activation correlated with pain control at 
amplitudes lower than the paresthesia threshold (i.e., sub-
threshold stimulation) and that occasionally persistent EMG 
activation intra- and postoperatively may be seen lasting as 
long as 15 min after the stimulation is discontinued. These 
patients typically respond extremely well to the stimulation 
therapy. It seems likely that these patients are the occasional 
patients who use their stimulation only intermittently, often 
having effective long-term pain relief while using their sys-
tem only for a portion of each day.  

    Conclusions 

 EMG and SSEP monitoring are well-accepted modalities 
of neurophysiological testing in traditional spine surgery, 
but their application relative to implantation of neuromodu-
latory systems, in particular epidural paddle electrode sys-
tems, is comparatively new. Given the limitations associated 
with other methods of implantation, however, we expect 
that the techniques described in this chapter will continue 
to gain acceptance and improve outcomes by objectively 
localizing neurophysiological stimulation targets.     
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21.1             Introduction 

 Sacral root neuromodulation has been employed for the 
treatment of idiopathic overactive bladder, fecal inconti-
nence, urgency-frequency syndromes, interstitial cystitis, 
pudendal neuralgia, vulvodynia, coccygodynia, and a variety 
of chronic pelvic pain (CPP) syndromes [ 1 – 13 ]. A direct, 
single root stimulation device received U.S. Food and Drug 
Administration (FDA) approval for the treatment of urinary 
urgency and frequency, urinary incontinence in 1997, and 
urinary retention in 1999 [ 6 ], but many centers have had 
more success with retrograde longitudinal placement within 
the spinal canal. The ventral rami of S2–4 provide innerva-
tion of the pelvis. The S3 sacral level contributes to the 
innervation of the anterior perineal muscles [ 14 ], making it 
the most frequent target in treatment of pelvic dysfunction 
and a typical target for the single root percutaneous device. 
These portions of the nervous system have traditionally been 
very diffi cult to target with traditional methods over the dor-
sal columns in the spinal cord. The conus medullaris is a 
highly mobile structure, which is nearly enveloped in the 
nerve roots of the cauda equina. Accordingly, placement of 
epidural stimulating electrodes over the conus has tradition-
ally been plagued by extreme variability in the effects of 
stimulation, not only from patient to patient but also in the 

same patient over time. At the conus level, the dorsal cere-
brospinal fl uid layer is relatively thick and serves as an insu-
lator for the spinal cord; the conus is very mobile, which 
increases the risk of lead migration, and fi nally, owing to the 
presence of large afferent fi bers, the sacral stimulation may 
produce undesired paresthesia in additional regions [ 14 ]. 

 Intraoperative neurophysiological monitoring with 
somatosensory-evoked potential (SSEP) and electromyo-
graphic (EMG) monitoring are widely used in traditional 
spinal neurosurgery [ 14 – 25 ]. In this chapter, we focus on the 
use of neuromonitoring techniques for placement of sacral 
root stimulation electrodes. These techniques of implanta-
tion are specifi c to the anatomy of sacral root stimulator 
implantation within the epidural space of the spinal canal 
and are not specifi c to the clinical indication for the electrode 
placement, although the targeting of individual electrodes 
will have characteristic patterns for each disorder. The radi-
ology of the sacral region is often diffi cult to reliably inter-
pret, and the depth of muscle dissection to approach the 
lumbosacral junction makes direct surgical approaches under 
strict local anesthetics impractical at most centers. 
Accordingly, techniques to reliably identify the stimulation 
of individual sacral nerve roots by neurophysiological meth-
ods in a patient under general anesthetic are particularly 
helpful.  
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21.2     Technical Overview 

21.2.1     Technique for Sacral Placement 

 Stimulation of multiple specifi c nerve roots of the cauda 
equine is best accomplished through an intraspinal, epi-
dural, “retrograde” technique. The details of retrograde 
access have been addressed in other publications [ 1 – 13 ]. In 
this chapter, we focus on the use of intraoperative monitor-
ing techniques to verify effective placement [ 26 ]. Most cen-
ters place temporary trial electrodes with the patient awake 
under local anesthetic, and accordingly, these techniques are 
seldom used for trial implantations. For open placement of 
permanent electrodes, the patient is positioned prone, on 
some form of soft support that allows the abdomen to remain 
free of compression to minimize epidural bleeding. We use 
gel chest rolls, but some centers use the Wilson frame or 
similar equipment. It is critical that whatever equipment is 
used not obstruct the ability to obtain high-quality fl uoro-
scopic visualization from all angles. In the direct open 
approach, the lumbosacral junction is identifi ed on lateral 
imaging, and a midline incision is used to create a subperi-
osteal dissection to expose the superior edge of the S1 lam-
ina, and the L5–S1 interspace. The ligamentum fl avum is 
released from the S1 lamina, and frequently a small lami-
notomy is created to defi ne these planes and expose the 
dura. A small, blunt, angled dissector is used to free the ini-
tial portion of the epidural space, and then a single-column 
electrode is passed into the epidural space and turned 

 laterally toward the foramen of interest distally, usually the 
S2 or S3 foramen. The marked angle of the sacral canal 
back toward the surgeon can make this placement diffi cult, 
and a curved instrument such as a Penfi eld #3 is often indis-
pensable in helping the electrode transition into an appropri-
ate trajectory (Fig.  21.1 ). The Penfi eld is placed into the 
epidural space, and the single-column paddle is passed over 
it and directed by it into the epidural space.  

 For pelvic pain, the electrode is typically rotated off the 
midline toward the S2 foramen. For coccygodynia it gener-
ally remains midline, but stops at the S3 level (more caudal 
placements frequently produce painful stimulation). Other 
disorders may require other targeting. When the electrodes 
appear appropriately positioned on anteroposterior and lat-
eral fl uoroscopy, attention is turned to the physiological 
assessment of electrode position. When the nerve roots are 
stimulated, SSEP or motor unit action potentials (MUAPs) 
via EMG serve as the main monitoring tool used to verify 
accurate position of the electrodes over the roots of interest. 
The dermatomal distribution of postoperative paresthesia 
can be predicted from the pattern of intraoperative stimula-
tion activation and is clearly associated with the specifi c pat-
tern of responses coming from the muscles of the lower 
extremities. For example, the placement of an S2–3 paddle 
may result in EMG activation in adductor hallucis muscle 
(Fig.  21.2 ), which will correlate with an S2–3 paresthesia. 
The typical correlation pattern between muscles in the lower 
extremity and induced postoperative paresthesia is repre-
sented in Table  21.1 . 

  Fig. 21.1    Bilateral pelvic stimulation ( left ) with 3.8-mm quadripolar, 
selective, cephalocaudal paddles (S1 laminotomy). Distal contacts are 
anodes at each S2 foramen, and the proximal three contacts are each 

cathodes. Lateral radiograph ( right ). Penfi eld 3 elevating tool assisting 
with placement of 3.8-mm paddles toward the S2 foramen       
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  Fig. 21.2    Permanent retrograde implantation of sacral root paddle 
leads. Stimulation is left sided, with the cathode at the second position 
and the anode at the third ( left ). In this older tracing ( right ), the stimula-

tion in the second left contact produces primarily adductor hallucis acti-
vation, solely on the left side ( a ). This correlated with the postoperative 
paresthesia felt in the S3 perineal region ( b )       

   Table 21.1    Correlation between EMG activation of specifi c muscles 
with postoperative-induced paresthesia-sacral paddle(s) S2–3 (laminec-
tomy S1)   

 EMG Activation, Muscle Group  Induced paresthesia 

 Gastrocnemius  S1 (undesired) 
 Adductor hallucis  S2–3 
 Perianal  S4 
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        Conclusions 

 With the accumulation of knowledge and experience on 
intraoperative neuromonitoring with SSEP and EMG 
techniques, new applications such as intraoperative verifi -
cation of neuromodulatory electrode placement under 
general anesthesia have emerged. In this chapter, we have 
reviewed the use of such techniques to determine effec-
tive stimulation of individual sacral roots when placing 
electrodes in the intraspinal, epidural space from a retro-
grade or open approach. As an objective method SSEP/
EMG monitoring is an attractive alternative to awake 
methods in open cases owing to the signifi cant muscle 
mass at the lumbosacral junction, which makes such 
awake cases quite uncomfortable and relatively impracti-
cal. With the increasing prominence of sacral root neuro-
modulation as an important treatment modality across a 
number of prevalent conditions, we expect that these tech-
niques will become more widespread over coming years.     
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      The Future of Neurostimulation 
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22.1             Introduction 

 Neuromodulation is an exciting fi eld that will be an integral 
part of treatment of pain and other diseases going forward. 
The future of neuromodulation continues to evolve and 
expand in many areas, including the understanding of the 
underlying mechanisms of action and the potential role of 
digital medicine in treating chronic disease. In the past two 
decades, the technological advances in this fi eld have been 
impressive, but a lack of fi nancing and collaboration has 
made the march forward less notable than the progress in 
cardiovascular electrical therapy. Currently, the application 
of neuromodulation is still considered to be in its infancy, 
but the past few years have seen some major changes to the 
core of the fi eld in hardware, software, and conceptual 

 innovations. This atlas highlights many of those changes, 
focusing on the near future. The long-term future will 
depend on innovation, investment, governmental stability 
and oversight, and high-level evidence. Table  22.1  describes 
current technology innovations. 

 The humble beginnings of ancient civilizations utilizing 
the electrophysiology of fi sh in order to adjust afferent sen-
sory input to the cortex of patients has now transformed 
into a fi eld of science that is boundless. Applications are 
breaking away from theory and becoming the forefront of 
options for patients with complex pain diagnoses and other 
disease processes. This chapter focuses on the future of 
neuromodulation with respect to hardware and program-
ming, neuroanatomical targets, and novel neuromodulation 
strategies.  
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22.2     Current and Short-Term Advances: 
Miniaturization 

    The size of the implantable programmable generator (IPG) 
has been a quandary for the device companies. Larger, bulky 
IPGs have a greater potential for longevity and enhanced bat-
tery capacity, but a large object in the subcutaneous tissues 
can produce pain and cosmetic problems.  

   Table 22.1    Innovations in spinal cord stimulation technology   

 Advancement  Current use  Future impact 

 Rechargeable IPG  Yes  Large 
 Enhanced battery life  No  Important for smaller IPG 
 Different targets  Yes  Important for DRG-SCS 
 Increased frequency  Yes  Makes miniaturization diffi cult 
 Bluetooth and microwave technology  Yes  Uncertain 
 Improved energy conduction in leads & materials  No  Uncertain 
 Remote energy delivery  No  In concept, very important 
 Enhanced spinal cord lead arrays and Artifi cial Intelligence programming  No  May be the next critical step 

   DRG  dorsal root ganglia,  IPG  implantable programmable generator,  SCS  spinal cord stimulation  
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22.3     Modern Advances and Future 
Enhancements 

22.3.1     Stimulation Frequency 

 For more than four decades, the current has been delivered to 
implants either as a constant current or a constant voltage 
mode with frequencies that are considered “low” or normal, 
unusually ranging from 30 to 100 Hz. In recent years, this 
situation has been an area of investigation. In the United 
States, investigators in an early pilot study found that stimu-
lation at high frequencies of 10 kHz could improve pain 
without eliciting a paresthesia. This fi nding led to an interest 
in investigating a new mode of spinal cord stimulation (SCS), 
termed HF10, which has now advanced to approval in the 
European Union (EU) and Australia. Interesting evidence 
from multiple centers in those two regions have shown 
improvement in patients with axial back pain and failed back 
surgery. There has also been effi cacy in patients who had 
earlier failed conventional frequency stimulation. 

 The lead placement for HF10 has been shown to be simi-
lar to that for conventional SCS. Because no paresthesia has 
been elicited, the trialing has the advantage of being effi -
cient, but not being able to get immediate feedback from the 
patient is a disadvantage. Interestingly, the use of 5000 Hz in 
Switzerland was found not to create pain relief, as compared 
to sham stimulation. This fi nding suggests that a particular 
neurotransmission change may occur at 10 kHz that is unique 
to that frequency. 

 In the future, investigations may include ultra-high fre-
quency (Ultra HF) or more research into the basic science of 
the effect of frequency on neural plasticity and 
neurotransmitters.  

22.3.2     Waveform Delivery 

  Waveform Shape:  In addition to innovations with frequency, 
new devices will have changes in the way waveforms are 
delivered. For decades, the traditional waveforms have been 
rectangular. These conventional waveforms have been used 
in all devices in the fi eld, including those targeting deep 
brain, the vagal nerve, peripheral nerves, and the spinal cord. 

 Some new, non-rectangular waveforms have been investi-
gated in recent years, including triangular waveforms and 
other novel attempts. Each of these has suggested an 
improvement in energy effi ciency. 

  Waveform Programming:  In recent years, work by De 
Ridder and others has led to an interest in the programming 
of the waveform. This work is seated in the neurophysiology 
of the brain and the “language of the brain” in regards to 
conventional tonic waveform delivery verses a focus on the 
“burst” delivery. This landmark work has been based on pre-
liminary work by prominent neurophysiologists that sug-
gested three types of neuronal communication in the brain: 
regular spiking, fast spiking, and bursting. The theory of 
burst stimulation involves changing current delivery to 
accommodate to these different brain nerve systems. In this 
mode, there is a 40 Hz burst mode with fi ve spikes at 500 Hz 
per burst. The pulse width is fi xed at 1 ms, with 1-ms inter-
spike interval delivery. The delivery is in a constant current 
mode. This burst-type stimulation is free of paresthesia in 
over 85 % of patients and has shown statistically signifi cant 
improvement in axial back pain when compared with con-
ventional tonic stimulation. The ability to go back and forth 
from tonic SCS to burst SCS may lead to lower failure rates 
and improved long-term cost effi ciency.  

22.3.3     Closed-Loop Feedback Systems 

 The use of closed-loop neurostimulation has been studied in 
the treatment of seizure disorders, and now is being applied 
to SCS and the treatment of pain. These results have been 
promising and have shown improved effi cacy and outcomes. 
In the treatment of pain, researchers in Australia have used 
closed-loop systems to provide internal stimulation feedback 
that may enable the system to change its programming and 
response automatically, thus improving outcomes, reducing 
system variability, and improving patient pain relief and 
satisfaction.  

22.3.4     Material Engineering 

 An engineering focus going forward will be on the materi-
als used for leads, contacts, and wiring. New design con-
cepts have included micro-texturing and new metal use. 
Goals of this engineering include MRI compatibility, 
improved effi ciency, and the ability to deliver more com-
plex programming. Part of this materials engineering is 
also important for the ability to make more complex arrays 
while simultaneously limiting battery size and improving 
energy effi ciency.  
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22.3.5     Current and Future Neuroanatomical 
Targets 

 In the current fi eld of neurostimulation, common targets are 
the dorsal columns of the spinal cord, the peripheral nerves, 
and the brain, with targets in the cortex, the thalamus, and 
other deep brain structures. Table  22.2  examines current tar-
gets and newly approved and clinically evolving targets.

22.3.5.1       Dorsal Root Ganglia 
 The dorsal root ganglia (DRG) is the primary anatomical 
structure for communicating primary afferent peripheral 
stimulus and transferring this stimulus to the higher pain 
centers. Many have called this spinal structure “the Grand 
Central Station” of the body in regard to pain transmission. 
Considering previous attempts at injecting the DRG, using 
pulsed radiofrequency, and stimulating the DRG with con-
ventional leads, it is not surprising that SCS of this structure 
would lead to pain relief, but the ability to stimulate the DRG 
has been challenging. When previous attempts at stimulation 
failed, the reason was poorly understood. The DRG could 
not be stimulated with conventional SCS leads without cap-
turing the nerve root, dorsal entry root zones, and motor 
fi bers. The invention of a novel lead and delivery system tai-
lored to deliver current specifi cally to the DRG led to success 
and the eventual approval of this therapy in the EU and 
Australia. Current studies are under way in the United States. 
The European and Australian experience suggests success 
with DRG-SCS in relieving pain in areas of the body where 
conventional SCS has failed in the past, including the groin, 
foot, chest wall, and axial back.  

22.3.5.2     Vagus Nerve 
 Vagal nerve stimulation has been clinically utilized for the 
treatment of epilepsy and depression, and recently it has 
been studied for new indications. Interestingly, the  possibility 

of treating headache has shown clinical promise. The com-
mon method of providing this therapy has been implantation 
of a device, but recent work on transcutaneous stimulation is 
evolving.  

22.3.5.3     Occipital Nerve 
 Weiner fi rst described stimulation of the occipital nerve for 
the treatment of pain in the head. This description led to 
work in the area of peripheral nerve stimulation (PNS) to 
treat headache and face pain and ushered in advancements in 
lead placement and programming. Experimental studies 
have been very promising in the areas of migraine, cluster 
headache, and C2 radiculitis. These studies have shown 
promise and have led to EU approval for migraine. In the 
United States, approval is pending, and it is hoped that 
approval soon will allow improved patient access.  

22.3.5.4     Supraorbital Nerve 
 The supraorbital nerve is a target for stimulation in patients 
with severe pain of the face. This nerve, a branch of the oph-
thalmic division of the trigeminal nerve, is often a factor in 
cluster headaches, post–herpetic neuralgia neuritis, and fron-
tal headaches. The use of combined PNS of the occipital 
nerve and the supraorbital nerve has been reported in severe 
headache treatment. The combination of these targets could 
be key in improving outcomes.  

22.3.5.5     Sphenopalatine Ganglion 
 The sphenopalatine ganglion (SPG) is an extracranial struc-
ture in the pterygopalatine fossa. The role of this ganglion in 
pain causation and treatment has been debated; it may 
involve the parasympathetic nervous system. 

 Novel devices to treat headache disorders in which the 
SPG is involved may show promise. Much like the DRG- 
SCS system, treatment involving this complex target may 
require a specifi c device.    

   Table 22.2    Traditional and selected evolving targets for neurostimulation   

 Site  Clinical evidence  Used in clinical treatment 

 Dorsal columns  Strong  Yes 
 Peripheral nerve fi eld  Evolving  Yes 
 Deep brain  Strong in Parkinson’s  Yes 
 Motor cortex  Evolving  Investigational 
 Vagus nerve  Evolving  Yes 
 Dorsal root ganglion  Strong  Yes 
 Occipital nerve  Moderate and evolving  Yes 
 Supraorbital nerve  Evolving  Yes 
 Sphenopalatine ganglion  Evolving  Yes (investigational) 
 Tibial nerve  Evolving in incontinence  Investigational 
 Sacral nerves  Strong in incontinence  Yes 
 Hybrid: Epidural with PNfS  Evolving  Yes (investigational) 

   PNfS  peripheral nerve fi eld stimulation  
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22.4     Thoughts About the Future 

22.4.1     The Field of Neuromodulation 

 The use of neuromodulation will continue to grow and change 
the lives of many patients around the world. The goal of the 
International Neuromodulation Society is to enhance out-
comes, improve patients’ lives, and advance treatment for both 
pain and other disease states. A major 10-year goal identifi ed in 
2014 is the globalization of neuromodulation, to allow educa-
tion and access in Third World nations, which have been under-
served in this arena. This mission will be critical in enhancing 
the lives of millions and the well-being of humankind.  

22.4.2     The Device of the Future for Pain 

 Table  22.3  lists some the features likely to be found on future 
devices for the management of pain.
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   Table 22.3    Features of future devices for management of pain   

 Feature  Availability 

 Positionality control  Current: DRG, HF, 
motion sensors 

 DRG targeting  Current: DRG-SCS 
 High frequency  Current: HF10 
 Bluetooth programming  Current 
 Microwave programming  Current 
 Burst stimulation  Current 
 MRI compatibility  Current 
 Percutaneous paddles  Current 
 Artifi cial Intelligence programming  5 years 
 Remote programming  Near future 
 Miniature generators  Continuing process 
 Genetic programming  Futuristic 

   DRG  dorsal root ganglia,  HF  high frequency,  SCS  spinal cord stimulation  
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      Spinal Cord Stimulation of the Dorsal 
Root Ganglion for the Treatment of Pain 

           Greg     A.     Bara      and     Timothy     R.     Deer     

23.1             Introduction 

 The treatment of chronic pain conditions has gone beyond 
traditional options such as pharmacotherapy and behavioral 
and physical therapy to include injections and other mini-
mally invasive interventions. This algorithm in many cases 
also includes open surgical resection to free the nerve or sta-
bilize the spine. Still, no panacea for the treatment of chronic 
pain has yet been found. The pain treatment algorithm is 
often unsuccessful, and the desperate patient is left in pain, 
leading to an increasingly huge burden on society and the 
health care economy. 

 Recent advances in biomedical engineering have trans-
formed the fi eld of neuromodulation and have given rise to 
many new technologies. This technology update includes 
advanced electrode geometry, as in percutaneously implantable 
paddle leads; built-in accelerometers for adaptive stimulation 

during changes in body position; and new methods of current 
delivery, such as progressive stimulation patterns with high-
frequency and burst stimulation. 

 Spinal cord stimulation (SCS) has become an important 
part of the pain algorithm, but unfortunately it often is found 
at the end. Strong evidence has shown its value for chronic, 
intractable pain, including complex regional pain syndrome 
(CRPS) and failed back surgery syndrome (FBSS). Other 
conditions such as pain of the axial lower back, groin, foot, 
and chest wall, as well as monoradicular pain syndromes, 
remain more complicated and cannot be addressed by con-
ventional neuromodulation techniques in many clinical set-
tings. This need to expand the fi eld of SCS to improve 
outcomes has given rise to novel and exciting advanced tech-
nology targeting a new structure that plays a crucial role in 
the pathophysiology of chronic neuropathic pain: the dorsal 
root ganglion (DRG).  
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23.2     History and Background 

 The DRG’s ability to modulate pain perception and its cru-
cial role in the development and maintenance of chronic pain 
has been closely studied. The DRG is located in the lateral 
epidural space within the spinal foramen. It contains the cell 
bodies of the primary sensory neurons transducing sensory 
information from peripheral nerve endings to the central ner-
vous system via unmyelinated Aδ and large C fi bers. 
Pathophysiologically, a peripheral nerve injury is associated 
with hypersensitization and cross-excitation by impulse traf-
fi c in nearby neurons in this structure, which is thought to be 
a major contributing factor for the development of neuropa-
thies. The result is an exacerbated neural fi ring rate, the elec-
trophysiological correlate of a chronic pain state, which 
often includes hyperalgesia and allodynia. 

 Treatment that targets the DRG has a long tradition in 
interventional pain therapy: Dorsal root rhizotomies 
showed a high failure rate owing to traversing incoming 
pain fi bers via the ventral rootlets, so they were superseded 
by dorsal root ganglionectomies. This open surgical proce-
dure requires an invasive far lateral laminectomy, a forami-
notomy, or both, to expose the ganglion. However, even in 
purely monoradicular pain syndromes, a multilevel 
approach with ganglionectomy of the somatotopically 
matched DRG and its neighboring rostral and caudal gan-
glia is required because of the divergence of incoming sen-
sory input and the concept of neurointegrative pathways 
within the spinal cord. This procedure thus has potential 
morbidity. Radiofrequency (RF) and pulsed RF techniques 
have been used more widely, but unfortunately the durabil-
ity of any positive outcomes are limited to 3–6 months. 
Various electrophysiological animal studies have shown 
that RF therapy induces short-lasting  cellular activity 
changes. The fact that RF techniques have caused minimal 

complications despite their high-energy tissue delivery 
suggests that the DRG can be an attractive and robust target 
for neuromodulatory techniques, however. 

 Anatomically, the DRG is situated bilaterally with 7 cer-
vical, 12 thoracic, 5 lumbar, and 4 sacral structures. In the 
vast majority of healthy individuals, the DRG is located inte-
rior to the foramen and under the medial and lateral borders 
of the vertebral pedicle. Radiculopathies are associated with 
more proximal locations of the DRG, and in this population, 
the position of the DRG may be seen to vary depending on 
the spinal level: DRGs on level L5 are usually intraforami-
nal, with more than 75 % on both sides, whereas on level S1, 
it is mostly intraspinal, with more than 80 % on both sides, 
and is intraforaminal in only a few cases. 

 Three key features must be noted:

•    Given the strict dermatomal organization of the DRG, the 
area of paresthesia and the effi cacy of stimulation can be 
estimated by previous interventions such as periradicular 
injections and pulsed RF stimulation. The convergent and 
divergent nature of the structures allows stimulation to be 
accurate at more than one potential level.  

•   Quadripolar DRG neurostimulation leads are generally 
free of positional changes around the ganglion, given the 
relative lack of isolating cerebrospinal fl uid (CSF) around 
the ganglion and the relative lack of tissue conformation 
due to gravity. This anatomical structure allows for posi-
tional stability regardless of whether the patient is stand-
ing, sitting, or lying.  

•   Despite the dermatomal organization of the DRG, affer-
ent information is cross-connected to adjacent levels 
owing to divergence of incoming sensory input and the 
concept of neurointegrative pathways within the spinal 
cord. Placing leads on nonadjacent ipsilateral levels may 
achieve overlapping coverage.     
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23.3     Technical Overview 

 Suitable candidates for DRG stimulation consist of patients 
with neuropathic pain syndromes of the limbs or trunk. Once 
identifi ed as proper candidates, the patients undergo the 
usual psychological evaluation and preoperative anesthesia 
workup. Potential infection risks, bleeding factors, and other 
comorbidities must be addressed and successfully managed 
before surgery can be performed. 

 Once stable, the patient can be taken to the operating 
room. The anesthetic of choice is initiated and the patient is 
placed in prone position on the operating table. The patient’s 
skin is properly prepped with solutions that are appropriate 
based on local pathogens, and drapes are widely placed. 
Kyphosation of the lumbar spine allows an easier puncture of 
the spinal canal and can be supported via a roll or infl atable 
balloon placed under the lumbar spine. A fl uoroscope is 
placed over the site of puncture in an anteroposterior (AP) 
position. The clinician should ensure that the spinous pro-
cesses are aligned correctly in the AP line to reveal an ideal 
puncture site according to the targeted DRG. 

 As for conventional SCS, the needle is placed epidurally 
under fl uoroscopy. The lead placement is based on preopera-
tive planning. If the implanter is trained and experienced, 
lead placement is relatively straightforward. The physician 
must learn to place the sheath near the DRG of interest and 
then to inject the lead. Preplanning the approach and angle of 
puncture according to fl uoroscopic landmarks is crucial in 
delivering the lead. We recommend a contralateral one-level 
or two-level approach for the targeted DRG: For the two- 
level contralateral approach, the skin puncture site should be 
the contralateral pedicle two levels below the targeted DRG, 
and the tip of the needle should enter the epidural space in 
midline at the site of the spinal process one level below, the 
needle pointing to the targeted DRG (Fig.  23.1 ). In case of 
the one-level contralateral approach, the implanter may 
choose a steeper angle (Fig.  23.2 ).   

 Using fl uoroscopic guidance and loss-of-resistance tech-
nique, the epidural space of the spinal canal is punctured 
with the bevel of the needle (a modifi ed 14G Tuohy) facing 
towards the targeted DRG at an angle of approximately 30°. 
Once loss of resistance is achieved, complete insertion into 
the epidural space can be verifi ed by inserting a guide wire 
through the needle. 

 The quadripolar DRG stimulation lead and its delivery 
system should be prepared at this point. The curved stylet 
must be inserted into the fl exible lead from the back, and the 
lead must be loaded into a curved sheath from the front. 
Make sure the stylet is completely inserted into the lead 
(Fig.  23.3 ) and that the lead is completely inserted into the 
sheath. The ball tip end of the lead should be fl ush against 
the sheath and tightened down with the lead stabilizer until 
the lead does not slide within the sheath.  

 Prior to placing the sheath, the implanter should deter-
mine the length of the lead required to extend from the tar-
geted foraminal level to the site for the internal pulse 
generator (IPG). Using a 90-cm lead in the lumbar region 
may cause diffi culty in coiling the excess lead, whereas a 
50-cm lead used in the upper thoracic region may not be long 
enough to reach the IPG implantation site, with a potential 
risk of dislocation. In this situation, a lead extension should 
be considered to bridge the additional length. 

 Depending on the puncturing angle, the implanter can 
choose between a smaller and a larger curved sheath. The 
steering wing on the sheath lines up with the bend of the 
sheath and allows later steering. The lead and its delivery 
system are inserted through the needle into the epidural 
space and advanced towards the targeted foraminal opening. 

 As noted above, planning the trajectory of the needle is 
crucial for delivering the lead. If the approach to the forami-
nal opening is not adequate, it may be useful to choose a 
more accurate trajectory, with a new puncture site and angle. 
When retracting the sheath, the steering wing should be 
aligned with the bevel of the needle to prevent damaging the 
sheath. 

 With the distal end of the sheath in or at the targeted fora-
men, loosen the lead stabilizer and advance the lead so that it 
moves into the foramen. Ideally, contacts No. 2 and 3 should 
be just below the pedicle where the DRG is expected to be 
(Fig.  23.4 ). 

 Correct lead position can be confi rmed with a lateral fl uo-
roscope image to show lead placement at the dorsal but not 
ventral ganglion (Fig.  23.5 ). Intraoperative testing is helpful 
to verify the area of paresthesia, as well as the lack of motor 
artifacts. When the lead is correctly placed, programming is 
often very straightforward.   

 Once the lead is successfully in place, the implanter can 
retract the sheath to anchor the lead within the spinal canal. 
Advancing the lead further into the epidural space allows the 
implanter to place a lasso-shaped strain relief (Fig.  23.4 ). At 
this point, the implanter can remove the delivery sheath by 
gently pulling back the sheath near the needle. A fl uoro-
scopic marker is placed at the tip of the sheath, helping to 
verify the sheath’s position in respect to the lead and needle. 
The implanter should hold forward pressure on the lead 
while retracting the sheath to prevent lead migration, by 
retracting the stylet beyond the tip of the sheath into the nee-
dle. The implanter then should turn away the sheath from the 
opening of the foramen and advance the lead to create a loop 
in the epidural space. The trial leads can be placed through a 
needle and secured to the skin with occlusive dressing, or a 
staged approach can used. In the staged method, once the 
leads are in place, a skin incision is made at the insertion site 
of the electrodes. (The Tuohy needle can be left in place to 
protect the electrode from the scalpel at this point.) The fas-
cia is prepared towards the insertion site of the leads. The 
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Tuohy needle is removed, and an anchor is placed. The 
anchor is sutured to the fascia and the lead to minimize the 
risk of dislocation. See Fig.  23.6   

 At this point, the lead is connected to an extension lead, 
externalized, and connected to an external pulse generator. A 
trial is performed, which may last between 3 and 30 days, 
depending on the clinical protocol. 

 To verify the integrity of the electrical circuit, lead 
 impedances should be checked after lead placement and 
 connection to the external pulse generator. Standard postint-
erventional impedances range between 600 and 1,500 
mOhm. Impedances higher than usual indicate lead breakage 
and may require an exchange. Impedances lower than 
expected indicate an intraspinal lead placement, which usu-
ally does not occur because of the relative lack of CSF sur-
rounding the DRG. 

 Standard programming usually starts with a bipolar stimu-
lation of contacts No. 2 and 3, which should ideally be placed 

just below the pedicle where the DRG is expected. In case of 
an electrode placement on level L5, contact No. 4 can be acti-
vated to steer the electric fi eld towards a potentially intraspi-
nal S1 ganglion. The frequency is set to 2 Hz with a 200 μs 
pulse width. The amplitude is gradually increased, starting 
from 300 μA up to 800 μA until paresthesia is induced. 
Subthreshold or paresthesia-inducing stimulation are reported 
to offer successful pain reduction and may be chosen, depend-
ing on the patient’s compliance and preference. 

 When the patient achieves acceptable pain relief and 
wishes to move forward with a permanent implant, the 
patient is brought back to the operating room. In the staged 
approach, the extension leads are removed. In the traditional 
approach, after the successful trial, the leads are removed 
prior to the permanent therapy and freshly placed. The IPG 
is placed in an epifascial gluteal or abdominal pocket and 
connected to the leads. Once the connection is secured and 
tested, all wounds are closed carefully. See Fig.  23.7 .   

  Fig. 23.1    Location of the dorsal root ganglion (DRG) as compared to 
the pedicle       

  Fig. 23.2    Radiographic of DRG location.  Blue  indicates pedicle;  red  
indicates neuroforamen;  yellow  indicates DRG       
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Dual lead activation
and stimulation

Individual lead activation
and stimulation

  Fig. 23.3    Convergence and divergence of the afferent nociceptive input to the spinal cord can be exploited to provide therapeutic coverage over 
larger or smaller regions       

  Fig. 23.4    AP radiograph demonstrating needle trajectory and lead 
placement in the superior/posterior portion of the foramen, with created 
stress relief loop       

Stylet

Bent sheath

Lead

  Fig. 23.5    The lead/stylet/sheath system to deploy the lead into the 
foramen overlying the DRG       
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  Fig. 23.6    Radiographs of the AP ( a ) and lateral ( b ) lead placement at the left L5 DRG ( c ) needle and lead placement at the right L3 DRG       

  Fig. 23.7    AP radiograph of bilateral L5 DRG placement and IPG       
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23.4     Risk Assessment 

 The risk profi le of DRG-SCS is very similar to the profi le for 
traditional SCS. Preliminary studies have not reported seri-
ous or life-threatening complications or adverse outcomes:

•    Lead placement at the correct ganglion and anchoring are 
crucial for the effi cacy of therapy. Suboptimal intraopera-
tive lead placement or postoperative lead migration may 
preclude suffi cient pain relief.  

•   Very rare but serious complications (as with any spinal epi-
dural approach) include spinal hematoma leading to severe 
neurological dysfunction including weakness, paresthesia, 
paralysis, or cauda equina compression syndrome.  

•   The most commonly reported complication is wound 
infection. Infections may result in sepsis and require 
immediate device explantation. The staged method of tri-
aling appears to be associated with more infections.  

•   Pocket pain is a possible complication, but it is very rare 
with DRG-SCS because the device is smaller than other 
generators, owing to its markedly lower energy 
requirements.  

•   Skin erosion seldom occurs but may lead to secondary 
device infection.  

•   Very rarely, CSF leakage may occur if the needle punc-
tures the dura. It should be treated as for any other post–
dural puncture headache.  

•   Conscious sedation can be associated with complications. 
The presence of a board certifi ed anesthesiologist is 
recommended.     

23.5     Risk Avoidance 

 The likelihood of complications can be minimized by fol-
lowing appropriate procedures:

•    Prior to surgery, the physician should review the patient’s 
tissue for infection or lesions in the surgical area. The sur-
gery should be delayed if there is any doubt about the 
safety of moving forward.  

•   The physician also should review the patient’s medica-
tions and ensure that all medical conditions are adequately 
controlled before moving forward. Drugs that affect 
bleeding ( eg , warfarin) should be discussed with the 
proper medical specialist and discontinued if safe and 
advisable.  

•   Preoperative and intraoperative antibiotics are recom-
mended. It is advisable to vigorously irrigate the wound 
prior to closure.  

•   Lead placement should be performed under fl uoroscopic 
guidance in AP and lateral view. Anchoring should be 
performed with vigilance.  

•   The generator pocket should be carefully planned to allow 
patient comfort and to avoid tissue irritation and skin 
erosion.  

•   The patient should be awake and conversant during por-
tions of the procedure to minimize the likelihood of nerve 
damage.     

    Conclusions 

 Given its importance within the nervous system in the 
development and maintenance of chronic pain, the DRG 
offers a new and fascinating intraspinal target for elec-
trical stimulation to control pain conditions that could 
not be treated by conventional neurostimulation sys-
tems owing to the location and dimension of the 
structure.     
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      High-Frequency Stimulation 
of the Spinal Cord 
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24.1             Introduction 

 Spinal cord stimulation (SCS) has been an evolving elec-
tronic technology since it was fi rst introduced into clinical 
practice in 1967. Unfortunately, the evolution of the technol-
ogy has lagged behind other areas of medicine such as car-
diac rhythm management. In the past few years, the 
advancements in the arena of pain treatment have acceler-
ated. One of the biggest changes has been the advent of the 
use of high-frequency stimulation to treat complex axial 
back pain: our current understanding suggests the critical 
frequency for achieving pain relief appears to be 10,000 kHz. 
This chapter examines this exciting fi eld of medicine. 

 SCS has grown in acceptance since its introduction into 
the chronic pain algorithm. The most common use for SCS is 
the management of persistent back and leg pain, mainly sec-
ondary to failed back surgery. Studies have proven the supe-
riority of SCS in combination with conventional medical 
treatment over medical treatment alone in failed back sur-
gery syndrome. Patients with a combination of lower back 
pain and radicular pain of the lower extremities are therefore 
accepted to be the best candidates for traditional SCS, but 
predominant chronic axial pain of the lower back still 
remains a problem and a huge burden for patients and for the 
health care economy. 

 High-frequency stimulation offers a novel approach for 
this condition by providing a much higher pulse rate than 
traditional SCS systems. The high-frequency waveform con-
sists of a biphasic, charge-balanced pulse train with pulse 
widths usually set to 30 μs and a pulse rate of 10 kHz. 

 Traditional low-frequency SCS, with frequencies up to 
100 Hz, is thought to activate and drive neurons and large 
fi bers and consecutively stop the transmission of pain accord-
ing to the gate control theory. A different mechanism has 
been postulated for high-frequency stimulation: Preclinical 
studies have shown that alternating current of up to 10 kHz 
delivered to the sensory fi bers in the spinal dorsal root and the 
dorsal root entry zone reduces the activity of wide dynamic 
range (WDR) dorsal horn neurons of the spinal cord. The out-
put of the WDR neurons crosses and ascends to the thalamus 
via the spinothalamic and paleospinothalamic tracts and is 
critical for pain perception. WDR neurons have been shown 
to be hyperactive in chronic pain conditions. High-frequency 
SCS modulates overall excitability and leads to conduction 
blockade and preinjury states. The high dosage of energy 
transmitted into the spinal cord has been shown to be safe and 
effective in preclinical animal studies and in clinical patient 
studies. Histological animal studies have show no pathologi-
cal consequences of high-frequency stimulation. 

 Two key features must be noted:

•    High frequency delivers electrical stimulation to the spi-
nal cord without the sensation of paresthesia while mini-
mizing the common side effects of SCS—mainly 
recruitment and stimulation of nonpain areas, resulting in 
patient discomfort. Low-frequency stimulation is thought 
to provide the best pain relief when the intraoperatively 
tested paresthesia covers the pain area. This goal is diffi -
cult to achieve when it comes to chronic axial lower back 
pain, a condition mostly represented in dermatomes L1 
and L2. Typically this level corresponds to intraspinal 
segmental levels T8–T9. As the distance between the epi-
dural space and the dorsal columns is increased at the 
needed levels, a stimulation to provide concordant pares-
thesia would lead to uncomfortable stimulation paresthe-
sia of the legs and mainly the chest wall. High-frequency 
SCS systems offer not only reduced pain and increased 
disability performance scores but also high patient 
 satisfaction and an improvement of sleep disturbances 
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because the stimulation is paresthesia-free. Further, as 
uncomfortable stimulation is not a concern, it may allow 
patients to drive automobiles.  

•   The leads for high-frequency SCS are placed anatomi-
cally and equally for back and leg pain. All current stud-
ies have shown the electrode placement to differ from 
conventional SCS. Optimal placement is considered to be 
the “sweet spot” between T8 and T11. Usually two elec-
trodes are placed approximately at the anatomical mid-
line, staggered to have an maximum number of contacts 

over the T9-10 area. Owing to anatomical placement, no 
intraoperative paresthesia testing is required. Creating 
paresthesia coverage is usually very time-consuming and 
requires a cooperative patient during implantation to 
adjust the lead locations according to the patient’s feed-
back. Because this feedback is not needed, the whole 
implantation can be performed under deep sedation or 
general anesthesia, leading to shorter and more predict-
able surgical times, reduced patient anxiety, and improved 
physician satisfaction.     
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24.2     Technical Overview 

 The technique for implantation of a high-frequency SCS 
system is very similar to the technique for conventional 
SCS. The patient is evaluated preoperatively, and proper 
control of infection risks, bleeding factors, and other 
comorbidities are addressed. The patient is placed in prone 
position on the operating table, and the anesthesia of choice 
is initiated. The patient is properly prepped with solutions 
that are appropriate based on local pathogens, and drapes 
are widely placed. Kyphosation of the lumbar spine allows 
easier puncture of the spinal canal and can be supported via 
a roll or infl atable balloon placed under the lumbar spine. A 
fl uoroscope is placed over the site of puncture in an antero-
posterior (AP) position. The spinous processes need to 
align correctly in an AP line to reveal an ideal puncture site, 
which is usually the L1-2 window. With fl uoroscopic guid-
ance and loss-of- resistance technique, the epidural space of 
the spinal canal is punctured with a modifi ed Tuohy needle. 
The fi rst lead is pushed forward through the lumen of the 
Tuohy needle and can be maneuvered with the guide wire 
to the right anatomical position. The lead should be placed 
in midline position with its fi rst contact being placed at the 
upper rim of the vertebral body T8. Puncture of the epi-
dural space is performed a second time, and again the lead 
is pushed forward through the Tuohy needle and steered 
with the guide wire to the correct position in anatomical 
midline position between vertebral bodies T8 and T11. 
Both leads should be staggered to have a maximum number 
of contacts over the T9-10 area (Fig.  24.1 ). Because pares-
thesia testing is not required, the correct lead position is 
confi rmed with a lateral fl uoroscope to verify a dorsal lead 
placement. The impedances are checked to ensure the 
integrity of the stimulation system, and the leads are veri-
fi ed to be in the epidural space before completing the pro-
cedure. Usually impedances are around 1000 Ω. Impedances 
that are higher than usual may indicate lead fracture, 
whereas impedances lower than usual may indicate intra-
spinal lead placement.  

