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Spinal cord stimulation (SCS) was introduced in 1967 as a 
neurosurgical treatment for otherwise intractable pain.1 

Compared with alternative surgical procedures for pain, SCS 
is less invasive and less disruptive because it does not ablate 
pain pathways or result in anatomic change. As an augmenta-
tive procedure, SCS is reversible and offers patients the oppor-
tunity of undergoing a screening trial with a temporary SCS 
system before proceeding (or not) to implantation. This 
screening trial emulates the results of the implantation exactly 
and, thus, provides an advantage not shared by anatomic (e.g., 
bracing to predict response to spinal fusion) or ablative prog-
nostic procedures (e.g., reversible local anesthetic blockade to 
predict response to nerve section). 

In the 1970s, clinicians developed a minimally invasive 
percutaneous method of inserting temporary catheter elec-
trodes for use in the SCS screening trial, with the expectation 
that permanent plate/paddle electrode implantation would 
occur via laminectomy.2,3 Soon thereafter, adoption of these 
percutaneous techniques for permanent implantation yielded 
results approaching those achieved with surgical techniques.4 
Indeed, the majority of SCS procedures are performed by phy-
sicians who are not surgeons and must rely on use of percuta-
neous electrodes. These clinicians will fi nd this book especially 
pertinent and helpful, as its contents range from a presenta-
tion of the fundamentals of SCS to an overview of basic surgi-
cal principles. Of course no book, no matter how thoughtful, 
is a substitute for clinical training and hands-on experience, 
but this volume meets an important need and will be a valu-
able resource for practitioners of SCS.

When SCS is delivered to the right (properly selected) 
patient by the right (experienced) clinician in the right setting 
using the right equipment and technique, results are opti-
mized, and relief of otherwise intractable pain can be sustained 
for decades. Therefore, it is not surprising that ongoing 

improvement in these variables has led to an increasing body 
of high-quality medical evidence indicating that in selected 
patients the result of SCS treatment for neuropathic pain is 
superior to that achieved with surgical5 or medical6 treatment. 
Resources such as this book will help enhance the quality of 
SCS treatment and improve patient outcomes as SCS becomes 
more widely available.

Richard B. North, MD
LifeBridge Brain & Spine Institute, Baltimore, MD 

Professor of Neurosurgery, Anesthesiology and 
Critical Care Medicine (retired)

Johns Hopkins University School of Medicine
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1

Introduction

Chronic pain is a substantial medical problem in the United 
States. At any given time, approximately 9% of U.S. adults 
experience moderate to severe non–cancer-related pain, which 
results in some 515 million lost days of work and 40 million 
physician visits each year. The estimated annual economic 
losses attributed to chronic pain exceed $100 billion.1 

Spinal cord stimulation (SCS) is a well-established, revers-
ible therapy for certain types of chronic, neuropathic pain. 
Successful implantation of an SCS system can result in pain 
relief, reduced utilization of health care resources, increased 
activities of daily living, and reduced medication requirement, 
potentially leading to improved neurologic and cognitive func-
tioning. SCS involves placing stimulator leads into the epidural 
space and surgically implanting a programmable pulse genera-
tor subcutaneously. Although the surgery is relatively minor, it 
requires specialized training and experience to perform safely 
and effectively. Part of such training is gaining an understand-
ing of the technology, its appropriate applications, and its 
limitations. Additionally, the surgical techniques involved in 
implantation must be understood and mastered before the 
procedure is performed. 

To date, there has been no single source of information 
detailing the skills and techniques necessary to perform SCS. 
Although the information is available, it is dispersed throughout 
the literature of several disciplines, including pain medicine, 
anesthesiology, neurosurgery, radiology, as well as psychology, 
and includes disparate techniques and management strategies 
that are found in divergent fi elds such as surgery or infection 
control. Thus, this volume offers an introduction to percutane-
ous SCS and brings together current information from these 
various sources. It should not be considered an exhaustive text. 
The focus is primarily on techniques of implanting the stimula-
tor leads and pulse generator, but we do not address surgical 
paddle lead implantation. Some relevant background informa-
tion has been provided to put the rest of the volume in context, 

and the references provide more defi nitive sources of informa-
tion and technique. A thorough understanding of the informa-
tion presented here should prepare readers for more formal 
hands-on training. 

This book is not intended to take the place of formal training 
and mentoring. Every prospective implanter should participate 
in thorough formal training with a respected and experienced 
surgeon before placing an SCS in a live patient. We believe that 
having several mentors is probably best so that novice implant-
ers can arrive at a technique that works best for them.

History

Sensory stimulation has been used to treat pain since anti-
quity.2 It is believed that ancient Egyptians may have used 
electrogenic fi sh to treat ailments 4,500 years ago.3 One such 
fi sh, the black torpedo fi sh, was used for centuries by the 
ancient Greeks and Romans (Fig. 1.1).

The live fi sh was placed over the painful site, and the patient 
endured the electrical discharge from the fi sh until the pain was 
relieved. The Roman physician Scribonius Largus4 recorded 
the medical use of the torpedo fi sh in 46 ce,3 and Claudius 
Galen (131–201 ce) also described shocks from the torpedo 
fi sh to treat gout and headache.5

An 1871 publication by Beard and Rockwell6 presented a 
case of “Faradization” and described the application of faradic 
current (i.e., discontinuous, asymmetric, alternating current) 
to stimulate muscles and nerves in a subject using a direct cur-
rent inductorium device (Figs. 1.2a & b). Units such as that 
shown in Figure 1.3 were also used by early researchers, includ-
ing Benjamin Franklin, for pain relief, as well as for treatment 
of other ailments.

The fi rst modern attempt at electrical stimulation of the 
brain took place in a conscious patient in 1874. The patient 
had osteomyelitis of the scalp, and the brain was exposed 
during débridement. Muscle contractions were apparent when 
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the exposed motor cortex was subjected to electrical stimula-
tion but not when it was mechanically stimulated.7 Not until 
1948, however, were electrodes successfully implanted in the 
brain, to treat a patient with a psychiatric disorder.

The Electreat, the fi rst electrical stimulator designed spe-
cifi cally for therapeutic use, was patented by Charles Willie Kent 

in 1919. It appears to have been remarkably similar to transcu-
taneous electrical nerve stimulation units that would appear 
later in the century (Fig. 1.4).

Advertised to the public as a cure-all therapy, an estimated 
250,000 Electreat stimulators were sold over the next 25 years. 
Eventually, Kent would be the fi rst individual prosecuted 
under the new 1938 Food, Drug, and Cosmetic Act for making 
unsubstantiated medical claims for the device. The Electreat 
Company was subsequently forced to limit its claims to pain 
relief alone.

Figure 1.1 The black torpedo fi sh. Reprinted with permission from 
www.dkimages.com and Pearson Photography Agency.

Figure 1.2 A Practical Treatise on 
Medical Electricity. Beard, an early 
American neurologist, was the fi rst 
to publish in the fi eld of the 
medical use of electricity. Rockwell 
is probably best known for 
designing the electric chair. Beard 
GM, Rockwell AD. A practical 
treatise on the medical and surgical 
uses of electricity. New York:1871. 
Copyright 2000–2008, The Burton 
Report®, All rights reserved. 
www.burtonreport.com.

Figure 1.3 Inductorium device. Reprinted with permission from the 
Science and Technology Museum, University Junior College, 
Physics Department, Malta.

www.dkimages.com
www.burtonreport.com
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The Gate Theory of Pain Reduction

It has been recognized for years that the perception of pain is 
not simply proportional to the intensity of the stimulus, but 
is somehow modulated by higher neuronal centers. This has 
repeatedly been seen in combat situations where soldiers, fol-
lowing acute injury, initially exhibit no signs of pain and in 
many cases do not realize that they have been seriously injured 
until much later.

In 1965, Ron Melzack and Patrick Wall published their 
gate control theory of pain reduction, which ultimately led to 
the development of SCS.8 Gate theory suggests that pain is a 
complex neurologic and perceptual phenomenon. It postu-
lates that pain perception is a function of the balance between 
the impulses transmitted to the spinal cord through both the 

larger myelinated nerve fi bers and the smaller pain fi bers, both 
of which synapse at the dorsal horn. Although still providing 
a partial explanation after more than 40 years, the exact details 
of gate theory have been challenged for their accuracy. Neuro-
modulation of pain is more complex than originally believed, 
and other mechanisms not explained by gate theory are most 
certainly involved. For instance, direct inhibition of pain 
transmission in the dorsal horn of the spinal cord cannot fully 
explain the mechanism of action of SCS. If direct inhibition 
were the principal mechanism of action, SCS would also con-
trol nociceptive pain, and this is not supported by clinical expe-
rience.2 Additionally, we observe that many patients continue 
to experience pain relief for many hours after the SCS pulse 
generator is turned off. Despite its oversimplifi cation, gate 
theory continues to provide a useful operational framework 
for the way in which SCS exerts its effect on pain.

Three types of pain are generally recognized today: noci-
ceptive, neuropathic, and idiopathic. Nociceptive pain is pro-
duced when specialized sensory receptors, called nociceptors, 
are activated by noxious stimuli. In contrast, neuropathic pain 
is produced only when the nerve cells in either the central or 
peripheral nervous systems are themselves damaged or dys-
functional. Idiopathic pain is simply pain that cannot be 
explained by either of the other two mechanisms.

Several types of nociceptors have been identifi ed: thermal, 
mechanical, and chemical. Some nociceptors respond to more 
than one of these stimuli and are consequently designated poly-
modal nociceptors. Pain signals received from nociceptors are 
transmitted via afferent A-delta and C-fi bers to the dorsal horn. 
A-delta fi bers are composed of medium-diameter, lightly myeli-
nated axons, and C-fi bers are composed of small-diameter, 
nonmyelinated axons. A-delta nerve fi bers transmit pain signals 
to the spinal cord at approximately 40 mph, whereas C-fi bers 
transmit pain signals at approximately 3 mph. Thus, the sensa-
tion of acute, nociceptive pain that is felt immediately after 
injury is transmitted by A-delta fi bers, and the delayed, nox-
ious, deep aching sensation occurring a few seconds later is 
thought to be transmitted by C-fi bers.

Gate theory postulates that signals from the large A-beta 
sensory and smaller A-delta and C-fi bers compete for passage 
through a physiologic “gate.” Only one type of signal can pass 
through the gate at a time. An increase in large nerve-fi ber 
activity could, through interneurons (nerve cells found within 
the dorsal horn of the spinal cord that act as links between 
peripheral neurons and central neurons) potentially “close the 
gate” to signals from small pain fi bers entering the dorsal 
horn. Closing the gate halts the transmission of pain signals to 
the brain from these small-diameter fi bers. Theoretically, that 
is why rubbing the skin over an acute blunt injury seems to 
mitigate pain. Melzack and Wall believed that preferential 
electrical stimulation of A-beta fi bers would “close the gate” to 
pain transmission and reduce the number of pain signals 
transmitted to the brain (Fig. 1.5).8

Clinical support for gate theory came in 1967, when C. 
Norman Shealy, a Harvard-trained neurosurgeon at Case 
Western Reserve University, implanted the fi rst unipolar SCS.4 

A

B

Figure 1.4 (A) The Electreat. The Electreat patented by Charles 
Willie Kent in 1919. Copyright 2000-2008, The Burton Report®, 
All rights reserved. www.burtonreport.com.
(B) The Electreat Faradaic coil with books. http://www.thebakken.
org/artifacts/database/artifact.asp?type=category&category=C2.2&id
=1385 Reprinted with permission from The Bakken Library and 
Museum.

www.burtonreport.com
http://www.thebakken.org/artifacts/database/artifact.asp?type=category&category=C2.2&id=1385
http://www.thebakken.org/artifacts/database/artifact.asp?type=category&category=C2.2&id=1385
http://www.thebakken.org/artifacts/database/artifact.asp?type=category&category=C2.2&id=1385
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The stimulator was placed in the intrathecal space adjacent to 
the dorsal column of the spinal cord in a patient with terminal 
cancer and neuropathic pain. Considering the potential for 
mishap, it is remarkable that not only was the surgery techni-
cally successful but the patient also experienced marked pain 
reduction. 

In 1973, Hosobuchi reported the fi rst application of deep 
brain stimulation for treating neuropathic facial pain. Over 
the next several years, neuromodulation of the central nervous 

system (CNS) was used only sporadically because of frequent 
complications. Nonetheless, publications documenting the 
use of SCS for treating seizure disorders, movement disorders, 
and spasticity began to appear in the medical literature. In 
1984, the effect of SCS on angina was reported as a chance 
fi nding in a patient who had a stimulator implanted for 
another reason.7 SCS systems were fi rst implanted specifi cally 
for intractable angina in Australia in 1987.

Advances in cardiac pacemaker technology led to the devel-
opment of implantable pulse generators in the mid-1980s, fol-
lowed by dual multipolar leads and resulting in more effective 
and reliable systems. Since that time, SCS systems have become 
much more refi ned and technologically advanced. 

Mechanism of Action

Our understanding of the mechanisms underlying SCS is still 
in its early stages and is far from being fully elucidated. A better 
understanding of how SCS modulates the nervous system is 
needed to perfect and expand current applications. The mech-
anisms of SCS probably differ depending on the type of pain 
that is being treated. For example, its effect on neuropathic 
pain may be secondary to stimulation-induced suppression of 
central excitability, whereas its effect on ischemic pain may be 
due to stimulation-induced inhibition of sympathetic outfl ow 
and antidromic vasodilation, which increases blood fl ow to 
the ischemic area and decreases oxygen demand (Fig. 1.6).9
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Figure 1.5 Diagram of the gate theory as postulated by Melzack 
and Wall. Reprinted with permission from Melzack R, Wall PD. 
Pain mechanisms: a new theory. Science 1965;150:171–9.
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Figure 1.6 Spinal cord stimulation. Spinal cord stimulation (SCS) 
activates the dorsal columns (DC) orthodromically and 
antidromically (green lightning bolt). The antidromic activity is 
transmitted into the dorsal horns (DHs) via DC collaterals. In the 
DHs, it activates inhibitory circuits (GABAergic, etc.); this acts on 
the hyperexcitable DH neurons to decrease the high level of the 
excitatory amino acids (e.g., glutamate. Furthermore, activity 

ascending from the SCS may activate a supraspinal neuronal loop 
that induces inhibition from descending pathways, possibly utilizing 
5-HT and norepinephrine as transmitters. WDR, wide-dynamic 
range; GABA, gamma-aminobutyric acid. Reprinted from Linderoth 
B, Foreman RD. Mechanisms of spinal cord stimulation in painful 
syndromes: role of animal models. Pain Med 2006;7(suppl 1):
S14–26. With permission from Blackwell Publishing.
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Unfortunately, because the precise neurophysiology of neu-
ropathic pain is not completely understood, the mechanisms 
underlying the actions of SCS are likewise not known with 
certainty (Fig. 1.7). Observation of SCS in animal models of 
neuropathic pain has led to the following possible mechanisms:

SCS (in animals) attenuates the response to nerve injury • 
in which wide-dynamic-range neurons in the dorsal horn 
become hyperexcitable and glutamate and gamma-
aminobutyric acid (GABA) levels increase and decrease 
respectively.
SCS effects appear to be segmental, although supraspinal • 
descending inhibition may be involved through release of 
serotonin and norepinephrine.
GABA-B activation by SCS leads to a decrease in gluta-• 
mate release in the dorsal horn of rats.
SCS-induced analgesia appears to be resistant to nalox-• 
one reversal, suggesting minimal if any involvement of 
the opioid system.

In most neuropathic pain states, a paresthesia or tingling 
sensation must be felt in the affected area for SCS to be effec-
tive. In patients with deafferentation or CNS damage, such as 
brachial plexus avulsion or complete spinal cord injury, it is 
impossible to produce a paresthesia because the necessary 
neuronal structures have been damaged. SCS will therefore be 
ineffective in these situations.

The mechanism of action for SCS in ischemic pain is 
believed to be somewhat different from that of neuropathic 
pain. In ischemia, SCS appears to increase and redistribute 
blood fl ow to the ischemic area as well as decrease tissue 

oxygen demand. The mechanism by which SCS relieves isch-
emic pain is thought to involve suppression of the efferent 
sympathetic activity, resulting in a decrease in peripheral vaso-
constriction and relief of pain; and activation of the antidro-
mic mechanisms below the motor threshold, which may result 
in the release of peripheral calcitonin gene-related peptide 
with subsequent peripheral vasodilatation.10

Equipment Overview

Today, an SCS system consists of an epidural lead or leads, 
each containing multiple stimulating electrodes. The leads can 
be one of two types: percutaneous or surgical paddle leads. 
Percutaneous leads, introduced in the 1970s, are cylindrical 
insulated catheters with multiple stimulating electrodes spaced 
sequentially near the distal end. Surgical paddle leads are fl at, 
with an insulated backing that forces current to fl ow anteriorly 
toward the dorsal columns; a laminotomy is required for place-
ment. The leads are connected to a pulse generator either directly 
or via an extension. The pulse generator contains the battery 
and programmable elements of the system. Implantation is a 
surgical procedure requiring an operating room, surgical and 
aseptic technique, and prophylactic antibiotics. In addition to 
the stimulator leads, a standard lead kit also contains a Tuohy 
needle, lead stylets, guidewire, tunneling tools, lead anchors, 
and a screening cable (Figs. 1.8a & b).

One of the major advantages to SCS is that a trial of stimu-
lation can be conducted that replicates the permanent implan-
tation. During the trial, leads are placed percutaneously and 
connected to an external pulse generator. The electrodes used 
in a percutaneous trial will be removed after the trial, and new 
electrodes will be implanted with the pulse generator in the 
permanent implantation. Alternatively, the leads used in a 
successful tunneled trial will be left in place and connected to 
a pulse generator for permanent implantation.

During an SCS trial, with the patient under local anesthesia 
and prone in a fl uoroscopy procedure suite, a Tuohy needle 
(Fig. 1.9) is placed epidurally using a paramedian oblique 
approach (Figs. 1.10a & b).

An electrode is then threaded through the needle and posi-
tioned at the appropriate level under fl uoroscopic guidance. 
The electrode is then attached to the external pulse generator, 
which produces paresthesia sensations. The correct position 
of the electrode is determined when the area of paresthesia 
matches the distribution of pain. If pain is markedly reduced 
during the trial period, which usually ranges from 3 to 8 days, 
permanent implantation is subsequently scheduled.

In a permanent trial (see Chapter 8) or a permanent 
implantation procedure (see Chapter 10), the procedure is 
performed in the operating room under local anesthesia and 
conscious sedation. The pulse generator is placed subcutane-
ously in a comfortable location that is determined before the 
procedure. Leads placed in the epidural space are then tun-
neled under the skin either to the pulse generator directly or 
via an extension lead.
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Figure 1.7 Effects of spinal cord stimulation (SCS) on the L1–L2 
dorsal columns. SCS activates interneurons that may 1) reduce the 
activity of spinothalamic tract (STT) cells; 2) decrease the activity of 
sympathetic preganglionic neurons; 3) reduce the release of 
norepinephrine from sympathetic postganglionic neurons; 4) activate 
antidromically the dorsal root afferent fi bers; and 5) release 
calcitonin gene-related peptide (CGRP) and nitric oxide (NO). 
Reprinted from Linderoth B, Foreman RD. Mechanisms of spinal cord 
stimulation in painful syndromes: role of animal models. Pain Med 
2006;7(suppl 1):S14–26.  With permission from Blackwell Publishing.
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Current Status

SCS technology has evolved impressively over the past 20 years. 
Stimulator leads have become smaller and more maneuverable, 
which makes them easier to steer within the epidural space. The 
leads now contain more electrodes for greater programming 
options, including reprogramming in the event of minor lead 
migration. Pulse generator technology has advanced as well. 

Implanted pulse generators have become smaller, with much 
greater programming capabilities. The U.S. Food and Drug 
Administration (FDA) has recently approved rechargeable 
batteries that last many years.

As the technology has advanced, novel applications for SCS 
are being explored, such as stimulation to treat ischemic pain 
(including angina), stimulation of the spinal nerve roots, and 
peripheral nerve stimulation (see Chapter 2).

Today, SCS is a long-term treatment for a chronic pain 
condition and thus requires an appropriate infrastructure for 
surveillance and support.2 Although SCS is minimally invasive 
and reversible and does not change a patient’s anatomy—in 
contrast to spine surgery or nerve ablation—it should still be 
offered only by facilities that can perform comprehensive pain 
assessments and a wide range of additional interventional, 
pharmacologic, and psychological therapy.2 Additionally, per-
manent SCS systems must be implanted in an appropriately 
equipped operating room, with anesthesia and postanesthesia 
care readily available.2 A multidisciplinary pain management 
team is also desirable.2 SCS may be used with other therapies 
and should be part of an overall rehabilitation strategy.2

A

B

Figure 1.8 Batteries and equipment. Reprinted with permission 
from ©2009 Boston Scientifi c, Inc., St. Jude Medical, Inc., and 
Medtronic., Inc.

Figure 1.9 Tuohy needle and stylet.

B

A

Figure 1.10 Tuohy needle at correct angle of entry.
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Favorable Patient Characteristics 

Chapter 2 details criteria for patient selection. Current data 
suggest that, when SCS is indicated, it is more likely to be suc-
cessful in patients who have: 

Neuropathic pain, not nociceptive pain• 11

Anatomically limited pain, rather than diffuse pain • 
syndromes11

Unilateral, not bilateral, pain• 11

Radicular, not central, pain• 11

Nonmalignant pain• 12

Poor response to conservative treatment for at least • 
6 months12

Contraindications for remedial surgery• 12

No major psychiatric disorders, including somatization • 
disorder12

No history of illicit drug use• 12

No secondary gain or pending litigation for their • 
condition12

A successful 3- to 8-day screening trial of SCS. (Histori-• 
cally, it has been recommended that patients reporting at 
least a 50% reduction in pain scores during the trial be 
considered for permanent SCS.)

Chapter 2 also details cautions, indications, and contrain-
dications for SCS.

Effi cacy

The effi cacy of SCS has been well documented in the literature 
over the past 40 years, especially for neuropathic low back and 
leg pain. More than 500 clinical trials, 38 of them randomized 
controlled trials, have been conducted on SCS since 1973. The 
most common end points used in effi cacy studies are:

Reduction in pain intensity, as measured on a 10-cm • 
visual analog scale (VAS); typically, a 50% reduction from 
pretreatment VAS scores is required to establish effi cacy.
Decreased use of pain medications• 
Improved function scores• 
Improved activities of daily living (ADL) scores• 
Improved quality-of-life scores• 
Return to work• 
Confi rmation that the patient would again choose SCS• 

By these criteria, success rates of 50% to 70% are common. 
A systematic review of SCS used to treat failed back surgery 
syndrome (FBSS) found that on average, almost 60% of 
patients reported at least a 50% reduction in pain.13 Other 
studies have reported 40% to 80% reductions in the use of 
pain medicines, 61% improvements in ADLs, and 25% return-
to-work rates.7

In general, SCS appears to be effective primarily in treating 
neuropathic pain syndromes. In particular, neuropathic leg 
pain and complex regional pain syndrome (CRPS) respond 
well to SCS. Cameron, in a systematic review of studies pub-
lished between 1981 and 2001, grouped success rates by diag-
nosis. Among the 49 studies reporting long-term results (more 

than 6 months of follow-up), success rates ranged from 57% 
for patients with back and leg pain (the most common indica-
tion) to 83% for patients with CRPS (the next most common 
indication).14 Additionally, the success rate was 67% in patients 
with FBSS, stump pain, or peripheral neuropathy, 77% in 
patients with ischemic limb pain, and 82% in patients with 
postherpetic neuralgia.14

There is no conclusive evidence that SCS is effective in 
treating nociceptive pain unless it is secondary to ischemia. 
SCS also appears to be more effective in treating extremity or 
radicular pain than axial, midline pain even when the axial 
pain is neuropathic, which is common after back surgery.

As promising as SCS has become, 20% to 40% of patients 
report loss of analgesia within 24 months of implantation.15 
Growing anecdotal evidence suggests that when this loss of anal-
gesia occurs, it can often be remedied by reimplantation of a 
new pulse generator with more robust programming capabili-
ties. Further study is necessary to confi rm these observations.

Cost-Effectiveness

SCS is a cost-effective treatment for neuropathic pain.1,2,16 In 
a meta-analysis of 14 studies across a range of indications, 
the treatment costs of SCS were consistently offset by reduc-
tions in post-implant healthcare costs.16

Costs associated with SCS can be divided into initial 
implantation costs, which include the cost of the SCS implant 
and hospital stay, and maintenance costs, which include any 
revisions, physician visits, and electrode and battery replace-
ments. The variation in these costs among the 14 studies was 
considerable but was offset by savings in all studies after a 
period ranging from 15 months to 5 years. The critical factors 
in determining the length of implant time required for the 
cost of SCS to be offset by savings were the degree of effi cacy, 
duration of battery and electrode life, and level of use by the 
patient.16 In a retrospective study of 222 consecutive patients 
treated with either SCS or peripheral nerve stimulation at the 
Cleveland Clinic in Ohio, Mekhail et al. reported similar fi nd-
ings. Although the initial implantation costs were high, they 
were offset by reductions in the number of offi ce visits, nerve 
blocks, imaging studies, emergency room visits, hospitaliza-
tions, and surgical procedures. Costs for the initial two-stage 
SCS implantation procedure averaged $24,130 over 50 patients 
in the Cleveland Clinic study and ranged from $14,296 to 
$34,000 in the studies included in the meta-analysis, some of 
which were conducted in countries other than the United 
States. The mean savings per patient was approximately 
$30,000 per year and more than $90,000 per patient over the 
3-year average follow-up period.1

Warnings

Physicians and patients engaging in SCS implantation must 
be aware of the following limitations and features of SCS 
technology:

Safety has not been established for pregnant women or • 
for children.
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Patients should not drive or operate dangerous or heavy • 
equipment during stimulation.
Patients should avoid exposure to magnetic resonance • 
imaging, diathermy, and electrocautery, as electrical 
energy can be induced through the implant, causing 
damage to the device, electrodes, and surrounding tissue, 
resulting in severe injury or even death. Patients should 
use caution when exposed to ultrasonic equipment, radi-
ation therapy, aircraft communication systems, and other 
sources of strong electromagnetic interference, as there is 
a potential for interaction. The device manufacturer can 
provide additional details on the risks and recommenda-
tions if exposure to these devices is necessary.
Patients should not scuba dive deeper than 10 meters or • 
sustain pressures in a hyperbaric chamber above 2 atmo-
sphere absolute (ATA).

REFERENCES

 1. Mekhail NA, Aeschbach A, Stanton-Hicks M. Cost benefi t analy-
sis of neurostimulation for chronic pain. Clin J Pain 2004;20:
462–8.

 2. British Pain Society. Spinal cord stimulation for the management 
of pain: recommendations for best clinical practice. London: British 
Pain Society, 2005. 

 3. Kane K, Taub A. A history of local electrical analgesia. Pain 1975;
1:25–138.

 4. Rossi U. The history of electrical stimulation of the nervous 
system for the control of pain. In: Simpson BA, ed. Electrical stim-
ulation and the relief of pain: pain research and clinical manage-
ment, Vol. 15. New York: Elsevier Science; 2003:5–16.

 5. Stillings D. A survey of the history of electrical stimulation for 
pain to 1900. Medical Instrum 1975;9:255–9. 

 6. Beard GM, Rockwell AD. A practical treatise on the medical and 
surgical uses of electricity. New York: 1871.

 7. Gildenberg PL. History of electrical neuromodulation for chronic 
pain. Pain Med 2006;7(suppl 1):S7–13.

 8. Melzack R, Wall PD. Pain mechanisms: a new theory. Science 
1965;150:171–9. 

 9. Linderoth B, Foreman RD. Mechanisms of spinal cord stimula-
tion in painful syndromes: role of animal models. Pain Med 2006;
7(suppl 1):S14 –26.

10. Stojanovic MP, Abdi S. Spinal cord stimulation. Pain Physician 
2002;5:156–66.

11. North RB, Wetzel FT. Spinal cord stimulation for chronic pain 
of spinal origin: a valuable long-term solution. Spine 2002;27:
2584 –92.

12. Lee AW, Pilitsis JG. Spinal cord stimulation: indications and out-
comes. Neurosurg Focus 2006;21:E3.

13. Turner JA, Loeser JD, Bell KG. Spinal cord stimulation for chronic 
low back pain: a systematic literature synthesis. Neurosurgery 1995;
37:1088 –96.

14. Cameron T. Safety and effi cacy of spinal cord stimulation for the 
treatment of chronic pain: a 20-year literature review. J Neuro-
surg 2004;100(suppl):254 – 67. 

15. Doleys D. Psychological factors in spinal cord stimulation 
therapy: brief review and discussion. Neurosurg Focus 2006;
21:1– 6.

16. Taylor RS, Taylor RJ, Van Buyten JP, et al. The cost effectiveness 
of spinal cord stimulation in the treatment of pain: a systematic 
review of the literature. J Pain Symptom Manage 2004;27:370–8.

Further Reading

Cost-Effectiveness of SCS for FBSS

Estimates of Annual Costs of Nonsurgical Treatment
Bell GK, Kidd D, North RB. Cost-effectiveness analysis of spinal cord 

stimulation in treatment of failed back surgery syndrome. J Pain 
Symptom Manage 1997;13:286 –95. 

de Lissovoy G, Brown RE, Halpern M, et al. Cost effectiveness of 
long-term intrathecal morphine for pain associated with failed 
back syndrome. Clin Ther 1997;19:96 –112. 

Luo X, Pietrobon R, Sun SX, et al. Estimates and patterns of direct 
health care expenditures among individuals with back pain in 
the United States. Spine 2004;29:79 –86. 

Straus BN. Chronic pain of spinal origin: the costs of intervention. 
Spine 2002;27(22):2614 –9. 

Randomized Controlled Trial
North RB, Kidd D, Shipley J, et al. Spinal cord stimulation versus 

reoperation for failed back surgery syndrome: a cost effective-
ness and cost utility analysis based on a randomized, controlled 
trial. Neurosurgery 2007;61(2):361–9. 

Clinical Trials
Blond S, Buisset N, Dam Hieu P, et al. Cost–benefi t evaluation of 

spinal cord stimulation treatment for failed-back surgery syn-
drome patients [in French]. Neurochirurgie 2004;50(4):443–53. 

Kumar K, Malik S, Deneria D. Treatment of chronic pain with spinal 
cord stimulation versus alternative therapies: cost-effectiveness 
analysis. Neurosurgery 2002;51(1):106 –16. 

Health Technology Assessment Information Service [a branch of a 
World Health Organization collaborating center]. Spinal cord 
(dorsal column) stimulation for chronic intractable pain, Plym-
outh Meeting, PA, ECRI, October 1993. 

Modeling Study
Bell GK, Kidd D, North RB. Cost-effectiveness analysis of spinal cord 

stimulation in treatment of failed back surgery syndrome. J Pain 
Symptom Manage 1997;13:286 –95. 

Cost Descriptions Lacking Comparators
Bel S, Bauer BL. Dorsal column stimulation (DCS): cost to benefi t 

analysis. Acta Neurochir 1991;52(Suppl):121–3. 
Budd K. Spinal cord stimulation: cost–benefi t study. Neuromodula-

tion 2002;5(2):75–8. 
Devulder J, de Laat M, van Bastelaere M, et al. Spinal cord stimulation: 

a valuable treatment for chronic failed back surgery patients. 
J Pain Symptom Manage 1997;13(5):296 –301. 

Cost-Effectiveness of SCS for CRPS

Randomized Controlled Trial
Kemler MA, Furnee CA. Economic evaluation of spinal cord stimula-

tion for chronic refl ex sympathetic dystrophy. Neurology 2002;
59:1203–9.



The Development of Spinal Cord Stimulation     9

Cost-Effectiveness of SCS for Neuropathic Pain 
Syndromes

Low Back Pain
Raphael JH, Southall JL, Gnanadurai TV, et al. Chronic mechanical 

low back pain: a comparative study with intrathecal opioids drug 
delivery. Neuromodulation 2004;7(4):260– 6. 

Unspecifi ed Indications
Willis KD. A simple approach to outcomes assessment of the thera-

peutic and cost–benefi t success rates for spinal cord stimulation 
therapy. Anesthesiol Clin North Am 2003;21(4):817–23. 

Systematic Reviews, Meta-Analyses, and 
Recommendations

Boswell MV, Trescot AM, Datta S, et al. Interventional techniques: 
evidence-based practice guidelines in the management of chronic 
spinal pain. Pain Phys 2007;10(7):7–111. 

Cameron T. Safety and effi cacy of spinal cord stimulation for the treat-
ment of chronic pain: a 20-year literature review. J Neurosurg 
Spine 2004;100(3):254– 67.

Carter ML. Spinal cord stimulation in chronic pain: a review of the 
evidence. Anaesth Intensive Care 2004;32(1):11–21. 

Grabow TS, Tella PK, Raja SN. Spinal cord stimulation for complex 
regional pain syndrome: an evidence-based medicine review of 
the literature. Clin J Pain 2003;19(6):371–83. 

Henderson JM, Schade CM, Sasaki J, et al. Prevention of mechanical 
failures in implanted spinal cord stimulation systems. Neuro-
modulation 2006;9(3):183–91. 

Kumar K, Buchser E, Linderoth B, et al. Avoiding complications from 
spinal cord stimulation: practical recommendations from an 
inter national panel of experts. Neuromodulation 2007;10(1):
24 –33. 

Mailis-Gagnon A, Furlan AD, Sandoval JA, et al. Spinal cord stimula-
tion for chronic pain. Cochrane Database of Systematic Reviews 
2004; Issue 3. Art. No.: CD003783. DOI: 10.1002/14651858.
CD003783.pub2. 

Middleton P, Simpson B, Maddern G. Spinal cord stimulation (neu-
rostimulation): an accelerated systematic review. AERSNIP-S R 
Report No. 43. 2003. Adelaide, South Australia, Australian 
Safety and Effi cacy Register of New Interventional Procedures—
Surgical (ASERNIP-S). 

Taylor RS. Spinal cord stimulation in complex regional pain syn-
drome and refractory neuropathic back and leg pain/failed back 
surgery syndrome: results of a systematic review and meta-
analysis. J Pain Symptom Manage 2006;31(4 Suppl):S13–9.

Taylor RS, Taylor RJ, Van Buyten J-P, et al. The cost effectiveness of 
spinal cord stimulation in the treatment of pain: a systematic 
review of the literature. J Pain Symptom Manage 2004;27:370–8. 

Taylor RS, Van Buyten J-P, Buchser E. Spinal cord stimulation for 
complex regional pain syndrome: a systematic review of the 
clinical and cost-effectiveness literature and assessment of prog-
nostic factors. Eur J Pain 2006;10(2):91–101.

Taylor RS, Van Buyten J-P, Buchser E. Spinal cord stimulation for 
chronic back and leg pain and failed back surgery syndrome: a 
systematic review and analysis of prognostic factors. Spine 
2005;30(1):152– 60.

Turner JA, Loeser JD, Bell KG. Spinal cord stimulation for chronic 
low back pain: a systematic literature synthesis. Neurosurgery 
1995;37:1088–96.

Turner JA, Loeser JD, Deyo RA, et al. Spinal cord stimulation for 
patients with failed back surgery syndrome or complex regional 
pain syndrome: a systematic review of effectiveness and compli-
cations. Pain 2004;108(1):137– 47. 

Wetzel FT, Hassenbusch S, Oakley JC, et al. Treatment of chronic 
pain in failed back surgery patients with spinal cord stimulation: 
a review of current literature and proposal for future investiga-
tion. Neuromodulation 2000;3(2):59–74.



This page intentionally left blank 



2
SCS Screening Trial: Patient Selection and 
Preparation
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Introduction

As in any treatment, the success of spinal cord stimulation 
(SCS) depends on appropriate patient selection. Patients should 
undergo a thorough evaluation, including a detailed history 
and physical examination, as well as diagnostic and imaging 
studies. Conservative measures, including medication trials, 
interventional procedures, and physical therapy, should be 
tried unless contraindicated before considering a screening 
trial of SCS. Patients with appropriate neuropathic pain indi-
cations who have failed to respond to initial medication and 
interventional therapies should be considered for a trial of 
SCS as early as possible because continually increasing medi-
cation dosages often leads to greater disability and side effects. 
Because certain types of neuropathic pain respond better to 
SCS than others, the patient’s specifi c pain diagnosis will 
determine whether or not SCS is indicated and will help the 
physician assess the likelihood of a successful outcome.

Because SCS is reversible and minimally invasive, a trial of 
SCS should precede certain irreversible surgical interventions 
such as sympathectomies or major reconstructive procedures 
in selected patients with complex regional pain syndrome 
(CRPS) or previous failed back surgery, respectively. There is 
some evidence to suggest that SCS may be less successful in 
patients with more numerous prior interventions and longer 
duration of pain.1–5 A trial of SCS has the additional advantage 
of duplicating the benefi cial effects, side effects, and technical 
interface of the implanted system. Few surgical interventions 
provide a mode of predicting success or failure prior to fully 
committing. The screening trial therefore provides patients 
with the means of determining whether an implanted SCS 
system will benefi t them.

Matching the patient to the physician’s own skill set is 
another important consideration in selecting a patient for 
SCS. Implanters who do not have the training or experience 
necessary to be successful should not undertake a complex or 
diffi cult procedure. An experienced physician should perform 

the surgery on patients with challenging anatomy such as obe-
sity, severe spondylosis or scoliosis, or a medical condition 
that precludes them from comfortably maintaining a prone 
position. It is also recommended that implanters perform a 
suffi cient number of straightforward lumbar SCS cases so they 
feel comfortable before implanting an SCS in the cervical 
region, where both the degree of diffi culty and potential for 
complication are greater. 

If the patient’s pain diagnosis supports an SCS trial and the 
required skills and experience are present, a psychological 
assessment should rule out major psychiatric pathology and 
substance abuse in order to establish the patient’s ability to 
cope with a foreign object/medical device within his or her 
body as well as the patient’s willingness and ability to operate 
the equipment and adhere to treatment plans. Finally, it must 
be determined whether the patient has any medical conditions 
or anatomic variations that may make a trial technically diffi -
cult or even contraindicated.

Patient Selection

Before performing a trial of SCS, a comprehensive history, 
physical examination, imaging studies, and a psychological 
evaluation must be obtained to determine whether the patient 
has a pain indication that is likely to respond to SCS therapy 
and to rule out contraindications to performing the procedure.

Indications for Spinal Cord Stimulation

The primary purpose of SCS is to reduce the frequency, dura-
tion, and intensity of pain.6,7 Over the past 40 years, research 
has found SCS to be effective for several causes of pain. As the 
technology evolves, however, new indications are being inves-
tigated. The FDA-approved indications, investigational appli-
cations, and the other applications for SCS with lower success 
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rates are provided here and are current as of November 
2007. Contraindications, warnings, and adverse events are 
also identifi ed.

FDA-Approved Indications

The FDA has approved SCS as a tool in managing chronic, 
intractable pain of the trunk or limbs, including unilateral or 
bilateral pain associated with failed back surgery syndrome 
(FBSS), intractable low back pain, and leg pain.

Within these indications, the success of SCS varies depend-
ing on the type of pain. A higher probability of success has 
been associated with the following:

FBSS•  or postlaminectomy pain: FBSS is an umbrella term 
that describes persistent or recurrent pain, mainly of the 
lower back and legs, that remains after unsuccessful 
spinal surgery. Between 20% and 40% of the 200,000 
Americans who have back surgery each year experience 
FBSS, making it the most common indication for SCS in 
the United States.8 When medical management is unsuc-
cessful, SCS in combination with physical therapy and/or 
spinal injections may be preferable to reoperation.8 

  Because FBSS is a diagnosis of exclusion, the presence 
of surgically correctable lesions must be ruled out through 
evaluation with imaging studies and surgical consulta-
tion. Imaging studies may also reveal the presence of epi-
dural or perineural fi brosis or arachnoiditis, which do 
not respond to surgery but may respond to SCS. Treat-
ment is more likely to be successful in patients presenting 
with predominately neuropathic leg (radicular) pain who 
are treated within 3 years of back surgery.6 FBSS may 
occur with or without arachnoiditis or lumbar adhesive 
arachnoiditis.
Radiculopathy• : Radiculopathy results from nerve root 
damage and can produce neurogenic pain. Radiculopathy 
may be associated with FBSS or a herniated disk. Pain due 
to radiculitis or radiculopathy often responds well to SCS. 
However, other causes of referred or radiating pain—
such as facet disease, sacroiliac arthropathy, internal disk 
disruption, piriformis syndrome, and myofascial pain—
must fi rst be ruled out or treated before attempting SCS.8

Plexopathy• : Plexopathy is a form of neuropathy. Within 
the peripheral nervous system, several plexus are often 
associated with neuropathy and pain. Plexopathies, such 
as brachial plexopathy, are often initially diagnosed by a 
careful evaluation of the patient’s history and symptoms, 
but electromyography and nerve conduction studies are 
often the most accurate way to determine the nature and 
site of the plexopathy. Symptoms related to plexopathies 
can be mild or severe, from diffuse irritation to intense 
and intractable pain. 
Arachnoiditis• : Arachnoiditis is a chronic infl ammation 
and scarring of the meninges at the exit site of the nerve 
roots from the spinal cord that can occur after spine sur-
gery. Arachnoiditis involves infl ammation of the arach-
noid membrane that covers the spinal cord and brain, 

leading to gradual collection of fi brotic scar tissue that 
tethers the nerves to the arachnoid membrane. This scar-
ring disrupts the fl ow of cerebrospinal fl uid around the 
nerves and deprives them of nutrition.
Epidural fi brosis• : The symptoms of epidural fi brosis 
appear at 6 to 12 weeks after back surgery and often follow 
an initial period of pain relief, after which recurrent leg 
pain may slowly develop. 
Painful peripheral neuropathy• : More than 100 types 
of peripheral neuropathy have been identifi ed, each 
with its own characteristic symptoms, pattern of devel-
opment, and prognosis. Impaired function and symp-
toms depend on the type of nerves damaged: motor, 
sensory, or autonomic. 
Multiple sclerosis• : In a study published in 2006, 15 of 19 
patients with lower extremity pain secondary to multiple 
sclerosis obtained good pain relief with SCS therapy.4 
CRPS• , type I (formerly called refl ex sympathetic dystro-
phy) or type II (formerly called causalgia): A known nerve 
injury characterizes CRPS type II but is absent in CRPS 
type I. CRPS is a syndrome most often caused by trauma 
and includes burning pain, hyperesthesia, swelling, 
hyperhidrosis, and trophic changes in the skin and bone 
of the affected areas. The goal of SCS is to restore func-
tion to the affected limb. A trial of SCS should be consid-
ered, particularly if patients do not respond to conventional 
treatment within 16 weeks.1,4,6,9 Success is associated with 
a diagnosis of CRPS type I, a limb affected for at least 
6 months that does not respond to less invasive therapies, 
a baseline pain score of at least 5 on a 10-point visual 
analog scale, and a response of increased mobility to sym-
pathetic blockade.6 

A reduced probability of success has been associated with 
the following:1,4,9

Axial spine pain associated with FBSS• 10

Postherpetic neuralgia• 
Post-thoracotomy pain• 
Phantom pain• 
Intercostal neuralgia• 
Incomplete spinal cord injury• 

In our experience, as well as that of other implanters, many 
patients with a diagnosis that is not as strongly correlated with 
a positive outcome have done extremely well with SCS. 
Numerous case reports of patients with phantom pain, post-
thoracotomy pain, partial spinal cord injury, inguinal neural-
gia, and post-herniorrhaphy pain11 have documented lasting 
pain reduction with SCS. This wide variation in response to 
SCS is not surprising in the setting of partial spinal cord injury 
given that each of these neuronal injuries is unique with vary-
ing reactions by the host to incomplete cord damage and dif-
ferences in neuroplastic response. What is more puzzling is 
the variation in response to SCS among patients with pre-
sumed identical pathology, such as phantom limb pain or post-
herpetic neuralgia. Clearly, this is an area of intense interest to 
many in the fi eld of neuromodulation. 
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Off-label Applications

One indication for SCS with strong evidence for a high degree of 
effi cacy is ischemic pain in either peripheral vascular disease or 
refractory angina.8,12,13 However, this indication is not currently 
approved by the FDA. SCS has a profound effect on sympathetic 
vascular tone and promotes local blood fl ow and ischemic ulcer 
healing in patients with peripheral vascular disease.14

SCS is most commonly used in Europe for these indica-
tions, which is where most of the studies have been conducted. 
Documented evidence for its effi cacy has led to increasing 
support for use of SCS in the treatment of peripheral vascular 
disease or refractory angina in the United States. Despite the 
off-label use for refractory angina, some insurers are now cov-
ering SCS for this indication.15 

Several other pain conditions are being studied for possible 
applications of SCS. SCS for axial low back pain from mechan-
ical causes has received a great deal of attention but requires 
more study to determine long-term effi cacy. In addition to our 
experience, other implanters have also noted that axial low 
back pain from mechanical causes often does not respond well 
to SCS. Although a signifi cant subset of patients with neuro-
pathic axial back pain may experience long-term improvement 
with SCS, the success rate is probably lower than that for 
patients with radiculopathies or CRPS. 

An offshoot of SCS is spinal nerve root stimulation. This 
differs from SCS in that rather than stimulating the dorsal 
columns of the spinal cord, electrical current is applied directly 
to one or more spinal nerve roots. Many creative approaches 
to nerve root stimulation have been described. Leads can 
be placed in the lumbar epidural space using a retrograde 
approach (toward the foot) such that lumbar and sacral roots 
can be stimulated directly. Transforaminal and extraforaminal 
nerve root stimulation has also been described, allowing spe-
cifi c nerve roots to be targeted. Techniques for performing 
spinal nerve root stimulation are outside of the scope of this 
text and are not covered in detail.16–23 

Another application of stimulation technology—peripheral 
nerve stimulation—is being studied to treat migraine head-
aches and other peripheral neuropathies, such as ilioinguinal 
neuralgia. Effi cacy has not yet been established for either of 
these applications, although large-scale clinical trials are under-
way. Anecdotal evidence suggests that peripheral nerve stimu-
lation may be an important approach in the future.

Unsuccessful Applications

SCS has been applied to several conditions with unacceptable 
success rates. These pain syndromes may not be amenable to 
stimulation because of profound centralization or unidenti-
fi ed areas of the nervous system that currently cannot be stim-
ulated with conventional methods. These conditions include:

Spinal cord injury with complete cord transection• 7

Paraplegia and quadriplegia• 9

Partial spinal cord injury with loss of posterior column • 
function7

Brachial plexus or other nerve root avulsion• 9

Nonischemic, nociceptive pain• 7

Central pain of nonspinal origin• 7,9

Contraindications

SCS is not suitable for all patients. Contraindications can be 
divided into three categories: anatomic conditions, medical 
comorbidities, and psychosocial considerations.

Relative contraindications to the percutaneous screening 
trial are: 

Anatomic conditions• 
Previous spinal surgery with epidural scarring in the • 
anticipated path of the SCS leads or severe spondylosis 
or scoliosis with anticipated diffi cult entry of the leads 
into the epidural space (depends on skill and experi-
ence of surgeon)

Medical comorbidities• 
Untreated infection• 
Implanted cardiac pacemaker, cardioverter, or defi bril-• 
lator. (Note: With improved technology, the presence 
of a pacemaker may not rule out SCS placement. 
Technical support services for both pacemaker and 
stimulator manufacturers should be contacted for fi nal 
determination.)
Existence of a major additional chronic pain condition• 
Anticoagulant or antiplatelet therapy• 

Psychosocial considerations• 
Psychological instability or unresolved psychiatric • 
comorbidity
Ongoing litigation with the possibility of secondary • 
gain
Inconsistencies on history, physical examination (pres-• 
ence of inorganic signs), and diagnostic studies
Occupational considerations (e.g., job requires ladder • 
climbing)

Contraindications to SCS therapy are:24,25

Anatomic conditions• 
Pregnancy• 25

Previous dorsal root entry zone lesions• 24

Critical central spinal stenosis• 25

Serious neurologic defi cit with surgically correctable • 
pathology25 
Anatomic spine instability at risk for progression• 25

Medical comorbidities• 
Need for future magnetic resonance imaging (MRI)• 25

Coagulopathy, immunosuppression, or other medical • 
condition resulting in unacceptable surgical risk25

Ongoing requirement for therapeutic diathermy• 25

Psychosocial considerations• 
Severe cognitive impairment and/or inability to oper-• 
ate the device25

Unacceptable living situation or social environment• 25

Active substance abuse• 25
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Anatomic Considerations

Epidural Access and Stenosis

A trial of SCS depends on the ability to successfully place the 
stimulator leads within the epidural space. In patients with 
low back or leg pain, the leads will usually be inserted at an 
intervertebral space somewhere between T12 and L3 and 
directed anterograde (toward the head) in the thoracic epidu-
ral space. In patients with upper extremity pain, the leads will 
usually be inserted within the intervertebral space somewhere 
between T2 and T6 and directed anterograde in the cervical 
epidural space. 

Spine Abnormalities
In all cases, the portion of the spine through which the leads 
will pass must be accessible, with suffi cient space to accom-
modate a lead. Several abnormalities of the spine are common 
in candidates for SCS and must be considered before proceed-
ing with a trial.

Spondylosis
Osteophytes that accompany severe spondylosis may make 
identifi cation of and access to the intralaminar space more 
diffi cult. This is especially true at the thoracic level because of 
the relatively reduced size of the thoracic intralaminar space. 
Hypertrophy of the ligamentum fl avum can make a routine 
procedure more diffi cult. Plain x-rays can be helpful in identi-
fying bony abnormalities such as osteophytes at the intralami-
nar space so that a preoperative approach can be planned. 
Having those fi lms available for reference in the operating 
room at the time of surgery can also be helpful. Unfortunately, 
it is not always possible to predict which patients are going to 
be challenging, even when radiographs and imaging studies 
are immediately available.

Previous Back Surgery
Previous back surgeries resulting in epidural scarring, spinal 
fusion, the presence of lumbar or cervical stenosis, or severe 
anatomic variations such as scoliosis or kyphosis, can make 
access diffi cult and even dangerous. Multiple back surgeries 
can result in epidural scarring that extends beyond the surgical 
level. The presence of epidural scarring can affect loss of resis-
tance with the Tuohy needle and make attempts to pass an 
epidural lead hazardous.

Spinal Stenosis
Spinal stenosis and other epidural pathologies can be diag-
nosed only on imaging studies. Central canal stenosis, if pres-
ent, is typically diagnosed by radiologists after reviewing 
sagittal MRI images.26 The diagnosis must be ruled out because 
subclinical stenosis may result in frank myelopathy when a 
space-occupying lead is placed into the epidural space. In the 
cervical spine, the mid-sagittal diameter is used to diagnose 
stenosis. An anterior–posterior (AP) diameter of less than 
14 mm is cause for concern and, if possible, a neuroradiologist 

should be consulted before proceeding with a trial. An AP 
diameter of less than 10 mm in the cervical spine is a contrain-
dication to the placement of a percutaneous epidural stimula-
tor lead.26 

In any event, if the radiology report notes central canal 
stenosis, the images should be reviewed, preferably with a 
neuroradiologist, to determine whether the epidural space can 
accommodate stimulator leads.26

Medical Considerations

Coagulopathy

Managing the anticoagulated patient about to undergo a 
neuraxial procedure has become more challenging and com-
plex. An epidural hematoma following a procedure involving 
the neuraxis remains a major concern. Medical standards 
for preventing venous thromboembolism are being widely 
implemented. Additionally, more effi cacious anticoagulants 
and antiplatelet agents are available, and new ones are being 
developed. Although epidural hematoma is rare (one review 
estimated the incidence to be 0.0006%),27 the devastating con-
sequences associated with this complication, including possi-
ble permanent paralysis, make it an important risk factor 
requiring serious consideration.

The American Society of Regional Anesthesia and Pain 
Medicine (ASRA) published consensus guidelines in 2003 for 
the use of neuraxial anesthesia and analgesia in patients receiv-
ing anticoagulants. The ASRA guidelines note that numerous 
studies have documented the safety of neuraxial anesthesia 
and analgesia in these patients, which is predicated on “appro-
priate timing of needle placement and catheter removal rela-
tive to the timing of anticoagulant drug administration.”28 

Even if we assume that placing an SCS lead is analogous 
to placing an epidural infusion catheter, and that the lead can 
be safely placed, there are no data on the long-term risk of 
epidural hematoma in patients with indwelling epidural SCS 
leads who have been anticoagulated or who have a genetic or 
acquired coagulopathy. Some neurosurgeons believe that a 
paddle lead, which is less likely to move, may be safer than a 
percutaneous lead in a patient requiring long-term anticoagu-
lation. Other implanters believe that paddle leads increase 
the risk of bleeding as a result of laminotomy and the extent 
of surgery required to place these leads. Both positions are 
speculative. 

The issue of anticoagulation is important in Europe because 
SCS is often used to treat refractory angina, and cardiac 
patients are often anticoagulated for various reasons. Such 
patients can be stratifi ed into risk categories for purposes of 
SCS. Low-risk patients are those with atrial fi brillation and no 
history of embolic events, whereas high-risk patients are those 
with prosthetic valve replacements.29

The National Refractory Angina Centre in Liverpool has 
published guidelines for SCS placement in low- and high-risk 
cardiac patients requiring anticoagulation.29 The authors note 
that there is currently no evidence of increased risk of epidural 



SCS Screening Trial: Patient Selection and Preparation    15

hematoma in patients with stable leads in the epidural space. 
However, with a rare event, many people need to be studied in 
order to make that claim. The National Refractory Angina 
Centre also notes that SCS is the “most promising therapeutic 
option” for many of their cardiac patients, and for that reason, 
there is no risk-free option. However, a lack of data does not 
imply a lack of risk, so caution and conservative management 
are recommended when treating patients taking anticoagu-
lants or platelet inhibitors.

All patients should be evaluated for hemostasis and coagu-
lation disorders. An accurate history and physical provide the 
most valuable information for assessing the risk of bleeding.30 
In particular, one should look for a personal or family history 
of the following:

Easy bruising (spontaneous or traumatic)• 
Frequent or unusual mucosal bleeding• 
Irregular, prolonged, and excessive menstrual fl ow• 
Hematuria• 
Epistaxis• 
Marked or life-threatening hemorrhage with invasive • 
procedures
Liver dysfunction• 
Renal dysfunction• 
Major metabolic or endocrine disorders• 

Patients should always be asked about the medications they 
are taking. In particular, they should be questioned specifi cally 
about aspirin and nonsteroidal anti-infl ammatory drug use 
because they often do not consider these medications impor-
tant enough to mention without prompting. 

Several screening tests are available for bleeding disorders. 
However, in otherwise normal patients, these tests do not add 
appreciably to what can be learned from a good history and 
physical examination. 

Infection

All patients should be evaluated for active infection. Systemic 
infections, such as pneumonia, bronchitis, or urinary tract 
infections, must be treated and resolved before the patient 
undergoes a trial of SCS or permanent implantation. A local 
infection or infl ammatory process, such as psoriasis or other 
rashes, at the implant site also should be resolved before a 
trial.

Suppressed Immune Response

Patients with renal disease, diabetes, cancer in remission, or 
chronic illness may have a suppressed immune response, put-
ting them at increased risk for infection with SCS. Patients 
with poor nutritional status such as malabsorption secondary 
to gastric bypass or other chronic illnesses such as rheumatoid 
arthritis, lupus, or HIV also have compromised immune sys-
tems that increase the risk with SCS. Individuals with diabetes 
and peripheral neuropathy will often respond well to SCS; 
however, they should be under optimal glycemic control 

before proceeding with a trial. Patients with any chronic ill-
ness should be medically and nutritionally optimized to the 
greatest extent possible. Many of these patients can benefi t 
greatly from SCS with increased levels of functioning that can 
lead to improvement in their chronic illness. For instance, 
many of our patients with diabetes have been able to engage 
more actively in exercise and other activities once their periph-
eral neuropathy is under better control.

Recently, there has been increased interest in neuromodula-
tion therapy for cancer survivors with chronic pain. With 
ongoing advances in chemotherapy, radiation, and surgery, 
many patients with cancer are living longer. Unfortunately, 
many are left with iatrogenic neuropathic pain from chemo-
therapy, surgery, and radiation. With the advent of improved 
SCS systems, many patients with cancer and post-thoracotomy 
pain can be optimally treated with a combination of medica-
tions and SCS. Currently, patients with cancer who require 
ongoing monitoring with MRI are not candidates for SCS 
implantation.

Our philosophy is to medically optimize our patients while 
weighing the risks and benefi ts before proceeding. Fortunately, 
SCS implantation results in relatively minimal physiologic 
stress, especially compared with other more invasive surgeries.

Tobacco Abuse

In our general pain practice, we fi nd that a high percentage of 
pain patients smoke. These patients are at increased risk for 
infection and other surgical complications if they have surgery, 
including SCS. Because of this increased risk, many surgeons 
will not perform elective surgery on smokers. 

Rates of wound infection are signifi cantly higher in smok-
ers than in nonsmokers. Patients who smoke and have joint 
replacement surgery, breast reconstruction, facelifts, and a 
variety of other plastic surgery procedures have up to an eight-
fold31 increase in wound infections and wound dehiscence 
compared with nonsmokers. In a study of patients undergoing 
breast reconstruction, abdominal wall site necrosis occurred 
in 7.9% of current smokers compared with 1% of nonsmok-
ers. Mastectomy-fl ap necrosis occurred in 7.7% of smokers 
compared with 1.5% of nonsmokers. In patients having 
abdominoplasty, wound dehiscence requiring repeat surgery 
was seen in 24% of smokers but only 8.2% of nonsmokers.31 
Smoking cessation was examined in a randomized study in 
patients undergoing joint replacement surgery. In patients 
who quit smoking, wound infection rates were reduced from 
27% to 0%. It appears that simply reducing the amount 
smoked does not decrease the risk. The optimal period of 
smoking cessation is probably at least 6 weeks.32 In one study, 
termination of smoking for less than 3 weeks before colorectal 
surgery was not associated with a reduction in risk. 

Although the absolute cause for the increased wound infec-
tion rate is not defi nite, there are more than 3,000 chemical 
byproducts associated with smoking, of which nicotine is the 
most studied.31 Carbon monoxide levels in smokers decrease 
tissue oxygenation suffi ciently to result in clinically signifi cant 



16     Spinal Cord Stimulation

hypoxia, which has been shown to impair wound healing in 
animals.31 

The benefi ts of smoking cessation appear at about 4 weeks 
and continue for the next 4 weeks. It takes 1 to 2 months to 
start reversing the effects of small airway disease and to clear 
secretions. Studies show that patients who are able to quit for 
more than 4 to 6 weeks may reduce their rate of postoperative 
complications by 50%.32 Our policy is based on literature 
showing evidence that patients who quit smoking for 6 weeks 
or more have a risk reduction almost to that of nonsmokers. 
Because SCS is an elective intervention and an expensive 
resource that focuses on improving function, we have a fi rm 
no-smoking policy for at least 6 weeks before the trial. For 
some patients, this may be the incentive they need to quit for 
good.33–35

Establishing Medical Necessity

A statement of medical necessity may need to be provided 
to payers when recommending SCS for patients in chronic 
pain. The implanter must certify that the patient meets the 
indications for SCS, that previous therapies have not been suc-
cessful, and that SCS offers a reasonable chance of success (see 
Appendix A). 

Psychosocial Considerations

Pain is experienced not only as a consequence of the neuro-
plastic changes that occur after an injury, but also within the 
context of the patient’s medical history. Pain at the most basic 
level is experienced as a threat to the individual. Therefore, 
patients in pain respond in an attempt to reduce and eliminate 
this dysphoric sensation. Unsuccessful attempts to alleviate 
pain can result in coping diffi culties, which may in turn result 
in anxiety, frustration, anger, and depression. Unrelenting 
pain is known to produce neuroplastic changes in the spinal 
cord and brain leading to changes in neurotransmitter con-
centrations and neural connections. These hardwiring changes 
often result in alterations of mood, motivation, and affect. 
Patients in chronic pain may have diffi culty differentiating 
their pain from other psychological symptoms, which may 
result in a tendency to amplify pain symptoms. Patients may 
also have trouble adopting recommended behavior changes 
because of a sense of hopelessness and powerlessness. The 
degree and impact of psychological symptoms vary signifi -
cantly from person to person, but they should be assessed and 
treated whenever possible.

Severe pain is often accompanied by affective disturbances 
such as depression and anxiety. In fact, most patients with 
chronic pain have a mixture of depression, hypochondriasis, 
and anxiety or emotional reactivity.36 Thus, a psychosocial 
evaluation is a necessary part of an interdisciplinary approach 
to treating chronic pain.37 Psychological factors may be medi-
ators, modulators, or maintainers of pain38 and should be 
assessed with this fact in mind. 

Psychological Contraindications and Testing

Although many patients with pain also suffer from depression 
and anxiety, it is the role that these affective states play in the 
patient’s experience of pain that is important in determining 
whether the patient is a candidate for SCS. Some patients have 
preexisting psychiatric disorders that become magnifi ed by 
pain. Some implanters may consider several of the following 
psychiatric diagnoses to be contraindications for SCS:36,39

Personality disorders• 
Unstable or unsupportive family and personal relation-• 
ships
Suicidal tendencies• 
Severe depression or mood disorder• 
Severe sleep disturbances• 
Somatization or somatoform disorder• 
Active alcohol or drug abuse• 
Marked cognitive defi cits that prevent the patient from • 
properly operating the system. Cognitive impairment, by 
itself, is not a contraindication; however, the patient must 
have a competent caregiver and adequate social support 
in this instance.

Although psychological testing does not predict outcome, 
it can be used to identify comorbid psychiatric conditions and 
psychological factors that should be addressed before SCS is 
considered. Testing may suggest treatments for psychological 
risk factors and specifi c pain syndromes and determine the 
patient’s personal ability and available support systems for 
coping with pain.6,7,38 Psychological testing can also establish a 
baseline against which post-implant improvement can be 
assessed.7 Certain insurance carriers, such as workers’ com-
pensation carriers, may require a psychological evaluation 
before giving authorization for the procedure.

The following tests are frequently used to assess a patient’s 
suitability for a trial of SCS: 

To evaluate pain intensity: McGill Pain Questionnaire, • 
numeric rating scales, visual analog scales, verbal rating 
scales, and pain drawings 
To evaluate mood and personality and overall psycho-• 
logical functioning: Minnesota Multiphasic Personality 
Inventory-2, Symptom Checklist 90-R, Beck Depression 
Inventory, Spielberger State-Trait Anxiety Inventory, 
Millon Behavior Health Inventory, Illness Behavior 
Questionnaire, Pain Assessment Inventory, Derogatis 
Affects Balance Scale, Roland Morris Questionnaire, 
Hospital Anxiety and Depression Scale, and Perceived 
Stress Scale
To assess pain beliefs and coping: Multidimensional Pain • 
Inventory, Chronic Illness Problem Inventory, Coping 
Strategies Questionnaire, Pain Management Inventory, 
Pain Self-Effi cacy Questionnaire, Survey of Pain Atti-
tudes, Sickness Impact Profi le, Inventory of Negative 
Thoughts in Response to Pain, Pain Beliefs Inventory, 
and Pain Locus of Control Scale
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To assess level of functioning: Multidimensional Pain • 
Inventory, Oswestry Disability Questionnaire, Sickness 
Impact Profi le, Short-Form Health Survey, Social Sup-
port Questionnaire, and Pain Disability Index
To evaluate cognitive functioning: Mini-Mental State.• 

Psychological contraindications to SCS are cited in the 
contraindications section. 

Characteristics that, in our experience and the experience 
of others, are associated with positive SCS outcomes include 
the following:36

General psychological stability• 
Adequate self-confi dence and self-effi cacy• 
Realistic assessment of the medical problem and expecta-• 
tions of treatment
General optimism regarding outcome• 
Ability to cope with side effects, complications, and fl are-• 
ups without catastrophizing
Adequate training in operating the pulse generator• 
A supportive and educated family• 
Willingness to undergo comprehensive medical and life-• 
style evaluations37

Many patients with pain view psychological assessment 
with deep suspicion, especially if they are involved in litigation. 
When recommending a psychological assessment, patients 
may accept the term “behavioral pain assessment” more read-
ily than “psychiatric” or “mental health” evaluation.

Patient Education

Evidence strongly supports the benefi ts of informing patients 
about the procedural and experiential aspects of stimulator and 
lead implantation before the trial.38 In particular, patients should 
have realistic expectations about the technology, including the 
chances for failure. They need to know that complete pain relief 
is unlikely but that partial pain relief is probable.37 Outcomes 
may be infl uenced in part by the patient’s expectations. 

Knowing the patient’s priorities may help focus educa-
tional and counseling efforts. The secret is to balance hope 
against unrealistic expectations. Surgical complications are 
most affected by surgical skill and stimulator characteristics. 
Pain relief is most affected by the patient’s psychological and 
physiologic state. Patient satisfaction is most affected by the 
patient’s expectations and perceptions of the surgeon, tech-
nology, and perioperative experience. Quality of life is most 
affected by changes in functional and psychological status.36

Psychological Preparation 

Each patient undergoing an SCS trial has a unique set of feel-
ings, expectations, beliefs, personality traits, dysfunctions, 
experiences, support systems, and skills. Fully preparing 
patients for the procedure can reduce their anxiety, improve 
their adherence to recommendations, and optimize outcomes 

as well as reduce unnecessary post-implant offi ce visits and 
phone calls. Frequently asked questions are outlined in 
Appendix B. 

Considerable research has established that greater distress 
or anxiety before surgery is associated with greater postopera-
tive pain and a slower and more complicated recovery.37,38 
Presurgical psychosocial interventions generally have positive 
effects on postsurgical physical and psychological functioning, 
as well as leading to faster and stronger recovery, shorter hos-
pital stays, fewer postoperative complications, better adher-
ence to treatment recommendations, less use of analgesics, 
and improved measures of cardiovascular and respiratory 
functions.38

Patients often want to talk with others who already have 
implanted SCS systems.37 Many have questions about recharg-
ing batteries, changes in daily activities, concern with the 
appearance of the subcutaneous stimulator, apprehension 
about having a foreign object permanently implanted in their 
spine, and so on. Uncontrolled postoperative pain is also a 
common fear. Talking with others can be a valuable experi-
ence for surgical candidates, although the individual differ-
ences in the effi cacy of SCS should be emphasized to avoid the 
appearance of endorsing the technology.37

Presurgical instruction in relaxation methods and stress 
management can be effective in reducing pain and accelerat-
ing healing.37 Chronic insomnia and nonrestorative sleep are 
common in patients with severe pain, so information about 
improving sleep and the use of medications to improve sleep 
can be helpful.

Many patients are concerned that increasing their activity 
levels after implantation will increase their pain or cause nerve 
damage. Such anticipatory anxiety may result in reduced activ-
ity or prompt the recurrence of severe pain. It is well known 
that patients’ attitudes and beliefs about their pain infl uence 
the effi cacy of any pain treatment that is undertaken.

Negative treatment outcomes are more likely when patients 
believe the following: 

Pain is purely a physical problem that can be resolved • 
only with the right treatment.38

Psychosocial factors play little or no role in pain or pain • 
treatment.38

Chronic pain means the loss of a normal life.• 39,40

I cannot have an impact on my own pain.• 41–43

I will not get better.• 39,40,43

Negative outcomes are also more likely when patients 
behave as passive bystanders in the treatment process and have 
signifi cant others who enable “sick” behaviors and undermine 
“well” behaviors. 

Positive treatment outcomes are more likely with the fol-
lowing patient beliefs:

Pain has multiple components and is best treated with a • 
multidimensional approach.42,43

The benefi ts of pain control outweigh the risks.• 41

I can affect treatment outcomes.• 42,43
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I can learn and adopt coping skills—and techniques for • 
applying the skills—to manage the self-defeating beliefs 
and behaviors that contribute to pain.39 
I can be an active partner on the treatment team.• 39,41

Positive outcomes are more likely when patients have sig-
nifi cant others who reinforce positive behavioral changes and 
do not expect treatment to relieve all their pain all the time.38–43

Procedural Information

Well in advance of the trial, patients should be told, both in 
person and in writing, about the effi cacy of SCS for their spe-
cifi c indication, as well as about the potential limitations, risks, 
complications, and adverse effects of the procedure. They 
should be given at least a general overview of the surgical pro-
cedure. Also, it should be emphasized that SCS is but one 
aspect of their overall pain management program and that the 
need for care will be ongoing. Patients also need to know how 
the pulse generator works—how to turn it on and off and how 
to adjust the rate and amplitude of stimulation. Appendix C is 
a checklist of the topics that should be covered. Ideally, patients 
should be exposed to this information several times and 
through several different media so they understand what to 
expect. Uncertainty is associated with anxiety, so every effort 
should be made to address patients’ questions and concerns 
before a trial of SCS. 

Patients should limit their activity for 10 to 12 hours after 
the procedure because bed rest reduces the risk of lead move-
ment. The day after surgery, they may walk for brief periods, 
keeping their backs as straight as possible to avoid moving the 
leads.

For the duration of the trial, patients should not:

Raise their arms over their heads or move their shoulders • 
beyond 90 degrees of fl exion or abduction
Bend, twist, stretch, or lift more than 5 lb• 
Drive or operate machinery when the stimulator is on, • 
because unexpected electrical surges can cause distract-
ing sensations and unwanted muscle contractions
Shower or bathe• 

For the duration of the trial, patients should:

Position their beds to maintain body alignment• 
Sleep on a fi rm mattress that supports their legs and back • 
equally
Maintain a dry trial lead insertion site by limiting bathing • 
to sponge baths
Resume sexual activity, unless advised otherwise• 
Obtain physician approval before undergoing spinal or • 
chiropractic manipulation
Move their shoulders and hips at the same time in a “log-• 
rolling” movement that does not twist the spine

Patients should also be informed that, during the trial 
period, they may experience changes in stimulation when 
making abrupt movements or shifting position. These changes 

are caused by the shifting of the lead during movement, and 
they diminish as scar tissue forms and stabilizes the lead. The 
following instructions can be helpful:

If stimulation increases•  when you bend your neck back or 
lean back or when you lie down or sit, decrease the stimu-
lation by lowering the amplitude.
If stimulation decreases•  when you stand up, increase the 
stimulation by increasing the amplitude.
Stimulation may stop when you bend your neck forward • 
or lean forward. Stimulation will resume when you 
assume a different position. If this occurs too quickly 
when you move, try increasing the amplitude slightly.
To smooth out the sensation, adjust the rate of stimula-• 
tion until you feel comfortable.
Turn the neurostimulator off or the amplitude down • 
when changing positions or making adjustments.
If the stimulation is uncomfortable at any time, turn the • 
neurostimulator off.

Informed Consent

Both the trial and permanent implantation of SCS are invasive 
procedures that carry surgical risk. Written informed consent 
from the patient is required, but no special circumstances 
need be added to the standard consent form.

The risks and complications associated with SCS are low 
compared with other surgical procedures on the spine, but the 
following risks should be reviewed with the patient:

Bleeding• 
Severe infection or meningitis• 
Allergic reactions to anesthetics• 
Spinal cord injury or paralysis• 
Nerve damage causing numbness or weakness• 
Constant pain around the implant site• 
Postsurgical soreness• 
Possible reduced effi cacy of SCS over time• 
Battery failure or leakage• 
Equipment malfunction• 
Lead fracture or migration, resulting in loss of stimula-• 
tion or electrical shock sensations
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Date
Patient: [Patient Name]

Policy Holder: [Patient Name]

Third Party Payer

Address Member # DOB: 

Dear Sir/Madam:

This letter is to request a predetermination of coverage 
or prior authorization for the implantation of a XXXXX 
spinal cord stimulation system for the control of chronic 
pain. Spinal cord stimulation therapy is a neurostimulation 
pain therapy that uses epidural electrical stimulation to 
generate paresthesia in the area(s) of pain. It involves 
implanting a stimulating lead(s) near the spinal cord. The 
lead is connected to an implantable neurostimulator.

Spinal cord stimulation therapy does not damage the 
spinal cord or nerves and is considered to be a “reversible” 
therapy. The success of the therapy can be assessed with a 
trial test before permanent implantation.

Spinal cord stimulation therapy should not be confused 
with transcutaneous electrical nerve stimulation (TENS), 
which has no implantable components and acts only on 
the peripheral nervous system. Spinal cord stimulation 
therapy has been widely used since the 1970s. 

Based on my review, I believe that my patient, [patient 
name], is an excellent candidate for this therapy. 

Sample of Current Findings and Patient Status:

Mr./Ms. XXXXX has had back and radiating leg pain 
since October 2005, when a transport vehicle struck him/
her. Imaging studies reveal right L-XX paracentral disk 

herniation and Lx-Lx degenerative disk disease. Mr./Ms. 
XXXX is currently taking oral opioids for pain control, and 
his/her dose has been stable for the past year. Although 
the medication allows him/her to work part time, he/she 
has great diffi culty sitting, performing housework and yard 
work, and exercising. The majority of the pain is in the 
right leg. He/She has undergone lumbar epidural steroid 
injections with good but time-limited results.

Because [patient name] meets the patient-selection 
criteria and has not responded to other measures, I 
recommend a trial test of spinal cord neurostimulation. 
The decision to implant the [name of system] system will 
be based on the patient’s positive response to the trial test, 
as indicated by a marked decrease in pain, improvement in 
function, or both.

I request confi rmation that this therapy is a covered 
benefi t, given its medical necessity, and that associated 
professional fees for the surgery and follow-up will be 
covered. I request authorization for all costs associated 
with the trial test and the possible subsequent permanent 
implant procedure, including physician professional fees 
and facility fee. The charge for the simulation system is 
included in the facility fees. The trial test has been scheduled 
at [name of the facility] for [date], and the permanent 
implant procedure has been tentatively scheduled at 
[name of the facility] on [date].

Thank you for your review of this information and for 
your coverage consideration. If you have any questions, 
please contact me.

Sincerely,

_______________, MD

Appendix A
Sample Letter of Medical Necessity for 
Spinal Cord Stimulation
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1. What is a spinal cord stimulator?
 A spinal cord stimulator is a specialized piece of medical 

equipment that stimulates nerves with mild electrical 
impulses through small electrical leads placed close to 
the spinal cord.

2. Am I a candidate for spinal cord stimulation?
 Currently, spinal cord stimulation is offered to patients 

with chronic and severe neuropathic pain (pain caused 
from damaged nerves) who have not received adequate 
pain relief with other treatments, such as physical ther-
apy, psychotherapy, medications, or injections. 

3. Who should not have this procedure?
 If you are taking a blood-thinning medication (Couma-

din or in some cases aspirin) or if you have an active 
infection, you should not have the procedure.

4. How does spinal cord stimulation work?
 Spinal cord stimulation interrupts some of the painful 

nerve impulses to the brain. In most cases, it does not 
block all of the painful impulses.

5. Will spinal cord stimulation fi x whatever is causing 
my pain?

 Spinal cord stimulation does not “fi x” any anatomic 
damage that may cause pain. It can, however, decrease 
your pain. 

6. How will I know if spinal cord stimulation will help me? 
 It is diffi cult to predict whether or not spinal cord stim-

ulation will help you. Therefore, we usually perform the 
procedure in two stages. In the fi rst stage, we will place 
temporary leads close to the spinal cord. An external 
pulse generator will allow you to adjust the electrical 
stimulation that controls your pain. 

  The trial period usually lasts from 4 to 7 days, during 
which you will go about your usual activities at home 

and work to see how well this treatment reduces your 
pain and affects function under normal circumstances. 
If stimulation relieves at least 50% of your pain, we often 
recommend permanently implanting the pulse genera-
tor in a second surgery. 

7. How long does the procedure take?
 Both the trial and permanent implant can each take up 

to 3 hours, depending on your particular situation.

8. What happens during the procedure?
 The trial procedure is performed in the outpatient pain 

clinic. You will lie on your stomach for the entire proce-
dure. We will monitor your heart rate with electrodes 
taped to your chest, your blood pressure with a cuff 
on your arm, and the oxygen level of your blood with 
a small monitor that clips to the end of one fi nger. We 
will clean the implantation site with an antiseptic solu-
tion, place sterile drapes, inject a local anesthetic to 
numb the skin and deeper tissues, and then perform the 
procedure. 

  During the procedure, we will insert two thin wires or 
leads close to your spine through two small puncture 
holes. The leads will then be connected to the pulse gen-
erator. We will determine where the leads should be 
positioned by how much pain relief you feel at each 
position.

  Permanent stimulator implantation is performed in 
the operating room, but most patients usually go home 
on the same day. Some patients, however, may need to 
be kept overnight for observation.

9. What are the risks and side effects?
 Generally speaking, the surgery is safe and uneventful. 

However, any surgery has risks, side effects, and the pos-
sibility of complications. Please let us know your con-
cerns beforehand so we can answer your questions.

Appendix B
Frequently Asked Questions 
About Spinal Cord Stimulation
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10. Will the procedure hurt?
 You may feel mild discomfort at fi rst. With a small 

needle, we inject a local anesthetic that will numb your 
skin and deeper tissues, and it takes a moment for the 
anesthetic to take effect. Most patients also receive 
sedation and pain-relieving medications through an IV 
to help them relax, which makes the procedure even 
easier to tolerate.

11. Will I be “put out” for this procedure?
 No. The leads are placed under local anesthesia as 

described above. You will be sedated more heavily if 
you receive a permanent stimulation system.

12. Where are the leads inserted? Where is the pulse gen-
erator placed?

 For the pain involving the lower back, legs, or feet, the 
leads are inserted in the middle of the lower back, and 
the pulse generator is often placed in either the left or 
right upper buttock.  The battery may also be placed in 
the abdominal area in certain patients.

  For the pain involving neck, arms, or hands, the 
leads are inserted in the middle of the upper back. The 
pulse generator is often placed in the axillary region 
under the armpit or in either the left or right upper 
buttock.

13. What should I expect after the procedure?
 You may have soreness for a day or two from the needle 

insertions. You should experience a tingling sensation 
in the areas where you normally experience pain, which 
is the stimulator at work. Ideally you will experience 
reduced pain for the duration the trial.

14. What should I do after the procedure?
 You should arrange to have someone drive you home 

after either the trial or the permanent implant proce-
dure. We advise patients to take it easy for a day or so 
after the procedure to heal and to allow the infl amma-
tion to subside. Activities can then be performed as tol-
erated with limitations on bending and stretching for 
4-6 weeks following permanent implantation. If you 
have any questions about what activities are safe or not 
safe to perform, ask us; call (XXX) XXX-XXXX.

15. How long will the battery in the pulse generator last?
 Pulse generators with rechargeable batteries are now 

widely available. Rechargeable batteries will last 5 to 

9 years, depending on the model and manufacturer. If 
you do not have a unit with a rechargeable battery, the 
battery will need to be replaced in an outpatient surgi-
cal procedure that takes about 1 hour. Life expectancy 
for a nonrechargeable battery depends on how often 
you use it and on the intensity of stimulation required 
to relieve your pain. The longer it is used, and the 
stronger the intensity, the shorter the battery life. The 
useful life of the battery can thus be as short as 1 year or 
as long as 5 years. 

Living with a Spinal Cord Stimulator

1. Are there things I can’t do?
 Yes. You will not be able to undergo MRI, therapeutic 

ultrasound diathermy, or microwave or short-wave dia-
thermy once the stimulator is permanently implanted. 
Most SCS leads do not contain enough ferrous (iron-
containing) material to be signifi cantly affected by the 
static magnetic fi eld induced in a MRI. However, the 
gradient magnet fi elds and radiofrequency fi elds from 
MRI (both pulsed during imaging) can cause device 
malfunction or failure by induced currents caused by 
rapid changes in the magnetic fi eld or thermal and elec-
trical burns as a result of RF-induced currents. Addi-
tionally, devices that have a magnetic (reed) switch may 
be activated, causing the device to reset, potentially 
affecting therapy.

2. Can I go through the metal detectors at the airport?
 Yes, but the leads and pulse generator may set off the 

alarm. We will give you an identifi cation card that you 
should present to the security guard before you go 
through the detectors.

3. Can I drive?
 Yes, but you should never drive or operate heavy equip-

ment with the stimulator turned on because it can 
impair your ability to control the hand or foot pedals.

4. Where can I get additional information?
 We will give you a patient education booklet on spinal 

cord stimulation before you decide to have a trial of 
stimulation. More detailed information is available from 
the manufacturer of your stimulator, usually on the 
manufacturer’s Web site.



Goals, Benefi ts, and Risks of SCS Therapy

Potential Therapeutic Benefi ts

Pain reduction, not pain elimination (with multiple mea-• 
sures of pain relief considered)
Reduced utilization of healthcare resources• 
Increased activities of daily living• 
Enhanced quality of life • 
Decrease in symptoms of depression• 
Return to employment• 
Decreased medication use, with improved cognitive function• 

Possible Surgical Risks

Spinal cord injury• 
Infection• 
Bleeding• 
Cerebrospinal fl uid leakage• 
Paralysis• 

Hardware Problems

Equipment malfunction may prevent pain relief in some • 
patients.

Unfounded Fears Associated 
with SCS Therapy

“SCS will damage the spinal cord.” Clinically appropriate • 
neurostimulation will not damage the spinal cord.

“SCS will cause pain.” SCS produces a tingling sensation, • 
not pain.

System Operation

Ask the patient to demonstrate operation of the system. 
Specifi cally, the patient should be able to:

Operate the programming unit after the trial implant• 
Operate the control magnet and handheld programmer • 
or transmitter after the permanent implant
Optimize battery life• 
Identify potential SCS system problems• 

What to Expect During the Trial 
Implant Procedure

The physician should cover the following topics:

Working with the patient to select an SCS system • 
(rechargeable vs. nonrechargeable battery)
Preoperative restrictions and preparation• 
Intraoperative procedures (including positioning), sen-• 
sations, and patient expectations
Cooperation with the healthcare team during intraopera-• 
tive test stimulation by articulating response to stimula-
tion at different lead positions
Post-implant recovery and precautions• 
Stimulation sensations after implantation (patients • 
should know that they may become more aware of other 
pain once their primary pain is relieved)

Appendix C
Checklist of Patient Education Topics
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What to Expect During the 
Post-Implant Period

The physician should cover the following topics:

Support from healthcare team members such as the • 
physician, nurse, psychologist, workers’ compensation 
representative, physical therapist, and other team 
members

Self-care responsibilities critical to SCS treatment effec-• 
tiveness, including post-implant activity restrictions
Importance of open communication with the healthcare • 
team regarding pain history, response to treatment, rele-
vant psychosocial factors, and other related issues
Importance of working closely with the clinician to • 
achieve optimal pain relief over 6 to 8 weeks after perma-
nent implantation.
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Introduction

In spinal cord stimulation (SCS) procedures, fl uoroscopy is 
used to guide the insertion of needles and to facilitate direct-
ing stimulator leads. These procedures often require the use of 
ciné (real-time) fl uoroscopy, which can potentially expose the 
patient and physician to signifi cant radiation if not performed 
correctly. The safe use of fl uoroscopy requires an understand-
ing of the principles of safe and effective use of radiation. This 
information includes issues related to physics, biology, engi-
neering, and law. This chapter provides an overview of these 
topics. 

Background

Terminology

Measures of radiation are often expressed in both conventional 
units and in the more recently developed Système International 
d’Unités (SI; Table 3.1). Thus, exposure is a quantity of radia-
tion expressed in the conventional units of roentgens (R), 
as well as the SI unit of coulombs per kilogram (C/kg). The 
energy absorbed from radiation, depending on the absorbing 
medium, is conventionally expressed as radiation absorbed 
dose (rad) and in SI units as grays (Gy). 

However, different types of radiation with similar absorbed 
doses can produce dissimilar biologic effects. To predict bio-
logic effects, as well as occupational exposure from different 
types of radiation, the radiation absorbed dose is converted to 
the radiation equivalent man (rem), or sievert (Sv) in the SI 
system. A quality factor (QF) is employed to account for the 
variable impact of specifi c types of radiation on biologic tis-
sues: the radiation absorbed dose multiplied by the quality 
factor gives the radiation equivalent (rad × QF = rem). For 
example, the quality factor for x-ray radiation is 1, whereas 
the quality factor of alpha (He2+) radiation is about 20. 

Because the quality factor is 1 for x-rays, the radiologic units 
of exposure, dose, and dose equivalent can be considered 
equal for all practical purposes, where 1 R ≅ 1 rad ≅ 1 rem, 
although they have different applications and meanings. 

Another critical part of working with radiation is related to 
shielding. Shielding is usually gauged by the amount of pro-
tection that reduces exposure from a radiation source by one 
half. This unit is termed the half-value layer, which depends 
on both the energy of the radiation and the atomic number of 
the absorbing material. Although this exact terminology may 
not be clinically relevant, it is part of the lexicon that describes 
interactions of x-rays with shielding materials.

Radiation

Radiation is the process by which energy, in the form of waves 
or particles, is emitted from a source. Electromagnetic radia-
tion has no mass and no charge. Its spectrum consists of 
gamma rays, x-rays, ultraviolet visible light, infrared, radar, 
microwaves, and radio waves (in increasing order of wave 
length).1 As x-rays pass through matter, they remove electrons 
(ionizing radiation) from atoms, producing ionized atoms 
and free radicals (atoms with an unpaired electron in the 
outer shell), which in turn can produce harmful biologic 
effects. Ionizing radiation is generally classifi ed as particulate 
(i.e., protons, alpha-particles) or electromagnetic (i.e., x-rays, 
gamma-rays). 

Typical radiation levels received by an individual are esti-
mated to average about 3.6 mSv per year or 360 mrem per year 
(see Table 3.1). Of this amount, approximately 85% is unavoid-
able background radiation and about 15% is exposure to med-
ical radiation.2 Although this average yearly exposure may 
seem small, an individual undergoing a medical procedure 
can potentially receive a radiation dose many orders of magni-
tude greater.

There are two important ways in which x-rays interact with 
matter. The Compton effect occurs when an incident x-ray 



36     Spinal Cord Stimulation

interacts with a loosely bound, outer-shell electron of an atom 
of an absorbing material. Part of the x-ray energy is transferred 
to the electron as kinetic energy, causing it to eject from the 
atom. The x-ray is then defl ected or scattered from its original 
path and proceeds with less energy.1 

The photoelectric effect occurs when an x-ray interacts 
with a tightly bound, inner-shell electron, transferring all of its 
energy, some of which is used to overcome the binding energy 
of the electron and ejecting it. An outer-shell electron then 
occupies the now-vacant inner shell. This transition produces 
an x-ray emission called secondary radiation. 

Scattered radiation from the Compton effect and second-
ary radiation from the photoelectric effect do not contribute 
any diagnostic value to the radiographic image,1 but they do 
represent a radiation hazard to individuals assisting in an x-ray 
imaging procedure. Protecting patients and operators from 
scattered radiation is thus necessary, as discussed later.

In radiography, x-rays pass through the body, producing 
the x-ray image on a digital or fi lm surface. In the clinical set-
ting, x-rays are generated by an x-ray tube. The tube consists 
of a heated cathode close to a “target” anode. High voltage 
(120,000 V or 120 kVp) applied between the cathode and 
anode results in electrons “blasting” the anode to produce 
x-rays. The total fl ow of electrons is the tube current (mA). 
The quality and quantity of x-rays produced varies with the 
voltage (kilovolt peak [kVp]) and current (mA). 

As x-rays pass through the patient and enter the image 
intensifi er, they are converted to a visible light image that can 
be displayed on a television monitor or transferred to fi lm. 

Increased voltage (kVp) results in electrons with greater 
acceleration and higher energy. The total x-ray output is deter-
mined by the tube current (mA). Increased tube current (mA) 
results in an increased number of electrons striking the target. 
One can think of x-ray energy as being determined by both the 
tube current and kilovolt peak. In general, a 15% increase in 
voltage has roughly an equivalent effect on image brightness as 
doubling the tube current.

It is essential to spare the patient any unnecessary radiation 
exposure during fl uoroscopy. Restricting the x-ray radiation 
exposure fi eld through collimation restricts the x-ray beam to 
the required area of the body and also decreases scatter radia-
tion and improves image quality.

Two types of collimators are present on fl uoroscopes. The 
adjustable collimator consists of large lead shutters that are 

adjusted manually and that produce a rectangular fi eld. The 
variable aperture collimator (or the iris collimator) restricts 
the fl uoroscopic beam to the input fi eld of view (Fig. 3.1). The 
iris collimator has smaller lead shutters that are automatically 
adjusted to the useful fi eld of view (magnifi cation and non-
magnifi cation modes) and that produce a circular fi eld.

X-ray units are equipped with aluminum sheets that fi lter 
exiting x-ray beams. Filtration reduces the patient’s radiation 
exposure by removing the low-energy x-rays before they have 
a chance to reach the patient. Low-energy x-rays are absorbed 
by the patient’s body and do not contribute to generating an 
image.

Table 3.1
Units of Radiation Exposure and Dose

Term Traditional Units SI Units Unit Conversion

Exposure roentgen (R) coulomb/kg (C/kg) 1R = 2.58 × 10-4 C/kg
Radiation absorbed dose rad gray (Gy) 100 rad = 1 Gy
Radiation equivalent man rem sievert (Sv) 100 rem = 1 Sv

SI, Système International d’Unités.
Fishman SM, Smith H, Meleger A, et al. Radiation safety in pain management. Reg Anest Pain Med 2002;27(3):347–62.
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Figure 3.1 General components of the C-arm fl uoroscope 
emphasizing differential collimation. 
Note: The larger lead mobile shutters that make up the adjustable 
collimator are adjusted manually and produce a rectangular effect, 
and the smaller lead shutters of the iris collimator are automatically 
adjusted to the useful fi eld of view (in magnifi cation and 
nonmagnifi cation modes), producing a circular effect.
Reprinted with permission from Fishman SM, Smith H, Meleger A, 
et al.  Radiation safety in pain management. Reg Anest Pain Med 
2002;27(3):347–62, with permission from Elsevier.
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Image Quality

Image quality is a matter of perception that can vary between 
individuals. Modern fl uoroscopy units typically employ an 
automatic brightness control (ABC) that automatically adjusts 
the kilovolt peak and tube current to yield optimal image con-
trast, brightness, and resolution.3 Practitioners may wish to 
adjust voltage and current separately. Adjusting the kilovolt 
peak affects the image contrast by reducing the attenuation dif-
ferences between different tissues (e.g., bone and soft tissue). 
Increased kilovolt peak decreases the contrast and increases the 
overall penetrability of the x-ray beam, increasing the bright-
ness. Higher kilovolt peak values produce brighter pictures. 

Lower kilovolt peak values yield higher tissue contrast. The 
sharpness of small structures on the fl uoroscopic image is 
referred to as image detail. Three variables can improve image 
detail: (1) decreasing the distance between the patient and 
the image intensifi er, (2) using x-ray beam collimation, and 
(3) decreasing kilovolt peak values.

Generally, high kilovolt peak with low tube current is pre-
ferred in fl uoroscopy to produce reasonable quality images 
with low patient radiation exposure. Adjusted to the same 
image brightness, a high kilovolt peak and a low tube current 
expose the patient to substantially less radiation than a low 
kilovolt peak and a high tube current. An equally bright image 
can be obtained by adjusting either the kilovolt peak or the 
tube current. Since increasing the kilovolt peak by 15% results 
in the same degree of image brightening as doubling the tube 
current, it is safest to adjust the kilovolt peak.  Increasing kilo-
volt peak produces much less increase in absorbed dose for the 
same increase in brightness.1 

Distortion Errors

Parallax Error

Parallax error is by far the most common distortion error 
encountered in fl uoroscopy. It is important to be sure that the 
x-ray beam is aligned and perpendicular to the target in all 
planes and centered in the middle of the image intensifi er. 
Radiologists refer to this alignment as an orthogonal view 

having a set of mutually perpendicular axes, meeting at right 
angles. If the image is not centered and aligned, the actual target 
may not be where it appears to be, similar to a framing error 
when using a camera with a viewfi nder. What is seen through 
the viewfi nder may not be precisely what is seen by the lens.

Vignetting

Fluoroscopic images usually have less sharpness in the periph-
ery of the image, an effect termed vignetting.1 Vignetting 
describes the decreased spatial resolution and brightness fall-
off at the periphery of the fl uoroscopic image. Placing the ana-
tomic structure in question at the center of the x-ray fi eld 
reduces this undesirable effect. 

Pincushion Distortion

Another common effect is pincushion distortion (Fig. 3.2), 
which results from the detection of x-rays on a spherical sur-
face (the input phosphor). This distortion produces somewhat 
of a “fi sh-eye” effect when the resultant electron beams ema-
nating from a spherical surface (the input phosphor) are pro-
jected onto a fl at planar surface (the output phosphor). The 
effect is similar to a spherical pincushion with pins that splay 
outward toward the edges, and it distorts the image by stretch-
ing it toward its edges. 

Biologic Effects of Radiation

The biologic effects of radiation from fl uoroscopy depend pri-
marily on the dose, duration, and distance. Low doses of radi-
ation can harm human tissues; however, normal repair 
mechanisms probably make most of these effects inconse-
quential. Nonetheless, it is conceivable that any dose of radia-
tion can alter molecular structures and thus contribute to 
carcinogenesis. Dose and duration are additive and together 
determine the radiation exposure. Greater exposure to radia-
tion implies greater risk (Table 3.2).4 

No amount of radiation can be considered safe for living 
matter. The maximum permissible dose (MPD) is the highest 

Output
phosphor

Anode (+)

Input phosphor
and photocathode

Pincushion distortion at
periphery of image

e−

e−

Figure 3.2 The pincushion distortion effect.
Note: The curved input phosphor is mapped to the 
planar output phosphor, distorting the periphery of the 
image. Reprinted with permission from Fishman SM, 
Smith H, Meleger A, et al.  Radiation safety in pain 
management. Reg Anest Pain Med 2002;27(3):347–62, 
with permission from Elsevier.



38     Spinal Cord Stimulation

dose that can be received without greatly increasing the risk of 
clinically important adverse effects. A radiation dose below 
this level probably carries only remote chances of clinically 
important adverse effects (Table 3.3).5,6 

The International Committee on Radiation Protection rec-
ommended in 1991 that 2 rem (20 mSv) per year represents the 
MPD (see Table 3.3). The majority of the radiation exposure to 
the fl uoroscopist is in the form of scattered radiation. The pri-
mary source of scattered radiation is the patient. Scattered 
exposure level is approximately 0.1% of the patient’s skin 
entrance exposure. Assuming that proper technique and equip-
ment are used and that the clinician is more than 1 m away 
from the patient, the scattered radiation exposure to the practi-
tioner for a procedure performed under fl uoroscopic guidance 
can be as low as 3 mR for every 1 minute of fl uoroscopy time.3 

Although this exposure is relatively small, it should not lull one 
into a false sense of security, particularly because radiation dose 
is cumulative. 

The typical exposure from C-arm fl uoroscopy in the aver-
age pain clinic is likely to be much less than that from fi xed 
fl uoroscopy, which is used in coronary angiography. How-
ever, the use of ciné fl uoroscopy in lead placement for SCS can 
result in exposure rates that are much higher than those 
observed in typical interventional pain procedures. 

Radiation exposure from fl uoroscopy is not trivial (see 
Table 3.2). Entrance skin exposure rates generally range from 
1 to 10 R per minute but can be as high as 40 R per minute 
with continuous ciné operating modes.3 Under “normal” fl u-
oroscopy conditions, the maximum legal limit for entrance 
skin exposure is 10 R per minute. To put this amount into 
perspective, typical skin entrance radiation exposures for a 
single posterior–anterior chest x-ray, lumbosacral spine, or 
abdomen fi lms are 15 mR, 250 mR, and 220 mR, respectively. 
In other words, 1 minute of fl uoroscopy with a typical entrance 
exposure of 2 R per minute corresponds to roughly 130 chest 
x-rays or 8 abdominal x-rays. Organ doses are less than skin 
doses, secondary to soft tissue attenuation. 

Scattered radiation is a real concern for individuals in the 
fl uoroscopy suite. Scatter can arrive from any conceivable 
direction. Larger patients and denser tissues require greater 
radiation output to achieve acceptable image quality and result 
in greater scatter.

Reducing Exposure to Radiation

The Nuclear Regulatory Commission and most other radia-
tion safety agencies endorse the concept of “ALARA”: As Low 
As Reasonably Achievable. This standard is based on the 
premise that all exposures that can be prevented should be 
prevented.7 The three major ways to reduce exposure to scat-
ter radiation are to increase one’s distance from the operator 
and the radiation source, reduce the time of exposure, and use 
protective shielding.

Only necessary professionals should be in the fl uoroscopy 
suite. Health professionals should never manually hold a 
patient for a study. Also, everyone in the room should be 
wearing appropriate shielding. Before beginning to use fl uo-
roscopy, the operator should signal that potential x-ray expo-
sure is beginning. It is the operator’s duty to maintain 
awareness of the individuals in the room at all times and to 
stop fl uoroscopy to prevent unnecessary exposure.

It is critical to understand the safety advantages of proper 
acquisition geometry for minimizing the dose to the patient 
(Fig. 3.3). Maintaining the image intensifi er as close to the 
patient as possible reduces exposure to the detector. Main-
taining the x-ray source-to-tabletop distance at as large as 
practical substantially reduces the entrance exposure from the 
image intensifi er detector. 

Generally, the principles of appropriate radiation safety 
include positioning the x-ray source at least 30 cm away from 

Table 3.2
Annual Maximum Permissible Radiation Dose by Target 
Area or Organ

Target Area or Organ Annual Maximum Permissible Dose, 
Traditional Unit (SI Unit)

Thyroid 50 rem (500 mSv)
Arms or legs 50 rem (500 mSv)
Lens of the eye 15 rem (150 mSv)
Gonads 50 rem (500 mSv)
Whole body  5 rem (50 mSv)
Fetus 0.5 rem (5 mSv)

SI, Système International d’Unités 
Note: The International Committee on Radiation Protection recommended in 1991 
that the maximum permissible dose be 2 rem (20 mSv) per year. Ideally, most 
radiation workers should not receive more than 10% of the MPD per year.
Fishman SM, Smith H, Meleger A, et al.  Radiation safety in pain management. 
Reg Anest Pain Med 2002;27(3):347–62.