 The trial leads can be placed through a needle and then 
secured to the skin with occlusive dressing, or a staged 
approach can be used. In the staged method, once the leads 
are in place, a skin incision is made at the insertion site of the 
electrodes. The Tuohy needle can be left in place to protect 
the electrode from the scalpel at this point. The fascia is pre-
pared towards the insertion site of the leads. The Tuohy nee-
dle is removed and an anchor is placed. The anchor is sutured 
to the fascia and the lead to minimize the risk of dislocation. 

The lead is connected to an extension lead, externalized, and 
connected to an external pulse generator. A trial is per-
formed, usually lasting 7 days (depending on the clinical 
protocol). Frequencies for stimulation can vary from 2 to 
10 kHz, with amplitudes 2–4 mA, and pulse widths 30–40 μs. 
Usually, the contacts above and below the T9-10 interverte-
bral disc are activated. The standardized stimulation protocol 
starts with a frequency of 10 kHz, an amplitude of 2 mA, and 
a pulse width of 30 μs. The amplitude is gradually increased 
during the trial phase. Pain reduction usually is initiated 
within the fi rst 24–48 h after the start of stimulation. 

 When the patient achieves acceptable amounts of pain 
relief and wishes to move forward with a permanent implant, 
the patient is brought back to the operating room and the 
extension leads are removed. The internal pulse generator is 
placed in an epifascial gluteal or abdominal pocket and con-
nected to the leads. Once the connection is secured and 
tested, all wounds are closed carefully.  

  Fig. 24.1    Radiograph of correct lead placement at vertebral levels T8 
to T11, the “sweet spot.”       
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24.3     Risk Assessment 

 The risk profi le of high-frequency SCS is very similar to the 
profi le of traditional low-frequency SCS. Preliminary studies 
have not reported serious or life-threatening complications 
or adverse outcomes, but physicians should be aware of pos-
sible complications:

•    Optimal lead placement and anchoring are crucial for the 
effi cacy of therapy. Suboptimal intraoperative lead place-
ments or postoperative lead migrations prevent suffi cient 
pain relief. Migration rates of up to 30 % have been reported 
in the literature, but they may be reduced to less than 5 %.  

•   Very rare but serious complications include spinal hema-
toma leading to severe neurological dysfunction includ-
ing weakness, paresthesia, paralysis, or cauda equina 
compression syndrome.  

•   The most commonly reported complication is wound 
infection. Infections may result in sepsis and requires 
immediate device explantation.  

•   Pocket pain is commonly reported. Its occurrence may be 
explained by the larger size of the internal pulse genera-
tor, due to increased energy consumption of the high- 
frequency system.  

•   Skin erosion seldom occurs but may lead to secondary 
device infection.  

•   Leakage of cerebrospinal fl uid (CSF) may occur, fol-
lowed by CSF leakage syndrome with headache.     

24.4     Risk Avoidance 

 The physician can reduce the rate of complications by fol-
lowing appropriate procedures:

•    Prior to surgery, the physician should review the patient’s 
tissue for infection or lesions in the surgical area. The sur-
gery should be delayed if there is any doubt about the 
safety of moving forward.  

•   The physician also should review the patient’s medica-
tions and ensure that all medical conditions are adequately 
controlled prior to moving forward. Drugs that affect 
bleeding ( eg , warfarin) should be discussed with the 
proper medical specialist and discontinued if safe and 
advisable.  

•   Preoperative and intraoperative antibiotics are recom-
mended. It is advisable to vigorously irrigate the wound 
prior to closure.  

•   Lead placement should be performed under fl uoroscopic 
guidance in AP and lateral view. If anchoring is performed 
very accurately, pulling fi rmly at the lead should not 
change its position.  

•   The generator pocket should be carefully planned to allow 
patient comfort and to avoid tissue irritation and skin 
erosion.        

   Suggested Reading 

   Cuellar JM, Alataris K, Walker A, Yeomans DC, Antognini JF. Effect 
of high-frequency alternating current on spinal afferent nociceptive 
transmission. Neuromodulation. 2013;16:318–27.  

   Tiede J, Brown L, Gekht G, Vallejo R, Yearwood T, Morgan D. Novel 
spinal cord stimulation parameters in patients with predominant 
back pain. Neuromodulation. 2013;16:370–5.  

   Van Buyten JP, Al-Kaisy A, Smet I, Palmisani S, Smith T. High- 
frequency spinal cord stimulation for the treatment of chronic back 
pain patients: results of a prospective multicenter European clinical 
study. Neuromodulation. 2013;16:59–65.    

G.A. Bara and T.R. Deer



163© Springer Science+Business Media New York 2016
T.R. Deer, J.E. Pope (eds.), Atlas of Implantable Therapies for Pain Management, DOI 10.1007/978-1-4939-2110-2_25

      Burst Stimulation: An Innovative 
Waveform Strategy for Spinal Cord 
Stimulation 

           Jason     E.     Pope       and     Timothy     R.     Deer     

25.1             Introduction 

 Since the advent of spinal cord stimulation (SCS) or tonic 
spinal cord stimulation (t-SCS), developed by Norman Shealy 
in 1967, dorsal column stimulation has continued to evolve, 
primarily focused on lead innovations. Disadvantages to cur-
rent SCS strategies are inherent to how it works: it requires 
perceived congruent therapeutic paresthesia overlying the 
typical painful area. Challenges include the ability to place 

the paresthesia in congruent areas, the positionality associ-
ated with the required perception, and the need for the patient 
to consider the paresthesia therapeutic. New innovations in 
waveform strategies are moving from the need to create a per-
ceived paresthesia to achieve analgesia. This chapter explores 
one such innovation, Burst stimulation (Burst-SCS). It is 
important to appreciate that Burst-SCS is currently under 
investigation in the United States and is not approved by the 
U.S. Food and Drug Administration or available for use.  
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25.2     Technical Overview 

 Current tSCS strategies rely on the delivery of energy to 
the spinal cord through activation of a cathode, either by 
alternating the current (constant voltage system) or voltage 
(constant current system). These systems typically deliver 
a frequency from 40 to 150 Hz. Burst-SCS delivers a clus-
ter of fi ve pulses at 500 Hz in 40 Hz intervals, where the 
pulse width is typically 1 μs. The amplitude is adjusted to 
the individual patient, as it is for tSCS. Importantly, the 
energy required to deliver the Burst-SCS versus tSCS is 
the same, in terms of battery life and recharging interval 
(Fig.  25.1 ).  

 It is important to briefl y comment on the mechanism of 
action, as Burst-SCS appears to work differently than 
tSCS. It is hypothesized that burst-SCS works by stimulating 
not only the lateral pathway typically activated in tSCS but 
also the medial pathway, responsible for the affective com-
ponent of pain. This may have implications in reducing the 

overall pain perception, which has been reported both anec-
dotally and in literature (Fig.  25.2 ).  

 It is important to note that although the Burst-SCS creates 
analgesia without the need for the perceived paresthesia, it 
requires placement within the epidural space in the same 
anatomic location as tSCS, namely relying on placement 
based on the Barolo mapping. 

 There is robust literature supporting Burst-SCS 
(Table  25.1 ).

   The double-blind, placebo-controlled trial performed by 
DeRidder et al. described that Burst-SCS improved back, 
limb, and general pain compared to tonic or placebo. de Vos 
et al. described patients with typically poorly treated patient 
populations, including diabetic peripheral neuropathy 
(DPN), failed back surgery syndrome, and failed back sur-
gery syndrome, that were poor responders to tSCS 
(FBSS-PR). Although Burst-SCS improved pain care in all 
populations studied compared to tSCS, the effect was great-
est for PDN and lesser for FBSS-PR.  
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  Fig. 25.1    Stimulation strategies: tonic stimulation 40 Hz ( a ); burst stimulation ( b )       
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Lateral Path

Burst stimulation

Medial PathLateral Path

Tonic stimulation

  Fig. 25.2    The activation of the lateral pathway in tSCS and activation of the lateral ( a ) and the medial ( b ) pathway in Burst-SCS ( courtesy of  
St. Jude Medical, Plano TX)       

   Table 25.1    Burst stimulation studies to date   

 Study  Participants  Conclusion(s)  Complications 

 de Vos et al. (2013)  48 patients with existing tSCS for 6 months, with PDN, 
FBSS, and FBSS-PR; underwent B-SCS for 2 weeks 

 60 % had better relief with Burst-SCS vs 
tSCS 

 None reported 

 De Ridder et al. (2013)  15 consecutive patients with limb and axial back pain; 
given Burst- SCS, tSCS, and placebo 

 Burst-SCS was better than tSCS or placebo 
in the treatment of back and leg pain 

 None reported 

 De Ridder et al. (2010)  12 patients with tSCS with paddle to treat neuropathic 
pain; given Burst-SCS 

 Burst-SCS may be better than tSCS in the 
treatment of neuropathic pain 

 None reported 

   FBSS  failed back surgery syndrome,  PDN  peripheral diabetic neuropathy,  PR  FBSS with poor response,  SCS  spinal cord stimulation,  VAS  visual 
analog scale  
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25.3     Risk Assessment 

 Physicians considering the use of burst stimulation should be 
aware of the potential for risk:

•    The procedure for employing burst stimulation relies on 
hardware similar to the hardware for traditional tonic 
stimulation, and consequently similar risks are expected. 
( See  Chap.   7     on SCS lead placement.)  

•   Burst stimulation may decrease battery life of the equip-
ment and increase the recharging frequency.  

•   Prospective published research on burst stimulation has 
reported no complications, though it may have been 
accompanied by effects that included the sense of dizzi-
ness, headache, and the sensation of “heavy legs.”  

•   Further prospective data are required to discern the unique 
challenges, if any, that may accompany burst stimulation.     

25.4     Risk Avoidance 

•     The clinician should use the same risk-mitigation tech-
niques as for traditional spinal cord stimulation. ( See  
Chaps.   5     and   11    .)  

•   Vigilance is paramount, as burst stimulation may  stimulate 
the perceptive and affective components of the pain 
experience.  

•   Further prospective study is needed to determine the 
role of burst stimulation in the neuromodulation 
armamentarium.     

25.5     Conclusions and Future Directions 

 Spinal cord stimulation is in its infancy. As new software and 
hardware developments become reality, so too does an 
expansion in spinal cord stimulation disease indications. 
Burst stimulation may improve on the challenges inherent to 
tSCS, relying on the need for perceived, congruent therapeu-
tic paresthesia. The placement of Burst-SCS in the pain care 
algorithm will evolve with the evidence, as it may be used as 
salvage therapy or potentially for fi rst-line therapy. Perceived 
defi cits of tSCS and the potential advantages to Burst-SCS 
are highlighted in Tables  25.2  and  25.3 .

    Burst stimulation is currently being investigated in the 
United States and is only available internationally. It has the 
potential to dramatically change the landscape of spinal cord 
stimulation as we know it today. Its placement in the pain 
care algorithm has yet to be determined.     

   Table 25.2    Current challenges with tonic spinal cord stimulation   

 Positionality of stimulation 
 Presence of nonresponders 
 Need for perceived therapeutic parasthesia and areas of coverage 
 Development of therapeutic tolerance 

   Table 25.3    Perceived advantages to burst-SCS   

 Reduce or eliminate the need for paresthesia stimulation 
 May function as salvage therapy to tonic stimulation 
 May eliminate the need for discrete stimulation 
 Reduce or eliminate positionality challenges 
 May offer an advantage to stimulate affective and perceptive pathways 

J.E. Pope and T.R. Deer

http://dx.doi.org/10.1007/978-1-4939-2110-2_7
http://dx.doi.org/10.1007/978-1-4939-2110-2_5
http://dx.doi.org/10.1007/978-1-4939-2110-2_11


167

   Suggested Reading 

   De Ridder D, Plaizer M, Kamerling N, Menovsky T, Vanneste S. Burst 
spinal cord stimulation for limb and back pain. World Neurosurg. 
2013;80:642–9.  

   De Ridder D, Vanneste S, Plaizer M, van der Loo E, Menovsky T. Burst 
spinal cord stimulation: toward paresthesia-free pain suppression. 
Neurosurgery. 2010;66:986–90.  

   de Vos CC, Bom MJ, Vanneste S, Lenders MW, de Ridder D. Burst 
spinal cord stimulation evaluated in patients with failed back sur-
gery syndrome and painful diabetic neuropathy. Neuromodulation. 
2014;17:152–9.  

  Pope JE, Deer TR, Amirdelfan K, Kapural L, Verrills P. New concepts 
for waveform and current delivery for spinal cord stimulation: burst 
and high frequency. Minim Invasive Surg Pain. 2015 (Epub ahead of 
print).  

   Pope JE, Falowski S, Deer TR. Advanced waveforms and frequency 
with spinal cord stimulation: burst and high frequency energy 
 delivery. Expert Rev Med Devices. 2015 (Epub ahead of print).  

   Schade CM, Sasaki J, Schultz DM, Tamayo N, King G, Johanek 
LM. Assessment of patient preference for constant voltage and con-
stant current spinal cord stimulation. Neuromodulation. 2010;13:
210–7.  

   Washburn S, Catlin R, Bethel K, Canlas B. Patient-perceived differ-
ences between constant current and constant voltage spinal cord 
stimulation systems. Neuromodulation. 2014;17:28–35.    

25 Burst Stimulation: An Innovative Waveform Strategy for Spinal Cord Stimulation



   Part II 

   Neurostimulation: Peripheral Nerve 
and Peripheral Nerve Field        



171© Springer Science+Business Media New York 2016
T.R. Deer, J.E. Pope (eds.), Atlas of Implantable Therapies for Pain Management, DOI 10.1007/978-1-4939-2110-2_26

      Stimulation of the Extraspinal 
Peripheral Nervous System 

           W.     Porter     McRoberts    ,     Timothy     R.     Deer      ,     David     Abejón     , 
and     Giancarlo     Barolat     

         Much like the carpenter’s hammer, the pain interventionalist’s 
needle begs its own substrate, and none serves like the periph-
eral nerve. Peripheral nerve stimulation (PNS), peripheral 
nerve fi eld stimulation (PNfS), and hybrid stimulation (creat-
ing a paresthetic fi eld of stimulation by sending current between 
spinal and peripheral leads at a distance from each other) are all 
areas of neuromodulation growing in interest from both clinical 
and research standpoints. The increasing use of these modali-
ties refl ects not only the effi cacy, safety, and increasing techni-
cal ease with which the treatment can be delivered, but also the 
reports of successful relief from often obstinate and disabling 
pain. This surgical technique has shown growing potential in 
patients suffering from many severe pain conditions, including 
low back pain, intercostal neuralgia, ilioinguinal neuralgia, car-
pal tunnel syndrome, neuropathic facial pain, nerve entrapment 
syndromes, postsurgical nerve pain, and specifi c neuropathic 
pain isolated to confi ned areas of the body. This chapter seeks 
to tutor the neuromodulation community about the utility of the 
peripheral technique and its points of fi nesse, so that the sensi-
tive recipient of peripheral neuromodulation is never treated 
bluntly, unlike the nail. 

 PNS and PNfS are hardly new options for patients suffer-
ing from pain involving the peripheral nervous system. Work 
by Wiener, Hassenbusch, Stanton-Hicks, and others showed 
that physicians could successfully implant devices around 
the peripheral nerve and create anodynic paresthesia in the 
innervation of the nerve. Over a decade ago, the placement 
of these devices required careful surgical dissection, fascial 
graft débridement, and placement of the lead. This compli-
cated procedure had relatively low reimbursement and 
required exceptional surgical skills and signifi cant operating 
room time. Newer, percutaneous methods reduced both need 
for surgical skill and time, and led to an improved level of 
access to patients, making stimulation of the peripheral ner-
vous system a viable tool in the arsenal of the well-rounded 
interventionalist. 

 This chapter focuses further on the best selection of can-
didates, the technical tasks associated with implantation of 
devices in the peripheral nervous system, the potential pit-
falls, and their solutions. For brevity, we assume that the 
implanter is well seasoned, with a good working knowledge 
of general neuromodulation. 
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26.1     Selection of Candidates 

 Success in neurostimulation requires the identifi cation of 
suitable candidates and then the safely targeted application 
of current, resulting in a change in the neural environment 
specifi c to the area of pain. In selecting candidates for PNS, 
PNfS, and hybrid stimulation, the physician must consider 
the innervation of the specifi c area of pain—be it cutane-
ous, fascial, articular, or other—and determine whether 
there is an opportunity to infl uence the area by applying 
current to the nerve or specifi c fi bers that subserve the pain-
ful area. If the area is too large, or if the innervating nerve 
is diffi cult to access, then target consideration must move 
proximally. At a certain point, stimulation within the spinal 
canal may present an easier, safer, or more stable option 
and eclipse the peripheral nerve option, though placing 
electrodes within the spine presents some risk. The cord is 

comprised of second-order and other multiorder neurons. 
The peripheral nerve is the only fi rst-order neural option, 
which may have implications as different frequencies and 
electrodes become available. Table  26.1  outlines the selec-
tion criteria for implanting a percutaneous peripheral lead. 
In peripheral neuromodulation, the decision to proceed 
from a trial to a permanent implant is no different than in 
spinal cord stimulation (SCS): Does the trial array confer 
signifi cant pain reduction? Does the stimulation feel pleas-
ant and acceptable? Is objective function improved during 
the temporary period? Contraindications include lack of 
signifi cant relief from the trial phase, infection, uncorrected 
bleeding disorders, untreated depression or anxiety, 
untreated drug abuse, and the constraints of surgical access 
and system stability. Table  26.2  reviews the currently sup-
ported nerve targets for implanting a system for peripheral 
nervous system stimulation.

   Table 26.1    Selection criteria for implanting the peripheral nerve stimulation system   

 Characteristic  Establishing the characteristic 

 Pain is localized to a specifi c nerve distribution  History and physical examination 
 Pain is burning or shooting in nature  History 
 Pain is relieved by injection of local anesthetic around the nerve(s)  Resolution of 50 % or more of the patient’s pain intensity 

with injection of local anesthetic on two occasions 
 Pain has not responded to or is not appropriate for other, 
more conservative neuropathic treatments 

 Review of the records 

 No concomitant infection that would likely compromise the implant  History, inspection of the skin 
 No allergies to the materials to be implanted  History of metal allergy 
 No major untreated psychological factors  History and appropriate psychological evaluation 
 Pain is not better treated with SCS  History and physical examination 

   SCS  spinal cord stimulation  

   Table 26.2    Established targets for PNS and PNfS placement   

 Disease  Nerve targets 

 Occipital neuralgia  C2 fi bers at the posterior occiput 
 Neuritis of the face  Supraorbital, infraorbital temporo-auricular, trigeminal divisions 
 Upper extremity pain  Median, ulnar, radial, axillary, suprascapular 
 Pain of torso  Intercostal, cluneal 
 Pain of pelvis  Ilioinguinal, iliohypogastric, genitofemoral 
 Pain of lower extremity  Common peroneal, superfi cial peroneal, deep peroneal, lateral femoral cutaneous, tibial, saphenous, 

sciatic, femoral 

   PNfS  peripheral nerve fi eld stimulation,  PNS  peripheral nerve stimulation  
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26.2         Technical Overview 

 The use of PNS and PNfS is based on the concept that the 
delivery of electrical current in a controlled fashion to a spe-
cifi c nerve or across nerve fi bers will affect the transmission 
of pain by infl uencing the fi ring of the A delta and C fi bers, 
as well as potentially changing the neurotransmitters in the 
tissue. To make these important modifi cations of the nervous 
system, the physician must place a system in the appropriate 
tissue plane(s). 

26.2.1     Methods of Percutaneous Trialing 
and Paresthetic Montage Creation 

 The trialing physician must fi rst identify the areas of pain 
and correlating intensities, perhaps even marking them (or 
asking the patient to mark them) on the skin. Marking has 
great utility. Marking not only makes it easy to identify the 
nerve or nerves responsible for sensation to the area, but also 
clearly communicates to the physician the areas that are 
important to the patient—a process so seemingly simple that 
many gloss over the step. Missing essential areas likely con-
tributes to signifi cant failure of the modality. 

 Once the areas are clear to the physician, a decision- 
making process occurs, with consideration given to dense or 
overlapping paresthesia and its potential benefi ts, ease of 
deployment, stability of the permanent system, safety to the 
patient, and the ability to create a montage of paresthesia 
using a single implantable pulse generator (IPG). If the pain-
ful area is small (the size of a business card or less), and 
especially if it is superfi cial, a single PNfS lead may serve the 
area well. If the area is larger, then cross-talking (transmit-

ting current from one lead to a different lead at a distance) 
one or more leads may be appropriate, as cross-talking may 
increase the area of paresthesia. The practice of cross-talk 
additionally introduces the concept that the depolarized nerve 
may not actually be within the direct vicinity of the electrode 
array. If a single nerve wholly serves the area, then consider-
ation must be given to direct stimulation of that nerve, if pos-
sible. Often, as the nerve courses proximally it becomes 
mixed and deeper, and thus is more diffi cult to access percu-
taneously, being guarded by sensitive structures, muscle, or 
bone. The more distal the electrode array from the anchoring 
point, the more likely lead migration becomes. Appendicular 
placement may further confound the system, as nerves may 
be deep and encircled by dynamic muscles, and leads may 
have to cross joint lines. System stability is important not 
only in the long term but also moment to moment, because 
with movement of a limb and thus of stimulation relative to a 
nerve’s braided fascicles, its often-mixed nature results in 
momentarily variable (and thus tenuous) results. 

 If the area of pain includes axial pain, or if it may be 
advantageous to stimulate at multiple locations along the 
path of pain transmission, inclusion of a spinal lead may be 
constructive. The spinal lead may function independently, 
thus generating overlapping paresthesia, or in hybrid fash-
ion, cross-talking to the peripheral lead, be it a PNfS or direct 
peripheral nerve lead. Table  26.3  identifi es several hybrid 
montages for specifi c pain patterns. Although this nascent 
technique does not yet have signifi cant support in the litera-
ture, many seasoned implanters will testify that hybrid stim-
ulation presents yet a different feeling and pattern of 
paresthesia than parallel but overlapping stimulation—a fl ow 
of paresthesia that often crosses areas of the body not stimu-
lated by either lead alone.

   Table 26.3    Combination targets for hybrid stimulation   

 Pain location  Spinal lead location  Peripheral lead location 

 Axial back/neck  Corresponding cord level  Cluneal or PNfS near cutaneous dorsal rami serving pain location 
 Thoracic radicular  Corresponding thoracic level  Intercostal or PNfS near pain location 
 Facial  Cervical (nucleus caudalis)  Corresponding nerve of the face 
 Shoulder  Cervical or high thoracic  Axillary or suprascapular nerve 
 Abdominal  Thoracic  Ilioinguinal, hypogastric, or PNfS near pain 
 Flank  Corresponding thoracic level  PNfS near pain location 

   PNfS  peripheral nerve fi eld stimulation  
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26.2.2        Peripheral Nerve Field Stimulation 

 The placement of a lead for PNfS use appears easy, and often 
it is, but several important pitfalls exist. Obviously, pain out-
side the fi eld of paresthesia will never be reduced. Aim to 
create lines of current that connect through the area of pain, 
using the length of the array to advantage. More electrodes 
do not necessarily equate with better relief; at present, quad-
ripolar arrays are usually the best compromise between 
redundancy and the judicious use of multiple leads. Though 
not studied, it is our opinion that an octapolar array rarely 
confers added benefi t, except when possibly needed to stim-
ulate fi ne or extremely important nearby nerves, as in stimu-
lation of occipital or facial nerves. As previously mentioned, 
small areas may be well treated with one lead, but larger 
areas may need multiple leads in cross-talk fashion. 
Particularly hypersensitive areas or areas of anesthesia dolo-
rosa do not respond well to leads in the immediate vicinity, 
but instead respond better to leads placed to bracket the area 
with energy cross-talked through the particularly sensitive 
areas. 

 Depth, too, must be well thought out; in PNfS, the target 
is the terminal sensory nerve fi bers that exist deep to the 
basal layers of the skin within the deep dermis. Passing the 
needle (and thus the lead and electrode array) within the der-
mis is painful and may subject the lead to bacteria that live 
within the papillae and sweat glands. Placement of the lead 
too deep within the adipose of the subcutis drives up the 
electrical resistance of the system, and placing it deeper yet 
to adipose results in painful recruitment of muscle fi ber. The 
best position is just deep to the dermis at the dermal junction 
with the fat. After attention to sterile preparation, a con-
strained wheal of local anesthetic prepares the skin for a 
small stab wound to permit needle entry. The needle is then 
directed parallel, with palpation, deep to the dermis, result-
ing in easy advancement with minimal resistance; though not 
pleasant, the patient’s pain is generally manageable. Knowing 
the correct layer is important, and so lifting the needle will 
cause the skin to tent over it; horizontal depression of the 
needle, when it is within the correct layer, produces minimal 
infl ection. Once deployed, the lead body is barely detectable. 
In some newer devices, the use of a nerve stimulator can help 
identify the exact target prior to deposition of the lead. 
Stimulation testing ensues if only limited and short-acting 
anesthesia is used, and comfortable programs are saved into 
the external pulse generator. Sometimes painful paresthesia 
is generated, even in the appropriate layer. In this instance, 
increasing the amplitude often changes the quality to pleas-
ant. High amplitude, small paresthetic distribution, or pain 
may all possibly be ameliorated with slight withdrawal of the 

lead to stimulate appropriate fi bers. Lead ligation to the skin, 
radiographic documentation, and wound dressing conclude 
the procedure. The patient is then taken to recovery for a 
short observation period and possible electrode program-
ming, prior to discharge for an outpatient trial.  

26.2.3     Percutaneous Permanent Implant 

 Once the trial has been completed with acceptable pain 
relief, the patient is offered a permanent implant. The physi-
cian should carefully evaluate any cosmetic or structural 
issues that may affect lead choice, device choice, pocket 
placement, and incision location. The patient is returned to 
the operating theater and the percutaneous lead is replaced 
based on pain mapping, fl uoroscopy, and review of the previ-
ous fi lms with landmarks and/or ultrasound. Often, a curve is 
added to the deployment needle to allow approximation of 
many of the curved planes of the body. As lead erosion is a 
concern not only at the anchor but also at the most distal tip 
of the lead, it is recommended to turn the bevel of the needle 
deep and advance the terminal few millimeters of the array 
deeper within the adipose. No studies have evaluated this 
technique, but it seems to lessen the incidence of distal tip 
erosion. Once the lead is in good position, an incision is 
made suffi ciently deep to allow multilayer closure, possibly 
to the fascia at the area of the lead proximal to the electrodes, 
so that the lead can be secured without affecting the electri-
cal fi elds. 

 Anchoring methods vary, but the aim is universal: a well- 
secured lead with minimal risk of erosion, migration, or lead 
fracture. Conventional SCS anchors used for PNfS are fre-
quently too bulky and increase erosive risk. Using nonab-
sorbable sutures in a drain stitch fashion without a formal 
anchor is more compact, but it introduces variation, and the 
implanter needs to be sensitive to lead security without 
increasing the likelihood of lead fracture. If an anchor is cho-
sen, it is imperative for the implanter to close the tissue in 
two or three planes to protect the anchor from erosion. Once 
the lead is secured, a pocket is made in the appropriate loca-
tion. Pocket proximity to the lead array is encouraged. As 
with SCS, the greater the distance between the pocket and 
the lead array, the greater the likelihood of lead torsion, 
strain, fracture, and migration. If proximity is diffi cult, espe-
cially when the construct crosses joint lines, the use of mul-
tiple buried lead loops is recommended to permit freedom of 
movement without lead compromise. The smaller size of the 
IPGs now being produced has increased options for the 
pocket location. External pulse generators in development 
may even further reduce this concern. As with any pocket, 

W.P. McRoberts et al.



175

the implanting doctor should consider the bony margins, skin 
condition, and body habitus before selecting an appropriate 
location. Programming of the device will stabilize over 6 
weeks, with many patients receiving improved stimulation as 
fi brosis develops around the lead.  

26.2.4     Direct Stimulation of and Implantations 
to the Peripheral Nerve 

 The limits of terminal nerve or fi eld stimulation—smaller 
paresthetic area, diffi cult or multiple areas to stimulate, or 
simply ineffectual paresthesia—may lead to consideration 
of direct nerve stimulation. The recent adoption of ultra-
sound, especially when coupled with the following stimulat-
ing technique, has allowed the surgeon to place coaxial 
leads near or next to peripheral nerves with ease and 
increased safety. When placing more than one lead, a sec-
ond and reference electrode can be placed under the skin, 
away from the intended neural target. With the needle stylet 
removed, the lead can be placed within the needle lumen 
with the distal (and active) electrode just outside the beveled 
tip. With either sensory (i.e., 50 Hz) or motor (i.e., 2 Hz) 
stimulation parameters, the needle and lead are directed to 
the target. 

 The history of peripheral nerve stimulation started with 
paddle lead placement directly on the peripheral nerve. Large 
and irregularly shaped or raised arrays (the only available 
option at the time) lead to erosion into the nerve and diffi -
culty with lead migration and movement, especially with 
appendicular function. Because of lead migration or failure 
to capture appropriate coverage, it is still advisable to place a 
directional, paddle-type lead in or around the peripheral 
nerve in some cases, most commonly in the occipital region 
or in the limb targeting larger nerves such as the sciatic, fem-
oral, common peroneal, or median nerve. This open tech-
nique is more diffi cult and should not be attempted without 
proper training. In the occiput, the tissue is expanded to 
allow for placement of the paddle lead after removal of the 
previously implanted percutaneous system. The main issues 
are the control of bleeding and appropriate tissue depth. The 
placement of a paddle lead is much more diffi cult in an 
extremity, but this problem may be mitigated by newer 
deployment sheaths such as the Epiducer™ (St. Jude 
Medical, St. Paul, MN). In typical paddle cases, the surgeon 
must carefully dissect to the nerve target and expose the 
nerve. Once the nerve is exposed, a careful graft of fascia 
must be performed. The fascia is secured between the nerve 
paddle array, and the entire complex is held with a small, 
nonabsorbable suture.  

26.2.5     Common Nerve Targets for PNS 
and PNfS 

 Any peripheral nerve fi ber, when stimulated, could produce 
meaningful paresthesia. The use of PNS and PNfS is more 
common in certain regions of the body. The most common 
nerve targets are noted below. 

  Occipital     Occipital targets are well defi ned and have been 
addressed in several reports and articles over the past decade. 
The use of PNS for the occipital nerve was originally 
described in 1990s by Wiener, and has evolved. The initial 
description involved placing the lead horizontal to the C1 
vertebra in the midline, but over time the technique has 
evolved and the lead is now placed through a midline inci-
sion just near the nuchal line. By placing leads bilaterally in 
the more superior location, it is possible to maintain better 
long-term contact with the nerve fi bers and to reduce the 
risks of signifi cant migration. Occipital leads are placed for 
neuritis of the greater occipital nerve and lesser occipital 
nerve, C2 radiculitis, transformed migraine, and cervico-
genic headache.  

  Supraorbital     Stimulation of the supraorbital nerve, a nerve 
derived from the trigeminal nerve, is important in the treat-
ment of frontal pain superior to the eyebrow. Several recent, 
unpublished series promote the successful combined use of 
supraorbital and occipital stimulation for cases of headache 
refractory to posterior occipital stimulation alone and argue 
that several prospective trials of occipital stimulation would 
have met endpoints had 360° stimulation been employed. 
The most common causes of disease in the supraorbital nerve 
include trauma and infection. The most common infectious 
cause is viral, in the form of herpes zoster. The lead is placed 
0.5 cm above the brow in most cases. The approach is most 
commonly lateral, with mapping of the nerve occurring prior 
to implantation. Some patients cannot tolerate the lead 
because of allodynia; in these cases, an approach with either 
a very small lead or programming current through the area, 
as opposed to direct lead placement on the nerve, may be 
indicated. The advantage of small leads is their atraumatic 
nature, but their disadvantage is that they do not cover as 
much area, and the leads may be more prone to fracture.  

  Infraorbital     Stimulation of the infraorbital nerve, a nerve 
also derived from the trigeminal nerve, is important in the 
treatment of pain just below the eye that is of a burning and 
stabbing nature. Common causes of disease in this nerve are 
trauma and disease. The lead is placed 0.5–1.0 cm below the 
eye, with the exact placement based on preoperative skin 
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mapping with a semipermanent marker from a lateral 
approach.  

  Divisions of the Trigeminal Nerve     Trigeminal neuralgia is 
a painful condition of the face that involves one to three divi-
sions of the nerve: ophthalmic, mandibular, and maxillary. 
Often, this problem is treated with oral anticonvulsants, by 
neurosurgical or stereotactic brainstem vascular decompres-
sion, or by nerve destruction. When these options do not give 
appropriate relief or are unacceptable, the interventional pain 
specialist may place a peripheral lead over the involved 
division(s). This technique involves mapping by history and 
examination, careful placement with mapping by landmarks 
and fl uoroscopic guidance, and attention to proper tissue 
depth and anchoring techniques. High cervical SCS lead 
placement also may confer evoked paresthesia, especially to 
the lower divisions of the nerve through nucleus caudalis 
stimulation, but cross-talking the peripheral, facial lead to 
the cervical SCS lead itself also may be considered. The 
facial leads are often anchored behind the ear and the sub-
mandibular neck crease, with the pocket in the chest wall, 
trapezius area, or upper fl ank.  

  Auriculotemporal     A branch of the mandibular nerve, the 
auriculotemporal nerve runs with the superfi cial temporal 
artery and vein, providing sensory innervation to the face and 
jaw. It is commonly injured by local trauma or surgery of the 
temporomandibular joint or parotid gland. Placement of the 
lead is often simple, with an understanding of the pain pat-
tern in the face, anterior jaw, and temporal region. The lead 
anchoring and tunneling is performed in similar fashion to 
other facial leads.  

  Superfi cial Cervical Plexus     The superfi cial cervical plexus 
has been described as a source of pain after trauma, radia-
tion, or surgery. The approach of placing a lead in this region 
is based on pain topography, and PNfS may work best, as it 
can be diffi cult to isolate the nerves without direct tissue 
dissection.  

  Intercostal     The intercostal nerves are the anterior divisions 
(rami anteriores; ventral divisions) of the thoracic spinal 
nerves from T1 to T11. The intercostal nerves are common 
causes of pain and disease involving neuropathic pain of the 
chest wall. The most common causes of pain in this region 
include postherpetic neuralgia, local neural trauma, and 
postsurgical nerve entrapment, such as that seen with post-
mastectomy syndrome and postthoracotomy syndrome. 
Treatment of this problem with oral medications can be suc-
cessful. Sometimes it is treated with epidural lead placement, 
but higher thoracic lead placement may present stimulation 
diffi culty secondary to the cord’s anatomy, deep within cere-
brospinal fl uid (CSF). Additionally confounding is that these 

levels possess a low ratio of postsynaptic white fi ber to radic-
ular dorsal root fi bers, yielding lateral root stimulation at the 
expense of cord stimulation. SCS success rates for this indi-
cation thus are dwarfed by those associated with failed back 
surgery or neuropathic limb pain. The patient should be care-
fully examined, and the pain topography should be well 
mapped. Two options exist: PNfS and direct, subcostal nerve 
stimulation with ultrasound placement. Again, as in the 
facial construct introduced above, co-stimulation or cross- 
talk stimulation with an SCS lead may give densely useful 
and comfortable paresthesia. Subcutaneous tunneling to 
common pocket locations is generally easy.  

  Ilioinguinal     Burning groin pain certainly can be very dis-
abling, resulting in decreased quality of life, inability to 
work, and reduced overall function. Neural trauma in any 
form can cause pain in this region, but the most common 
culprit—the knife—is guilty in most cases, either from direct 
insult or scar and resultant nerve entrapment. A peripheral 
lead can be placed by fi rst confi rming the diagnosis with 
examination, history, and a temporary response to nerve 
injection. The lead is placed in the tissue parallel to the lon-
gest axis of pain on mapping of the tissue; both PNfS and 
direct PNS aided with ultrasound appear to be of benefi t. The 
generator should be near the area of the leads to reduce the 
risk of migration.  

  Genitofemoral and Iliohypogastric     As with the ilioingui-
nal nerve, the genitofemoral and iliohypogastric nerves are 
often involved in chronic pain from similar causes. The use 
of PNS has been described for these nerves, but success has 
been historically diffi cult to achieve, though it may be 
improved by the use of the live, soft tissue imaging produced 
by ultrasound guidance. The anatomical location and course 
of the nerves have made it diffi cult to achieve good, sus-
tained relief in these pain syndromes.  

  Cluneal and Nerves of the Paravertebral Region     The low 
back is a common location of intractable pain in patients 
across populations. The innervation can be complicated but 
involves the cluneal nerve, branches of the sinuvertebral 
nerve, and branches of the medial and lateral branches of the 
dorsal primary rami. The branches of the cluneal nerves, par-
ticularly the superior cluneal nerves, are often involved in 
severe, burning pain of the low back. This problem com-
monly occurs after lumbar surgery, especially when trauma 
to or bone harvest from the iliac crest occurs. In many cases, 
the patient has successful stimulation with epidural leads, 
but the stimulation misses a very specifi c area of the lower 
back and buttocks. A recently published multicenter, ran-
domized and prospective evaluation suggests that PNfS has 
defi nite benefi t for low back pain from lumbar surgery. 
Several successful approaches exist. The most commonly 

W.P. McRoberts et al.



177

performed placement of a PNfS lead in this area is based on 
pain mapping. The lead is placed in the subcutaneous tissue 
in the subdermal adipose tissue, being careful not to place it 
too deep (causing muscle recruitment) or too superfi cial 
(causing skin erosion or burning pain on stimulation). 
Additionally found to be useful is deeper or directed lead 
placement superfi cial to the bone comprising the rim of the 
iliac crest (being careful not to disturb the periosteum or fas-
cial attachments of the muscular aponeurosis), and deeper 
placement to infl uence the lateral branches of the sacral 
nerves or of the lumbar dorsal primary rami.  

  Lateral Femoral Cutaneous     The lateral femoral cutaneous 
nerve of the thigh arises from the dorsal divisions of the sec-
ond and third lumbar nerves. It emerges deeply from the lat-
eral border of the psoas major muscle, crosses the iliacus 
muscle obliquely, and courses superfi cially toward the ante-
rior superior iliac spine. It then passes under or through the 
inguinal ligament and subcutaneously over the quadriceps to 
serve the skin of the upper thigh. This nerve, frequently dam-
aged by trauma, injured by pressure and resulting ischemia, 
or injured by diabetes mellitus or other metabolic syndromes, 
can present the syndrome known as meralgia paresthetica. 
The nerve is commonly injured by compression from con-
strictive clothing or following weight gain. The pain is often 
successfully managed by oral medications, steroid injec-
tions, or topical patches or gels, but it sporadically remains 
severe. Recalcitrant cases may be candidates for SCS, which 
(for a variety of anatomic reasons) does not always succeed 
in providing successful stimulation. The use of PNS has been 
successful in some cases, including those with pain in spe-
cifi c areas. The lead is placed based on tissue mapping, or 
deeper along the visualized nerve. When placed perma-
nently, the lead is anchored to the fascia, with the generator 
placed in the closest approximation to the lead(s).  