Table 3.3
Minimum Pathologic Radiation Dose and Its Effects, 
by Target Organ

Target Organ Minimum Pathologic 
Radiation Dosea

Effect

rad grays

Eye lens 200 2 Cataract formation
Skin 500 5 Erythema
Skin 700 7 Permanent alopecia
Whole body 200–700 2–7 Death from infection 

secondary to 
hematopoietic failure 
(4–6 wks)

Whole body 700–5,000 7–50 Death from 
gastrointestinal failure 
(3–4 d)

Whole body 5,000–10,000 50–100 Death from cerebral 
edema (1–2 d)

a Minimum dose that may produce harm (e.g., cataract, permanent alopecia).
Fishman SM, Smith H, Meleger A, et al. Radiation safety in pain management. 
Reg Anest Pain Med 2002;27(3):347–62.
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the patient; placing the image intensifi er as close to the patient 
as is practical; positioning cone collimators down (tight) as far 
as is practical; and using a grid only if needed to improve 
image quality by reducing scatter (e.g., using geometric or 
electronic magnifi cation only when necessary in large patients 
and relying on freeze frames as often as possible).3 

Figure 3.4 illustrates how the electronic magnifi cation 
mode allows an object to be better visualized with a smaller 
fi eld of view (FOV), with its resultant increase in radiation 
exposure as the system compensates for lost gain. To keep the 
dose to the patient as low as possible, we recommend using the 
largest FOV appropriate for the study in conjunction with 
user-adjusted collimation (Fig. 3.4). Radiation exposure is 
inversely proportional to the square of the distance (the inverse 
square law)1—that is, as the distance from the source is dou-
bled, the exposure rate is reduced by one fourth. Thus, maxi-
mizing the distance from the radiation source is an obvious 
but often overlooked means of decreasing risk. The major 
source of radiation is the patient, who serves as a conduit for 
scattered radiation. Generally, the fl uoroscopic scatter expo-
sure level from patients at 1 m is roughly 0.1% of the entrance 
skin exposure (e.g., if the patient entrance skin exposure rate 
is 3 R per minute, the operator exposure at 1 m would be 
about 3 mR per minute).3 The practitioner should be aware, 
especially when employing a cross-table lateral view with a 
C-arm unit, that the amount of scatter radiation may be two 
to three times higher at the entrance surface of the patient (i.e., 
x-ray tube) than the exit surface of the patient (i.e., image 
intensifi er).8 Thus, standing on the image intensifi er side of 
the patient will offer less exposure. 

Minimizing exposure time includes using the least amount 
of fl uoroscopy and ciné time possible and maximizing the use 
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Figure 3.3 Acquisition geometry for keeping the dose as low as 
practical to the patient. Keeping the image intensifi er as close to the 
patient as possible. (A) Tabletop-to-detector distance reduces 
exposure to the detector. A large x-ray-source-to-tabletop distance 
(B) substantially reduces the entrance exposure to the image 
intensifi er detector. The least-optimal geometry is depicted on the 

far right, with a large tabletop-to-detector distance (A) and a small 
source-to-tabletop distance (B), which can increase the radiation 
dose received by the patient by a factor of 5 or more. Reprinted with 
permission from Fishman SM, Smith H, Meleger A, et al.  Radiation 
safety in pain management. Reg Anest Pain Med 2002;27(3):347–62, 
with permission from Elsevier.
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above; however, the tradeoff is increased radiation exposure as the 
system compensates for lost gain. To keep the dose to the patient as 
low as possible, use the largest FOV appropriate for the study and 
user-adjusted collimation. Reprinted with permission from 
Fishman SM, Smith H, Meleger A, et al.  Radiation safety in pain 
management. Reg Anest Pain Med 2002;27(3):347–62, with 
permission from Elsevier.
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of the freeze-frame view, which is often described as having 
“a light foot on the pedal” or avoiding “lead foot.” For each 
individual patient, the total fl uoroscopy time for procedures 
should not exceed the “typical” time required for a standard 
procedure. Often, more complex or diffi cult procedures, such 
as inserting epidural leads for SCS, require use of ciné fl uoros-
copy, resulting in greater total fl uoroscopy time. Fluoroscopic 
units are equipped with an automated 5-minute limit that 
indicates the accumulated fl uoroscopic examination time and 
either makes an audible sound or interrupts exposure after 
5 minutes of fl uoroscopy.

Proper shielding is a requirement in the fl uoroscopy suite. 
Although no law mandates the use of all the shields commonly 
used today (e.g., lead aprons, leaded gloves, thyroid shields, or 
protective eyewear), these shields are standard and essential 
parts of fl uoroscopy, even for individuals receiving less than 
5 rem (50 mSv) per year. 

Preventive maintenance and quality control of the fl uoro-
scope itself will maximize image quality and radiation safety.

Minimizing Effects on the Torso and Legs

The amount of radiation exposure to the torso can be mini-
mized with use of a lead apron. Lead aprons absorb 90% to 
95% of the scattered radiation that reaches them. There is a 
tradeoff between lesser weight and greater protection. For long 
examinations, a heavier apron can severely hamper movement, 
offering greater protection but potentially reducing comfort 
and fl exibility during the procedure. “Wrap-around” lead 
aprons are useful for protecting the back side of the body if you 
will spend time turned away from the patient. If you stand near 
the x-ray tube, your legs should be shielded as well.

Minimizing Effects on the Thyroid 

Thyroid shields are often overlooked, but they can prevent 
thyroid cancer. A thyroid shield should contain a lead-
equivalent layer at least 0.5 mm thick.3 As with other types of 
shields, greater protection also means more weight and less 
freedom of motion.

Minimizing Effects on the Hands

Protective hand equipment, such as x-ray–attenuating sterile 
surgical gloves, is recommended but provides only limited pro-
tection when within the direct x-ray fi eld. If your hands must 
be protected from the beam, use densely leaded protective 
gloves with a thickness of at least 0.25 mm lead equivalent.3

Even with protective hand equipment, hands should be 
kept out of the beam as much as possible. Many new fl uoro-
scopes have ABCs through which the leaded glove may be 
detected, resulting in increased output of radiation that 
negates the shielding benefi t. As per Wagner and Archer: 
“Physicians must not be lured into a false sense of security and 
mistakenly rely on gloves as their principal means of protec-
tion during fl uoroscopy.”3 

Use remote handling devices, such as forceps, whenever pos-
sible. Staying on the exit-beam side of the patient is also a simple 
and effective strategy to minimize exposure. Wearing a ring 
badge to measure hand exposure (white sensitive area facing 
palmar side) is currently the only way to assess the amount of 
radiation exposure specifi cally incident on the hands. The max-
imum annual hand exposure limit is 50 rem (500 mSv).5

Minimizing Effects on the Eyes

Protective eyeglasses with optically clear lenses that contain 
a minimum lead-equivalent protection of 0.35 mm may sub-
stantially attenuate scatter radiation to the lens of the eyes.2 
Leaded eyewear is recommended for individuals accruing 
monthly collar badge readings above 400 mrem (4 mSv). Side 
shields on the protective glasses, as well as a wraparound frame 
containing optically clear lenses with a 0.5 mm lead equiva-
lency, are required for preventing laterally oriented scatter 
and are also useful for procedures that require turning your 
head. 

Head shields are usually suspended, transparent fl at plates 
that separate the operator from the patient and beam at 
approximately the operator’s head and neck region. The oper-
ator works behind the shield, which can make it awkward to 
maneuver through certain procedures. Standing behind “lead” 
barriers whenever possible and keeping your head as far away 
from the beam as possible are good practices.

Fluoroscopy for Spinal Cord Stimulation

The use of fl uoroscopy in SCS differs from the normal practice 
of interventional pain medicine. For conventional injection 
procedures, it is usually possible to take sequential freeze-
frame “spot” fl uoroscopy images while directing the needle 
incrementally. In SCS procedures, placing the Tuohy needle 
can also be accomplished using freeze-frame imaging; how-
ever, we have found it diffi cult to advance the leads without 
the use of some real-time fl uoroscopy or at the very least fre-
quent spot images. The challenge is to minimize exposure to 
both the patient and the practitioner during lead placement 
while maximizing the guidance afforded by live or frequent 
intermittent fl uoroscopy.

Special training in lead handling and steering technique is 
required to keep the hands out of the beam when inserting the 
lead. In addition to the methods for reducing exposure out-
lined above, the beam should be directed as far as possible 
from the practitioner’s hands during lead placement. These 
techniques are covered in subsequent chapters on temporary 
and permanent implantation. Many of the newer fl uoroscopes 
have low-dose and/or pulse mode settings that reduce radia-
tion output during ciné fl uoroscopy. The pulse setting can 
often be adjusted to reduce the number of images per second. 
We normally set the pulse mode at 4 frames per second, which 
is just adequate for following the direction of the lead. A set-
ting using fewer frames per second results in an image that is 
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too sparse, jerky, and discontinuous. The low-dose and pulsed 
settings should always be used if available when live fl uoro-
scopy is required during lead placement. The reduced resolu-
tion in low-dose mode and the fl ickering effect of the pulse 
mode usually do not interfere with the ability to visualize and 
direct the lead, but they do greatly reduce radiation exposure. 
The fl uoroscopy technician should be instructed to “follow 
the lead” with the fl uoroscopy unit as the lead is being advanced 
in order to continually increase the distance between the fl uo-
roscopy unit and the practitioner’s hands during lead place-
ment. When obtaining lateral views while using a C-arm 
mobile fl uoroscope, the operator should stand on the side of 
the image intensifi er if possible to prevent exposure to scat-
tered radiation as it is refl ected from the patient. 

Patient-Informed Consent for 
Radiation Exposure

An often ignored component of a fl uoroscopically guided pro-
cedure is a discussion with the patient about the risks, benefi ts, 
alternatives, and other details related to radiation exposure 
from fl uoroscopy (see Table 3.2).3 Too often, informed con-
sent for fl uoroscopy can be overlooked or inadequate. One 
frequent example of inadequate informed consent involves 
informing the patient that fl uoroscopy (or other imaging 
modalities) is necessary to perform an elective procedure but 
not that it may harm a fetus should the patient be pregnant. 

The patient should be advised that radiation exposure will 
be kept as low as possible during the procedure. It is usually 
not possible to give the exact amount of radiation exposure for 
a specifi c procedure, although it is somewhere between that of 
a chest radiograph and angiography. The patient can also be 
informed that focal area exposure carries less risk than whole-
body exposure. 

The two major long-term potential risks of radiation expo-
sure are the possible increased incidence of cancer and chromo-
somal abnormalities. The short-term effects of external beam 
radiation might be a skin reaction (Table 3.4). Patients should 
be informed that some individuals have experienced skin ery-
thema and even second-degree burns from fl uoroscopy.9

Questions regarding personal protection, the safety of a 
particular fl uoroscopic suite or machine, or how to obtain 
additional training on radiation safety should be directed to a 
radiation safety offi cer or a qualifi ed medical physicist.
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Introduction

Despite the possibility that the following quote is both apocry-
phal and misattributed (to American neurosurgeon Harvey 
Cushing [1869–1939]), it nevertheless captures the funda-
mental principle of sterile technique in all invasive procedures: 
“Godliness is next to cleanliness.”

In fact, the most important factors for preventing postop-
erative infections are: (1) the sound judgment and proper 
technique of the surgeon and surgical team and (2) the general 
health and disease state of the patient. In this chapter we dis-
cuss sterile technique as it applies to spinal cord stimulation 
(SCS) implantation and we provide background information 
on cleaning, asepsis, and sterilization. We describe in detail 
how to prepare and drape the patient for SCS implantation as 
well as how the surgeon should scrub, gown, and prepare for 
the procedure.

Remember, in the event of a wound infection following a 
SCS implant, the entire system most likely will need to be 
explanted, at great potential morbidity and cost to all. There-
fore, paying close attention to sterile technique is of para-
mount importance.

The Importance of Sterile Technique in 
Infection Control

The Development of Sterile Technique

The development of sterile technique paralleled discoveries in 
microbiology in the 1800s, notably the introduction of germ 
theory by Louis Pasteur (1822–1895) and the isolation of 
the tubercle bacillus and the introduction of bichloride of 
mercury as an antiseptic by Robert Koch (1843–1910). In 
1843, Oliver Wendell Holmes concluded that puerperal fever 
was spread by the hands of healthcare personnel. Shortly 

thereafter, in 1847, Ignaz Semmelweis (1818–1865) intro-
duced the practice of routine hand washing with a chlorine 
solution between patients. This was the fi rst evidence that 
cleansing hands with an antiseptic agent between patients was 
more effective than washing with soap and water in reducing 
the transmission of pathogens.1

Joseph Lister (1827–1912), the British surgeon considered 
to be the father of modern surgery, used a carbolic solution on 
dressings to prevent surgical infections and later applied the 
same technique to equipment and surgeon’s hands. The result 
was a noticeable drop in mortality and evidence of a relation-
ship between bacteria and infection.1,2 In 1879, Lister’s anti-
septic techniques were formally accepted by the medical 
community. About the same time, in Germany, the fi rst steam 
sterilizer was invented, and Gustav Neuber (1850–1932) began 
the practice of sterilizing everything in the operating room 
with mercuric chloride. He was the fi rst to suggest that 
anything coming into contact with the patient should be 
sterile. 

During this same period, surgical gowns, caps, gloves, and 
masks became common OR attire. William Halstead (1852–
1922) of Johns Hopkins introduced rubber gloves (although 
primarily to protect surgeons’ hands from caustic antiseptic 
solutions). Disposable latex gloves were not available until 
1958. The gauze surgical mask, popularized by Johann Von 
Mikulicz (1850–1905) in 1897, became obligatory by 1926.

As knowledge of bacteriology has advanced, and the tech-
nology of infection control has improved, the principles of 
sterile technique have become more sophisticated and more 
critical. Today, a major function of perioperative personnel is 
to maintain an aseptic environment in the OR.

Surgical Site Infections

Sterile technique is important in preventing infection in 
every medical setting, but we focus here on its application 
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in SCS implantation. Infection is the most common non–
equipment-related complication of SCS implantation, so 
preventive measures are essential. It is devastating and demor-
alizing for the patient and physician to have to remove a func-
tioning SCS system because of an infection.

Each year, 500,000 to 750,000 surgical site infections (SSIs) 
occur among the 30 million surgical procedures in the United 
States, accounting for about one-fourth of an estimated 200 
million nosocomial infections.2 The incidence of infection 
varies from surgeon to surgeon, hospital to hospital, one sur-
gical procedure to another, and one patient to another. 
Although most of these infections are minor, about 18% lead 
to disabilities lasting more than 6 months, and major infec-
tions cost more than $1.5 billion each year.2 The greatest con-
cern with SSIs in SCS is the conduit created by the lead from 
the superfi cial pocket to the epidural space and the potential 
for spinal abscess formation or meningitis. 

Most SSIs are associated with skin microorganisms, espe-
cially the patient’s own bacteria: about 20% are caused by Staph-
ylococcus aureus, 14% by coagulase-negative staphylococci, 12% 
by Enterococcus (gram-positive cocci), and 8% each for Escheri-
chia coli and Pseudomonas aeruginosa.2 According to data from 
the National Nosocomial Infections Surveillance System, the 
incidence and distribution of the pathogens isolated from infec-
tions have changed little over the past decade, although the 
number of antibiotic-resistant strains has increased.3 

The typical person gives off 4,000 to 10,000 contaminated 
particles each minute. A special set of people, called “shed-
ders,” give off up to 30,000 each minute, and these particles 
tend to carry more virulent organisms. Not surprisingly, shed-
ders have higher surgical infection rates. 

The major areas of microbial shedding are the head, neck, 
axilla, hands, groin, perineum, legs, and feet.1 In particular, 
hair is a major source of staphylococci; shedding is propor-
tional to the length and cleanliness of the hair.4 Particles from 
cosmetics and body powders also contain potential pathogens, 
as does dust.2 

Skin bacteria are always present, despite the thoroughness 
of the preparation of the skin. Notably, SSIs generally result 
from intraoperative contamination and seldom from postop-
erative bacterial contamination. All surgical wounds are con-
taminated by bacteria, but only a minority actually become 
infected because the host’s defenses eliminate contamination 
at the surgical site.4–6 

Most microorganisms grow in warm, moist environments, 
but spores, some aerobic bacteria, yeasts, and fungi can remain 
viable in the air and on surfaces for some time.

Risk Factors for Surgical Site Infection

There are well-defi ned patient and surgical risk factors associ-
ated with increased SSIs: 

Patient factors• 3,7–9 

Obesity• 
Advanced age• 

Tobacco use• 
Diabetes• 
Poor perfusion • 
Inadequately treated remote site infection• 
Systemic steroids• 
Poor nutrition• 
Prolonged preoperative stay• 
Nasal colonization• 
Perioperative transfusion• 

Surgical factors• 8–10 

Inadequate surgical fi eld preparation• 
Shaving the operative site instead of using clippers• 
Timing of administration of antibiotic prophylaxis • 
relative to skin incision
Long surgical duration (greater than 3–4 hours)• 
Inadequate hand scrub• 
OR ventilation• 
Maintenance of sterile instrument fi eld• 
Surgical technique• 
Aseptic fi eld (foreign material, hemostasis, sterile sur-• 
gical gowning and draping technique)

Principles of Aseptic and Sterile Technique 

The basis of preventing SSIs is knowing the causative agents 
and how they are best controlled, as well as the principles of 
asepsis, environmental control, and sterile technique.

Terms and Concepts 

Several terms have distinct meanings in medicine but are 
nevertheless used interchangeably, and therefore incorrectly, 
in discussing sterile technique:

Clean•  refers to the absence of visible soiling on a surface 
or to being free from dirt or contamination. Freshly laun-
dered clothes, hands washed with soap and water, and 
mopped fl oors are clean; they are not aseptic or sterile 
unless they have undergone additional processes.
Aseptic• . Literally, “aseptic” means “without infection” or 
the absence of organisms that can cause disease. Aseptic 
techniques, sometimes called “clean technique,” refer to 
methods that prevent microbial contamination of the 
environment. For example, the purpose of scrubbing for 
surgery is to render your hands and forearms as aseptic as 
possible. Asepsis should protect both the patient and 
caregiver from infection.
Sterile• . Technically, “sterile” is the state of being free of 
all living organisms, including spores. Some items, such 
as surgical tools, can be sterilized and reused, but they 
must be stored in sterile conditions if they are to remain 
sterile. However, in a “sterile operating fi eld,” the pur-
pose of a “sterile technique” is to keep the number of 
microorganisms to a minimum in an otherwise clean and 
aseptic environment, such as a fl uoroscopic suite or oper-
ating room. 
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Antibacterial activity•  is measured in units of log reduc-
tion in the number of bacteria or in the percent reduction 
from baseline. Bacteria counts are usually very high and 
so are often expressed on a logarithmic scale. Thus, a 
1-log10 reduction is a reduction from 1,000 to 100; that is, 
by a factor of 10 or a 90% reduction. A 2-log10 reduction 
indicates a reduction from 1,000 to 10, or by a factor of 
100 or a 99% reduction.1 

Cleaning and Antiseptic Agents

Soap•  is a detergent or surfactant—a wetting agent that 
lowers the surface tension of a liquid, allowing easier 
spreading—containing esterifi ed fatty acids and sodium 
or potassium hydroxide. Hand washing with soap and 
water can remove dirt, organic substances, and loosely 
adherent fl ora, but it has little, if any, antimicrobial activ-
ity. For example, washing your hands for 15 seconds with 
soap and water typically reduces the bacterial count by 
0.6 to 1.1 log10. Repeated hand washing with soap can 
irritate and dry the skin, and emollients are often added 
to reduce these effects.1 
Alcohol• . Alcohols, especially isopropanol, ethanol, and 
n-propanol alcohol, are highly effective against both gram-
positive and gram-negative bacteria, including multidrug-
resistant pathogens and fungi (Table 4.1). However, their 
effectiveness against spores, protozoan oocytes, and some 
viruses is poor.1 Antiseptic solutions containing 60% to 
95% alcohol are the most effective. These solutions have a 
rapid antiseptic effect, which declines greatly when the 
alcohol evaporates. Regrowth of bacteria is slow, however. 
Alcohol is fl ammable and is a fi re risk if electrocautery is 
being used. Alcohol’s antimicrobial effect comes from its 
ability to denature proteins.1 
Iodine•  is an effective antiseptic that quickly kills a broad 
range of microorganisms (see Table 4.1). Unlike antibi-
otics, iodine is not associated with the development of 
resistant strains of microbes. Because iodine has a strong 
odor and can irritate and discolor skin, iodophors—

preparations containing iodine with a solubilizing agent—
are now more commonly used in antiseptic preparations.1 
A solution of povidone–iodine (Betadine) is the iodo-
phor most commonly used as an antiseptic and scrub-
bing agent.11 Iodophors are effective against gram-positive, 
gram-negative, and some spore-forming bacteria, as well 
as mycobacteria, viruses, and fungi, although they are 
not sporicidal in the concentrations used in medicine.1,8 
Povidone–iodine is also quickly neutralized by organic 
material, such as blood, irrigation solution, and pus. 
WARNING: Tincture of iodine is NOT the same as Beta-
dine. Tincture of iodine is poisonous and should never be 
applied to a wound; it can result in the absorption of 
toxic levels of iodine. 
Chlorhexidine gluconate•  (CHG) is most effective against 
gram-positive bacteria, somewhat effective against gram-
negative bacteria, minimally effective against tubercle 
bacilli, and ineffective against spores (see Table 4.1).1,8 The 
value of chlorhexidine is its residual antiseptic activity and 
safety. Chlorhexidine gluconate is the active ingredient in 
many topical antiseptic compounds. Many hand antisep-
tic cleansers contain a combination of chlorhexidine glu-
conate and ethyl alcohol along with a moisturizing lotion 
to prevent chapping.1 A single application of chlorhexidine 
gluconate and ethyl alcohol produces a 2.5-log10 reduction 
in bacteria. Keep these solutions away from the face, eyes, 
ears, nose, and mouth. Combining alcohol and chlorhexi-
dine optimizes the benefi ts of both substances (Fig. 4.1).3

Ventilation and Filtering

Between 80% and 90% of contaminants in open surgical 
wounds come from ambient air. Thus, surgical masks, respira-
tory protection, and adequate ventilation are necessary. 
During a long procedure, particle counts can rise to more than 
1 million particles per cubic foot. Most settle on fl at surfaces, 
especially fl oors. However, hot lights produce convection cur-
rents and movement stirs these particles, creating airborne 
contamination.3

Table 4.1
Characteristics of Antiseptics Used in Hand-Washing Preparations

Action Alcohols Chlorhexidine 
(Hibiclens; Avagard)

Iodine Compounds Iodophors (Betadine)

Gram-positive bacteria +++ +++ +++ +++
Gram-negative bacteria +++ ++ +++ +++
Mycobacteria +++ + +++ +
Fungi +++ + ++ ++
Viruses +++ +++ +++ ++
Speed of action Fast Medium Medium Slow
Comments Optimal concentration: 

60% to 95%; no 
persistent activity

Persistent activity; 
rare allergic reactions

Burns skin; usually 
too irritating for 
hand-washing

Less irritating than iodine; 
acceptance varies

Rating scale: +++, excellent; ++, good; +, fair
MMWR Recommendations and Reports, Oct. 25, 2002;51(RR16):45, Appendix: Antimicrobial Spectrum and Characteristics of Hand-Hygiene Antiseptic Agents.
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Ventilation systems in operating rooms should provide 20 
changes of highly fi ltered air each hour.9 Laminar fl ow units 
can provide nearly sterile room air with a minimum of turbu-
lence; the air fl ow is always in one direction. 

Other Principles

In addition to cleaning and sterile techniques, several other 
procedures should be followed by healthcare providers to help 
prevent infection:

1. Bathe daily with an antibacterial soap.3

2. Cover all cuts and abrasions.3 
3. Wash and rinse your hands thoroughly before entering 

the OR, between cases, and after removing sterile or 
nonsterile gloves.9 

4. Surgical caps, gowns, masks, and sterile surgical gloves 
are required. Proper OR attire can reduce shedding from 
10,000 to 3,000 per minute. Change into clean attire 
each time you enter the OR.3

5. Nonsterile members of the surgical team should wear 
long sleeves to reduce shedding from their arms.9

6. Reduce traffi c into and out of the OR as much as possi-
ble. A lower number of people reduces the amount of 
bacterial shedding, and less traffi c reduces air currents, 
which can stir up particle-borne contaminants. We 
block (tape a large X over) the main OR door and have 
people use a substerile door.3,9

7. Use universal precautions and treat all patients as though 
they had an infection.

8. Once an area is made sterile, the goal is to keep it that 
way. Bring only sterile items into the sterile fi eld and-
move objects only from the sterile fi eld to nonsterile 
areas, not vice versa. Remember that any nonsterile item 
in the sterile fi eld carries the threat of infection.9

9. Double gloving prevents blood “strike through” on 
the surgeon’s hands, thus helping to prevent blood-
borne infections. It also reduces the risk of contami-
nating the surgical site by bacteria from the surgeon’s 
hands.3 

10. Blood and fl uid breakthrough on the surgical gown, 
especially on the surgeon’s forearms, increases the pas-
sage of microbes through the gown. Gowns that have 
become soaked should be replaced.3 

11. Wet drapes on the patient may allow bacteria to 
pass into the operative area from other, unprepared 
areas. Drapes that have become soaked should be 
replaced.3 

12. Wide areas of skin preparation around the proposed 
surgical site will reduce the risk of microbial break-
through into the wound area if towels and drapes 
become wet.3

13. Placing plastic adherent border drapes clearly defi nes 
the area to be prepared and provides an additional bar-
rier to the infl ux of bacteria from outside the fi eld.3

14. Keep all sterile equipment, including the leads and 
pulse generator, packaged or covered until they are 
needed.3,9

15. Physically separate clean from soiled items.
16. Promptly disinfect contaminated equipment, reusable 

supplies, and surfaces. 

Preoperative Preparation: 
Home Preparation

Preparing the patient for an SCS trial begins well before the 
surgery and involves the patient’s own care. Here, we describe 
the preoperative preparation we use before performing an SCS 
trial or permanent implant.

1. Treat and control all bacterial infections in the patient 
before the procedure.3,9 

2. Have the patient take a shower from head to toe with 
chlorhexidine liquid soap on the night before and the 
morning of the procedure (within 12 hours of the 
procedure).1,3,11 Instruct the patient as follows:
a. “Wet your body and hair, shampoo your hair with 

your regular shampoo, and wash thoroughly with 
your regular soap. Rinse thoroughly, then turn the 
water off. Cover your body from the neck down with 
chlorhexidine liquid. Be sure to avoid getting the 
soap in your face, eyes, ears, nose, and mouth. Wash 
your body gently but thoroughly for at least 5 min-
utes, then rinse. Do not use your regular soap after 
washing with chlorhexidine; it may bring unwanted 
bacteria back to your body. Dry yourself with a clean 
towel and do not apply powders, deodorant, or 
lotions. Dress in clean clothes.”

b. Note: In patients who are carriers or suspected carri-
ers of methicillin-resistant Staphylococcus aureus 
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Figure 4.1 Ability of hand hygiene agents to reduce bacteria on 
hands. Reprinted with from Hosp Epidemiol Infect Control, 2e 1999. 
With permission from the Centers for Disease Control.  Accessed at: 
http://www.cdc.gov/Handhygiene/download/hand_hygiene_core.
ppt#338,12,Slide 12
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(MRSA), the following presurgical treatment should 
be considered: 

Use chlorhexidine (Hibiclens) or hexachlorophene • 
(pHisoHex) antiseptic soap. Wash the whole body 
(from scalp to toes) once daily. A big lather is not 
necessary. A skin moisturizer may be applied for 
dry skin after bathing.
Remove all artifi cial nails and all fi ngernail polish.• 
Scrub fi ngernails for 1 minute with nail brush twice • 
daily.
This should be repeated daily starting 7 days before • 
surgery.12–14

3. If possible, avoid shaving the surgical area with a razor, 
especially on the day of the surgery; small cuts in the 
skin can harbor microorganisms. If using a razor is 
required, remove hair from the surgical area no less than 
7 days before the trial or permanent implant. Electric 
clippers are preferable because they do not actually 
scrape or cut the skin. Depilatory agents may be used if 
necessary but their use occasionally results in a hyper-
sensitivity reaction, which can itself lead to an SSI.3,5,7,9,11 

Prophylactic Antibiotics 

Optimization of antimicrobial prophylaxis has been one of the 
most important advances in reducing SSIs. The fundamental 
concept in preventive antibiotic use is that there is a “decisive 
period” during which antibiotics will be effective. This deci-
sive period lasts only a few hours, and operations should begin 
and end within this decisive period.

Although prophylactic antibiotics can help prevent infec-
tion in surgical patients, their effectiveness depends on:

1. Choosing the appropriate antibiotic: The antibiotic 
should be effective against pathogens most commonly 
associated with infections specifi c to the procedure as 
well as those endogenous to the region of the body 
involved. The Infectious Disease Society of America, 
Surgical Care Improvement Project (SCIP)15 for non–
intra-abdominal surgeries such as SCS procedures rec-
ommends giving a cephalosporin such as cefazolin 1 g or 
cefuroxime 1.5 g intravenously. If the patient is allergic 
to beta-lactams, substitute clindamycin 600 mg. If the 
patient is colonized with MRSA, use vancomycin 1 g.

2. Proper timing of antibiotic administration before sur-
gery: Time the administration so that the concentration 
of the antibiotic is highest at the time of the incision. 
This period ranges from 30 to 120 minutes before sur-
gery. Therefore, skin incision should not occur until at 
least 30 minutes after antibiotics have been adminis-
tered. Antibiotics administered after surgery will not 
prevent SSIs.

3. Limiting the duration of antibiotic administration after 
surgery: Therapeutic levels should be maintained 
throughout the surgery. If the surgery is longer than the 
half-life of the drug, the drug should be readministered. 

Administration should be stopped within 24 hours after 
surgery. Administration for longer than 24 hours post-
surgery provides no additional benefi t, and unnecessary 
administration promotes the development of antibiotic-
resistant microorganisms.5

Operative Preparation: Scrubbing and 
Draping

Have the patient lie prone on the fl uoroscopic table so that 
there is free access to the appropriate areas of the spine with 
the fl uoroscope. Position the patient for either a cervical or 
lumbar implantation by placing pillows under the chest or 
abdomen, respectively, to optimize access to the epidural 
space. Place a blanket over the patient for warmth until the 
surgical preparation begins.

At least 30 minutes before the procedure, start an IV anti-
biotic drip containing one of the antibiotics listed above.

When the patient is positioned and the IV has been started, 
the patient may be scrubbed for surgery as follows:

1. Identify the region of the patient’s back to be prepped 
for surgery. For placing cervical leads, the area to be 
prepped will extend from the hairline to the small of the 
back and to both sides of the table; for thoracic and 
lumbar leads, it will extend from the mid-scapula to the 
buttocks and to both sides of the table.

2. Place plastic adhesive border drapes around the area to 
be prepped and along both sides of the spine. Placing 
plastic border drapes clearly identifi es the area to be 
prepped and provides an additional barrier from bacte-
ria outside of the fi eld.

3. Scrub the patient’s back with povidone–iodine for at 
least 5 minutes. The surgeon or surgical assistant should 
begin scrubbing the center of the region to be prepped 
and move outward to the sides of the rib cage and onto 
the plastic border drapes. This will provide as large a 
sterile fi eld as possible. The entire area should be 
scrubbed with several sponges for at least 5 minutes. 
When done, a sterile towel should be placed over the 
region and any extra povidone–iodine removed by blot-
ting. We recommend that surgeons either be present for 
the preparation or perform it themselves to ensure that 
the area is properly scrubbed.

4. Apply chlorhexidine to the region. Apply a one-time 
application of chlorhexidine or DuraPrep by starting in 
the middle of the fi eld and working to the edges. If using 
chlorhexidine, let the excess remain wet on the patient’s 
back and absorb into the skin. If using DuraPrep, allow it 
to dry. (Note: We use and recommend a sequential prep-
aration with povidone–iodine followed by another agent 
that either absorbs into or adheres to the skin to provide 
durable antimicrobial protection. The second compound 
is necessary because blood and other fl uids neutralize 
the broad antimicrobial effect of povidone–iodine. 
Chlorhexidine can be used as the second preparation. 
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Although it has a somewhat narrower antimicrobial 
spectrum than povidone–iodine, it is absorbed into the 
skin and provides longer protection. Many implanters 
use DuraPrep as another alternative. It is a povidone–
iodine solution that adheres to the skin to provide last-
ing antimicrobial protection.  Dura Prep is ideally used 
in conjunction with a plastic adhesive fi lm (see below). 
The operating surgeon should now perform a hand 
scrub and put on a gown and gloves before proceeding 
to the next steps. See below for instructions on gowning 
and gloving.

5. Apply four cloth-border drapes around the prepared 
region of the patient’s back. Fold the top of the fi rst 
drape over 2 or 3 inches and place the folded edge along 
the inside edge over the plastic adhesive border drapes 
of the fi eld to cover the nonsterile side of the table. Place 
the second drape along the far side, and lay the third and 
fourth drapes at the bottom and top of the fi eld. The 
weight of the drapes should keep them in place. Be care-
ful not to touch the side of the fl uoroscopic table with 
your gown while draping, as it is not sterile. 

6. If using chlorhexidine, blot the excess from the patient’s 
back with a sterile towel. The patient’s back must be dry 
for the next step.

7. Cover the surgical fi eld with a povidone–iodine–
impregnated plastic adhesive incise antimicrobial surgi-
cal fi lm (Ioban, 3M Healthcare). Incise antimicrobial 
surgical fi lm is polyester fi lm coated with medical-grade 
acrylate adhesive that contains molecular iodine to pro-
tect the skin from contaminating the leads, extensions, 
and pulse generator during implantation. (Use a non-
impregnated adhesive drape if the patient is allergic to 
iodine.) It comes folded in a long rectangular package. 
Remove the wrapping and hold the edge of the sheet 
over the drape at the top of the fi eld. With your other 
hand, pull the lower, white edge of the sheet down the 
patient’s back, smoothing the sheet back as you pull. 
(The sheet unfolds from the top, making it easier to 
apply. Unfolding the entire sheet and attempting to lay 
it on the patient’s back at one time is unnecessarily dif-
fi cult and may result in large air bubble trapped under 
the sheet. This type of application is not recommended. 
Apply the sheet until it covers the entire fi eld from above 
the edge of the top border drape to below the edge of the 
bottom drape.

8. Apply a U-shaped cover drape to the patient’s lower back 
and sides. The drape comes folded in the middle. Remove 
the backing from the adhesive at the inside bottom of 
the U and fi x the fold along the patient’s waist so that the 
lower half of the drape covers the legs and feet and the 
upper half is folded back. Next, remove the backing from 
the adhesive along the arms of the U and extend the fi lm 
up along the patient’s sides, covering the earlier drapes.

9. Apply a fi nal bar drape to the head and shoulders. This 
drape should extend from the top of the surgical fi eld 
to well above the patient’s head. An assistant will gather

 the extra material and arrange it above and around the 
patient’s head. 

10. Apply a side drape to allow lateral fl uoroscopic views 
during the procedure. Extend the drape along the side 
of the patient, letting it fall over the side of the table. 
Attach the side drape to the other drapes with Allis 
clips, making sure to keep them clear of the x-ray fi eld. 
Towel clips should not be used as they can puncture 
the drape, whereas the Allis clips will not.

11. C-arm cover: The image intensifi er must be covered 
with a sterile clear plastic drape so that it can be maneu-
vered without contaminating gloves.

The patient is now scrubbed and draped for the procedure.

Physician Preparation: Hand Scrubbing, 
Gowning, and Gloving

We suggest that physicians performing SCS implantation pre-
pare themselves as follows. The clinician is ready to scrub for 
surgery after donning clean scrubs, surgical cap and mask, eye 
protection, shoe covers, and a lead apron. The scrub described 
below should be done once in the morning and again in the 
afternoon, but you should reapply a chlorhexidine/alcohol 
hand preparation between patients if you are performing mul-
tiple procedures.

1. Remove rings and watches and wash hands and fore-
arms with soap and hot water. The fi rst wash should be 
done with running water and a water-based cleanser 
(soap) to mechanically remove the dirt and spores that 
are not removed by alcohol products. Complete the 
entire scrubbing procedure over a sink so that water will 
not drip from your hands and elbows onto the fl oor 
during the scrub.3 

2. Begin by cleaning under each fi ngernail with the nail 
cleaner. (The plastic cleaner comes in the package.) 
Remove all visible debris from under your nails. Nails 
should be maintained short and clipped. Shorter nails 
are less likely to trap particles and to puncture surgical 
gloves. Artifi cial nails should not be worn.1,3 

3. Scrub both arms up to the elbows with povidone–iodine 
for approximately 5 minutes. Unwrap the sponge and 
apply the scrub to your hands and forearms while work-
ing up a good lather. Scour your fi ngertips with the bris-
tles. The bristles can irritate the skin, so reserve them for 
scrubbing under your nails and between your fi ngers, 
where lines and creases can harbor microorganisms. 
Sponge and scrub your fi ngertips, hands, and forearms 
for about 5 minutes to allow for the solution’s maxi-
mum effect. Scrubbing with povidone–iodine provides 
both a mechanical and a chemical cleansing action, both 
of which are more effective when applied for the full 
5 minutes.3,8 

4. Apply chlorhexidine/alcohol solution to your hands 
and forearms. Chlorhexidine/alcohol solution is dis-
pensed from a foot-operated pump. Apply the fi rst two 
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handfuls to your forearms and the third handful specifi -
cally to your hands. As with the povidone–iodine scrub, 
spread the chlorhexidine/alcohol solution on your fore-
arms fi rst so it can begin its action, and then focus on 
your nails, cuticles, and interdigital spaces before return-
ing to the rest of your hands and forearms. Allow the 
alcohol to evaporate before gowning.

5. Put on a surgical gown. If you are performing surgery in 
the OR, a surgical technician (scrub tech) will typically 
hold your gown such that you can insert your arms into 
the sleeves. If you are gowning yourself, the gown should 
come folded in a sterile package. Open the package and 
grip the gown by the back. Grasp the arm slits on the 
side of the folded gown and gently shake it open; the 
arm openings will appear as the front of the gown falls 
open in front of you. Insert your arms in the sleeves but 
do not yet extend your hands through the cuffs. Have an 
assistant close the gown behind you and secure the ties. 
The front of your body is now sterile, but your back is 
not considered sterile.

6. Put on surgical gloves. Closed gloving: If you are work-
ing in an OR the scrub tech will hold your gloves for easy 
insertion of your hands. Without an assistant, you will 
need to open the package through the sleeve of the gown. 
If you intend to double glove, putting darker gloves on 
fi rst will make any punctures in the outer, lighter gloves 
more visible. With one hand, hold the glove through the 
sleeve, and with the other, again through the sleeve, turn 
the fi rst few inches of the cuff of the glove inside out. 
Putting the cuff of the glove over one hand, push the 
hand through the cuff of the gown and into the glove; 
then, with your other hand, pull the folded cuff of the 
glove back down over your hand. Repeat the process on 
the other hand. Adjust both gloves until they are com-
fortable on your hands. The second glove is easy to apply 
because your hands are already sterile. Note: The inner 
glove should be a half-size larger than the outer glove 
(yes, that’s right) so that they are not too tight. Wearing 
two gloves of the same size can cut off circulation and 
compress the median nerve, leading to cramping.

7. Belt the gown. On the front of the gown is a white tab 
that is attached to the belt of the gown. Have an assistant 
hold the tab while you turn around to pull the belt 
around you, then tighten and tie it closed. 

You should now be scrubbed and gowned and ready to 
perform the procedure.
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Introduction

It is necessary for implanters to understand the basic theory 
behind spinal cord stimulation (SCS) equipment, including 
the effects of current, voltage, and impedance on stimulated 
structures in the spinal column. Although the technical aspects 
of SCS can get complicated, implanters need not become elec-
trical engineers. 

SCS is most commonly performed using platinum alloy 
contacts placed in the epidural space. The contacts are attached 
to a catheter-style lead that is connected to a pulse generator, 
which provides power and programming capabilities. The 
generator creates a voltage potential on the contacts in the 
spinal column and the current generated by the voltage poten-
tial stimulates neurons in the dorsal structures of the spinal 
cord (dorsal column [DC] and dorsal root [DR] fi bers) that 
can inhibit pain transmission. The patient perceives the stimu-
lation as a cutaneous paresthesia or tingling sensation. For SCS 
to be successful, the paresthesia must overlap the painful area. 

SCS Leads

Two lead types are currently in use—percutaneous and surgi-
cal (paddle) leads. 

Percutaneous Leads

Percutaneous leads are fl exible cylindrical polyurethane cath-
eters with multiple, evenly spaced cylindrical electrode con-
tacts arranged at the distal end. The main differences between 
varying types of percutaneous leads can be categorized accord-
ing to the contact length, diameter/width, number of contacts, 
and distance between contacts. Percutaneous leads currently 
have 4 or 8 electrodes, but leads with 16 contacts may soon 
become available. The electrodes themselves are composed of 
platinum alloy (often platinum–iridium) and range from 3 to 

6 mm in length, with edge-to-edge spacing of 1 to 12 mm 
depending on the manufacturer and model. Multiple contacts 
along the lead allow for stimulation fi eld shaping as well as 
post-implant reprogramming if lead migration occurs. The 
cylindrical design of percutaneous electrodes allows current to 
fl ow circumferentially, creating the possibility of 360-degree 
stimulation. Circumferential stimulation has been implicated 
in painful sensations due to the likely stimulation of posterior 
structures in the epidural space, such as the ligamentum 
fl avum. This argument, among others, has been used in sup-
port of the preferred use of surgical leads.1–3

Surgical (Paddle) Leads

Surgical (paddle) leads are fl at and wide at the distal end, with 
up to 16 electrodes placed on one side of a fl exible rectangular 
silicone backing. The design allows for unidirectional current 
fl ow toward the cord, and there is clinical evidence that paddle 
leads may eliminate discomfort due to the dorsal structure 
stimulation sometimes seen with cylindrical leads.1 Owing to 
their shape, paddle leads cannot be inserted via a needle and 
must be surgically implanted via a laminotomy/laminectomy 
by a neurosurgeon and are therefore beyond the scope of 
this book.

Ohm’s Law (V = IR)

Ohm’s law describes the relation between voltage (V), current 
(I), and impedance/resistance (R). In an electrical circuit, volt-
age is the electrical pressure that pushes electrons. Current is 
the fl ow of electrons. Impedance/resistance is the characteristic 
of a material that resists the fl ow of current. In the body, 
impedance is determined by the electrical characteristics and 
composition of the tissue surrounding the contacts. Although 
impedance and resistance are not truly the same thing, they 
are analogous, and for the sake of simplicity, we can use 
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these terms synonymously. Plainly stated, the higher the 
resistance, the higher the voltage required to maintain a given 
current fl ow. For an implanted pulse generator (IPG), the 
battery life of a nonrechargeable/primary cell-based device 
and the recharging interval of a device with a rechargeable 
battery will ultimately be determined by the power demands 
on the system. Since power is a function of both voltage and 
current, power consumption is clearly infl uenced by imped-
ance, so understanding and optimizing the variables that con-
tribute to impedance offers an opportunity to enhance power 
performance.

Perception Threshold

The perception threshold is a measure of the minimum stimu-
lation pulse amplitude necessary to generate a perceptible sen-
sation. The perception threshold is a parameter than can be 
infl uenced by either impedance and/or dispersion of current. If 
the impedance is increased, as in the case of increased scar 
tissue, the amount of energy required to reach the perception 
threshold is increased. In a constant-voltage stimulation system, 
this may require that the stimulation voltage amplitude is 
increased to maintain the same current. In a constant-current 
stimulation system, however, the voltage will automatically be 
increased by the system to compensate for the increased resis-
tance from the scar tissue, and thus should theoretically not 
require an increase in stimulation current amplitude. If the dis-
tance from the target tissue is increased, such as by a thick 
cerebrospinal fl uid (CSF) layer, then more energy will be 

required to activate the DC and/or DR fi bers and the percep-
tion threshold will also be increased. 

Fibrosis

The body reacts to chronically implanted foreign objects by 
attempting to isolate them with fi brotic scar tissue encapsula-
tion. A fi brotic sheath inevitably forms around an implanted 
electrode, and electrical resistance is increased by such scar 
tissue formation. Evidence suggests that impedance increases 
by 26% on average by 3 months after implant.4 To complicate 
the matter, scar tissue develops unevenly around each elec-
trode and also changes over time (Fig. 5.1).4 Given the variable 
pattern of scar formation around each lead, adjusting and 
redirecting current as scar tissue forms may be necessary to be 
able to recapture stimulation of the painful area. Several strat-
egies, including current steering and pulse interleaving, are 
currently used to recapture stimulation if the paresthesia 
becomes discordant.

Epidural Space

The epidural space appears to be more segmented and less 
uniform than once believed. The ligamentum fl avum is not 
uniform along the length of the spine or within the interverte-
bral space. The distance between the ligamentum fl avum and 
the dura varies with location in the spinal column. In the 
upper thoracic spine the distance is approximately 3 to 4 mm, 
and it gradually increases more caudally in the thoracic spine. 
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The greatest anterior–posterior (AP) distance occurs at L2 
where, in adults, it measures 5 to 6 mm. From C3 to C7, the 
distance between the dura and ligament is quite narrow. At C7 
the distance is reduced to 1.5 to 2 mm because of the enlarge-
ment of the cord at that level. Not surprisingly, it has been 
shown that the impedance is typically higher when a lead is 
placed in the lower thoracic spine as opposed to the cervical 
spine.5 Given the large epidural space present in the lower 
thoracic space, there is no guarantee that the lead will be in 
contact with the dura, and a relatively dorsal position of the 
contacts may result in a higher impedance. Because higher 
impedances have been demonstrated in the lower thoracic 
epidural space, systems implanted in the cervical epidural 
space may enjoy a longer battery life than systems implanted 
in the thoracic region. In present clinical practice, lead 
placement is usually performed by optimizing only the cepha-
locaudal and mediolateral position of the lead. Whether new 
strategies will be developed to optimize dorsoventral position-
ing of the lead has yet to be seen. In fact, this is an argument in 
favor of paddle lead placement, particularly in the lower tho-
racic spine, since paddles can be placed directly on the dura 
under visual guidance. In the long run, the growth of a fi brotic 
layer around the lead may ultimately equalize the gross imped-
ances seen in the cervical and thoracic regions (though not 
necessarily the impedance variability along the lead). In any 
chronic patient, this leaves the electrode-to-spinal cord dis-
tance as the dominant predictor of thresholds and thus power 
requirements. 

CSF Layer

The perception threshold has been shown to be affected by 
the thickness of the dorsal CSF layer between the stimulating 
contacts and the cord at the level being stimulated.6–11 CSF is 
an effective conductor that tends to disperse current. Such dis-
persion can cause current to wrap around the cord, resulting 
in uncomfortable lateral root stimulation, particularly at the 
low-thoracic level. Because of variations in spinal cord anat-
omy among individuals and variations in CSF thickness at dif-
ferent levels of the cord in the same individual, the perception 
threshold can vary greatly. On average, the cord diameter is 
inversely proportional to the CSF layer thickness. Thus, the 
cord diameter is usually smallest at the T3 to T6 level and the 
CSF layer is the greatest.12

Perception thresholds may be high when placing leads in 
the upper thoracic region over a thicker CSF layer. In contrast, 
when leads are placed in the midline in the upper cervical 
spine the threshold for stimulation is very low because of the 
thin CSF layer. 

Time Since Implant

Elapsed time since implantation has also been shown to affect 
impedance. This appears to be related to the formation of 
fi brotic tissue. It has been shown that impedance is relatively 

low in the fi rst 4 to 5 days after implantation. It may be that 
early edema formation resulting from minor epidural trauma 
around the lead lowers impedance in the early acute period. 
In the following weeks, the edema fl uid resolves and fi brosis 
develops, thereby increasing impedance.4

Other Factors

Male gender is associated with 21% higher impedance in the 
lower thoracic spine than female gender. There are no ana-
tomic data from which to interpret this fi nding, although the 
reduced epidural fat layer in females compared with males 
may offer a plausible explanation. Age, previous spine surgery, 
number of leads, and lead model have not been shown to 
affect impedance.5 

Anodes and Cathodes

Modern SCS leads have multiple contacts (also referred to as 
electrodes) that can be programmed individually as anodes 
(positive polarity), cathodes (negative polarity), or off (inac-
tive). Ideally, a contact must be made of a metal that is always 
nontoxic, nonimmunogenic, and noncorrosive. It must main-
tain its shape and withstand surgical implantation. It must 
also be able to effectively conduct current so that the sur-
rounding nervous tissue is effectively depolarized. Platinum 
alloys meet these requirements. 

In electrical stimulation, positive current is defi ned as fl ow-
ing from the anode to the cathode. The cathode is the working 
electrode that causes nerves to depolarize and generate action 
potentials. In most cases, stimulation paresthesias result from 
the activation of fi bers closest to the cathode level.13 The anode 
is the counter-electrode that hyperpolarizes surrounding 
nerves, thus rendering them more resistant to depolarization 
(Fig. 5.2).

It is useful to understand the different nature of current 
conduction in the body as opposed to that in an electrical 
circuit. Within the IPG, electrical current is carried by free 
electrons in metal conductors and semiconductors. However, 
the current in the physiologic medium between the anode and 
cathode is carried primarily by sodium, potassium, and chlo-
ride ions and polarized molecules found in the extracellular 
fl uid. An interface is formed at the surface of the electrode and 
within microns of the tissue adjacent to it. It is at this interface 
that complex chemical reactions occur (depending upon 
anodic or cathodic polarity) that essentially transduce the 
electron-based current in the IPG and lead to an ion-based 
current in the tissue. This interface plays a crucial role in pre-
venting net charge transfer (leading to degradation of the elec-
trode) by acting as an effective capacitance. As discussed 
below, however, this interface capacitance can also contribute 
to a dynamic impedance seen at the electrode during the stim-
ulation pulse, which may infl uence the stimulation fi eld in 
voltage-controlled stimulators. 
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Dorsal Column Anatomy

Dermatomes are cutaneous areas of the body innervated by a 
specifi c nerve root (Fig. 5.3).

A spinal nerve root is made up of a dorsal (sensory) and a 
ventral (motor) root. For example, the dermatome for the L4 
sensory root covers primarily the medial calf. Damage to that 

nerve root often results in pain and/or numbness in that 
distribution. The dorsal and ventral roots combine to form 
mixed spinal nerves as they exit the spine. 

The DC is composed of nerves of different diameters 
that perform sensory, motor, and proprioceptive functions. 
These nerves run longitudinally in the DC and, depending 
on lead location, are within range of the electrodes placed in 
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Figure 5.2 Simplifi ed stimulation loci generated by a bipole in the 
dorsal columns. The main region of stimulation (aka volume of 
activation [VOA]) occurs beneath the cathode.  At low amplitudes, 
only superfi cial fi bers will be activated; as stimulation pulse 
amplitude is increased, the VOA will penetrate deeper into the cord, 

activating more fi bers.  At typical electrode-to-spinal cord distances 
and bipole lead spacings, the anode hyperpolarizes nearby tissue.  
The net effect of this hyperpolarization is to “push” the VOA away 
from the anode, thus shaping the stimulation VOA. Reprinted with 
permission from Boston Scientifi c.
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Figure 5.3 Nerve roots supplying cutaneous dermatomes. Reprinted with permission from Flynn JA. Oxford American Handbook of 
Clinical Medicine. Oxford University Press, New York © 2007.
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the epidural space. In SCS, the task at hand is to stimulate the 
nerves that will provide pain relief and avoid the nerves that 
will produce uncomfortable sensory or motor effects. 

Like the sensory cortex in the brain, the DC is organized 
somatotopically; in the DC, the lateral fi bers represent more 
rostral dermatomes (owing to their more recent entry from 
their respective DR fi bers), and medial fi bers innervate more 
caudal structures.8–11,13 Thus, at any given level, the DC con-
tains information for all the dermatomes below that level. For 
this reason the lower extremities can, in some circumstances, 
be stimulated with a cervical lead (Fig. 5.4).

The nerve root fi bers actually enter the cord several seg-
ments higher up than their corresponding vertebral entry-point 
level. Thus, to obtain a paresthesia in a desired dermatome, it is 
necessary to stimulate the DC several segments cephalad to the 
homonymous vertebral level. For example, to stimulate the L3 
to L5 dermatomes of the leg, the electrodes would be placed 
between T9 and T11. Understanding DC organization is 
important when stimulation of the low back is desired. 
A number of factors underlie the relative diffi culty of stimu-
lating the low back, including cord diameter, CSF thickness, 
and topographic organization of nerve fi bers. Stimulating the 
low back, usually at dermatomes between L2 and L5, is most 
often accomplished by placing the lead tips at the midline of 
T8 to T9. Optimal outcomes are well served by systems able to 
effectively direct current since the area of the DC that when 
stimulated produces precise dermatomal coverage—known as 
the sweet spot—can occupy a relatively small area, particularly 
in low back stimulation.

Frequency, Amplitude, and Pulse Width

Only three variables can be manipulated on any single elec-
trode/contact: frequency, amplitude, and pulse width (PW). 

To obtain a paresthesia that roughly overlaps the area of pain, 
the fi rst step is to select the electrode polarity (i.e., anode, 
cathode, off) for all implanted contacts; this process “shapes” 
the electric fi eld surrounding the nerve. Once the paresthesia 
is in the right area, the amplitude, PW, and frequency are then 
fi ne-tuned.

Amplitude (Current/Voltage)

Amplitude affects the intensity and breadth of the paresthesia. 
It is similar to turning up the volume knob on a sound ampli-
fi er. Increasing the amplitude increases the area of capture in 
the spinal cord, as the expanding electric fi eld recruits more 
nerves at farther distances from the contacts (see Fig. 5.2). 

Increasing amplitude ultimately results in discomfort. Iden-
tifying the effective amplitude range for stimulation is accom-
plished by gradually increasing the stimulation from zero until 
the patient fi rst reports paresthesia. This is the sensory percep-
tion threshold. Increasing further until stimulation is uncom-
fortable defi nes the upper limit of stimulation amplitude. The 
difference in amplitude between these two points is the usage 
range for stimulation and is often referred to as the comfort 
zone. Ideally, the ratio of the maximum comfortable threshold 
to the perception threshold is no less than 1.4 to 1.5.13 

Pulse Width (Microseconds)

The PW is the duration of a single stimulation pulse. Typical 
clinically used PW ranges from 175 to 600 microseconds 
(microsecond = one millionth of a second). A stimulus must 
be of adequate intensity and duration to reach depolarization 
threshold and generate an action potential in a nerve. The 
lower the intensity of the stimulus, the longer the stimulus 
duration must be to evoke a response. The pulse charge or 
“packet of energy” required to depolarize a nerve is therefore 
a function of both the amplitude and the PW. Graphs illus-
trating this relationship are called strength–duration curves 
(Fig. 5.5). Examining strength–duration curves for large and 
small fi bers can help to explain the value of wider PW.14

Strength–duration curves for different fi ber diameters 
show three relevant phenomena: 

1. Smaller nerve fi bers have higher thresholds to depolar-
ization. 

2. Higher PW reduces the difference in amplitude needed 
to stimulate large- and small-diameter nerves.15 

3. Smaller amplitudes of stimulation at longer PW settings 
are usually better tolerated by patients.16,17 

In SCS, increasing PW does not simply increase the size of 
the stimulation fi eld but actually increases nerve fi ber recruit-
ment of both small and large fi bers within the stimulation 
fi eld. When PW is relatively narrow, large fi bers are depolar-
ized at lower amplitudes than small fi bers. Large fi bers will be 
primarily activated when the PW is narrow. This may yield 
broad recruitment of large fi bers but may not thoroughly 
recruit the nearby small fi bers and may actually promote 
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Figure 5.4 Somatotopic representation of the dermatomes in the 
dorsal columns of the T11 spinal segment. Reprinted from 
Feirabend HK, Choufoer H, Ploeger S, et al.  Morphometry of human 
superfi cial dorsal and dorsolateral column fi bres: signifi cance to spinal 
cord stimulation. Brain 2002 May;125(Pt 5):1137–49, with permission 
from Oxford University Press.
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recruitment of distal DR fi bers.17 In contrast, when using a 
wider PW, the stimulation amplitude required to achieve an 
adequate paresthesia is less and there is more thorough recruit-
ment of both small and large fi bers in the nearby DC. Because 
medial DC fi bers tend to be smaller,18 increasing the PW may 
actually steer the effective fi eld toward more midline fi bers.17 
It is common to start with a PW of 250 microseconds and 
gradually increase it, depending on the patient’s response. 
One study has shown that a signifi cant number of patients use 
a PW as high as 1,000 microseconds.19

Frequency (Hertz)

The frequency (number of pulses per second) is most often 
adjusted so that the stimulation sensation is comfortable to 
the patient. The frequency will infl uence the quality of the 
paresthesia (tingling) but is unlikely to affect the location. The 
initial settings for patients with low back and leg pain usually 
range from 40 to 70 Hz.20 Patients with complex regional pain 
syndrome tend toward higher frequencies, ranging from 80 to 
250 Hz.21 

Single Versus Dual Leads

The decision whether to place one or two leads depends on 
both the pain condition that is being treated and physician 
preference. At the inception of percutaneous SCS, a single lead 
with four electrodes was positioned at various mediolateral 
points in the epidural space, depending on pain location. If the 
patient had unilateral extremity pain, the lead was placed a few 
millimeters off the midline ipsilateral to the painful extremity. 
If the patient had bilateral extremity pain, which is commonly 
seen, placement of a single midline lead was attempted in 
hopes that bilateral stimulation would result in balanced par-
esthesias in both extremities and that the lead would not 
migrate laterally, resulting in loss of bilateral stimulation. 
Unfortunately, lead migration was and continues to be the 
most common equipment-related complication.22 With the 

development of systems that can deliver stimulation to two 
leads, many implanters now routinely place dual leads, even 
for unilateral extremity pain, for the following reasons: (1) In 
the event of lateral lead migration, stimulation can be electron-
ically transferred horizontally (either medially or laterally) 
between the two leads to recapture the sweet spot, (2) in 
patients with bilateral extremity pain, placing each lead slightly 
off the midline greatly facilitates the perception of stimulation 
evenly felt in both extremities, and (3) although numerous 
studies have shown that a single midline lead is best and most 
effi cient in capturing low back pain, any lateral micromigra-
tion may result in loss of low back stimulation.23–25 

As has been shown in mathematical computer modeling 
studies, two leads placed next to each other, straddling the 
physiologic midline, can be programmed to “crosstalk” (i.e., 
superimpose the capture fi elds and achieve ample penetration 
into the midline of the DC). The advantage is that the leads 
can be reprogrammed if lateral micromigration occurs in 
order to recapture the midline stimulation. No one would 
condone sloppy lead placement, but placing two leads can 
offer added benefi ts in the long run because of the ability, 
if needed, to correct for lead migration electronically rather 
than surgically revising and moving the lead back to the spe-
cifi c location over the DC fi bers to be stimulated.

Contact Combinations

The terms monopole, bipole, guarded cathode (tripole), trans-
verse tripole, and complex cathode defi ne the basic geometric 
distribution of polarity among implanted contacts. However, 
since each type of contact combination can have different 
intended clinical effects, it is worthwhile to examine each of 
these terms separately.

Monopolar Stimulation

Monopolar stimulation is the simplest arrangement, involv-
ing an active cathode on the lead and a distant battery case 
designated as the anode (Fig. 5.6).
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Figure 5.5 Strength–duration curve for large- and small-diameter 
fi bers. Reprinted with permission from Boston Scientifi c.
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Figure 5.6 Monopole stimulation. Reprinted with permission from 
Boston Scientifi c.
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Nerves within range of the cathode will be depolarized and 
generate an action potential.26 Remember that cylindrical 
cathodes, as found on percutaneous leads, create a grossly 
spherical stimulation fi eld 360 degrees around the cathode.27 
Higher amplitudes result in a greater, generally symmetrical 
radius of depolarization around the cathode. If the cathode is 
not directly over the target, a paresthesia will be felt in the 
wrong location. The anode is remote and does not infl uence 
the stimulation pattern.

Bipolar Stimulation

A bipole is created when a single anode and a single cathode 
are placed next to each other, usually on the same lead, in the 
epidural space. Because the anode tends to hyperpolarize 
nerves, the stimulation fi eld will be “pushed away” from the 
anode toward the cathode, thus moving the fi eld in one direc-
tion or another (Fig. 5.7). 

Bipoles can be set up vertically with the anode and cathode 
on the same lead or transversely with the cathode on one lead 
and the anode lateral to it on a different lead. A transverse 
bipole would allow the stimulation fi eld to be pushed medio-
laterally.24

Tripolar Stimulation

Tripolar stimulation is achieved when an anode is placed on 
both sides of a cathode. This tends to focus the fi eld directly 
under the cathode because the anodes are effectively “squeez-
ing” the fi eld on either side. The tripole is also called a guarded 
cathode or guarded tripole (Fig. 5.8).

It is worth noting several facts about tripolar combinations. 
First, in an important retrospective review, longitudinal 
guarded cathodes were shown to be chosen by patients signifi -
cantly more often than other forms of contact combination,20 
suggesting that they have clinical value. However, the imple-
mentation of a guarded cathode combination in a single-source 
stimulator is challenged by differential anode impedances. In 
such systems, the distribution of anodic current is determined 

by the impedances on each contact. As can be seen in Figure 
5.8, if the impedance of one of the anodic contacts grows pro-
gressively larger than the other anodic contact over time, less 
anodic current will travel through that higher-impedance con-
tact. Less anodic current will lead to less relative hyperpolariza-
tion near the higher-impedance contact, and thus the fi eld 
may theoretically shift. Finally, it is a mistake to assume that 
even if impedances are equal at all anodes, surrounding the 
cathode with anodes provides “more shielding.” In the guarded 
cathode combination, the surrounding anodes are only half as 
strong as those in a bipole. So, while the addition of an anode 
to a bipole to form a guarded cathode can add some geometric 
control to the location of stimulation, the “squeezing” of the 
fi eld becomes less strong with every added anode. 

The guarded cathode can be useful in areas in which the 
sweet spot is narrow and stimulation outside the sweet spot 
results in stimulation of unwanted structures.24 Recently, 
transverse tripoles have been described in which three parallel 
leads are placed in the dorsal epidural space, with the two lat-
eral leads functioning as anodes and the center lead being the 
cathode.28 This may be useful for focusing stimulation on the 
midline when low back stimulation is desired. New paddle 
designs incorporating a transverse tripole are being investi-
gated to determine whether they can improve midline stimu-
lation necessary for effective low back stimulation. 

Dual or Complex Cathodes, Current 
Steering, and Interleaving

There are situations in which the desired target of DC lies 
between two electrodes/contacts. In systems with closely 
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Figure 5.7 Simple bipole. Reprinted with permission from Boston 
Scientifi c.
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Figure 5.8 Guarded cathode combinations in a single-source 
stimulator, as infl uenced by impedance. In a single-source guarded 
cathode combination, the anodic current from each anode is 
inversely proportional to the impedance at that contact.  Thus, there 
is less anodic current sourced at the 600-Ohm and 700-Ohm 
contacts shown, which leads to less hyperpolarization near those 
contacts than at the 400-Ohm and 300-Ohm contacts respectively.  
This means the stimulation fi eld will be pushed toward the 
higher-impedance anodes.  These effects will not occur in 
stimulators that use a current source for each contact. Reprinted 
with permission from Boston Scientifi c.
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spaced contacts that allow current to be directed, the current 
can be fractionally divided in small increments (e.g., resolu-
tion = 0.1 mA) between two cathodes to move the stimulation 
fi eld until it precisely covers the desired target. Such “fraction-
alization” extends the concept of a contact combination from 
a fi xed distribution of polarities to a near-continuum of frac-
tional fi eld shapes. When these fi eld shapes are changed in real 
time (i.e., when the stimulation amplitude is not reduced to 
zero before changing the current on a contact), it becomes a 
process called current steering. When programming using 
cathodic current steering, a single cathode is chosen as a 
starting point, and the amplitude on that contact is increased 
until the stimulation is suprathreshold and a comfortable par-
esthesia is felt. The current steering process occurs by redis-
tributing small fractions of the total delivered current from 
the original cathode contact to the adjacent cathode contact in 
an incremental fashion. When this is done using simultane-
ously delivered pulses and close contact spacing, the stimula-
tion fi eld gradually shifts from underneath the original cathode 
to the region between the contacts and fi nally ends up focused 
under the adjacent contact. An analogy to the steering process 
might be the sweeping of a searchlight across the sky. Current 
steering then allows the cathodic fi eld to be moved incremen-
tally down the lead to map the area within reach of the elec-
trodes. Other systems employ a programming methodology 
known as interleaving (see below) to fi ne-tune paresthesia 
location.29 

The programming unit with some of the newer systems has 
its own algorithm for electronically “trolling” down the lead(s) 
using combinations of anodes and cathodes, making it easy to 
rapidly cycle through hundreds of combinations in a short 
time.30 If the patient reports that the area of paresthesia does 
not correspond with the distribution of pain, moving the 
cathode between different combinations of electrodes and 
varying the PW or amplitude is attempted fi rst. If unsuccess-
ful, the lead itself may need to be repositioned.

Electrode Spacing

Reducing the space between electrodes has been shown to 
improve the ability to steer current and target specifi c regions 
of the DC fi bers.31 Closely spaced contacts eliminate gaps in 
activation regions of the DC that may be present when 
using leads with widely spaced contacts. Additionally, closely 
spaced contacts allow for more even incremental shifting, 
with greater fi eld-shift resolution of the electric fi eld using 
current steering.31 One potential disadvantage to tightly 
spacing leads is that since the number of contacts per lead is 
currently limited, the length of the active (programmable) 
portion of the lead (the distance between the fi rst and last 
contact) is reduced. This can be important when it is 
necessary to stimulate over more than one vertebral segment 
(Fig. 5.9). 

Pulse Generators

Electrical Stimulation Technology 

Implantable electrical stimulation systems must be designed 
to safely deliver current over a long duration of implant. An 
improperly designed system can potentially lead to tissue 
damage or damage to the electrodes. Similar to electroplating, 
corrosion can occur at the anode if the potential exceeds the 
threshold at which oxidation occurs. It has been shown that 
uncontrolled tissue stimulation can cause tissue damage. In 
uncontrolled systems, disruption of biologic processes occurs 
as a result of net charge transfer from the stimulation system 
to the surrounding biologic environment. The tissue damage 
demonstrated in animal models was the result of toxic electro-
chemical reactions that occur at the surface of the electrodes 
that the surrounding tissue cannot buffer. Additionally, animal 
studies have suggested that overstimulation can affect neural 
systems. Mass action theory suggests that this phenomenon 
occurs when multiple neurons fi re, resulting in local changes 
in pH and electrolyte balance, as well as excessive release of 
excitatory amino acids such as glutamate.

To prevent these damaging phenomena, all modern pulse 
generators use a biphasic form of stimulation that recovers 
injected charge between pulses to prevent charge imbalance 
from building up. Biphasic pulses return the electrode back to 
a steady-state charge after each stimulation pulse and recov-
ery. Using only unidirectional monophasic pulsing results in 
current moving only toward the cathode, and a charge builds 
up on the contacts, causing the electrode to break down over 
time. Damage to surrounding tissue results from pH changes 
and free radical generation.

Often, a short delay is placed between the fi rst stimulating 
phase and the following recovery phase (in which current is 

Figure 5.9 SCS leads.
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injected backward through the cathode to neutralize any charge 
buildup). A short amount of time between the two phases 
(interphase) improves activation of the targeted nerves.32 

The concept seems simple enough, but the electrochemical 
analysis and programming used to derive the correct inter-
phase delay and charge to be injected between pulses to pre-
vent charge imbalance without creating a damaging 
overpotential of the electrode is complex and beyond the 
scope of this text. 

Power Sources: Rechargeable, 
Nonrechargeable, and Radiofrequency

Three types of pulse generator power sources are available: 
radiofrequency (RF), nonrechargeable batteries (a.k.a. primary 
cell), and rechargeable batteries.

RF units are implanted receivers that obtain power from an 
external source taped over the skin above the receiver. These 
were the fi rst fully implantable devices to be used for SCS and 
were the only units available in the 1970s. With an RF unit, no 
battery replacement surgery is ever required because the bat-
tery is external; however, the patient must wear an antenna 
taped to the skin over the receiver for the system to function. 
This system is undesirable for many patients because the 
external battery can interfere with normal activities and the 
tape required to secure the antenna can cause chronic skin 
irritation. Because functional improvement is a primary goal, 
a device that interferes with normal functioning, such as 
sleeping, showering, or swimming, may be less than optimal 
for many patients. Although still available, with the develop-
ment of rechargeable batteries, RF systems are now used less 
frequently.

Nonrechargeable IPGs containing primary cell lithium and 
silver-vanadium-oxide batteries were introduced in 1980 and 
were developed based on pacemaker technology. The RF unit 
and the primary cell battery were the only choices available for 
more than 20 years. There were tradeoffs in choosing between 
these two types of generators. Depending on power usage, 
most patients would require a primary cell IPG replacement 
every 3 to 4 years, although some patients would require yearly 
replacement. Even though an RF stimulator had no power 
constraints because the battery was external, their multiple 
inconveniences led many patients to endure frequent battery 
exchanges rather than accept an RF system.

Rechargeable lithium-ion batteries became available for 
SCS in 2004. Rechargeable batteries offer a renewable power 
source and are therefore capable of supplying higher output 
for a greater number of leads and contacts while simultane-
ously maintaining higher amplitudes, frequencies, and PWs. 
Rechargeable battery technology also maintains longer inter-
vals between battery replacement. However, all implanted 
batteries, rechargeable or nonrechargeable, will inevitably 
wear out and need to be replaced. 

Currently available rechargeable batteries are specifi ed to 
last up to 9 years, although improvements in battery technol-
ogy should extend these lifetimes. For optimal recharging 
to occur, all batteries are implanted to a maximum depth of 
2 to 2.5 cm, depending on the manufacturer’s specifi cations 
(although these recommended depths are in keeping with pre-
vious primary-cell and RF implant recommendations).

Pacemakers and Implanted Pulse 
Generators: Are They Compatible?

There is a single 1993 case report in the medical literature doc-
umenting reported interference between a unipolar pace-
maker and a unipolar SCS implant. The same author in 1998 
subsequently published a case report demonstrating the safe 
use of a dual-pacing, dual-sensing, dual-mode pacemaker in a 
patient with implanted quadripolar SCS electrodes. A recent 
poster session presented fi ve patients with both SCS and pace-
makers who experienced no electrical interference between 
the two units. We recommend consulting the manufacturers 
of both companies before considering patients with pacemak-
ers for SCS.33,34 

Current Versus Voltage Control

IPGs differ in their delivery of energy to electrodes. Energy 
can be delivered to the electrodes by controlling either voltage 
or current. From an electrophysiologic standpoint, it is the 
amount of current fl ow to the spinal cord neurons that deter-
mines the region of fi bers to be stimulated. Some systems are 
able to control exactly how much energy is delivered to each 
electrode on a lead, whereas others simply deliver energy to 
the lead and divide it between selected electrodes, the division 
of energy being determined by the impedance at each contact. 
In voltage-controlled systems, pulse amplitude is defi ned in 
terms of a fi xed voltage. Changes in impedance will result in 
changes in total current fl ow and in turn change the intensity 
of stimulation perceived. Current-controlled systems deliver 
constant-current pulses to the electrodes regardless of the total 
impedance. This has both short- and long-term ramifi cations. 
First, it has been shown that impedance increases during 
the delivery of a single pulse from the generator.35 In voltage-
controlled systems, this results in a rapid decrease in delivered 
current from the beginning to the end of the pulse (i.e., “tilted” 
current pulses), which can become signifi cant when longer 
pulse durations are used. Second, variable impedances are 
seen at each contact, which can change unpredictably over 
time.30 It is believed that disproportionate amounts of fi brotic 
tissue form around each contact, with the amount of fi brosis 
per contact changing over time. Systems with the ability to 
independently program individual contacts or with complex 
interleaving programming capability can often overcome the 
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effects of variable fi brosis formation, potentially reducing the 
incidence of discordant paresthesia.36 

Independently Controlled Current Delivery

There is currently one SCS system available that uses indepen-
dent current delivery to each contact. The analogy of the 
household water faucet is useful in considering independent 
contact programming. Voltage is analogous to water pressure 
at the source, current is analogous to water fl owing out of the 
end of the faucet, and resistance is the diameter of the pipe 
between the source and the faucet. Typically, a water faucet 
has its own control, allowing one to individually adjust each 
faucet, akin to controlling the resistance. If there is a decrease 
in water pressure to the house, the faucet can be opened up 
further to maintain the same output. This can be done for 
each faucet. Multiple activities can be performed at once (e.g., 
showering, washing clothes, doing the dishes), and the water 
output can be adjusted specifi cally for each activity. This is 
analogous to individual current control at each contact. 

Interleaved Pulses in Nonindependently 
Controlled Current/Voltage Delivery 
Systems

Interleaving is another means of controlling paresthesia loca-
tion. Modern pulse generators have increased programming 
capabilities that allow multiple channels to be run concur-
rently, using pulse interleaving. Interleaved stimulation is 
defi ned as “pulse-to-pulse variation in pulse amplitude, pulse 
width, and contact assignment.”29 As shown in Figure 5.10, 
two interleaved channels, A and B, can be run such that their 

pulses alternate in time. The clinical effect of such interleaving 
is that some neurons will feel only the effect of channel A (left 
non-dashed circle), other neurons will feel only the effect of 
channel B (right non-dashed circle), while other neurons will 
feel the effect of both channels (intersection of both non-
dashed circles). Since the stimulation rates used in interleav-
ing tend to be those used for single-channel stimulation (e.g., 
40 to 70 Hz), and the interpulse interval between the two 
interleaved channels is typically several milliseconds, the 
expected effect of the A+B neurons in the intersection region 
would be a higher rate of action potential generation rather 
than any greater recruitment than that due to A alone or B 
alone. Most often, interleaving is used to allow independent 
control of stimulated body regions. This is possible because 
the interleaving of pulses, while likely recruiting no more 
fi bers in the spinal cord, results in paresthesias that are per-
ceived concurrently by the patient—that is, if channel A 
recruits the left foot and channel B recruits the left knee, the 
patient perceives both the left foot and knee as “on at the same 
time.” This allows the channels to be separately controlled by 
the patient: the patient may increase the paresthesia intensity 
on the foot (channel A amplitude increased) without affecting 
the paresthesia on the knee (channel B unchanged).29,37
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Introduction

Patients must successfully complete a screening trial before 
being considered as candidates for implantation of a perma-
nent spinal cord stimulation (SCS) system. Such trials can 
be critically informative and may indicate how comfortable 
the patient will be with SCS and which lead locations and 
stimulation settings will be most effective. It is crucial that the 
technical aspects of the trial be performed optimally because 
permanent implantation will depend on a successful trial. The 
goal of the screening trial is lead placement that achieves a par-
esthesia covering the entire area of pain. Successful topo-
graphic coverage of the paresthesia, however, does not ensure 
clinical success, as some patients in whom complete coverage 
is achieved still report little or no pain relief. Other patients 
fi nd early in the trial that they dislike the sensation of the par-
esthesia altogether. It is therefore necessary to perform a 
screening trial of suffi cient length to forecast long-term effi -
cacy and identify short-term failure, while minimizing infec-
tion risk. A trial of 3 to 8 days generally provides suffi cient 
information and is short enough to reduce infection risk.1,2

Percutaneous Versus Tunneled Trials

Prior to permanent SCS implantation, a patient may undergo 
one of two types of trials: a percutaneous (temporary) trial or 
a tunneled (permanent) trial. A percutaneous trial involves 
the temporary placement of a disposable trial lead, whereas a 
tunneled trial involves permanently implanting the trial lead, 
which eventually will be used for the permanent implant. The 
decision of whether to undertake a percutaneous or tunneled 
trial has important procedural implications and must there-
fore be made in advance of the trial.

In a percutaneous trial, lead implantation can usually be 
accomplished in an offi ce fl uoroscopy suite. The leads are placed 
percutaneously into the epidural space and are connected to a 

pulse generator, which is left external to the body. The leads 
exit through a small puncture wound in the skin: neither a 
skin incision nor a midline pocket is required to anchor the 
lead to the paraspinous fascia. The trial typically lasts 3 to 
8 days. At the end of the trial, the patient is seen in the offi ce 
and the temporary leads are removed and discarded. If the trial 
is successful, permanent surgical implantation is scheduled. 

In tunneled trials, lead implantation must be performed in 
an operating room (OR). The leads are surgically anchored to 
the paraspinous fascia through a midline incision and are coiled 
into a midline pocket. Extensions are connected to the leads at 
the midline and are then tunneled laterally and subcutaneously 
to prevent contamination of the leads and midline pocket. 
The lead extensions exit the skin percutaneously and are con-
nected to an external pulse generator. After the trial, the patient 
returns to the OR where, depending on the success or failure of 
the trial, the leads are either left in place and attached to a new 
implanted pulse generator or surgically removed. Obviously, 
the intent is to use the trial leads for the permanent implant. 

Each type of trial has advantages and disadvantages, which 
are discussed further here.

Advantages of Percutaneous Trials

Percutaneous trials require only needle insertion, eliminating 
the need for incision and the resultant post-trial scar. Patients 
tend to be more accepting of this trial because, upon its com-
pletion, the leads may be removed and the individual is quickly 
able to resume previous activities. 

The percutaneous trial can be performed in a conventional 
fl uoroscopy suite, whereas a tunneled trial must be performed 
in an OR, which signifi cantly increases the expense. 

There is less pain associated with a percutaneous trial, which 
allows the patient to be more active and facilitates evaluation of 
the trial’s effi cacy. A percutaneous trial may suggest different 
lead locations for the permanent implant, which can improve 
effi cacy. 
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If the trial is unsuccessful, the consequences for the patient 
are less severe. There is less postoperative pain and no surgical 
incision, which reduces the risk of infection, and the leads can 
be painlessly removed in the clinic.

Disadvantages of Percutaneous Trials

If it is diffi cult to position the lead or to obtain adequate stimu-
lation during a percutaneous trial, it may be even more diffi cult 
or impossible to do so at the time of permanent implantation. 
The time between the trial and permanent implantation is 
longer with percutaneous than with tunneled trials. Finally, the 
discarded trial leads increase the material cost of permanent 
implantation.

Advantages of Tunneled Trials

A tunneled trial is the optimal choice if lead placement is 
anticipated to be diffi cult. Correct placement can often be the 
most diffi cult part of the procedure, and percutaneous trials 
may often lead to situations where concordant paresthesia 
cannot be obtained with the permanent implant. 

The time between the trial and permanent implantation is 
shorter with tunneled trials than with percutaneous trials 
because the patient goes directly to permanent implantation at 
the end of the trial.

The trial leads become part of the permanent implantation, 
eliminating the cost of permanent leads and reducing the sur-
gical time required for permanent implantation. However, 
equipment cost savings may not offset the additional cost 
incurred in OR charges.

Disadvantages of Tunneled Trials

Tunneled leads must be implanted in the OR, and a subse-
quent OR appointment must be scheduled for lead removal if 
the trial is not successful, resulting in signifi cantly increased 
cost.

Regardless of success, a tunneled trial always involves a 
midline incision and a post-trial scar. These patients may feel 
pressured to proceed with the permanent system, even if it 
does not optimally alleviate pain, because they have already 
invested signifi cant time and effort (i.e., “I’ve come this far, 
I might as well go ahead”).

The risk of infection may be higher with tunneled leads 
because the midline incision must be reopened, potentially 
allowing bacteria to enter the pocket along the extension 
tunnel, although recent data regarding tunneled epidural infu-
sions and low infection rates appear to largely negate this 
argument.3

If the trial suggests revising the lead location, repositioning 
can potentially be diffi cult and time-consuming. 

A tunneled trial is more painful, which may make early 
evaluation of effi cacy ambiguous because the patient is less 
active, taking more medications for acute pain, or both. 

It is our observation and opinion that the majority of trials 
performed in the United States are percutaneous and not tun-
neled, although there is support in the literature for using a 
tunneled trial lead for the permanent implantation.4 Accord-
ing to some experts, permanent trials appear to be more com-
monly performed in Europe and Australia, perhaps due to 
their socialized medical systems and the hospital DRG require-
ments. Having said this, we prefer a percutaneous trial.

General Information About 
Percutaneous Trials

Equipment

The trial SCS system consists of three parts: the lead that will be 
implanted in the epidural space, the external pulse generator, 
and optional extension wires that connect the lead to the pulse 
generator. Also required for SCS trials are programming units 
through which stimulation variables are adjusted. Implantation 
kits containing the leads, equipment, and other tools necessary 
to implant the SCS system are available from manufacturers. 

Epidural leads, which have stimulating electrodes at the 
distal end and a connector at the proximal end, can be either 
percutaneous or surgical. Percutaneous leads are cylindrical 
catheters with sequentially spaced electrodes at the distal end 
of the catheter that vary in the number of electrodes and spac-
ing between the electrodes depending on the manufacturer. 
The percutaneous electrode design allows current to fl ow 
symmetrically, creating 360-degree stimulation. Cylindrical 
spacers separate each electrode on the catheter. Percutaneous 
leads are placed through a Tuohy needle with a large fl at bevel 
and can be used for percutaneous trials, tunneled trials, or 
permanent implantation. It is common to place more than 
one lead in order to provide adequate stimulation and provide 
redundancy in the event of minor lead migration. 

Surgical paddle leads are placed via a surgical laminotomy 
and have larger, fl atter, paddle-shaped electrode surfaces, 
although new paddle leads designs are being tested that are 
only slightly wider than percutaneous leads. Surgical paddle 
leads are designed to reduce migration and to provide unidi-
rectional stimulation over a large area. Paddle leads are usually 
placed by neurosurgeons or orthopaedic spine surgeons and 
are not covered further here. 

Pulse generators, or neurostimulators, provide the electrical 
power for stimulation as well as the programmable electronics. 
The totally implanted pulse generator contains a lithium bat-
tery and is self-contained. The advent of rechargeable pulse 
generators has allowed for more liberal power consumption. 
Radiofrequency pulse generators equipped with a receiver and 
an antenna in order to communicate with an external battery-
powered transmitter are falling out of favor. 

Extension wires connect the lead to the pulse stimulator. 
One extension per lead is implanted. 

Test screeners are external power sources, typically used by 
manufacturer’s representatives, that attach to lead extensions 
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and allow intraoperative and post-trial implant setup and test-
ing of the SCS system. Manufacturer’s representatives are usu-
ally available to assist in selecting a combination of anodes and 
cathodes, amplitude, pulse width, and stimulation frequency 
that produce a comfortable concordant paresthesia and provide 
the highest degree of pain relief. At present, most test screeners 
are integrated into a laptop computer or a PDA device. Pro-
grammers are used for programming totally implanted SCS 
systems and allow stimulation variables to be adjusted using 
telemetry.

Implant kits generally include a Tuohy needle, SCS lead, 
guidewire, tunneling tools, anchors, a screening cable, stylets, 
and a percutaneous extension for trials of SCS. Kits are also 
available for implanting permanent extension wires and for 
pulse generators. 

Relevant Anatomy of the Epidural Space

A thorough understanding and appreciation of the three-
dimensional anatomy of the spine, including bone, vascular 
structures, epidural space, spinal cord, and other neuronal 
structures, is indispensable when implanting SCS leads and 
pulse generators. Because soft tissue structures cannot be seen 
on fl uoroscopy imaging, the location must be inferred from 
identifi able bony structures (e.g., spinous process, articular 
processes, pedicles, and lamina).

Three membranes surround the spinal cord: the dura 
mater, arachnoid mater, and pia mater span from outermost 
to innermost (Fig. 6.1). 

The outermost membrane—the dura mater or theca—is a 
fi broelastic membrane that extends from the foramen magnum 
to the second sacral vertebra. It is separated from the arach-
noid mater by the subdural space, which contains only small 
amounts of serous fl uid (Table 6.1). This space is not inten-
tionally used in anesthesia. 

The epidural space lies external to, and surrounds, the dura 
mater. Just ventral to the intralaminar area, the epidural space 
is bounded posteriorly by the ligamentum fl avum, anteriorly 
by the dura, and laterally by the vertebral pedicles and inter-
vertebral foramina. It is composed of nerve roots, lymphatics, 
blood vessels, and fatty areolar tissue. The epidural fat is fairly 
vascular and appears to serve as a shock absorber to protect 
the contents of the epidural space. Epidural veins are primar-
ily located anterolaterally in the epidural space. Epidural arter-
ies are present, with the most signifi cant anastomoses lying in 
the lateral epidural space. Increased fat stores elsewhere in the 
body are associated with increased epidural fat. The epidural 
space extends from the foramen magnum to the sacral hiatus 
(see Table 6.1). 

The cervical epidural space extends from the dura of the 
foramen magnum to the inferior border of C7. The thoracic 
epidural space begins at C7 and extends to the upper margin 
of the L1 vertebra. The lumbosacral epidural space extends 
from the upper margin of the L1 vertebra inferiorly to the sac-
rococcygeal ligament. 

The distance between the ligamentum fl avum and the dura 
varies with location in the spinal column. The greatest distance 
is at L2, where, in adults, it measures 5 to 6 mm. In the thoracic 
spine the distance is approximately 3 to 4 mm. At C7 the dis-
tance is reduced to 1.5 to 2 mm because of the enlargement of 
the cord at that level. The epidural space is more segmented 
and less uniform than once believed. The ligamentum fl avum 
is likewise not uniform along the length of the spine, nor even 
within the intervertebral space. The ligament is absent entirely 
at the midline in the upper thoracic spine in a signifi cant per-
centage of individuals, as explained in the next section.

Lead Locations in the Spine

Although ideal lead positioning may vary signifi cantly from 
patient to patient, certain patterns frequently recur. Cervical 
stimulation often involves treating one or both of the upper 
extremities, especially after unsuccessful cervical surgery or in 
patients with complex regional pain syndrome. As noted pre-
viously, to obtain a paresthesia in a desired dermatome it is 
necessary to stimulate the dorsal column several segments 
cephalad to that level. Shoulder stimulation is often obtained 
with the lead placed slightly off midline between C2 and C4. 
Upper extremity stimulation can most often be achieved by 
placing the lead slightly off midline between C3 and C4 and 
then moving inferiorly as necessary to stimulate more medi-
ally in the forearm or hand. Placing two leads, each slightly off 
the physiologic midline to the right and left between C4 and 
C6, will often allow for bilateral upper extremity stimulation. 
In 40% of patients, the anatomic (vertebral) and physiologic 
(spinal cord) midlines may differ by as much as 2 mm at all 
spinal cord levels.5 For this reason, the fi rst lead should always 
be tested for paresthesia location before the second lead is 
placed. Lateral fl uoroscopy should always be performed to 
document placement of the leads within the epidural space.6 Cut vertebra

Arachnoid mater
Dura mater

Subdural space
Subarachnoid space

Pia mater

Figure 6.1 Cross-sectional anatomy of spinal cord. Reprinted with 
permission from A.D.A.M Health Solutions, Inc. 
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Stimulation of the back and of one or both of the lower 
extremities is often desired after unsuccessful lumbar surgery. 
Low back stimulation can most often be achieved by placing a 
lead at the midline between T8 and T9.7 This is because dorsal 
column nerve fi bers innervating L2 to L5 dermatomes are 
accessible at this level. Although the literature suggests the 
most effective lead placement for low back pain is a single 
midline lead, we prefer to place two leads so that they can be 
reprogrammed if micromigration occurs. Placing two leads, 
each slightly off the physiologic midline to the right and left 
between T8 and T10, will often allow for both low back and 
lower extremity stimulation. A transverse tripole arrangement 
is another option for capturing stimulation in the low back, 
although this technique currently requires placement of three 
parallel leads or a paddle lead. In SCS systems that allow for 
current steering, the leads should not be more than 4 mm 
apart so that current can be directed to the midline to obtain 
low back stimulation. When placing dual leads on either side 
of the midline, 2 to 3 mm of space is recommended, but this 
may differ for individual patients. A rule of thumb is that if the 
cerebrospinal fl uid (CSF) layer is thin (indicated by relatively 
low midline perception thresholds), then the leads may be 
placed closer together. Conversely, a thick CSF layer would 
suggest a wider lead separation. When unilateral lower extrem-
ity stimulation is desired, the lead is usually placed slightly off 
the midline somewhere between T9 and T11. By placing one 
lead at the midline and a second lead 2 to 4 mm off the mid-
line, current can be steered from medial to lateral as well as 
cephalad to caudal such that the posterior thigh, anterior thigh, 

buttock, or calf can often be selectively targeted. Distal lower 
extremity stimulation, such as to a foot, is usually achievable 
and often requires that the lead be placed near the level of the 
conus between T12 and L1, usually 1 to 4 mm off the midline. 
If foot or pelvic stimulation cannot be achieved using ante-
grade lead placement or if rectal, perineal, or coccygeal stimu-
lation is desired, the lead may have to be placed retrograde and 
the lumbosacral roots stimulated. Spinal nerve root stimula-
tion will not be covered in this book. Again, lateral fl uoro-
scopy should always be performed to document placement of 
the leads within the cervical or thoracic epidural space.

Loss-of-Resistance Technique

The loss-of-resistance (LOR) technique for placing the Tuohy 
needle in the epidural space relies on the tactical sensation 
from a sudden drop in resistance to syringe plunger pressure 
created when the needle tip is passed under positive pressure 
through the ligamentum fl avum as it encounters the epidural 
space. Beginning at the skin, the Tuohy needle must pass 
through six distinct tissue layers before reaching the epidural 
space (see Table 6.1). In SCS, the epidural space is usually 
cannulated through use of an air-fi lled glass syringe with low 
constant pressure applied to the plunger. 

Some implanters use a preservative-free saline-fi lled plastic 
syringe to achieve LOR. When using this technique, the 
amount of saline injected into the epidural space should be 
minimized as it may alter the conductance within the epidural 

Table 6.1
Layers Between the Skin and the Spinal Cord

Layer Characteristics Notes

Skin
Subcutaneous tissue
Supraspinous ligament
Interspinous ligament

Ligamentum fl avum May not be fused at the midline in the upper 
thoracic region

Actually two ligaments variably joined at 
the midline

Epidural space Thinner at the cervical spine; thicker 
(5–6 mm at the midline) at the lumbar spine. 
Contains nerve roots, fat, areolar tissue, 
lymphatics, blood vessels.

Dura mater (theca) Fibroelastic membrane

Subdural space Small amounts of serous fl uid Easily perforated by the needle

Arachnoid mater Delicate membrane Principal barrier to drugs moving into and 
out of the cerebral spinal fl uid; accounts 
for 90% of the resistance to drug migration 

Subarachnoid space Contains cerebrospinal fl uid and spinal 
nerves

Pia mater Highly vascularized

Spinal cord

Note: The needle must pass through the fi rst six layers to reach the epidural space, into which the stimulator leads are placed.
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space and result in uncomfortable motor stimulation during 
lead testing. Additionally, it may make the diagnosis of a wet 
tap less clear. 

We do not recommend the “hanging drop” technique for 
locating the epidural space. This technique relies on the nega-
tive pressure of the epidural space to draw fl uid from the hub 
of a needle when the tip enters the space. However, in about 
12% of patients, the epidural space does not have suffi cient 
negative pressure to achieve the desired effect.8 

The high thoracic and cervical spine may pose special chal-
lenges that require appreciation of its special anatomic fea-
tures. Gaps in the ligamenta fl ava have been shown to be 
frequent at cervical and high thoracic levels as far down as the 
T4 level. Between T1 and T4 the ligament failed to fuse at the 
midline in 10% to 20% of the cadavers examined. This becomes 
important when entering the epidural space at the high tho-
racic level because the ligamentum fl avum cannot be relied on 
as a palpable landmark to epidural needle placement above the 
T4 level. The signifi cant increase in resistance that is expected 
when the needle tip impinges on the ligamentum fl avum may 
not be present and a “false” loss of resistance may be encoun-
tered all the way from the laminar edge to the epidural space. 
Therefore, failure to realize that the tip of the epidural needle 
has entered the epidural space can be disastrous. As discussed 
below, lateral fl uoroscopy is helpful, particularly in these 
regions.

Mechanics of the Loss-of-Resistance 
Technique

The Tuohy needle is placed superfi cially in the skin and the 
LOR syringe is appropriately attached to the needle hub. The 
syringe is typically held with the dominant hand and gentle 
pressure is applied to the plunger with the thumb or index 
fi nger. The hypothenar aspect of the heel of the nondominant 
hand is placed on the patient’s back to stabilize the insertion 
and to minimize trauma should the patient move during 
the procedure. The needle should be held with the thumb 
and forefi nger of the nondominant hand and slowly inserted 
into the patient’s back with short milking strokes. When the 
drag on the needle suddenly disappears and/or air (or fl uid) 
leaves the syringe without resistance, the tip of the needle has 
likely reached the epidural space. The surgeon can aspirate 
for blood or CSF at that time. Note: This technique requires 
special supervised training and should not otherwise be 
attempted.

Fluoroscopic Guidance

Lateral fl uoroscopy and a working knowledge of landmarks 
are critical when advancing the needle through the ligamen-
tum fl avum, especially when loss of resistance is ambiguous, 
as it often is in the thoracic spine. Frequent comparisons 
between lateral and anterior-posterior views will ensure that 
the needle tip is approaching the midline and is not too deep.9 
Anterior-posterior and lateral fl uoroscopic images should also 

be obtained to document the position of the electrodes in the 
epidural space. 

Local Anesthesia

To reduce the risk of local anesthetic toxicity, we recommend 
injecting the skin as well as the planned path of the needle with 
1% lidocaine with epinephrine, 1:200,000 (methylparaben-
free). As much as 7 mg/kg of lidocaine mixed with epineph-
rine (42 mL in a 60-kg adult) can be injected subcutaneously 
with minimal risk of toxicity. Lidocaine is preferred over bupi-
vacaine because of its reduced cardiotoxicity should there be 
an inadvertent intravascular injection.

Anesthesia

Minimal sedation should be used during the procedure. The 
patient needs to be alert and communicative during intraopera-
tive stimulation testing to ensure proper positioning of the leads.9 
Implanters must always be ready to deal with complications. 
Airway equipment, resuscitation drugs, oxygen, and resuscita-
tion equipment must be maintained and readily available.

Management During the Trial

Trials of SCS, usually conducted on an outpatient basis, nor-
mally last 3 to 8 days, although the range may extend from 
1 day in certain cases to several weeks in others, particularly 
when the lead has been tunneled laterally, to minimize infec-
tion risk. Some physicians perform a trial on the table and 
proceed immediately to permanent implantation if the patient 
responds favorably. We favor a 7-day trial because it adequately 
assesses effi cacy, predicts short-term failure, and reduces the 
risk of infection.1,2

Patients undergoing cervical trials should be fi tted with a 
cervical collar to minimize neck movement, which could lead 
to migration. Some implanters also use a back brace for lumbar 
trials, although we have not had a problem with lumbar SCS 
leads migrating as long as the patient is educated with regard 
to bending, reaching, and proper motion. We prefer outpa-
tient trials because they are more representative of what the 
patient will encounter should a permanent implant be indi-
cated. Frequent monitoring during the trial is necessary to 
ensure that paresthesia coverage continues to be optimal and 
that the patient is comfortable with the equipment. The clini-
cal specialist or manufacturer must be easily accessible so that 
simple corrections in programming can be performed 
promptly if needed. If the patient has diffi culty contacting 
the clinic or specialist in a timely manner, he or she will lose 
confi dence in the clinic or specialist’s ability to provide reli-
able customer service and will not want to proceed to perma-
nent implantation. Remember, if the patient is disappointed 
with the results of the trial, for whatever reason, it is very 
unlikely that he or she will ever consider neuromodulation in 
the future.
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Assessment of Trial

A successful trial is customarily defi ned as one that reduces the 
patient’s pain by 50% from its pretrial level, as measured on 
an 11-point visual analog scale (VAS). This number is actually 
quite arbitrary, without any intrinsic signifi cance. Data in sup-
port of this number are lacking. In fact, evidence shows that 
patients who report higher levels of relief (70% and higher) 
have a greater likelihood of sustained relief with a permanent 
implant.10 There is also evidence that changes in VAS scores 
of at least 20 on a 100-mm scale, or a 30% reduction, are 
signifi cant.11 

How can we compare a 50% reduction in ischemic pain or 
angina to a 50% reduction in radiculitis? It is diffi cult to draw 
any hard conclusions based on the subjectivity of the scores and 
the variability from patient to patient. It makes more sense to 
incorporate functional measures into the assessment because 
functional improvement will more likely translate into improve-
ments in quality of life than isolated pain ratings. When assess-
ing the results of a trial, we feel that evidence of functional 
improvement (e.g., increased ability to walk, doing household 
chores, and obtaining more restful sleep) carries just as much 
weight, if not more, than the percentage of pain relief.
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After obtaining informed consent, a 22-gauge IV heplock 
was placed in the patient’s upper extremity. The patient was 
given an IV prophylactic antibiotic of (1), infused slowly over 
30 minutes prior to the procedure. The patient was taken 
to the fl uoroscopy suite and placed in the prone position with 
2 pillows under the (2). Cardiopulmonary monitoring was 
established, and the patient’s vital signs were monitored 
throughout the procedure. The patient’s (3) spine was prepped 
with Betadine and Chlorhexidine and draped in the usual ster-
ile fashion. The patient was given (4) IV for sedation immedi-
ately before starting the procedure. 

An AP fl uoroscopic view was obtained to identify and mark 
the midline position of the (5) spinous processes. The skin was 
anesthetized with 1% lidocaine containing sodium bicarbon-
ate 1 mg/10 cc. A total of approximately 10 cc was utilized 
prior to the introduction of the 14-gauge 4-inch Tuohy needle. 
The skin entry site was at approximately the level of the (6) 
vertebral body. The needle was advanced using a paramedian 
approach, to the (7) of midline at an approximately 45-degree 
angle. Loss of resistance to air was utilized to verify placement 
in the epidural space. The epidural space was entered at the 
(8) interspace. A lateral fl uoroscopic view was obtained to 
confi rm the position of the tip of the Tuohy needle in the epi-
dural space. Aspiration was negative for heme or CSF. The 
patient (9) complain of pain or paresthesias during the needle 
placement. The stylette was removed from the Tuohy needle 
and the (10) spinal cord stimulating lead was advanced 
through the Tuohy needle under direct visualization, medially 
and slightly to the (11) side of midline. The tip of the stimulat-
ing lead was aligned with the inferior endplate of the (12) ver-
tebral body and was located approximately (13) mm from 
midline. At this point, a temporary extension was connected 
to the end of the spinal cord stimulating lead. Stimulator test-
ing was performed with the assistance of the SCS device repre-
sentative, and the patient reported a (14) pattern of capture 
covering the (15) at an acceptable voltage. The fi nal position 
of the zero electrode was noted to be (16) from its previous 
position. A second lead (17) placed. The stylette was then 
removed from the lead followed by the Tuohy needle. When 
both were removed the position was rechecked to confi rm the 

lead position had not changed. Stimulation was also rechecked 
to verify a continued good pattern of capture. Chlorhexidine 
impregnated disks were placed at each of the lead insertion 
sites. The stimulation lead was then anchored to the patient’s 
back with benzoin, Steri-Strips, and OpSite. 

Finally, the temporary connector was attached. The patient 
(18) tolerated the procedure well and was escorted back to the 
recovery area. There were (19) complications.

The SCS device representative instructed the patient on the 
use of the stimulator during the trial, and again explained pre-
cautions such as avoiding getting the area wet. A pamphlet 
detailing additional precautions was given to the patient. The 
patient was reminded to notify the Pain Clinic immediately if 
there were any complications, such as signs of infections at the 
needle entry site, fever or chills, or increasing back or neck 
pain. 