  Axillary, Suprascapular, Brachial Plexus, and Other 
Mixed Nerves     The possibility of achieving pain relief and 
improved muscle function in nerves that contain both motor 
and sensory fi bers has been discussed, and current studies 
are examining viability. The mixed nature of nerves like the 
axillary and suprascapular nerves may confer benefi t in syn-
dromes such as those seen with poststroke shoulder pain. 
Stimulation simultaneously increases the tone of formerly 
fl accid muscle supportive to the joint and also provides 
pleasant, sensory paresthesia covering a portion of the joint. 
These techniques remain experimental; the benefi ts of their 
use, although exciting for a large and undertreated popula-
tion, remain inconclusive.  

  Median, Ulnar, and Radial Nerves     At and distal to the 
elbow, the peripheral nerves of the upper extremity are 
superfi cial at many points in their courses and thus could be 

easily accessed with a needle. At present there are few for-
mal reports, but growing anecdotal data support the use of 
PNS to treat the sensory components of the nerves of the 
forearm and hand. Patients who suffer from radial nerve 
injury or failed ulnar transposition or carpal tunnel surgery 
may respond very well. Ongoing studies are evaluating treat-
ment possibilities.  

  Saphenous, Sural, Peroneal, and Tibial     The underap-
preciated and often injured appendage of the lower leg 
appears particularly susceptible to neural injury. Metabolic 
syndromes, chemotherapeutic drugs, trauma, and the sur-
geon’s knife all conspire to injure the nerves of the leg. The 
sciatic nerves, particularly proximal to the bifurcation, as 
well as the proximal femoral nerves, can be anatomically 
deep and guarded by mobile muscle. Their access usually 
requires surgical dissection and careful placement of the 
device with robust anchoring within the highly mobile 
milieu. Distal to their deep origins, these nerves course into 
sonographic depth and become accessible to the needle. 
The medial knee hosts the patellar branch of the saphenous 
nerve, useful for those suffering from anteromedial knee 
pain from either surgical or direct trauma. The anterolateral 
knee and inner joint is served by the quite stimulatable 
articular branch of the peroneal nerve. Also amenable to 
the technique is the superfi cial peroneal branch at the lat-
eral fi bular head, the deep peroneal nerve at the extensor 
retinaculum (the anterior tarsal tunnel), and the tibial nerve 
(and thus plantar nerves) proximal to the (posterior) tarsal 
tunnel. The common peroneal and tibial nerves can be 
stimulated just below the popliteal fossa, but require exten-
sive tissue dissection. Smaller generators have made it pos-
sible to place distal generators more comfortably and nearer 
to the electrode array, with less need to tunnel across the 
hip or knee.    

26.3     Risk Assessment 

•     The patient who may be high-risk for epidural lead place-
ment or major neurosurgical interventions may be a better 
candidate for PNS. The risks are more limited, but careful 
preoperative planning is still necessary.  

•   Lead placement may injure the peripheral nerve or its 
fi bers, leading to continued or worsened pain.  

•   Skin infection is the most common problem with PNS 
and PNfS.  

•   Skin erosion may occur when the lead, anchor, or genera-
tor irritates the skin, causing a cellulitis and potential skin 
breakdown.  

•   Pain at a component of the device may lead to a decreased 
use of the device, decreased function, and a need to revise 
the system.     
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26.4     Risk Avoidance 

 The risk of PNS and PNfS is limited, but it is still important 
to evaluate comorbidities before moving ahead with implan-
tation of the device. Diseases such as diabetes and those 
involving the skin should be optimized prior to moving 
forward. 

 The skin should be examined and inspected for infection 
or other high-risk conditions prior to implantation. If those 
conditions exist, the primary care specialist or a dermatolo-
gist should be consulted prior to moving forward. 

 Nerve injury is very rare with the newer percutaneous 
techniques of lead placement. The lead usually is placed in 
the proximity of the nerve rather than in direct contact. The 
patient should be kept alert during lead placement and the 
needle or lead should be redirected if the patient complains 
of paresthesia. 

 The lead should be placed into the subcutaneous tissue at 
a level below the dermis. The physician should palpate the 
skin while placing the needle, and it is helpful to direct the 
bevel downward prior to engaging the lead. The use of leads 
with plastic stylets may allow for easier tissue plane identifi -
cation and placement. Many implanters have begun using a 
technique that eliminates the use of the anchor; instead, a 

loop of nonabsorbable suture is used to secure the lead 
 placement near the target nerve. 

 Pain at the device can be minimized by carefully examin-
ing the bony structure of the patient prior to implantation. 
The pocket should be in the location that receives the least 
amount of tissue pressure during the patient’s daily activi-
ties. If pain persists, options include the use of topical 
 anesthetics, padding, and, if other methods fail, surgical 
revision. 

 Attention to the planned course of lead tunneling is man-
datory, with consideration especially of strain relief around 
mobile structures such as the neck and peripheral joints.  

    Conclusions 

 The interest in stimulating the peripheral nervous system 
to treat chronic pain has seen resurgence in recent years. 
New areas of research include stimulation of the motor 
nerves to improve function, as well as new devices that 
aim to stimulate only peripheral targets. The number of 
patients who are candidates for neuromodulation will 
increase exponentially if these methods are proven suc-
cessful. New, prospective research is needed going for-
ward, and careful attention to patient selection and 
construct planning is needed in current clinical practice.  
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26.5     Supplemental Images 

 See Figs.  26.1 ,  26.2 ,  26.3 ,  26.4 ,  26.5 ,  26.6 ,  26.7 ,  26.8 ,  26.9 , 
 26.10 ,  26.11 ,  26.12 ,  26.13 ,  26.14 ,  26.15 ,  26.16 ,  26.17 ,  26.18 , 
 26.19 , and  26.20 .                         

  Fig. 26.1    Patient marking for the peripheral nerve stimulation (PNS) 
device pocket and lead target       

  Fig. 26.2    Local anesthetic placement       

  Fig. 26.3    Creation of a pocket for a PNS device       

  Fig. 26.4    Insertion of percutaneous leads in the area of the median 
nerve       

  Fig. 26.5    PNS can be facilitated by identifying the nerve with a nerve 
stimulator, which can be used to guide the fi nal lead placement       

  Fig. 26.6    Mapping of the neuropathic pain is helpful prior to implanta-
tion of the PNS device       
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  Fig. 26.9    Needle orientation and targeting is an essential part of head 
and neck implantation       

  Fig. 26.10    Pectoral pocketing for head and neck implants is often 
desirable to reduce the risks of lead migration       

  Fig. 26.11    Tunneling of the peripheral lead in the head and neck must 
be performed with caution to avoid the vessels in the area of the implant       

  Fig. 26.12    Anchoring of the leads to the fascia behind the ear can lend 
extra stability to the system and can be cosmetically desirable       

  Fig. 26.7    Prepping should be well outside of the target area for implan-
tation of the PNS device       

  Fig. 26.8    Lateral orientation of the needle placement prior to lead 
delivery       
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  Fig. 26.13    Pocketing in an extremity       

  Fig. 26.14    Lead location for chronic postoperative knee pain       

  Fig. 26.15    Trialing lead location (with associated dermatographic 
marking) for bilateral knee pain       
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  Fig. 26.16    Lead placement at the lateral fi bular head for superfi cial 
peroneal nerve stimulation, with pocket creation at the anterolateral 
thigh       

  Fig. 26.17    Lead deployment, tunneling, and pocket plan for supraor-
bital, auricular, and occipital nerve montage       

  Fig. 26.18    Lateral x-ray of supraorbital, auricular, and occipital nerve 
construct       

  Fig. 26.19    Peripheral lead in proximity to axillary nerve and artery 
posterior to the shoulder under ultrasound visualization       

  Fig. 26.20    An example of dermatographic pain mapping. It is essential 
to understand exactly where the patient’s pain lies       
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      Peripheral Nerve Stimulation 
for the Treatment of Knee Pain 

           Timothy     R.     Deer      ,     Jason     E.     Pope     ,     W.     Porter     McRoberts    , 
    Paul     Verrills    , and     Richard     Bowman    

27.1             Introduction 

 Knee pain from neuropathic pathology is a common problem 
after total knee replacement, arthroscopic surgery, and 
trauma. Treatment for this painful, lifestyle-limiting, neuro-
pathic syndrome has included injections, pulsed radiofre-
quency, oral medications such as chronic opioids, physical 
medicine, and additional surgery. Advanced techniques, 
which have been successful in many patients with severe 
pain, have included spinal cord stimulation, intrathecal drug 
delivery, and most recently, dorsal root ganglion spinal cord 
stimulation (DRG-SCS). This focused chapter describes the 
techniques involved in placing a peripheral nerve stimulation 
(PNS) system for the treatment of neuropathic knee pain.  

27.2     Anatomy 

 The knee and its surrounding tissue are heavily innervated. 
This complex network of nerves can lead to complex prob-
lems of neuropathic pain (Fig.  27.1 ). In some settings, the 
nerve pain is limited to one or two nerve distributions. The 
most commonly involved nerves appear to be the saphenous 
and sural nerves and their peripheral branches. These patients 
are ideal to consider for PNS of the knee. In clinical scenar-
ios where the nerve injury leads to a more complicated, com-
plex regional pain syndrome Type II, the use of PNS is less 
likely to give relief, although it could be considered as part of 
a combined technique with DRG-SCS where available, or 
with spinal cord stimulation in the United States.   

  27
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  Fig. 27.1    Anatomy of the knee and its 
innervation       
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27.3     Patient Selection 

 The ideal patient for consideration of PNS to treat knee 
pain can be identifi ed by several characteristics. The 
patient should complain of burning knee pain in the distri-
bution of a defi nable nerve or nerve branch. The examina-
tion should demonstrate evidence of abnormal nerve 
function, either nerve hypersensitivity or a loss of sensa-
tion. Attempts to treat the pain with physical medicine, 

reasonable oral and topical medications, and other conser-
vative measures should be unsuccessful or unacceptable. 
The predictive ability of a nerve block to determine a 
proper candidate has not been proven in any prospective 
study, but algorithms exist (Fig.  27.2 ). The patient should 
not have any defi nable contraindications to PNS. (The use 
of PNS may be possible in some patients who are not can-
didates for spinal cord stimulation because of comorbidi-
ties or increased risks.)   

Diagnostic block infrapatellar branches of the saphenous and
the articular branch of the peroneal nerve

Perform aspiration sent to pathology and
intrarticular local anesthetic knee injection under fluoroscopy

Continue with extra-knee sources for pain:
Hip, radicular L4, referred pain, CRPS

Post surgical knee pain, > 6 months

Relief?

Relief or positive aspirate

Send to orthopedic surgeon

No relief?

Reblock peripheral branches with steroid or PRP

Long lasting?

Repeat if required

Transient?

Trial SCS-DRG or PNS/PNfs

No relief?

  Fig. 27.2    Postsurgical knee pain work-up algorithm using a diagnostic nerve block.  CRPS  complex regional pain syndrome,  PNfs  peripheral nerve 
fi eld stimulation,  PRP  platelet rich plasma       
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27.4     Technical Overview 

 The patient should undergo normal preoperative evaluation 
and testing. Attention should be given to hemostasis and 
infection risks. The integrity of the skin should be consid-
ered, and the absence of open lesions should be noted. 
Further, the presence of infectious postoperative knee com-
plications should be fully interrogated and patient optimiza-
tion should occur. 

 Once the patient has been deemed an appropriate candi-
date for the procedure, the use of preoperative antibiotics is 
recommended. The patient is brought to the operating theater 
after carefully mapping the nerve and pain distribution. If a 
conventional or new experimental trial is considered with 
PNS leads and no implantable programmable generator 
(IPG), attention is given only to the area of the limb having 
pain. The spacing, size, and number of leads should match 
the patient’s painful area appropriately. 

 In patients who have already undergone a trial, the plan-
ning of IPG placement is essential during this time of educa-
tion and discussion. Common places are the medial or lateral 
thigh within the subcutaneous adipose tissue. 

27.4.1     Lead Placement 

 In the early days of PNS implants, one of the authors (TRD) 
used the technique of lead placement on the diseased or tar-
geted nerve. This laborious approach involved making a sur-
gical dissection to the nerve and then placing a unidirectional 
paddle lead over the nerve. Prior to implanting the lead, the 
surgeon had to create a fascial graft to insulate the nerve. 
This approach led to an initial good outcome in most patients, 
but unfortunately, over time the nerve would become hyper-
sensitive and the lead would become unusable. In modern 
PNS placement, advancements in programming have allowed 
a much less invasive approach. This method involves using a 
styletted needle to place a lead percutaneously close to the 
vicinity of the nerve, with fl uoroscopic landmarks or ultra-
sound guidance. Once the lead is in place, intra-operative 

computer testing using various pulse-width, frequency, and 
electrode combinations are used to confi rm appropriate 
nerve activation. The lead is sutured to the skin close to the 
entry point to enable evaluation of pain relief and functional 
improvement over a trial lasting 3–14 days.  

27.4.2     Permanent Implant 

 A successful trial, characterized by a reduction in pain 
scores greater than 50 %, is usually followed by scheduling 
of the patient for a permanent implant. The lead placement 
for the permanent implant is performed in the same fashion 
as the trial. The lead position is determined by the hard-
copy x-ray saved after trial placement. In some cases, the 
fi nal lead placement may be modifi ed based on feedback 
from the trial paresthesia. Once the lead is placed, hand-
held programming is performed to document appropriate 
coverage. When the fi nal lead position is determined, a cut-
down is made in the area proximal to the electrodes. In this 
incision, the physician must use blunt dissection to identify 
fascia, which will be the point of anchoring for the suture to 
secure the lead. Anchoring can be performed with a nonab-
sorbable suture directly to the fascia and lead, or a commer-
cial Silastic anchor can be used. If an anchor is used, the 
implanter must pay careful attention to the skin quality and 
tissue depth to ensure that adequate tissue covers the anchor, 
as the risk of an anchor is skin erosion. Once the lead is 
anchored, a strain relief loop is made with the lead, and the 
lead is tunneled to the pocket. Current devices require an 
IPG, so careful planning is needed to reduce the tunneling 
distance from the implant. Once the lead and generator are 
connected, a sterile hand-held programmer can be used to 
retest the paresthesia coverage and impedance. Impedance 
numbers less than 1500 are normally associated with accept-
able tissue contact. When testing is concluded, the wound is 
vigorously irrigated and good hemostasis is established. At 
this time, a two-layer or three-layer closure should be per-
formed and proper dressings placed (Figs.  27.3 ,  27.4 ,  27.5 , 
and  27.6 ).       
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  Fig. 27.3    Knee innervation with eight contact leads placed at possible 
locations       

  Fig. 27.4    Radiograph of lead placement (Courtesy of Paul Verrills)       

  Fig. 27.5    Radiograph of lead placement (Courtesy of Jason Pope)       

  Fig. 27.6    Intraoperative view of lead placement with anchoring of 
leads and planned IPG placement (Courtesy of Richard Bowman and 
Timothy Deer)       
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27.5     Risk Assessment 

 A number of risks related to the implantation of the PNS 
system can result in failures and complications:

•    This procedure is indicated in patients with nerve trauma 
in the knee. In patients with recent surgery, the possibility 
of an underlying infection or unstable joint should be con-
sidered before placing an implant.  

•   Skin integrity is very important in the area of the lead 
implant, tunneling, and pocketing. Poor quality of the 
skin or the presence of infection or disease can lead to a 
failed implant.  

•   Bleeding can occur in patients taking medications that 
impact clotting or those who have diseases that change 
hemostasis.  

•   Placing a pocket in the medial thigh is often a good choice 
because of body fat distribution, but the patient’s gait, 
clothing choices, and cosmesis should be considered.  

•   A pocket that is too small may lead to pain, tissue necro-
sis, and erosion of the metal through the skin.  

•   Failure to anchor the IPG to the fascia can lead to fl ipping, 
may create diffi culty in programming or recharging, and 
could move the lead.  

•   Poor anchoring of the lead can cause migration. Poor 
anchoring can occur when fascia is not identifi ed in the 
dissection. In some patients, however, poor tissue quality 
related to poor nutrition, smoking, or diabetes also can 
result in lead migration.     

27.6     Risk Avoidance 

 Steps taken before and during the implantation of the PNS 
system can help in avoiding failures and complications from 
the known risks:

•    Before receiving a PNS implant, reasonable conserva-
tive treatments should have failed or have been 
unacceptable.  

•   The knee should be evaluated for underlying infection or 
an unstable prosthetic joint.  

•   Proper management of clotting and bleeding risks, includ-
ing attention to medications and disease modifi cation, 
should be addressed in the preoperative period.  

•   The avoidance of pocket bleeding can be achieved by 
attention to preoperative clotting indices, careful handling 
of the tissue during dissection, and hemostasis by electro-
cautery, suturing of vessels, and tissue pressure to clot 
small bleeding vessels that may not be initially obvious.  

•   Seroma cannot always be avoided, but the likelihood of this 
problem can be reduced by careful attention to detail when 
dissecting the pocket. The tissue should be handled care-
fully, electrocautery should be used judiciously, and bleed-
ing vessels should be controlled prior to wound closure. It 
is also important to size the pocket properly for the device. 
Tissue pressure in the postoperative period may be helpful 
in reducing seroma. Elevating the limb also may be helpful 
in reducing swelling and possible fl uid in the pocket.  

•   The lead should be anchored securely to the fascia with or 
without the use of a commercial anchor.  

•   The IPG should be anchored to fascia and oriented to 
reduce the possibility of skin irritation from edges or 
ridges in the device or header.     

    Conclusions 

 The treatment of neuropathic knee pain can be achieved 
by conventional spinal cord stimulation, DRG-SCS, or 
high- frequency stimulation, but in some patients, the 
option of treating this pain in the periphery is more attrac-
tive. If the pain can be mapped to a nerve distribution, or 
if invasion of the neuraxis is deemed too risky, the use of 
PNS can be a very helpful technique. New devices that 
are self-contained and do not require an IPG may be 
attractive choices going forward.     
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      Neurostimulation of the Upper 
Extremity by Conventional Peripheral 
Nerve Stimulation 

           Nameer     R.     Haider     and     Timothy     R.     Deer     

28.1             Introduction 

 The etiology of upper extremity pain is complex and includes 
numerous disease processes. The presence of burning, shoot-
ing, or lancinating pain is more consistent with neuropathic 
pain and greatly focuses the differential diagnosis and poten-
tial treatment. Neuropathic pain is often function limiting 
and is usually exacerbated in the evening hours, which may 
limit sleep. The pain algorithm for these conditions includes 
oral and topical agents, physical medicine, and surgical 
nerve release. In many cases these innervations fail and the 
need to consider neurostimulation should be on the physi-
cian’s radar. 

 This intractable neuropathic pain of the upper limb may 
be caused by peripheral neuropathy, nerve entrapment, 
peripheral nerve trauma, spinal nerve root injury, or complex 
regional pain syndrome. Any chronic peripheral nerve 
entrapment such as carpal tunnel syndrome, radial nerve 
injury after humeral neck fracture, or ulnar nerve entrapment 
may cause this condition. Postsurgical adhesions or scars 
resulting from ulnar transposition or carpal tunnel surgery 

can be causes of these issues and are often worsened by 
repeat surgical exploration. Chronic shoulder pain may occur 
after dislocation, shoulder surgery, or poststroke shoulder 
subluxation or as a result of adhesive capsulitis and chronic 
rotator cuff syndrome. 

 The consideration of neurostimulation often involves con-
ventional spinal cord stimulation (SCS) at levels that range 
from C2 to T1. New technology in Europe and Australia has 
involved SCS at the dorsal root ganglion. This method may 
become the chosen method of upper extremity neuromodula-
tion in the future because of the ability to stimulate discrete 
areas of nerve pain without unwanted parasthesias in other 
areas of the limb. In addition to spinal-based systems, the use 
of peripheral nerve stimulation (PNS) is increasing. The 
advantage of PNS is the reduction in risks by avoiding the 
need to invade the spine. The disadvantage is the limits of 
stimulating only specifi c nerves, which may not be success-
ful when pain is outside the nerve distribution. This chapter 
is a demonstrative, focused discussion of placing the leads 
on select common peripheral nerve targets in the upper 
extremity.  
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28.2     Technical Overview 

 The most important parts of performing PNS of the upper 
extremity are critical to good success and include (1) know-
ing the anatomy of the upper extremity; (2) understanding 
patient selection; (3) learning the techniques of both surgical 
and percutaneous nerve implantation and the value and 
selection of each method; and (4) understanding the proper 
technique in placing the lead in the desired location. 

 In this brief chapter we have chosen to show the best 
methods for lead placement for the most utilized surgical 
techniques. 

28.2.1     The Method of Peripheral Ulnar, Radial, 
and Median Nerve Stimulation 

 The most common causes of pain in the hand from peripheral 
nerve disease arise from postsurgical nerve entrapment or 
direct trauma to a nerve. The median and ulnar nerves are the 
most commonly involved structures (Fig.  28.1 ). PNS can be 
performed by either a surgically placed cuff lead or a periph-
erally placed lead adjacent to the nerve. Placement should be 
based on pain distribution, but selection can be enhanced by 
electromyelogram and nerve conduction studies.  

 A possible location for stimulation of radial and median 
nerves in the forearm for treatment of hand pain is shown in 
Fig.  28.2 .   

28.2.2     The Method of Suprascapular Nerve 
Stimulation for Treatment of Chronic 
Shoulder Pain 

 The suprascapular nerve can be a major factor in treating 
many painful shoulder conditions. The implanter must under-
stand the bony anatomy of the shoulder and the nerve course. 
Fluoroscopic- or ultrasound-guided imaging is used to locate 
the suprascapular notch. The suprascapular nerve is located 
beneath the transverse scapular ligament in the scapular notch. 
Using a medial to lateral approach, the lead is placed entering 
over the medial scapula lateral to the upper thoracic spinous 
processes, traveling just superior and anterior to the spine of 
scapula, with electrode contacts overlying the suprascapular 
nerve in the scapular notch and supraspinous fossa (Fig.  28.3 ).  

 The axillary nerve has a mixed purpose of both motor and 
sensory function (Fig.  28.4 ). In recent years implant of a PNS 
system to treat both shoulder motor dysfunction from stroke 
and pain from humeral head trauma has been described.    

Right elbow normal
anatomy (medial view)

Ulnar nerve

Tunnel of guyon

Humerus

Medial
epicondyle

Cubital
tunnel

Ulnar
nerve

Pronator
teresRadius

Ulna

  Fig. 28.1    Ulnar nerve course in the distal and proximal upper 
extremity       
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  Fig. 28.2    Median nerve and radial 
nerve distribution       
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  Fig. 28.3    Suprascapular nerve       
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  Fig. 28.4    Axillary nerve       
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28.3     Risk Assessment 

     1.    The patient with a high risk for epidural lead placement or 
major neurosurgical interventions may be a candidate for 
peripheral nerve placement in the upper extremity. In 
some disease states the implant of any lead, even in the 
periphery, may be too high risk.   

   2.    Skin infection is the most common problem with 
PNS. The skin condition in the area of the implant should 
be examined.   

   3.    Nerve injury of the peripheral nerve or its fi bers is a pos-
sible complication of PNS lead placement.   

   4.    Injury to vascular structures is possible and may lead to 
critical limb ischemia.   

   5.    Skin erosion may occur when the lead, anchor, or genera-
tor causes skin infl ammation and breakdown. The skin 
health and tissue integrity are key factors in the preopera-
tive evaluation.   

   6.    Pain from device components may cause a need for device 
revision.   

   7.    It may be diffi cult to implant the internal pulse generator 
in the upper extremity owing to the size of generator and 
the small size of the extremity and lack of body fat in that 
region.      

28.4     Risk Avoidance 

     1.    PNS leads can be placed percutaneously in the vicinity of 
the nerve to avoid direct nerve contact that in some cases 
can reduce the impact of scar. In cases in which the lead 
must be placed directly on the nerve a fascial graft may be 
helpful in stabilizing the stimulation pattern, although this 
technique is diffi cult to perform and has questionable 
long-term outcomes.   

   2.    The risks of peripheral nerve stimulation (PNF) and 
peripheral nerve fi eld stimulation (PNFS) are limited; 
however, it is still important to evaluate comorbidities 
prior to moving forward with the implantation of a device. 
Comorbidities such as diabetes and those involving the 
skin should be optimized prior to moving forward.   

   3.    The patient should be alert and awake during the place-
ment, and the needle and lead should be redirected if the 
patient complains of paresthesia. Only the entry site 

should be anesthetized, and the area where the lead is to 
be implanted adjacent to the nerve should not be anesthe-
tized in order to prevent injury.   

   4.    The lead should be placed into the subcutaneous tissue at 
a level below the dermis. The use of needle with a plastic 
stylet may improve the ability to direct the lead in a cur-
vilinear fashion adjacent to the peripheral nerves.   

   5.    The use of ultrasound guidance may enable easier tissue 
plane identifi cation and optimal lead placement.   

   6.    A loop of nonabsorbable suture may be used for the 
anchoring instead of traditional spinal anchors, which 
may erode adjacent structures and skin.   

   7.    Carefully examine the bony structure prior to device 
implantation. The implantable programmable generator 
(IPG) pocket should be in a location that receives the least 
amount of tissue pressure or movement during the 
patient's daily activities. If pain persists after implanta-
tion, options include the use of topical anesthetics, topical 
patches, compounded pain creams, padding, and surgical 
revision.      

    Conclusions 

 A successful outcome with patients suffering from arm 
and shoulder pain can be achieved with SCS and PNS. The 
method of lead placement, pain target, generator place-
ment, and lead programming may all play a critical role in 
the long- term effi cacy of the device. The clinician must be 
an active problem solver in these situations and must 
actively adapt to the patient’s response.     
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      Ultrasound Guidance for the Placement 
of Peripheral Nerve Stimulation Devices 

           Mayank     Gupta     and     Timothy     R.     Deer     

         Placement of implantable devices in the spine has become an 
integral part of the pain care algorithm for those suffering 
with neuropathic pain. In some settings, the use of a device 
in the spine is not the initial choice for neuromodulation. 
Using a spinal cord stimulation device to treat specifi c 
peripheral nerve–related conditions raises two issues: (1) 
Some regions of the body, such as the occipital nerve and the 
intercostal nerve, are very diffi cult to stimulate with a central 

target. (2) The risks of central neuraxis injury should be con-
sidered in the analysis of benefi ts versus adverse events. 
These two issues have led many implanters to prefer placing 
the lead in the direct vicinity of the nerve involved in the pain 
pattern distribution. This technique can be achieved using 
landmarks, nerve stimulation, or ultrasound-guided place-
ment. This chapter will focus on ultrasound guidance of 
peripheral lead placement. 
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29.1     History 

 Peripheral nerve stimulation (PNS) began as a very inva-
sive method. The implanter would make an incision, dis-
sect to the nerve, harvest a piece of fascia, and wrap the 
nerve in fascia prior to placing the lead just above the 
nerve (Fig.  29.1a ). This invasive technique led to tissue 
trauma, and in many cases scar tissue formed and led to 
increased sensitivity or high impedance and lack of 

 paresthesia (Fig  29.1b ). Over time, the placement of PNS 
devices evolved to placement based on landmarks. 
Ultrasound- guided PNS grew out of the use of this tech-
nology to place nerve blocks in the operating room. The 
logical progression was to bring this pinpoint method to 
placing catheters for chronic pain and eventually placing 
PNS leads. Ultrasound guidance thus is important because 
it makes it possible to reduce the invasiveness of the 
procedure.   
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  Fig. 29.1    ( a ) Dissection of 
muscles in the buttock. ( b ) 
Dissection to the popliteal nerve 
for open technique nerve 
placement       
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29.2     Technical Overview 

 Ultrasound guidance technology can be used for many periph-
eral nerve targets, including the occipital nerve, ilioinguinal 
nerve, intercostal nerve, axillary nerve, median nerve, ulnar 
nerve, sciatic nerve, posterior tibial nerve, common peroneal 
nerve, and saphenous nerve. The basic principal is the same: 
First, the nerve location is identifi ed under ultrasound guid-
ance and then a peripheral electrode is placed in closed prox-
imity. It has most often been observed that best stimulation is 
achieved by placing the electrode perpendicular to the course 
of the nerve. Initially, a three and one half–inch 22G spinal 
needle is used to visualize the path, and then a 14G needle 
should be placed in the same direction under ultrasound guid-
ance. The 22G needle is used as a safety precaution in the 
event of invasion of the nerve or a blood vessel.  

29.3     Technique Examples 

 Ultrasound guidance is especially helpful for initial place-
ment of the PNS lead, as illustrated by the following 
examples. 

29.3.1     Occipital Nerve Stimulation 

 The patient is placed in the prone position. The ultrasound 
probe is placed just lateral to the occipital protuberance bilat-
erally. The probe is gradually moved laterally to visualize the 
pulsation of the greater and lesser occipital artery. The nerve is 
in close proximity to artery pulsation and on the medial aspect 
in most patients. In the plane approach, the lead is placed per-
pendicular to the course of the occipital nerve (Fig.  29.2 ).   

29.3.2     Ilioinguinal Nerve Stimulation 

 The patient is placed in the supine position. The ultrasound 
probe is placed 2 cm medial and 2 cm inferior to the ante-
rior superior iliac spine. Under ultrasound guidance, the 
plane between the internal oblique muscle and the trans-
verse abdominis muscle is visualized and its depth is 
gauged and marked. At the same depth, the lead is passed 
under ultrasound guidance in the same plane and perpen-
dicular to the inguinal ligament (Fig.  29.3 ).   

29.3.3     Common Peroneal and Posterior tibial 
Nerves 

 The patient is placed in the prone position. The ultrasound 
probe is placed about 5 cm proximal to the popliteal crease. 
The popliteal artery pulsation is visualized and its depth is 
gauged. Both the common peroneal nerve and posterior tib-
ial nerves are superfi cial to the artery. The lead is placed 
more medial for individual stimulation of the posterior tibial 
nerve, and more lateral for the common peroneal nerve. If 
the ultrasound probe is moved more proximally, the common 
peroneal nerve can be visualized joining the posterior tibial 
nerve and forming the sciatic nerve (Fig.  29.4 ).   

29.3.4     Saphenous Nerve 

 The patient is placed in the prone position. The ultrasound 
probe is placed about 5 cm proximal to the popliteal crease 
on the medial aspect. The sartorius muscle is visualized. The 
lead is placed adjacent to the sartorius muscle, perpendicular 
to the course of the muscle (Fig.  29.5 ).    
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  Fig. 29.3    Transducer approach and US image of ilioinguinal anatomy       

a b

  Fig. 29.2    ( a ) Out of plane position of transducer to locate the occipital nerve. ( b ) Highlighted US image of greater occipital nerve, and the sur-
rounding anatomy       
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  Fig. 29.4    ( a ) Axial slice of 
right LE 8 cm above the knee. 
( b ,  c ) US-guided image and 
fi gure representation 
of ultrasound probe orientation         
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29.4     Electrode Positioning and Permanent 
Device Implantation 

 Once the lead is placed as described above for the applicable 
nerve, minor changes can be made in electrode position 
based on stimulation pattern. For permanent implantation, a 
small incision is made at the needle entry site and the fascia 
is exposed. The lead is anchored to the fascia using nonab-
sorbable suture. In most settings, an anchor is not used, 
because of the risk of tissue erosion. The internal program-
mable generator site varies, based on patient choice, the area 
of the body, and physician preference. Commonly used 
pocket sites for battery placement are the upper thoracic area 
and low back for occipital nerve stimulation, the anterior 
abdomen for the ilioinguinal nerve, and the posterior thigh or 
buttock for the sciatic and saphenous nerves.  

29.5     Risk Assessment 

 Ultrasound-guided PNS is still new in the fi eld of modern 
pain management. No major complications specifi c to the 
use of ultrasound guidance have yet been reported. The risk 
of complications for PNS is similar to that of other periph-
eral implants, but it is likely that the risk of nerve injury or 
bleeding is less with ultrasound guidance, particularly using 
Doppler technology to identify blood vessels. As with any 
implant, the risk of infection should be considered.  

29.6     Risk Avoidance 

 Prior to implantation, the physician should evaluate the integ-
rity of the skin in the local area and rule out infection or skin 
breakdown. As with other surgical techniques, intravenous 

antibiotics should be given within the hour prior to skin inva-
sion. The clinician should have proper training and accept-
able operating skill prior to placing the implant, and the 
physician should be especially familiar with the anatomy of 
the implant area. Vessel depth and nerve anatomy should be 
identifi ed prior to lead placement. Seeker needles are helpful 
in reducing the risk of needle trauma prior to implantation. A 
conversant patient is helpful in improving safety in these 
cases, as injury to a peripheral nerve will cause a 
paresthesia.  

    Conclusion 

 The introduction of ultrasound enables individual periph-
eral nerves to be stimulated in a safe, effective, and mini-
mally invasive way. With improving technology, 
ultrasound guidance will become a more common method 
of providing this important implantation technique.     
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      High-Frequency Electric Nerve Block 
to Treat Postamputation Pain 

           Amol     Soin      ,        Zi-Ping     Fang     ,     Jonathan     Velasco     , 
and     Timothy     R.     Deer     

         The use of peripheral nerve stimulation (PNS) has been a 
part of neuromodulation for over three decades. Initially, 
the therapy was offered by a very invasive method involv-
ing a cut down to the nerve and the placement of a large 
paddle lead directly adjacent to the nerve fi bers. This 
method fell out of favor, as the low-frequency stimulation 
sometimes caused pain with nerve activation, or a lack of 
stimulation occurred secondary to increasing impedance. 
In recent years, the use of PNS with percutaneous leads has 
changed the situation: With the advent of improved pro-
gramming and platforms, the implanting doctor can create 
pain relief by placing a lead in the area near the nerve by 
landmarks, ultrasound, or nerve stimulation. This method 
has been more successful, but new solutions are still needed 
to treat patients with severe pain of the limb after trauma. 
This chapter illustrates an option to treat postamputation 
pain using high-frequency (10 kHz) electrical nerve block 
via a surgically implanted, minimally invasive peripheral 
nerve cuff electrode. 

30.1     Introduction and Scope 
of the Problem 

 Currently, about 2,000,000 patients in the United States have 
major limb amputations, and approximately 185,000 new 
amputations are performed annually [ 1 ]. After amputation of 
a major limb, many patients develop debilitating, chronic 
pain disorders such as residual limb or phantom limb pain. It 
is been estimated that residual limb pain is experienced by up 
to 76 % of major limb amputees [ 2 ]. These disabling condi-
tions have proven diffi cult to treat despite many modern 
advancements in medicine. 

 The algorithm to treat residual limb pain includes opioid 
analgesics, anticonvulsants, NSAIDs, physical therapy, spi-
nal cord stimulation, pulsed radiofrequency of the dorsal 
root ganglion, dorsal root ganglion spinal cord stimulation, 
intrathecal drug delivery, and dorsal root entry zone (DREZ) 
lesioning. Patients may also undergo amputation revision 
surgeries or neurectomy to remove painful neuromas, proce-
dures that have shown limited and inconsistent results.  

30.2     Pathophysiology 

 Postamputation pain is usually divided into two different 
types of painful conditions: phantom limb pain and residual 
limb pain, which presents at the end of the stump. After an 
amputation, a neuroma forms at the distal end of the severed 
nerve. This neuroma may fi re abnormal action potentials, 
which cause unpleasant sensations such as phantom or resid-
ual limb pain [ 3 ]. Residual limb pain may be exacerbated 
with palpation or pressure placed directly on a neuroma—
such as when patients use their prosthetic devices—which 
can limit the patient’s ability to maintain activities of daily 
living. 

 Spinal or central nervous system mechanisms also may 
infl uence residual limb or phantom pain. Neuromas or dam-
aged peripheral nerve tissue can lead to degeneration of C 
fi bers in the dorsal horn of the spinal cord and terminating A 
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fi bers, which may subsequently branch into the same lamina. 
The A fi ber inputs may then be reported as noxious stimuli 
that may lead to hyperexcitability of the spinal cord, thus 
producing chronic pain [ 4 ]. The result can be a change in the 
wide dynamic range nerve fi bers that makes the condition 
progressively more diffi cult to treat. 

 Additionally, peripheral mechanisms may infl uence post-
amputation pain conditions. At the end of a severed periph-
eral nerve, a neuroma may form. On this neuroma, there is 
often a proliferation of sodium channels, which can transmit 
signifi cant abnormal and unwanted action potentials that can 
be perceived as a painful sensation. If these action potentials 
could somehow be blocked, then the painful condition could 
be eliminated. This is the established mechanism of action 
for high-frequency electric nerve block in the periphery to 
achieve pain reduction. The cuff electrode is attached to a 
targeted nerve proximal to a neuroma located near the ampu-
tation stump to block the pain signals originating in the 
residual limb. Unlike other forms of PNS, this high- frequency 
method leads to a major change in the nerve signal.  

30.3     High-Frequency Electric Conduction 
Block: Mechanism of Action 

 By placing a nerve cuff electrode around a severed periph-
eral nerve proximal to a neuroma and administering high- 
frequency alternating current (HFAC), it is possible to block 
unwanted painful action potentials and prevent neurotrans-
mission of the unpleasant stimuli [ 5 – 11 ]. 

 Drs. Kevin Kilgore and Niloy Bhadra from Case Western 
Reserve University showed that HFAC using sinusoidal 
waveforms could be used to block peripheral motor activity 
in an in vivo mammalian model [ 12 ]. The block threshold 
amplitudes showed a linear relationship with frequency, the 
lowest threshold being at 5 kHz. These pioneering scientists 
showed that HFAC block has three phases: an onset phase, a 
period of asynchronous fi ring, and then a period of steady- 
state complete nerve block. The onset response and the asyn-
chronous fi ring can be minimized by using an optimal 
frequency-amplitude combination [ 13 ]. 

 HFAC block creates a complete depolarizing nerve block 
around the targeted peripheral nerve. Its mechanism of action 
is very similar to that of amide local anesthetics, in that 
HFAC also blocks action potentials. Therefore, the mecha-
nism of action of HFAC electrical nerve block is different 
from that of spinal cord stimulation or traditional peripheral 
nerve stimulation modalities. Also, unlike spinal cord stimu-
lation and traditional peripheral nerve stimulation tech-
niques, the patient feels no paresthesia. The sensation felt by 
the patient after HFAC block is similar to that felt after a 
peripheral nerve block with local anesthetic. 

 With this mechanism of action, HFAC block has been 
applied in humans with amputation stump pain to achieve 
a complete nerve block and prevent neurotransmission of 
pain signals. The result is a blunting of many of the cen-
tral neuroplastic mechanisms discussed above, which may 
result in signifi cant pain reduction, improved function, 
and improved quality of life in the properly selected 
patient.  
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30.4     Feasibility Study 

30.4.1     Patient Selection 

 Following Investigational Device Exemption (IDE) approval 
by the US Food and Drug Administration (FDA) and proto-
col approval by our designated institutional review board, we 
conducted a study to determine the feasibility of using HFAC 

block to achieve consistent and reproducible pain reduction 
in patients with postamputation pain. The eligibility criteria 
for inclusion are listed on Table  30.1 . Since amide local 
anesthetics (such as 1 % lidocaine without epinephrine) 
block action potentials [ 14 ], patients underwent screening 
using local anesthetic nerve blocks proximal to the neuroma 
as a “trial” prior to surgical implantation of the nerve cuff 
electrode (Fig.  30.1 ).

   Table 30.1    Eligibility criteria for study of high-frequency electric 
conduction block   

 Inclusion criteria 
   Amputation of lower or upper limb 
   Chronic pain from amputation for ≥6 months 
   Pain refractory to conventional medical management 
   Severe pain in an amputated limb (worst pain intensity ≥7 on 

0–10 Numerical Rating Scale [NRS]) 
   Frequent occurrence of severe pain (≥2 episodes/week on average 

by recall, confi rmed by screening diary of 2–4 weeks) 
   Signifi cant pain reduction (≥50 % on NRS) after local anesthetic 

injection for temporary nerve block; no signifi cant pain reduction 
after saline injection as a placebo injected prior to the anesthetic 

 Exclusion criteria 
   Pacemaker or other implanted devices 
   Debilitating pain other than pain in amputated limb 
   Pregnancy 
   Inability to accurately and consistently report pain intensity and 

related information 
   High risk of infection due to comorbidity or compromised 

immune state (e.g., chemotherapy) 
   High risk of mortality for general anesthesia (e.g., severe 

cardiopulmonary disease) 
   Infectious etiology for amputation (e.g., osteomyelitis, cellulitis) 
   Uncontrolled diabetic vascular disease or neuropathy 
   Skin graft or severe scarring over targeted implant site 

  Fig. 30.1    The stimulating nerve cuff placed around the sciatic nerve in 
an above-the-knee amputee       

 

30 High-Frequency Electric Nerve Block to Treat Postamputation Pain



208

30.4.2         Preimplant Testing 

 In our fi rst-in-human and pilot studies, the screening local 
anesthetic peripheral nerve blocks used as a trial for HFAC 
block were done under ultrasound guidance. This method 
allowed the practitioner to visualize the neuroma at the end 
of the severed nerve and allowed identifi cation of the loca-
tion, depth, and diameter of the targeted nerve, to help facili-
tate surgical placement of a peripheral nerve cuff (Fig.  30.2 ). 
Other traditional peripheral nerve block modalities would 
also be acceptable ways to complete the “trial” local anes-
thetic block, however. These could include direct infi ltration 
of local anesthetic proximal to the neuroma via palpation 
technique, or the use of a Stimuplex® needle (B. Braun 
Medical; Bethlehem, PA) to complete the peripheral nerve 
block.  

 The location and placement of the cuff electrode depends 
on which of the severed peripheral nerves are transmitting 
the pain signals. Local anesthetic peripheral nerve blocks 
help to identify which nerves are involved in pain transmis-
sion. Once the practitioner achieves signifi cant pain reduc-

tion after local anesthetic blocks to a nerve or group of 
nerves, he or she has a roadmap showing the nerves to which 
the nerve cuff electrode should be attached to achieve effec-
tive pain relief. The metric of success is pain reduction of 
more than 50 % after two local anesthetic peripheral nerve 
blocks. ]  Two local anesthetic blocks are recommended to 
help rule out a placebo effect from a single, one-time injec-
tion. It is also recommended that each block be performed on 
a different day, with the patient fi lling out a pain diary chart-
ing his or her pain reduction and duration of pain relief. 

 After the peripheral nerve is identifi ed and the patient has 
had two successful screening injection blocks with more 
than 50 % pain relief, peripheral nerve cuffs are placed 
around the appropriate nerves. In below-the-knee amputa-
tion patients, painful neuromas typically occur near the com-
mon peroneal and tibial nerves (Fig.  30.3 ). In patients with 
above-the-knee amputations, the sciatic nerve is usually the 
pain generator. 

 For upper extremity amputations, painful neuromas typi-
cally occur around the radial, ulnar, median, or musculocuta-
neous nerves.   

  Fig. 30.3    Peripheral nerve cuffs placed around the common peroneal 
and tibial nerves in a below-the-knee amputee       

  Fig. 30.2    The peripheral nerve cuff electrode       
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  Fig. 30.4    Preoperative ultrasound mapping facilitates small incision 
size. Also note that a tension loop is created at the site, similar to those 
used with spinal cord stimulation implants       

  Fig. 30.5    The internal pulse generator (IPG), which allows up to two 
peripheral nerve cuff electrodes to be implanted in the patient       

30.4.3     Implantation Technique 

 The implantation of the high-frequency PNS device 
requires specialized training in the fi eld of neuromodula-
tion so that implantation can be achieved in a timely and 
minimally invasive fashion. The electrode implantation is 
achieved via surgical dissection to adequately place the 
nerve cuff electrode around the peripheral nerve(s). 
Meticulous attention is required in this surgical dissection 
to ensure that vascular or adjacent nerve structures are not 
damaged when placing the peripheral nerve cuff. These 
risks can potentially be decreased by perioperative ultra-
sound mapping of the patient's vascular and nerve struc-
tures. In clinical studies, a preoperative ultrasound was 
completed in the preoperative holding area to mark the 
location and depth of the targeted nerves. This technique 
allowed faster and more effi cient cuff placement, providing 
the implanting physician with accurate knowledge of the 
nerve depth and location prior to incision. Additionally, 
during the preoperative ultrasound mapping, the surgeon 
can choose to inject 0.1 mL of methylene blue near the tar-
geted nerve so that, after the incision is made and dissec-
tion is carried out to the desired depth, the surgeon can see 
the methylene blue surrounding the targeted nerve. These 
techniques allow for not only more rapid nerve exposure 
(average time for exposure of the targeted nerve was less 
than 10 min) but also a smaller incision (Fig.  30.4 ).  

 Upon exposure of the peripheral nerve, a cuff electrode is 
wrapped around the nerve. The cuff electrode is sized to fi t 
the appropriate nerve, and the diameter of the nerve is con-
fi rmed intraoperatively by direct measurement prior to plac-
ing the nerve cuff around the desired nerve. After cuff 
placement, an impedance check is completed and the cuff is 
secured with one or two nonabsorbable sutures around the 
diameter of the nerve. Caution must be used to ensure that 
the sutures are not placed too tightly around the nerve. A ten-
sion loop is created with the lead, similar to loops used dur-
ing implantation of a spinal cord stimulation lead (Fig.  30.4 ). 
The lead is then tunneled for connection with the pulse gen-
erator (Figs.  30.5  and  30.6 ).    
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30.4.4     Therapy Parameter Settings 

 In our studies, the therapy parameters were set approxi-
mately 1–2 weeks after implantation surgery. During the 
programming process, the amplitude of a 10 kHz waveform 
was gradually increased to achieve pain reduction without 
inducing a sensation of discomfort. This was achieved with a 
5-min linear ramp-up followed by a 25-min plateau of stimu-
lation, with a plateau of 2–7 V. The total therapy session time 
was 30 min. Pain reduction was reported within a matter of 
minutes after the treatment session commenced. The dura-
tion of pain relief per therapy session mirrored the results of 
the peripheral nerve block screening using a rapid-acting 
amide local anesthetic.  

30.4.5     Clinical Outcomes and Conclusions 

 In our IDE-approved pilot study, ten patients were 
implanted. Nine patients received in-clinic testing, and 
seven patients progressed into long-term home use. The 
average NRS pain scale for tested patients decreased from 
5.7–1.4 (out of 10) after HFAC electrical nerve block 
therapy, with 85 % of all testing sessions yielding a pain 
reduction greater than 50 %. 

 Also compelling was the reduction in the patients' medi-
cation dosage. Tested patients noted a very signifi cant reduc-
tion in the use of opioid and other analgesics; several patients 
were able to eliminate opioids and NSAID medications com-
pletely, and all tested patients signifi cantly decreased their 
daily analgesic pill counts. 

 Patients achieved meaningful and signifi cant pain reduc-
tion throughout the study, and patients who had phantom 
pain (in addition to stump pain) that responded to local anes-
thetic injections also responded favorably with HFAC elec-
trical nerve block. In that patient subset, it is thought that the 
phantom symptoms were peripherally generated. Each of the 
tested patients reported that HFAC electrical nerve block 
provided the most signifi cant amount of pain reduction they 
had ever experienced, compared with other pain modalities 
tried since their amputations. 

  Fig. 30.6    Lead placement around a peripheral nerve attached to the 
IPG       
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 At the time of this publication, the high-frequency electric 
nerve block technique is currently investigational, pending 
FDA clearance. The next step for this modality is a pivotal 
trial, with the goal of having this therapy available to the 
mass market upon FDA clearance.      
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      Peripheral Nerve Stimulation 
Miniaturization 

           Tory     McJunkin    ,     Paul     Lynch    , and     Timothy     R.     Deer     

31.1             Introduction 

 As new devices and technologies specifi cally designed for 
peripheral nerve stimulation (PNS) emerge, they promise a 
number of potential advantages over current PNS devices or 
spinal cord stimulation (SCS) devices currently used for 
PNS applications. One emerging trend is the miniaturization 
of the PNS system itself. Such devices present several advan-
tages over larger devices, such as decreased trauma from sur-
gery; easier, less invasive placement; the lack of extensive 
tunneling in some patients; and reduced discomfort from the 
size and weight of the internal pulse generator (IPG) once it 
has been implanted. The miniaturization of the device may 
also make it possible to treat conditions that have been 
untreated up to the present time because of the disadvantages 

or diffi culties using existing systems. PNS devices are also 
currently being tested that use leads made from more fl exible 
materials than traditional neurostimulation leads. Lead fl ex-
ibility may decrease the chance of lead fracture or 
migration. 

 Several advances in PNS miniaturization or PNS technol-
ogy have been investigated or are currently being investi-
gated. Some of these include the Bion implantable 
neurostimulator device, the Bioness StimRouter, the Neuros 
Altius system, and even nonimplantable transcutaneous PNS 
devices like the Electrocore system. On the horizon are 
devices from new thought leaders such as Axionics that com-
bine the advances of current stimulator technology that are at 
present available with smaller generators and more fl exible 
leads.  
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31.2     Boston Scientifi c Bion Implantable 
Neurostimulator Device 

 The Boston Scientifi c Bion is a small cylindrical (27.5 mm 
long × 3.2 mm wide) implantable neurostimulator (Fig.  31.1 ) 
[ 1 ]. The Bion has been studied in clinical trials as a potential 
PNS neurostimulation device. This device contains an elec-
trode and a rechargeable lithium ion battery. This device was 
implanted in the occipital region of nine patients experienc-
ing chronic cluster headache (CCH) that was not adequately 
relieved by preventive medications (Fig.  31.2 ). Of these 
patients, three completed long-term follow-up, with two 
experiencing a reduction of at least 50 % in the frequency of 
cluster headaches at 6 months. The three patients followed 
up continued to experience benefi ts 58–67 months after 
implantation.   

 In another study, nine patients had the Bion implanted in 
the occipital region for chronic migraine, hemicranias conti-
nua, or cluster headaches [ 2 ]. Of these patients, eight com-
pleted the 12-month follow-up with seven of eight obtaining 
fair or better results (at least a 25 % reduction) in reducing 
their disability. Six patients suffering from hemicrania conti-
nua (HC) had the Bion implanted in a crossover study [ 3 ]. In 
long-term follow-up, four of six patients reported substantial 
(≥80 %) reduction in pain severity and another reported a 
30 % reduction. One patient reported a 20 % increase in pain. 
Although these studies examine small numbers of patients 
without randomization, they appear to demonstrate some 
promise of small implantable neurostimulators for treating 
pain, particularly in chronic headache disorders. In addition 
to evidence of its effi cacy, these studies found the Bion to 
generally be safe.  

  Fig. 31.1    The Bion implantable neurostimulator device. For investiga-
tional use only. Not approved for sale in the United States       
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  Fig. 31.2    ( a ) The implant location of the Bion in the occipital region 
for the treatment of chronic headaches. ( b ) AP radiograph of an 
implanted Bion device       
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31.3     Bioness StimRouter 

 The Bioness StimRouter is a single percutaneously inserted 
lead that has three tightly spaced contacts on its head and a 
radiofrequency receiver on its tail [ 4 ]. This device is  currently 
being studied in a clinical trial for post-traumatic or postsur-
gical neuropathic pain of a single peripheral nerve. A patient 
wears an external patch that acts as the generator and trans-
mits radiofrequency energy transcutaneously to power the 
device. The system offers several advantages over existing 
PNS devices. The device implantation is simple and mini-
mally invasive. The device’s small size avoids the discomfort 
to the patient of a larger implanted device. The external pulse 
transmitter avoids the need for an implanted battery and sub-
sequent surgical procedures for battery replacement. 
Disadvantages may include the relatively small surface area 
of the active contacts on its head, the fact that a patient must 
wear an external patch whenever she or he want the device to 
be operational, and the possibility of skin erosion from the 
adhesive of the patch. 

 The StimRouter was tested in an open-label study with 
eight patients suffering from carpal tunnel syndrome and 
chronic pain despite carpal tunnel release and medication 
[ 5 ]. The StimRouter was implanted along the median nerve 
of eight patients (six patients receiving a single StimRouter 
and two receiving bilateral device implantations). Patients 
received 5 days of stimulation with the device, experiencing 
a mean pain reduction of 37 % from baseline on day 5 and 
reduced their oral opioid medication use while receiving 
stimulation. No adverse events were reported. 

31.3.1     Lead 

 The StimRouter consists of a single 15-cm lead with a body 
diameter of 1.2 mm. The lead is made from a platinum- 
iridium alloy covered in silicone tubing. One end of the lead 
contains a single receiver; the other end contains three stimu-
lating electrodes. The stimulating end also has a four-pronged 
polypropylene anchor. This anchor helps ensure that the lead 
stays in place once the device has been implanted. The lead 
is fl exible, making lead migration and fracture less likely.  

31.3.2     External Pulse Transmitter 

 The StimRouter lacks an IPG. Instead the device is powered 
by an external pulse transmitter (EPT). This EPT connects to 
a disposable patch with an adhesive electrode hydrogel. This 
user patch must be replaced every 2–3 days. The EPT and 
patch are placed on the skin over the implanted lead. The 
EPT and user patch transmit transdermal electrical stimula-
tion that is picked up by the lead’s receiver electrode and 

transmitted through the stimulation electrodes to the target 
nerve. A rechargeable battery built into the EPT’s case pro-
vides power.  

31.3.3     Patient Programmer 

 The StimRouter can be turned on or off and the device set-
tings adjusted with a patient programmer. This programmer 
wirelessly communicates with the EPT. During offi ce visits 
a clinician programmer is used to set device parameters for 
delivering effective stimulation. The patient programmer 
allows the patient to make fi ner adjustments to the intensity 
of the stimulation and to switch among up to eight stimula-
tion programs.  

31.3.4     Target Patients for the StimRouter 

 The StimRouter is intended to treat patients with peripheral 
mononeuropathies. These include post-traumatic neuropa-
thies, postsurgical neuropathies, and other neuropathies. 
Patients who experience moderate to severe chronic pain 
limited to a single peripheral nerve may be good candidates 
for this treatment. Patients with appropriate neuropathies 
may be identifi ed by electromyography (EMG) testing or 
diagnostic nerve blocks using local anesthetic. Patients who 
receive signifi cant temporary relief from a nerve block of a 
single peripheral nerve may get relief from a PNS such as the 
StimRouter (Fig.  31.3 ).  

 Possible target nerves for PNSs include:

   Arms: axillary, radial, ulnar, median, digital  
  Legs: femoral, sciatic, saphenous, tibial, sural, deep pero-

neal, common peroneal, superfi cial peroneal, lateral cuta-
neous, posterior cutaneous  

  Trunk: suprascapular, thoracic, intercostal, ilioinguinal, ilio-
hypogastric, gluteal     

31.3.5     Lead Implantation 

 The StimRouter lead is implanted in a 30- to 45-min outpa-
tient procedure. Conscious sedation is generally used during 
this procedure.

    1.    Inserting the stimulation probe (Fig.  31.4 ). An initial 
1-cm incision is made approximately 8–10 cm from the 
target nerve under local anesthetic. A stimulation probe is 
inserted into the incision and guided to the nerve. This 
can be performed under ultrasound guidance. Electrical 
stimulation is sent through the stimulation probe to test 
for paresthesia in the area of the patient’s typical pain.    
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   2.    Inserting the loader (Fig.  31.5 ). Once paresthesia is 
achieved the target area, a loader is inserted over the stim-
ulation probe.    

   3.    Inserting the lead into the loader (Fig.  31.6 ). The probe is 
then removed and the lead is placed inside the loader. The 
rubber ring on the reed containing the lead is rolled back 
to expose the electrodes on the lead. The lead is then used 
to deliver stimulation.    

   4.    Deploying the lead anchor (Fig.  31.7 ). Once paresthesia 
is achieved with the lead, it is ready to be deployed. The 
reed covering the lead is pulled back, exposing the anchor. 
The stimulating end of the lead is now anchored. The 
loader is then removed while applying pressure to the 
skin over the stimulating end of the lead to prevent it from 
moving as the loader is withdrawn. Stimulation can be 
tested again at this point. If paresthesia has been lost, the 

lead must be removed and implantation must begin with a 
new lead.    

   5.    Inserting the tunneling device (Fig.  31.8 ). With the stimu-
lating end of the lead anchored in place, a second 1-cm 
incision is made approximately 10–15 cm away from the 
fi rst incision. This incision will determine the subsequent 
placement of the EPT, so the location should be based on 
consideration for the patient’s anatomy and comfort. 
Local anesthetic is applied to the path between the two 
incisions, and the tunneling device is inserted through the 
second incision to the fi rst incision. The receiving end of 
the lead is placed in the end of the tunneling device and 
pulled through into place.    

   6.    Skin closure (Fig.  31.9 ). Once the receiving end is in 
place, the incisions can be sealed with Steri-Strips or 
sutures.        

  Fig. 31.5    Inserting the loader for Bioness StimRouter placement       

a

b

  Fig. 31.3    ( a ) The Bioness StimRouter peripheral neurostimulator lead. 
For investigational use only. Not approved for sale in the United States. 
( b ) The Bioness StimRouter peripheral neurostimulator EPT and elec-
trode patch. For investigational use only. Not approved for sale in the 
United States       

  Fig. 31.4    Inserting the stimulation probe for Bioness StimRouter 
placement       
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  Fig. 31.6    Inserting the lead into loader for Bioness StimRouter 
placement       

  Fig. 31.7    Deploying lead anchor for Bioness Stimrouter placement       

  Fig. 31.8    Inserting tunneling device for Bioness Stimrouter 
placement       

  Fig. 31.9    Skin closure for Bioness StimRouter placement       
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31.4     Neuros Altius 

 The Neuros Altius is a peripheral neurostimulation device 
that uses high-frequency alternating current (HFAC) to block 
nerve conduction. This device is currently being studied in 
clinical trials. Unlike other electrical stimulation techniques 
for pain relief, HFAC affects different nerve mechanisms. 
Specifi cally a cuff electrode with a diameter from 5 to 12 mm 
is placed around a peripheral nerve (e.g., sciatic nerve, com-
mon peroneal nerve; Fig.  31.3 ). The fi rst application of this 
device is in the treatment of intractable postamputation nerve 
pain. The cuff is placed proximal to the neuroma (Fig.  31.10 ). 
Whereas conventional PNS relies on the interaction of sen-
sory nerve stimulation with pain signals in the central ner-
vous system, HFAC stimulation is more predictable because 
it directly blocks conduction of pain signals within the 
peripheral nervous system [ 6 ]. Preclinical studies in animal 
models (e.g., rats) have demonstrated the effi cacy of HFAC 
for relieving pain [ 7 ].  

 In a study of ten lower limb amputees with chronic severe 
pain in the amputated limb, the Neuros Altius was placed on 
the sciatic nerve (for above-knee amputees) or tibial and 
common peroneal nerves (for below-knee amputees; 
Fig.  31.11 ) [ 8 ]. Patients completed an average of four ses-
sions of neurostimulation per week over a period of 3–12 
months. Patients experienced at least 50 % pain relief during 

92 % of the stimulation sessions. Four patients were able to 
discontinue pain medications. The pain relief produced from 
brief (10–30 min) HFAC stimulation resulted in relief 
extending for minutes or hours after use. No safety issues 
were reported. Although randomized clinical trial data are 
required to draw fi rm conclusions regarding effi cacy the effi -
cacy of HFAC neurostimulation, devices such as the Neuros 
Altius appear promising for relieving some types of nerve 
pain (Fig.  31.12 ).    

  Fig. 31.10    The Neuros Altius cuff electrode       
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  Fig. 31.11    The Neuros Altius implant placement in a below-knee 
amputee       

  Fig. 31.12    The Neuros Altius HFAC stimulator       
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31.5     Other Advances 

 Many other recent neurostimulation devices have undergone 
similar miniaturization and changes to become less invasive. 
Although it does not target a conventional peripheral nerve, 
ElectroCore’s gammaCore is a noninvasive vagus nerve 
stimulator (nVNS; Fig.  31.13 ). This device delivers electri-
cal signals to the vagus nerve to treat primary headache [ 9 ]. 
A microwave-powered neural transmitter small enough to be 
injected via syringe has been tested in animal studies [ 10 ]. 
This device consists of a 1-cm dipole antenna, 0.8 mm thick, 
with 1-mm platinum balls at each end. A microwave trans-
mitter can deliver stimulation to these electrodes from out-
side the body. This device has been found capable of 
activating motor nerves through over 5 cm of tissue.  

 Other advancements in PNS treatment may come from 
other therapies used in conjunction with PNS. For example, 
the use of regenerative treatments, such as stem cell ther-
apy, in combination with PNS device implantation may 
offer advantages for certain patients. Recent research sug-
gests that pulses of electrical stimulation can improve the 
viability of oligodendrocytes [ 11 ]. The use of neurostimu-
lation after the transplantation of mesenchymal stem cells 
led to greater functional improvement in patients with spinal 
cord injury than stem cell therapy alone [ 12 ,  13 ]. In addition, 
autologous injections of platelet-rich plasma (PRP) have 
been found to reduce the risk of infections when injected 
during spinal implant surgeries [ 14 ]. This may be due to 
the fact that, in addition to its potential healing properties, 
the platelets concentrated in PRP also contain antimicrobial 

proteins (e.g., β-lysin) [ 15 ]. Given the potentially serious 
consequences of infections during procedures such as device 
implantation, the use of PRP during implantation may be 
helpful for patients at greater risk of infection during PNS 
device implantation.  

  Fig. 31.13    ElectroCore gammaCore nVNS       
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    Conclusion 

 Although current PNS devices can be effective in reliev-
ing pain, these devices face various limitations based on 
the size and weight of the implanted device and the need 
for invasive procedures to replace device components. 
Ongoing advancements in PNS devices, such as miniatur-
ization, external device components, and new modes of 
stimulation (e.g., HFAC) will further enhance the benefi ts 
provided by PNS. Smaller devices can be implanted 
through less invasive procedures, reducing the risk of 
infection and other complications as well as the time 
required for implantation. Some implantable devices and 
those that remotely power the device may allow the treat-
ment of pain in harder to treat areas, such as the head. The 
miniaturization of PNS devices can reduce recovery time 
and the discomfort caused by the device. New lead mate-
rials and designs, such as fl exible leads, can reduce the 
risks of lead fracture or migration. Taken together, ongo-
ing advancements in PNS devices have the potential to 
improve the safety, comfort, applicability, widespread 
use, and effi cacy of PNS treatment.     
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      Neurostimulation: Stimulation of the 
Cranium and Head: Stimulation 
of the Deep Brain for the Treatment of 
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32.1             Introduction 

 Deep brain stimulation (DBS) is a therapy that has been used 
for more than half a century to treat chronic pain. The fi rst 
use of these treatments occurred in the 1950s when neurosur-
geons stimulated the septal region nuclei in patients with 
psychiatric diseases who also suffered from chronic pain. 
Over the next 20 years, the therapy evolved to include the 
sensory thalamic nuclei to treat pain of neuropathic origin. 
Stimulation of the periventricular grey matter (PVG) has 
generally been recommended for the treatment of nocicep-
tive pain, whereas the sensory thalamus (ST) remains the 
preferred stimulation site for neuropathic pain. Currently 
several new targets are under investigation. Outcomes for 
both facial and extremity pain have been positive with appro-
priate patient and target selection. The use of DBS in the 
neuromodulation algorithm is increasingly helpful to those 
who have severe pain. Because of its invasiveness and the 
risks associated with DBS, it is restricted to a selected group 

of patients in whom conservative treatment of chronic pain 
syndromes has been ineffective. 

 Effective application of DBS requires a thorough knowl-
edge of the theory of modulating the central pain matrix 
including neuroanatomy, neural circuits, and individual tar-
gets involved in pain processing. Many patients have mixed 
pain syndromes of neuropathic and nociceptive character. It 
is now thought that white matter pathways passing through 
the PVG may be involved in stimulation-induced pain relief. 
Increased activation of the medial dorsal nucleus of the thal-
amus, an area associated with the limbic system including 
the amygdala and cingulate cortex, has been observed during 
PVG stimulation. Thus, in addition to activating the descend-
ing opioid system, stimulation of the PVG may also modify 
the patient’s emotional response to pain. The mechanism of 
analgesia elicited by electrical stimulation of the ST is simi-
larly incompletely understood. Its effect may be mediated by 
activation of the inhibitory corticofugal fi bers that prevent 
the pathological spread of painful stimuli.  
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32.2     Technical Overview 

 DBS electrodes are implanted to the desired target using 
either a frame-based or a frameless stereotactic approach. 
Numerous variations in surgical technique—general anes-
thesia versus local anesthesia with or without sedation, use 
of microelectrode recording, use of intraoperative imaging, 
and staging of implantation of electrodes and pulse 
 generators—exist, often determined by surgeon preference 
and the circumstances of the individual patient. A preopera-
tive high- resolution stereotactic magnetic resonance imaging 
(MRI) and/or computed tomography (CT) scan is obtained 
(Fig.  32.1 ). After completion of the imaging and planning, 
the patient is brought to the operating room, where she or he 
is carefully positioned on the operating table and local anes-
thesia along with mild intravenous sedation is administered.  

 Stereotactic localization of bilateral entry points is per-
formed and these areas are then marked. The head is shaved, 
prepared, and draped in the standard sterile fashion. Incisions 
are opened and meticulous hemostasis achieved. Two 14-mm 
bur holes are then drilled bilaterally centered over the prior 
stereotactic localization points. A number of frame, mini-
frame, or frameless systems are now available; however, the 
general principles are similar. Registration is performed with 
the intraoperative navigation station and less than 0.5 mm 
error is preferred. 

 Once exposure is achieved, physiological microelectrode 
recording is performed to achieve optimal electrode position-
ing. It is a key point to remember that the stereotactic coordi-
nates represent the starting point for target identifi cation, but 
that the end target is identifi ed in the operating room. 

 The dura, pia, and cortical surface are coagulated and 
incised on one side, beginning contralateral to the patient’s 

worst symptoms. The trajectory is aligned using the previous 
target and entry projection. Initial depth is commonly set to 
10 mm above target, ensuring that the patient’s blood pres-
sure is normotensive. Electrophysiological activity is typi-
cally used to identify exact targets. This is done by 
microelectrode recording and microelectrode stimulation 
followed by macrostimulation. The microelectrode is 
advanced in a stepwise fashion, continuously recording. A 
DBS electrode is then measured to the appropriate length 
and introduced to the target point (Fig.  32.2 ). Test stimula-
tion is carried out with the goal of minimal adverse effects 
with good therapeutic benefi t. Once the lead position has 
been confi rmed, the outer cannula is withdrawn and a skull 
fi xation device is fastened to ensure that the electrode is held 
fi rmly in place. The leads are connected to temporary exter-
nalized extensions for a trial phase of stimulation.  

 In the postoperative period, close attention to blood pres-
sure control is performed and the postoperative CT or MRI 
performed to confi rm accurate electrode placement and to 
rule out any evidence of intracranial hemorrhage. In general, 
combined stimulation of periventricular gray (PVG) and 
ventral posterior lateral thalamus (VPL) has been superior to 
single-lead stimulation. In most patients a certain subpercep-
tion threshold is needed to produce a pain-relieving effect. If 
appropriate and acceptable pain relief is achieved, the patient 
is brought back to the operating room, where the temporary 
connector is removed and a permanent extension cable is 
used to connect to the lead to the implanted pulse generator. 
A subcutaneous pocket is prepared for the internal generator 
and the extensions are passed through the subcutaneous tis-
sue to connect the system. If the system fails to provide 
relief, the patient is not a candidate for a permanent device, 
and the lead is explanted.  

  Fig. 32.1    Frame-based stereotactic guidance for deep brain lead place-
ment ( left ). Frameless stereotactic guidance for deep brain lead place-
ment ( right )         Fig. 32.2    Final lead placement for DBS target       
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32.3     Risk Assessment 

     1.    Mortality from DBS is a rare complication that occurs in 
less than 0.4 % of patients.   

   2.    Neurological compromise occurs in less than 1.3 % of 
patients on a permanent basis.   

   3.    The most devastating risk of DBS is intracranial hemor-
rhage. Hemorrhages are identifi ed in 2–5 % of patients 
receiving DBS and can occur at the time of implant or at 
the time of removal. Asymptomatic hemorrhage occurs in 
1.9 % of implanted patients, where symptomatic hemor-
rhage occurs in 2.1 % and hemorrhage resulting in death 
or permanent defi cit in 1.1 %. Postimplantation infarcts 
occur in under 1 % of patients [ 1 ].   

   4.    Infection rates vary among institutions and have been 
reported between 1% and 13 %. Infectious complications 
can include meningitis, encephalitis, skin infection, sep-
sis, and death [ 2 ].   

   5.    Hardware-related complications including lead fracture, 
short circuit, and electrode migration occur in under 4 % 
of cases. Loss of effective stimulation coupled with imag-
ing evidence of fracture or persistent high or extremely 
low impedance readings across several contacts of the 
electrode are most indicative of a hardware failure [ 3 ].   

   6.    Less serious but troubling complications include sei-
zures and stimulation-related side effects such as diplo-
pia, nausea, vertical gaze palsies, nystagmus, oscillopsia, 
and blurred vision depending on lead location and stim-
ulation side effects that are often overcome with proper 
programming. In infrequent instances, a misplaced elec-
trode must be surgically relocated to a more effective 
target site [ 4 ].      

32.4     Risk Avoidance 

     1.    Preoperative screening for DBS should be similar to 
screening performed for other neurosurgical procedures 
including preadmission testing, a focus on comorbidities, 
and an evaluation of current medications. Preoperative 
anesthesia consultation is a necessity to improve overall 
outcomes.   

   2.    Prior to surgery the physician should review the patient’s 
medications and ensure that all medical conditions are 
under adequate control prior to moving forward. Drugs 
that affect bleeding should be discussed with the proper 
medical specialist and discontinued when safe and 
advisable.   

   3.    Preoperative and intraoperative antibiotics are recom-
mended. Most infections with deep brain implants resolve 
with proper antibiotics and only if severe and refractory, 
require wound debridement and/or removal of all 
hardware.   

   4.    It is critical to have the patient keep a good diary of the 
pain level and patterns prior to the implant and during the 
course of the trial. The patient should experience signifi -
cant relief of the pain and be educated about the system 
prior to the permanent generator placement.   

   5.    When tunneling the permanent system, the clinician must 
be careful to avoid blood vessels along the path of the 
extension. The carotid and jugular vessels are of particu-
lar concern.   

   6.    The position of the generator pocket should be carefully 
planned to allow patient comfort and to avoid tissue irrita-
tion or skin erosion. Most of these devices are placed in 
the infraclavicular soft tissue superfi cial to the pectoralis 
fascia. In thinner individuals an abdominal or fl ank loca-
tion may be considered.      

    Conclusions 

 DBS has been a treatment option for over 50 years and the 
therapy continues to evolve. Current studies geared 
toward expanding our understanding of DBS for the treat-
ment of pain may lead to improved patient outcomes 
related to better matching of pain patterns with the opti-
mal DBS target. The use of DBS offers hope to those who 
have failed other pain treatment modalities for severe 
neuropathic pain. The use of DBS should be considered a 
last resort when spinal cord stimulation and peripheral 
nerve stimulation are not reasonable options.     
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to Treat Chronic Pain 
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33.1             Introduction 

 Motor cortex stimulation (MCS) is a technique that allows 
physicians to offer treatment to many individuals who would 
otherwise have no treatment options. The increasing use of 
this modality is a refl ection on the safety, perceived good 
outcome, and surprisingly long history of human use. This 
surgical technique has shown good potential in patients suf-
fering from many severe pain conditions including trigemi-
nal neuralgia, poststroke central pain syndromes, phantom 
limb pain, facial pain, pain from injury to the spinal cord, 
and postherpetic neuralgia. 

 Intracranial stimulation, which includes deep brain and 
MCS targets, is not a new option for patients. These tech-
niques were fi rst used experimentally in the deep brain in 

1954 and were actually described prior to the much more 
accepted method of spinal cord stimulation. Although many 
consider MCS to be a new or novel treatment option clini-
cally, the procedure was fi rst reported in 1991 [ 1 ]. Their work, 
and that of other pioneers, showed that stimulation of the sen-
sory cortex gave equivocal results, and was not as helpful as 
direct stimulation to the motor and premotor cortex. Modern 
outcome studies have shown success with this treatment 
option in more than 60 % of those suffering from poststroke 
pain and greater than 75 % in those with persistent trigeminal 
neuropathic pain refractory to other treatments [ 2 ]. 

 Current studies are ongoing to evaluate the use of MCS 
for other diseases of the neurological system such as trau-
matic brain disorders, essential tremor, obsessive- compulsive 
disorder, depression, and dystonia.  
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33.2     Technical Overview 

 Once the patient is identifi ed as a candidate for the proce-
dure, and has undergone appropriate neuropsychological 
screening, a functional magnetic resonance imaging (fMRI) 
is performed to successfully locate the site in which the 
motor cortex should be activated to treat the specifi c pain 
pattern .  In some settings the implanter may prefer to use a 
conventional MRI to provide anatomical information with-
out adding the functional component. Once these steps have 
been completed, the patient is taken to the operating room. 
The surgery is performed in two stages separated by a trial 
period several days long: (1) tunneled paddle trial and (2) 
implantation of an internal pulse generator. For the implanta-
tion of the paddle lead, choice of neuroanesthetia can range 
from an awake craniotomy procedure to general anesthesia 
with neuromonitoring, depending on surgeon preference. 
Careful attention is given to positioning, preparing, and 
draping (Fig.  33.1 ). The incision is planned over the contra-
lateral motor cortex (i.e., right-sided craniotomy for left- 
sided facial pain) (Fig.  33.2 ). Stereotactic image guidance 
(computed tomography [CT] and/or MRI) is performed pre-
operatively and transferred to the neuronavigational system 
in the operating room. The three-dimensional images are 
reconstructed and coregistration is performed based on sur-
face landmarks. This is essential for obtaining good accuracy 
and localization of the craniotomy (Fig.  33.3 ). A linear inci-
sion is mapped out over the area of the presumed motor strip 
based on external anatomical landmarks. The planned crani-
otomy is outlined and local anesthetic applied to each of the 
three pin sites. After a surgical time-out a linear incision is 
opened sharply along the frontoparietal area and carried 
down to the periosteum. An approximately 4 × 4 cm craniot-
omy is fashioned to allow adequate localization of the desired 
target and suturing and anchoring of leads to prevent migra-
tion. The central sulcus, motor, and premotor areas are local-
ized on navigation to ensure that they are centered in the 
planned craniotomy (Fig.  33.4 ). Bur holes using a pneumatic 
drill are connected with a footplate. The bone fl ap is care-
fully detached from the dura and the dural edges are tacked 
in each quadrant. The neuronavigational probe is then used 
to defi ne the epidural location of the motor and premotor 
regions (Figs.  33.5  and  33.6 ). The intraoperative neuromoni-
toring paddle electrode is placed over the navigation-mapped 
area of the central sulcus and motor strip to identify N20-P20 
phase reversal (Fig.  33.7 ). The premotor and motor areas are 
carefully mapped out and marked on the dura.        

 Once the target cortex has been identifi ed using both neu-
ronavigation and electrocortical mapping, two 1 × 4 paddle 
leads are placed over the previously marked motor and pre-
motor areas that correspond to the contralateral painful area 

(e.g., face area at the junction of the inferior frontal sulcus 
and the motor strip). The two leads are placed adjacent to 
one another and test stimulation is carried out with serial 
cycling and a slow increase in voltage. Given that no pares-
thesias are apparent in MCS, one relies on a combination of 
neurophysiology as well as patient interaction to assess ade-
quate placement of the fi nal electrode position. The patient is 
awakened from monitored anesthesia. The patient should be 
able to report good pain relief in the area of pain (e.g., tri-
geminal distribution on the contralateral side). Stimulation 
parameters are gradually increased to produce facial twitch-
ing and gauge of preseizure threshold, with ice saline avail-
able as needed. Once adequate position had been localized 
over the motor and premotor area, each of the 1 × 4 electrodes 
is then carefully anchored down with multiple 4-0 Nurolon 
sutures to the outer layer of the dura. The patient is given 
further anesthetic to ensure comfort for the remainder of the 
operation. The leads are tunneled through the posterior bur 
hole and bone fl ap is carefully reapplied with titanium plates 
and screws. Extension wires are then tunneled posteriorly at 
the level of the parietal boss and attached to two stimulator 
leads, clearly identifying anterior (premotor) and posterior 
(motor). 

 Once the leads are in place, the electrode is connected to 
trialing cables and an inpatient trial of 3–7 days is carried 
out. Amplitudes for stimulation vary between 0.5 and 10 V, 
rate varies from 5 to 130 Hz, and pulse widths vary from 50 
to 450 ms. The intensity of stimulation is compared with the 
motor threshold, with a starting value of 15–20 % of the 
energy needed to activate the motor components. A typical 
trial regimen may increase the intensity in 20 % increments 
up to a maximum level of stimulation that is 80 % of the 
motor threshold. Because MCS by defi nition does not elicit 
paresthesias of the kind commonly perceived in dorsal col-
umn or peripheral nerve stimulation, treatment stimulation 
benefi t is tracked through a patient pain diary. 

 Once the trial is deemed successful, the patient is brought 
back to the operating room under general anesthesia to 
undergo generator placement. Most implanters prefer pock-
eting in the infraclavicular region, although multiple sites are 
acceptable. A pocket is fashioned for the pulse generator in 
the plane above the pectoralis fascia. A subcutaneous pouch 
is made at the area of the parietal boss to accommodate the 
extension connectors. A tunneling device is used to pass the 
extension cables in the subcutaneous plane between the pari-
etal incision and the infraclavicular incision. The extension 
wires are brought through and the motor cortex stimulator 
leads are connected to the proximal ends of the extensions. 
Once the connections are secured and tested, both incisions 
are irrigated copiously and careful closure is performed 
(Figs.  33.8 ,  33.9 ,  33.10 ,  33.11 , and  33.12 ).       
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  Fig. 33.1    SSEP waveforms show P20 and N20 components with phase 
reversal indicating an electrode overlying the central sulcus signifying 
the motor and sensory cortex       

  Fig. 33.2    Draping and planning the incision for the craniotomy 
approach       

  Fig. 33.3    Incision for exposure for craniotomy       

  Fig. 33.4    Skull exposure with initiation of craniotomy       

  Fig. 33.5    Craniotomy with proper exposure over the central sulcus 
based on preoperative mapping       
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  Fig. 33.6    Electrophysiological mapping for lead placement       

  Fig. 33.7    Epidural exposure lead placement       

  Fig. 33.8    Leads in proper position for MCS       

  Fig. 33.9    Securing the connections       
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  Fig. 33.10    Replacing the bone from the craniotomy prior to closure       

  Fig. 33.11    Closure of the incision       

  Fig. 33.12    Postoperative radiographs show two 1 × 4 leads centered 
over the face-motor area and the premotor and motor sulci based on 
intraoperative neurophysiological mapping       
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33.3     Risk Assessment 

     1.    Despite the encouraging reports in the literature on the 
utility of MCS for refractory neuropathic pain, only a 
handful of centers perform the procedure, and many clini-
cians are not aware of it as a therapeutic option. MCS 
requires a relatively involved trial process in order to 
determine its benefi t for an individual patient.  Furthermore, 
the effect of MCS can wane over time, requiring cycling 
or reprogramming.   

   2.    One of the most serious events that can occur during 
placement of MCS is intracranial bleeding (epidural or 
subdural). These complications can lead to severe neuro-
logical dysfunction and even death.   

   3.    Infection risks are very serious when implanting MCS 
leads. Infection may result in meningitis, osteomyelitis, 
sepsis, and death.   

   4.    Reported neurological defi cits have included stroke, hemi-
paresis, confusion, abnormal involuntary movements, and 
development of motor loss in one or more limbs.   

   5.    The most commonly reported complication is seizure. 
This event can occur in the intraoperative setting or imme-
diate postoperative period. Recording the motor threshold 
is important to avoid this in the postoperative setting. 
There is a risk of seizures during stimulator program-
ming, although the development of epilepsy has not been 
reported.      

33.4     Risk Avoidance 

     1.    Prior to surgery, the physician should complete a thor-
ough physical examination with an eye to identifying any 
infection or lesions that might heighten perioperative 
infection risk. Surgery should be delayed if there is any 
doubt about the safety of moving forward.   

   2.    Prior to surgery, the physician should review the patient’s 
medications and ensure that all medical conditions are 
under adequate control prior to moving forward. Drugs 
that affect bleeding should be discussed with the proper 
medical specialist and discontinued when safe and 
advisable.   

   3.    Close attention is paid to coagulation status and meticu-
lous hemostasis at the time of surgery.   

   4.    Preoperative, intraoperative, and postoperative antibiotics 
are recommended. Appropriate use of perioperative anti-
biotics and antibiotic-containing irrigation during surgery 
aid in minimizing infection risk. Some clinicians may opt 

to continue antibiotics during the trial period when the 
extensions are externalized, although there is no agree-
ment in the clinical literature on this practice.   