Initial stimulator settings: (20)
The patient understood the instructions and was scheduled 

to return for a follow-up appointment to assess the effi cacy of 
the trial. After meeting discharge criteria, the patient was dis-
charged home.

RECOMMENDATIONS

a. We will plan to have the patient follow up in (21) days 
for removal of the trial lead and a detailed assessment of 
the effi cacy of the spinal cord stimulator (SCS) trial.

b. (22) medications were prescribed at today’s visit.
c. (23) additional recommendations.

TEMPLATE

1. Antibiotic given
a. 1 gm of Kefzol, mixed in 500 cc of normal saline
b. other

2. Location of pillows (to reduce lordosis)
a. Chest to reduce the cervical lordosis
b. Abdomen to reduce the lumbar lordosis

Appendix A
Sample Dictation—SCS Trial
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 3. Location of prep
a. Cervical and thoracic
b. Lumbosacral
c. Other (describe)

 4. Amount and type of sedation
a. ___mg Versed
b. ___mg Fentanyl
c. ___mg Versed AND ___Fentanyl
d. ___mg (other: specify) 
e. NONE

 5. Fluoro identifi cation
a. C4-T4
b. T10-L2

 6. Skin entry level w/ Tuohy
a. T2
b. L2
c. Other

 7. Paramedian
a. right
b. left

 8. Site of epidural entry
a. Specify level

 9. Paresthesias or complaints
a. did
b. did not

10. Product company name
a. Medtronic
b. St. Jude Medical
c. Boston Scientifi c

11. Lead placement
a. right
b. left

12. Lead tip location
a. Specify level

13. Lead distance from midline

14. Quality of stim capture
a. Good
b. Fair
c. Poor, despite multiple attempts at repositioning the 

lead. Therefore, the stimulator lead and Tuohy 
needle were completely removed. 

NOTE: For #15 and #16, dictate “SKIP”

15. Upper vs. lower extremity or upper vs. low back (axial) 
capture
a. Specify location of stim capture
b. “SKIP” IF NO CAPTURE AND SCS TRIAL FAILED.

16. Final lead position
a. Unchanged
b. Changed (dictate specifi cs of change in lead posi-

tion)
c. “SKIP” IF NO CAPTURE AND SCS TRIAL FAILED.

17. Second lead
a. was
b. was not

Repeat 5–16 if a second lead is placed.

18. Tolerance of procedure
a. Tolerated 
b. Did not tolerate (describe in detail)

19. Complications
a. No apparent
b. Yes (describe in detail)

20. Dictate initial stimulator settings obtained from the 
product representative.

21. Follow-up 
a. ____ days for removal of the trial lead and a detailed 

assessment of the effi cacy of the SCS trial
b. _____ weeks for a routine follow-up visit to discuss 

any alternative treatment plan(s) given the failure of 
the SCS trial today

22. Medications
a. No
b. The following (list dose, amount, and # of refi lls)

23. Additional recommendations
a. Skip
b. Describe in detail
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Introduction

This chapter outlines the technique for performing a percuta-
neous trial of spinal cord stimulation (SCS), after determining 
that the patient is an appropriate candidate. The chapter is 
divided into two sections. The fi rst describes the technique for 
placing trial leads for stimulation of low back and leg pain, 
and the second describes the technique for stimulation of the 
upper extremities.

Anterograde Lead Placement for 
Stimulation of Low Back and Legs

Patient Positioning

For this procedure the patient should lie prone on a fl uoro-
scopic table, which will allow free access of the C-arm through-
out the entire thoracolumbar spine. The patient’s head should 
be turned to the side so that the muscles of the neck and back 
are relaxed. The lumbar vertebral column is lordotic, with the 
nadir at L4–S1. One or two pillows placed under the patient’s 
abdomen will minimize lumbar lordosis, and all pressure 
points should be padded. Minimizing lumbar lordosis will 
greatly facilitate passing the Tuohy needle into the epidural 
space. Arm boards should be positioned so as not to impede 
lateral fl uoroscopic views. 

Adequate time must be taken during positioning to opti-
mize patient comfort. Patients often have other medical con-
ditions, such as arthritis or painful joints, that can make lying 
prone uncomfortable. Using additional pillows, or making 
modifi cations to enhance comfort, will allow the patient to lie 
still and participate in the procedure without distraction. 
When the surgeon is forced to hurry because the patient is 
complaining of positional discomfort, the procedure is com-
promised. The surgeon should participate directly in patient 
positioning as it can greatly facilitate the surgery as well as 

patient comfort. Once the patient is prepared and draped, 
repositioning becomes much more diffi cult.

The patient’s back (mid-scapula to buttocks) should be 
scrubbed with antiseptic and draped as described in Chapter 4. 
The scrub nurse or assistant should stand beside the surgeon 
on the patient’s left side, and the draped C-arm should be on 
the opposite side of the table from the surgeon.

Operative Procedure

Although the procedure for inserting temporary leads is similar 
to that for placing epidural catheters, the instance of false loss 
of resistance (LOR) is greater as a result of the larger gauge and 
the long bevel of the Tuohy needle used in SCS. Fluoroscopic 
guidance helps to overcome some of these diffi culties. 

To achieve stimulation of the low back and legs, the distal 
end of the leads (electrodes) will usually be placed in the tho-
racic epidural space somewhere between T7 and T12, depend-
ing on the desired stimulation pattern. The leads are inserted 
into the epidural space at the upper lumbar or lower thoracic 
spine and are directed anterograde (toward the head in a 
cephalad direction). A shallow, paramedian oblique approach 
to needle insertion is employed, and the point of entry into the 
epidural space should ideally be at least two vertebral segments 
below the lowest electrode on the lead. This provides addi-
tional stability to the lead in the epidural space. Because the tip 
of the lead will usually be between T7 and T12, the epidural 
space is usually entered between the T12–L1 and L2–L3 inter-
laminar space. All things being equal, entering between the L2 
and L3 levels is technically safest because the conus of the 
spinal cord is cephalad to L2–L3 in most adults.

Several methods for needle placement have been described. 
We recommend using specifi c landmarks to eliminate the 
guesswork when identifying the needle entry point needed to 
obtain the correct oblique 30- to 45-degree needle angle 
required to facilitate lead steering.1–4 Described here is a repro-
ducible technique that can be applied to most average-sized 
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patients and can be used for placement of the 14-gauge Tuohy 
needle in the lumbar or thoracic spine.

1. Anteroposterior (AP) alignment: Align the fl uoroscope 
in an AP projection such that the spinous processes are pre-
cisely midway between the pedicles on either side. If the patient 
is scoliotic, align the spinous process at the level of the inter-
laminar space being entered.

2. Align vertebral endplates: Align the vertebral endplates 
at the level of the desired intralaminar entry site so that they 
are horizontal, crisp, and linear. Pedicles are highlighted in 
Figure 7.1. Radiologists refer to this as an orthogonal view, 
which is defi ned as having a set of mutually perpendicular axes 
meeting at right angles. This approach avoids producing a 
parallax error (see Chapter 3). 

3. Skin entry: In an average-sized adult, the skin entry will 
be at the medial aspect of the ipsilateral pedicle below the 
interlaminar space being entered (i.e., 9 o’clock or 3 o’clock 
position on the pedicle). 

When the insertion point is selected, the tip of a pair of 
scissors or marker is placed over the point to provide a fl uoro-
scopic landmark (Fig. 7.2). Adjustment of the entry point may 
be necessary in patients with extremes in body habitus: entry 
will be more cephalad in very thin patients and caudal in very 
obese individuals. (Figs. 7.7a & b) In our experience, abdomi-
nal obesity is not always associated with proportional girth in 
the back. We will generally use the pedicle as an initial land-
mark and adjust the insertion site if necessary. 

4. 30- to 45-degree angle: Following intradermal and sub-
cutaneous injection of local anesthetic, a small stab wound 
incision is made in the skin with a #11 blade, through which 
the Tuohy needle (with stylet in place) is advanced under AP 
fl uoroscopic guidance at an upward shallow angle of about 45 
degrees or less (Fig. 7.3). Entering the skin at the level of the 
medial aspect of the pedicle will usually result in the correct 

angle of entry into the epidural space. Remember that in real-
ity it is not the skin entry angle that is important but the lami-
nar angle or the angle of the lead as it exits the Tuohy needle 
and enters the epidural space. Typically, for anterograde lead 
placement, entering the skin at a shallow angle will facilitate 
entering the epidural space at an angle that will facilitate lead 
steering. This line of reasoning obviously would not apply to 
retrograde lead placement, since the approach to the inter-
laminar space is reversed.

5. Contact lamina: A 14-gauge Tuohy needle with a long 
bevel is used and advanced with the bevel facing up (dorsal). 
We recommend contacting the lamina with the needle tip as a 
confi rmatory landmark and then “walking” the needle cephalad 
and medial to the laminar edge. Note: With a true AP view and 
alignment of the vertebral endplates, identifi cation of the 

Figure 7.2 Lumbar:  Selection of skin entry points.

Figure 7.1 Lumbar:  Alignment of the vertebral endplates.

Figure 7.3 Advancement of the Tuohy needle.
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caudal edge of the interlaminar space is usually straightfor-
ward, especially in the lumbar spine. When the laminar edge is 
not clearly seen because of spondylosis, spinal osteophytes, or 
overlapping of the lamina in the thoracic spine, the location of 
the laminar edge can be inferred using the pedicle as a land-
mark. With a true AP projection and the vertebral endplates 
aligned, a horizontal line drawn between the middle of the 
right and left pedicles corresponds to the caudal edge of the 
interlaminar space (Fig. 7.4). 

6. Walk off laminar edge: When the needle has contacted 
the laminar edge, remove the stylet and attach a LOR syringe 
in preparation for entering the epidural space as described 
above. Slightly increasing the steepness of the approach angle 
at the laminar edge will facilitate entry into the epidural space. 
Once LOR is achieved, the syringe is gently removed and the 
lead is slowly advanced through the needle into the epidural 
space under fl uoroscopic guidance to verify the correct course 
of the lead. When placing dual leads, the second lead is intro-
duced from the opposite side of the same spinous process 
(Figs. 7.5a & b) or on the same side at the next higher or lower 
level (Figs. 7.6a & b, and 7.7a & b). Note the difference in skin 
entry depending upon body habitus. (Figs. 7.7a,b).

7. Lead location: Although there is signifi cant variability 
from patient to patient with regard to ideal lead positioning, 
certain patterns frequently recur. Most commonly, stimula-
tion of the back and of one or both of the lower extremities is 
desired, especially following unsuccessful lumbar surgery. 
Low back stimulation can most often be achieved by placing a 
lead at the midline of T8. Placing two leads, each slightly off 
the physiologic midline to the right and left between T8 and 
T10, will often allow for both back and lower extremity stimu-
lation (Fig. 7.8). In SCS systems that allow for current steer-
ing, the leads should not be more than 2 to 4 mm apart so that 

current can be directed to the midline to obtain low back stim-
ulation. Generally, dual leads, regardless of whether or not 
they are bilateral, are optimally separated by 2 to 4 mm. When 
unilateral lower extremity stimulation is desired, the leads are 
usually placed somewhere between T9 and T11. 

By placing one lead at the midline and another 2 to 4 mm 
off the midline, current can be steered from cephalad to caudal 
as well as medial to lateral such that the posterior thigh, ante-
rior thigh, buttock, or calf can often be selectively targeted. 
Lateral fl uoroscopy should always be performed to document 
posterior placement of the leads within the epidural space 
(Fig. 7.9). Distal lower extremity stimulation (i.e., foot) is 
usually achievable and often requires that the lead be placed 
lower, usually 1 to 4 mm off the midline between T12 and L1. 
If foot stimulation cannot be achieved using anterograde lead 

Figure 7.4 Lumbar identifi cation of the caudal edge of the 
interlaminar space.

A

B

Figure 7.5a & b Bilateral Tuohy needle placement.
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placement, the lead may have to be placed in a retrograde 
direction that allows for stimulation of lumbosacral roots. 
Spinal nerve root stimulation is not covered in this book.

Anterograde Lead Placement for 
Stimulation of Upper Extremities

Patient Positioning

The patient should be positioned to lie prone on a fl uoro-
scopic table that will allow free access of the C-arm through-
out the entire upper thoracic and cervical spine. The patient’s 
head should be straight, fl exed slightly forward, and supported 
by a gel pad under the forehead. Too much extension or 

fl exion will make the approach to the epidural space lead 
manipulation more diffi cult. One or two pillows under the 
patient’s chest will promote slight cervical fl exion, and all 
pressure points should be padded. Arm boards should be 
positioned so as not to get in the way of lateral fl uoroscopic 
views. For this type of lead placement, supplemental oxygen 
should be administered because air circulation may be subop-
timal given the head position and draping. The patient’s neck 
(base of the skull to midback) should be scrubbed with anti-
septic and draped as described in Chapter 4. The scrub nurse 
should stand beside the surgeon on the patient’s left side, and 
the draped C-arm should be opposite the table from the 
surgeon.

The issues mentioned earlier regarding positioning and 
comfort of the patient apply to lead placement for any type of 

A

B

Figure 7.6a & b Unilateral Tuohy needle placement.

A

B

Figure 7.7a & b Lumbar entry points in (A) obese, and (B) thin 
individuals.
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stimulation, be it the upper or lower extremities. The impor-
tance of proper patient positioning cannot be stressed enough, 
as any discomfort will detract attention from the procedure 
itself. Positioning should be completed before patient prepa-
ration, as repositioning is much more diffi cult at that time. 

Operative Procedure

Individuals familiar with placing thoracic epidural catheters 
for analgesia are well aware of the greater incidence of false 
LOR in the thoracic spine versus the lumbar spine. During 

thoracic lead placement, the instance of false LOR is even 
greater than normal as a result of the larger gauge and the long 
bevel of the Tuohy needle. Fluoroscopic guidance helps to 
overcome some of the diffi culties associated with the greater 
incidence of false LOR. Because gaps in the ligamenta fl ava 
have been shown to be common at cervical and high thoracic 
levels and as far down as the T4 levels, LOR may not be a reli-
able tactile sign of entering the epidural space. 

To achieve stimulation of the shoulder and/or upper 
extremity, the distal end of the leads (electrodes) will usually 
be placed in the cervical epidural space between C2 and C8, 
depending on the desired stimulation pattern. The leads are 
inserted into the epidural space in the upper thoracic spine 
and are directed anterograde (toward the head in a cephalad 
direction). As for lumbar placement, a shallow, paramedian 
oblique approach to needle insertion is employed and the 
point of entry into the epidural space should ideally be at least 
two vertebral segments below the lowest electrode on the lead. 
This provides additional stability to the lead in the epidural 
space. Because the tip of the lead will usually be placed between 
C2 and C8, the epidural space is usually entered at a level 
between the T1–T2 and T4–T5 interlaminar space. For exam-
ple, good medial hand and arm stimulation is sometimes 
achieved at C7; therefore, lead entry into the epidural space 
should occur between T2 and T4. Some implanters routinely 
enter the epidural space at the T4–T5 level because there is less 
thoracic motion than at higher levels.

The thoracic spine normally has a kyphotic curvature with 
the apex at T6. The spinous processes of T1 through T4 gener-
ally project straight back, whereas those of T5 through T8 are 
inclined downward, potentially complicating the approach to 
the epidural space. The epidural space is 3 to 4 mm wide in the 
thoracic spine but may be less than 2 mm wide at C7. Marked 
scoliosis can twist the spine, increasing the technical diffi culty 
of insertion. Unlike the lumbar spine, which contains the roots 
of the cauda equina below L2, the thoracic spine contains the 
spinal cord, and the risk of injuring the cord with a misplaced 
needle must be considered. Thus, the thoracic approach 
should be attempted only by operators who have extensive 
experience with LOR in the lumbar spine.

The landmarks used to eliminate the guesswork when iden-
tifying the needle entry point are identical to those used in the 
lumbar spine. The angle of approach to the cervical epidural 
space may be somewhat steeper than in the lumbar region 
because of the reduced interlaminar space and layering of the 
thoracic lamina. However, the principles for lead placement 
are still the same.

The description below for placing the needle in the upper 
thoracic epidural space is the same as for the lumbar approach. 
It is duplicated here for ease of reference, but the associated 
cervical images are different.

1. AP alignment: Align the fl uoroscope in an AP projection 
such that the spinous process is precisely midway between the 
pedicles on either side. If the patient is scoliotic, align the 
spinous process at the level of the interlaminar space being 
entered.

Figure 7.8 Lumbar placement of dual thoracic leads. Distal end of 
leads at T-8.

Figure 7.9 Lateral fl uoroscopic image of thoracic leads.
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2. Align vertebral endplates: Align the vertebral endplates 
at the level of the desired intralaminar entry site so that they 
are horizontal, crisp, and linear. In the high thoracic region, a 
slight cephalad tilt of the fl uoroscope will usually be required 
to align the vertebral endplates, as opposed to the lumbar 
approach, which usually requires 10 to 20 degrees of caudal 
angulation. Radiologists refer to the aligning of the endplates 
as an orthogonal view, which is defi ned as having a set of 
mutually perpendicular axes, meeting at right angles. This 
approach avoids producing a parallax error (see Chapter 3) 
Pedicles are highlighted in Figure 7.10.

3. Skin entry: In an average-sized adult, the skin entry will be 
at the medial aspect of the ipsilateral pedicle below the inter-
laminar space being entered (i.e., 9 o’clock or 3 o’clock). When 
the insertion point is selected, the tip of a pair of scissors or 
other marker is placed over the point to provide a fl uoroscopic 
landmark (Fig. 7.11). Adjustment of the entry point may be 
necessary in patients with extremes in body habitus: entry will 
be more cephalad in very thin patients and farther caudad in 
very obese individuals. We generally use the pedicle as an initial 
landmark and adjust the insertion site if necessary.

4. Shallow angle: The Tuohy needle and stylet are then 
advanced through a small stab wound incision made in the 
skin with a #11 blade under AP fl uoroscopic guidance at as 
shallow an angle as possible depending on the skin entry site. 
If the angle is too steep, the transition from the needle tip to 
the epidural space may result in a paresthesia during insertion 
or cause the lead to defl ect anteriorly. Entering the skin at the 
level of the medial aspect of the pedicle below the desired 
interlaminar space will usually result in the correct angle of 
entry into the epidural space. Remember that in reality it is 
not the skin entry angle that is important but the laminar angle 
or the angle of the lead as it exits the Tuohy needle and enters 
the epidural space. Typically, for anterograde lead placement, 

entering the skin at a shallow angle will facilitate entering the 
epidural space at an angle that will facilitate lead steering.

5. Contact lamina: A 14-gauge Tuohy needle with a long 
bevel is used and advanced with the bevel facing up. We rec-
ommend contacting the lamina with the needle tip as a confi r-
matory landmark and then “walking” the needle cephalad and 
medial to the laminar edge. Note: With a true AP view and 
alignment of the vertebral endplates, identifi cation of the 
caudal edge of the interlaminar space is usually straightfor-
ward even in the thoracic spine when the laminar edge is not 
clearly seen. When the laminar edge is not clearly seen because 
of spondylosis, osteophytes, or overlapping of the lamina in 
the high thoracic spine, the laminar edge can be inferred using 
the pedicle as a landmark. With a true AP projection and the 
vertebral endplates aligned, a horizontal line drawn between 
the middle of the right and left pedicles corresponds to the 
caudal edge of the interlaminar space5 (Fig. 7.12). 

6. Walk off laminar edge: When the needle has contacted 
the laminar edge, remove the stylet and attach a LOR syringe 
in preparation for entering the epidural space as described 
above. Slightly increasing the steepness of the approach angle 
at the laminar edge will facilitate entry into the epidural space. 
Remember that above T3 and T4, the ligament fails to fuse at 
the midline in 10% to 20% of individuals. When entering the 
epidural space at the high thoracic level, the ligamentum 
fl avum cannot be relied on as a palpable landmark to epidural 
needle placement. The signifi cant increase to resistance that is 
expected when the needle tip impinges on the ligamentum 
fl avum may not be present and a false LOR may be encoun-
tered all the way from the laminar edge to the epidural space. 
Frequent lateral imaging is important so that needle depth can 
be tracked. Once LOR is achieved, the lead is slowly advanced 
through the needle into the epidural space using fl uoroscopic 
guidance to verify the correct course. When placing dual leads, 

Figure 7.11 Selection of the needle insertion point.

Figure 7.10 Cervical anteroposterior alignment.
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the second lead is introduced from the opposite side at the 
same level or on the same side at an adjacent level (Figs. 
7.13a, b, & c). 

7. Lead location: As in the lumbar spine, there is signifi cant 
variability from patient to patient with regard to ideal lead 
positioning. However, certain patterns frequently recur. The 
most commonly desired stimulation pattern in cervical stimu-
lation involves stimulating one or both of the upper extremi-
ties, particularly following unsuccessful cervical surgery or in 
patients with complex regional pain syndrome. Shoulder 
stimulation is often obtained with the lead placed slightly off 
midline between C2 and C4. Upper extremity stimulation can 
most often be achieved by placing the lead slightly off midline 
at C4 and moving it as necessary to medially stimulate the 
forearm or hand. Placing two leads, each slightly off the phys-
iologic midline to the right and left between C4 and C6, will 
often allow for bilateral upper extremity stimulation. The 
image below demonstrates lead placement for stimulation in a 
patient with unilateral upper extremity pain (Fig. 7.14). In 
SCS systems that allow for current steering, the leads should 
not be more than 2 to 4 mm apart so that current steering 
between leads may occur. Lateral fl uoroscopy should always 
be performed to document posterior placement of the leads 
within the epidural space (Fig. 7.15).

Lead Manipulation

Lead manipulation and steering can be challenging for the 
new implanter. Attending training programs that allow one to 
practice directing and steering leads in a cadaver can be bene-
fi cial and shorten the learning curve. We have used several dif-
ferent lead types and have found leads that include a steerable 
stylet to be the easiest to maneuver.

Figure 7.12 Identifi cation of the caudal edge of the inter laminar 
space.

A

B

C

Figure 7.13a–c Cervical Tuohy needle placement.
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Before attempting to pass the lead, some implanters rou-
tinely use a guidewire or lead blank to establish a straight path 
in the epidural space for the lead to follow. Guidewires should 
not be used as battering rams to force through resistant or 
fi brotic tissue, as dural tears and other trauma can result. 
Whether or not a lead blank is used, it is important to try to 
initially establish a correct path in the epidural space because 
the lead will tend to follow the initial track that is created. 

There are various methods of grasping and directing leads. 
To minimize fl uoroscopy exposure and facilitate steering, 

we recommend advancing the lead by grasping it with the 
right hand 1 cm outside the needle hub and steering the lead 
with the left hand by grasping the stylet steering mechanism at 
the distal end of the lead with the index fi nger and thumb. The 
lead adjacent to the stylet steering handle is pressed with the 
remaining fi ngers against the palm for stability (Fig. 7.16). 
This technique allows for a fairly natural prone hand position 
while maximizing the distance between the right hand and the 
fl uoroscopy beam. In teaching many new implanters, we have 
found it takes a bit of practice to get the hang of holding and 
steering the lead.

We have learned that it is very diffi cult to advance the lead 
without the use of live fl uoroscopy. When using fl uoroscopy, 
low-dose and pulse settings should be used to minimize radia-
tion exposure (see Chapter 3). The pulse setting can often be 
adjusted downward to reduce the number of images per 
second. We normally set the pulse mode at 4 frames per 
second, which is adequate for directing the lead. Fewer frames 
per second results in an image that is too jerky. The lead is 
then advanced under true AP fl uoroscope positioning and fre-
quent image acquisition or live fl uoroscopy. As the lead is 
directed cephalad, it is important to continually correct for 
any curvature in the spine such that the spinous process, pedi-
cles, and vertebral endplates remain aligned (orthogonal). 
Parallax error will result if the AP view is not true, which can 
make the lead appear to be in the midline when it is actually to 
the right or left. Once the lead leaves the needle it should be 
advanced in the midline to avoid steering into the lateral gutter 
or the ventral epidural space. If the lead persists in crossing the 
midline or exiting into the lateral recess, the lead should be 
completely retracted and the bevel of the needle turned in the 
corrective direction. If the lead repeatedly slips into the lateral 
recess, it should be removed completely and the needle should 
be withdrawn 1 or 2 cm and redirected medially or laterally 
using LOR. Occasionally, removing the lead stylet and enhanc-
ing the bend at the tip an additional 3 to 7 degrees or using a 

Figure 7.14 Lead placement for stimulation in a patient with 
unilateral upper extremity pain.

Figure 7.15 Lateral fl uoroscopic image of the leads in dorsal 
epidural space.

Figure 7.16 Grasping the lead.
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stiffer stylet (if available) can allow for greater maneuverabil-
ity of the lead. If the patient experiences a paresthesia while 
passing the lead, it is important to stop, pull the lead back until 
the paresthesia passes, and confi rm by lateral fl uoroscopy 
that the catheter is in the posterior epidural space and not 
in the anterior epidural space. Often paresthesias are caused 
by lateral or anterior placement. If the lead does not pass, the 
surgeon should pull the lead back and attempt a new track.

Of note, one study found that lateral lead migration may be 
reduced by steering the lead across the midline (plica mediana 
dorsalis) just below the target location in the epidural space. 
To employ this strategy, the entry site must be contralateral 
and the lead must be directed up the contralateral side of the 
dorsal midline in the epidural space and subsequently crossed 
over the dorsal midline before reaching the desired target.6 

Note: We have found that it is easiest to redirect the tip to 
the right or left while the lead is being advanced or withdrawn 
rather than trying to twist the lead or stylet when the lead is 
not moving forward or backward. Important: Never attempt 
to withdraw a lead against resistance, or shearing of the lead 
will result. If the lead cannot be withdrawn easily, remove the 
lead and needle completely as a unit and then reinsert the 
Tuohy needle as outlined above.

Intraoperative Stimulation Testing

When the lead is in position, the connector cable is attached to 
it and the free end is handed over the ether screen to the rep-
resentative for programming. If two leads are being tested, a 
cable must be attached to each lead. Various combinations of 
anodes and cathodes, frequency, and pulse width are attempted 
and varied until a paresthesia covering the entire area of pain 
is achieved. With recent advances in technology employing 
joystick manipulation of current, programming can often be 
performed rapidly.

Stimulation testing is done with a combination of elec-
trodes, at least one of which must be an anode (positive) and 
the other a cathode (negative). The initial settings for the 
patient with low back and leg pain usually range from 40 to 
50 Hz and a pulse width of 250 to 550 microseconds. At higher 
pulse widths, the difference in current needed to stimulate 
large- and small-diameter nerves is smaller than that at low 
pulse widths (strength–duration curve). Patients with com-
plex regional pain syndrome tend to prefer higher frequencies, 
ranging from 80 to 250 Hz. Electronically moving the cathode 
down the lead allows mapping of the area within reach of the 
electrodes. If we fi nd a spot that covers some of the patient’s 
pain, the pulse width may be increased to expand the coverage 
area. The programming units of some of the newer systems 
contain internal algorithms for electronically “trolling” down 
the lead using combinations of anodes and cathodes, making 
it easy to rapidly cycle through hundreds of combinations in a 
relatively short time.

Identifying the effective amplitude range is accomplished 
by gradually increasing the stimulation until the patient fi rst 
reports paresthesia. This is the sensory threshold. Increasing 

stimulation to the point where it begins to be judged uncom-
fortable defi nes the upper limit of stimulation amplitude. The 
difference in voltage amplitude between these two points is 
the useful range for stimulation and often referred to as the 
comfort zone. Ideally, this difference ranges from 1.5 to 2 V. 

If the patient reports that the area of paresthesia does not 
correspond with the distribution of pain, steering the cathode 
between different combinations of electrodes and varying the 
pulse width or amplitude is attempted fi rst. If unsuccessful, 
the lead itself may need to be repositioned.

Indications that the lead is misplaced include:

The patient feels stimulation in a nonpainful part of the • 
extremity, suggesting that the electrode needs to be repo-
sitioned, usually caudal or cephalad
Belt-like paresthesia around the trunk, suggesting that • 
the electrode is too far away from the midline or too far 
cephalad 
Abdominal tightness, suggesting that the electrode is in • 
the ventral epidural space
A comfort zone less than 0.3 V or a stimulation ampli-• 
tude less than 0.5 V, suggesting that the lead is in the 
intrathecal space or too far lateral, next to the nerve root

Anchoring the Lead Externally

After stimulation testing, the lead must be anchored. The lead 
is anchored externally in a temporary trial and internally in a 
tunneled trial, as described below. Lead migration during a 
trial will often result in an inadequate or a failed trial. 
Optimization of lead anchoring is therefore critical to the 
overall success of the SCS trial. This aspect of the technology 
continues to present challenges. In fact, the majority of com-
plications seen in SCS involve electrode/lead failure or migra-
tion. Rosenow et al. reported in 289 patients a 32% failure rate 
with routine thoracic percutaneous lead placement and a glu-
teally placed pulse generator.7–10

Publications have suggested strategies for reducing the 
incidence of lead migration.7–9 

Before anchoring, a fl uoroscopic image documenting distal 
electrode location should be saved for comparison. Fluoro-
scopically comparing this image with subsequent ones con-
fi rms that the tip location has remained unchanged throughout 
anchoring. At this point, it should be confi rmed that the sty-
lets have been removed.

Most manufacturers provide several different anchor types 
in the lead kit. Previously available anchoring devices have 
suffered from unpredictable lead retention, possible lead frac-
ture, or potential discomfort due to bulk.10 New anchor designs 
are becoming available, such as a cylindrical anchor with a tita-
nium sleeve intended to reduce lead slippage. Figure 7.17 shows 
some currently (as of January 2009) available anchors by sev-
eral different manufacturers. Time will tell if these new designs 
reduce lead migration and fractures.

Use of the short-winged anchor is not recommended 
because it is much more diffi cult than the cylindrical sleeve to 
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adequately secure, and in our experience it is more prone to 
migration. Based on computer lead stress modeling studies 
and consensus opinion, the following steps for anchoring the 
lead have been recommended:8,9

1. Use a sleeve-type anchor. Many have grooves or bumps 
on the outer surface for traction that prevent sutures 
from sliding.

2. Consider using silicone adhesive to attach the anchor to 
the lead. Injecting 0.1 cm3 of silicone adhesive between 
the sleeve and the lead has been effectively used in one 
study (Fig. 7.18).9

3. Attach the anchor to the skin using a fi gure-of-8 stitch to 
reduce tissue trauma with size 2-0 or 0 nonabsorbable 
sutures. At least one additional tie around the anchor along 
its length will help reduce the risk of slippage. A fi gure-
of-8 drain tie is effective for this purpose (Fig. 7.19).

4. Consider placing Steri-Strips longitudinally between the 
lead and the skin along with an occlusive dressing over 
the exit site to further secure and protect the lead(s).

5. Repeatedly visualize the location of the tip via fl uoros-
copy and compare this image with the reference image 
to confi rm that the tip has remained in position through-
out anchoring. Connect the lead to the extension wire 
that will be attached to the external pulse generator.

An alternative anchoring technique, fi rst mentioned by 
Oh et al.,10,11 involves tying loops of silk sutures directly around 
the lead without the use of silicone or hard plastic anchors. 
Although an unknown number of implanters currently employ a 
variation of this lead anchoring technique, we could locate no 
comparative data regarding the incidence of lead migration or 
lead fracture associated with this method. To date, the technique 
appears to have been handed down primarily by word of mouth.

Due to high rates of lead migration and lead fractures asso-
ciated with the use of hard plastic and soft silicone anchors, 
our program began to employ the technique of tying loops of 
suture directly around the leads by using a fi gure-of-8 stitch 
(drain tie). Lead migration was subsequently reduced mark-
edly, especially in the cervical region, where we had previously 
experienced a very high longitudinal migration rate. We were 
not using silicone adhesive at that time, as was later described 
by Renard and North.9 Although there are currently no ran-
domly controlled trials comparing anchor techniques and 
migration rates, concerns about the technique of tying sutures 
directly around leads have focused on the potential for cutting 
into the insulation by overtightening the sutures being tied 
around the leads or other forms of lead damage.12

A study examined the effect of tying sutures directly around 
SCS leads and applying supramaximal tension (tightening the 

Figure 7.17 Lead anchors.

Figure 7.18 Use of silicone adhesive to anchor leads. Reprinted 
from North R, Kidd D, Olin J, et al. Spinal cord stimulation for 
axial low back pain: A prospective, controlled trial comparing dual 
with single percutaneous electrodes. J Neurosurg Spine 2005; 
30(12):1412–18 © 2005 with permission from Wolters Kluwer 
Health/ Lippincott, Williams & Wilkins, Inc.

Figure 7.19 Figure-of-8 (drain tie).
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sutures to the point of breakage).13 Two knot types and two 
suture types were examined. A single surgeon’s knot and a 
single fi gure-of-8 knot were tied around SCS leads with 2-0 or 
0 silk and tightened to the point of breaking. Examination of 
28 SCS leads revealed no signifi cant damage to the polyure-
thane insulation and no signifi cant change in conductor 
impedance.

Although this study tested only one model of lead by one 
manufacturer and did not address the long-term impact of 
directly tying sutures around the leads or the rate of lead 
migration, there is now limited evidence that directly securing 
leads with 2-0 or 0 silk does not immediately damage the 
insulation surrounding the lead.13 There is also previously 
published evidence that has shown that implanted silk ties 
in vivo gradually degrade over time. In one study, silk suture 
lost 30% of its tensile strength at 2 weeks, 59% at 1 month, 
and essentially all tensile strength at 6 months.14 In an older 
study, implanted silk suture lost about 50% of its tensile 
strength at 1 year and all of its strength at 2 years.15 One 
can therefore infer that, at 6 months to 2 years following 
implant, only scar tissue is holding the lead in place, and there 
is minimal risk that silk suture tension will further contribute 
to lead wear and tear. Given the limited available data as well 
as the unknown long-term effect of tying sutures around leads, 
the technique of anchoring directly to the lead must still be 
considered preliminary, and further study is needed to con-
fi rm and expand upon these data. Given that disclaimer, we 
use a variation of the previously described technique of tying 
loops of suture directly around the lead, which is described 
below.10

1. When anchoring the lead at the skin for a trial, fi rst pass 
the suture (0 or 2-0 silk) under the lead and through the skin 
just at the point where the lead exits the skin. I prefer to leave 
the Tuohy needle in place to protect the lead as the suture 
needle is passed. Gently pull the suture at both ends to make 
sure that the suture is in secure tissue. Cut the needle from the 
suture. Remove the Tuohy needle and lead stylet if this has not 
already been done (Fig. 7.20a). 

2. Tie a single surgeon’s knot around the lead and tighten 
until it is snug around the lead. Do not overtighten, or tissue 
ischemia may result (Fig. 7.20b).

B

Figure 7.20b Direct anchor tie demonstration #2.

3. Tie two additional square knots (Fig. 7.20c). 

C

Figure 7.20c Direct anchor tie demonstration #3.

4. Wrap the two ends of the suture around the lead twice in 
opposite directions. Make sure that the ties are wrapped close 
to the original knot (Fig. 7.20d). 

D

Figure 7.20d Direct anchor tie demonstration #4.

A

Figure 7.20a Direct anchor tie demonstration #1.
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5. Tie a surgeon’s knot. It is important that the surgeon’s 
knot be very tight around the lead as this will prevent the lead 
from slipping. 2-0 silk and 0 silk can tolerate approximately 3 kg 
and 4 kg, respectively, of tension before breaking (Fig. 7.20e).13 

E

Figure 7.20e Direct anchor tie demonstration #5.

6. Tie two additional square knots (Fig. 7.20f). 

F

Figure 7.20f Direct anchor tie demonstration #6.

7. Repeat wrapping the two ends of the suture around the 
lead twice in opposite directions (Fig. 7.20g). 

G

Figure 7.20g Direct anchor tie demonstration #7.

8. Tie a surgeon’s knot and tie three additional square knots 
(Fig. 7.20h).

H

Figure 7.20h Direct anchor tie demonstration #8.

After the Procedure

After the procedure, the patient should avoid bending or fl ex-
ing to reduce the risk of lead migration. The patient will be 
discharged after fi nal programming and instructed to engage 
in only minimal activity for the fi rst day as there may be some 
discomfort immediately following lead placement.

The patient should be taught how to adjust stimulation 
with the programmer before the procedure, and this ability 
should be confi rmed after the procedure.
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Performing a Tunneled Trial

Because incision, dissection, electrocautery, and suturing are 
required, the tunneled trial of spinal cord stimulation (SCS) 
must be performed in an operating room (OR). In a tunneled 
trial, a midline incision and pocket are created to anchor the 
lead(s) to the paraspinous fascia. The midline incision and 
pocket can be created before or after the leads are placed. 

Once the leads are anchored to the paraspinous fascia, a 
temporary extension wire is connected to each lead. The 
extension wire is subcutaneously tunneled laterally from the 
midline pocket and exits the skin on the side opposite the pro-
posed implantable pulse generator (IPG) pocket site. The tun-
neled extension wire prevents bacterial contamination of the 
midline pocket during the trial. The leads are coiled into the 
midline pocket for the duration of the trial. At the conclusion 
of the trial, the patient is brought back to the OR, where the 
temporary extension is removed and the midline leads are 
uncoiled and tunneled to the IPG pocket site. 

Creating the Midline Cut-Down Incision

As noted earlier, the midline incision and pocket can be cre-
ated before or after the leads are placed. The advantages and 
disadvantages of both options are addressed next. 

Placing the Leads Prior to the 
Cut-Down Incision

Placing the leads prior to the cut-down incision enables ease 
of moving to a new interlaminar space if needed without 
having to extend an incision or create a new incision on the 
opposite side. 

The main disadvantage to this option lies in the diffi culty of 
making the incision around the placed Tuohy needles, which 
could cause the dissection to take a bit longer. It is recommended 

that bipolar electrocautery be used when dissecting around 
the Tuohy needle to reduce the likelihood of conducting cau-
terizing electricity into the epidural space.

Operative Procedure

The leads are placed as described in Chapter 7 for a percutane-
ous trial. The required lead length should be determined prior 
to the permanent trial to establish whether an extension will 
be necessary at the time of permanent implantation. We rec-
ommend obtaining an actual measurement of the distance 
from the probable location of the distal end of the trial lead 
to the prospective IPG site. To traverse the distance between 
the midline and IPG and provide adequate strain relief, it may 
be necessary to use an extension. The total length of lead 
required should be determined before the operation is initi-
ated. Implanters who place the IPG in the anterior abdomen 
often use extensions because of the increased distance to the 
IPG site. Ensuring that the lead is long enough will provide 
strain relief at the anchor and IPG sites. Strain relief is accom-
plished by coiling loops of lead at the anchor and IPG sites to 
prevent lead displacement when the patient bends, stretches, 
or rotates. Limited research exists regarding how much length 
should be added for strain relief. A computer modeling study 
analyzed the effect of spine fl exion on the distance between an 
IPG implanted in the buttock and the midline anchor. In this 
study, spine fl exion increased the distance between the IPG 
and anchor by 9 cm. Based on this study, it seems reasonable 
to recommend that at least one coil of lead or extension at 
least 3 cm in diameter (approximately 10 cm extra length per 
coil) be placed at the midline and the IPG site for strain relief.1 
This may reduce lead tension during spine fl exion and possi-
bly reduce migration. When it comes to strain relief, it is better 
to overestimate the length of lead that will be required.

Permanent leads can often be tunneled directly without the 
use of extensions when IPGs are placed in the gluteal region 
for lumbar SCS or in the mid-axillary region for cervical SCS. 
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We routinely use 70-cm leads and, if possible, tunnel directly 
to the IPG at the time of the permanent implant without exten-
sions in order to reduce both the number of electrical connec-
tions and the tethering effect of an extension connector.

The leads for a permanent trial are anchored internally, 
as described here.

Choosing Incision Location

Depending on whether one or two leads have been placed in 
the epidural space, there are several options for placing the 
skin incision to create the midline pocket. A reference antero-
posterior (AP) fl uoroscopic image should be saved and the 
location of the lead’s tip should be noted to confi rm that the 
position remains unchanged throughout anchoring.

Withdraw the Tuohy needles approximately 2 cm while 
stabilizing the lead and confi rm via lateral fl uoroscopy that the 
needle tips are posterior to the epidural space. This will help to 
prevent inadvertent advancement of the Tuohy needle through 
the dura during dissection. Do not remove the needle shafts 
completely, as they provide lead protection during pocket dis-
section. Withdrawing the Tuohy needles at least 2 cm will also 
prevent current from being carried to the epidural space 
during electrocautery. Bipolar electrocautery is also recom-
mended to avoid any possibility of conducting current to the 
epidural space via the Tuohy needle. 

Note: We have never had a patient experience an electric 
shock with unipolar electrocautery as long as the Tuohy needle 
is pulled back suffi ciently away from the epidural space prior 
to midline pocket creation. Adequate needle retraction ensures 
that electricity will not be conducted to the epidural space 
unless, of course, the insulation around the lead is torn or 
damaged, which would allow a short circuit to occur.

One-Lead Placement

If only one lead has been placed, the pocket is simply created 
at the skin exit site of the needle by creating a vertical incision 
2 cm above and below the needle. A pocket is created by dis-
secting the subcutaneous tissue on either side of the needle 
down to (but not through) the paraspinous fascia and under-
mined laterally 1cm on each side of the needle (see below – 
Creating the Central Pocket). Once the dissection is completed, 
the Tuohy needle is carefully removed over the lead while the 
lead is stabilized with the opposite hand to prevent movement. 
The lead stylet is then removed before sliding the needle off 
the end of the lead. Fluoroscopy is used to verify unchanged 
lead position prior to anchoring. 

Two-Lead Placement

If two leads have been placed, then the location of the exiting 
Tuohy needles determines the midline pocket incision loca-
tion. Different scenarios are outlined here.

Two Needles at Same Vertebral Level on 
Opposite Sides of Midline

Option A: Placing a Single Vertical Incision Between 
the Two Needles (Fig. 8.1)

Following infi ltration of the skin with local anesthetic, the skin 
is incised vertically in the midline between the two needles 
over the spinous processes. The incision should extend 2 cm 
above an imaginary line drawn between the two needles at the 
skin entry point and 2 cm below. A pocket is then dissected 
through the subcutaneous tissue and undermined laterally, 
thereby exposing the needle shafts within the pocket. Following 
dissection and control of bleeding, the needle is carefully 
removed while the lead is stabilized with the opposite hand to 
prevent movement. The lead stylets are then removed before 
sliding the needles off the end of the leads. The fi rst lead is 
then grasped with DeBakey forceps where it exits the tissue 
within the pocket to stabilize the lead and prevent movement. 
The lead is pushed from the outside through the exit site into 
the pocket so that the entire lead is within the pocket. The 
procedure is repeated for the other lead. Fluoroscopy should 
be used to verify unchanged lead position. 

Option B: Use a Transverse Incision, Thereby 
Incorporating the Needles into the Incision (Fig. 8.2)

Following infi ltration of the skin with local anesthetic, the skin 
is incised horizontally, incorporating the two needles into 

Figure 8.1 Single midline incision.
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the incision. The incision should extend 1 cm lateral to each 
needle. Dissecting the subcutaneous tissue between the nee-
dles on each side creates a horizontal pocket. Following dissec-
tion and control of bleeding, each needle is then carefully 
removed while the lead is stabilized with the opposite hand to 
prevent movement. The lead stylets are then removed before 
sliding the needles off the end of the leads. Fluoroscopy should 
be used to verify unchanged lead position. 

Two Needles on the Same Side at Different 
Vertebral Levels

Following infi ltration of the skin with local anesthetic, the skin 
is incised vertically, incorporating the two needles into one 
incision. The incision should extend 1 cm above and below 
the cephalad and caudad needles. A vertical pocket is then 
created by undermining and dissecting the subcutaneous 
tissue between the needles to the paravertebral fascia. Following 
dissection and control of bleeding, each needle is then care-
fully removed while the lead is stabilized with the opposite 
hand to prevent movement. The lead stylets are then removed 
before sliding the needles off the end of the leads. Fluoroscopy 
should be used to verify unchanged lead position. 

When possible, we prefer placing a single vertical incision 
between the two needles, or placing the needles on the same 
side at different vertebral levels. This gives a cosmetically favor-
able result and places less tension on the wound than a hori-
zontal incision (Fig. 8.3). 

Placing the Cut-Down Incision Prior to 
Lead Placement

There are two main advantages to this option. The fi rst is in time 
savings, as there is no need to dissect around the Tuohy needle. 
Second, making the midline incision fi rst means that electro-
cautery does not need to be used again until after the Tuohy 
needles have been removed and the leads are securely anchored. 
The use of bipolar electrocautery is usually not necessary.

Although unusual, the disadvantage to this method is that 
one can sometimes encounter fi brosis or other obstruction, 
making entry into a specifi c interspace problematic or even 
impossible. If it is not possible to place leads at the planned 
interlaminar space, then the incision will need to be extended 
either cephalad or caudad or a second incision will need to be 
created on the opposite side of the midline. This is not a trivial 
matter, as an extended or unnecessary second incision 
increases postoperative pain and discomfort and creates a sub-
optimal cosmetic result. For this reason, we do not recom-
mend a cut-down incision prior to lead placement.

Creating the Central Pocket

To create the central pocket, anesthetize the area with local anes-
thetic and make an incision based on one of the above options. 
We recommend 1% lidocaine MPF with 1/200,000 epinephrine. 
Incise with a #15 blade through the epidermis/dermis to the 
superfi cial subcutaneous tissue. Unipolar electrosurgery may 

Figure 8.2 Transverse incision. Figure 8.3 Single vertical incision.
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be used if the pocket is created prior to lead placement. 
However, bipolar electrosurgery is recommended if there will 
be dissection around a placed Tuohy needle and leads. Once 
the incision has been made with the scalpel and the initial 
bleeding controlled with the electrosurgical unit, further dis-
section and undermining of tissue can be accomplished using 
electrosurgical, sharp, and/or blunt dissection.

There are advantages and disadvantages to the use of these 
different dissection techniques. Blunt dissection separates 
tissue planes without incising or cutting tissue and therefore 
reduces bleeding. This can also reduce the amount of fulgura-
tion required compared with sharp dissection. The liberal use 
of electrocautery dissection has been shown in some studies to 
contribute to postoperative seroma formation, but a recent 
prospective randomized study found no difference in the rate 
of seroma formation regardless of whether electrocautery or 
scissor dissection was used during mastectomy.2 Forceful 
blunt dissection may result in unnecessary tissue trauma that 
increases the risk for seroma, infection, or prolonged wound 
healing resulting from devitalized tissue. Sharp dissection, on 
the other hand, results in less tissue trauma but risks greater 
bleeding. Because bleeding can sometimes be diffi cult to 
control when undermining skin fl aps and creating pockets 
for the IPG, we typically combine gentle blunt instrument 
dissection and electrosurgical dissection in “cut” mode fol-
lowing the incision (see Chapter 9 — Basic Surgical Skills for 
the Operating Room).

Blunt dissection can be carried out with Mayo dissecting 
scissors, Metzenbaum scissors, or forceps such as Schnidt for-
ceps. Mayo scissors are used for cutting and dissecting heavy 
fascia and sutures (Fig. 8.4). 

Metzenbaum scissors are more fragile than Mayo scissors 
and are used for more delicate tissues. Metzenbaum scissors 
also have a longer handle-to-blade ratio (Fig. 8.5).

Mayo and Metzenbaum scissors can have either blunt or 
sharp tips. The larger size of the Mayo scissors makes them 
useful for undermining lateral fl aps at the midline and for cre-
ating the pocket for the IPG. Forceps are also useful in blunt 
dissection because they have fairly blunt tips. Blunt dissection 
is accomplished by closing the scissors or forceps, advancing 
the tip into the desired subcutaneous tissue plane, and open-
ing the scissors or forceps to spread tissue apart without actu-
ally cutting it. Care must be taken to avoid pushing the tips of 
the instrument through the deep fascia and into muscle or 
other undesired structures. Fingers can also be used to spread 

tissue to facilitate blunt dissection. Again, tissue injury caused by 
blunt dissection may be minimized by using a combination of 
blunt and sharp dissections. If it is necessary to cut tissue, small 
bites should be made with the tips of the scissors, or electrosur-
gical dissection can be used in “cut” mode. Bipolar or unipolar 
fulguration can be used to control bleeding. If a small arteriolar 
bleeder is encountered, pinch and “buzz” the bleeder with the 
bipolar forceps. A bleeder may also be clamped with a hemostat, 
which should then be “buzzed” with the unipolar electrode 
while in “cut” or “coag” mode to accomplish hemostasis.

Anchoring the Lead

Lead migration is the most common cause of mechanical SCS 
failure.3,4 Revising a lead because of migration is diffi cult, 
expensive, and time-consuming and exposes the patient to 
further complications, as well as additional stress and disap-
pointment. Optimization of lead anchoring is therefore criti-
cal to the overall success of SCS. 

Prior to anchoring, save a fl uoroscopic image documenting 
distal electrode location for comparison. Make sure that the 
stylets have been removed. Fluoroscopy should be used to 
verify unchanged lead position.4

The section on anchoring found in Chapter 7 is repeated 
here for ease of reference. As noted previously, most manufac-
turers provide several different anchor types in the lead kit. 
Previously available anchoring devices have suffered from 
unpredictable lead retention, possible lead fracture, or poten-
tial discomfort due to bulk.8 New anchor designs are becom-
ing available such as a cylindrical anchor with a titanium sleeve 
intended to reduce lead slippage. Figure 8.6 shows some cur-
rently (as of January 2009) available anchors by several differ-
ent manufacturers. Time will tell if these new designs reduce 
lead migration and fractures.