   5.    It is critical to have the patient keep a good diary of the 
pain level and patterns prior to the implant and during the 
course of the trial. Because the patient cannot feel a sen-
sory change during the trial, the ability to keep proper 
records is critical in determining the success of the trial.   

   6.    Pain relief is most commonly achieved at amplitudes of 
6 V or less, with mean amplitudes of 5 V or less in most 
studies. Amplitudes above 6 V are more likely to be asso-
ciated with seizures during programming.   

   7.    When tunneling the permanent system, the clinician must 
be careful to avoid blood vessels along the path of the 
procedure. The carotid and jugular vessels are of particu-
lar concern.   

   8.    The position of the generator pocket should be carefully 
planned to allow patient comfort and to avoid tissue irrita-
tion or skin erosion.      

33.5     Conclusions 

 MCS stimulation is an important component of the pain 
treatment continuum. It is a technologically advanced proce-
dure that requires skill and advanced training. With addi-
tional study it will likely become a more widespread tool in 
the treatment of diffi cult pain syndromes.     
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      Stimulation of the Peripheral Nervous 
System: Occipital Techniques 
for the Treatment of Occipital Neuritis 
and Transformed Migraine 

           Nameer     R.     Haider      and     Timothy     R.     Deer     

34.1             Introduction 

 Pain in the occiput that radiates cephalad or laterally is often 
secondary to abnormalities of the divisions of the occipital 
nerve. The occipital nerve is involved in pain syndromes 
originating from nerve trauma, myofascial spasm causing 
compression, cervicogenic disease, cervical spondylosis, 
posterior fossa surgery, and transformed migraine. 
Infl ammation of the C2 nerve root will also cause severe 
symptoms in this region, consistent with cervical radiculitis. 
The transformed migraine begins with pain in the occipital 
nerve distribution and then evolves into a full migraine head-
ache. Neurostimulation has also been employed in the treat-
ment of chronic tension-type headache, hemicrania continua, 
short-lasting unilateral neuralgiform headaches, and cluster 
headaches. Treatment of these headache conditions may 
include direct stimulation of the greater and lesser occipital, 
supraorbital and supratrochlear, auriculotemporal, and infra-

orbital nerves. More recently, 360° cranial stimulation has 
been described as well. This is a concept of stimulating nerve 
structures in the posterior and anterior extracranial regions 
simultaneously. 

 The treatments of headache pain syndromes include oral 
medications, physical therapy, nerve blocks, and radiofre-
quency ablation. In the past, occipital neurectomy, which 
involved the destruction of the nerve, was performed by neu-
rosurgery, but this fell out of favor because of deafferentation 
syndrome and the potential worsening of the pain syndrome. 
Cryotherapy and pulsed radiofrequency appear to have some 
effi cacy but unfortunately are short lived in duration and 
require the patient to undergo multiple procedures over time. 
Surgical decompression of the occipital nerves has also been 
described but has not been seen acceptable success. 
Stimulation of the nerves has evolved over the past decade 
and has become a standard treatment of chronic headache 
pain that does not respond to conservative measures.  
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34.2     Technical Overview 

 Prior to considering the technical aspects of implantation of 
extracranial leads, the clinician must confi rm the diagnosis 
of corresponding neuralgia. The clinician should have a clear 
mental picture of the neuroanatomy including the branches 
of the respective nerves (Figs.  34.1 ,  34.2 , and  34.3 ).  

 The diagnostic workup for peripheral cranial neuralgia 
includes a history of pain originating or ending in the nerve 
area and a physical examination that includes tenderness 
over the respective nerve and nerve root distribution. Some 
implanters have recommended confi rmation of the neuro-
pathic pain generator by a good temporary response to injec-
tion of local anesthetic that provides relief for the duration of 
the medication used, but there has been no prospective con-
fi rmation that this is predictable of a good outcome. 

 Once the patient is felt to be an appropriate candidate for 
stimulation, the anatomy is reexamined and the skin is evalu-
ated for lesions, texture, and bony prominences. The periph-
eral nerves branch into multiple fi bers and the coverage of 
the appropriate pain pattern should be considered when plan-
ning the types and number of leads and electrodes needed. 
The respective cranial region is shaved to remove hair, which 
can be a nidus for infection. The trial leads are often placed 
via a single needle stick on the affected side(s), and the per-
manent leads are most commonly placed via a midline inci-
sion for occipital neural stimulation, parietal/temporal 
incision for a auriculotemporal nerve stimulation, and inci-
sion just behind the hairline for supraorbital/supratrochlear 
stimulation. Infraorbital stimulation requires needle entry 
over the maxillary region (Fig.  34.2 ).  

 By using a widely spaced octipolar lead array, the area of 
stimulation increases, covering the multiple branches of the 
nerve. With temporary leads, once the implant is placed by 
fl uoroscopy, the leads are secured to the skin by a suture or 
tape. In permanent occipital nerve implants, the surgical 
process begins by making an incision at the midline just 
below or above the occipital prominence. Tissue separation 
can be achieved with the blunt use of a surgical scissor to 
minimize trauma. Once the fascia is visualized, a cautery 

tool is used to achieve hemostasis. In some younger and 
healthier patients blunt dissection will not be possible and 
sharp dissection is needed. This can lead to increased bleed-
ing, and the implanter must focus on hemostasis. Once 
hemostasis is acceptable, a needle is placed in the desired 
path of the planned lead placement. Local anesthetic should 
be placed only at the needle entry location. If local anes-
thetic is placed in the path of the needle, it will be diffi cult 
to confi rm stimulation on the operating room table. Use of 
epinephrine in local anesthetic may reduce bleeding. 
Fluoroscopy is important to guide and confi rm the needle 
path, but ultrasound is an acceptable alternative for guid-
ance. In many cases, the needle must be slightly bent to 
achieve the desired depth and course of the lead implant. 
Needles with a plastic stylet are often easier to use because 
the metal stylet may be diffi cult to remove once the needle 
is bent. The depth of the needle should be just below the 
dermis in the subcutaneous tissue. The needle bevel should 
be directed downward to avoid placing the tip of the lead too 
superfi cially. Once the stylet is removed, the lead is placed 
to the tip of the needle using fl uoroscopy to confi rm place-
ment. The needle is then pulled distally while the lead is 
held in position using radiograph confi rmation, while the 
tissue is stabilized by holding pressure above the lead. 

 Once the lead is in the desired location, a handheld pro-
grammer is used to activate the leads and achieve stimula-
tion. In many cases an array with multiple cathodes is 
successful, which will help spread the current. When two 
leads are placed it is not uncommon to use one lead with 
primarily anodes and the other with primarily cathodes to 
create a cross-talk to cover a wider neuropathic pain profi le. 

 For permanent implants, when the patient’s stimulation is 
acceptable, the leads are anchored to the fascia with nonab-
sorbable suture. At each incisional site, a coil is then made as 
a form of strain relief and the leads are tunneled to the pocket. 
Pocketing options include the anterior chest wall in the sub-
clavicular region, posterior axillary region, buttock, and 
fl ank. If pockets are made in more distal locations, it may be 
necessary to add lead extensions to reach the pocket 
(Figs.  34.3  and  34.4 ).   
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  Fig. 34.2    Supraorbital, infraorbital, and auriculotemporal nerve 
stimulation       

  Fig. 34.3    Occipital nerve stimulation, AP view       

  Fig. 34.4    Occipital nerve stimulation, lateral view       
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34.2.1     Method for Occipital Stimulation 

 The targets for the leads vary based on physician preference 
and can range from a lateral C1 approach to a perpendicular 
greater occipital nerve approach. The most common area for 
placement for the leads is at an angle from the midline to the 
lateral edge of the occipital bone, in order to capture fi bers of 
both the greater and the lesser occipital nerves (Fig.  34.5 ). 
This placement allows for proper stimulation even in the 
event of mild-to-moderate migration.   

34.2.2     Method for Supraorbital/
Supratrochlear Stimulation 

 The insertion site for the lead is just posterior to the anterior 
hairline of the temporal region, advancing a bent/curved nee-
dle with a plastic stylet over the supraorbital margin placing 
electrode contacts adjacent to supraorbital and supratroch-
lear nerves. Care must be taken not to perforate the skin and 
to keep the needle in the proper trajectory avoiding inferior 
placement of lead over orbit (Fig.  34.6 ).   

34.2.3     Method for Auriculotemporal Stimulation 

 The insertional lead is performed posterior and superior to 
the ear, advancing the lead anteriorly over the auriculotem-
poral nerve (Fig.  34.7 ).   

34.2.4     Method for Infraorbital Stimulation 

 The insertion of lead is performed using a bent/curved needle 
with a plastic stylet from the maxillary region immediately 

inferior to the orbit with electrode contacts overlying the 
nerve. If a wide-spaced eight-contact lead array is used, 
simultaneous stimulation of the infratrochlear, infraorbital, 
zygomaticofacial, lacrimal, and infraocular nerves may be 
achieved for treatment of cluster headache (Figs.  34.8  and 
 34.9 ).    

34.2.5     Method for Halo 360° Cranial 
Stimulation 

 The targets for the leads using this technique include bilat-
eral simulation of supraorbital, supratrochlear, zygomati-
cotemporal, auriculotemporal, greater occipital, and lesser 
occipital nerves. There is also stimulation noted of the ter-
minal branches of bilateral zygomaticofacial, greater 
auricular, third occipital nerves and C2–3 nerve roots. This 
method requires use of a 32-contact internal pulse genera-
tor system and four leads each with eight electrode con-
tacts, with wide 6-mm spacing between the adjacent 
electrode contacts. Bilateral leads are placed superior to 
the ear, advancing a needle with a bent/curved stylet ante-
riorly with the electrode contacts overlying bilateral supra-
orbital, supratrochlear, zygomaticotemporal and 
auriculotemporal nerves. Bilateral leads are simultane-
ously placed posteriorly overlying greater/lesser occipital, 
greater auricular, and branches of the third occipital nerves, 
as well as ascending branches of the posterior rami of C2 
and C3 nerve roots. This method is promising, but the 
cost-to-benefi t ratio is yet to be established considering the 
increased amount of hardware needed. Further evaluation 
may determine this to be an excellent method of treatment 
(Fig.  34.10 ).    
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  Fig. 34.6    Supraorbital stimulation       

  Fig. 34.7    Auriculotemporal stimulation, lateral view       
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  Fig. 34.8    Infraorbital nerve stimulation AP view       

  Fig. 34.9    Infraorbital stimulation lateral view       

  Fig. 34.10    Stimulation oblique view of Halo technique       
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34.3     Risk Assessment 

     1.    The depth of the leads and generator should be carefully 
considered. The ideal lead placement is in the tissue just 
below the dermis. If the lead is over a pressure point, the 
depth should be slightly increased. The generator depth 
should be 1.5 to 3.0 cm.   

   2.    The tissue of the planned surgery should be evaluated for 
lesions or infection. If an area of irritation exists, surgery 
should be delayed.   

   3.    The lead may be prone to erosion through the skin. 
Diabetic patients and those with a history of skin disor-
ders should be approached carefully.   

   4.    The patient’s postoperative movement is a fi ne balance. If 
the patient is allowed to have unrestricted movement, it 
may cause lead migration, but if too-restricted, fi brosis 
can occur, which may cause restricted movement of the 
neck and pain with palpation over the wiring.   

   5.    Injection and surgical manipulation of the occipital or 
temporal region could lead to extensive bleeding of the 
occipital or temporal arteries, respectively, or to arterial 
clotting. Either process could lead to tissue sloughing or a 
need to reoperate on the patient.   

   6.    Proper surgical planning would include assessment of 
patient positioning and surgical planning for tunneling 
because a stab incision may need to be made between the 
internal pulse generator and the cranial leads in order to 
tunnel the leads from skull to the internal pulse generator 
pocket.      

34.4     Risk Avoidance 

     1.    Prior to surgery, the physician should review the patient’s 
tissue for infection or lesions in the surgical area. The sur-
gery should be delayed if there is any doubt about the 
safety of moving forward.   

   2.    Prior to surgery, the physician should review the patient’s 
medications and ensure that all medical conditions are 
under adequate control prior to moving forward. Drugs 
that affect bleeding should be discussed with the proper 
medical specialist and discontinued when safe and 
advisable.   

   3.    Preoperative and intraoperative antibiotics are recom-
mended. It is advisable to vigorously irrigate the wound 
prior to closure.   

   4.    Preparing and draping of the occipital region can be dif-
fi cult because of the need to operate in the region of the 

patient’s head where there is also a need for airway access. 
This issue is very important when tunneling the leads. In 
positioning the patient, the pocket location is important. 
The options for pocketing can be the chest wall, which 
requires a lateral decubitus position, or the back or but-
tock, which can be done in the prone position.   

   5.    It is critical to adequately measure the lead length and try 
to match it to the insertion and pocket location. There 
should be adequate length to allow for a stress-relief loop 
at both the lead anchoring site and the generator location. 
This will reduce the risk of both migration and fi brosis.   

   6.    The tissue in the area of the occipital and temporal regions 
should be handled gently. It is important to separate the 
tissue with care and to minimize bleeding. The tissue 
should close evenly and without stress to maximize tissue 
circulation.   

   7.    Postimplant, the patient’s movement should be restricted 
for the fi rst 6 weeks. At the end of 6 weeks, the patient 
may benefi t from musculoskeletal treatment by a certifi ed 
physical therapist.      

    Conclusions 

 Peripheral cranial stimulation is becoming a common 
procedure to treat chronic headaches. It is an alternative to 
more destructive procedures and to high-dose oral medi-
cations that may cause systemic side effects and compli-
cations as well as rebound headaches and addictive 
disorders. Peripheral extracranial nerve stimulation is a 
valuable low-risk procedure that will continue to improve 
as lead technology and programming are enhanced by 
future research and development.     
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      History of Intrathecal Drug Delivery 

           Timothy     R.     Deer     

         Intrathecal infusions of analgesics have been utilized 
increasingly since the late 1980s for the treatment of persis-
tent pain. Early credit goes to Leonard Corning, who admin-
istered neuraxial local anesthetic in 1885. Corning’s work 
led to an interest in using this method to treat pain during 
surgery, with chronic pain being of little interest in the ini-
tial development of these methods. Morphine may have 
been administered spinally as early as 1901. The use of opi-
oids in the spine then underwent a long void in advance-
ment. A breakthrough came in 1971 with the discovery of 

specifi c opioid receptors in the spinal cord. Yaksh and Rudy 
demonstrated the effi cacy of analgesia from intrathecal opi-
oids in animal models in 1976, and Wang and colleagues 
reported the treatment of cancer pain with morphine in 
1979. With the development of implantable, programmable, 
continuous drug delivery systems in the 1980s, the use of 
intraspinal opioids became part of the modern treatment 
algorithm. The availability of these devices led to interest in 
using pumps to treat cancer pain, noncancer pain, and 
intractable spasticity. 
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35.1     Development of Delivery Systems 

 Although many clinicians recognized the value of spinal 
anesthetics in early studies, the short duration of action led to 
a search for methods of lengthening the period of effective-
ness. Continuous catheter access was fi rst proposed in 1935 
by Dr. Grafton Love, a neurosurgeon at the Mayo Clinic. Dr. 
Love had an extensive background in the treatment of hydro-
cephalus with the use of continuously draining ureteral cath-
eters placed in lateral ventricles. His treatment of meningitis 
patients prompted him to attempt the same technique by 
introducing an intrathecal catheter into the lumbar space. 

 The fi rst clinical application of continuous spinal anesthe-
sia was described in a 1940 report by Dr. William Leonard, a 
Philadelphia surgeon, who administered procaine to approx-
imately 200 patients. Dr. Leonard utilized a control syringe 
attached to a malleable needle, which had been placed pre-
surgically in the lumbar spine. This method was quickly 
adopted by other physicians in the fi eld, who used it primar-
ily in patients who were felt to be at high risk for the use of 
systemic approaches to anesthesia. 

 The next major advancement was in the form of a fl exible 
epidural or intrathecal catheter. Dr. Samuel Manalan, an 
obstetrician from Indianapolis, Indiana, is credited with fi rst 
administering caudal anesthesia, using an antiquated nylon 
catheter. This catheter was placed into the sacral canal 
through a 14-gauge needle and was left in place for varying 
periods, in some cases for as much as 18 h. Though the cath-
eters were left indwelling, they were not used continuously; 
the method of anesthesia was based on a strategy of intermit-
tent bolus injections. 

 The development of continuous intrathecal and lumbar 
catheter techniques was further advanced in 1944 by Edward 
Tuohy’s introduction of a new catheter into the spinal inter-

space for the purpose of repeated delivery of the surgical 
anesthetic procaine. The Tuohy needle and catheter was the 
fi rst of its kind because of its ability to direct its course to a 
predictable location in the spine. The technique was later 
enhanced by the development of a needle with a side exit 
deployment access area, designed by Hubor. 

 The Medtronic Synchromed II employs a rotor driven 
mechanism for drug delivery. This system has been recently 
plagued by inaccuracy and a higher chance of motor failure 
when off-label therapies are delivered. In 2012, Medasys 
received U.S. Food and Drug Administration approval for 
the Prometra pump, which uses a valve-gated dose- regulation 
system. Studies suggest that the Prometra pump has an accu-
racy of 97.1 %, improved from the delivery provided by the 
Synchromed II peristaltic system. Further, unpublished data 
suggest that the delivery kinetics of the Prometra system may 
innately further reduce the incidence of granuloma. 

 The fi nal major advancement in the development of the 
delivery technique was the permanent implantation of the 
intrathecal and epidural catheter in combination with inter-
nal or external ports, reservoirs, and programmable pumps 
for the continuous injection or infusion of a wide variety of 
therapeutic agents. These catheters were implanted in the 
spine, and the drug was infused by accessing the port, which 
in most cases was implanted in the subcutaneous tissue. The 
fi rst human clinical implant of a programmable intrathecal 
pump occurred in 1982, with widespread release of the sys-
tem in the United States in 1991 by Medtronic Neurological, 
Minneapolis, Minnesota. The approved drug at that time was 
preservative-free morphine sulfate. Over the past two 
decades, the pump and catheter have remained similar in 
appearance and function. 

 Table  35.1  summarizes the signifi cant events in the devel-
opment of intrathecal drug delivery.

   Table 35.1    Important milestones in intrathecal drug delivery   

 Year  Milestone 

 1885  Leonard Corning administers neuraxial local anesthetic 
 1901  Intraspinal morphine use is fi rst reported 
 1935  Dr. Grafton Love fi rst proposes continuous catheter access 
 1940  The fi rst practical application of continuous spinal anesthesia is described by Dr. William Leonard, a Philadelphia surgeon, who 

administered procaine to approximately 200 patients 
 1944  Edward Tuohy introduces a catheter into the spinal interspace for the purpose of repeated delivery of the surgical anesthetic procaine 
 1976  Yaksh and Rudy demonstrate the effi cacy of analgesia from intrathecal opioids in animal models 
 1979  Wang and colleagues report the treatment of cancer pain with morphine 
 1982  Medtronic Neurological (Minneapolis, Minnesota) reports the fi rst clinical implant of a programmable intrathecal pump 
 1991  Medtronic Neurological (Minneapolis, Minnesota) releases a programmable intrathecal pump in the United States 
 2012  Medasys receives US Food and Drug Administration (FDA) approval for an implantable pump 
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35.2        Outlook for Future Developments 

 This decade will most likely see major changes in pump 
therapy for chronic diseases. Delivery tools continue to 
evolve, with several companies working on new technolo-
gies that may impact the size of the programmable pump, 
internal mechanisms, accuracy, safety, and catheter materials 
used to deliver the drug. The other area of interest in the 
intrathecal space is the development of new drugs that could 
be delivered to treat specifi c ailments. These drug develop-
ments have been slow to progress, but many clinicians 
remain hopeful that eventually we will be able to treat many 
new patients for diseases causing pain and other areas of 
human affl iction.     
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      Selection and Indications for Intrathecal 
Pump Placement 

           Timothy     R.     Deer       and     Jason     E.     Pope     

         The placement of an intrathecal catheter, tunneling of the 
catheter, pocketing for pump placement, and connection of 
the system is a complex process of interventions requiring 
great technical skill, but it can be argued that the selection of 
the patient who will receive the pump is of even greater 
importance. A device placed for the wrong indication in the 
wrong patient may provide disappointing results. Selection 
considers patient characteristics; indications consider the 
disease state being treated. This chapter focuses on proper 
patient selection for implantation of intrathecal drug infusion 
systems. 

36.1     Factors to Determine Proper 
Selection for Pump Implantation 

 Intrathecal pumps are approved by the US Food and Drug 
Administration (FDA) for chronic use in patients with mod-
erate to severe pain from cancer or noncancer causes. The 
implantation of a pump should be seen as part of a treatment 
continuum based on very specifi c selection criteria. The 
implanting physician often has a long-term relationship with 

the patient, but in some cases, the physician may be seen in 
consultation to determine whether pump implantation is 
appropriate. In both situations, a list of criteria similar to 
those shown on Table  36.1  is helpful when considering 
implantation. The patient does not have to meet every crite-
rion for implantation, but these criteria should be 
considered. 

 Importantly, the intrathecal pump functions as a plat-
form to deliver medication into the intrathecal space in an 
effort to treat pain or spasticity. (For the purposes of this 
chapter, we are focusing on patient selection for pain man-
agement.) Therefore, it does not defi ne the medication 
selected, but simply provides a method of delivering it 
more sustainably. This paradigm—separating pump from 
medicine—is advantageous to note. Further, patient selec-
tion is also centered on a careful, algorithmic approach to 
intrathecal therapy, taking into account the type and loca-
tion of the pain (Fig.  36.1 ). Although historically intrathe-
cal therapy has been positioned as salvage therapy after 
trials of stimulation therapies, recently intrathecal therapy 
has been entering into the algorithm concurrent with other 
neuromodulation strategies. 
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   Table 36.1    Selection criteria for intrathecal pumps   

 More conservative treatment options have failed, or other options are unacceptable or not indicated. 
 A trial of neuraxial medications provides acceptable pain relief, tolerable side effects, and functional improvement, when indicated. 
 Oral or transdermal medications produce unacceptable side effects or an unacceptable level of relief. 
 The patient’s spinal anatomy will allow for the placement of a spinal catheter. 
 The patient is medically stable, with no untreated bleeding disorders. 
 The patient is medically stable, with no untreated infectious processes. 
 The patient has no skin disorders that would preclude the implantation of a foreign body. 
 The patient is mentally stable, with no untreated severe depression or anxiety disorders. 
 No signifi cant personality disorder, such as borderline or antisocial personality disorder, has been diagnosed in the patient. 
 The region of pain can be covered by the anatomic congruent placement of an intrathecal catheter. 

Intolerable pain, refractory to conservative medical care, pain > 3 months 

Well-localized source for pain and clear diagnosis 

Continue conservative care

Ability to cover with traditional tonic SCS/PNfS/PNS stimulation 

Predominant or purely neuropathic pain

Ability to place intrathecal catheter congruent with anatomic source

Trial SCS/PNS/PNfS Implant SCS/PNS/PNfS

Consider SCS/PNS/PNfS

Consider Intrathecal Drug DeliveryConsider non-implantable
Treatment alternatives

Continue conservative care

Refractory to systemic opioids;
> 75 morphine equivalents a day 

Responsive to systemic opioids;
<75 morphine equivalents, no side effects

Responsive to systemic opioids;
<75 morphine equivalents, presence side effects:
Altered mentation, constipation, itching, etc

Trial ziconotide as describedImplant with monotherapy ziconotide
at successful trial dose; Flex dosing in the evening

Implant with monotherapy morphine;
Low SC rate; PTM dosing strategy

Implant with monotherapy ziconotide at
successful trial dose; Flex dosing in the evening 

Trial hydromorphoneas
described 

Implant with monotherapy
dilaudid; Low SC rate; PTM dosing strategy 

Consider non-implantable treatment alternatives or consider trialing with opioid
with intent of initiating combination therapy with IDD platform (Tier 2 of PACC 2012)

Trial morphine as described

Trial ziconotide as described

  Fig. 36.1    Algorithmic approach to advanced pain care therapies.  Green arrows  indicate affi rmative position;  orange arrows  indicate deaffi rmative 
position;  hashed arrows  indicate physician preference       
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36.2        Factors to Determine Proper 
Indications for Pump Implantation 

 Intrathecal pumps are indicated for chronic use in patients 
with moderate to severe pain of cancer and noncancer origin. 
The indications for these devices vary based on the disease 
process and the effect of the disease on the source of pain 
generation. Some of the more common indications are listed 
in Table  36.2 .

       Conclusions 

 The decision to place an intrathecal device should not be 
entered into hastily. The physician and the patient should 
discuss the details of pump placement, risks of the proce-
dure, and alternatives. Patients should have an acceptable 
indication for device placement and should meet accept-
able selection criteria. If a patient’s indication is uncom-
mon or not all selection criteria are met, the situation 
should be considered on an individual basis.     
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   Table 36.2    Selection criteria for intrathecal pumps   

 Cancer indications 
   Primary tumors causing pain from tissue invasion 
   Metastatic lesions causing pain from tissue invasion 
   Neuropathy from chemotherapy treatments 
   Nerve irritation or injury from radiation 
 Noncancer indications 
   Failed back surgery syndrome 
   Spinal canal stenosis 
   Foraminal stenosis 
   Compression fracture 
   Spondylolisthesis 
   Peripheral neuropathy 
   Truncal pain 
   Complex regional pain syndrome 
   Severe osteoarthritis 
   Rheumatoid arthritis 
   Connective tissue disorders 
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      Placement of Intrathecal Needle 
and Catheter for Chronic Infusion 

           Timothy     R.     Deer      ,     Michael     H.     Verdolin     , and     Jason     E.     Pope     

37.1             Introduction 

 The procedure discussed in this chapter is an end point of 
a long process. The process includes initial patient evalua-
tion, decision to treat an identifi ed pain problem, creation 
of a pain algorithm, and eventually the decision to place an 
intrathecal pump. Once that decision is made, the patient is 
evaluated for psychological appropriateness and absence 
of absolute contraindications. Once these hurdles have 
been passed, the patient is scheduled for a trial injection or 
infusion. The success of the trial leads to a permanent 
implant. 

 The needle and catheter placement for chronic intrathecal 
infusion therapy seems trivial to many, as placement of nee-
dles and catheters occur regularly during preoperative care 
for short-term therapy. The authors would suggest respect for 
the procedure to improve the sustainability of long-term care 
and reduce device-related complications. This chapter 
focuses on the critical aspects of needle and catheter place-
ment and discusses the pearls of placement. The catheter is 
the most common cause of system failure in the long-term 
delivery of intrathecal medications, and although, we cannot 
eliminate problems, we can reduce some of these issues with 
careful technique and vigilance.  
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37.2     Technical Overview 

 The patient is positioned to establish the best possible path to 
successfully place the needle and catheter. The most com-
mon position is the lateral decubitus with fl exion of the hips 
and cervical spine (Fig.  37.1 ). This position is based on the 
plan to place a pump in the abdominal wall. Prior to going to 
the operating room, the patient should be adequately evalu-
ated for the placement of the pump. Table  37.1  illustrates 
issues to address prior to making initial incisions.

    In some cases the preoperative evaluation will suggest 
that there is not an appropriate area to place a pump in the 
abdominal wall. Reasons may include lack of body fat, pre-
vious surgeries, or skin infection or poor quality of skin 
texture. 

 An alternative position is prone placement of the pump, 
which obviates the need for lateral decubitus position. In the 
lateral decubitus position, the patient should be aligned with 
both shoulders at equal tilt to avoid torsion of the trunk. The 
patient is prepared widely to encompass both the planned 
area of invasion and the surrounding tissues. Fluoroscopic 

imagery is used to assess the bony anatomy and to determine 
the level in which the needle will be placed. Once the clini-
cian is pleased with the positioning, preparing, draping, and 
x-ray imaging, the procedure is initiated. In some cases the 
position is less than optimal because of the patient’s pain 
being too great to be placed in the lateral decubitus position 
or because of body habitus and spinal abnormalities. In these 
cases the position can be modifi ed to the prone orientation, 
realizing that, if the plan is to place the pocket into the 
abdominal wall, repositioning will be required. However, if 
there is adequate body mass to support the pump in the pos-
terior fl ank or above the hip, then pump placement in the 
buttock or hip area may be considered, thus avoiding the 
need to reposition the patient during the procedure. It is 
important to realize that the prone position buttock place-
ment of the pump should be used with pumps of a volume of 
20 mL or less, given their inherent bulk when compared with 
neurostimulator implanted pulse generators. In addition, the 
pump should be placed at least 10 cm above the iliac crest to 
avoid uncomfortable pressure on the bony surface when the 
patient is sitting or lying down. 

a b

  Fig. 37.1    Lateral decubitus positioning of patient (posterior view ( a ) and anterior view ( b ))       

   Table 37.1    Considerations prior to procedure   

 Issue to address  Method of investigation 

 Spinal anatomy for needle placement  Visual inspection of the spine 
 Spinal anatomy for needle placement  Plain fi lms of the lumbar spine 
 Ability to thread catheter  Review previous procedures 
 Ability to thread catheter  MRI or CT if history of complex anatomical anatomy 
 Level of needle placement  Plain fi lms of the lumbar spine and inspection of skin 
 Course of tunneling  Visual inspection of the patient’s body 
 Pocket placement  Drawing of planned pocketing including palpation of rib and anterior iliac spine 
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37.2.1     Needle Placement 

 After satisfactory positioning, preparing, and draping, the 
fl uoroscopic image is visualized to place local anesthetic one 
to two vertebral bodies below the planned site of entry. A 
paramedian approach is recommended to allow the catheter 
to avoid the constant wear and tear of the spinous processes 
(Fig.  37.2 ). The needle is positioned to walk off the lamina 
and enter the intrathecal space at an ideal angle of 30° to 45° 
(Fig.  37.3 ). In some cases the angle can be must be increased 
to 60° because of anatomical variation, but angles that exceed 
this mark may lead to excessive pressure on the catheter and 
subsequent catheter failure (Fig.  37.4 ). Another approach to 
imaging needle guidance includes the use of the contralateral 
oblique view (CLO). In the CLO view the image intensifi er 
is inserted obliquely up to 45° away from the clinician 
(Fig.  37.5 ). The needle, in many cases, can be seen piercing 
the ligamentum fl avum to enter the epidural space and then 
into the intrathecal space (Fig.  37.6 ).      

 Once the needle is positioned into the intrathecal space, 
the implanter should remove the stylet and visualize unob-
structed fl ow of cerebrospinal fl uid (CSF). In some settings 
physicians have attributed lack of fl ow to scarring or narrow-
ing in the canal. No documented publication shows that a 
successful placement can be achieved with poor or no fl ow. 
In the setting of poor fl ow, the implanter should be suspi-
cious of epidural or other placement outside of the CSF. The 
authors would recommend repositioning the catheter until 
fl ow is satisfactory. Once good fl ow of CSF is confi rmed, the 
implanter can move forward with catheter placement. 

 Modern intrathecal catheters have improved steering abil-
ity and are more radiopaque. Ideally the catheter is placed in 
the posterior intrathecal space. The low angle of needle 
placement is important in this process. The level of tip place-
ment varies on physician preference, but recent science sug-
gests placement of the tip closest to the spinal cord level 
matching the dermatomal level of pain provides for improved 
chance of a satisfactory outcome. Some clinicians prefer to 
place the catheter below the conus to reduce the complica-
tion severity of a granuloma, but this has not been proven to 
be accurate. The improved position may be less helpful in 
pain relief and necessitate increased drug dosing, which may 
negate the benefi t of placing the catheter below the conus. 

 A myelogram with compatible contrast may be performed 
for confi rmation of intrathecal placement at the target level 
(Fig.  37.7 ). The decision process for level placement is out-
lined in Table  37.2 . Once the catheter is ideally placed, a cut-
down is made to the ligament and fascia, at which time the 
fatty tissue is debrided and a pursestring suture is placed 
along with an anchoring suture. The pursestring suture 
should be placed while the needle remains in place and 
secured prior to needle removal. The same suture may also 
be used to secure the anchor, but this is a decision based on 
physician preference. A newer anchor (Injex; Medtronic; 
Minneapolis, MN) has been released by one manufacturer 
that securely attaches to the catheter once deployed over a 
Tefl on guide. This tightly gripping anchor eliminates the 
need to place an additional suture around the anchor wings 
of a butterfl y anchor. Additional anchors are available from 
competitive manufacturers that also claim improved catheter 
stability. No comparative studies exist.

    Once the catheter is anchored, a strain-relief loop is cre-
ated and the catheter is then ready to tunnel to the desired 
pocket location for connection to the pump. A fi nal fi lm is 
taken to document the catheter course once it is attached to 
the intact system. It is imperative to verify free-fl owing CSF 
from the proximal (pump) end of the catheter at all stages. 
Prior to wound closure vigorous irrigation is recommended. 
Figure  37.8  demonstrates slow curves paraspinally to the 
catheter prior to connection to the implantable device.    

  Fig. 37.2    Paramedian approach to needle placement       
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  Fig. 37.4    Placement of anchor before catheter tunneling         Fig. 37.5    Placement of anchors and stress relief loop, 2 catheter 
technique       

T12
L1

L2L3

30˚ Entry

30˚

  Fig. 37.3    Proper needle angle 
placement at 30°       
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  Fig. 37.6    Example of an intrathecal catheter with stylet, needle, 
anchor, and titanium connector       

  Fig. 37.7    Intrathecal catheter with needle and accessories       

   Table 37.2    Catheter location considerations a    

 Region of pain  Catheter location 

 Neck and arm  T3–T6 
 Back and leg  T8–10 
 Abdomen  T8–11 
 Rectal/pelvic pain  T11–L2 

   a Physiochemical properties of the intrathecal medication chosen may 
either increase or limit spread. Increasing spread from hydrophilicity; 
increasing baricity above that of the cerebral spinal fl uid may result in 
less cephalad migration  

  Fig. 37.8    Continuous CSF fl ow should be seen from the distal end of 
the catheter prior to connecting the system to the intrathecal device       
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37.3     Risk Assessment 

 The most signifi cant risk of catheter placement is injury to 
the spinal cord or nerve roots. The injuries can range from 
nerve infl ammation to serious cord injury resulting in para-
plegia. The catheter angle required to achieve intrathecal 
placement may be very steep in complex anatomical cases. 
In severe and complex cases, this angle can approach 90°, 
which may make the entry easier, but can be diffi cult for 
threading the catheter. In these cases if the patient is under 
heavy sedation, this can be an additional risk considering the 
nerve roots in the region. This angle may allow easy entry 
into the space and subsequently may increase the torque on 
the catheter. This steep angle may increase the risk of tissue 
injury, lead to increased diffi culty passing the catheter, and 
increase catheter movement or failure over time. Multiple 
entries into the intrathecal space may lead to a signifi cant 
loss of CSF and also lead to CSF leak. 

 Ventral placement of the catheter is sometimes the only 
option when placement is performed. This may lead to 
 signifi cant risk of motor compromise should an infl amma-
tory mass or granuloma develop. Catheter damage including 
tearing, fracture, or accidental removal may occur during 
needle or stylet removal. The implanter should not withdraw 
the catheter through the needle if the desired catheter course 
is not initially achieved. 

 The pursestring catheter may lead to catheter occlusion or 
obstructed fl ow. The anchor and anchoring suture may lead 
to catheter kinking or obstruction. The catheter wall may be 
insulted with a needle when suturing the anchor or during 
tissue closure.  

37.4     Risk Avoidance 

 Risk avoidance is a key part of the practice of interventional 
pain. In order to improve compliance, the physician must 
have an ongoing commitment to improving patient care. A 
compliant patient is also critical, because an excellent physi-
cian can have a bad outcome with a noncompliant patient. 

37.4.1     Nerve Injury 

 To avoid nerve or spinal cord injury, the physician can take 
several precautions. Attention should be paid to proper and 
aligned positioning to optimize the ability to place the nee-
dle easily. The fl uoroscopic image should be modifi ed by 
changing the beam to correct for patient rotation, spinal 
kyphosis, scoliosis, or abnormal body habitus. This will 
allow needle placement in a gun barrel approach. When 
possible, a laser- guided imaging technique can be helpful. 
The CLO fl uoroscopic view may obviate some of these 
concerns, particularly if the chosen pump position is place-

ment above the buttock, allowing use of the prone position 
throughout the procedure.  

37.4.2     Anesthesia 

 The choice of anesthesia technique is based on surgeon and 
anesthesiologist preference; however, the use of monitored 
sedation with direct patient communication can provide an 
early warning for the implanter of impending nerve injury or 
spinal cord damage. An alternative would be a wakeup test in 
patients undergoing general anesthesia, but in some settings 
general anesthesia is needed for the entire procedure because 
of patient disease state, body habitus, pain level, or anxiety 
level.  

37.4.3     Needle Entry 

 The entry of the needle below the level of the conus will 
also reduce the risk of cord injury, although the cord can 
still be invaded with forceful catheter advancement. The 
angle of entry for the needle can be optimized by proper 
positioning, paramedian approach, careful anatomical 
observation, and in some cases by making a cutdown to 
improve the ability to drop the hub of the needle and there-
fore lowering the angle. A cutdown approach is very help-
ful in obese patients. In patients with a large body habitus, 
the use of a longer (6 in.) needle may also be of value. 
Proper needle angle, use of bevel position, positioning, and 
attention to CSF fl ow will reduce the need to make multiple 
entries into the intrathecal space. Using a shallow angle and 
a paramedian approach leads to easier catheter placement 
and tends to encourage lead placement to the posterior 
intrathecal space.  

37.4.4     Catheter Placement, Needle Removal, 
Purse-String Placement, and Anchoring 

 Careful attention should be given to resistance to withdraw-
ing the needle or stylet. When signifi cant resistance occurs, 
the implanter should remove the entire system and reinitiate 
the procedure. Pulling the needle out against signifi cant 
resistance can lead to catheter damage or fracture and should 
be avoided. It is important to secure the purse-string around 
the needle and tie the suture prior to removing the needle. 
Tying the suture after removing the needle can lead to occlu-
sion of the catheter and failure of the system. 

 The anchor should be carefully placed against the fascia 
to ensure that the catheter does not have the tendency to 
occlude or kink. The catheter should have a smooth course 
through the anchor and into a strain-relief loop prior to being 
tunneled to the pocket.  
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37.4.5     Wound Closure 

 When closing the tissues and skin of the area of the catheter, 
careful attention must be paid to avoid hitting the catheter 
with the needle. This can lead to fl uid leak and failure of the 
system. Avoidance methods include careful vigilance to the 
catheter and the use of blunt instruments to retract the cath-
eter to avoid injury to the device (Fig.  37.9 ).  

 Injecting fl owable hemostatic solutions into the wound 
after deep closure may also promote hemostasis improve 
healing. 

 Prone positioning and posterior pump placement should 
be selected only in those patients with adequate tissue to sup-
port the pump. Erosion can be minimized by only using 
pumps of 20 mL or smaller.  

37.4.6     Infection 

 Irrigation of the wound is very important in the time before 
closing. High-volume irrigation and preoperative intrave-
nous antibiotics are very important to reduce the risk of 
infection.   

    Conclusions 

 Intrathecal pump placement is a complex procedure that 
requires signifi cant training and clinical execution. The 
needle placement and catheter placement allows for the 
overall success of the therapy. Each step of this process 
must be carefully planned and performed. Clinical experi-
ence is very important in continuingly improving tech-
niques with these methods.  

  Fig. 37.9    Stylet removal from the catheter. CSF fl ow should be 
observed after stylet removal       
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37.5     Supplemental Images 

 See Figs.  37.10 ,  37.11 , and  37.12 .        

  Fig. 37.10    Fascia should be exposed prior to placing the purse-string 
suture around the needle at the ligament entry. A purse-string suture 
may promote fi brosis around the catheter and reduce CSF leaks and 
hygroma formation       

  Fig. 37.11    Injex deployment system for anchor with Tefl on guide and 
wing-type anchor with wings. The Ethibond 2-0 suture is anchored to 
the fascia fi rst and then the distal ends are passed through the eyelets of 
the wings and tied down prior to deployment of the anchor that fi rmly 
and permanently grips the catheter (Reprinted with the permission of 
Medtronic, Inc.)       

  Fig. 37.12    Alternatively after using the newer Injex anchoring system, 
fl owable hemostat may be injected into the wound after deep closure to 
promote hemostasis, sealing of the tissues, and rapid healing       
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38.1             Introduction 

 Catheter migration is an important problem when consider-
ing complications of intrathecal drug infusion systems. 
Catheter migration can result in loss of effi cacy, drug with-
drawal, and the need for surgical revision. The methods of 
securing the catheter vary owing to physician preference.  