We do not recommend using the short-winged (butterfl y) 
anchor because it is much more diffi cult to secure than the 
cylindrical sleeve and, in our experience, more prone to migra-
tion. Based on computer lead stress modeling studies and con-
sensus opinion, the following steps for anchoring the lead 
have been recommended.1,5

1. Use a sleeve-type anchor. Many have grooves or bumps 
on the outer surface that prevent sutures from sliding.

2. Consider using silicone adhesive to secure the anchor to 
the lead. Injecting 0.1 cm3 of silicone adhesive between 

Figure 8.4 Mayo scissors.

Figure 8.5 Metzenbaum scissors.
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the sleeve and the lead was effectively used in one study 
(Fig. 8.7).5 

3. Attach the anchor to the lumbodorsal fascia using a 
fi gure-of-8 stitch to reduce tissue trauma with size 2-0 
or 0 nonabsorbable sutures. At least one additional tie 
around the anchor along its length will help reduce the 
risk of slippage. A fi gure-of-8 drain tie is effective for 
this purpose (Fig. 8.8).

4. Make sure that the tip of the anchor is pushed through 
the fascia. This will minimize lead trauma associated 
with repetitive fl exion and extension.

5. Place the anchor as close to the spinous process as 
possible to minimize lead movement caused by muscle 
contractions.

6. Upon completion of the anchoring process, fl uoroscopy 
should again be repeated to verify that the leads have not 
moved. 

An alternative anchoring technique, fi rst mentioned by 
Oh et al., involves tying loops of silk sutures directly around 
the lead without the use of silicone or hard plastic anchors.7,8

Although an unknown number of implanters currently 
employ a variation of this lead-anchoring technique, we could 
locate no comparative data regarding the incidence of lead 
migration or lead fracture associated with this method. To 
date, the technique appears to have been handed down pri-
marily by word of mouth. Due to high rates of lead migration 
and lead fractures associated with the use of hard plastic and 
soft silicone anchors, our program began to employ the tech-
nique of tying loops of suture directly around the leads by 
using a fi gure-of-8 stitch (drain tie).

Given the limited available data as well as the unknown 
long-term effect of tying sutures around leads, the technique 
of anchoring directly to the lead must still be considered pre-
liminary, and further study is needed to confi rm and expand 
upon these data.9 Given that disclaimer, we use a variation of 
the previously described technique of tying loops of suture 
directly around the lead; 

Note: We have found, as previously reported, that when 
using the suture loop anchor technique and creating the 
midline pocket, it is not necessary to dissect all the way down 
to lumbodorsal fascia.8 The midline pocket should be deep 
enough into the subcutaneous tissue so that the leads are not 
palpable through the skin: depth will vary depending upon the 
patient’s body habitus.

See Chapter 7, Figure 7.20a-h for a sequential photographic 
demonstration of the technique described below.

1. First the suture (0 or 2-0 silk) is passed under the lead 
and through the fascia at the point where the lead exits 
the subcutaneous tissue within the midline pocket. 
Make sure to pass the needle deeply enough to get a 

Figure 8.6 Lead anchors.

Figure 8.7 Use of silicone adhesive to anchor leads. Reprinted from 
Renard VM, North RB. Prevention of percutaneous electrode 
migration in SCS by a modifi cation of standard implantation 
technique. J Neurosurg Spine 2006; 4:300–3 with permission from 
Wolters Kluwer Health.

Figure 8.8 Figure-of-8 anchor tie.
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good bite of tissue. We prefer if possible to leave the 
Tuohy needle in place to protect the lead as the suture 
needle is passed. Gently pull the suture at both ends to 
make sure that the suture is in secure tissue. Cut the 
needle from the suture. Remove the Tuohy needle and 
lead stylet if this has not already been done. 

2. Tie a single surgeon’s knot around the lead and tighten 
until it is snug around the lead. Do not overtighten or 
tissue ischemia may result. 

3. Tie two additional square knots. 
4. Wrap the two ends of the suture around the lead twice in 

opposite directions. Make sure that the ties are wrapped 
close to the original knot. 

5. Tie a surgeon’s knot. It is important that the surgeon’s 
knot be very tight around the lead, as this will prevent 
the lead from slipping. 2-0 silk and 0 silk can tolerate 
approximately 3 kg and 4 kg, respectively, of tension 
before breaking.8 

6. Tie two additional square knots. 
7. Repeat wrapping the two ends of the suture around the 

lead twice in opposite directions. 
8. Tie a surgeon’s knot and tie three additional square 

knots.
9. Finally, we tie an additional distal tie around one (or 

both) leads while incorporating a loop of strain relief. 
(Fig. 8.9)

The same technique of tying around the leads is used as 
described above. This provides an added line of defense. This 
is demonstrated below with sequential images (Figs. 8.10a–h).

Suture loop
anchors placed
around leads as
they enter the

pocket

Suture loop
anchor incor-
porating both

leads and
strain relief

Midline
Pocket

Leads exiting pocket
to IPG

Figure 8.9 Midline pocket suture.

A

B

C

Figure 8.10a–h Tying the leads.
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D

E

F
Figure 8.10a–h Cont’d.

G

H

The Tunneling Procedure

After anchoring the lead, the extension wires must be exter-
nalized for the trial. 

A tunneling tool (Fig. 8.11) is required to pass the lead sub-
cutaneously from the midline lead anchor site to the tempo-
rary extension exit site. A tunneling tool is a sharp-tipped 
malleable metal probe that can be bent to conform to the 
shape of the patient’s body. The metal probe is inserted 
through a clear plastic cannula sleeve (like a straw). Most tun-
neling tools are manufactured with the tunneling tool and 
plastic cannula preassembled. If not preassembled, prepare 
the tunneling tool by slipping the straw over the shaft and 
screwing the metal handle onto the metal shaft. Tunneling 
tools are packaged straight without any bend at the distal tip. It 
is helpful to place a bend ranging from 10 to 30 degrees at the 
distal third of the tunneling tool, depending on the curvature 
of the patient’s anatomy. A curve allows you to direct the tip 
and maintain a superfi cial depth in the subcutaneous tissue. 

Figure 8.10a–h Cont’d.
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The cannula-type tunneling tool can be advanced from the 
midline to the exit site or vice versa (Fig. 8.12).

If necessary, increase the patient’s sedation to reduce dis-
comfort during the tunneling procedure. Infi ltrate local anes-
thesia along the tunneling route, from the midline incision to 
a point at least 15 cm lateral to the midline, on the side of the 
spine opposite that planned for permanent implantation of the 
IPG. The tunneling unit is advanced through subcutaneous 
tissue by applying steady force with the dominant hand. It is 
important to always feel the tip of the tunneling tool under the 
skin with the nondominant hand to gauge depth, making cer-
tain that the tip is not too deep. Steer with the bent tip to make 
depth and directional adjustments. The tip of the tunneling 
tool should be continuously palpated with the nondominant 
hand to be certain that it is always in the subcutaneous tissue. 
Vital structures can be perforated during tunneling if depth is 

not continuously monitored. Pass the tunneling tool subcuta-
neously from the midline incision to the exit site. It is usually 
necessary to make a small skin incision with a #11 blade to 
allow the tunneling tool to exit the skin.  Remove the handle 
and tunneling rod, leaving the straw in place. The midline 
pocket should accommodate the extension lead connector. 
Insert the extension wire through the straw, then pull the straw 
out through the exit site. After the lead has been connected to 
the extension wire and the connector, loop the extra length of 
lead in the pocket. The strain relief loops should be no smaller 
than 2.5 cm (1 in) in diameter to prevent kinking or damage 
to the leads. Generously irrigate the midline pocket with anti-
biotic solution. We like to irrigate with 1 L of irrigation solu-
tion per pocket. Close the subcutaneous layers as described in 
the wound closure section in Chapter 9. Anchor the extension 
at the exit site as described for the percutaneous trial. You can 
also place a purse-string suture at the exit site of the extension 
wire. Apply a secure dressing to the site.
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Introduction

Performing permanent spinal cord stimulation (SCS) implants 
and managing patients postoperatively require surgical skills 
and knowledge of wound care. Without these skills, some 
implanters may limit themselves to performing SCS trials 
while referring the permanent procedures to others. Proper 
surgical technique is critical to optimize outcome and ensure 
proper wound healing. Although technically considered minor 
surgery, it is nevertheless “surgery,” which can be fraught with 
complications and devastating outcomes. Therefore, formal 
surgical training with an experienced implanter or surgeon is 
mandatory for a nonsurgically trained clinician to acquire the 
requisite skills to safely perform this operation. With appro-
priately focused training, it is possible for pain specialists 
without previous surgical training to safely implant SCS sys-
tems and manage their patients postoperatively. 

This chapter reviews some of the basic surgical principles that 
are fundamental to performing permanent SCS implants safely. 
However, this chapter does not substitute for formal hands-on 
surgical training with one or several mentors and/or instructors. 
It is offered as a reference tool and an additional resource to 
complement hands-on training with an implanter who under-
stands proper surgical technique and postoperative wound man-
agement. It is helpful for one to seek out a mentor known to have 
good surgical skills. It may be less useful to train with individuals 
who themselves have not had formal surgical training.

Surgical Instrumentation

The following section describes the basic surgical instruments 
frequently used in performing permanent SCS procedures. 
A basic surgical or biopsy set will normally include most if not 
all of the required instruments. However, the operating room 
manager should be consulted to determine which surgical set 
contains the required instruments for a particular procedure 
(Figs. 9.1a & b).

A

Figure 9.1a & b Basic biopsy set. (A) String. (B) Retractors.

B
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Incising Instruments

Because the length of the incision in SCS implantation tends 
to be small, implanters commonly use a #15 scalpel blade and 
a #3 handle to incise the skin (Fig. 9.2). An instrument such as 
a Mayo clamp is always recommended when inserting the 
blade onto the scalpel handle. The blade should never be 
attached to the handle manually because if the blade slips, it 
could cause a fi nger or hand laceration. Before making an 
incision, the skin should be marked to defi ne the location and 
length of the planned incision. The scalpel should be held in 
the dominant hand like a pencil with the curved portion of the 
blade (belly) used to incise the skin. The tip of the blade should 
not be used to cut. Following adequate local anesthesia, the 
skin should be incised in a fl uid motion through the dermal/
epidermal layers just into the superfi cial subcutaneous tissue. 
Countertraction with the nondominant hand or by an assis-
tant will aid in achieving a fl uid, precise cut.

Electrosurgery

Working in conjunction with renowned neurosurgeon Harvey 
Cushing, W.T. Bovie developed electrosurgery in 1928. 
Cushing fi rst published his use of electrosurgery in a series of 
500 surgical procedures. Cushing was reputedly America’s 
fi rst successful neurosurgeon and developed techniques, 
including electrosurgery, that signifi cantly reduced mortality, 
which was quite high in those days. Electrosurgery continues 
to be one of the most important and basic tools used by sur-
geons in the operating room. 

Electrocautery should not be confused with the electrosur-
gery. Electrocautery is a direct-current–powered method that 
burns tissue using a hot wire or heating element without actu-
ally passing electric current into tissue. In electrosurgery, 
which uses alternating current, the patient is part of the circuit 
and the current actually enters and exits the patient’s body. 
Electrosurgical equipment consists of an electrosurgical 
unit, and either a monopolar electrode and grounding pad, or 
bipolar surgical forceps that pass electric current through 
tissue (Fig. 9.3). When monopolar electrosurgery is used, 
a grounding pad is placed on the patient to complete the cir-
cuit (Fig. 9.4). Bipolar electrosurgical instruments are forceps 
that pass current between the two tips of the forceps. No 
grounding pad is required with bipolar units. Modern electro-
surgical units deliver high-frequency alternating current to a 
monopolar or bipolar instrument.

Monopolar (Unipolar) Electrosurgery

Monopolar electrosurgery is simple and clinically effective, 
which explains why it is arguably the most important and fun-
damental tool used in the operating room. The application of 
monopolar electrosurgery to SCS, however, is potentially haz-
ardous. This is because the electrons injected into the surgical 
site by the active monopolar electrode (see Fig. 9.4) travel 

A

Figure 9.2a & b (A) Scalpel. (B) Blade.

B

Figure 9.3 The electrosurgical unit.
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through the patient to a grounding pad placed elsewhere on 
the patient’s body, thereby completing the circuit. Because 
current follows the path of least resistance, it may be con-
ducted via an epidural Tuohy needle into the epidural space, 
resulting in nerve root or cord damage. Thus, it is recom-
mended that a bipolar electrosurgical system be used for 
hemostasis during SCS implantation when a Tuohy needle is 
in place. If monopolar electrosurgery is used, one must be cer-
tain that a conductive object such as a Tuohy needle has been 
removed from the epidural space and that the insulation on 
the lead is intact; otherwise, current may be conducted into 
the epidural space. It must again be stressed that monopolar 
current carried into the epidural space will likely result in 
permanent nerve root or cord damage.

Bipolar Electrosurgery

Bipolar electrosurgery is recommended for SCS implantation 
because current passes between the tips of the bipolar forceps 
and is not directed into the patient’s body, thus reducing the 
risk of the current arcing to a needle or SCS lead and being 
conducted into nerve tissue contained within the epidural 
space. Bipolar fulguration also limits lateral thermal tissue 
damage. In bipolar electrosurgery, the active and grounding 
electrodes are located on each of two tines of the bipolar for-
ceps (Fig. 9.5). The active and return electrode (grounding) 
functions are performed at the surgery site. A short-circuit is 
created between the tips of the forceps. Therefore, only the 
tissue between the tips of the forceps is exposed to electrical 
current. Because the ground function is performed by one of 
the tines, no patient grounding pad is needed. Bipolar electro-
surgery is better suited to obtaining hemostasis than monopo-
lar because the tissue is mechanically compressed between the 
tines in addition to being thermally heated. It is recommended 
that both monopolar and bipolar electrosurgical equipment 
be available for every case. 

Cut Versus Coagulation

Three parameters can be varied to adjust the amount of heat 
generated during electrosurgery: the current frequency, length 
of activation time, and use of continuous versus intermittent 
waveforms. 

The “cut” mode utilizes a continuous waveform, whereas 
the coagulation (“coag”) function makes use of an intermit-
tent pattern. The heat generated by the cut function is focused 
with a high-frequency current that minimizes lateral thermal 
spread.

The “coag” mode delivers low-frequency/high-voltage 
energy, generating less focused heat and creating a larger area 
of thermal spread. The sparking effect typical of the coag mode 
results in tissue clotting and coagulum rather than cellular 
vaporization. The coagulation waveform produces a signifi -
cantly higher voltage than the cutting current, resulting from 
the high impedance of air and the low frequency of the mode. 
The cut mode generates a higher current but a lower voltage 
than the coag mode. A large current reentry (grounding) 
pad must be securely placed on the patient’s skin to prevent 
thermal burns at the exit site.

One might assume that the cut mode is intended only for 
incising or cutting tissue and the coag function is used only to 
coagulate bleeders. In fact, many surgeons use the coag mode 
to cut tissue and vice versa, depending on the desired result. 
The cut mode is actually well suited to thermal coagulation. 
Because it results in less collateral thermal injury, manufactur-
ers of electrosurgical equipment recommend use of the cut 
mode whenever possible to minimize damage to surrounding 
tissue. By programming the electrosurgical unit, the charac-
teristics of the cut and coag mode can also be blended to 
achieve the desired result (Fig. 9.6). 

There is an association between overzealous use of thermal 
coagulation and seroma formation secondary to tissue damage 
(see Chapter 12). The electrosurgical equipment should primarily 

Figure 9.4 Monopolar electrode. Figure 9.5 Bipolar forceps.
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be used to coagulate bleeders and to facilitate dissection by 
releasing limited areas of adhesion. It is not the correct instru-
ment to use for extensive incising and dissection of tissue 
planes. Sharp and/or blunt dissection will result in less tissue 
trauma and potentially reduce the risk of seroma, infection, 
or delayed wound healing.

Grounding Pad (Return Electrode)

By focusing the electrons at the active electrode, heat is pro-
duced at the surgical site. Signifi cant current is produced at 
the “active” electrode that must be recovered elsewhere and 
disposed of safely to avoid thermal burns. What keeps thermal 
burns from occurring at the grounding pad (return electrode) 
is the reduced concentration of electrons and high conductiv-
ity of the skin/grounding pad interface. The ideal grounding 
pad safely disperses the current delivered to the patient during 
electrosurgery and conducts that current away. If the ground-
ing pad adhesive fails or is improperly applied, electrons can 
be concentrated at the return electrode, resulting in thermal 
skin burns. To eliminate the risk of skin burns, the grounding 
pad should cover a large surface and should be of low imped-
ance/high conductivity. The grounding pad should preferably 
be placed on well-vascularized muscle mass that is close to the 
operative site and away from any metallic implants that the 
patient may have. 

Applying the grounding pad to uneven body surfaces, scar 
tissue, surfaces with excessive hair, and adipose or bony prom-
inences can reduce the surface area contact between the patient 
and the return electrode, resulting in increased current den-
sity. An increase in current density will lead to increased tem-
perature that can produce thermal burns (Fig. 9.7). 

When using monopolar electrosurgery, the following 
actions are recommended: 

The electrical current should be used to cut. The active • 
electrode tip is not a scalpel—the electrical current should 
be allowed to do the cutting/fulgurating without pushing 
the active tip into the tissue.

The power setting should be reduced to the minimally • 
effective level.
Brief sporadic activation should be used and extended • 
activation avoided.
The unit should not be activated while close to or in • 
direct contact with another instrument, such as a Tuohy 
needle placed in the epidural space.
Bipolar electrosurgery should be considered as an alter-• 
native to unipolar because of the reduced risk of thermal 
damage from the bipolar technique.
Electrosurgery, especially monopolar, may be contrain-• 
dicated in patients who have implanted pacemakers or 
defi brillators. The patient’s cardiologist, or the manufac-
turer of the pacemaker or device, should be contacted 
before surgery. Of note, modern pacemakers are often 
electronically shielded to protect them from damage sec-
ondary to extraneous electrical current.

Dissecting and Undermining

Sharp Versus Blunt

The following section is identical to that found in Chapter 8 
but is also presented here for completeness and ease of 
reference.

Once the incision has been made with the scalpel and the 
initial bleeding controlled with electrosurgical technique, fur-
ther dissection and undermining of tissue can be accomplished 
using electrosurgical, sharp, or blunt dissection. 

There are pros and cons to the use of these different dissec-
tion techniques. Blunt dissection separates tissue planes with-
out actually incising or cutting tissue, thereby reducing bleeding 
and the amount of fulguration required compared with sharp 
dissection. The liberal use of electrosurgical dissection has 

Low
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HighVoltage

Blend CoagPure Cut

Thermal Spread/Charring

Figure 9.6 Characteristics of cut and coag mode. Copyright © 2009 
Covidien. All rights reserved. Reprinted with the permission of the 
Energy Based Devices and Surgical Devices Divisions of Covidien.

Figure 9.7 Thermal burn resulting from increased current density. 
Copyright © 2009 Covidien. All rights reserved. Reprinted with the 
permission of the Energy Based Devices and Surgical Devices 
Divisions of Covidien.
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been shown in some studies to contribute to postoperative 
seroma. However, a recent prospective randomized study 
found no difference in the rate of seroma formation whether 
electrosurgery or scissor dissection was used during mastec-
tomy surgery.1 Forceful blunt dissection may result in greater 
tissue trauma, potentially increasing the risk of seroma, infec-
tion, or prolonged wound healing resulting from devitalized 
tissue. Sharp dissection results in less tissue trauma, although 
bleeding tends to be increased. At times, bleeding can be dif-
fi cult to control when undermining skin fl aps and creating 
pockets for the implantable pulse generator (IPG). Therefore, 
following the skin incision, a combination of gentle blunt 
instrument dissection and the use of electrosurgical dissection 
in the cut mode is recommended. 

Blunt dissection can be carried out with curved Mayo dis-
secting or Metzenbaum scissors. Mayo scissors are typically 
used for cutting and dissecting heavy fascia and sutures 
(Fig. 9.8). 

Metzenbaum scissors are more fragile than Mayo scissors 
and are used for more delicate tissues. Metzenbaum scissors 
also have a longer handle-to-blade ratio, which improves 
control and leverage during cutting (Fig. 9.9).

Mayo and Metzenbaum scissors can have either blunt or 
sharp tips. The larger size of the Mayo scissors makes them 
more useful in undermining lateral fl aps at the midline and 
for creating pockets for the IPG. Blunt dissection is accom-
plished by closing the scissors, advancing the tip into the 
desired subcutaneous tissue plane, and then opening them to 
spread the tissue apart without actually cutting it. Care must 
be taken to avoid pushing the tips of the instrument through 
the deep fascia and into muscle or other undesired structures. 
Using the fi ngers to spread tissue can also facilitate blunt dis-
section. Again, a combination of blunt and sharp dissection 
may minimize tissue injury from blunt dissection. When cut-
ting tissue, it is important that what is being cut can easily be 
seen and that either small bites are made with the tips of 
the scissors or electrosurgical dissection in cut mode is used. 

Bipolar or unipolar fulguration should be used to control 
bleeding. If a small arteriolar bleeder is encountered, it should 
be pinched and “buzzed” with the bipolar forceps or clamped 
with a hemostat. The hemostat should be buzzed with the 
unipolar electrode in coag mode to accomplish hemostasis. 
If fulguration does not stop the bleeder, it can be clamped 
off with a hemostat and a suture can be tied around the 
clamped tissue underneath the instrument, thereby tying off 
the bleeder.

Retractors

There are dozens of retractors available, and many surgeons 
develop a preference for a certain model. Retractors com-
monly used in SCS implantation are found in most minor sur-
gical sets and usually include the Weitlaner retractor, skin 
hooks, the Senn retractor, and the Army–Navy retractor.

Weitlaner Retractor

The Weitlaner retractor (Fig. 9.10) is a very useful tool in SCS, 
especially when anchoring leads to the fascia of the midline 
incision. The Weitlaner is self-retaining and designed to spread 
and hold tissue apart using a scissor action of the handles and 
a locking mechanism that prevents the retractor from closing. 
Once the Weitlaner retractor is placed, no assistant is needed 
to maintain tissue exposure.

Senn Retractor and Skin Hook

The Senn retractor (Fig. 9.11a) is small and used by the 
surgeon or assistant to retract skin or other tissue during 
dissection. The skin hook (Fig. 9.11b) can be used for the 
same purpose. The retractor or the skin hook is used to pull 
the skin up during creation of a pocket or when undermining 
a fl ap.

Figure 9.8 Mayo scissors.

Figure 9.9 Metzenbaum scissors.
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Army–Navy Retractor

The Army–Navy retractor (Fig. 9.12) is larger than the Senn 
retractor and is helpful in SCS procedures to lift up the tissue 
overlying the pocket for better exposure during deeper IPG 
pocket dissection or examination. The Army–Navy retractor 
also is useful when pocket exposure is required to assess bleed-
ing and also at the time of irrigation.

Forceps

The term forceps is limited to the medical arena and is derived 
from the Latin word forca, which means to snare or trap. 
Forceps are hand-held hinged tweezers or clamps that rely on 
the lever principle to grasp or hold tissue or small objects and 
are especially useful when numerous objects need to be 
clamped simultaneously. There are two main categories of 
forceps: nonlocking and locking. 

Nonlocking forceps—such as DeBakey and Adson forceps—
are commonly used during SCS procedures (Fig. 9.13). 

Figure 9.10 Weitlaner retractor.

A

B

Figure 9.11a & b (A) Senn retractor and (B) skin hook.

Figure 9.12 Army–Navy retractor.

Figure 9.13 Nonlocking forceps.
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DeBakey forceps are larger nontraumatic instruments nor-
mally used to pick up blood vessels or other delicate tissue and 
are also ideal for grasping SCS leads. They are also known as 
“magic forceps.” Adson forceps, or “pickups,” are routinely 
used during suturing. Toothed Adson forceps can damage 
leads and should not be used for that purpose.

Locking forceps, or clamps, come in various sizes such 
as—from smaller to larger—mosquito, Kelly, Mayo, and 
Schnidt (tonsil) forceps. Forceps most commonly use inter-
locking teeth near the handle. The locking mechanism engages 
as the forceps is closed, thus preventing the clamps from 
reopening. The teeth lock is released by a slight lateral push 
on the handle. Forceps are included in all minor surgical sets 
(Fig. 9.14).

Mosquito clamps (Fig. 9.15) are useful in stopping small 
arteriolar bleeds and are referred to as hemostats when used as 
such. A hemostat may be used to clamp a bleeder while it is 
subsequently touched with a monopolar electrode tip using 
the coag function to fulgurate. 

Placing the thumb and ring fi ngers through the loops while 
using the index fi nger as a guide is the traditional manner of 
holding forceps Needle drivers are specialized clamps for 
holding suture needles; this is covered later in the chapter.

Tunneling

The following section is identical to that found in Chapter 8 
but is presented here as well for completeness and ease of ref-
erence.

A tunneling tool (Fig. 9.16) is required to pass the lead sub-
cutaneously from the midline lead anchor site to the tempo-
rary extension exit site. A tunneling tool is a sharp-tipped 
malleable metal probe that can be bent to conform to the shape 
of the patient’s body. The metal probe is inserted through 
a clear plastic cannula sleeve (like a straw). Most tunneling 
tools are manufactured with the tunneling tool and plastic 

cannula preassembled. If not preassembled, the tunneling tool 
should be prepared by slipping the straw over the shaft and 
screwing the metal handle onto the metal shaft. Tunneling 
tools are packaged straight without any bend at the distal tip. 
It is helpful to place a bend ranging from 10 to 30 degrees at 
the distal third of the tunneling tool, depending on the curva-
ture of the patient’s anatomy. A curve allows the tip to be 
directed and a superfi cial depth maintained in the subcutane-
ous tissue. The cannula-type tunneling tool can be advanced 
from the midline to the IPG or vice versa. If the distance 
between the two pockets exceeds the length of the tunneling 
tool, tunneling will be accomplished in two steps (Fig. 9.17). 

The patient’s sedation should be increased to reduce dis-
comfort during the tunneling procedure and local anesthesia 
should be infi ltrated along the tunneling route. The tunneling 
unit should be advanced through subcutaneous tissue by 
applying steady force with the dominant hand. It is important 
that the tip of the tunneling tool be felt under the skin with the 

Figure 9.14 Locking forceps.

Figure 9.15 Mosquito clamps.

Figure 9.16 Tunneling tool.
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nondominant hand to gauge depth and to ensure that the tip 
is not too deep. The bent tip should be directed to make depth 
and directional adjustments. The tip of the tunneling tool 
should be continuously palpated with the nondominant hand 
to be certain that it is always in the subcutaneous tissue. Vital 
structures can be perforated during tunneling if depth is not 
continuously monitored. The tunneling tool should be passed 
subcutaneously from the midline incision to the IPG site or 
vice versa, and then the handle and tunneling rod should be 
removed, leaving the straw in place.

Suction Equipment

Suction equipment (Fig. 9.18) is mandatory for aspirating 
blood and other secretions from the wound. A Yankauer suc-
tion tip, or a smaller tip, is usually adequate. The suction 
tubing can be clamped to the fi eld by wrapping a fold of drape 
around the tubing and clamping with an Allis clamp, which 
will not perforate the drapes.

Sponges

Two types of sponges are commonly used in surgery—
Ray-tec™ and laparotomy. The Ray-tec™ (Fig. 9.19a) is a 
small 4 × 4-inch gauze sponge that has a blue x-ray–detectable 
tag attached. These sponges are used to dab blood out of the 
fi eld and can also be used to facilitate manual retraction. 
Laparotomy (lap) sponges (Fig. 9.19b) are larger and more 
absorbent than Ray-tec and are also detectable on x-ray. 
The surgeon should use only marked sponges during the 
operation, no matter what the size or complexity of the case. 
Furthermore, a marked sponge should never be cut or altered, 
as all of the sponges must be accounted for at the end of the 
case. It is the surgeon’s responsibility to verify with the nurs-
ing staff that the “count is correct,” which means all items 
have been accounted for. If the count is incorrect, the patient 
is kept in the operating room until an x-ray is obtained to con-
fi rm there are no retained items.

Figure 9.17 Advancement of the tunneling tool. Reprinted with 
permission from St. Jude Medical (Advanced Bionics Technical 
10-05.ppt).

Figure 9.18 Yankauer suction.

A

Figure 9.19a & b (A) Ray-tec™ and (B) Laparotomy sponges.

B
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Needles and Sutures

Sutures are used to approximate wound edges and maintain a 
position to facilitate critical wound healing. Good suture tech-
nique and knot-tying skills are indispensable to any surgeon, 
including SCS implanters. 

Basic Suture Instruments

Needle Holders (Drivers)

The needle holder should be large enough to hold the needle 
but not so large that it is cumbersome. A 5-inch Webster 
or Halsey needle holder is usually a good match with the 
size of needle normally used to close fascia and skin during 
SCS procedures (Fig. 9.20). Unlike conventional clamps, 
the jaws are only minimally jagged and touch before the 
handles lock. 

Needle Pickups

A 4-inch (12-cm) Adson tissue forceps with 1:2 teeth (Fig. 9.21) 
is used to grab the needle once it has been passed by the needle 
driver and begins to emerge from the tissue.

Suture Scissors

Littler or similar suture scissors (Fig. 9.22) are used to cut the 
end of the suture after tying the knot and can also be used to 
facilitate suture removal because of the specialized tip.

Suture Material

Suture material is selected according to the location of the 
suture material (i.e., skin, subcutaneous, or deep), the healing 
time of the tissue, the properties of the suture material, the 

type and strength of the tissue that is being sutured, the inher-
ent wound tension and the suture tensile strength and absorp-
tion profi le, and the interaction between the suture and the 
tissue (Fig. 9.23).

Suture Handling

The ideal suture would pass easily through tissue, easily 
accommodate knot-tying, and hold a knot once thrown. In 
reality, suture selection is often a compromise because sutures 
that slide easily through tissue—such as monofi lament 
sutures—do not hold a knot as well as sutures with higher fric-
tion coeffi cients—such as multifi lament suture.

There are many types of sutures available. Suture material 
is categorized as natural versus synthetic, absorbable versus 
nonabsorbable, monofi lament versus multifi lament braided, 
and suture size (tensile strength).

Figure 9.20 Needle holders.

Figure 9.21 Adson tissue forceps.

Figure 9.22 Suture scissors.
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Natural Versus Synthetic Material

Natural suture is made from cotton, silk, sheep submucosa 
(plain gut), or beef serosa (chromic gut). Synthetic fi bers 
include nylon, Dacron, polyester, polyethylene, polyglycolic 
acid, and polyglactin. Synthetic polymers do not normally 
produce the intense infl ammatory reactions that are often 
observed with natural materials.

Absorbable Versus Nonabsorbable Sutures

Absorbable sutures undergo degradation within the tissues. 
They are designed to maintain strength for a specifi ed period 
of time before undergoing hydrolysis or enzymatic breakdown 
and absorption. Absorbable sutures can be used to appose the 
deep layers and can also be used for superfi cial subcuticular 
skin closure. 

Nonabsorbable sutures become encapsulated and sur-
rounded by fi brotic tissue. When used as a skin suture, nonab-
sorbable monofi lament sutures—such as nylon—are left in 
place for 7 to 10 days and then removed. Anchors and pulse 
generators used in SCS are secured with nonabsorbable sutures 
such as silk, TiCron, or Ethibond. Although silk is categorized 
as nonabsorbable, it is not a truly permanent material. It is 
gradually broken down over a prolonged period of time and 
after 1 year will have lost most, if not all, of its strength. Silk 
suture degradation is unlikely to be an issue in SCS because 
the leads and other implanted structures will ultimately be 
secured by scar tissue several months after implantation. 

Monofi lament Versus Multifi lament Suture

The handling and performance characteristics of a suture are 
most infl uenced by whether it is mono- or multifi lament. 

Monofi lament suture grossly appears as a single strand of 
suture material. However, it can be seen under magnifi cation 
that all fi bers run parallel and are not braided or twisted. 

Monofi lament suturing requires fi ve or six knots, as compared 
with three or four for multifi lament suturing, simply because 
the monofi lament knots slip more easily than braided sutures. 
Most monofi lament synthetic suture material has the bother-
some characteristic of “memory”—the tendency of the suture 
to retain its original shape once removed from the wrapper. 
This makes the suture more diffi cult to work with than multi-
fi lament. Absorbable synthetic monofi lament suture can stretch 
up to 30% of its original length before breaking, making it sub-
optimal for use in deep layers. Passing monofi lament fi ber min-
imally traumatizes tissue and resists harboring microorganisms, 
making it better suited for subcuticular skin closure.

Multifi lament suture is made up of multiple strands twisted 
or braided together. It provides for better handling character-
istics and easier tying than monofi lament suture, with knots 
that are less apt to slip.

Suture Size

Suture is sized according to diameter, with 0 as the reference 
size. Numbers alone indicate progressively larger sutures 
(e.g., 1, 2, 3). Numbers followed by a 0 indicate progressively 
smaller sutures (e.g., 2-0, 4-0) (Fig. 9.24).

The most commonly used sutures for closure of deep layers 
in SCS are 2-0 or 3-0 absorbable braided sutures such as Vicryl 
or Polysorb. When subcuticular sutures are used to close 
skin, a 4-0 absorbable monofi lament suture (Monocryl or 
Caprosyn) or a 4-0 nonabsorbable monofi lament nylon 
suture is often used (Table 9.1).

Surgical Needles

Surgical needles must be sharp enough to pass through tissue 
with minimal resistance. They must also be rigid enough to 
resist bending, yet fl exible enough to bend before breaking. 
Most surgical needles are eyeless or “swaged,” which means 
that they come with the suture material already attached to the 
needle and do not require threading. Not only are “closed eye” 
needles diffi cult to thread, but also because of their increased 
width, they can cause more tissue damage than swaged needles 
as they are being passed through. For this reason swaged nee-
dles are preferred in almost all surgical situations.

The tissue type and the size of the wound determine the 
selection of needle size, radius, and shape. A needle is chosen 
that will allow passage to the correct depth and exit the tissue 
at the correct distance from the entry point. A tighter radius 
and more complete needle circle will allow the needle to exit 
closer to the entry site, which can be important when suturing 

Dermis

Hypodermis

Epidermis

Figure 9.23 Skin layer. Reprinted with permission from A.D.A.M 
Health Solutions, Inc.

Smaller ------------ ------------ ----------- Larger

Human Hair Abdominal ClosureSkin Closure

5-0 4-0 3-0 2-0 1-0 0 1 2 3

Figure 9.24 Suture size scale.
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in tight spaces, such as in midline or IPG pockets during deep 
layer closure. Either a 3/8- or ½-inch needle is often used to close 
the deep fascia in SCS procedures. 

Needle Anatomy

Surgical needle shapes are classifi ed based on the following 
characteristics: curved or straight; needle length; taper point, 
cutting, or reverse cutting; radius; and amount of curve or 
fraction of circle (Figs. 9.25–9.27).2

Curved Versus Straight Needles
Curved needles are passed with a needle holder and are used 
for most suturing. They are more precise in “catching” the 
correct tissue and cause less trauma than straight needles. 
Straight needles are usually handheld and are often used to 
secure percutaneously placed lines or devices such as central 
or arterial lines. An instrument is not required to pass straight 
needles through tissue. 

Taper Point, Cutting, or Reverse Cutting Needles
Taper point needles (Fig. 9.28) have a cylindrical body and a 
sharp tip and are often used to suture soft tissue, such as in the 
gastrointestinal tract, muscle, fascia, or peritoneum. The taper 
needle makes a small hole in the tissue through which the rest 
of the needle is pulled. These needles are not used for suturing 
skin or other tough tissue as it is extremely diffi cult to pass 

Table 9.1
Suture Types

Ethicon Syneture

Bard Mesh
Bonewax
Chromic gut
Dermabond
Endomechanical
Ethibond
Ethilon
Mersilene
Monocryl
Monocryl PLUS
Nurolon
PDS II
PDS II PLUS
Plain gut
Prolene
Pronova
Silk
Steel
Surgicel
Trocars
Umbilical tape
Vicryl
Vicryl PLUS
Vicryl Rapide

Biosyn™
Bonewax™
Caprosyn™
Chromic gut™
Dexon “S”™
Dexon II™
Endomechanical
Maxon™
Monosof™
Novafi l™
Plain gut™
Polysorb™
Sofsilk™
Steel™
Surgidac™
Surgilon™
Surgipro™
TiCron™
Umbilical tape

All ™ marked brands are trademarks of Covidien AG or an affi liate.

Figure 9.25 Needle diagram. Reprinted with permission from 
Roberts JR, Hedges JR, eds. Clinical procedures in emergency 
medicine, 3rd ed. Philadelphia: WB Saunders, 1998, with permission 
from Elsevier.

Body

Swaged
eye

Thread

Point

Needle length

Body

Radius

Point
Wire

diameter

Hole diameter

Figure 9.26 Anatomy of a needle. Reprinted with permission from 
Roberts JR, Hedges JR, eds. Clinical procedures in emergency 
medicine, 3rd ed. Philadelphia: WB Saunders, 1998, with permission 
from Elsevier.

1/2 circle 3/8 circle 1/4 circle

5/8 circle J shape

straight

compound curve

1/2 curved

Figure 9.27 Needle radius. Reprinted with permission from 
Roberts JR, Hedges JR, eds. Clinical procedures in emergency 
medicine, 3rd ed. Philadelphia:WB Saunders, 1998, with permission 
from Elsevier.
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such a needle through these types of tissue. The advantage of 
taper needles is that they are less traumatic.

Conventional Cutting Needles
Cutting needles are triangular, with the sharp edge pointing 
inward toward the concave side of the needle (Fig. 9.29). 
Because the “leading” edge is sharp, care and control are 
required when suturing or the tissue can be lacerated. Cutting 
needles are routinely used to suture skin and other tough 
tissue. In SCS implantation, they are most commonly used in 
closing wounds and pockets. 

Reverse Cutting Needles
Reverse cutting needles may also be used to suture tough tissue 
(Fig. 9.30). They pass through tough tissue just as easily as cut-
ting needles but are more “forgiving.” Because the cutting 
edge is on the convex side, it is more diffi cult to accidentally 
slice through tissue if the needle is inadvertently pulled up 
while being passed. This may, in some circumstances, decrease 
the possibility of sutures pulling through tissue. Reverse 
cutting needles are easier for beginning surgeons to use.

Skin Adhesive

Skin adhesives consist of cyanoacrylate glue that can be used 
in place of, or in addition to, staples or subcuticular sutures to 
approximate the skin edges during wound closure. They are 
used on the skin surface only. Skin adhesives provide good 
cosmetic results and can eliminate the need for removal of 
staples or sutures. Dermabond™ (Fig. 9.31a) and Indermil® 
(Fig. 9.31b) are two products currently available. Both prod-
ucts are simple to use, requiring only a single application; it 
takes approximately 30 seconds for the glue to set. Adhesives 
are less precise than sutures and require that the skin edges be 
well approximated before application. Manufacturers claim 

that at the time of application the product has the strength of 
tissue that has healed for 7 days. The adhesive sloughs off the 
skin 7 to 10 days after application. We favor use of subcuticu-
lar monofi lament sutures in combination with skin adhesive 
because the adhesive serves to seal the wound and potentially 
reduce infection. 

Wound Closure

The ideal wound closure would result in the regeneration of 
tissue to its original integrity. Furthermore, the suture line 
would be seamless, strong, and cosmetically pleasing. Although 
current technology falls somewhat short of this ideal, there are 
many acceptable methods for closing wounds that come close 
to achieving these goals. Numerous acceptable techniques for 
suturing and knot-tying have been described. Only a few basic, 
straightforward techniques effective for SCS procedures are 
illustrated here. A more exhaustive surgical text should 
be consulted if learning additional suturing and knot-tying 
techniques is desired. 

The individual layers within the midline lead and IPG 
pocket must be reapproximated to obliterate as much dead 
space as possible. Dead space can fi ll with blood or serous 
fl uid, predisposing the wound to infection. By defi nition, there 
will be some dead space around the IPG, but this can be mini-
mized by matching the pocket size to the IPG and performing 
a precise layered closure. The midline and pocket incisions 
can often be closed in two layers, especially when the incision 
does not extend beyond the deep fascial layer. A three-layered 
closure may sometimes be necessary, especially for larger 
wounds, and certainly is indicated when IPGs are placed 
beneath the fascia into the muscle layer. Placing too many 
sutures into a wound also increases the risk of infl ammatory 
reaction and infection.

Holding the Needle Driver and Grasping the 
Needle

The needle should be grasped two thirds of the way back from 
the sharp end. It should be grasped 1 to 2 mm from the tip of 
the needle holder (Fig. 9.32).

The needle holder should be held by partially inserting the 
thumb and ring fi nger into the loops of the handle. The needle 
holder should be grasped in a manner that is most comfort-
able and affords the greatest control. The index fi nger can 
provide additional control and stability.

Body

Point

Taper

Body

Point

Conventional Cutting

Body

Point

Reverse Cutting

Figure 9.28 Taper point needle. Reprinted with permission from 
Ethicon.

Figure 9.29 Conventional cutting needles. Reprinted with 
permission from Ethicon.

Figure 9.30 Reverse cutting needle. Reprinted with permission 
from Ethicon.
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As illustrated in Figure 9.33, wrist rotation is required 
to pass the curved needles during surgery. This motion is 
essential if the needle is to precisely pass through tissue at the 
desired point. 

During suturing, small-toothed forceps such as Adson for-
ceps (Fig. 9.34) are used to grasp and evert the skin edges. 
Crushing the skin edge may be avoided by using toothed for-
ceps, which offer a secure grasp requiring minimal pressure. 
The forceps are held like a pen using the fi rst two fi ngers and 
thumb in a precise pincer-type motion. 

Interrupted Sutures for the Deep Layer

The fi rst layer may be closed by using simple, deeply buried 
interrupted sutures approximately 1 cm apart (Fig. 9.35). 

The sutures should be close enough together so that a fi nger 
may not be inserted between them. A 3-0 Polysorb or Vicryl 
multifi lament is recommended for deep interrupted sutures. 
Some implanters use a continuous deep suture as their fi rst 

layer. This method, however, poses the risk of wound dehis-
cence if the suture breaks anywhere along its length. The 
needle enters the subcutaneous tissue from deep within the 
wound and exits at a 90-degree angle to the skin edge at 
the dermal/epidermal junction. The initial pass is from deep 
to superfi cial or “bottoms up.” The second pass (Fig. 9.35a) is 

The chisel tip applicator of
Ethicon’s Dermabond (left)
lets the surgeon apply a broad
or fine line of cyanoacrylatle glue.

                                             Indermil,
               a surgical tissue adhesive from

United States Surgical that requires only one
application to achieve maximum strength.

Figure 9.31a & b Skin adhesives. (A) Dermabond™ 
and (B) Indermil®. A: Reprinted with permission 
from Ethicon, Inc., a Johnson & Johnson Company; 
B: Copyright © 2009 Covidien. All rights reserved. 
Reprinted with the permission of the Energy Based 
Devices and Surgical Devices Divisions of Covidien.

Figure 9.32 Grasping needle with driver.

A

Figure 9.33a & b Wrist rotation when passing a needle.

B
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made by entering at the dermal/epidermal junction—again at 
a 90-degree angle—to evert the skin edge, immediately oppo-
site the exit site of the fi rst pass. The needle then exits deep 
within the wound across from the fi rst-pass entry. This will 
result in a buried knot. A surgeon’s knot is tied and the two 
suture ends are pulled along the length of the incision to draw 
both sides of the wound together. It is important that the 
sutures not be pulled too tightly or tissue ischemia may result. 
The wound edges should be approximated, not strangulated. 
Three additional square knots are put in place, resulting in a 
knot buried at the bottom of the wound (Fig. 9.35b). The suture 
ends are then cut 2 to 3 mm away from the knot.

Continuous (Running) Subcuticular 
Skin Closure

A running or continuous subcuticular (SQ) stitch brings the 
skin edges together, creating good cosmetic results. The sole use 
of either staples or skin adhesive is preferred by many implant-
ers, and this is certainly an acceptable closure method. A run-
ning SQ is more tedious and time-consuming but the cosmetic 
result justifi es the additional time required. Either an absorb-
able or nonabsorbable suture may be used. Nonabsorbable 
nylon monofi lament used for subcuticular closure should be 
removed at day 7. Nonabsorbable nylon is quite inert and does 
not result in much tissue reaction, which can potentially 
improve the cosmetic result. For this reason, plastic surgeons 
often use this type of closure. Nylon monofi lament (4-0 or 
5-0) used in conjunction with skin adhesive provides addi-
tional strength, and the adhesive also acts as a barrier to bacte-
ria. Some SCS implanters prefer an absorbable monofi lament 
suture such as Monocryl, Biosyn, or Caprosyn because the 
cosmetic result is acceptable, given the location of most SCS 
implanted systems. We use a 4-0 Biosyn or Monocryl on a cut-
ting needle to close the skin, which obviates the need to remove 
the suture at a subsequent visit.

For a right-handed surgeon, the subcuticular suture is 
passed from right to left. To begin, the needle enters the dermis 
5 mm to the left of the right wound corner and exits at the 
apex. An instrument tie is performed, comprising a surgeon’s 
knot and fi ve square knots; the short end of the suture is then 
cut close to the knot. Small bites are then taken in the dermis 
with the needle traveling horizontally toward the left approxi-
mately 1 to 2 mm below the skin surface. As the needle zigzags 
back and forth across the wound, each successive bite should 
enter the dermis 1 to 2 mm behind the exit point on the oppo-
site side of the wound (Fig. 9.36a&b). This will help to prevent 
“dog ears” or redundant folds of tissue from forming. Small 
bites allow for better control and help avoid exiting through 
the skin. The stitches must not be interlocked. This pattern 
should be continued until the left wound apex is reached. It is 
important that the suture not be pulled tightly on the last 
throw; rather, a loop should be left and a surgeon’s knot 
followed by four square knots should be tied. The loop should 
be cut but not the suture attached to the needle. Instead, the 

Figure 9.34 Proper holding technique with Adson forceps. 

B

Figure 9.35a, b (A) Interrupted sutures. Reprinted with permission 
from the University of Buffalo, School of Medicine and Biomedical 
Sciences. (B) Deep interrupted suture.

A
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Avoid Tissue Trauma

Care should be taken to reapproximate the skin edges prop-
erly at each layer when suturing and closing wounds to mini-
mize tissue trauma. Skin and deeper tissue that have been 
mishandled, crushed, or traumatized will result in more scar-
ring and increased infection risk. Adequate time must be spent 
to achieve hemostasis. The use of the “cut” mode to selectively 
cauterize bleeders will help minimize collateral tissue trauma. 
Toothed forceps or skin hooks should be used when manipu-
lating or retracting skin to avoid pulling the skin surface. The 
purpose of deep interrupted sutures is to relieve any tension 
on the skin so that wound healing is not delayed or compli-
cated by dehiscence or infection. Tissue that has been strangu-
lated by tightly applied deep interrupted sutures can become 
ischemic and necrotic, with resultant scarring, infection, or 
dehiscence. Thus, applying too much tension to deep inter-
rupted sutures should be avoided. The wound edges should be 
drawn together snugly but not so tightly that poor wound 
healing occurs. 

Surgeon’s Knot and Square Knot

A square knot consists of two “throws,” as shown in Figure 
9.37. The fi rst throw should be snug but not to the point of 
strangling tissue, which can result in necrosis. Subsequent 
throws should result in square knots that are tight but do not 
pull the suture to the point that it breaks. To minimize slip-
ping, the fi rst throw should be a surgeon’s knot and the second 
throw should result in a square knot. The two ends should be 
pulled along the length of the incision until it is snug and the 
wound edges are opposed but not overly tight. Four square 
knots should be thrown with each deep interrupted suture. 
Five or six knots should be thrown when synthetic monofi la-
ment sutures are used. It is generally agreed that square knots 
provide optimal knot security. Granny knots have the poten-
tial to slip and thus should be avoided unless the intention is 
to create such a slip knot.

A

B

C

Figure 9.36a, b, & c (A) Suturing technique and (B) Running 
subcuticular (C) burying the suture end. Courtesy of Olek Remesz, 
Wikimedia. Accessed at http://commons.wikimedia.org/wiki/
File:Subcuticular_suture.svg

Square Knot

Surgeon’s Knot

Granny Knot

Figure 9.37 Knot types. Dorland’s Medical Dictionary for 
Health Consumers. © 2007 by Saunders, an imprint of Elsevier, Inc. 
All rights reserved.

needle should be passed back through the left apex of the 
incision, with the exit point 1 cm beyond the apex of the inci-
sion. The suture should be pulled tightly and cut next to the 
skin, taking care not to cut the skin. The suture end will then 
retract back into the skin—this is called burying the suture 
end (Fig. 9.36c).

http://commons.wikimedia.org/wiki/File:Subcuticular_suture.svg
http://commons.wikimedia.org/wiki/File:Subcuticular_suture.svg
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Two-Handed Surgical Tie

Two-handed knot-tying is a simple technique that can be 
learned relatively easily and produces a good square knot. The 
one-handed tie technique is not covered in this book but is 
available for review in other sources. 

Two-Handed Square Knot 

1. The white strand is held in the right hand. The thumb of 
the left hand forms a loop by pushing the black strand to 
the right (Fig. 9.38a).

2. The right hand brings the white strand toward the 
implanter and across the left-hand black strand, form-
ing a cross over the left thumb. The left thumb protrudes 
through the loop that is created. The left index fi nger 
pinches the thumb so that the loop can slide onto the 
index fi nger (Fig. 9.38b).