38.2     Anchoring Overview 

 The fi rst steps of ensuring a stable catheter is to place the 
needle in the spine at an appropriate low angle and to obtain 
a good course of the catheter in the cerebrospinal fl uid (CSF). 
Once the catheter is in a good position with low torque, the 
implanter should place a purse-string suture. Many implant-
ers do not understand the purpose of the purse-string suture. 
The intent is to use this purse-string suture around the needle 

to improve tissue tension and fi brosis around the catheter 
entry site. The purse-string suture does not anchor the cath-
eter but is meant to stabilize the tissue around the entry point. 
Once the purse-string suture is in place, the implanter must 
anchor the catheter. A variety of Silastic anchors to secure 
the catheter to the ligament or fascia are available for physi-
cian selection. 

 Classic Silastic anchors are in the shape of an elbow, tube, 
or butterfl y. A newly developed anchor (Injex; Medtronic; 
Minneapolis, MN) and a reinforced catheter system (Ascenda; 
Medtronic; Minneapolis, MN) may allow for the deployment 
of a constricting anchor over the catheter that obviates the 
need for further suturing beyond the winged ends and allows 
for rapid securing with reduced migration risk. The clinical 
advantage of this anchor has not been studied in a compara-
tive fashion, and longitudinal follow up is needed. 

 This chapter examines both the options of securing the cath-
eter and the associated problems with catheter movement.  
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38.3     Technical Overview 

 The process of securing and anchoring the catheter involves 
several steps that help ensure a good outcome (Table  38.1 ). 

 Once the needle and catheter are in good position, the 
physician must debride all fatty tissue from the area sur-
rounding the needle, exposing the fascia and ligament. At 
this point the physician should place a purse-string suture 
around the needle. The goals of a purse-string suture are to 
secure the tissue that surrounds the catheter to reduce the 
short-term risk of CSF leak around the catheter and to 
reduce the risks of catheter migration in the long term by 
allowing the tissue to fi brose around the catheter. The purse-
string is placed by using a nonabsorbable suture such as 
Ethibond or silk around the catheter while it is still in the 
needle. The suture is placed in the fascia and ligament in a 
purse-string orientation with at least four entries and exists 
is a circular pattern encompassing the needle. The suture is 
then tied while the needle is in place. This allows for a tight 

occlusion of the tissue without worry of damaging the cath-
eter, which can result in catheter fracture or occlusion 
(Table  38.1 ). 

 Many anchor choices exist for physician preference in 
securing the catheter. Anchors are shaped in an elbow orien-
tation, tubular form, bumpy tubular form, or butterfl y shape. 

 Alternatives to these anchors exist with the introduction 
of a form-fi tting bi-wing anchor on a Tefl on-coated 
 deployment device that tracks the catheter into the tissue 
deep to the incision. 

 Injection of a fl owable hemostatic foam may be helpful in 
tissue healing and CSF leakage. The use of Gelfoam may 
also be helpful in reducing the risk of chronic CSF leak 
(Fig.  38.1a, b ). 

 Once the catheter is anchored, it is important to leave a 
strain-relief loop in the catheter before it is tunneled to the 
pocket. This will be critical in the fi rst few weeks of tissue 
healing when the body movement may affect catheter 
security.

    Table 38.1    Risks and action to ensure successful anchoring   

 Migration risk  Physician action 

 Fatty tissue at anchoring site  Debride fatty tissue around the needle entry site exposing fascia and ligament for proper anchoring 
 Anchoring to muscle  When using an exaggerated paramedian approach, the physician should dissect medially until approaching 

ligament or fascia, avoiding anchoring to muscle, which may lead to migration with contraction 
 Lead anchor gap  The anchor should be as close to the lead entry into the ligament or fascia as possible, avoiding room for 

migration distal to the anchor, with newer systems allowing for a distal tracking of the catheter to “plug” the 
gap 

 Suturing with silk  Avoid silk sutures when anchoring 
 Dependence on the anchor  The anchor should be seen as one component of securing the system. 

 Total dependence on the anchor can lead to poor outcomes. 
 Hematoma below anchor  Hemostasis should be obtained prior to closing the wound. Bleeding can lead to catheter movement owing to 

hematoma compression placing pressure on the anchor. 
 Minimal migration changes  The catheter should be placed in an area of the spine that will not be affected by minimal migration movements. 

If the catheter tip is in the CSF, a good outcome may be preserved even in the presence of movement. 

a b

  Fig. 38.1    ( a ) Purse-string suture. ( b ) “Butterfl y” anchor on the catheter       
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38.3.1        Anchor Types 

 Anchoring can be performed with a variety of anchors 
depending on manufacturer, but there are only a few basic 
anchor types. These include a “butterfl y” anchor, which 
secures the catheter by wrapping around the catheter. A 
suture is placed through a singular suture hole to lay the cath-
eter and anchor down against the fascia. An advantage of this 
type of anchor is the ability to use the same suture used for 
the purse-string to also secure the catheter and anchor. To 
accomplish this task, the suture must exit the fascia caudad 
to the needle entry site (Fig.  38.2 ).  

 The “long tubular” anchor is placed over the catheter at 
the proximal tip and is slid downward to the spinal entry site 
to abut the fascia or ligament. This type of anchor may have 
one, two, or three suture holes, and it is important to ensure 
that sutures are placed that work well in concert so that there 
is no strain on the catheter materials that can lead to kinking 
or catheter trauma. 

 The “macaroni” anchor (Fig.  38.3 ) is a curved anchor 
with grooves in which the catheter rests. This anchor requires 
a stabilizing suture to hold down the anchor and an addi-
tional suture or two to hold the catheter in place in the anchor. 
The advantage of the macaroni anchor is that it directs the 
catheter in a subtle angle as it exits the anchor to avoid strain 
on the material. The disadvantage is the need to align the 
sutures in an exact location to reduce kinking. In some 
patients the ability to place the sutures in the exact location 
needed is diffi cult. 

 The new Injex anchor is a bi-wing type anchor on a 
deployment device shaped like a syringe. The catheter passes 
through a metal center and exits through the handle. The bi- 
wing has a distal fl exible tip that follows the catheter deep to 
the incision site. The eyelets accommodate nonabsorbable 
suture (e.g., Ethibond), which is previously anchored to fas-
cia. The suture is then tied to the bi-wing, and once in place, 
the plunger is depressed while stabilizing the anchor. The 
internal sleeve is Tefl on-coated, allowing for the anchor to 
slide off the deployment device. As the inner metal cannula 
is removed during deployment, the internal diameter of the 
anchor shrinks to tightly and irrevocably grip the catheter 
without kinking or occluding it. A newly released intrathecal 
catheter (Ascenda) is also reinforced internally, reducing the 
risk of fracture or inadvertent tearing. The deployment 
device is then slid off the distal end of the catheter and dis-
posed of, leaving the anchor in place adhered to the fascia, 
with the tip following and stabilizing the catheter deep to the 
incision, and gripping it permanently to prevent slip 
(Fig.  38.4 ). This method allows for a suture-less strategy to 
secure the anchor to the catheter and offers a simplifi ed 
anchoring approach. The surgeon now only has to secure the 
anchor to the lumbodorsal fascia     

  Fig. 38.2    Winged anchor with stainless steel pin and splicing catheter 
connectors.       

  Fig. 38.3    Common “macaroni” anchor Injex bi-wing anchor ready for 
deployment after securing 2-0 Ethibond suture (already knotted to fas-
cia). Injex bi-wing anchor in place with catheter ready for tunneling to 
pump pocket.       

  Fig. 38.4    Injex anchor is a bi-winged anchor that is a suture-less strat-
egy that has simplifi ed the anchoring procedure.       
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38.4     Suturing and Anchoring Materials 

 The suture used to anchor the catheter should be nonabsorb-
able and durable. In the past many texts and articles have 
recommended silk as a mainstay of anchoring. Over time the 
use of silk can lead to migration. This occurs because of silk 
degradation and eventually a high risk of suture breakdown. 
Ethibond and other similar sutures provide a sturdy nonab-
sorbable suture that will reduce the risk of long-term migra-
tion. The type of anchor the clinician chooses may be of 
minimal signifi cance. Manufacturers often point out advan-
tages to their anchoring systems and clinicians develop pref-
erences based on individual experiences, but to date, no 
long-term studies have been performed comparing anchors 
from competing companies, or for anchors made from the 
same company. 

38.4.1     The Deer-Stewart Anchoring Method 

 In our experience the commitment to excellence in anchoring 
is worth adding a few minutes to the surgical procedure. To 
adequately secure the catheter that has been placed 
 percutaneously, it is important to space the sutures properly. 
This requires a purse-string that is initiated 0.5 cm distal to 
the needle entry into the ligament and fascia. The exit of the 
purse-string should be 0.1 cm from the entry point. The suture 
is then secured with a surgeon’s knot and left uncut. The nee-
dle and stylet are then removed and an anchor is placed. The 
author prefers the butterfl y anchor, which is placed over the 
catheter and advanced to the entry point to the ligament. The 
purse-string suture is then used to secure the anchor and cath-
eter. This method avoids the need to place a suture while the 
vulnerable catheter material is exposed to the risk of punc-
ture. Once the anchor is secured, a strain relief loop of 2–3 cm 
is placed in the incision prior to tunneling (Fig.  38.5a–h ).    

  Fig. 38.5    ( a – h ) Deer-Stewart Method of securing the bi-winged anchor, employing purse string stitch.         

a b

c d
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e f

g h

Fig. 38.5 (continued)
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38.5     Risk Assessment 

 The incidence of migration for intrathecal catheters is low 
but can be problematic, leading to loss of effi cacy, with-
drawal, or mechanical failure of the device. In some cases 
the catheter can totally exit the spine and move into the 
abdominal pocket (Figs.  38.6  and  38.7 ). 

 Failure to create a proper purse-string suture can lead to 
CSF leak around the catheter and the development of a 
hygroma in the posterior incision or into the abdominal 
pocket (Fig.  38.8 ). 

 Failure to properly remove adipose tissue can lead to 
anchoring to a necrotic area of tissue that will lead to migra-
tion. When anchoring occurs to the muscle tissue, migration 
can occur as the patient undergoes normal movement requir-
ing muscle contraction. Suture breakage can occur. This may 
lead to shifting of the catheter or anchor. The purse-string 
suture can lead to catheter occlusion. Kinking of the catheter 
can lead to fracture or kinking. This can occur at the spine 
exit point or the catheter entry or exit into the anchor. This 
can occur even with ideal needle entry, optimal catheter 
placement, and superb anchoring technique.     

  Fig. 38.6    Migration of the catheter into the pocket       

  Fig. 38.7    Fibrosis of tissue around the catheter in the pocket that may 
have contributed to migration of the catheter into the pocket       

  Fig. 38.8    Hygroma of pocket       
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38.6     Risk Avoidance 

 Migration can be reduced by using an angle of 45° or less for 
needle entry and by using a paramedian approach with nee-
dle placement. Anchoring should occur only after all fatty 
tissue has been debrided from the area surrounding the nee-
dle. The implanter should view a shiny fascial layer with the 
ligament and fascia in view prior to anchoring. When the 
paramedian approach is used in an extreme manner, the 
amount of fascia and ligament available for anchoring is 
unacceptable. This can lead to anchoring to muscle or adi-
pose. The paramedian approach should be used in all cases 
of implantation; however, the needle entry point should 
remain in the area of the spine that allows for proper 
anchoring. 

 A proper purse-string should pull the tissue surrounding 
the needle entry site around the catheter to help with fi brosis 
to reduce the risk of CSF leak or hygroma. 

 Nonabsorbable suture should be used for anchoring. 
When possible, silk should be avoided because its long-term 
stability is worrisome. In thin patients it is important to use a 
double or triple layer closure to reduce the risk of discomfort 
at the anchor placement site. If an unacceptable tissue layer is 
present to cushion the anchor, the surgeon can make a pocket 
in the muscle adjacent to the anchor to place any excess cath-
eter. Trimming the catheter in the pocket should be able to 

reduce this risk. The catheter should have a strain- relief loop 
at both the anchor site and the area beneath the pump.  

    Conclusions 

 An ideal outcome with an intrathecal drug infusion sys-
tem requires several successful processes. Anchoring of 
the catheter is a very important component, particularly in 
regard to the long-term stability of the system. It is impor-
tant to create a smooth transition for the catheter out of 
the spine, entering and exiting the anchor, and leaving the 
dorsal incision in the tunneling path. Attention to secur-
ing the catheter can improve outcomes and patient satis-
faction and reduce the need for revisions.     
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39.1             Introduction 

 Once the intrathecal catheter is successfully placed in the 
spinal canal, the stylet and needle are removed, the purse- 
string suture is secured, and the anchor is successfully 
placed, the physician must pass the catheter from the dorsal 
incision at the spine to the pocket that has been created for 
the intrathecal pump. The process of tunneling can be viewed 
as a simple “passage” of the catheter, but the technique is 
important; if the tunneling is done improperly, the outcome 
can be poor. In most clinical settings, the pump pocket is in 

the abdominal wall, so tunneling is from the lumbar spine to 
the abdomen. Depending on the patient’s body habitus, this 
course could be short or long. It may require a single pass or 
an intermediate incision at the mid fl ank. 

 Alternative pump locations in the lower back or buttock 
may allow shorter catheter “runs” with fewer complications, 
particularly in large patients or those with abdominal abnor-
malities or poor skin condition. The biggest issues with pos-
terior pump placement is patient comfort and skin erosion. 
The implanter should consider a low-volume pump if a pos-
terior approach is planned.  
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39.2     Technical Overview 

 Before going into the operating theater, it is important to 
evaluate the patient’s body habitus and determine the ideal 
location for pocket placement. Once the pump pocket site 
has been located and the pocket has been made, the physi-
cian can determine the best path for tunneling the catheter. 
When making this determination, the physician should 
consider the patient’s bony structure, including the rib 
margin and the bones of the sacrum. The pathway of tun-
neling should be fi nalized and a permanent marker should 
be used to mark the course for local anesthetic placement, 
as shown in Fig.  39.1 . The ideal local anesthetic varies 
based on physician selection, with lidocaine and bupiva-
caine being the most common selections. When using lido-
caine, the addition of a small amount of bicarbonate may 
lead to less pain on injection with a normal dilution ratio 
of 9:1 (lidocaine:bicarbonate). The addition of epinephrine 
may decrease bleeding at the time of tunneling. The local 
anesthetic placement should be accompanied by intermit-
tent aspiration to avoid intravascular injection, with atten-
tion to depth in order to avoid puncture of inadvertent 
structures. Local anesthetic placement is depicted in 
Fig.  39.2 . Alternatively, some physicians prefer to provide 
analgesia by giving a very small dose of intrathecal bupi-
vacaine (2.5 mg or less) through the catheter before matur-
ing the pump pocket and tunneling. This procedure should 
be coordinated with the anesthesiologist to ensure that the 
patient’s blood pressure can support such a maneuver, and 
in any case the intrathecal anesthetic dose should be deliv-
ered at the level of the conus or below, to provide adequate 
analgesia in the desired dermatomes and avoid a “high 
spinal.”   

 Once the patient has been properly anesthetized by using 
local anesthesia and intravenous sedation, or intrathecal 
analgesia, the physician is ready to tunnel. Conventional tun-
neling rods are of fairly large diameter and require passage 
over a distance that may lead to improper depth. This prob-
lem can be managed by bending the tunneling device to the 

contours of the body, or by making a two-pass tunneling 
approach. In this method, the physician makes an incision 
along the course of the tunneling path, tunnels to that inci-
sion, and then tunnels in a second step to complete the cath-
eter pass. Figures  39.3  and  39.4  show the options for the 
one-pass and two-pass methods. Figure  39.5  demonstrates 
the placement of the catheter into the tunneling rod.    

 During the course of tunneling, the physician should use 
palpation to determine that the tunneling rod is staying at 
proper depth. Ideally, the tunneling rod should be palpable in 
the subcutaneous tissue, deep enough to avoid invading the 
dermis, but superfi cial enough to avoid penetrating unin-
tended structures (Figs.  39.6  and  39.7 ).   

 The physician may tunnel from the spinal incision to the 
pocket or from the opposite direction. Regardless of the 
direction chosen, the physician must be aware of the risk of 
injuring the catheter as it enters the spinal structures, and 
should be vigilant in avoiding the catheter on either entry or 
exit of the tissues with the rigid tunneling device. Once tun-
neling is completed, the catheter should be prepared in the 
pocket for attachment to the pump with proper trimming and 
confi rmation of proper cerebral spinal fl ow (Fig.  39.8 ). To 
help avoid catheter migration, a strain relief loop should be 
created in the spinal incision prior to wound closure.  

 Permanent location of the pump in a posterior location 
rather than in the abdomen has some advantages: The patient 
is in the prone position for the entire procedure, which 
greatly simplifi es the implantation and increases the speed of 
placement. The tunneling distance is also signifi cantly short-
ened, reducing the risk of accidental perforation of internal 
structures ( eg , kidney, colon) or other tunneling misadven-
tures, and decreasing postoperative pain and possible kink-
ing or fracture over long distances. However, the patient 
must have adequate tissue mass posteriorly to support the 
pump. Pumps of greater than 20 mL volume may be too large 
to place posteriorly. Additionally, the pump should be placed 
at least 10 cm above the iliac crest to avoid placement in the 
buttock and development of discomfort from resting on the 
periosteum, leading to possible cluneal neuralgia.  
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  Fig. 39.1    Marking the skin for the tunneling course using the two-step 
technique       

  Fig. 39.2    Local anesthesia for tunneling       
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  Fig. 39.3    Completion of step one with the tunneling rod in the spinal 
incision       

  Fig. 39.4    Two-pass tunneling approach       
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  Fig. 39.5    Placement of the lead into the tunneling rod       

  Fig. 39.6    The tunneling rod must stay in the proper tissue plane to 
ensure that the lead is not superfi cial, which can lead to erosion, or 
deep, which can result in patient injury       

  Fig. 39.7    The tunneling rod should be palpable as it is passed in the 
tissue to monitor depth       

  Fig. 39.8    The tunneling process is completed when the lead is secured 
to the IPG       
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39.3     Risk Assessment 

 Complications from the tunneling component of the proce-
dure are rare in the overall consideration of pump morbidity. 
Table  39.1  reviews some of the more common problems seen 
in clinical settings:

•    A hematoma can develop when the tunneling rod disrupts 
a vessel during passage.  

•   Tunneling too superfi cially can lead to discomfort and in 
some cases erosion through the tissue.  

•   Tunneling too deep can puncture the bowel, lung, or other 
vital structures.  

•   Infection can develop in the tract if the tunneling rod or 
catheter becomes contaminated.  

•   In obese patients, the ability to tunnel may be limited due 
to inadequate length of tunneling tools.  

•   In emaciated patients, tunneling may be diffi cult second-
ary to lack of subcutaneous fat.  

•   Posterior pump placement or placement in a location other 
than the abdomen is off- label and may be associated with 
compression over the iliac crest or erosion through the skin.   

   Table 39.1    Reducing risks of tunneling for intrathecal pumps   

 Tunneling risk  Physician action 

 Too deep: may puncture viscera  Enter tissue in the subcutaneous tissue and palpate the tunneling rod as it is advanced 
 Too shallow: may erode  Enter tissue in the subcutaneous tissue and palpate the tunneling rod as it is advanced 
 Large body habitus  Use a two-pass technique 
 High risk of infection  Use a one-pass technique 
 Hematoma along the tract  Check preoperative clotting factors, apply pressure if swelling develops, use surgical drainage if needed 
 Emaciated patients  Avoid tunneling in the dermis 
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39.4        Risk Avoidance 

 Even though complications of tunneling are rare, the clinician 
should take all possible steps to avoid risks to the patient:

•    In patients with a high risk of bleeding, preoperative labo-
ratory evaluation should be carefully reviewed with a 
focus on platelet function and clotting indices. If any sign 
of swelling develops in the tunneling course, pressure 
should be applied in the postoperative period with com-
pression dressings and ice packs.  

•   When advancing the tunneling rod, the physician should 
palpate the tunneling rod, with a focus on avoiding the 
dermis. In severely protein-defi cient patients, this may be 
diffi cult to accomplish, but it is critical to avoid erosion. 
Further, the physician should be aware of the location of 
the tip of the tunneling tool at all times.  

•   The clinician should be able to palpate the tunneling rod 
through its entire passage (Fig.  39.7 ). In this way, the doc-
tor can avoid the risk of tunneling at depths that may lead 
to tissue damage.  

•   Tunneling may require the physician to be placed in phys-
ically uncomfortable positions to achieve the proper angle 
to place the rod, possibly getting outside of the sterile 
fi eld and contaminating the tunneling tool or the catheter. 
This problem highlights the need for wide prepping and 
draping of patients receiving an intrathecal device. 
Vigorous irrigation of the tunneling tract with antibiotic 
solution may also be helpful.  

•   For obese patients, the tunneling distance required should 
be measured at the time of marking the course. This dis-
tance should be compared to the length of the tunneling 
tool. If the distance is longer than the available tunneling 
device, a two-step technique should be used. This alteration 

in technique will lead to a successful procedure and reduce 
the risk of improper depth of tunneling.  

•   If an alternative pump location outside of the abdomen is 
chosen, using a smaller volume pump may reduce the risk 
of erosion, and placement at least 10 cm above the iliac 
crest, off the midline, will reduce the chances of cluneal 
neuralgia from periosteal impingement. Additionally, 
patients must have adequate tissue mass to support the 
pump in the subcutaneous tissues. In some patients, the 
lack of body fat makes it necessary to create a pump 
pocket that is deep to the underlying muscular fascia.     

    Conclusions 

 The placement of a permanent intrathecal device requires 
attention to detail and vigilance at each step of the proce-
dure. Much of the physician’s attention is placed on the 
placement of the catheter and the creation of a pocket, but 
it is very important to adequately consider the tunneling 
element of the process, which has a profound impact on 
the achievement of a successful outcome.     
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      Pocketing for Intrathecal Drug Delivery 
Systems 

           Timothy     R.     Deer       and     C.     Douglas     Stewart    

40.1             Introduction 

 Creating a pocket in the subcutaneous tissue is an important 
part of placing the permanent intrathecal drug delivery system 
(IDDS). For many with surgical experience the creation of the 

pocket seems trivial on the surface. The focus of much of the 
implantation of the intrathecal pump is on the proper delivery 
of the catheter to the spinal fl uid and the subsequent anchoring 
and tunneling. Many critical aspects also exist for creating a 
pump pocket. These points are examined in this chapter.  

  40

        T.  R.   Deer ,  MD      (*) •    C.  D.   Stewart     
  The Center for Pain Relief  ,    400 Court Street, Suite 100  ,  
 Charleston  ,   WV   25301  ,   USA   
 e-mail: DocTDeer@aol.com; dstewart@centerforpainrelief.com   

mailto:DocTDeer@aol.com
mailto:dstewart@centerforpainrelief.com


280

40.2     Technical Overview 

 The incision of skin, separation of tissue planes, and hemo-
stasis of the wound are factors we must focus on when creat-
ing a pump pocket. Several steps must be taken into 
consideration prior to doing the surgical components of the 
procedure. The physician should closely examine the 
patient’s bony structure to evaluate the location of the most 
inferior rib margin and the anatomy of the anterior iliac 
spine. Attention should also be given to the patient’s existing 
scars and skin lesions that may affect pocket creation. 

 Langer’s lines, sometimes called cleavage lines, are topo-
logical lines drawn on a map of the human body (Fig.  40.1 ). 
They correspond to the natural orientation of collagen fi bers 
in the dermis.  

 Knowing the direction of Langer’s lines within a specifi c 
area of the skin is important for surgical operations, particu-
larly cosmetic surgery. If a surgeon has a choice about where 
and in what direction to place an incision, he or she may 
choose to cut in the direction of Langer’s lines. Incisions 
made parallel to Langer’s lines may heal better and produce 
less scarring than those that cut across these lines. Conversely, 
incisions perpendicular to Langer’s lines have a tendency to 
pucker and remain obvious, although sometimes this is 
unavoidable. The same could be said for taking care not to 
cut across old scar or hypertrophic scar. Almost assuredly 
the outcome will be poor. 

 Evaluation of local infection should be performed on the 
skin with the pocket location being altered based on any 
infectious-appearing areas. An evaluation of skin turgor and 
texture should be performed to determine whether the 
patient has acceptable nutrition to tolerate the placement of 
the device in the subcutaneous tissue or whether a need 
exists to place the device below the fascia. The patient 
should consider visiting with her or his primary care doctor 
to optimize comorbidities and nutritional status prior to sur-
gery. Finally an evaluation should be done to determine 

whether the patient has skin viability to handle the proce-
dure. This point may be important in patients on long-term 
high-dose steroids, with renal disease, or with chronic skin 
diseases. 

 Once the preoperative assessment is completed, the 
patient is taken to the operating theater and positioned. 
When positioning the patient, the placement of the pocket 
must be given consideration. The abdomen must be properly 
exposed and draping should allow for easy visual inspection 
of the surgical fi eld, rib margin, pelvis, and umbilicus. This 
exposure will allow the physician to properly utilize the 
information obtained in the preoperative period. In some 
settings because of body habitus, previous surgeries, or skin 
issues, the pocket is placed in the lumbar region posteriorly. 
In these settings the patient can be positioned in the prone 
position. 

 Another area of concern is the need to maintain a sterile 
fi eld on the abdomen while placing the catheter, using fl uo-
roscopy, and anchoring the catheter. This often requires 
manipulating the fl uoroscopy machine from an anteroposte-
rior view to a lateral view with close contact above the 
 abdomen. The author recommends using a three-quarter 
sheet over the abdomen until it is time to make the pocket. 
This will reduce the risk of secondary contamination 
(Fig.  40.2 ).  

 Once the patient has been properly prepared, the surgeon 
makes the skin incision to initiate pocket formation. Prior to 
incision the patient must be properly anesthetized with 
either local anesthesia, intravenous sedation, or both. The 
incision should be made with the skin retracted to a taut 
orientation. A #11 or #15 blade is the most commonly used 
instrument for incision. The incision can be made to the 
desired depth, which can be used as an entry point for pocket 
dissection, or the incision can be made just below the dermis 
and the depth can be achieved with cutting electrothermal 
dissection. The normal depth of the pocket ranges from 1 to 
3 cm based on physician preference. The pocket can be 
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made by sharp dissection with surgical scissors or by blunt 
dissection with the surgeon’s hand or the blunt portion of an 
instrument. The method of pocket dissection chosen is 
based on physician preference and training. The pocket 
should be 110–120 % of the total volume of the pump. The 
physician may use the pump to measure the pocket size as 
dissection is carried out. If the pocket is too large, it may 
lead to pump movement and even result in the pump fl ip-
ping. If the pocket is too small, it may lead to tissue pressure 
and possible discomfort or, in worse-case scenarios, tissue 
erosion with loss of the device. Unfortunately, even with 
careful attention to detail, the patient may develop some of 
these issues over time owing to the health of the adipose, 
fascia, and skin tissues. 

 Regardless of dissection technique, the tissue should be 
manipulated gently to avoid the later complication of seroma. 
If epinephrine is placed in the local anesthetic, it may retard 
some small vessel bleeding, but it can also cause a delay that 
can lead to bleeding after wound closure. The physician must 
be aware of this issue. Hemostasis can be achieved by elec-
trocautery, suturing of the vessel, and applying pressure by 
packing the wound with antibiotic-soaked surgical tapes. 

 Once the pocket has been properly sized, the pump has 
been tested for proper fi t, and the catheter has been tunneled 
to the pocket, the physician can connect the pump to the 
catheter and secure the connection to avoid disruption of the 

system. Prior to placing the pump into the pocket for the fi nal 
time, the nonabsorbable suture is placed into the tissue. The 
suture can then be applied to suture loops on the pump, 
which will secure its position. The authors prefer suture loop 
pumps, but an alternative is to use a Dacron pouch, which 
allows suturing of the pouch to hold to the pump in place. 
The downside of the pouch is scarring over time that may 
make future revisions diffi cult. As the pump is placed in the 
pocket, the implanting doctor needs to pay attention to the 
location of the side port and pump catheter connector. The 
shape of this part of the pump can irritate the tissue and 
potentially cause pain. The patient’s body habitus should be 
considered when placing the side port and the connector and 
the position should be noted in the operative note if it varies 
in individual patients. 

 Once the clinician is pleased with the pump pocket and 
device placement, the pocket must be closed. The pocket 
should be irrigated vigorously with antibiotic solution and 
then the tissue brought together with a two- to three-layer 
closure. The choice of suture is at the discretion of the 
implanter. The author prefers absorbable monofi lament 
suture such as monocryl. Sterile surgical tapes can be applied 
on the skin surface or staples may be used in some cases. An 
abdominal binder can be helpful in reducing postoperative 
pain and may help in the reduction of pocket seroma or 
hematoma.  
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  Fig. 40.1    Langer’s lines       
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Catheter tip

Pump

  Fig. 40.2    Fluoroscopy unit with lateral view       

 

40 Pocketing for Intrathecal Drug Delivery Systems



284

40.3     Risk Assessment 

     1.    The pocket may become infected. This can be superfi cial 
or involve the deeper tissues and the deviceBleeding 
within the pocket can cause a hematoma resulting in 
wound dehiscence and breakdown and ultimate loss of the 
device.   

   2.    Seroma occurs when the tissue seeps serosanguineous 
fl uid that results in pocket pressure and potential pain, 
wound dehiscence, and loss of the device.   

   3.    A pocket that is too large can lead to pocket fl ipping, 
seroma formation, and eventual catheter complications.   

   4.    A pocket that is too small may lead to pain, tissue necro-
sis, and erosion of the metal through the skin.   

   5.    A pocket that is created close to the rib or anterior supe-
rior iliac spine can lead to discomfort when sitting, lying, 
or changing positions.      

40.4     Risk Avoidance 

     1.    Careful attention to detail is critical in preventing infec-
tion. This involves preoperative assessment, prophylactic 
antibiotics, proper preparing and draping, tissue irriga-
tion, and attention to wound closure.   

   2.    The avoidance of pocket bleeding can be achieved by 
attention to preoperative clotting indices, careful han-
dling of the tissue during dissection, and hemostasis by 
electrocautery, suturing of vessels, and tissue pressure to 
clot small bleeding vessels that may not be initially 
obvious.   

   3.    Seroma cannot always be avoided, but the likelihood of 
seroma can be reduced by paying careful attention to 

detail when dissecting the pocket. The tissue should be 
handled carefully, electrocautery should be used judi-
ciously, and bleeding vessels should be controlled prior to 
wound closure. It is also important to size the pocket 
properly for the device. Tissue pressure in the postopera-
tive period may be helpful in reducing seroma. This can 
be achieved by abdominal binders, elastic wraps, or pres-
sure dressings.   

   4.    Pocket sizing should be done carefully, checking the 
pocket with the actual device when the size of the pocket 
is felt to be adequate. In this method the pocket can slowly 
increase in size until it is 10–20 % bigger than the volume 
of the pump. In the future, sizing templates would be 
helpful in achieving proper size and depth of the pump.   

   5.    The physician should ensure that there is 5 cm or more 
between the pump location and the bony landmarks of the 
ribs and the bones of the pelvis. This should allow for 
enough room when standing, sitting, and lying, avoiding 
bony irritation of the pump site. In cases of scoliosis, 
kyphosis, small stature, and other body habitus irregulari-
ties, the placement of the pump may be in contact with the 
bone even with the best effort to avoid such contact.      

    Conclusions 

 Successful pump placement requires attention to detail 
and execution of several critical steps. The placement of 
the pocket is more than simply making an incision and 
separating tissue. It involves the use of strategy, careful 
planning, and surgical skill to create a pocket that results 
in a good initial outcome and reduces the need for future 
revisions and reoperations. The other issue is patient sat-
isfaction and comfort, which can be enhanced by follow-
ing the edicts noted in this chapter.  
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  Fig. 40.3    Appropriate pocket incision length and location       

40.5     Supplemental Images 

 See Figs.  40.3 ,  40.4 ,  40.5 ,  40.6 , and  40.7 .          

  Fig. 40.7    Placement of the reservoir posteriorly in the fl ank       

  Fig. 40.4    The physician should evaluate pocket depth and size prior to 
pump implant       

  Fig. 40.5    Proper orientation of the pump in the pocket with the side 
port at the 1 o’clock orientation       

  Fig. 40.6    The tissue must be loose enough to close without pressure on 
the tissue edges       
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      Drug Selection for Intrathecal Drug 
Delivery 

           Karina     Gritsenko     ,     Veronica     Carullo     ,     Timothy     R.     Deer      , 
and     Jason     E.     Pope     

         The use of intrathecal agents to treat pain and other diseases, 
such as spasticity, is based on the principle that delivering 
drugs directly to the cerebral spinal fl uid (CSF) bypasses the 
fi rst-pass effect and results in increased potency and reduced 
systemic side-effects as compared to other routes of delivery 
such as the oral or transdermal approach. This may improve 
effi cacy and sustainability, as compared to epidural, intrave-
nous, oral, or transdermal preparations. 

 Importantly, the intrathecal drug delivery system itself func-
tions as a platform to deliver medications into the intrathecal 
space; it does not assign the medication chosen for delivery. 

The selection of the proper drug to use in an individual patient 
is complicated by the disease state, previous failures of sys-
temic medications, patient characteristics, and the location and 
pathology of the chronic pain state. Further, the traditional 
approach of regarding the intrathecal drug delivery system as 
salvage therapy is outdated; advancements are improving out-
comes and infl uencing drug choice and dosing strategies. This 
chapter examines the options for drug delivery in the intrathe-
cal space. These principles can be applied when managing a 
trial to see whether someone is a candidate for an implant or in 
the setting of managing a permanent implant. 
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41.1     Technical Overview 

 In the United States, the Food and Drug Administration 
(FDA) has approved three drugs for chronic, continuous 
intrathecal use. These agents are morphine and ziconotide 
for the treatment of pain, and baclofen for the treatment of 
spasticity. It has become common practice in the United 
States, and throughout the world, to use other agents in 
patients who have unacceptable relief or adverse effects from 
the use of these three standard substances. This strategy is 
termed off-label use. (Monotherapy with the aforementioned 
agents is on-label.) The authors do not recommend or 
endorse the off-label use of medications, and the decision to 
use drugs in an off-label fashion is a case-to-case decision 
made by the managing physician. If the treating physician 
decides to employ off-label medications or off-label combi-
nation therapy, several safety factors should be considered:

•    Animal and human safety data support the use of the 
agent.  

•   Other clinicians in the fi eld use the drug in a similar 
fashion.  

•   Studies or consensus guidelines in the literature support 
the off-label use of the medications.    

 As a guide to clinical practice and an effort to improve 
patient safety, algorithms have been created by well- 
published experts on the proper selection and dosing of both 
on-label and off-label medications based on patient response. 
These algorithmic selections are based on animal safety data, 
human safety data, clinical effi cacy publications, and clinical 
experience. These consensus algorithms shape current prac-
tices on drug selection and continue to evolve, with new 
studies and clinical experience. 

 The most recent peer-reviewed consensus guideline state-
ment for intrathecal therapy was the Polyanalgesic Consensus 
Conference (PACC) of 2012. This is the fourth such effort to 
standardize and provide an evidence-based foundation for 
the implementation and management of intrathecal therapy. 
The fi rst, by Portenoy and Hassenbusch in 2000, recom-
mended morphine as the only fi rst-line agent for the treat-

ment of pain, with an algorithm for alternatives if morphine 
failed or had unacceptable side effects. The second line of 
therapy based on established criteria included hydromor-
phone as an alternative opioid, or the addition of a nonopioid 
adjuvant such as bupivacaine or clonidine to morphine in 
neuropathic states. In a 2003 update, use of hydromorphone 
was advanced to a fi rst-line agent equal to morphine. The 
reasoning included equivalent effi cacy data, equivalent or 
superior safety data, and the possibility of reduced risk of 
intrathecal granuloma with hydromorphone. In 2007, the 
advancement in the fi eld warranted yet another update to this 
living document. This consensus of experts determined that 
fi rst-line therapies should include morphine, hydromor-
phone, and ziconotide. Other signifi cant changes included 
adding fentanyl as a solo agent as a second-line option, and 
adding combination therapies including opioids with bupiva-
caine or clonidine, but also with ziconotide. 

 The latest iteration of the PACC guidelines was in 2012, 
and included updates to the existing algorithm. Importantly, 
the pain was divided into neuropathic or nociceptive pain, 
which may infl uence the medication employed. Other nota-
ble differences included increasing the maximum dose of 
hydromorphone to 10 mg per day, compared with the 2007 
recommendation of 4 mg per day (Tables  41.1 ,  41.2 , and 
 41.3 ). The algorithms described, and line of therapy, are out-
lined in Tables  41.4  and  41.5 .

       In selecting the proper drug for each patient, the physician 
should attempt to determine the type of pain. Other impor-
tant features in selecting an intrathecal medicine includes the 
region of pain and the ability to place a catheter congruently. 
Each medicine has different physicochemical properties that 
infl uence medication spread. Dose titration and vigilance 
will improve the effi cacy of the therapy The occurrence of 
adverse effects also may have a profound effect on the need 
for adjustments to infusion combinations. 

 Drug algorithm selection is not only used during continu-
ous, chronic intrathecal infusion, but also is used by many 
physicians during patient screening. When the patient fails to 
respond to an opioid alone during the trial, many physicians 
will change to ziconotide or add an adjuvant such as bupiva-
caine or clonidine.  

   Table 41.1    Polyanalgesic Consensus Conference 2012 recommenda-
tions for starting doses of intrathecal agents   

 Agent  Starting dose 

 Morphine  0.1–0.5 mg/day 
 Hydromorphone  0.02–0.5 mg/day 
 Fentanyl  25–75 μg/day 
 Bupivacaine  1–4 mg/day 
 Clonidine  40–100 μg/day 
 Ziconotide  0.5–2.4 μg/day 

  From Deer et al. (2012) with permission  

    Table 41.2    Polyanalgesic Consensus Conference 2012 recommenda-
tions for maximum concentration of intrathecal agents   

 Agent  Maximum concentration 

 Morphine  20 mg/mL 
 Hydromorphone  15 mg/mL 
 Fentanyl  10,000 μg/mL 
 Bupivacaine  30 mg/mL 
 Clonidine  1000 μg/mL 
 Ziconotide  100 μg/mL 

  From Deer et al. (2012) with permission  
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   Table 41.3    Polyanalgesic Consensus Conference 2012 recommenda-
tions for maximum dose of intrathecal agents   

 Agent  Maximum dose 

 Morphine  15 mg/day 
 Hydromorphone  10 mg/day 
 Fentanyl  None 
 Bupivacaine  10 mg/day 
 Clonidine  600 μg/day 
 Ziconotide  19.2 μg/day 

  From Deer et al. (2012) with permission  

   Table 41.4    Polyanalgesic Consensus Conference 2012 recommendations for neuropathic pain   

  Line 1   Morphine  Ziconotide  Morphine + bupivacaine 
  Line 2   Hydromorphone  Hydromorphone + bupivacaine  or  Hydromorphone + clonidine  Morphine + clonidine 
  Line 3   Clonidine  Ziconotide + opioid  Fentanyl  Fentanyl + bupivacaine  or  Fentanyl + clonidine 

  Line 4   Opioid + clonidine + bupivacaine  Bupivacaine + clonidine 

  Line 5   Baclofen 

  From Deer et al. (2012) with permission 
  Line 1 : Morphine and ziconotide are approved by the US Food and Drug Administration for IT therapy and are recommended as fi rst-line therapy 
for neuropathic pain. The combination of morphine and bupivacaine is recommended for neuropathic pain on the basis of clinical use and apparent 
safety.  Line 2 : Hydromorphone, alone or in combination with bupivacaine or clonidine, is recommended. Alternatively, the combination of mor-
phine and clonidine may be used.  Line 3 : Third-line recommendations for neuropathic pain include clonidine, ziconotide plus an opioid, and 
fentanyl alone or in combination with bupivacaine or clonidine.  Line 4 : The combination of bupivacaine and clonidine (with or without an opioid 
drug) is recommended.  Line 5 : Baclofen is recommended on the basis of safety, although reports of effi cacy are limited  

   Table 41.5    Polyanalgesic Consensus Conference 2012 recommendations for nociceptive pain   

  Line 1   Morphine  Hydromorphone  Ziconotide  Fentanyl 
  Line 2   Morphine + bupivacaine  Ziconotide + opioid  Hydromorphone + bupivacaine  Fentanyl + bupivacaine 

  Line 3   Opioid (morphine, hydromorphone, or fentanyl) + clonidine  Sufentanil 

  Line 4   Opioid + clonidine + bupivacaine  Sufentanil + bupivacaine or clonidine 

  Line 5   Sufentanil + bupivacaine + clonidine 

  From Deer et al. (2012) with permission 
  Line 1 : Morphine and ziconotide are approved by the US Food and Drug Administration for IT therapy and are recommended as fi rst-line therapy 
for nociceptive pain. Hydromorphone is recommended on the basis of widespread clinical use and apparent safety. Fentanyl has been upgraded to 
fi rst-line use by the consensus conference.  Line 2 : Bupivacaine in combination with morphine, hydromorphone, or fentanyl is recommended. 
Alternatively, the combination of ziconotide and an opioid drug can be employed.  Line 3 : Recommendations include clonidine plus an opioid (i.e., 
morphine, hydromorphone, or fentanyl) or sufentanil monotherapy.  Line 4 : The triple combination of an opioid, clonidine, and bupivacaine is 
recommended. An alternate recommendation is sufentanil in combination with either bupivacaine or clonidine.  Line 5 : The triple combination of 
sufentanil, bupivacaine, and clonidine is suggested  
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41.2     End of Life 

 The 2012 PACC group realized that the use of intrathecal 
agents in the terminally ill patient may differ from their use 
in someone who is a candidate for long-term therapy. Higher 
concentrations of agents, and the use of agents that are not 
normally recommended (such as tetracaine, ropivacaine, and 
meperidine), may be appropriate for the terminally ill patient. 
A frank discussion of risks and benefi ts should occur with 
the health care team, the patient, and the patient’s signifi cant 
others. As the medications are to be used off-label, the treat-
ing physician should weigh the risks and the benefi ts of the 
therapy.  