3. The left hand supinates so that the left index fi nger 
rotates down into the created loop (Fig. 9.38c).

4. The white strand is pinched between the thumb and 
forefi nger to deliver the white strand through the loop 
(Fig. 9.38d).

5. The left hand pronates so that the thumb pushes back 
up through the loop, bringing the white strand up with 
it (Fig. 9.38e).

A

Figure 9.38a Knot tying demonstration #1.

Figure 9.38b Knot tying demonstration #2.

C

Figure 9.38c Knot tying demonstration #3.

D

Figure 9.38d Knot tying demonstration #4.

E

Figure 9.38e Knot tying demonstration #5.

B
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6. The white strand appears through the loop and is 
grabbed with the right hand (Fig. 9.38f).

7. The black end of the strand is tightened by pushing the 
knot away with the left hand and pulling the white strand 
with the right hand (Fig. 9.38g).

8. The knot is pulled in opposite directions to tighten, thus 
completing the fi rst knot (Fig. 9.38h).

 9. A loop is formed with the left index fi nger by slipping it 
under the black strand and pushing it toward the right 
hand (Fig. 9.38i).

10. The white strand is brought to the left and under the 
black strand to form another cross over the left thumb 
(Fig. 9.38j).

11. The left thumb and forefi nger are pinched and the left 
wrist is pronated up into the loop (Fig. 9.38k).

F

Figure 9.38f Knot tying demonstration #6.

Figure 9.38g Knot tying demonstration #7.

H

G

Figure 9.38h Knot tying demonstration #8.

I

Figure 9.38i Knot tying demonstration #9.

Figure 9.38j Knot tying demonstration #10.

J

K

Figure 9.38k Knot tying demonstration #11.
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12. The loop is slipped down on the left thumb and pinched 
between the left thumb and forefi nger (Fig. 9.381).

13. The white strand is released with the right hand, and 
the left hand is supinated to push the white strand 
through the loop (Fig. 9.38m).

14. The implanter should grab the white strand with the 
right hand while pulling the black strand toward him 
or her (Fig. 9.38n).

15. The square knot should be tightened with equal ten-
sion (Fig. 9.38o).

16. A third knot should be thrown identical to the fi rst 
knot to secure the square knot (Fig. 9.38p).

17. After creating the loop as in the fi rst throw, the left 
hand supinates so that the left index fi nger rotates 
down into the created loop (Fig. 9.38q).

L

Figure 9.38n Knot tying demonstration #14.

M

M

O

Figure 9.38m Knot tying demonstration #13.

Figure 9.38l Knot tying demonstration #12.

P

Figure 9.38o Knot tying demonstration #15.

Figure 9.38p Knot tying demonstration #16.

Q

Figure 9.38q Knot tying demonstration #17.
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18. The left hand then pronates to bring the white strand 
up through the loop (Fig. 9.38r).

19. The white strand should be grabbed and pulled toward 
the implanter with the right hand while he or she 
pushes the black strand away with the left hand to 
tighten the fi nal knot (Fig. 9.38s).

Instrument Tie 

The instrument tie is another useful alternative to the two-
handed tie. It is demonstrated below.

1. The needle holder is placed in the center of the V at the 
junction of the black and white strand (Fig. 9.39a).

2. The long white strand is grabbed with the left thumb 
and forefi nger and looped over the needle holder twice 
to create a surgeon’s throw (Fig. 9.39b).

R

Figure 9.38r Knot tying demonstration #18.

S

Figure 9.38s Knot tying demonstration #19.

A

Figure 9.39a Instrument tying demonstration #1.

B

Figure 9.39b Instrument tying demonstration #2.
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3. The short black strand is grabbed with the needle holder 
(Fig. 9.39c).

4. The long white strand is pulled away from the implanter 
and the short black strand toward him or her to com-
plete the fi rst throw (Fig. 9.39d).

5. The needle holder is placed back into the center of the V 
again created by the white and black strands. The long 
white strand is pulled toward the implanter with his or 
her left hand, forming a loop around the needle holder 
(Fig. 9.39e).

6. The short black strand is grabbed with the needle holder 
and pulled through the white loop away from the 
implanter (Fig. 9.39f).

7. The square knot is completed when the implanter pulls the 
short black end away from himself or herself with the needle 
holder while simultaneously pulling the long white strand 
toward himself or herself with the left hand (Fig. 9.39g).
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Introduction

Following a successful trial of spinal cord stimulation (SCS), 
the patient usually wishes to proceed with permanent implan-
tation as soon as possible. The permanent SCS implant poses 
different challenges than the trial, and these must be consid-
ered and planned for in advance. This chapter reviews these 
issues. 

Temporary Versus Permanent Trial

Whether the trial employed a temporary or permanent lead, 
implanting the permanent system must be scheduled and per-
formed in a fully equipped operating room (OR) with a fl uo-
roscopy table and a C-arm. This is normally an outpatient 
procedure, after which the patient is discharged with oral 
analgesics. Before the procedure, the programmer should pro-
vide the patient with instructions on how to adjust stimula-
tion, as the patient will likely be too sedated to confi rm this 
ability after the procedure.

Preparation for the permanent system will depend on whether 
the patient underwent a temporary (percutaneous) or a perma-
nent (tunneled) trial. Each scenario is covered individually.

Permanent Implantation Following a 
Successful Percutaneous Trial

Before proceeding to a permanent implant after a temporary 
trial, the small puncture wounds at the entry site of the tempo-
rary leads must be adequately healed. The date for a perma-
nent procedure is scheduled when the patient returns to the 
clinic at the end of a successful trial to have the temporary 
leads removed. We generally schedule permanent implanta-
tion 2 weeks after the conclusion of a successful trial to allow 
for complete resolution of any residual infl ammation at the 
insertion site of the temporary lead. 

The required lead length should be determined before the 
permanent procedure, as should the need for an extension. 
A tape measure should be used to measure the distance from 
the distal end of the trial lead to the prospective site for the 
implantable pulse generator (IPG). To traverse the distance 
between the midline and IPG and provide adequate strain 
relief, it may be necessary to use an extension. The total length 
of lead required should be known before entering the OR. 
Implanters who place the IPG in the anterior abdomen often 
use extensions because of the increased distance to the IPG 
site. Because strain relief loops have been shown in biome-
chanical studies to reduce lead tension during lumbar fl exion, 
the lead must be long enough to provide adequate strain relief, 
both at the anchor and IPG sites.1 Strain relief is accomplished 
by coiling loops of lead at the anchor and IPG sites to reduce 
the risk of lead displacement when the patient bends, stretches, 
or performs activities causing elongation between the anchor 
and IPG. 

How Much Additional Length Should Be 
Added for Strain Relief? 

There is limited research on which to base a recommendation. 
A computer modeling study analyzed the effect of spine fl ex-
ion on the distance between an IPG implanted in the buttock 
and the midline anchor. In this study, spine fl exion caused an 
increase in distance of 9 cm between the IPG and the anchor.2 
Based on this study, it seems reasonable to recommend that at 
least one coil of lead or an extension at least 3 cm in diameter 
(approximately 10 cm of extra length per coil) be placed at the 
midline and the IPG site for strain relief. This may reduce lead 
tension during spine fl exion and can possibly reduce migra-
tion. When it comes to strain relief, too much is better than 
too little, so it is better to err on the side of overestimation 
when determining the required length of lead. The strain relief 
loops should be no smaller than 2.5 cm (1 inch) in diameter to 
prevent kinking and/or damage to the leads.
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Permanent leads often can be tunneled directly without the 
use of extensions when IPGs are placed in the gluteal region 
for lumbar SCS or in the axillary region for cervical SCS.

Relevant anatomy of the epidural space, loss of resistance, 
and fl uoroscopic guidance are covered in Chapter 6.

Anesthesia

To ensure proper positioning of the leads, the patient must be 
alert and communicative during lead placement and intraop-
erative stimulation testing. Lead placement and anchoring 
should be performed using local anesthesia with only minimal 
use of sedation. To reduce the risk of local anesthetic toxicity, 
we recommend injecting 1% lidocaine with epinephrine, 
1:200,000 (methylparaben-free). As much as 7 mg/kg of lido-
caine mixed with epinephrine (42 mL in a 60-kg adult) may be 
injected subcutaneously with minimal risk of toxicity. In the 
event of an inadvertent intravascular injection, lidocaine also 
has less cardiotoxicity than bupivacaine.

An anesthesiologist or anesthetist will usually be in charge 
of monitoring and sedating the patient during permanent SCS 
placement surgery. Before the surgery, the implanter and 
anesthesia provider must discuss the different phases of the 
procedure and agree on the varying sedation requirements 
necessary for each. Sedation must be minimized during the 
initial phase of implantation to ensure that the patient is not 
continually falling asleep and jerking awake during lead posi-
tioning and testing. Once the leads have been anchored, 
heavier sedation can be provided if deemed necessary.

Anterograde Permanent Lead Placement at 
the Lumbar, Thoracic, and Cervical Levels

Creating the Midline Pocket Incision

The midline incision and undermining process can be per-
formed before or after the leads are placed. These two options 
are addressed separately below.

Placing the Leads Prior to Cut-Down Incision 
and Midline Pocket Creation

The advantage of placing the leads prior to the cut-down inci-
sion and pocket creation is the ease of moving to a new inter-
laminar space if needed without having to extend an incision 
or create a new incision on the opposite side. 

The main disadvantage is that making the incision around 
the placed Tuohy needles is technically more diffi cult and the 
dissection may take a bit longer. It is recommended that bipo-
lar electrocautery be used when dissecting around the Tuohy 
needle to reduce the likelihood of conducting cauterizing elec-
tricity into the epidural space.

When placing the Tuohy needle and leads prior to making 
the cut-down incision, the initial steps involved in patient 
positioning, needle placement, and lead manipulation for the 

permanent procedure are the same as for the percutaneous 
trial. Please refer to Chapter 7 for more details. 

Operative Procedure

As previously discussed, the leads for the permanent implant 
must be long enough to reach the IPG and allow for adequate 
strain relief. We commonly use 70-cm leads and, if possible, 
tunnel directly to the IPG without extensions to reduce the 
number of electrical connections and any tethering effect of 
the extension connector.

Choosing Incision Location

At this point, depending on whether one or two leads have 
been implanted in the epidural space, there are several possible 
locations for placing the skin incision to create the midline 
pocket. This stage of the procedure is identical to the proce-
dure for the tunneled trial. Please refer to Chapter 8 for details 
on this procedure. 

Placing the Midline Pocket Cut-Down Incision 
Prior to Lead Placement

The fi rst advantage to placing the incision prior to lead place-
ment is the time-savings factor, as no dissection is needed 
around a Tuohy needle. Second, no electrocautery is required 
until after the Tuohy needles have been removed and the leads 
are securely anchored. Thus, the use of bipolar electrocautery 
is usually not necessary.

Although unusual, the major disadvantage to this proce-
dure occurs if fi brosis or some other obstruction is encoun-
tered, making entry into a specifi c interspace problematic or 
even impossible. If placing the leads at the planned interlami-
nar space proves impossible, the incision will need to be 
extended either cephalad or caudad or a second incision on the 
opposite side of the midline will need to be made. This maneu-
ver is not trivial, as an extended incision or a second unneces-
sary incision increases postoperative pain and discomfort and 
produces a suboptimal cosmetic result. For this reason, we do 
not create a midline pocket prior to lead placement.

Creating the Central Pocket

Please refer to Chapter 8 for details on creating a central 
pocket. 

Anchoring the Lead

Please refer to Chapter 8 for details on anchoring leads.

Permanent Implantation Following 
Successful Tunneled Trial

Permanent tunneled trials are traditionally performed in a 
conventional OR (see Chapter 8). If the trial is considered a 
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failure, the patient will return to the OR for lead explantation. 
If the trial is considered a success, the patient will return to the 
OR for removal of the temporary extension and implantation 
of the battery. 

Explantation of Temporary Extension 

Extensions that are implanted for a temporary trial must be 
removed to implant the permanent system. In this situation, 
the extension exit site is under the drape and outside the sterile 
fi eld. After preparation and draping, the midline pocket is 
reopened and the extension connector is disconnected from 
the lead. The extension connector within the pocket is cut 
with a wire cutter and the remaining extension wire is then 
pulled out through the exit site from under the drapes by an 
assistant.

Where to Place the IPG Pocket

The decision as to proper placement of the IPG is controver-
sial and the literature is replete with confl icting expert recom-
mendations. The recommendations of an expert panel based 
on biomechanical testing results were published in 2006.2 
Based on the results of biomechanical and computer model-
ing, the panel recommended that IPGs be placed in the abdo-
men (for lumbar placement) or midaxillary line (for cervical 
lead placement). Panel members argued that placing the IPG 
in the buttock region could produce as much as a fi ve-fold 
increase in lead tension compared with abdominal and midax-
illary placement. This recommendation has been contested 
both in the literature and privately among implanters.3 Many 
implanters have successfully placed numerous IPGs in the lat-
eral, lower lumbar area below the belt line and have not 

encountered early or late complications such as lead migra-
tion or equipment malfunction. One publication notes that 
abdominal IPG placement in thin patients can result in pres-
sure sores, rib discomfort, pain, and cosmetic dissatisfaction.4 
Subfascial implantation, as recommended in that publication, 
may be impossible as it could place the IPG too deep for 
optimal recharging. 

We believe that paying strict attention to the anchoring 
technique and providing adequate strain relief are indispens-
able in contributing to good long-term outcomes no matter 
where the IPG is placed. All of us involved in the fi eld of neu-
romodulation would like to see more clinical studies per-
formed because individual implanters (even the experts) 
develop diverse preferences and anecdotal opinions that are 
not evidence-based.

Implanting the IPG in the gluteal region, lateral hip, or 
buttock below the belt line may be performed with the patient 
in the prone position. Some implanters tunnel cervical leads 
with extensions all the way to the upper buttock region and 
anecdotally claim to have good results. Many, if not most, 
implanters use the upper gluteal region to implant IPGs for 
lumbar lead placement. One case study describes a technique 
for placing the IPG in the superior outer quadrant of the 
buttock 2 cm inferior and parallel to the inferior rim of the 
posterior iliac crest.1 We have used this location successfully 
with some adjustments depending on where the patient wears 
a belt (Fig. 10.1).

Placing IPGs in the abdomen or midaxillary line (at the bra 
line in females) requires that the implant be performed in two 
stages. First, the patient is prepared and draped in the prone 
position, with the lead implanted, anchored, and curled within 
the midline pocket. The wound is then stapled closed and a 
clear occlusive dressing is placed over the staples. The patient 

Iliac crest

Cluneal
nerves

Iliohypogastric nerve

Incision

Figure 10.1 Placement of the IPG. Reprinted with 
permission from Andaluz N, Taha JM. Implantation 
of the synergy pulse generator in the gluteal area: 
surgical technique. Neuromodulation. 2002;5(2):
72–74. With permission from Wiley-Blackwell.



118     Spinal Cord Stimulation

is then turned into the decubitus position, reprepped, and 
redraped. The occlusive dressing and staples are removed and 
the midline incision is reopened. Then the abdominal or 
midaxillary pocket is created and the procedure is completed.

We suggest allowing the patient to choose the location for 
the IPG site, after being fully informed of the risks and benefi ts 
of each option. For some patients the placement of incisions 
can be an important detail. An implanter should feel comfort-
able and prepared to vary the IPG location based on a number 
of factors and be willing to perform the implant in two phases 
if the patient selects the midaxillary line or abdominal site for 
the IPG.

For low thoracic lead placement, the pocket for the IPG is 
most commonly placed in the posterior gluteal area (back 
pocket), lateral lower lumbar region, mid-fl ank, or anteriorly 
in the abdomen inferior to the rib cage. We prefer the outer 
gluteal region below the belt line. For upper thoracic or cervi-
cal placement, the IPG can be placed in the midaxillary region 
(at the bra line in females or at an analogous level in males) 
or the supraclavicular region, or even tunneled down to the 
gluteal region. We prefer the midaxillary location.

Placing the IPG

Proper placement of the IPG should be a decision made before 
beginning the procedure. The site should be marked with 
an indelible pen in the preoperative area so that it will still be 
visible after surgical preparation. If the IPG is being placed in 
the gluteal region, the patient should wear pants into the pre-
operative area and a model of the IPG should be placed over 
the skin with the patient sitting as well as standing so that the 
proposed pocket site is below the belt line and yet high enough 
so that the patient will not sit or lie on the unit.

The same procedure should be repeated for midaxillary 
placement. Female patients should wear a bra in the preopera-
tive area and the site should be marked under the bra line. It is 
helpful to trace around the model IPG so the pocket location 
may be precisely identifi ed.

Most rechargeable IPGs should be implanted to a depth of 
no greater than 2 to 2.5 cm (approximately 1 inch), depending 
on the manufacturer. It is important that the battery is not 
implanted too deeply, as it will not recharge properly.

The incision should not overlie the battery. This is espe-
cially important when implanting a rechargeable battery. The 
pocket should be dissected and created inferior to the incision 
so that the superior edge of the battery is just inferior to the 
incision when placed into the pocket. This can be accom-
plished using blunt dissection as described in Chapter 9. The 
goal is to create a pocket that matches—as precisely as possi-
ble—the size of the IPG to reduce dead space. Because the 
opening of the incision may be slightly stretched to accom-
modate IPG placement, the length of the incision should be 
slightly smaller than the diameter of the battery being 
implanted. This may be as small as 4 cm, which is slightly 
smaller than the diameter of some of the newer IPGs. Use an 
IPG template if available or the IPG itself to affi rm that the 

pocket will accommodate the IPG. Remove the template/IPG 
and inspect the pocket for bleeders using an Army–Navy 
retractor. Fulgurate any bleeders using the “cut” mode of a 
unipolar electrode, or use a bipolar unit.

The Tunneling Procedure – This Procedure Is 
Detailed in Chapters 8 And 9 but Is Included 
Again Here for Ease of Reference.

Once the IPG pocket has been created, it is necessary to tunnel 
the leads from the midline anchor pocket to the IPG pocket. 
A tunneling tool (Fig. 10.2) is required to pass the lead subcu-
taneously from the midline lead anchor site to the IPG pocket. 
A tunneling tool is a sharp-tipped malleable metal shaft that 
can be bent to conform to the shape of the patient’s body. 
A metal shaft is inserted through a clear plastic cannula sleeve, 
similar to a straw. Most tunneling tools are manufactured with 
the plastic cannula preassembled. If not preassembled, the 
tunneling tool is prepared by slipping the straw over the shaft 
and screwing the metal handle onto the metal shaft. Tunneling 
tools are packaged straight, without any bend at the distal tip. 
It is important that a 10- to 30-degree bend is placed at the 
distal third of the tunneling tool, depending on the curvature 
of the patient’s anatomy. A curve makes it possible to direct 
the tip and maintain a superfi cial depth in the subcutaneous 
tissue. A fi rm table should be used for support when bending 
the tip of the shaft. The tip is sharp and may puncture or cut 
the surgeon if care is not exercised during bending. The can-
nula-type tunneling tool may be advanced from midline to the 
IPG or vice versa. If the distance between the two pockets 
exceeds the length of the tunneling tool, tunneling will be 
accomplished in two steps (Fig. 10.3).

Sedation should be increased during the tunneling proce-
dure to reduce the patient’s discomfort, and local anesthesia 
should be administered along the tunneling route. The tun-
neling unit is advanced through subcutaneous tissue by appli-
cation of steady force with the dominant hand. It is important 

Figure 10.2 Tunneling tools.
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that the tip of the tunneling tool be felt under the skin with the 
nondominant hand to gauge depth, and to ensure that the tip 
is not too deep. The surgeon must confi rm that the tool is 
always in the subcutaneous tissue. If depth and directional 
adjustments are required, the implanter should steer with the 
bent tip. Vital structures may be perforated during tunneling 
if depth is not continuously monitored. The tunneling tool 
may be passed subcutaneously from the midline incision to 
the IPG site or vice versa, and the handle is then removed from 
the tunneling rod, leaving the straw in place. The leads are 
then inserted through the straw, and the straw is removed 
through the IPG site. The ends of the leads should be wiped 
clean with sterile water rather than saline to prevent corrosion 
and then inserted into the IPG. After the leads have been con-
nected to the IPG and tested successfully, the lead screws on 
the IPG should be tightened using the torque wrench included 

with the device. The wrench should be turned until it clicks 
several times. The IPG should be placed into the pocket with 
the letters facing outward toward the skin surface and the 
extra length of lead looped under the IPG and placed in the 
midline pocket for strain relief. The strain relief loops should 
be at least 2.5 cm (1 inch) in diameter to prevent kinking of or 
damage to the leads. Both midline and IPG incisions should be 
irrigated generously and closed according to the wound clo-
sure techniques described in Chapter 9. 

After the Procedure

After the procedure, the patient should be instructed to mini-
mize bending or fl exing for 6 weeks to reduce the chance of 
lead migration. A prefi tted soft cervical collar is used to reduce 
neck motion after cervical SCS placement. The patient is dis-
charged after fi nal programming and asked to engage in mini-
mal activity for the fi rst few days because there will be 
discomfort at the incision sites once the local anesthetic has 
worn off.
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Sample Dictation Template

Dorsal Column Stimulator Implantation
Patient’s Name

MR#

DOB

Operation Date

Preprocedural Dx

Postprocedural Dx

Name of Procedure: Spinal Cord Stimulator and Pulse 
Generator Implantation

Anesthesia: Monitored Anesthesia Care with IV sedation

Estimated Blood Loss: Minimal

Urine Output: Not Measured

IV Fluids: 

Complications:

Consent
The risks, benefi ts, and options were discussed thoroughly 
with the patient. The patient’s questions were answered. The 
patient appeared to understand and chose to proceed. 
Informed consent was obtained.

Procedure
Today’s permanent implant followed a successful trial of 
spinal cord stimulation (SCS) and is therefore the second part 
of a staged procedure. After obtaining informed consent, 
a 22-gauge IV heplock was placed in the patient’s upper 
extremity. The patient was given an IV prophylactic antibi-
otic of (1), infused slowly over 30 minutes prior to the proce-
dure. The site for the implantable pulse generator was marked 
on the patient in the preoperative area. The patient was taken 

to the operating suite and placed in the prone position with 
two pillows under the (2). The anesthesia care provider 
throughout the procedure provided cardiopulmonary moni-
toring and sedation. The patient’s vital signs were noted to be 
stable during the procedure. The patient’s (3) spine was 
prepped with Betadine and Chlorhexidine and then draped in 
the usual sterile fashion.

An anteroposterior fl uoroscopic view was obtained to 
identify and mark the midline position of the (4) spinous pro-
cesses. The skin was anesthetized with (5). Subsequently a 
14-gauge 4-inch Tuohy epidural needle provided in the stim-
ulator lead kit was used to approach the epidural space. Local 
dissection with a No. 15 scalpel and electrocautery was used as 
necessary to facilitate access to the paraspinous fascia (6). The 
entry site was at approximately the level of the (7) vertebral 
body. The needle was advanced using a paramedian approach, 
to the (8) of midline at approximately a 45-degree angle. Loss-
of-resistance to air was utilized to verify placement in the 
epidural space. The epidural space was entered at the (9) inter-
space. A lateral fl uoroscopic view was obtained to confi rm the 
position of the tip of the Tuohy needle in the epidural space. 
Aspiration was negative for heme or cerebrospinal fl uid. The 
patient (10) complained of pain or paresthesias during the 
needle placement. The stylette was removed from the Tuohy 
needle and the SCS lead was advanced through the Tuohy 
needle under direct visualization, medially and slightly to the 
(11) side of midline. The tip of the lead was aligned with the 
inferior endplate of the (12) vertebral body and was located 
approximately (13) mm from midline. At this point, a tempo-
rary extension was connected to the end of the SCS lead. Stim-
ulator testing was performed with the assistance of the SCS 
device representative using a temporary extension. The patient 
reported a (14) pattern of capture covering the (15) at an 
acceptable voltage. The fi nal position of the zero electrode was 
noted to be (16) from its previous position. A second lead (17) 
placed. Following fi nal confi rmation of correct lead placement, 

Appendix 1
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the midline pocket was fully developed using electrocautery 
and blunt dissection. Following completion of the midline 
pocket, the stylette was then removed from the lead followed 
by the Tuohy needle. When both were removed, the position 
was rechecked to confi rm the lead position had not changed. 
Stimulation was also rechecked to verify a continued good 
pattern of capture, and at that point the stimulation (18) was 
anchored to the (19) with four 2-0 silk sutures. 

The pocket site for the neurostimulator pulse generator 
was previously identifi ed and marked in the (20). (21) was 
used for skin infi ltration. Using a No. 15 scalpel, a 4-cm inci-
sion was created. A subcutaneous pocket at a depth of approx-
imately 1 to 2 cm was created using blunt dissection. Local 
anesthetic was then utilized to anesthetize the tract for creat-
ing a subcutaneous tunnel between the stimulating lead and 
the pocket. Using the tunneling tool, tunneling was success-
fully completed between the midline at the exit site of the lead 
and the pocket. The lead was then passed through the tunnel-
ing tool to the pocket. The lead(s) were then securely placed 
into the pulse generator and tested. Following successful 
testing the leads were secured into the pulse generator by 
tightening the set screws. The pulse generator was then placed 
into the pocket with the noninsulated lettered side of the unit 
facing out toward the skin.

At this point, the system was again tested with the pulse gen-
erator placed into the subcutaneous pocket. Once the system’s 
function was verifi ed, both the incision sites were irrigated with 
Bacitracin and closed with 3-0 absorbable multifi lament suture. 
Subcutaneous suturing was accomplished with 4-0 absorbable 
monofi lament suture and cyanoacrylate skin adhesive, followed 
by the application of Steri-Strips. The wound was then ban-
daged with sterile gauze and taped down in a sterile fashion.

Initial Stimulator settings: (24)
The patient was then brought to the recovery room, where 

the unit was again tested and activated. 

Disposition
The patient was instructed not to reach overhead or perform 
any abrupt movements with the back, neck, or arms. The 
patient has been scheduled to return to the pain clinic for fol-
low-up and wound check in approximately 5 days. The patient 
is to contact the on-call physician on the pain service at any 
time if there are any complications including, but not limited 
to, bleeding or signs of infection. There were (25) complica-
tions. The patient (26) tolerated the procedure well and was 
discharged (27) after meeting discharge criteria. At the point 
of discharge, analgesics were prescribed for home (28).

Template
1. Antibiotic given:

a.  1 g of Kefzol, mixed in 500 cc of normal saline
b. Other—describe

2. Location of pillows (to reduce lordosis):
a. Chest to reduce the cervical lordosis
b.  Abdomen to reduce the lumbar lordosis

 3. Location of preparation:
a. Cervical, thoracic, and lumbosacral
b. Thoracic and lumbosacral
c. Other—describe

 4. Fluoro identifi cation:
a. C4–T4
b. T10–L2

 5. Local anesthesia:
a.  1% lidocaine MPF with 1/200,000 

epinephrine
b. Other

 6. Local dissection:
a. Before placement of the Tuohy needle
b. After placement of the Tuohy needle

 7. Skin entry level with Tuohy needle:
a. T2
b. L2
c. Other

 8. Paramedian:
a. Right
b. Left

 9. Site of epidural entry:
a. Specify level

10. Paresthesias or complaints:
a. Did
b. Did not

11. Lead placement:
a. Right
b. Left

12. Lead tip location:
a. Specify level

13. Lead distance from midline:

14. Quality of stim capture:
a. Good
b. Fair
c.  Poor, despite multiple attempts at repositioning 

the lead. Therefore, the stimulator lead and Tuohy 
needle were completely removed. 

15.  Upper versus lower extremity or upper versus low 
back (axial) capture:
a. Specify location of stim capture
b. “SKIP” IF NO CAPTURE AND SCS FAILED

16. Final lead position:
a. Unchanged
b.  Changed (dictate specifi cs of change in lead 

position)
c. “SKIP” IF NO CAPTURE AND SCS FAILED

17. Second lead:
a. Was
b. Was not

Repeat 4–16 if a second lead is placed.
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18. One or two leads:
a. Lead was
b. Leads were each

19. Fascia anchors:
a. Cervical paraspinous fascia
b. Lumbar paraspinous fascia

20. Pocket location:
a. Right upper buttock
b. Left upper buttock
c. Other

21. Local anesthesia for pocket:
a.  1% lidocaine with 1/200,000 epinephrine
b. Other

22. One or two leads:
a. Extension was
b. Two extensions were

23. One or two leads:
a. The
b. Each

24.  Dictate initial stimulator settings obtained from the 
product representative.

25. Complications:
a. None apparent
b. The following (describe in detail)

26. Tolerance of procedure:
a. Did 
b. Did not (describe in detail)

27. Length of stay:
a. From PACU
b. Following a 23-hour stay

28. Additional recommendations:
a. Skip
b. Describe in detail

Postoperative Instructions for Patients 
Having Spinal Stimulator Implants, 
Revisions, and Explants

1. Immediate Postoperative Period: It is normal to feel 
dizzy and sleepy for several hours after your operation. 
Therefore, you should not drive, operate any equip-
ment, sign any important papers, or make any signifi -
cant decisions until the next day.

2. Diet: Start with clear liquids. Progress to solids over the 
next 6 hours. You have received pain medication that 
may make you sick to your stomach. Soups and foods 
that are easy to digest are best tolerated as you begin to 
eat (avoid spicy and fatty food). Drink plenty of fl uids. 
Do not drink alcoholic beverages for 24 hours.

3. Activities: Keep to a minimum.
a. Resting at home is recommended for 72 hours fol-

lowing your procedure.
b. No twisting, turning, or bending should be attempted 

during this time.

c. Call your physician if your pain is not controlled with 
pain medication.

4. Temperature: Please report any temperature over 100.4° 
to your physician. Report any redness, swelling, exces-
sive discharge, or foul odor from the wound. If you 
develop severe headache or marked neck stiffness and 
rigidity, please call your physician immediately. 

5. Care of the Wound/Special Instructions:
 Keep the surgical area and/or bandage clean and dry.
  Showering should not be attempted postoperatively 

until your physician instructs you to do so. Sponge bath-
ing is acceptable. Keep the dressing or wound area dry at 
all times.

  Please keep your dressing intact. If you are prescribed 
a neck collar or abdominal binder, wear them as 
instructed by your physician. Change dressing only if/or 
instructed by your physician.

  For patients with functioning stimulators, spinal cord 
stimulation may be variable and may change with 
position. Do not be alarmed! Your unit has a high degree 
of reliability and usually only minor adjustments 
are needed. If adjustment is not satisfactory with your 
hand-held programmer, please contact our offi ce at 
(xxx) xxx-xxxx.

  You may require modifi cation in your pain medica-
tion for immediate postoperative discomfort. Please dis-
cuss this with your physician and make changes only as 
your physician advises.

6. Possible Problems: Report any neurological changes, 
such as new numbness or weakness or unusually severe 
back pain. New changes are never normal and may 
require emergency treatment. If you have any questions 
or are concerned that something isn’t right, please feel 
free to call our offi ce. If you feel that you are having a 
true emergency, you must report immediately to an 
emergency room and the emergency room physician 
will contact the On-Call Pain Physician directly.

For phone calls after hours: (xxx) xxx-xxxx; ask for a Pain 
Physician On-Call.

Call the Clinic between 8 am and 5 pm, Monday through 
Friday, telephone (xxx) xxx-xxxx for an appointment with 
Dr.___________, for ______ (day). Please keep a diary noting 
your pain responses and side effects every few days until your 
follow-up visit. Write it down so that you don’t forget. Bring 
the diary with you to your next meeting with your physician. 

These instructions have been explained to me. I understand 
them and have received a copy.

Signature of patient/caretaker:    

Date:   Interpreter:    

Nurse:      , R.N.
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Sample Preoperative Orders: Spinal Cord 
Stimulator Implant

Date Hour Order

  1. Admit to ambulatory surgical center
  2. Dx: Chronic intractable pain
  3. Patient weight ___________
  4.  NPO except po/pre-op meds w/H2O 

sip—after cleared with anesthesia
  5. Start peripheral IV per anesthesia
  6.  Notify Dr. XXXXX that patient has 

arrived
  7.  Start Ancef X g IVPB. If allergic to 

penicillin or cephalosporins, notify 
surgeon prior to admin.

  8. Void on call to OR
___________________________________________

Ordering Physician Signature___________________ 

P.I. #________Beeper:_______

Nurse/Ancillary Stamp

Sample Preference Card

Site XXX     Pain Service
Double Gloves: 8½ green under 8 regular

Spinal Cord Stimulation/ Dorsal Column 

Tape Door Closed with Sign on Door

“No Entry—Implant in Progress”

Positioning/Positioning Supplies

Prone• 
Fluoroscopy table• 
Pillows ×4• 
Eggcrate mattress• 
Elbow foam• 

PREPARATION
Betadine followed by Hibiclens: Neck to mid-buttock, side 
to side

INSTRUMENTS

General minor tray

#15 blade

Weitlaner retractor

SUPPLIES

Basic pack

Bar drape ×1

U-drape ×1

10-cc syringe ×2

22-gauge 3½-inch Quincke spinal needle

25-gauge 1½-inch needle

18-gauge 1½-inch needle

Insulated Bovie tip (blade tip)

Bipolar setup

Extra gowns ×2

Ioban drape 6650

Plastic border drapes ×4

C-arm cover

Glass loss-of-resistance 

#11 and 15 blades

EQUIPMENT

C-arm (in room before preparation), must print images

Lead aprons and thyroid shields

Spinal cord stimulator lead kit(s) and battery from 
representative

SUTURES

2-0 silk V-20 ×4

3-0 Polysorb/Vicryl (Popoff) ×12

4-0 Biosyn/Monocryl ×2

Indermil/Dermabond ×2

DRUGS

1% lidocaine MPF w/ epinephrine 1/200,000 30 cc ×2

NaCl irrigation ×2 L mixed with Bacitracin

Bacitracin 100,000 units/L irrigation

DRESSINGS

Half-inch Steri-Strips

Telfa

Medium Tegaderm ×4

Sample Admit and Discharge Orders for 
Spinal Cord Stimulator 23-Hour Stay

1. Admit to PACU and 23-hour observation
2. Dx: _________________________
3. Condition: Good
4. VS q shift, neuro checks q 4 hours 
5. Allergies: List
6. Activity: Bed rest with bathroom privileges with 

assistance
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 7. Keep in: 
a. Abdominal binder
b. Cervical collar

 8. Diet: Regular as tolerated 
 9. X-ray 

a. PA and lateral thoraco/lumbar 
b. PA and lateral thoraco/lumbar and cervical spine 

fi lm in PACU
10. Ice pack to incision site(s) for 24 hours
11. Manufacturer representative to instruct patient on 

stimulator use
12. Analgesic medication examples: 

a. Vicodin 1–2 po q 4 hours prn pain
b. Percocet 1–2 po q 4 hours prn pain
c. Dilaudid 0.5–1.0 mg IV q 2 hours prn pain not con-

trolled with above
d. MSO4 2–5 mg IV q 10–20 min prn pain not con-

trolled with above
13. Pruritus

a. Benadryl 25 mg IV q 4–6 hours prn itching
14. IV: Continue present fl uids TKO. Use no heparin in 

patient.
15. Repeat Ancef 1 g IVPB 8 hours following fi rst dose, 

then 1 g q 8 hours until discharge.

16. Tylenol 1–2 tablets po q 4–6 hours for fever >100°F
17. Reinforce but do not change dressings.
18. Call for:

a. Temp >100°F
b. O2 sat <90, resp rate <10
c. Extreme somnolence
d. Numbness, weakness, or new neurological changes
e. Excessive bleeding or drainage from incision
f. Excessive pain unrelieved by analgesics ordered

Sample Discharge Orders for Spinal Cord 
Stimulator 23-Hour Stay

1. Resume normal preoperative medications.
2. Schedule follow-up in pain clinic in 10 days for wound 

check.
3. Patient may be discharged home after _____hours of 

observation if hemodynamically stable, able to void, and 
having no nausea or uncontrolled pain, following stan-
dardized discharge criteria.

4. Sample discharge medications:
a. Sample pain medications: Vicodin (or Percocet) 1–2 

po q 4–6 hours. No. 40
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Introduction

Wound healing is necessary for survival; without it, we 
would inevitably succumb to hemorrhage and infection. 
Basic wound-closure techniques describing the use of plant 
thorns, ant jaws, scalding liquids, and red-hot objects date 
back thousands of years to the earliest historical records, such 
as the Smith Papyrus, circa 1700 bc. Although modern tools 
are more sophisticated, they retain their origins from these 
primitive thermal and mechanical techniques. Since the dis-
covery of epidermal growth factor in 1962, tremendous 
advances have occurred in the science of wound care and 
restoration. The implanter of spinal cord stimulator (SCS) 
systems must have a basic understanding of wound healing 
to optimize outcomes and recognize failed or delayed 
wound healing when it occurs. Many of the same risk factors 
associated with infection can also affect the process of wound 
healing.

Normal Wound Healing

Wounded tissue, whether resulting from surgery or other 
trauma, loses its normal structure and function as the result of 
external forces. Wound repair is the process whereby the tissue 
attempts to restore its barriers to fl uid loss and infection 
and increase both blood fl ow to and structural integrity of 
the injured region. Normal wound healing proceeds in a 
predictable sequence that results in functional and structural 
restoration. Unfortunately, wound healing does not result 
in regeneration, which is fl awless restoration to the preexisting 
architecture without scar formation. The degree of scar 
formation and restoration of function depends on the nature 
of the injury and the quality of the surgical closure. For wound 
healing to occur, the injured tissue must activate an orderly 
series of cellular and molecular responses. This process is 
divided into three phases, as described below (Fig. 11.1).

Phases of Wound Healing

Phase 1: Hemostasis and Infl ammation

Hemostasis is the earliest phase of wound healing. Initially, 
disruption of blood vessels results in transient vasoconstric-
tion, and erythrocytes and platelets serve to initiate hemostasis 
and plugging of capillaries. Adherence of platelets to capillary 
endothelium requires the presence of von Willebrand’s factor. 
Platelet activation leads to the release of serotonin and hista-
mine, resulting in vasodilatation and increased permeability 
of capillaries. Fibrinogen is a soluble plasma protein that 
extravasates from disrupted vessels and endeavors to seal the 
rents. Activation of the clotting cascade leads to production of 
thrombin and formation of fi brin monomers from fi brinogen 
that polymerize to form clots. The clot matrix allows for the 
chemotactic attraction of fi broblasts, macrophages, and 

MaturationFibroplasia

Hemostasis &
inflammation

Phases of wound healing

3658

Days after injury
Injury

86420

Figure 11.1 Phases of wound healing. Reprinted from Mulholland 
MW. Surgical Complications. In: Townsend CM, Beauchamp RD, 
Evers BM, et al., eds. Sabiston textbook of surgery. Philadelphia: 
Saunders, 2000. With permission from Elsevier.
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endothelial cells. As fi broblasts begin to produce collagen, the 
fi brin clot is gradually replaced by scar tissue. 

Infl ammation begins with the release of complement and 
chemotactic factors. Monocytes and endothelial cells release 
infl ammatory mediators, such as interleukin-1 and tumor 
necrosis factor-alpha, which results in movement of neutro-
phils to the wound site. Nitric oxide has also been shown to 
play a critical role in the infl ammatory response. Nitric oxide 
signals many biologic processes and is an important metabo-
lite in establishing a defense against invading microorganisms. 
The clinical fi ndings of redness (rubor), heat (calor), swelling 
(tumor), and pain (dolor) are consequences of the infl amma-
tory processes resulting from increased vasodilation and capil-
lary permeability.1 

The infl ammatory process peaks between 2 and 4 days 
post-wound and is characterized by the presence of neutro-
phils, which are responsible for mopping up wound contami-
nants, foreign debris, and bacteria.

Circulating monocytes enter the wound next and differen-
tiate into macrophages (Fig. 11.2). Macrophages are critical to 
wound healing and direct many important processes such as 

angiogenesis and fi broplasia. Like neutrophils, macrophages 
also participate in bacterial detection and phagocytosis. 

Phase 2: Proliferation and Fibroplasia

It generally takes 3 to 5 days for undifferentiated mesenchymal 
cells to differentiate into fi broblasts. During this period, 
known as the “lag phase,” the wound is weak and most at risk 
for dehiscence. The proliferative phase begins with the arrival 
of fi broblasts at 48 hours and continues over the next several 
weeks. During this process new blood vessels are formed 
(angiogenesis), collagen is laid down (fi broplasia), and epithe-
lial resurfacing occurs (epithelialization). Fibroblasts from the 
surrounding tissue replace the fi brin clot matrix with a loose 
arrangement of collagen-rich granulation tissue. Proteoglycans 
and elastins produced by fi broblasts contribute to the integrity 
of the extracellular granulation tissue. As the number of mac-
rophages decreases, the fi broblast population steadily increases, 
peaking between 7 and 14 days post-injury. The newly laid 
collagen begins to contract during this phase, causing the 
wound edges to be pulled together. Epithelial cells adjacent to 
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Figure 11.2 Healing time. Reprinted from Sabiston textbook of 
surgery, 17th edition, Figure 8.4.  With permission from Elsevier.
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the wound edge begin to proliferate and migrate across the 
collagen matrix. Of note, epithelial resurfacing of the wound 
does not contribute to wound strength. 

Phase 3: Maturation and Remodeling

The remodeling phase continues over the next 2 years as the 
wound continues to contract and reorganize. Expression of 
new collagen results in contraction and increased tensile 
strength of the wound. During maturation, the fi broblasts 
in the contracting wound undergo fundamental changes to 
become more like smooth muscle cells and are referred to as 
“myofi broblasts.” These transformed fi broblasts develop cyto-
plasmic actin–myosin complexes that greatly accelerate wound 
contraction. In pathologic states, these transformed fi broblasts 
contribute to diseases such as hepatic cirrhosis, renal and pul-
monary fi brosis, and Dupuytren’s contracture. Also, cross-
linking of collagen results in further contraction of the wound 
as it becomes more organized. Even after reorganization 
has occurred, mature scar tissue is only about 30% to 70% as 
strong as pristine tissue. Therefore, the SCS implanter should 
do everything possible to minimize wound size and use 
optimal surgical and wound-closure techniques to minimize 
postoperative wound complications.2 

Identifying the Patient at Risk for Wound 
Complications

Local and systemic factors can affect wound healing. Compli-
cated healing most often results from bacterial wound con-
tamination. Appropriate preoperative preparation and an 
aseptic surgical fi eld have been shown to signifi cantly reduce 
the risk of infection. Please refer to Chapter 4 for more infor-
mation on sterile surgical techniques. Proper nutrition and 
overall health factors also affect the rate of wound healing.

Malnutrition, Chronic Disease, and Immune 
Compromise

Abundant evidence suggests that poor nutritional status and/
or immune compromise can infl uence wound healing and 
reduce scar tensile strength, predisposing the wound to dehis-
cence and infection.

Patients with renal disease, diabetes, cancer in remission, 
or chronic illnesses may have suppressed immune responses, 
putting them at increased risk for postoperative wound 
complications. Patients with poor nutritional status—such as 
malabsorption secondary to gastric bypass or other chronic 
illnesses such as rheumatoid arthritis, lupus, or HIV—also 
have compromised immune systems that can infl uence wound 
healing. Smoking may also adversely affect wound healing and 
increase the risk of infection. (Please refer to Chapter 2 for 
more information on pretrial considerations.) 

Patients with diabetes who also have peripheral neuropa-
thy often respond well to SCS. However, they should be under 

optimal glycemic control before proceeding with a trial. Ele-
vated blood glucose levels in the postoperative period predis-
pose patients to infection and delayed wound healing. This 
results, at least in part, from interference with chemotaxis of 
phagocytosis and delayed leukocyte and macrophage migra-
tion. The result is a prolonged infl ammatory phase. 

Patients with any chronic illness should be medically and 
nutritionally optimized to the greatest extent possible. Opti-
mizing the patient’s nutritional status with the aid of a dietitian 
or nutritional consultant can contribute to an uncomplicated 
postoperative course.3 Our philosophy is to medically opti-
mize our patients before proceeding with implantation sur-
gery. Fortunately, relative to other more invasive surgeries, 
SCS implantation results in a modest physiologic stress 
response.

Postoperative Care

Most patients are discharged on the same day as their surgery. 
Resting at home is recommended for at least the fi rst 2 postop-
erative days. Pain, discomfort, and swelling normally peak on 
postoperative day 2 and should begin to decrease after that. 
Adequate pain medication in addition to the patient’s usual 
chronic pain medication is prescribed. The patient is advised 
to avoid sudden movements, bending, lifting, stretching, 
reaching, pulling, or twisting for the fi rst 4 to 6 weeks. 

Showering

There has been insuffi cient research to determine the amount 
of time needed before patients can safely begin showering post-
operatively. Conventional instruction has been to keep the 
wound clean and dry for 10 to 14 days or until 1 to 2 days after 
suture or staple removal. Although there is some difference of 
opinion, most seem to agree that the wound should be kept 
completely dry for at least the fi rst 48 hours postoperatively. 
Some implanters who use adhesives to close the wound, such as 
Dermabond or Indermil, would argue that because the wound 
is “sealed” the patient should be able to shower immediately 
after the procedure. A prospective study analyzed the effect of 
showering between 2 and 5 days after posterior spine surgery in 
patients with stapled wounds. The investigators found no 
increase in wound complications in the group that showered.4 
Another prospective study in Finland also found no difference 
in wound complications in patients following herniorrhaphy 
who used saunas beginning on postoperative day 3.5 Because 
we use absorbable suture and wound adhesives for closure, we 
allow our patients to shower after the fi rst wound check on 
postoperative day 3 if the wound appears normal.

At the fi rst postoperative wound check, the dressings 
should be removed and the wound(s) inspected and gently 
cleaned with peroxide and a cotton-tipped swab. Sterile gloves 
should be worn while palpating for areas of tenderness or fl uc-
tuance. It is common to see a 2- to 3-mm rim of redness 
around the wound edge; however, this area of redness should 
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not spread. If a surgical site infection is suspected, baseline 
laboratory studies should be obtained, including a complete 
blood count, sedimentation rate, and C-reactive protein. 
Increases in pain, swelling, or redness and the presence of 
fever, chills, or drainage from the wound after the fi rst postop-
erative wound check should be thoroughly evaluated. A tissue 
ultrasound can be helpful in differentiating seroma from 
infection. Patients with questions should be seen in the offi ce 
the next day for a follow-up wound check. (See Chapter 12 for 
more information on complications and infection.) Evidence 
of expanding erythema or increases in tenderness should be 
treated as infection until proven otherwise.

Postoperative Antibiotics

Use of prophylactic postoperative antibiotics is controversial. 
There is no evidence to suggest that they decrease the rate of 
wound infection beyond that of initial preoperative antibiotic 
administration. Administering postoperative antibiotics also 
poses the risk of selecting out resistant organisms, which may 
make treating a surgical site infection more problematic. 

Suture and/or Staple Removal

Nonabsorbable skin sutures or staples should be removed 
between postoperative days 7 and 10. This can usually be per-
formed on the second postoperative visit. 

1. First postoperative wound check at postoperative day 3 
or 4
a. Remove outer dressing but leave Steri-Strips intact if 

present. Loose Steri-Strips may be removed. It is not 

necessary to redress the remaining Steri-Strips or 
replace those removed as they will fall off by them-
selves. Loose material should be gently cleaned away 
with peroxide. A 4 × 4 gauze pad should be placed 
over the wound(s) and taped loosely. The patient 
may shower if the wound shows no sign of infection. 
The surgical site may be patted dry but should not be 
vigorously rubbed with a towel.

b. No bathing or soaking
2. Second postoperative wound check between postopera-

tive days 7 and 10
a. If present, staples and/or nonabsorbable sutures 

should be removed. 
b. No bathing or soaking

3. Final postoperative wound check at 3 weeks
a. If the wound shows no sign of infection, the patient 

may now bathe or soak. 
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Complications and Adverse Events

“In surgery, a surgeon’s experience can be measured by his complications, 
but his wisdom is measured by how he deals with it.”

William S. Halstead

Postoperative Complications in the 
Modern World

Surgery entails certain risks, and complications are inevitable. 
It has been said that given enough cases, every conceivable 
surgical complication will occur to someone, somewhere, at 
some point. In the past, the subject of complications was a 
matter limited to discussion between the patient and surgeon. 
The surgeon generally handled common postoperative com-
plications, such as infections, without running the risk of 
malpractice or litigation. In fact, a surgeon could even have a 
high complication rate without suffering any negative conse-
quences. This, however, is no longer the case. 

Hospital quality improvement committees, and society at 
large, now track and scrutinize information that was formerly 
confi dential and private between the patient and surgeon. 
Complication rates for individual hospitals are now public 
record and available to patients via the Internet. Benchmarks 
have been established and evidence-based standards are used 
by accreditation and oversight agencies to rank hospitals based 
on predetermined quality indicators. Data on individual sur-
geons may also be in the public domain. Patients have become 
informed consumers and demand assurance that they are get-
ting the best care available. It is now possible for patients to 
choose their provider based on comparative aggregate out-
come data. Seniority and experience are becoming less impor-
tant in the age of real-time outcome tracking. Furthermore, 
insurance companies are beginning to link reimbursement 
rates with outcomes, a “pay-for-performance” policy. In 2000, 
the Institute of Medicine published a scathing report entitled 
“To Err Is Human: Building a Safer Health System,” which 
noted that 44,000 to 98,000 people die each year from pre-
ventable medical errors.1 

Implantation of analgesic devices is part of this evolving 
picture, and future implanters must be prepared to avoid 

complications whenever possible and know how to manage 
complications that do arise. 