41.3     Future Research and Development 

 The future use of intrathecal drug delivery devices may 
include new drugs, new delivery strategies, new dosing para-
digms, and software innovations. Practitioners should be 
mindful of the limitations of the currently available devices. 
Unfortunately, there is not a robust advent of new intrathecal 
agents, but hardware and software innovations soon to be on 
the horizon may continue to advance the pain-care 
algorithm.  

41.4     Risk Assessment 

•     Intrathecal opioids may cause tolerance, and the drug 
effect may be lost over time. Selecting patients with lower 
systemic opioids for intrathecal drug delivery may miti-
gate tolerance. Some authors contend that combination 
therapy may offset the speed of dose escalation with 
monotherapy.  

•   Intrathecal opioids may affect the hormonal axis, causing 
changes in antidiuretic hormone and testosterone. A com-
mon complication is peripheral edema, which may occur 
early in the course of therapy and may be diffi cult to con-
trol during ongoing opioid therapy.  

•   Intrathecal opioids have been associated with infl amma-
tory masses, also called granulomas, which can result in 
failure of the system and may lead to neurologic 
symptoms.  

•   Intrathecal clonidine has been seen to have an impact on 
blood pressure and may cause sedation. Withdrawal can 
be fatal because of rebound hypertension.  

•   Intrathecal bupivacaine may cause numbness, edema, uri-
nary retention, and change in proprioception.  

•   Intrathecal ziconotide may cause drowsiness, dizziness, 
and hallucinations. It is contraindicated in patients with 
psychosis.  

•   Currently available intrathecal delivery platforms have 
limitations that can affect patient care. These include MRI 
incompatibility, the fear of overdose, unexpected overin-
fusion, and the lack of an extremely low minimal rate 
while the Personal Therapy Manager (PTM; Medtronic, 
Minneapolis, MN) is employed.     

41.5     Risk Avoidance 

•     Some practitioners believe that tolerance can be avoided 
or slowed either by increasing dosages at prolonged inter-
vals of several months or by adding synergistic drugs to 
lessen the need for opioids.  

•   Patients with long-term opioid therapy may require hor-
mone replacement and testing. This is a problem not only 
with the intrathecal use of opioids, but also with other 
routes of opioid administration and with chronic pain in 
general. The most commonly replaced drug is testoster-
one, but other hormones also may be affected. The devel-
opment of pedal edema may be directly related to 
intrathecal opioid and can be treated with mild antidiuret-
ics, compression stockings, and leg elevation. If the prob-
lem is not resolved, the patient may benefi t from drug 
substitution. The primary care doctor should also evaluate 
the patient to rule out other causes of fl uid retention.  

•   The formation of intrathecal infl ammatory masses has 
been shown to be directly related to high concentrations 
and dosage of opioids and may represent a pharmacoki-
netic failure. The PACC in 2012 set recommended con-
centrations for drug infusion ( see  Table  41.2 ). Warning 
signs of infl ammatory masses include loss of analgesic 
effect or changes in proprioception, sensation, or motor 
function. The masses can be diagnosed by MRI or CT 
myelography.  

•   Intrathecal clonidine is well tolerated by most patients, 
with no change in blood pressure or consciousness. The 
dose should be initiated at low levels such as 10–30 μg/
day, and interval changes should be small. The risk of 
complications is greater when the catheter is in the high 
thoracic or cervical region.  

•   Intrathecal bupivacaine has been shown to improve effi -
cacy and reduce the need for opioids for equianalgesic 
effect. To reduce the risk of complications and side effects, 
the dose should be initiated at a low level of 1–3 mg per 
day, with any change being made at very small intervals.  
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•   The use of ziconotide has gained momentum, as it is a 
fi rst-line therapy for both nociceptive and neuropathic 
pain. Further, as a nonopioid, it is not associated with car-
diopulmonary depression with overdose, and no fatal 
events have been reported. It also appears to be non- 
granulomagenic. The dosing strategy of “starting low and 
titrating slow” improves patient tolerability.  

•   The reader is directed to the device manufacturer for cur-
rent information on the limitations of the available intra-
thecal platforms. It is of paramount importance to 
understand the different risks and limitations of each 
device before beginning therapy.     

    Conclusions 

 Intrathecal drug delivery offers a different, complemen-
tary neuromodulation pathway for patients when conser-
vative medical care has failed. Treating intrathecal therapy 
as a salvage therapy is an antiquated and misguided atti-
tude. Improving effi cacy and mitigation of therapy-related 
complications centers on improved patient selection, trial-
ing, and drug selection. Success commonly can be 
achieved with monotherapy. When considering drugs that 
are not approved for fi rst-line use, the physician should 
take a scientifi c approach centered on patient safety; 
choosing agents on the basis of physician preference, 
anecdotal reports, or off-label marketing is not acceptable. 

Algorithmic thought, vigilance, and an attention to both a 
good outcome and safety must be the overriding hierarchy 
of intrathecal therapies.     
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      Intrathecal Pump Refills 

           Karina     Gritsenko     ,     Veronica     Carullo     , and     Timothy     R.     Deer     

42.1             Introduction 

 It is extremely important to ensure an appropriate level of 
understanding and training regarding the initial placement of 
intrathecal catheters and intrathecal pumps; the maintenance 
of these devices, however, specifi cally the refi ll process, is 
equally important. In a perfect setting, the pump is placed 
without incident, the patient does well on a continuing basis, 
and the pump is refi lled at regular intervals. Many implant-
ing doctors spend little or no time in training to learn the 
refi ll technique. Although this procedure seems limited in 
technical diffi culty, and lacking in excitement, it is very 
important for the continued desired outcome of acceptable 
pain relief and absence of complications, which may be seri-
ous if this relatively simple task is not done properly. 
Vigilance is an essential part of this simple but also essential 
part of intrathecal drug delivery and care. In settings where a 
team approach is implemented, the administrative person in 
charge of nurse education must be committed to proper train-
ing of nurses and physician extenders performing this 
procedure.  

42.2     Technical Overview: How to Conduct 
a Refi ll 

 Once the patient has been implanted with the intrathecal 
pump, telemetry is performed to establish an initial starting 
dose and alarm date. The patients initially are seen frequently 
in the physician’s offi ce to monitor for postoperative infec-
tion, assess their analgesic response to the intrathecal drug 
therapy or side effects that may occur with dose changes, and 
identify the need for dosage adjustments. Most offi ce evalu-
ations of the intrathecal device system include interrogation 
of the patient’s pump to assess medication settings and reser-
voir volumes, establishment of the alarm date, and schedul-
ing of an offi ce infusion center or home refi ll service 
appointment at least 1 week before the alarm date to ensure 
the pump will be refi lled before the depletion of medication 
from the pump reservoir. 

 Before refi lling the pump, the patient is assessed by the 
physician or team member with regard to pain relief, neuro-
logical function, and any potential complications. The pre-
scribed drug is reviewed to confi rm proper concentration, 
volume, and dosing. The procedure is explained to the patient 
and informed consent documents are completed. The patient 
is placed on the examination table in the supine position and 
the baseline pump telemetry assessment is performed based 
on manufacturer’s recommendations. The pump telemetry 
informs the physician of the patient’s demographic informa-
tion and the pump and catheter specifi cations including 
model number, serial number, and catheter length. Pump 
telemetry also informs the physician of the medication set-
tings of the pump including drug concentration and dosage, 
pump reservoir volume, and alarm date. All of these compo-
nents are critical in order to establish the pre-procedure vol-
ume baseline so that a comparison can be conducted 
following pump refi ll. Understanding of this data is essential 
to avoid any untoward sequelae related to improper adminis-
tration of the medication or improper programming, espe-
cially in the setting of any planned medication changes, 
where precision is of utmost importance. In settings where 

  42

        K.   Gritsenko      
  Montefi ore Medical Center, Albert Einstein 
College of Medicine ,   3400 Bainbridge Avenue, 
MMC-MAP, Room LL400 ,  Bronx ,  NY   10467 ,  USA   
 e-mail: karina.gritsenko@gmail.com   

    V.   Carullo      
  Pediatric Pain Management Service ,  Montefi ore Medical Center, 
Albert Einstein College of Medicine ,   Bronx ,  NY ,  USA   
 e-mail: vcarullo@montefi ore.org   

    T.  R.   Deer ,  MD      (*) 
  The Center for Pain Relief  ,      400 Court Street, Suite 100  ,  
 Charleston  ,   WV   25301  ,   USA   
 e-mail: DocTDeer@aol.com  

mailto:karina.gritsenko@gmail.com
mailto:vcarullo@montefiore.org
mailto:DocTDeer@aol.com


294

the refi ll is performed by an infusion center or home refi ll 
service it is still important that the patient be evaluated by the 
physician at some interval to examine them and note the sta-
bility of neurological function. 

 Available programmable pumps have information on the 
calculated volume of the pump, but actual volumes are not 
determined by the reading of the device. In pumps that are 
constant fl ow and “nonprogrammable,” the volume is based 
on timing and the number of days between refi ll events. 
These pumps cannot be interrogated by telemetry, and give 
no computerized information to the managing physician. 
The number of nonprogrammable pumps in the United States 
is limited and physicians who are not familiar with the 
devices should consult with the manufacturer’s insert and 
technical support before moving forward. Programmable 
pumps are the most common type of implant in both the 
United States and in most international settings where pump 
therapies are offered. Most commonly, a Medtronic 
(Minneapolis, MN) device has been used. 

 Recently, a new programmable pump system, the 
Prometra Programmable Infusion Pump system (Flowonix; 
Mt. Olive, NJ), approved in 2012, has been studied and has 
become a presence in the market. This system works via an 
electrically programmed valve-gated system which is non-
peristaltic and will mitigate the need for complex gears and 
rotors. In theory, the newer technology is unique in that the 
care team is able to access the actual volume in the computer 
without aspirating the pump. Based on an industry- sponsored 
multicenter study, there is additional literature supporting a 
lesser likelihood of pump pocket subcutaneous refi lls due to 
a larger refi ll septum and higher reservoir pressures in the 
system itself so any additional medication would be returned 
into the medication syringe. As this is a relatively newly 
approved device, complications of these new pump mecha-
nisms are not currently known and will need to be continue 
to be assessed. 

 In terms of the pump refi ll process itself, sterile kits are 
available. The pump refi ll kit should include sterile drape, a 
pump template; proper non-coring Huber needles for intra-
thecal pump port access; syringes; micropore fi lters to reduce 
the risk of introduction of contaminants; and tubing with 
proper stopcocks that allow change in fl ow direction, stop-
page of fl ow, and evaluation of pump pressure. The prepping 

process should be performed with a solution that is proper 
for local pathogens and should be done widely outside the 
area of planned pump refi ll. The prep should be initiated at 
the center of the pump site and then moved outward in a 
circular motion until the entire pump area is cleansed. This 
process should be repeated on at least three occasions. Once 
the pump is properly prepped, the fi eld should be covered 
with a fenestrated drape. Each kit contains a sterile, plastic 
template that can be placed onto the skin for guidance and 
mimicking of the shape of the pump and the location of the 
central port. The central port of the pump is accessed by 
using a template and inserting the non-coring Huber needle 
of the appropriate gauge perfectly parallel with the center 
port in the pump. The pump lumen is secured when the phy-
sician or nurse feels the needle contact a metal surface, after 
passing through a rubbery port structure. At times, fl uoro-
scopic imaging or ultrasound imaging has been used in order 
to locate the port to minimize complication risk, especially 
in patients with an atypical body habitus or high bmi num-
bers. The medication remaining in the pump is withdrawn 
and measured, comparing the actual volume with the pro-
grammer reservoir volume found upon the initial pump 
telemetry. After rechecking and verifying the new medica-
tion concentration with the concentration noted on the initial 
telemetry, the new medication is injected into the pump, 
aspirating every 5 mL to verify continued needle placement 
in the pump. With the Prometra device, it is suggested that an 
additional safety measure is present due to the higher reser-
voir pressures in the system itself so any additional medica-
tion would be returned into the medication syringe as an 
additional safety measure if there is a change in the pressure 
during injection. Once all of the medication is injected into 
the pump, the needle is withdrawn from the pump and a ban-
dage is applied to the puncture site. The pump programmer 
is then used to verify the drug concentration, make dosage 
adjustments, and reset the reservoir volume to refl ect the 
amount of medication placed in the pump. The new alarm 
date is noted and the patient is given an appointment for at 
least 1 week before the alarm date. All tracings should be 
confi rmed by at least two members of the clinical team. The 
physician should always be the person to determine the set-
tings of dosing after the refi ll, even in settings in which the 
physician does not actively participate in the procedure.  
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42.3     Risk Assessment 

     1.    The greatest risk to the patient during the refi ll process 
is placing the wrong drug or concentration into the 
device or subcutaneously outside of the device. This 
can lead to death or serious injury or, in contrast, to opi-
oid withdrawal if the medication is not injected into the 
planned location or if there is a syringe swap or medica-
tion error.   

   2.    Infection is a risk of pump refi ll. This can lead to local-
ized infection, as well as meningitis, abscess, or death.   

   3.    The patient can develop sensitivity to the prepping solu-
tion leading to a rash over the refi ll site.   

   4.    The catheter can be damaged with the placement of the 
needle for pump refi ll.   

   5.    Pump programming is an essential part of every refi ll. 
Improper programming can lead to overdose, under dose, 
withdrawal, serious neurological injury, or death.   

   6.    Overfi lling of the pump can lead to damage to the bellows 
and pump failure.   

   7.    Inadvertent placement of the drug into the subcutaneous 
area can lead to abnormal reactions to the drug in the 
immediate period after pump refi ll.   

   8.    Pocket refi lls continue to be a concern, but with the assis-
tance of available technologies, including more com-
monly accessible fl uoroscopy or portable ultrasound 
devices and the advent of improving pump refi ll system 
devices, the hope is to mitigate complications related to 
pump refi ll errors, especially in the obese population.      

42.4     Risk Avoidance 

     1.    Prior to refi lling the pump, the physician and nurse should 
review the prescribed drug, concentration, and dose and 
double check it against the drug delivered by the phar-
macy provider.   

   2.    Careful attention to sterile technique, use of micro-pore 
fi lters, and sterile handling of the drug solutions are criti-
cal in reducing infection. Any redness or swelling of the 

pump pocket should lead to close observation, and may 
necessitate incision and drainage of the pump.   

   3.    The patient’s skin should be evaluated prior to each refi ll. 
If a rash develops, the cleaning solution should be 
changed, and if necessary, a dermatologist should be 
consulted.   

   4.    The catheter should be placed below the pump at the time 
of implant. If the catheter moves to an area in front of the 
device, it may be injured. This is why it is critical to aspi-
rate after every 5 mL is injected.   

   5.    All programming should be prescribed by the physician 
and confi rmed by at least two members of the clinical 
team including the physician.   

   6.    The pump volume to be replaced should be reviewed at 
the time of each refi ll. The volume should never be 
exceeded. Excessive fi lling of the pump could lead to 
injury of the internal pump mechanics, and failure of the 
device.   

   7.    It is important to place the needle through the rubber port 
and then to feel it stop at the metal back portion of the 
lumen. Once it is in proper position, the existing drug 
should be aspirated and compared to the calculated vol-
ume. If the volumes are within 25 %, it considered rea-
sonable for refi ll. In cases where the aspirated volume is 
more than 25 % of the expected volume, the physician 
should do additional workup on the integrity of the pump. 
Once the refi ll process is started, the drug should be aspi-
rated at 5 mL intervals.   

   8.    If there is any diffi culty in fi nding the port itself, use adju-
vant devices such as ultrasound or fl uoroscopy to locate 
the device and prevent any untoward events.      

    Conclusions 

 The procedure of refi lling a pump appears simplistic to 
the casual observer. The serious nature of this process 
may be undervalued by many practices and physicians. 
The pump refi ll process is very important and should be 
taken very seriously with attention given to pre-refi ll 
preparation, vigilance during refi ll, and follow-up after-
ward to access any potential complications.  
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42.5     Supplemental Images 

 See Figs.  42.1 ,  42.2 ,  42.3 ,  42.4 ,  42.5 ,  42.6 ,  42.7 ,  42.8 ,  42.9 , 
 42.10 ,  42.11 , and  42.12 .                 

  Fig. 42.2    After carefully prepping the abdomen on multiple occa-
sions, sterile drapes are placed       

  Fig. 42.3    The patient should be assessed to orientation of the pump, 
and as to evidence of any skin abnormalities       

  Fig. 42.4    In some cases, laser-guided fl uoroscopy can be used to refi ll 
the pump. This may be very helpful in the obese patient or in a patient with 
an abnormal abdominal wall secondary to scar or poor tissue integrity       

  Fig. 42.5    Sterile dressings are placed once the pump is refi lled       

  Fig. 42.1    Computer telemetry to access the status of the pump before 
pump refi ll       
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  Fig. 42.6    A template can be used to help identify the port of the intra-
thecal pump       

  Fig. 42.7    After securing the needle in the lumen, the pump should be 
aspirated and compared to the expected volume. One should hold the 
needle in place       

  Fig. 42.8    The needle should be secured in the pump lumen and 
secured based on landmarks and successful aspiration throughout the 
aspiration and injection of any medication       

  Fig. 42.9    The infusate should be delivered in small increments with 
frequent aspiration to assure that the needle does not slip outside of the 
lumen       
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  Fig. 42.10    An example of pump refi ll using sterile morphine with 
intermittent aspiration and fi lling       

  Fig. 42.12    A sample pump refi ll kit for the Prometra pump, including 
syringe with cap, stopcock, extension tubing with clamp, fenestrated 
drape, fenestrated sterile drape, fi lter, non-coring needs, refi ll template       

  Fig. 42.11    The tubing should be clamped off prior to removing the 
needle to avoid drug leaking into the surrounding tissue       
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      Complications of Intrathecal Drug 
Delivery 

           Karina     Gritsenko     ,     Veronica     Carullo     , and     Timothy     R.     Deer     

43.1             Introduction 

 Intrathecal pumps are an option that allows patients who suf-
fer from moderate-to-severe pain to have an improvement in 
quality of life, reduction in pain, improvement in systemic 
side effects, and change in function. They also are an option 
for patients who are at the end of life to improve alertness, 
reduce fatigue and nausea, and improve survival in the can-
cer population. This has been noted to be both clinically ben-
efi cial and cost effective, especially in those patients who are 
expected to survive longer than 6 months [ 1 ]. Unfortunately, 

despite the many positive attributes of these devices, they are 
not without risks. The complications can be classifi ed as sur-
gical, device related, or drug related. This chapter focuses on 
the complications of intrathecal drug delivery and options to 
assess and reduce risks (Fig.  43.1 ). 

 The reported incidence of adverse events range from 3 to 
24 %, most of which are minor and related to the drug infused. 
The risks of serious events such as neural injury appear to be 
markedly less than 1 %. The majority of device complications 
occurs with the pump at the time of implant and maintenance 
of the therapy, including refi lls and programming.   
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Pump site
  1. Infection
   A. Superficial
   B. Deep
  2. Non-Infectious
   A. Wound dehiscence
   B. Seroma
   C. Pump flipping
   D. Reservoir site pain

Spine 
  1. Infection
   A. Superficial
   B. Deep
   C. Spinal meningitis
  2. Non-infectious
   A. Wound Dehiscence
   B. Seroma
   C. Hardware site pain
  3. Hardware: Catheter
   A. Kink
   B. Disconnect
   C. Fracture

Systemic effects
  1. Medication
   A. Opioids: 
     i. Peripheral edema
     ii. Endocrinopathic affects
     iii. Immunologic effects
     iv. Urinary retention
   B. Ziconotide
     i. Myalgia 
     ii. Hallucinations
     iii. Somnolence
     iv. Urinary retention
   C. Local anesthetics
     i. Weakness
     ii. Urinary retention/incontinence

Brain
  1. Medications (see “Systemic effects”) 
   A. Overdose
   B. Withdrawal

  Fig. 43.1    Intrathecal drug delivery 
may have advantages to systemic 
drug delivery       
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43.2     Complications Associated 
with the Neuraxis 

 Intrathecal drug delivery involves the placement of a needle 
and catheter into the thecal sac. This can lead to an injury to the 
spinal cord, nerve root, or other neuraxial tissue, along with 
bleeding. Certainly, prior to the consideration of an intrathecal 
pump placement, the practitioner must consider the complexity 
of the anatomical spinal space, including spinal stenosis or 
arachnoiditis, into which the pump is to be implanted because 
disease pathology, medical characteristics, and variations in 
spinal anatomy may complicate the procedure. 

 At the time of placement, it is important to keep the 
patient as responsive and cogent as possible during needle 
placement, along with catheter placement, within the intra-
thecal space. A theoretical risk could include direct injury of 
the spinal cord; the risk of needle injury is much more likely 
when the needle entry is above the conus medullaris, which 
is usually located at L1. Direct needle injury of the spinal 
cord or the exiting nerves below this level is highly unlikely 
because the nerves fl oat in the cerebrospinal fl uid (CSF) and 
are usually pushed away by the needle approach, especially 
if the needle is advanced in the lateral fl uoroscopic view and 
a blunt-tip needle is employed. The catheter can be threaded 
directly into the conus medullaris or other portions of the 
spinal cord, causing a new radicular pain, best treated with 
immediate withdrawal and an attempted repass of the cathe-
ter, underscoring the importance of catheter placement in an 
awake patient, if possible. 

 Infectious complications are uncommon, but these may 
include epidural abscess or intrathecal infection/meningitis. 
Superfi cial infections may occur at the reservoir site or neu-
roaxilla near catheter placement and anchoring. Reports of 
viral-induced transverse myelitis have been reported with 
pump catheters, but these reports are diffi cult to differentiate 
from chemical injury to the tissue. As a precaution periop-
erative antibiotic use, typically gram-positive coverage, is 
essential prior to pump placement. Antibiotic irrigation is 
also used by some practitioners [ 2 ]. If an infection is discov-
ered within the neuraxial space (as opposed to a superfi cial 
wound infection), it is essential to remove both catheter and 
pump to prevent ongoing infection or progression and to 
consult a local infectious disease specialist. 

 In terms of later postoperative neuraxial complications, it is 
also possible for neurological sequelae to occur with the for-
mation of granuloma, particularly with long-term use of high-
concentration or high-dose opioids. Granuloma is a 
noninfectious infl ammatory mass that appears to be a chronic 
fi brotic that develops at the tip of the intrathecal catheter with 
clinical presentations ranging from an asymptomatic problem 
to a major insult that can cause compressive symptoms. 
Fortunately, infl ammatory masses develop slowly over time 
and in many cases are detected early based on the  development 

of new clinical signs and symptoms, namely loss of treatment 
effi cacy or new neurological symptoms or signs. The most 
common clinical presentations are loss of effect, sensory 
changes, pain in the distribution of the catheter tip, and loss of 
proprioception. Motor loss usually occurs late in the progres-
sion and may increase the urgency of intervention. 

 The cause of granuloma appears to occur from the long- 
term use of high-concentration opioids or high daily doses of 
opioid medications and may represent an example in phar-
macokinetic failure based on new insights garnered from 
CSF hydrodynamics. The most commonly reported opioids 
are morphine and hydromorphone. In a recent analysis, a 
consensus panel recommended reducing the drug concentra-
tions when possible to a concentration of morphine not 
greater than 20 mg/mL and the concentration of hydromor-
phone not greater than 15 mg/mL, which was increased from 
the 2007 consensus conference recommendations. In addi-
tion to reducing the concentration of opioids, other theories 
have been developed including using smaller, more lipo-
philic, molecules such as fentanyl and sufentanil or adding 
bupivacaine to reduce the dose of opioid required, which has 
been refl ected in the 2012 Polyanalgesic Consensus 
Conference guidelines (see Chap.   41    ). Some have theorized 
a protective effect of clonidine in reducing the formation of 
granuloma, but this has not been proven prospectively. 

 There has been one case of granuloma formation with 
ziconotide reported to the U.S. Food and Drug Administration 
(FDA) between January 2004 and October 2012 of the 1,753 
granuloma formations reported in total, although the case is 
clouded by prior opioid therapy before ziconotide initiation 
and granuloma discovery. Thus the relative safety of 
ziconotide, with regards to granuloma formation, is still 
quite favorable. In 2010 there is one published case report in 
the European literature describing a patient who developed 
two sequential granuloma formations with a ziconotide 
intrathecal pump within a 10-month period. 

 The diagnosis of either abscess or granuloma is confi rmed 
by magnetic resonance imaging (MRI), but physical exami-
nation and history are very important in making the initial 
diagnosis. The MRI may be diagnostic with gadolinium 
depending on the size and location of the mass. Computed 
tomography (CT) myelogram is an option if the patient has a 
contraindication to MRI (e.g., cardiac pacemaker, insulin 
pump, neurostimulator, cochlear implant). 

 Another complication that can occur is a CSF leak, which 
may occur in as many as 20 % of patients with intrathecal 
drug delivery systems [ 2 ]. Such leaks may present clinically 
with symptoms of a post–dural puncture headache (PDPH; 
e.g., nuchal rigidity, positional headache). Treatment is simi-
lar to that of any patient with a PDPH (e.g., caffeine, fl uids, 
conservative management), but interventional epidural blood 
patch may be pursued with caution to avoid any possibility 
of intrathecal catheter damage.  
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43.3     Complications Involving Nonspinal 
Tissues 

 Infection of the pump or catheter can lead to explant of the 
device. The rate of infection varies from practice to practice 
but is reported from 0 to 4.5 % globally for surgical proce-
dures. Infection is obvious in some cases with redness, puru-
lent drainage, and swelling, but in some cases it may be 
diffi cult to differentiate from postoperative skin irritation. 
The presence of a fever, elevated white blood count with a 
left shift in neutrophiles, elevated C-reactive protein, and 
elevated erythrocyte sedimentation rate raises the index of 
suspicion toward an infectious process. The diagnosis may 
be confi rmed by Gram stain and culture. The diagnosis can 
be confusing in the immunocompromised patient, such a 
patient on long-term steroids or a patient with advanced can-
cer, because the tissue reaction and blood marker elevations 
may be blunted. In addition to device infection, the clinician 
should consider other more common sources of fever, such 
as atelectasis, urinary tract infection, and drug reaction in the 
acute postoperative, postimplantation period. Vigilance is 
paramount when managing a suspected infection, and clini-
cal signs and symptoms of an infection are present, it is rec-
ommended to manage the patient conservatively and consider 
explantion of the device. 

 The noninfectious buildup of serosanguineous fl uid, 
termed seroma, may impede the ability of the wound to heal. 
This may be very similar to an infection in tissue appearance 
and may be associated with an elevation of the white blood 
count. Diagnosis is confi rmed by aspiration of straw-colored 
noninfectious fl uid. Seroma formation can be lessened by 
limited aggressive blunt dissection, the use of sharp dissec-
tion, excellent hemostasis, closure of deadspace, and use of 
compression postoperatively, commonly via an abdominal 
binder. Treatment may include surgical drainage, simple 
aspiration, or conservative management. 

 Although extremely rare, bleeding from the pocket reser-
voir site or spinal incision can lead to wound dehiscence, 
pain, and the need for surgical drainage. Diagnosis is made 
by an expanding wound with pain or by frank bleeding. 
Small hematoma formation is possible, but an expanding 
wound may require further intervention. Subdural migration 
has been reported and can lead to decreased effi cacy or in 

some cases overdose. In addition subdural hematoma is a 
rare but possible occurrence and presents clinically with 
severe headache and neurological sequelae requiring urgent 
surgical intervention. Transverse myelitis has been associ-
ated with intrathecal catheters in very rare situations. If a 
progressive myelopathy develops in the presence of a normal 
MRI, a neurology consult should be obtained. 

 The pump can cause pain because of fl ipping in the tis-
sues, contact with bony landmarks, or erosion of the device 
through the skin. Erosion is most commonly associated with 
signifi cant weight loss and a diminished subcutaneous adi-
pose layer. This may develop from an overall decrease in 
body mass index or by redistribution of fat with aging or 
diseases. Also, if a pump becomes fl ipped, this may inhibit 
the ability to refi ll the pump with maintenance drug without 
the use of image guidance and may require acute interven-
tion to prevent medication withdrawal side effects.  

43.4     Complications Involving the Catheter 

 Historically, the most common type of hardware complica-
tions in intrathecal drug delivery systems are catheter related. 
Possible problems seen with intrathecal catheters include 
kinking, fracture, leak, and migration. Migration of the cath-
eter is rare if proper anchoring and purse-string suturing are 
utilized. The movement of the catheter out of the spinal canal 
can lead to loss of pain relief or withdrawal from the infused 
drug. 

 Catheter kinking, scarring, and leakage can lead to mul-
tiple clinical problems. The problem is suspected with the 
loss of clinical effi cacy, because a higher than suspected vol-
ume of the pump reservoir at the time of refi ll is not clini-
cally reliable. The workup includes a side-port catheter 
evaluation under fl uoroscopy, where an aspiration is 
attempted from the catheter side port. If 2 mL is able to be 
withdrawn freely from the catheter, then dye is injected to 
perform a myelogram surrounding the catheter to inspect for 
fi lling defects. If the side-port study suggests a noncongruent 
system within the intrathecal space, surgical exploration and 
catheter revision are recommended. 

 Advancements in catheter technology have remedied 
some of the historical challenges with catheter malfunctions  
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43.5     Complications Involving 
the Implanted Device 

 Intrathecal pump patients require intermittent refi lls to con-
tinue to deliver drugs, as the reservoir is depleted with slow 
continuous infusion. This process requires access to the 
Silastic port. The risks of refi ll include infection, seroma for-
mation, inadvertent catheter access, inadvertent deposit of 
drugs outside the pump, termed a “pocket fi ll,” and inability 
to access the pump. The risk of infection can be signifi cantly 
reduced by maintaining appropriate sterile technique and 
using a bactereostatic fi lter; there may be additional antibac-
terial effects of local anesthetics themselves when included 
in the infused agent. Infections appear to be less than 1 in 
1,000 when proper technique is used. 

 Most commonly, the body creates a fi brous pocket around 
the pump and may stabilize the device. In patients with poor 
tissue integrity, such as patients with cancer, diabetes, active 
smokers, and long-term steroid therapy, formation of this 
pocket may not develop and the device may be prone to fl ip-
ping and to creating discomfort. These patients may require 
a Dacron pouch around the pump to establish a localized tis-
sue reaction or placement of “stay sutures” through the 
suture loops of the device reservoir. Ultimately these patients 
may require surgical adjustment if the pump is unable to be 
returned to its proper position. 

 Rotor failure is a risk of currently approved programma-
ble pumps manufactured by Medtronic (Minneapolis, MN). 
The problem can be diagnosed by an x-ray after the pump is 
programmed to give a bolus that will result in a turn of the 
rotor on fi lms if it is functioning correctly. Motor stalls occur 
more commonly when off-label medications are employed 

within the pump, either in combination or as monotherapy. 
Newly developed devices, such as the Prometra 
Programmable Infusion Pump system (Flowonix; Mt. Olive, 
NJ), approved in 2012, employs a valve-gated system that is 
nonperistaltic and may mitigate the challenges with off-label 
therapy. Another pump company innovation by Codman 
(Codman and Shurtleff; Raynham, MA) allows to access the 
actual volume in the computer without aspirating the pump, 
as compared with current methods of pump volume as deter-
mined by health care provider input. Because this is a rela-
tively newly approved device, complications of these new 
pump mechanisms are not currently known, and careful 
observation will be necessary when these products become 
commercially available. 

 Typical intrathecal pumps contain a pump side port with a 
main pump access port entered by noncoring needles that 
reduce trauma to the materials. These needles are specifi c to 
the port of intended refi ll to reduce the risk of inadvertent 
refi ll into the wrong port. Unfortunately, but thankfully very 
uncommon, the pump can experience failure of the lumen or 
side port over time that leads to a leakage of drug and a need 
for a surgical revision. 

 Patients with drug abuse histories can sometimes be 
treated successfully with a pump, although pump mainte-
nance and candidacy requires medical compliance. Although 
intrathecal therapy and use of the patient therapy manager 
provides the clinician a greater amount of control, all patients 
with potential risk for drug diversion, secondary gain, or sub-
stance abuse should be rigorously screened prior to pump 
implantation and closely monitored throughout treatment if 
intrathecal pump implantation is deemed an appropriate 
therapy.  
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43.6     Complications Involving 
Administered Agents 

 Long-term opioid infusions can lead to complications 
(Tables  43.1  and  43.2 ). A multicenter analysis of complica-
tions has shown that these complications can affect several 
body systems. Intrathecally administered opioids cause mul-
tiple side effects including nausea and vomiting (25.2 %), 
pruritus (13.3 %), edema (11.7 %), diaphoresis (7.2 %), 
weakness (7.2 %), weight gain (5.4 %), and diminished 
libido (4.9 %).

    Peripheral edema is a rare, but bothersome, side effect 
from opioid infusions. The mechanism appears to be related 
to a direct effect on the pituitary from intrathecal opioids 
involving antidiuretic hormone. Clonidine is active at the 
alpha receptors. This drug can cause hypotension and som-
nolence. It can be rarely associated with severe rebound 
hypertension with the sudden withdrawal or reduction. 

 Ziconotide (SNX-111) is a synthetic analogue of an 
 N -type voltage-dependent calcium channel blocker that is 
the only FDA-approved nonopioid-based medication to treat 
chronic pain. Common adverse events include dizziness, 
drowsiness, psychosis, tinnitus, nausea, and fatigue. Caution 
should be exercised in those patients with a previous history 
of psychosis or suicidality. Using a slow titration protocol 
may dramatically reduce the adverse event incidence with 
this drug. 

 When refi lling the pump, the physician and the nursing 
staff must be vigilant in ensuring that the drug placed is the 
intended drug at the intended concentration and dose. Coffey 
and Burchiel [ 3 ] reported increased mortality with intrathe-
cal drug delivery, as compared with spinal cord stimulation 
or lumbar discectomy, and all events were iatrogenic and 
included medication programming errors or overdose. 
Policies and procedures that reduce the risk of this problem 
should be in place.  

   Table 43.1    Frequency of complications associated with intrathecal 
drug delivery   

 Complication  Reported frequency (%) 

 Constipation  50 
 Diffi culty urinating  42.7 
 Nausea and vomiting  24.4–36.6 
 Impotence  26.8 
 Nightmares  23.2 
 Pruritus  13.3–14.6 
 Edema  6.1–11.7 
 Diaphoresis  7.2–8.5 
 Weakness  7.2 
 Weight gain  5.4 
 Diminished libido  4.9 

   Table 43.2    Complications reported with short-term intrathecal infu-
sion of Ziconotide (SNX-111) [ 4 ]   

 Patients,  n  (%) 

 Complication  Ziconotide ( n  = 72)  Placebo ( n  = 40) 
  Patients with any adverse event   70 (97.2)  29 (72.5) 
  Patients with any serious 
adverse event  

 22 (30.6)  4 (10.0) 

  Cardiovascular system   24 (33.3)  4 (10.0) 
 Postural hypotension  17 (23.6)  2 (5.0) 
 Hypotension  6 (8.3)  2 (5.0) 
  Nervous system   60 (83.3)  14 (35.0) 
 Dizziness  36 (50.0)  4 (10.0) 
 Nystagmus  33 (45.8)  4 (10.0) 
 Somnolence  17 (23.6)  3 (7.5) 
 Confusion  15 (20.8)  2 (5.0) 
 Abnormal gait  9 (12.5)  0 
  Urogenital system   23 (31.9)  0 
 Urinary retention  13 (18.1)  0 
 Urinary tract infection  7 (9.7)  0 
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43.7     Treatment of Complications 
Associated with Implanted 
Intrathecal Drug Delivery Systems 

43.7.1     Treatment of Complications Involving 
the Neuraxis 

 Direct trauma to the spine or nerve roots is confi rmed by 
MRI or CT. Once the problem is suspected, immediate neu-
rosurgical consultation and intravenous steroids should be 
considered. If the catheter is in a location that may cause 
ongoing trauma, it should be removed when the patient is 
stable for surgical explant. 

 Ongoing CSF leak may lead to chronic headache, diplo-
pia, and tinnitus. Treatment includes bedrest, fl uids, and caf-
feine. If the problem persists, a blood patch should be 
considered, but careful attention should be given to maintain 
sterile technique, atraumatic needle placement, and avoid-
ance of traumatizing the catheter with the blood patch nee-
dle. It is even possible to consider a subdural hematoma 
related to intrathecal placement. 

 Once a neuraxial infection is suspected, a workup must be 
rapidly initiated and treatment initiated. Physical examina-
tion should be in detail and with great vigilance. Additional 
workup includes a sample of CSF, an analysis of the white 
blood count, and sedimentation rate. Meningitis should be 
treated by infectious disease in accordance with the docu-
mented pathogen. Epidural abscess requires immediate sur-
gical decompression. 

 Infl ammatory mass varies in its presentation and required 
intervention. In all cases the granulomagenic medication 
needs to be minimized and discontinued. In small granulo-
mas the management can consist of rotation to a different 
intrathecal agent and continued observation. As the mass 
size and clinical presentation become more worrisome, the 
options for treatment include catheter removal, catheter 
repositioning, and catheter revision to a new catheter. The 
need for neurosurgical debridement is rare and is generally 
only needed when motor symptoms develop.  

43.7.2     Treatment of Complications Involving 
Nonspinal Tissues 

 The most common reason to replace an intrathecal pump is 
the battery being at the end of its life, which commonly 

occurs at approximately 7 years. The procedure seems sim-
ple, but if great care and attention is not taken, the outcome 
can be disastrous. The patient is at risk for drug overdose or 
withdrawal. In most reported cases of postoperative death, 
the cause has been a poor estimate of drug dosing. 
Appropriate attention should be given to careful postopera-
tive respiratory monitoring including oxygen saturation as 
well as frequent neurological checks. Just as with place-
ment of the device and introduction to the intrathecal route 
of therapy, intrathecal initiation of opioid-based medica-
tions requires 23-h observation. Baclofen withdrawal and 
opioid overdose are the two most common causes of sig-
nifi cant problems in this patient group. Both of these prob-
lems can be limited with proper monitoring and patient 
evaluation. 

 The use of routine antimicrobial prophylaxis is contro-
versial, but it has become increasingly common (Table  43.3 ). 
Treatment of superfi cial infections may be with oral antibi-
otics, incision and drainage, and observation. The more 
extensive infections involving the pocket require device 
removal.

   Seroma treatment includes attention to reducing tissue 
trauma at the time of the implant. Once a seroma develops, 
treatment includes pressure to the wound, aspiration of the 
fl uid, or in severe or recurrent cases, tissue exploration and 
drainage. 

 Postoperative bleeding can be reduced by preoperative 
evaluation and management of drugs that may affect blood 
clotting. Once a bleed occurs, treatment includes pressure to 
the wound, aspiration of the hematoma, or surgical explora-
tion and evacuation. 

 Skin irritation from the device can lead to pain, swelling, 
cellulitis, and eventual loss of the device. Treatment should 
be aggressive and involves wound exploration, pocket revi-
sion, and the consideration of a smaller pump if available.  

   Table 43.3    Recommended antibiotic prophylaxis prior to implanta-
tion of an implanted intrathecal drug delivery system [ 5 ]   

 Antibiotic 
 Dose and 
administration 

 Cefazolin  1–2 g IV 30 min prior 
to incision 

 Clindamycin (β-lactam–allergic patients)  600 mg IV 30 min 
prior to incision 

 Vancomycin (methicillin-resistant 
 Staphylococcus aureus  [MRSA] carriers) 

 1 g IV over 60 min 
prior to incision 
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43.7.3     Treatment of Complications Involving 
the Catheter 

 Treatments of catheter complications are dependent on the 
cause of the problem. In most cases the catheter has to be 
revised, but the scope of revision may vary based on the 
problem. In the event that the problem is at the spinal inci-
sion or in the spine, revision can be performed at that level 
with a splicing of the catheter from the spine to the existing 
catheter to the pump. In cases in which the problem is less 
certain, the revision must involve the entire catheter. In some 
instances the problem occurs at the pump connector. 
Although uncommon, this problem is suggested when the 
pump pocket has swelling in the setting of reduced effi cacy 
in the absence of a seroma and can be identifi ed radiographi-
cally. A dye study may be necessary once the revision is 
completed to ensure no problems exist downstream in the 
distal catheter. The clinician should open the pocket and, if 
the problem is at the connector, a revision can occur at the 
area within the pocket.  

43.7.4     Treatment of Complications Involving 
the Implanted Device 

 Excessive tension on the margins of the wound, along with 
inadequate depth of the device, can lead to skin breakdown, 
cellulitis, erosion, and dehiscence. To prevent this complica-
tion, the size of the pocket should be adequate to avoid tissue 
tension. The wound should be brought together without the 
need for any forced skin movement. The wound margins 
should have apposition that is uniform. If proper wound 
planning and management is performed, a pump can be 
placed in patients with low body mass index without compli-
cations. This group includes patients with malignancy, 

 children with spasticity, and patients with conditions that 
cause a low protein balance. In this select group, the pump 
may need to be placed in other locations. 

 Flipping of the pump can occur resulting in diffi culty or 
impossibility of fi lling the pump and failure of the catheter 
secondary to twisting and kinking. The problem can be 
reduced by proper pocket sizing, anchoring of the pump with 
suture loops, or sewing in a Dacron pouch. Treatment 
includes revision of the device and pocket. The most com-
mon causes of these problems include weight gain and poor 
tissue integrity secondary to chronic disease. 

 Mechanical failure of the pump is a complication that is 
resolved by pump replacement. Pump replacement is also 
required if the pump develops a leak from the side port or 
main port.  

43.7.5     Treatment of Complications Involving 
Administered Agents 

 The use of intrathecal agents can be very helpful in the major-
ity of patients. As with any route of delivery, a side effect 
profi le exists with drugs even when used properly. This prob-
lem cannot be avoided in the patient receiving intrathecal 
agents, but by using thoughtful algorithmic approaches, the 
risks can be reduced. When problems develop, the clinician 
should use techniques to reduce the number of side effects. 
These techniques include testosterone replacement, diet 
changes to treat constipation, diuretics, compression stock-
ings for edema, and medications to treat disruptions of sleep. 

 When the patient experiences side effects from an intra-
thecal agent, options include dose reduction, addition of an 
adjuvant drug to produce synergistic effects, drug rotation to 
an alternative agent, or reduction and removal of all intrathe-
cally administered drugs.   
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43.8     When to Seek Consultation 

 Consultation should be considered in the preoperative period 
to optimize coexisting disease states. Consultation is encour-
aged with an infectious disease specialist in the high-risk 
patient or postoperatively should a problem develop. 
Neurosurgical or neurology consultation should be consid-
ered when any change occurs in the neurological function in 
the postoperative period or over time with continued 
therapy.  

43.9     Risk Assessment 

     1.    Complications are more common in patients with coexist-
ing diseases, such as diabetes, connective tissue disorders, 
and cancer. Drugs that affect blood clotting can result in 
neuraxial bleeding or bleeding of the pocket and should 
be evaluated. Diseases that can affect bleeding should be 
evaluated with proper laboratory evaluations. 
Anticoagulation guidelines via the American Society of 
Regional Anesthesia should be used for appropriate 
assessment of therapy perioperatively.   

   2.    Skin diseases can lead to a propensity to develop superfi -
cial infection, wound dehiscence, and loss of device.   

   3.    Patients with a history of pedal edema, venous varicosi-
ties, or vascular disease may be at a higher risk of devel-
oping complications of lower extremity swelling from 
intrathecal drug infusions.   

   4.    Patients who have an equivocal trial are at a high risk of 
eventual failure. Likewise, patients who are psychologi-
cally unstable should be approached with caution.   

   5.    Obese patients are at a higher risk of developing problems 
with the pocket and have more diffi culty in placing cath-
eters into the spinal canal.   

   6.    In emaciated patients, the risk of skin irritation and even-
tual erosion through the tissue is a high risk.      

43.10     Risk Avoidance 

     1.    Any coexisting disease should be optimized prior to mov-
ing forward with the device. Because many patients have 
signifi cant problems, the time to move forward should be 
decided by the physician managing the disease. In some 
very ill patients such as those with advanced malignancy, 
the ability to optimize the disease process may be 
limited.   

   2.    In patients with a high risk of bleeding, preoperative labo-
ratory evaluation should be carefully reviewed with a 
focus on platelet function and clotting indices. The pri-
mary care physician or cardiologist should be consulted 
to optimize any disease states and to give an opinion on 
the management of drugs that may increase the risk of 
bleeding.   

   3.    When the skin is abnormal in the area of the planned sur-
gery, the procedure should be delayed until proper skin 
treatment is performed. In some cases the pocket is placed 
in an area other than the abdomen in order to fi nd a place 
for an implant.   

   4.    Intrathecal drug delivery has been associated with pedal 
edema in a small percentage of patients. The patient 
should be managed closely with limb elevation, compres-
sion stockings, and diuretics. The eventual treatment is 
drug dose reduction or drug change.   

   5.    The intrathecal trial should produce 50 % relief of pain 
based on the visual analog scale, should produce side 
effects that are acceptable and manageable, and in non-
cancer patients should produce an improvement in func-
tion. The patient should be cleared by a psychologist or 
psychiatrist prior to implant. Patients should have concur-
rent treatment for psychiatric comorbidities, including 
depression, anxiety, drug abuse, and borderline personal-
ity disorder.   

   6.    The obese patient may require longer needles, extended 
tunneling rods, and pocket modifi cation. The best method 
of risk avoidance is to plan ahead to prepare for these 
changes in the procedure. The pocket location may be 
modifi ed to an area that will be less likely to cause fl ip-
ping with patient sitting and movement.   

   7.    The patient with low body fat is a challenge for both ini-
tial implant and long-term management.      

    Conclusions 

 Intrathecal drug delivery is a viable treatment to chronic 
pain and has proven superior to repeat spinal surgery in 
many circumstances. Like spinal cord stimulation, intra-
thecal drug delivery has proven effi cacious, cost-effec-
tive, and satisfying to many patients with chronic and 
cancer-related pain. The prevention, recognition, and 
treatment of complications are a vital part of the suc-
cessful use of these devices. With proper vigilance, the 
implanting physician can provide advanced care with 
outcomes that are acceptable to both the patient and 
society.  
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43.11     Supplemental Images 

 See Figures  43.2 ,  43.3 ,  43.4 ,  43.5 ,  43.6 ,  43.7 ,  43.8 , and  43.9 .             

a b

  Fig. 43.2    ( a ) Catheter migration can lead to a malfunction of the system. ( b ) Catheter migration       

  Fig. 43.3    Catheter revision can be diffi cult when fi brosis develops in 
the pocket. This may be more extreme in those cases where a Dacron 
pouch is implanted to add stability to the pump location       

  Fig. 43.4    Pocket hematoma can lead to wound swelling and dehis-
cence. Surgical incision and drainage may lessen the impact of this 
complication       
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  Fig. 43.7    Superfi cial hematoma may be treated with incision and 
drainage with preservation of the pump. Once the pump materials are 
exposed to the environment, the device should be removed       

  Fig. 43.9    Example of a catheter fracture       

  Fig. 43.5    Seroma of a wound can be a subtle fi nding and may be self- 
limiting, but if it increases in volume it may lead to wound separation 
and lead to a secondary infection       

  Fig. 43.6    Hematoma is a common occurrence after pump insertion and 
is normally self-limiting and does not cause longstanding complications       

  Fig. 43.8    Intrathecal granuloma at T10 creating a space-occupying lesion       
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stimulation (MCS) 

 rotator cuff syndrome , 191  
 suprascapular nerve , 192  

   Closed-loop feedback systems , 147  
   Coagulopathy , 16–17  
   Coccygeal root placement , 126  
   Complex regional pain syndrome (CRPS) , 7–8, 11, 12, 151  

 intractable pain , 151  
 nerve injury , 185  
 neuropathic pain , 191  
 SCS , 7  
 spinal surgery , 7  

   Contralateral oblique view (CLO) , 255, 258  
   Craniotomy 

 bone replacement , 230, 233  
 draping and planning incision , 230, 231  
 incision exposure , 230, 231  
 preoperative mapping , 230, 231  
 skull exposure , 230, 231  

   Cranium stimulation.    See  Deep brain stimulation (DBS) 
   C-reactive protein (CRP) , 25  
   CRPS.    See  Complex regional pain syndrome (CRPS) 
   CSF.    See  Cerebrospinal fl uid (CSF) 

    D 
  Deep brain stimulation (DBS) 

 central pain matrix modulation , 225  
 chronic pain , 225  
 frame-based/frameless stereotactic approach , 226  
 hemorrhages , 227  
 neuromodulation algorithm , 225  
 neuropathic and nociceptive character , 225  
 neurosurgical procedures , 227  
 Parkinson’s disease and dystonia , 6  
 risk assessment , 227  
 subcutaneous pocket , 226  

   Dermatographic pain mapping , 182  
   Device implantation , 20  
   Device-related complications 

 device components, erosion of , 97  
 device fl ipping and generator pain , 97  
 lead migration , 97  
 loss of paresthesia capture , 97  
 painful/loss of stimulation , 97  
 Silastic anchor site , 97  

   Devices, SCS.    See  Needle placement 
   Disease state indications, SCS , 7, 8  

 burning/shooting pain , 11  
 chronic lumbar/cervical radicular pain , 11  
 congestive heart failure , 12  
 FBSS and CRPS , 11, 12  
 neurostimulation , 11  
 new therapies , 12  
 pain distributions , 12, 13  
 pain relief , 11  
 pelvic, rectal and anal pain , 12  
 probability , 12, 13  
 risk of failure , 12  

   Dorsal root ganglion (DRG) 
 bilateral L5 DRG placement , 156  
 biomedical engineering, advances in , 151  
 bipolar stimulation , 154  
 contralateral approach , 153  
 dermatomal organization , 152  
 dorsal root ganglionectomies , 152  
 internal pulse generator (IPG) , 157  
 interventional pain therapy , 152  
 intraspinal lead placement , 154, 156  
 lead/stylet/sheath system , 153, 155  
 location , 153, 154  
 needle trajectory and lead placement , 153, 155  
 neuropathic pain syndromes , 153  
 peripheral nerve injury , 152  
 permanent therapy , 154  
 preoperative planning , 153  
 quadripolar DRG neurostimulation , 152, 153, 155  
 radiculopathies , 152  
 RF and pulsed RF techniques , 152  
 risk assessment , 157  
 risk avoidance , 157  

   Dorsal root ganglion spinal cord stimulation (DRG-SCS) 
 life-threatening complications , 157  
 neurostimulation , 3  
 PNS , 185  
 relieving pain , 148  
 residual limb pain algorithm , 205  
 stump pain group , 11  

   Dorsal root ganglion (DRG) stimulation , 109–110  
   Driving the lead.    See  Lead placement 
   Drug selection, intrathecal drug delivery 

 benefi ts , 290  
 hydromorphone , 288  
 morphine and ziconotide , 288  
 PACC guidelines , 288, 289  
 physicochemical properties , 288  
 research and development , 290  
 risk assessment , 290  
 risk avoidance , 290–291  
 safety factors , 288  
 spasticity , 287  
 traditional approach , 287  

    E 
  Electrical conduction nerve block 

 HFAC block , 206  
 inclusion, eligibility criteria , 207  

   Electrical modeling , 49, 50  
   Electric fi sh , 3  
   ElectroCore gammaCore , 220  
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   Electromyographic (EMG) monitoring.    See also  Sacral root 
neuromodulation 

 intraoperative application , 139  
 specifi c muscles activation , 136  
 spine surgery , 135  
 SSEPs and MUAPs , 136  

   Epidural abscess 
 diagnosis , 95  
 risk factors , 95  
 SCS, complications , 95  

   Epidural hematoma 
 bleeding , 95  
 diagnosis of , 95  
 risk factors , 95  
 weakness , 95  

   Epidural paddle approach , 107, 108  
   Epidural stimulation method 

 guarded array placement , 106, 107  
 percutaneous method , 130  
 traditional lead placement , 106  

   Erythrocyte sedimentation rate (ESR) , 25  
   ESR.    See  Erythrocyte sedimentation rate (ESR) 
   Evoked potentials 

 EMG   ( see  Electromyographic (EMG) monitoring) 
 identifi cation of PM , 136  
 SSEP   ( see  Somatosensory-evoked 

potential (SSEP)) 

    F 
  Failed back surgery syndrome (FBSS) , 7, 8, 151  
   Foot and pelvic root placement , 125  
   Foot pain.    See  Neuropathic foot pain 
   Frame-based/frameless stereotactic approach , 226  

    G 
  Granuloma 

 cause , 303  
 diagnosis , 303  
 formation , 303  
 intrathecal , 311  
 medication , 307  

   Guidelines, 2012 PACC.    See  Polyanalgesic Consensus 
Conference (PACC) 

    H 
  High frequency stimulation 

 electrical nerve block , 205, 211  
 features , 159–160  
 fl uoroscope , 161  
 frequencies, simulation , 161  
 higher pulse rate , 159  
 kyphosation, lumbar spine , 161  
 lead position , 161  
 neuromodulation , 209  
 optimal placement , 160  
 pain reduction , 206  
 patient satisfaction , 159  
 puncture, epidural space , 161  
 risk assessment , 162  
 risk avoidance , 162  
 trial leads , 161  
 Tuohy needle , 161  

    I 
  Ilioinguinal nerve stimulation , 113, 117, 199  

 description , 113  
 percutaneously access , 117  

   Implantable programmable generator (IPG) , 146, 188, 195  
   Implantable pulse generator (IPG) , 173  
   Implantable therapies 

 DRG   ( see  Dorsal root ganglion (DRG)) 
 SSIs   ( see  Surgical site infections (SSIs)) 

   Incision, wound healing , 90, 91  
   Individual lower extremity root placement , 126  
   Infection risk reduction , 23  
   Internal pulse generator (IPG) , 77, 157  
   Intracranial techniques 

 DBS , 227  
 hemorrhage , 226, 227  

   Intrathecal catheters 
 abdominal pocket , 268  
 anchoring , 264  

 CSF , 263  
 Injex anchor , 265  
 ligament/fascia , 263, 266  
 long-term migration , 266  
 long tubular anchor , 265  
 lumbodorsal fascia , 265  
 macaroni anchor , 265  
 nonabsorbable suture , 269  
 purse-string suture , 263, 264, 266  
 Silastic anchors , 263  
 tunneling , 266  
 winged anchor , 265–267  

 CSF , 264, 268  
 fatty tissue , 264, 269  
 fi brosis , 268  
 granuloma , 303  
 hemostatics , 264  
 hygroma , 268  
 muscle contraction , 268  
 needle placement , 269  
 pump placement , 249  
 strain-relief loop , 264  
 surgical revision , 263  
 transverse myelitis , 304  
 tunneling , 269, 271–277  

   Intrathecal drug delivery , 23, 25  
 analgesics , 245  
 bolus injections , 246  
 catheter complication 

 fracture , 311  
 kinking, scarring and leakage , 304  
 migration , 304, 310  
 treatments , 308  

 chronic diseases , 247  
 complications , 301–311  

 administered agents , 306, 308  
 advantages , 301, 302  
 adverse events , 301  
 consultation , 309  
 hematoma , 311  
 implanted device , 305, 308  
 intrathecal granuloma , 311  
 neuraxis , 303, 307  
 nonspinal tissues , 304, 307  
 risk assessment and avoidance , 309  
 seroma , 311  
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 Intrathecal drug delivery (cont.) 
 drug selection , 287–291  
 hydrocephalus , 246  
 infusion systems , 263, 269  
 intrathecal pump , 293  
 knee pain , 185  
 lumbar spine , 246  
 morphine , 245  
 opioid receptors , 245  
 persistent pain , 245  
 pocketing , 279–285  
 spinal anesthesia , 246  
 subcutaneous tissue , 246  

   Intrathecal medication , 288  
   Intrathecal pumps 

 maintenance , 293  
 placement 

 advanced pain care , 249, 250  
 cancer/noncancer , 249  
 implantation , 251  
 infusion systems , 249  
 neuromodulation , 249  
 pain management , 249  
 spasticity , 249  

   Intrathecal therapy 
 management , 288  
 pump implantation , 249  
 salvage therapy , 291  

   Invasive techniques , 188, 198  
   IPG.    See  Internal pulse generator (IPG) 
   IPG placement , 188, 189  

    K 
  Knee pain 

 diagnostic nerve block , 187  
 innervation , 185, 186, 188, 189  
 neuropathic pathology , 185  
 PNS , 185, 187  
 SCS , 187  

    L 
  Laminotomy , 42  
   Lead fracture 

 anterior and posterior views , 101  
 risk assessment , 98  
 risk avoidance , 100  

   Lead placement , 28, 30  
 anchoring 

 angle of needle , 57  
 Clik™ anchor , 58–60  
 Deer–Stewart anchoring method , 58, 61  
 dual needles , 57, 59  
 fascia and ligament , 57, 59  
 Injex® bi-wing anchor , 58, 60  
 Injex® Bumpy anchor , 58, 60  
 Injex® dispenser tool , 58, 60  
 needle and stylet , 57  
 optimal stimulation , 58  
 patients, category , 57  
 risk assessment and avoidance , 61–62  
 and suturing materials , 61  
 Swift-Lock™ anchor , 58, 60  

 angle of , 33  
 anterior fusion , 38  

 axial, radicular and cervical pain , 38  
 bevel of needle , 33, 34  
 curved stylet , 33, 35  
 epidural obstructions , 34, 35  
 hand-held computer screening , 34  
 issues , 33, 35  
 risk assessment and avoidance , 36  
 straight stylet , 33, 35  
 thoracic implantation , 37  
 T8–10 vertebral bodies , 37  
 x-ray , 38  

   Lumbar catheter techniques , 246  
   Lumbar transforaminal technique , 115  

    M 
  Material engineering , 147  
   Median nerve stimulation , 192, 193  
   Meralgia paresthetica syndrome , 177  
   Migraine 

 headaches , 235  
 neurostimulator device , 214  
 occipital nerve , 5, 148  

   Miniaturization 
 lead fracture/migration , 221  
 neurostimulation , 220  
 PNS , 213  

   Minnesota multiphasic personality inventory (MMPI) , 20  
   Mixed paddle approach , 107, 108  
   MMPI.    See  Minnesota multiphasic personality 

inventory (MMPI) 
   Motor cortex stimulation (MCS) 

 chronic pain , 229  
 complications , 234  
 DBS , 229  
 dorsal column/peripheral nerve stimulation , 230  
 electrophysiological mapping , 232  
 epidural exposure , 232  
 intracranial bleeding , 234  
 lead placement , 232  
 monitored anesthesia , 230  
 neurological diseases , 229  
 neuropathic pain , 234  
 pectoralis fascia , 230  
 postoperative radiographs , 233  
 risk assessment , 234  
 sensory cortex , 229  
 SSEP waveforms , 231  
 stimulation parameters , 230  
 trial period stages , 230  

   Motor unit action potentials (MUAPs) , 136, 142  

    N 
  Needle placement 

 angle of , 28  
 bleeding risks , 31  
 catheter tunneling , 255, 256  
 CLO , 255  
 CSF , 255, 257  
 epidural space , 28, 29  
 fl uoroscopic guidance , 28, 30  
 granuloma , 255  
 hanging drop technique , 28, 29  
 headache risk , 31  
 infection , 31  
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 intrathecal placement , 255, 257  
 leads , 28, 30  
 ligament and fascia , 255  
 local anesthetic , 28  
 loss of resistance , 28, 29  
 nerve injury , 31  
 paramedian approach , 255  
 pump connection , 255  
 vigilance and planning , 27  

   Nerve root method 
 caudal approach , 107, 108  
 electromyogram/nerve conduction study , 107  
 epidural paddle approach , 107, 108  
 mixed paddle approach , 107–109  
 placement , 107, 108  
 retrograde approach , 107  

   Nerve targets, PNS 
 auriculotemporal nerves , 176  
 axillary nerves , 177  
 brachial plexus nerves , 177  
 cluneal and nerves, paravertebral region , 176–177  
 genitofemoral and iliohypogastric nerves , 176  
 ilioinguinal nerves , 176  
 infraorbital nerves , 175–176  
 intercostal nerves , 176  
 lateral femoral cutaneous nerves , 177  
 median nerves , 177  
 occiput , 175  
 other mixed nerves , 177  
 peroneal nerves , 177  
 radial nerves , 177  
 saphenous nerves , 177  
 superfi cial cervical plexus , 176  
 supraorbital nerves , 175  
 suprascapular nerves , 177  
 sural nerves , 177  
 tibial nerves , 177  
 trigeminal neuralgia , 176  
 ulnar nerves , 177  

   Neuraxis 
 epidural abscess , 95  
 epidural hematoma , 95  
 gross infection present at generator site , 95, 96  
 hematoma , 95  
 neurologic injuries , 95  
 postoperative cellulitis with early dehiscence , 95, 96  
 seroma , 95  
 spinal cord stenosis , 95  
 tissue trauma , 95  
 treatment , 96  

   Neurological dysfunction , 162  
   Neurological monitoring, spine surgery 

 EMG monitoring , 135  
 PMs   ( see  Physiological midline (PM)) 
 SSEP , 135  

   Neurologic injuries , 95  
   Neuromodulation , 151–152.     See also  Sacral root neuromodulation 

 anchoring, lead placement , 57–62  
 “dark ages,” 3–4 
 DBS , 225  
 device, FDA approval , 6  
 disease state indications , 11–13  
 electromagnetic induction , 5  
 future trends 

 closed-loop feedback systems , 147  
 digital medicine, chronic disease , 145  

 DRG , 148  
 innovations, SMS , 145, 146  
 International Neuromodulation Society , 149  
 IPGs , 146  
 material engineering , 147  
 occipital nerve , 148  
 pain management, features of , 149  
 SPG , 148  
 stimulation frequency , 147  
 supraorbital nerve , 148  
 vagal nerve stimulation , 148  
 waveform delivery , 147  

 indications, SCS , 7–8  
 intrathecal therapy , 249  
 lead placement   ( see  Lead placement) 
 MRIs , 9  
 paddle leads   ( see  Paddle leads) 
 upper extremity , 191  

   Neuropathic foot pain 
 conservative measures and advanced 

techniques , 105  
 disease cause , 105  
 DRG stimulation , 109–110  
 epidural stimulation method , 106–107  
 lead placement options , 106  
 nerve root method , 107–109  
 risk assessment , 111  
 risk avoidance , 111  
 SCS , 105  

   Neuros Altius 
 HFAC block , 218  
 HFAC stimulator , 219  
 neurostimulation , 218  
 post-amputation nerve pain , 218  

   Neurostimulation.    See also  Abdominal pain 
 ancient/classical age , 3  
 axillary nerve, motor and sensory 

function , 192, 194  
 batteries , 4  
 bluetooth innovation , 3  
 cardioversion , 5  
 chronic shoulder pain treatment , 192  
 “electreat,” 5 
 electrical current , 5  
 electrical force and distance , 4  
 electricity , 3–4  
 electromagnetism , 3  
 harnessing energy , 3–4  
 high-frequency stimulation , 5  
 infectious disease cures , 5  
 magnetic electrical machine , 5  
 magnetism , 5  
 median nerve stimulation , 192, 193  
 mesenchymal stem cells , 220  
 miniaturization , 220  
 modern , 6  
 peripheral ulnar nerve stimulation , 192  
 PNS , 191  
 radial nerve stimulation , 192  
 risk assessment , 195  
 SCS , 191  
 suprascapular nerve stimulation , 192, 194  
 torpedo fi sh , 4  
 in United States , 4  
 voltage alterations , 5  

   Neurosurgical laminotomy approach , 117  
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    O 
  Occipital nerve stimulation , 148, 199, 200  
   Occipital neuralgia.    See  Peripheral nerve 

stimulation (PNS) 
   Optimization 

 disease comorbidities , 15  
 outcome , 210  
 tonic stimulation therapies , 15  

   Overdose 
 lumbar discectomy , 306  
 opioid , 307  
 pump programming , 295  

    P 
  PACC.    See  Polyanalgesic Consensus 

Conference (PACC) 
   Paddle leads 

 axial and foot pain , 45  
 confi gurations , 42, 43  
 epidural space , 42, 43  
 fl uoroscopic guidance , 42, 43  
 gluteal pocket , 42, 43  
 indications , 41  
 lumbar radiculopathy , 46  
 risk assessment and avoidance , 44  
 strain-relief loop , 42  
 types , 42, 43  

   Paddle placement.    See  Paddle leads 
   Paresthesia 

 direct nerve stimulation , 175  
 IPG , 173  
 joint, covering , 177  
 PNfS , 174  
 SCS , 176  
 spinal lead , 173  

   Paresthesia free method, Burst-SCS , 164, 166  
   Paresthetic montage creation methods , 173  
   Patellar branch nerve stimulation , 177, 187  
   Patient comorbidities , 15, 20  
   Patient indications 

 intrathecal pumps , 251  
 nerve trauma , 190  
 patient selection   ( see  Patient selection, SCS) 
 pump placement , 249  

   Patient selection, SCS 
 indications , 7–8  
 neuroaxial imaging , 9  
 pain syndrome , 9  
 pain types , 9  
 pelvic, rectal and anal pain , 9  
 risk of failure , 9  

   PDPH.    See  Post–dural puncture headache (PDPH) 
   Pelvic pain.    See  Advanced pain care therapies 
   Percutaneous implantation , 174–175  
   Percutaneous lead placement , 111  
   Percutaneous trialing methods , 173  
   Perioperative precautions, infection control.    See  Surgical site 

infections (SSIs) 
   Peripheral nerve fi eld stimulation (PNfS) 

 implantation , 178  
 nerve targets   ( see  Nerve targets, PNS) 
 occipital/facial nerves , 174  
 paresthesia , 174  
 SCS anchors , 174  
 skin infection , 177  
 targets, placement , 172  

   Peripheral nerve stimulation (PNS) , 77.     See also  Pocketing generator, 
peripheral nerve stimulation 

 abnormal nerve function , 187  
 advancements , 220, 221  
 anterolateral thigh, lead placement , 182  
 anteroposterior (AP) , 236, 238  
 bilateral knee pain , 181  
 bion , 214  
 central nervous system , 218  
 cervical radiculitis , 235  
 chronic postoperative knee pain , 181  
 cryotherapy , 235  
 cuff lead placement , 192  
 A delta and C fi bers , 173  
 dermatographic pain mapping , 182  
 direct nerve contact , 111  
 DRG-SCS , 185  
 electrocore system , 213  
 experimental trial , 188  
 fascia, anchoring , 180  
 fascial graft creation , 188  
 fl uoroscopy , 236  
 Halo technique , 239, 241  
 headaches , 235  
 hemostasis , 236  
 humeral head trauma , 192  
 infraorbital stimulation , 236, 239, 241  
 internal pulse generator , 242  
 invasive approach , 188, 209  
 lead placement , 111, 199  
 local anesthetic placement , 179, 236  
 musculoskeletal treatment , 242  
 nerve block, relief , 215  
 nerve targets   ( see  Nerve targets, PNS) 
 neuroanatomy , 236, 237  
 neuromodulation , 205, 209  
 neuropathic knee pain , 185  
 neuropathic pain, mapping , 179  
 neurostimulation , 213  
 occipital nerve , 175  
 patient marking , 179  
 pectoral pocketing , 180  
 percutaneous leads insertion , 179  
 pinpoint method , 198  
 pocket creation , 179  
 proximity, axillary nerve , 182  
 PRP , 220  
 recovery time reducing , 221  
 regenerative treatments , 220  
 risk assessment , 177, 190  
 selecting candidates , 172  
 seroma infection , 190  
 skin disorders , 242  
 skin infection , 132, 177  
 skin integrity , 190  
 spinal-based systems , 191  
 supratrochlear stimulation , 239, 240  
 targets, placement , 172  
 TRD , 188  
 tunneling , 180  
 ultrasound-guided   ( see  Ultrasound guidance) 
 upper extremity , 192  
 zygomaticofacial nerve , 239  

   Peripheral ulnar nerve stimulation , 192  
   Periventricular grey matter (PVG) 

 dorsal nucleus, thalamus , 225  
 limbic system , 225  
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 nociceptive pain , 225  
 single-lead stimulation , 226  

   Personality disorders , 20  
   Phantom limb pain , 7, 11, 205, 229  
   Physiological midline (PM) 

 EMG activation, specifi c muscles , 136  
 intraoperative electrophysiological monitoring 

equipment , 136  
 intraoperative EMG, SCS placement , 136  
 SSEPs and MUAPs , 136  
 thoracic paddle lead implantation , 136  

   Platelet-rich plasma (PRP) , 220  
   PM.    See  Physiological midline (PM) 
   PNS.    See  Peripheral nerve stimulation (PNS) 
   PNS, advancements , 220, 221  
   PNS, implantation technique 

 cuff placement , 209  
 IPG, lead placement , 210  
 meticulous attention , 209  
 neuromodulation , 209  

   Pocket formation 
 blunt dissection , 280–281  
 body habitus , 281  
 collagen fi bers , 280  
 electrocautery , 284  
 electrothermal dissection , 280  
 fascia , 280  
 fl uoroscopy , 280, 283  
 gluteal incision , 43  
 hemostasis , 57, 59, 281  
 iliac spine , 280  
 implantation , 285  
 incision length , 285  
 intercostal nerves , 176  
 intrathecal pump , 279  
 Langer’s lines , 280, 282  
 local infection , 280  
 monofi lament suture , 280  
 pelvis , 284  
 PNS   ( see  Pocketing generator, peripheral nerve stimulation) 
 renal disease , 280  
 reservoir placement , 285  
 seroma , 281  
 skin incision , 280  
 skin turgor , 280  
 sterile surgical tapes , 280  
 subcutaneous tissue , 279  
 trigeminal neuralgia , 176  
 tunneling , 279  
 wound dehiscence , 284  

   Pocketing generator, peripheral nerve stimulation 
 blunt dissection technique , 69  
 decision-making , 69  
 hemostasis , 70  
 incision depth , 69  
 Langer’s lines , 69, 72  
 pocket site selection information , 69–71  
 posterior fl ank incision , 74  
 risk assessment and avoidance , 73–74  
 tunneling procedure , 70, 72  
 wound closure , 70, 75  
 wound healing , 75  

   Polyanalgesic Consensus Conference (PACC) 
 intrathecal agents 

 maximum concentration , 288  
 maximum dose , 289  
 starting doses , 288  

 neuropathic pain , 289  
 nociceptive pain , 289  

   Post-amputation pain 
 electrical nerve block , 205  
 HFAC block , 207  
 neuroma , 205  
 peripheral mechanisms , 206  
 phantom limb pain , 205  
 residual limb pain , 205  

   Post–dural puncture headache (PDPH) 
 chronic , 36  
 inadvertent dural puncture with , 95  
 risk-avoidance procedures , 31  

   Postmastectomy syndrome , 176  
   Postoperative cellulitis with early dehiscence , 95, 96  
   Post-operative surgical course , 89  
   Postsynaptic dorsal column (PSDC) 

pathway , 130, 131  
   Postthoracotomy syndrome , 176  
   Preimplantation testing 

 local anesthetic block , 208  
 neuroma , 208  
 palpation technique , 208  
 placebo effect , 208  
 ultrasound guidance , 208  
 upper extremity amputations , 208  

   Preoperative considerations 
 SCS 

 allergies , 18  
 cardiac issues , 18  
 coagulopathy , 16–17  
 cognition , 20  
 dermatological diseases , 18  
 diabetes mellitus , 18  
 education , 20  
 hypertension , 18  
 infection , 15–16  
 optimization , 15  
 physical , 19  
 prescriptions , 20  
 psychiatric and psychological , 20  
 radiological evaluation , 19  
 recommendations , 19  
 surgical procedure , 15  
 tonic stimulation therapies , 15  

 SSIs 
 risk factors , 24  
  Staphylococcus aureus   ,  24  
 weight-based dosing, antibiotics , 24  

   Programming, SCS 
 anode-driven hyperpolarization , 50  
 basics , 49  
 cathode-driven depolarization , 50  
 clinical example , 51–53  
 components , 50  
 lead placement , 49  
 risk assessment and avoidance , 54  
 waveform innovations , 55  

   PSDC.    See  Postsynaptic dorsal column 
(PSDC) pathway 

    R 
  Radial nerve stimulation , 192, 193  
   Radiofrequency (RF) and pulsed RF techniques , 152  
   Recalcitrant cases , 177  
   Rectal pain.    See  Advanced pain care therapies 
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   Refi lls, intrathecal pump 
 computer telemetry , 296  
 evaluations , 293  
 fl uoroscopic/ultrasound imaging , 294  
 intermittent aspiration and fi lling, 

morphine , 298  
 laser-guided fl uoroscopy , 296  
 maintenance , 293  
 medication , 294  
 nonprogrammable , 294  
 Prometra pump , 294, 298  
 risk assessment and avoidance , 295  
 securing, needle , 297  
 skin abnormalities , 296  
 sterile drapes, abdomen , 296  
 sterile dressings , 296  
 sterile kits , 294  
 telemetry , 293  
 template , 297  
 tubing , 298  
 vigilance , 293  

   Refl ex sympathetic dystrophy (RSD) , 7, 11  
   Reservoir site , 303, 304  
   Residual limb pain , 205  
   Retrograde insertion 

 dual electrodes , 121, 124  
 dual epidural “lateral” approach , 121, 123  
 dual L2/3 needle tips, steep caudal 

view , 121, 123  
 electrode crossing midline level , 121, 122  
 electrode directed caudally , 121, 122  
 electrode posterior , 121, 123  
 electrode rotated to foramen , 121, 123  
 needle tip in steep caudal view , 121, 122  

   Retrograde technique , 115  
   Risk prevention 

 DBS , 227  
 MCS , 234  
 neurostimulation , 195  
 PNS , 178, 190  
 ultrasound guidance , 203  

    S 
  Sacral hiatus/caudal approach technique , 116  
   Sacral nerve root stimulation 

 description , 113  
 lumbar transforaminal technique , 115  
 neurosurgical laminotomy approach , 117  
 retrograde technique , 115  
 sacral hiatus/caudal approach technique , 116  
 sacral transforaminal technique , 115  

   Sacral root neuromodulation 
 bilateral pelvic stimulation , 142  
 conus medullaris , 141  
 EMG activation with postoperative-induced paresthesia-sacral 

paddle , 142, 143  
 permanent retrograde implantation , 142, 143  
 SSEP and EMG monitoring , 141  
 treatment , 141  

   Sacral transforaminal technique , 115  
   Selective nerve root stimulation (SNRS) 

 “anterograde” SCS , 121  
 cephalocaudal lumbosacral electrode placement , 125–126  
 “retrograde” electrode placement , 121–124  

   Seroma , 95, 98  
   Silastic anchor site , 97  
   SNRS.    See  Selective nerve root stimulation (SNRS) 

   Somatosensory-evoked potential (SSEP).    See also  Sacral root 
neuromodulation 

 recording 
 dermatomal testing , 135  
 functional integrity, nervous system , 135  
 and MUAPs , 136  

   Spermatic nerve stimulation , 113, 114, 117  
   SPG.    See  Sphenopalatine ganglion (SPG) 
   Sphenopalatine ganglion (SPG) , 148  
   Spinal cord stenosis , 95  
   Spinal cord stimulation (SCS).    See also  Neuraxis; Neuropathic foot 

pain; Selective nerve root stimulation (SNRS) 
 Burst-SCS   ( see  Burst stimulation (Burst-SCS)) 
 chronic pain , 93  
 complications of , 93, 94  
 device-related complications , 97  
 disease state indications , 11–13  
 dorsal root ganglion , 3, 6  
 DRG   ( see  Dorsal root ganglion (DRG)) 
 education and training , 57  
 facial lead , 176  
 high-frequency   ( see  High frequency stimulation) 
 indications , 7–8  
 innovations in , 146  
 lead placement , 33–38, 57–62  
 low-frequency , 159  
 needle placement , 27–31  
 neuromodulation , 172  
 neuropathic limb pain , 176  
 paddle leads , 41–46  
 paresthesia , 176  
 patient selection , 7–9  
 persistent back and leg pain management , 159  
 PM   ( see  Physiological midline (PM)) 
 PNfS , 174  
 pocketing generator , 69–75  
 pocket proximity , 174  
 preoperative considerations , 15–20  
 programming , 49–55  
 recalcitrant cases , 177  
 risk assessment 

 bleeding risks , 98  
 device fl ipping, loss of pain relief , 98  
 inadvertent dural puncture , 98  
 lead fracture , 98  
 lead migration , 98  
 neural injury during implantation , 98  
 pain at generator site , 98  
 perioperative comorbidities , 98  
 proper stimulation paresthesia, loss of , 98  
 seroma , 98  
 stenosis development , 98  
 wound infections , 98  

 risk avoidance 
 hematoma , 99  
 lead fracture , 100  
 lead migration , 99–100  
 medications , 98  
 pain at generator site , 99  
 pain relief, loss of , 100  
 paresthesia, loss of , 99  
 patient education and cooperation , 99  
 PDPH, risk reductions , 99  
 preimplant imaging , 99  
 preoperative antibiotics , 98  
 seroma formation , 99  
 vigorous irrigation , 99  
 wound infections , 99  
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 SSIs , 23  
 tripolar paddle   ( see  Tripolar paddle) 
 t-SCS   ( see  Tonic spinal cord stimulation 

(t-SCS)) 
 tunneling , 63–67  
 wound closure , 77–78  

   Spinothalamic tract (STT) , 130  
   SSEP.    See  Somatosensory-evoked potential 

(SSEP) 
   STT.    See  Spinothalamic tract (STT) 
   Supraorbital nerve , 148  
   Suprascapular nerve stimulation , 192, 194  
   Surgery 

 auriculotemporal , 176  
 bleeding , 16–17  
 cervical spinal , 11  
 epidural hematoma , 95  
 infection , 24  
 intercostal nerves , 176  
 PNS , 213  
 radiation therapy , 90  
 SCS , 7  
 SSEP , 135  
 SSIs   ( see  Surgical site infections (SSIs)) 
 superfi cial cervical plexus , 90  

   Surgical leads.    See  Paddle leads 
   Surgical site infections (SSIs) 

 C-arm cover , 25  
 chlorhexidine gluconate , 25  
 healthcare costs , 23  
 implantable pain therapy, methods , 23  
 medical morbidity , 23  
 postoperative , 25  
 povidone-iodine , 25  
 preoperative , 24  

   Surgical techniques 
 wound closure   ( see  Wound closure, 

suturing technique) 
 wound healing , 89–91  

   Suture abscess , 101  

    T 
  TAP.    See  Transversus abdominis plane (TAP) 
   Targeted drug delivery.    See  Intrathecal drug delivery 
   Targeting, driving the lead.    See  Lead placement 
   Techniques 

 anchoring, lead placement , 57–62  
 paddle placement   ( see  Paddle leads) 
 sterile , 305, 307  
 tunneling , 63–67  

   Technologies 
 Bioness stimrouter , 213  
 Bion implantable neurostimulator device , 213  
 ElectroCore gammaCore , 220  
 electrocore system , 213  
 Neuros Altius system , 213  

   Thoracolumbar spinal cord stimulation.    See  Neurological monitoring, 
spine surgery 

   Tonic spinal cord stimulation (t-SCS) 
 defi cits , 166  
 lateral pathway activation , 165  
  vs.  Burst-SCS , 164  

   Traditional lead placement , 106  
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