Training

At a time when information technology is rapidly expanding, 
it is nearly impossible for anyone to keep up with every advance 
in surgical practice. The exponential increase in published 
studies in every fi eld and the increasing complexity of basic 
and clinical research present tremendous challenges for 
modern practitioners. The quality of individual training and 
the knowledge of institutional policies are critical, as both 
affect clinical outcomes. Complication rates can vary signifi -
cantly by individual and institution and are not the result of 
random chance or “a string of bad luck.” These rates can 
be signifi cantly affected by changes in practice and policies. 
A recent publication by the American Health Quality 
Association demonstrated how 56 hospitals in Washington, 
Alaska, and Idaho collaborated and adopted protocols that 
reduced surgical infection rates by 27% per year.2 

Implanting spinal cord stimulators (SCSs) requires 
advanced training and seasoned clinical judgment. Attending 
a weekend cadaver course (or simply reading a book, includ-
ing this one) does not provide adequate training. It would 
obviously be a concern if a practitioner with inadequate train-
ing was encouraged to begin performing procedures, as this 
could result in signifi cant harm not only to the patient, but 
also to the clinician and facility involved. All future implanters 
must be appropriately trained in all areas relevant to SCS sys-
tems. The specifi cs of training may vary but in almost all cases 
should involve direct work with a mentor over an extended 
period of time, supplemented by didactic self-learning tools 
(e.g., written and video educational materials) as well as 
cadaver workshops. This book serves as part of such a training 
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program. Formal training in a program accredited by the 
Accreditation Council on Graduate Medical Education is the 
gold standard.

Complications and Adverse Events

The fi rst thing a training implanter must learn is not to be a 
hero. If an unfamiliar complication arises, help should be 
sought. Complications associated with SCS are divided into 
three categories: anesthetic, surgical, and hardware complica-
tions (Table 12.1).

The most common surgical complications are infection 
(5%), wound hematoma, and seroma.3 In a 1995 meta-
analysis summarized by Stojanovic and Abdi, the most 
common hardware complications were lead migration (24%), 
lead failure (7%), and pulse generator failure (2%) (Table 
12.2).3–5 Advances in technology, protocols, and experience in 
SCS implantation have likely reduced these rates today. 

Anesthesia Complications

Monitoring

Patients should be constantly monitored for hemodynamic 
stability during SCS trials and permanent implants. At a mini-
mum, pulse oximetry, blood pressure monitoring with an 
automated cuff, and electrocardiography should be routine in 
all cases. Supplemental nasal cannula oxygen should be admin-
istered at 2 to 4 L per minute.

The standards of the American Society of Anesthesiologists 
(ASA) mandate the following:6

1. Personnel trained to provide sedation and monitor vital 
signs, including respirations, must be present and mon-
itor the patient constantly throughout the procedure.

2. Continuous monitoring must be performed with pulse 
oximetry, continuous electrocardiography, and regular 
intermittent blood pressure monitoring. Additional 
monitoring is required during general anesthesia. 

Local Anesthetic Toxicity

SCS trials and permanent implants are generally performed 
with local anesthesia (LA) and light to moderate sedation. 
Sedation should be light during lead placement as outlined in 
previous chapters. Considerable volumes of LA are often 
required during permanent implantation to maintain patient 
comfort. The risk of developing LA toxicity is real and may be 
increased in patients with renal or hepatic dysfunction, chronic 
obstructive pulmonary disease with respiratory acidosis, pre-
existing heart conditions and heart block, and extreme age. 
The most common cause of toxicity is inadvertent intravascu-
lar injection. 

The most effective means of managing LA toxicity is to 
prevent it. The total dose (mg/kg) of LA that can safely 
be administered should be calculated and care taken not to 
exceed it. Aspiration should be performed before LA injection 
to ensure the needle is not intravascular or intrathecal. Doses 
should be delivered in incremental units so accidental intra-
vascular injections can be recognized before a large volume is 
administered. 

The risk of LA toxicity can be reduced by injecting the skin 
and the planned path of the needle with 1% lidocaine with 
epinephrine, 1:200,000 (methylparaben-free). As much as 
7 mg/kg of lidocaine mixed with epinephrine (42 mL for a 
60-kg adult) can be injected subcutaneously with minimal risk 
of toxicity. Lidocaine has a short half-life; half the initial dose 
can therefore be repeated in approximately 1.5 to 2 hours in 
adult patients who do not have liver impairment, renal disease, 
or heart failure. In the event of an inadvertent intravascular 
injection, lidocaine has less cardiotoxicity than bupivacaine.

Early signs of central nervous system (CNS) toxicity from 
LAs include light-headedness, dizziness, drowsiness, disorien-
tation, shivering, muscle twitching, and tremors in the face 
and distal extremities. If anesthetic toxicity is suspected, the 
fi rst priority is to immediately address and stabilize potential 
life-threatening situations. In cases of inadvertent rapid intra-
venous (IV) injection, CNS excitation such as seizure activity 

Table 12.1
Adverse Events Associated with SCS

• Anesthetic complications
– Poor monitoring
– Local anesthetic toxicity
– Inadvertent subarachnoid injection

• Surgical complications
– Infection
– Hematoma
– Seroma
– Dural punctures and cerebrospinal fl uid hygromas
– Dehiscence
– Perforated viscus—tunneling 
– Cord injury and nerve damage 
– Sedation
– Stenosis

• Hardware complications
– Lead fracture and migrations

Table 12.2
The Most Common Complications of SCS Leads in 
Two Studies

Complication Incidence (%) Prevention and Treatment

Lead migration 12.3–13.2 Anchor the lead properly, 
strain relief

Lead breakage 6.8–9.1 Insert anchor through 
fascia

Infection 3.3–3.4 Follow sterile procedures
Poor coverage 12.3 Reprogram unit
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may rapidly give way to CNS depression, respiratory arrest, 
and coma. Treating imminent airway compromise, hypoten-
sion, and dysrhythmia takes priority over other surgical con-
siderations. If the patient is prone on the operating room 
table, the wound should immediately be covered with an 
occlusive dressing, if available, and the patient turned to a 
supine position onto a gurney. Basic and advanced life sup-
port protocols must be initiated immediately according to 
preexisting guidelines. When the patient is no longer in imme-
diate danger, any additional associated complications such as 
nausea or dizziness can be treated. 

If CNS toxicity or seizures occur, steps must be taken to 
prevent permanent injury. Intravascular injection of LA usu-
ally results in very transient CNS toxicity, whereas toxicity 
from excessive subcutaneous administration may persist for 
some time. Seizures from LA toxicity result in a hypermeta-
bolic state that can rapidly lead to hypoxemia, hypercarbia, 
and acidosis. Resuscitative efforts must be undertaken imme-
diately to prevent permanent hypoxemic injury to the CNS. 
Immediate initiation of basic life-support strategies can be life 
saving. The basic ABCs—airway, breathing, and circulation—
must be put into action. The airway should be patent and 
supplemental oxygen should be administered by mask with an 
Ambu-bag if the patient is not breathing. Intubation is not 
mandatory if adequate ventilation and suffi cient oxygen satu-
ration levels are maintained, but the patient must be intubated 
immediately if assisted ventilations by mask are inadequate. 
Administration of midazolam or other available benzodiaz-
epines can help control seizure activity in the patient with 
stable vital signs. It may take several minutes to achieve seizure 
control after administration. Barbiturates and IV propofol 
have also been shown to control anesthetic-induced seizures 
and muscle twitching, although these drugs are often not 
available in offi ce-based procedure rooms, where many trials 
are performed. Use of phenytoin (Dilantin) should be avoided 
because its sodium channel-blocking effects may potentiate 
LA toxicity. 

Overt cardiac toxicity is usually not seen with lidocaine 
administration because the threshold for neurotoxicity is sig-
nifi cantly lower than that for cardiotoxicity. This is not the 
case with bupivacaine. Although bupivacaine has advantages 
because of its longer half-life, toxicity can be life-threatening. 
Cardiovascular toxicity may be preceded by prolongation of 
PR, QRS, and QT intervals as a precursor to aberrant conduc-
tion. In such cases, class IB antiarrhythmic agents such as 
mexiletine (Mexitil) and tocainide (Tonocard) must be 
avoided because their sodium channel-blocking properties 
may potentiate LA cardiac toxicity. 

Impaired ventricular contractility results from inhibition 
of calcium, potassium, and sodium channels, leading to con-
duction blockade and cardiac dysrhythmias that are often 
refractory to intervention. Loss of peripheral vascular tone 
makes chest compressions less effective at generating effective 
cerebral perfusion. In these instances, cardiac resuscitation 
will be diffi cult and prolonged (45–60 minutes) because LAs 
are highly lipid-soluble and require a prolonged period for 

redistribution. Ventricular tachycardia, fi brillation, and asys-
tole have all been described as secondary to LA toxicity and 
should be treated according to the Advanced Cardiac Life 
Support (ACLS) guidelines published by the American Heart 
Association. Table 12.3 provides a sample treatment protocol 
that may be used in conjunction with ACLS protocols.

Recent case reports indicate that an infusion of lipid emul-
sion may be life-saving in some instances. Data supporting the 
use of lipid emulsion is most encouraging relative to bupiva-
caine cardiotoxicity. A recent case of refractory cardiac arrest 
following intravascular injection of bupivacaine was reversed 
following IV administration of 100 mL of 20% Intralipid.7 
Having Intralipid available, similar to dantrolene for malig-
nant hyperthermia, may become the standard of care when 
bupivacaine is being administered. The salvifi c effects of 
Intralipid may or may not apply to other LAs. 

Inadvertent Subarachnoid Injection: 
The Total Spinal Block

An inadvertent injection of even a small amount of LA into 
the intrathecal space can result in a spinal block. If a large 
volume of LA is administered, or an intrathecal injection 
occurs at the high thoracic level, a high spinal or total spinal 
block can occur. A high spinal block will result in temporary 
total paralysis with ventilatory compromise and a complete 
sympathectomy compounded by profound bradycardia in the 
face of severe hypotension. A total spinal block will result in 
loss of consciousness and respiratory arrest. If a large volume 
of LA has been administered into the subarachnoid space, 
ventilatory support requiring intubation and manual/mechan-
ical ventilation will be needed for several hours until sponta-
neous ventilation returns. Initial support of arterial blood 
pressure and heart rate requires placing the patient in the 
Trendelenburg position to maximize venous return and 
administering IV atropine and ephedrine. A more potent 

Table 12.3
ACLS Protocol Supplementation

• Begin ACLS resuscitation protocol
Cardiopulmonary resuscitation may be prolonged (up to 1 hour)

• Intubation
• Fluids
• Vasopressor

Epinephrine (0.2–0.5 mcg/kg per minute)
Phenylephrine (0.2–0.75 mcg/kg per minute)
Norepinephrine (0.02–0.5 mcg/kg per minute)

• Follow ACLS guidelines
Vasopressin, amiodarone, Mg 
Treat local anesthetic-induced seizures with benzodiazepines, 
barbiturates (thiopental 2 mg/kg), or propofol (1 mg/kg). 
Avoid phenytoin.

• Low cardiac output states
Milrinone possibly superior to epinephrine

• Cardiopulmonary bypass if available

ACLS, Advanced Cardiac Life Support.
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sympathomimetic infusion, such as epinephrine, should also 
be prepared. When a large dose of LA is injected into the cere-
brospinal fl uid (CSF), the patient will lose consciousness and 
develop dilated pupils. This does not indicate CNS injury, and 
the pupils will become normal and reactive as the anesthetic 
block resolves. Because the patient is unconscious during 
tracheal intubation and mechanical ventilation, sedation 
requirements are minimal. Fortunately, most patients have 
no memory of the event after resolution of the block and 
extubation.8

Surgical Complications

Infection

Preoperative Prevention

Patients with active infections are not candidates for SCS 
implantation. In questionable situations, obtaining a complete 
blood count (CBC) with differential analysis, urinalysis, and 
erythrocyte sedimentation rate (ESR) can help identify at-risk 
patients. Depending on the location and severity of an earlier 
bacterial infection, implant surgery may be postponed until an 
antibiotic course is completed and symptoms and laboratory 
studies have normalized.

Postoperative Infection

Surgical site infections (SSIs) are the bane of the SCS implanter. 
Infections following surgeries such as joint replacements, cos-
metic enhancement procedures, and pacemaker implanta-
tions account for about 50% of the 2 million hospital-acquired 
infections that occur in the United States each year.9 There is 
nothing more devastating than having to explant a system that 
is functioning well and providing excellent pain relief, so every 
possible measure should be taken to prevent a postoperative 
infection. Please refer to Chapter 4 for more information on 
sterile technique. 

In a case series of more than 100 patients, the incidence of 
wound infection (superfi cial or deep) following SCS implan-
tation was 2% to 5% and the risk of meningitis or epidural 
abscess was less than 0.5%.10 The majority of SSIs result from 
infection with Staphylococcus or Streptococcus. Resistant 
strains, such as methicillin-resistant Staphylococcus aureus, are 
becoming more prevalent even in community-acquired cases, 
making treatment more problematic. 

Early diagnosis of an SSI can be diffi cult because pain and 
discomfort are common in the immediate postoperative 
period. When pain begins to increase after a period of improve-
ment, an SSI should be considered. The signs of postoperative 
infl ammation normally begin to diminish after 5 to 7 days. It 
is during this window, between postoperative days 3 and 5, 
that signs of acute infection gradually become apparent, 
although later onset can also occur. It is common at the time 
of the fi rst postoperative wound check (postoperative day 3) 

to see a 2- to 3-mm rim of redness around the wound’s edge. 
However, this area of redness should not expand and increased 
tenderness should not be present. Increased wound tender-
ness is usually consistent with early onset of an SSI, although 
fever is often initially absent. Redness, warmth, and swelling 
are not specifi c but may indicate infection. Increases in pain, 
swelling, or redness and the presence of fever, chills, or drain-
age from the wound suggest an SSI. Drainage may be absent at 
fi rst if the wound was sealed with adhesive during surgery. 

If an SSI is suspected, baseline laboratory studies, including 
a CBC, ESR, and C-reactive protein (CRP), should be drawn. 
However, these laboratory values are nonspecifi c and can be 
elevated in the patient without postoperative complications. 
SCS implantation surgery is minimally traumatic, however, 
and should not produce the same laboratory value changes 
associated with more invasive surgeries. The ESR has been 
shown to peak at postoperative day 5, with a slow decline to 
normal over the next 30 days. CRP has been shown to peak 
between postoperative days 2 and 3 after uncomplicated spine 
surgery, with normalization occurring between postoperative 
days 5 and 14. Postoperative laboratory values are generally 
not abnormal in the patient without complications following 
SCS implantation, but this is anecdotal. An elevated white 
count with left shift, ESR, and CRP should be taken seriously 
and repeated to establish a trend.11 In equivocal cases, ultra-
sound is sometimes helpful in differentiating seroma from 
infection. If inconclusive, the patient should undergo an addi-
tional wound check the following day. Progressive erythema 
around the wound or increased tenderness should be treated 
as an infection until proven otherwise. 

There have been documented cases of successful resolution 
of superfi cial wound and pocket infections with oral and IV 
antibiotics without removal of the device. Nonetheless, treat-
ing an SSI without removing the SCS device in its entirety 
poses a risk. SCS leads form a conduit from the superfi cial 
midline pocket to the epidural space. This allows infection to 
spread into the epidural space, resulting in meningitis and epi-
dural abscess.10 It is recommended that the device be removed 
in its entirety if an SSI occurs. Cultures should be tested for 
sensitivity, and broad-spectrum antibiotics that are effective 
in treating Staphylococcus and Streptococcus should be initiated 
empirically. Once the organism is identifi ed and antibiotic 
sensitivities have been obtained, antibiotic therapy can be 
modifi ed. Once the device has been removed and the wound 
irrigated thoroughly, a drain, such as a 7-mm Jackson Pratt, 
should be placed before closure. If drainage is minimal, the 
drain can usually be removed in 3 to 4 days.

If the wound infection persists, the wound may need to be 
left open and allowed to close by secondary intention. Allow-
ing healing by secondary intention is often necessary in 
infected wounds or burns and occurs via the formation of 
granulation tissue, which results in eventual coverage of the 
defect by spontaneous epithelialization. A general surgical 
consultation may be of value in this situation.12

Epidural abscess is also a serious infectious complication 
that must be considered when the patient complains of pain 
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or other discomfort consistent with infection or has consistent 
laboratory fi ndings. Epidural abscess is discussed below along 
with epidural hematoma because the presenting signs, symp-
toms, and immediate treatment responses are very similar.

Hematoma

Preoperative Prevention

“The only weapon with which the unconscious 
patient can immediately retaliate upon the 

incompetent surgeon is hemorrhage.” 

William S. Halsted

The competent surgeon must take every step possible to avoid 
such an outcome. To reduce the chance of hemorrhage, the 
patient should be advised to stop taking any antiplatelet or 
anticoagulation agents before the procedure. If applicable, use 
of clopidogrel (Plavix) and aspirin should be discontinued 
7 days before surgery and ticlopidine (Ticlid) should be 
stopped 14 days before surgery. Some surgeons may be willing 
to implant SCS systems in patients unable to discontinue use 
of aspirin. However, data are lacking in patients taking aspirin 
when epidural anesthesia is used. The absence of data demon-
strating an increased incidence of epidural hematoma does 
not necessarily imply absence of risk. The literature continues 
to report isolated cases of neurologic injury after epidural 
anesthesia in patients taking antiplatelet drugs. The use of 
neuraxial techniques, including SCS, in patients taking newer 
and more potent antiplatelet drugs requires caution and con-
servative management until adequate clinical trials have been 
conducted.8 

SCS implantation in a patient who will be resuming antico-
agulation therapy postoperatively is controversial. Although 
the risk of hematoma is likely small, there are no data to quan-
tify that risk. Epidural hematoma has been documented in 
patients with no known risk factors for postoperative bleed-
ing.13 As of August 2007, there were no reports of epidural 
hematoma after placement of high thoracic epidural catheters 
before cardiac bypass with anticoagulation. Although this is 
thought by some to result from underreporting, it is still a 
remarkable fi nding.14 Compared with epidural catheters, SCS 
leads are stiffer and larger in diameter and can move in the 
epidural space. Therefore, the risks of SCS lead placement and 
that of epidural catheters may not be analogous. Unfortu-
nately, there are no data quantifying the risk for epidural 
hematoma with indwelling leads in either acute or chronic 
SCS patients who require chronic anticoagulation. Again, the 
absence of data does not imply an absence of risk. Caution and 
conservative management are therefore recommended when 
treating patients taking anticoagulants or platelet inhibitors. 

If SCS is indicated in a patient requiring anticoagulation 
therapy, warfarin should be discontinued 7 days before sur-
gery and low-molecular-weight heparin (LMWH) should be 
initiated as a bridge. Table 12.4 provides a sample protocol.15 

An international normalized ratio (INR) should be obtained 
the day before surgery and the last dose of LMWH should be 
withheld the day before surgery. By defi nition, placing epidu-
ral leads is a neurosurgical procedure, and the INR should be 
1.2 or less. For non-neurosurgical procedures, such as implant-
able pulse generator (IPG) exchanges, an INR of less than 1.5 
is probably safe.

Postoperative Hematoma

The gravity of a postoperative hemorrhage depends on the 
location and volume of the bleed. An incisional or IPG pocket 
hematoma can often be managed conservatively, but an 
epidural hematoma is a surgical emergency.

Epidural Hematoma
A retrospective meta-analysis published in 2001 suggested that 
the risk of epidural hematoma is approximately 1 in 150,000 
following epidural anesthesia.16 Although rare, a clinically sig-
nifi cant epidural hematoma will result in paralysis if not 
treated immediately. Onset of symptoms can be immediate or 

Table 12.4
Sample Protocol for Bridging Coumadin with 
Low-Molecular-Weight Heparin15

Preoperative Protocol
• Stop warfarin 7 days before surgery.
• Start LMWH 36 hours after last warfarin dose; for example:

Enoxaparin 1 mg/kg subcutaneously every 12 hours, or
Enoxaparin 1.5 mg/kg subcutaneously every 24 hours, or
Dalteparin 120 U/kg subcutaneously every 12 hours, or
Dalteparin 200 U/kg subcutaneously every 24 hours, or
Tinzaparin 175 U/kg subcutaneously every 24 hours

• Give last dose of LMWH approximately 24 hours before 
procedure.

• Educate patient in self-injection or arrange for injections at 
Coumadin Clinic.

• Discuss plan with anesthesiologist.
• Check that INR is less than 1.2 on the day of surgery if 

implanting SCS epidural leads, or less than 1.5 if implanting 
IPG only. 

Postoperative Protocol
• Restart LMWH 24 hours after procedure and consider a reduced 

thromboprophylactic dose (i.e., enoxaparin 0.75 mg/kg 
subcutaneously every 12 hours) of LMWH on postoperative day 
1 after SCS implantation.

• Restart warfarin at patient’s previous dose on postoperative day 1.
• Obtain periodic prothrombin time and INR until INR is in the 

therapeutic range.
• Patient should be followed up on a daily basis by the Coumadin 

Clinic nurse to assess for adverse effects such as bleeding.
• CBC and platelets should be monitored at the fi rst and second 

wound check visit.
• Discontinue LMWH when INR is between 2.0 and 3.0 for 

2 consecutive days.15

CBC, complete blood count; INR, international normalized ratio; IPG, implantable 
pulse generator; LMWH, low-molecular-weight heparin; SCS, spinal cord stimulation. 
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delayed from hours to days after placement or removal of an 
epidural catheter. Thus, maintaining a high index of suspicion 
is important.16,17 If a patient develops neurologic symptoms 
consistent with a neuraxial mass following SCS lead place-
ment, an emergent computed tomography (CT) scan, imme-
diate neurosurgical intervention, and decompression are 
indicated if permanent paralysis is to be prevented. Early 
symptoms can vary but may include back pain, radicular pain, 
progressive weakness, sensory changes (i.e., saddle anesthe-
sia), and incontinence. Lower extremity weakness and incon-
tinence suggest a signifi cant mass resulting in spinal cord 
compression by the hematoma. Case reports suggest that par-
tial to near-complete neurologic recovery can occur if surgical 
decompression is accomplished within 8 hours of symptom 
onset. Performing decompression more than 8 hours after 
symptom onset invariably results in paralysis.18 

Epidural Abscess
The signs and symptoms of epidural abscess can be similar 
to those of epidural hematoma save that their onset is often 
delayed. Treatment of epidural abscess in patients with 
implanted SCS systems involves emergent surgical evacuation 
and explantation of the device, followed by antibiotic therapy. 
New-onset neurologic defi cit, persistent fever, leukocytosis, 
and severe pain are all strong indications for surgical decom-
pression and explantation.19 Presenting symptoms vary with 
the degree of cord compression but include back pain, pain on 
any Valsalva maneuver (such as during bowel movements), 
fever, urinary retention, bowel/bladder incontinence, and 
progressive extremity weakness leading to paraplegia. Spine 
percussion over the area of the abscess is often exceedingly 
painful. Refl exes may be hyper- or hypoactive, with positive 
upper motor neuron signs. Nuchal rigidity can be present in 
patients with cervical epidural abscesses. If an epidural abscess 
is suspected, patients with implanted SCSs should have base-
line laboratory blood tests performed, including a CBC, ESR, 
and CRP, and an emergent CT scan.20 If an epidural abscess is 
diagnosed in patients with neurologic defi cits, emergent surgi-
cal decompression and drainage of the abscess along with 
explantation of the SCS system should be performed. 

Hematoma of the Midline or IPG Pocket
A hematoma is a collection of blood that most often occurs in 
the subcutaneous layer beneath the surgical wound. Hematomas 
are more worrisome than seromas because of the increased 
risk of infection. The best treatment for an incisional or pocket 
hematoma is prevention. Meticulous attention to hemostasis 
and gentle wound handling before wound closure helps to 
avoid postoperative problems. The overall incidence of hema-
toma is low because of the widespread use of electrosurgical 
hemostasis. 

Wound hematomas frequently present with a blue/purple 
discoloration of the skin overlying the wound. Small low-
volume hematomas without signifi cant pain carry a somewhat 
increased risk of infection because blood is an excellent cul-
ture medium, but they will often resorb on their own without 

surgical intervention. The risk of reopening the wound exceeds 
letting a small hematoma resolve on its own. The patient will 
often have widespread ecchymosis that slowly resorbs over 
time. On the other hand, a large expanding hematoma within a 
closed space can be very painful and may progress to wound 
dehiscence. The patient may not be febrile, but the wound will 
be swollen, tense, and painful to palpation. Expanding hemato-
mas should be evacuated surgically under sterile conditions.18,21 

If a clinically signifi cant hematoma is suspected, baseline 
laboratory blood tests, including a CBC, ESR, and CRP, should 
be drawn to help rule out infection. An ultrasound can be 
helpful to differentiate seroma, hematoma, and infection. If 
an expanding hematoma is left untreated, wound dehiscence 
and infection can result. A painful expanding hematoma 
should be surgically evacuated and irrigated thoroughly and 
the source of bleeding identifi ed. The use of electrosurgical 
fulguration, either monopolar or bipolar, may damage some 
IPG units. The manufacturer of the SCS should be consulted 
to determine whether electrosurgical fulguration is acceptable. 
If not, a handheld battery-operated disposable electrocautery 
unit should be used to fulgurate bleeders in wounds with 
implanted IPGs. An electrocautery unit will heat the tissue but 
will not pass current through the patient; therefore, no damage 
will be caused to the IPG (Fig. 12.1). If the hematoma is caught 
early, the wound can frequently be closed primarily. 

Midline or IPG Pocket Seroma
Although seromas are one of the most benign surgical compli-
cations, they must be followed closely to ensure they do not 
develop into infections. A seroma is a collection of serous fl uid 
that forms beneath the wound and does not consist of blood, 
CSF, or pus. Seromas consist of serum, liquefi ed fat, and lym-
phatic fl uid. Swelling around the IPG pocket can be caused by 
seroma, hematoma, hygroma, or infection. These complica-
tions can be diffi cult to distinguish from each other. A large 
seroma is often painful as a result of compression within a 
closed space and may increase the risk of infection. Some stud-
ies have shown that liberal use of electrocautery dissection can 
contribute to postoperative seroma. However, a recent prospec-
tive randomized study found no difference in the rate of seroma 
formation whether electrocautery or scissor dissection was used 
during mastectomy.22 We use a combination of sharp dissection 
for the skin incision, followed by careful blunt dissection, and 
the use of “cut” mode for electrosurgical dissection, as outlined 
in Chapter 9. Although there are many variations, the common 
theme should be to minimize tissue trauma and reduce seroma 
formation while ensuring excellent hemostasis. 

The clinical presentation of seroma is similar to that of 
hematoma. The patient will not be febrile, but the wound may 
be swollen, tense, and painful to palpation. If a clinically sig-
nifi cant seroma is suspected, baseline laboratory blood tests, 
including a CBC, ESR, and CRP, should be drawn to help rule 
out infection. An ultrasound can be helpful to differentiate 
between seroma, hematoma, and infection.

Seromas delay healing and increase the risk of infection. 
A seroma can be monitored if there is no increased pressure 
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over the wound and it is not tender. If the seroma is tense and 
painful, it can be serially aspirated. The area must be asepti-
cally prepared before aspirating to prevent bacteria from 
entering the wound. We prefer to perform aspirations under 
fl uoroscopy to avoid damaging the SCS leads with the needle. 
The aspirate should be sent for culture, sensitivity testing, and 
fl uid analysis to rule out infection or presence of CSF. Moni-
toring of the patient should continue. An abdominal binder 
can offer a countering force that may facilitate resolution of 
the seroma. Empirical antibiotics are not recommended for 
seromas as the entire system must be explanted and IV antibi-
otics initiated if cultures are positive for bacterial organisms. If 
a dural puncture occurred during the procedure, the collec-
tion at the midline pocket could be CSF (hygroma) and should 
be managed as described in the next section. Some physicians 
advocate placing a vacuum drain in refractory cases, although 
drains themselves can be a source of infection. Most seromas 
can be managed conservatively with an abdominal binder and 
if necessary fl uoroscopically guided serial aspirations using 
sterile technique, with each aspirate sample being sent for 
culture and sensitivity testing.12,18 

Dural Punctures and CSF Hygromas

Dr. Leonard Corning, a neurologist from New York, was the 
fi rst to consider the idea of injecting an anesthetic into the 
subarachnoid space. In 1885, he injected cocaine into a 
patient’s thoracic spine and produced a spinal anesthetic 
block. In 1889, Drs. August Bier and August Hildebrand per-
formed spinal blocks on each other. The following morning 
both of them had developed headaches. Dr. Bier described a 
“strong pressure on my skull and rather dizzy when I stood 
up. All these symptoms vanished at once when I lay down 
fl at.” As spinal anesthetics became more common, it was 
observed that traumatic spinal taps were associated with a 

lower incidence of headaches. Dr. Anthony Di Giovanni was 
the fi rst to develop the modern technique of the epidural 
blood patch using 10 cc of autologous blood. When he pre-
sented his data at an annual meeting of the American Society 
of Anesthesiology in the 1960s, he was criticized by John 
Bonica for injecting a culture medium into the epidural space. 
Epidural blood patches are now the gold standard for treating 
postdural puncture headaches.23 

Prevention

In our experience, the most common cause of a “wet tap” is an 
unrecognized blood clot obstructing the lumen of the Tuohy 
needle. When a clot or tissue obstructs the lumen of the needle, 
it is impossible to appreciate a loss of resistance. If blood drips 
back out of the hub of the Tuohy needle during placement, the 
implanter should stop, fl ush, and completely withdraw the 
needle to be certain that it is patent before proceeding. Lateral 
fl uoroscopic imaging can also alert the implanter as to when 
the tip of the Tuohy needle is nearing the ligamentum fl avum.

What to Do If You Get a Wet Tap

Opinions vary as to whether the procedure should continue or 
be aborted in the case of a dural puncture. The majority of 
dural rents are made with the Tuohy needle, although it is 
possible to tear the dura while placing a lead or guidewire. 
Some would advocate proceeding by removing the needle and 
reapproaching at a different level or on the opposite side. 
However, moving forward with the procedure following a 
dural puncture can be risky. Dural tears in the setting of SCS 
and lead placement can be more complicated than those 
encountered during routine epidural catheter placement. The 
14-gauge Tuohy needle used for SCS procedures can leave a 
large defect in the dura, resulting in a persistent CSF leak. If a 

Figure 12.1a,b Electrocautery 
unit. Reprinted with permission 
from © 2009 Geiger Medical. 
All rights reserved. 
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dural puncture occurs at the time of permanent implantation, 
the CSF will follow the path of least resistance. This can result 
in CSF fl ooding the epidural space and changing the conduc-
tance pattern, making lead placement diffi cult and less accu-
rate. The CSF can also track along the course of the lead back 
to the midline pocket, forming a CSF hygroma. Midline 
hygromas are potentially hazardous because a superfi cial 
wound infection can track directly to the neuraxis via the lead, 
resulting in an epidural abscess or meningitis.

Unfortunately, there is no way to predict how a patient 
will respond to a dural puncture. Patients may experience 
headache and moderate neck stiffness or a serious CSF 
hygroma, or they may display no symptoms at all. Managing a 
patient with a newly implanted system who develops a pos-
tural headache and a midline hygroma following a “wet tap” 
can be very troublesome and problematic. If management of 
these complications in a patient with a newly implanted SCS 
system is not desired, the operation should be aborted, the 
postdural puncture headache treated, and the procedure 
rescheduled for a later time. Postdural puncture headaches 
can be treated conservatively at fi rst with hydration, caffeine, 
analgesics, and having the patient lie fl at on his or her back. 
If the headache does not resolve within 2 to 3 days, an epidural 
blood patch should be considered. 

The presentation of a midline CSF hygroma is similar to 
that of a seroma. The term “hygroma” is nonspecifi c and 
defi ned only as a cystic swelling containing a serous fl uid. 
A CSF hygroma should be suspected if there is seroma-like 
swelling of the midline wound after a wet tap. If the wound is 
soft and not tender to the touch, it can often be observed and 
treated in the same manner as a seroma. If the wound is tense 
and painful, it should be aspirated as in the case of a seroma. 
The area must be prepared aseptically before aspirating to pre-
vent bacteria from entering the wound. Aspiration may be 
performed under fl uoroscopy to avoid damaging the leads 
with the needle. The aspirate should be sent for culture, sensi-
tivity testing, and fl uid analysis to rule out infection or the 
presence of CSF. If the laboratory analysis suggests CSF, a 
blood patch should be performed. If an infection is present in 
the midline pocket and the patient had a documented dural 
puncture, the SCS system must be explanted immediately 
because of the increased risk for meningitis. Likewise, if CSF 
leaks from the wound at any time, a neurosurgical consult 
should be considered for surgical repair of the dural tear. 

If the patient looks sick, has a nonpositional headache, and 
is febrile, meningitis must be suspected. In a case such as this, 
a lumbar puncture must be performed and a neurosurgical 
and infectious disease consult obtained immediately.

Epidural blood patches have been successfully used to seal 
CSF leaks postoperatively after SCS system implantation. 
Based on epidural fl ow studies, the spread of blood in the 
epidural space tends to be cephalad. Studies in baboons have 
shown that distribution of the injectate is uneven and resem-
bles the passage of liquid between two opposing sheets of 
plastic. Therefore, if possible, the blood patch should be 

performed at the level below the dural puncture. The patient 
should remain recumbent for 2 hours after the blood patch to 
allow for clot organization. Anecdotal evidence suggests that 
limiting activity and avoiding Valsalva maneuvers for the next 
24 hours may help to prevent dislodging of the clot. Although 
90% of patients experience immediate relief from a blood 
patch, the long-term effi cacy ranges from 61% to 75%. The 
blood patch may need to be repeated if the headache recurs.23,24 
If there is evidence of a persistent CSF leak after two epidural 
blood patches (i.e., CSF hygroma or headache), a neurosurgi-
cal consult should be considered for repair of the dural defect, 
with possible placement of a lumbar drain. 

Although an open surgical repair of a dural tear can be 
successful if the tear can be localized, it is a costly and invasive 
procedure with potential morbidity. Alternatively, a percuta-
neous epidural patch with fi brin glue may be considered. Fibrin 
glue or sealant is a preparation of thrombin, cryoprecipitate, 
and calcium chloride that replicates blood coagulation to form 
a gel. One formulation involves injection of the contents of 
two syringes in equal measure—a 5-mL syringe containing a 
mixture of thrombin and calcium chloride, and another 5-mL 
syringe containing cryoprecipitate. Each syringe is attached to 
a Y tubing, and approximately 2 cc from each syringe (4 cc 
total, or stop if patient experiences pain or pressure on injec-
tion) is injected into the epidural space through an 18-gauge 
Tuohy needle. A fi brin clot is formed within 10 to 20 seconds 
of injection. There have been several case reports of successful 
treatment of persistent CSF leaks using 3 to 4 mL of fi brin glue 
injected into the epidural space with permanent resolution of 
headache symptoms after failed response to epidural blood 
patches. We have successfully treated a patient using fi brin 
glue after failure of two epidural blood patches. Patients must 
be informed that there is a risk for permanent nerve damage 
and that the alternative approach would entail neurosurgical 
repair. There is scant literature on which to base a fi rm recom-
mendation. The risk for neurologic injury or allergic reaction 
to fi brin glue is unknown.25,26 

Dehiscence

Wound dehiscence—the partial or complete separation of one 
or more layers of the surgical wound—is among the most 
dreaded complications encountered by surgeons. Wound 
dehiscence occurs in 1% to 3% of patients after abdominal 
surgery. Wounds will most often dehisce between 5 and 8 days 
after the procedure during the “lag phase,” when the wound is 
at its weakest. Wound separation is more common in patients 
with diabetes, uremia, immunosuppression, cancer, or obesity 
and in patients who smoke or are taking corticosteroids. In the 
absence of patient risk factors, infection, or fl uid distention, 
wound separation generally is the result of poor wound clo-
sure. In the case of suboptimal wound closure, dehiscence can 
be caused by ischemia from too much tension on the sutures 
or on the wound itself. Using sutures that are not strong 
enough or failure to close suffi cient layers also contributes to 
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wound dehiscence. Fascial layers provide strength to the heal-
ing wound. When fascial separation occurs, the wound 
dehisces. Most wounds separate when sutures tear through 
fascia. This problem can be avoided by careful wound han-
dling and proper suture selection and technique. It is impor-
tant to accurately approximate each layer and place deep 
sutures no more than 1 cm apart.

If wound dehiscence occurs and there is no evidence of 
infection, the patient can often be returned to the operating 
room for irrigation and reclosure. However, if the dehiscence 
is caused by infection, the system must be explanted.18,21

Perforated Viscus: Tunneling

Any patient who develops abdominal pain, hypotension, or 
shortness of breath should have an emergent surgical evalua-
tion for possible pneumothorax or perforated viscus second-
ary to tunneling. A baseline CBC, chem panel, and a chest and 
upright abdominal x-ray must be obtained to rule out pneu-
mothorax or perforated viscus. As noted in Chapter 9, it is 
imperative that the tip of the tunneling tool remains in the 
subcutaneous tissue by placing the nondominant hand on the 
skin over the location of the tunneling tool to determine depth 
during the entire pass. 

Cord Injury and Nerve Damage

As the number of pain specialists performing injections has 
grown in the last 15 years, the number of claims associated 
with chronic pain management has also increased; they 
accounted for 10% of all claims in the 1990s. Malpractice 
claims were lower in chronic pain management than in surgi-
cal or obstetric anesthesia from 1970 to 1989, yet the amount 
of payment per incident was the same during the 1990s. Nerve 
injury and pneumothorax were most commonly associated 
with pain management malpractice claims, and epidural ste-
roid injections accounted for 40% of all malpractice claims. 
Severe injuries, resulting in brain damage or death, occurred 
after epidural steroid injections and also with the management 
of implanted devices. 

Recently, 13 cases occurring over a 3-year period that 
resulted in arachnoiditis, paralysis, anoxic brain injury, or 
death following cervical epidural steroid injections were 
reviewed from a malpractice insurer’s database.27 Cord trauma 
and paralysis occurred in 7 of the 13 cases, respiratory arrest 
resulting in anoxic brain damage or death occurred in 3 of the 
cases, and cord infarction and epidural hematoma each 
occurred in 1 patient. Another closed claim analysis of pain-
related complications reported that 114 of 276 were secondary 
to epidural steroid blocks. Unfortunately, data regarding total 
complications and total procedures performed are lacking and 
a percentage risk factor is therefore unobtainable.

SCS procedures have much in common with epidural injec-
tions and catheter placement. Although no particular anesthetics 
or techniques are associated with an increased risk of neurologic 

trauma, certain patterns have emerged from the closed claims 
analysis that may help implanters avoid neurologic injury.

An occurrence consistently associated with subsequent 
neural injury is sudden movement or jerking by the patient 
during the procedure and complaints of sudden onset of 
severe pain. This contrasts with the usual patient, who nor-
mally complains only of increased pressure or moderate 
discomfort. If a patient moves or jerks suddenly or complains 
of severe pain or paresthesia, the needle should immediately 
be removed and the patient reassessed before proceeding. The 
potential risks of continuing after a documented dural punc-
ture caused by sudden patient movement should be carefully 
considered, as previously discussed. Firm needle control can 
reduce the risk of inadvertently advancing the needle if the 
patient jerks. A useful technique is to grasp the needle fi rmly 
with the left thumb and index fi nger where it enters the skin, 
while simultaneously resting the heel of the left hand on the 
patient. Thus, if the patient moves, the left hand and needle 
will move in concert with the patient rather than the needle 
unintentionally advancing as the patient jerks upward. The 
needle should be advanced slowly so that the patient is able to 
report any adverse symptoms.27 

Sedation

The spectrum of care is broad regarding the use of sedation 
during epidural injection procedures. Individual implanters 
should decide when and how much sedation to administer. 
We believe that when the Tuohy needle and leads are being 
placed, sedation should be light for three reasons. First, 
a deeply sedated patient will not be able to respond to painful 
stimuli that can warn the implanter that the needle or lead 
may be doing harm. Second, a patient who is sedated to the 
point of somnolence may jerk to awareness and move unex-
pectedly. Administering a small amount of anxiolytic is help-
ful in calming a nervous patient, but not to the point of 
somnolence or sleep. Third, a sleepy patient will not be able to 
participate fully at the time of lead testing, possibly resulting 
in suboptimal lead placement.

Stenosis

Spinal stenosis and other epidural pathologies can only be 
diagnosed by imaging studies. After reviewing sagittal and 
axial magnetic resonance imaging scans, radiologists can 
diagnose central canal stenosis. The diagnosis must be ruled 
out because subclinical stenosis may result in frank myelopa-
thy when a space-occupying lead is placed in the epidural 
space. In the cervical spine, the midsagittal diameter is used 
to diagnose stenosis. An anteroposterior (AP) diameter of 
less than 14 mm is cause for concern and a neuroradiologist 
should be consulted before proceeding with a trial. An 
AP diameter of less than 10 mm in the cervical spine is a con-
traindication to the placement of a percutaneous epidural 
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stimulator lead. Spinal stenosis must not be present prior to 
proceeding.

A retrospective study published in 1996 reported an inci-
dence of temporary paralysis of 1.8% and a 4.2% incidence of 
multidermatomal allodynia following placement of SCS sys-
tems in 625 patients over 12 years. Half of the patients who 
suffered myelopathic complications, as evidenced by upper 
motor neuron and posterior column signs, were awake at the 
time of the intraoperative onset of the defi cit. Awake patients 
reported pain following a “specifi c surgical action,” followed 
by myelopathy within 5 to 10 minutes. Neural injury was also 
found to be more frequent in patients undergoing laminec-
tomy lead placement than percutaneous lead placement. As 
suggested by the author of the study, this relatively high per-
centage of cord injury may have resulted from ischemia at the 
time of surgery. We believe that undiagnosed spinal stenosis 
could have contributed to the poor outcomes.28 

The following suggestions are helpful in minimizing 
neuraxial complications:8,27

1. Preoperatively rule out stenosis with imaging studies.
2. Know where the needle is by frequently verifying depth 

via lateral fl uoroscopy.
3. Confi rm that the Tuohy needle is patent.
4. The patient should not be overly sedated during needle 

and lead placement.
5. The Tuohy needle should be advanced by pinching the 

needle close to the skin entry point with the index fi nger 
and thumb of the left hand. The heel of the left hand 
should be placed on the patient’s back so that if the 
patient moves unexpectedly, the left hand and needle 
will move with the patient as a unit. The implanter 
should never advance the needle with his or her hand 
suspended and out of direct contact with the patient.

6. A neurosurgeon should be asked to place a paddle lead if 
there is scar tissue or a previous laminectomy surgery in 
the path of the anticipated lead placement.

7. Because the ligamentum fl avum frequently fails to fuse 
in the upper thoracic spine, localization of the epidural 
space using a loss-of-resistance technique may be more 
diffi cult.

Hardware Malfunction

SCS technology has advanced signifi cantly in the last 25 years. 
Although SCS systems in general and IPGs in particular are 
very reliable, failures can occur from various causes. Although 
failures can usually be corrected on an elective basis using 
minimally invasive surgery, they should not be trivialized. 
Complications are expensive, disrupt therapy, and expose 
patients to additional risks. A retrospective study published in 
2006 reviewed hardware failures in SCS systems placed in 289 
patients at the Cleveland Clinic between 1998 and 2002. Over 
the period of the study, 46% of the patients required at least 
one revision, not including depleted battery replacements; 

22.5% required more than one revision. Of these revisions, 
none were caused by IPG failure.5 

When hardware failures occur, they are almost invariably 
caused by lead problems. The Cleveland Clinic found that fail-
ures in SCS systems employing percutaneous-type leads 
resulted from lead migration (12%), poor coverage (12.3%), 
and breakage (6.8%). In the study, infection was considered a 
hardware failure and was seen in 3.3% of the leads that were 
placed. As might be expected, the rates of lead migration and 
fractures were 25% and 40%, respectively, and they were more 
commonly seen with cervical lead placement than with tho-
racic lead placement. Poor coverage, however, was 27% more 
common with thoracic lead placement. The review unexpect-
edly found that surgical leads had higher incidences of infec-
tion, lead migration, and lead breakage than percutaneous 
leads.

As anchoring technology improves, lead migration and 
breakage are expected to become less frequent. Improved IPG 
capabilities will no doubt lead to improved ability to recapture 
lost coverage, which can often be the result of epidural fi brosis 
and micromigration.5

We have found IPGs to be exceedingly reliable; it is highly 
unusual for an IPG to fail. In our combined experience at the 
University of California Davis, we have had only a single IPG 
failure in a patient following emergent cardioversion after an 
episode of ventricular tachycardia. After successful cardiover-
sion, the IPG failed to function and was replaced after it was 
determined that the patient would not require a pacemaker. 
The patient has continued to do well since the IPG replace-
ment. Some rechargeable IPGs have been constructed to resist 
short-circuit damage that may result from extraneous electri-
cal current, as may be caused by electrocautery or cardiover-
sion. If there is a signifi cant possibility that the patient may 
need cardioversion or surgery requiring electrocautery, selec-
tion of a battery that is manufactured to resist circuit damage 
caused by such devices is recommended. The manufacturer 
should be consulted to determine the best choice for the 
patient.

Finally, there is a single case report in the literature—from 
1993—of interference between a unipolar pacemaker and a 
unipolar SCS. In 1998, the same author published a case report 
demonstrating the safe use of a dual-pacing, dual-sensing, 
dual-mode pacemaker in a patient with implanted quadripo-
lar SCS electrodes. A recent poster session presented fi ve 
patients with SCS and pacemakers who experienced no elec-
trical interference between the two units. The manufacturers 
of both devices should be contacted prior to SCS implantation 
in patients with pacemakers.29,30
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methods, 69, 80
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local (LA)
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SCS trials/permanent 

implantation, 132
toxicity, 116, 132–133
tunneling procedure, 86–87, 92, 
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Anterograde lead placement

for low back, leg stimulation, 71–74
caudal edge/interlaminar space 
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entry points (lumbar), 72f, 73f, 74f
lead placement (lumbar), 74f, 75f
operative procedure, 71–74
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vertebral endplate alignment 
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for upper extremity stimulation, 

74–82
caudal edge/interlaminar space 

identifi cation, 76f
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alignment, 75f
cervical insertion point 

selection, 76f
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79–82
intraoperative stimulation 

testing, 79
leads

anchors, 80f, 81f–82f
grasping of, 77f
manipulation, 77–79
placement, 78f

operative procedure, 75–77
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Tuohy needle advancement, 78f

Antiarrhythmic agents, 133
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midline pocket irrigation, 92
postoperative care, 130
preoperative prophylaxis, 5, 44, 
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Anticoagulation. See coagulopathy
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Assessments
behavioral pain assessment, 17
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of SCS screening trials, 68, 69
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Bacteriology, advances in, 43
Barbiturates, 133, 133t
Biological effects of radiation, 37–38
Bipolar electrocautery, 85, 86, 

87, 116
Black torpedo fi sh (electrogenic), 

1–2, 2f
Brain

arachnoiditis, 12
deep brain stimulation, 4
electrical stimulation attempts, 1–2
epidural steroid injection 

injuries, 139
and gate theory of pain, 3
pain’s infl uence on, 16
sensory cortex organization, 55
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C
Cancer

infection risks with SCS, 15
risk from radiation, 41
terminal, SCS for, 4
thyroid shields for prevention, 40
and wound complications, 129, 139

Cardiac pacemakers, 4, 13, 59, 98, 
134, 141
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Central nervous system (CNS), LA 

toxicity, 132
Cephalosporin, 47
Cerebral edema, from radiation, 38t
Cerebrospinal fl uid (CSF)

arachnoiditis and, 12
aspiration for, 67, 137
dorsal layer, 53
hygromas of, 132t, 137–139
lead placement and, 52, 66
thickness factor, 55, 66
total spinal block and, 134
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bacterial protection, 45, 47

Chronic pain
differentiation diffi culties, 16
during postoperative care, 129
as SCS contraindication, 13
U.S. data, 1

Ciné (real-time) fl uoroscopy, 35, 40
Cleaning and antiseptic agents, 45
Coagulopathy, 13, 14–15
Collimators, adjustable/iris, 36
Colorectal surgery, 15
Complex regional pain syndrome 

(CRPS), 7, 56
cervical stimulation and, 65, 77
higher frequency preference, 79
types I/II, as SCS indication, 12

Complications and adverse events. 
See also risk factors
advisement of patients about, 18
of anesthesia

local anesthetic (LA) toxicity, 
132–133

monitoring for, 132, 132t
total spinal block, 133–134

coagulopathy, 14
of hardware, 132–133
hematoma

epidural (postoperative), 
135–136

of midline/IPG pocket, 136
preoperative prevention, 135

infections, 44
lead migration, 56
lead-related, 56, 79, 88, 117
postoperative wounds, 129–130
of surgery, 17, 134–140

cord injury/nerve damage, 
139–140

dural punctures/CSF hygromas, 
137–139

epidural abscess, 136
hematomas, 135–136
midline/IPG pocket seroma, 

136–137
perforated viscus (tunneling), 139
postoperative prevention, 

134–135
preoperative prevention, 134
wound dehiscence, 139

tobacco-use related, 15–16
Compton effect (of x-rays), 35–36
Contraindications to SCS therapy, 13, 

16–17, 140
Cost-effectiveness of SCS, 7
Cushing, Harvey, 43

Cutaneous dermatomes, 
nerve roots, 54f

D
Diabetes, 15, 44, 129, 139
Dorsal column anatomy, 54–55
DuraPrep, 47–48

E
Electreat (electrical stimulator), 2, 3f
Electrocautery

bipolar electrocautery, 85, 86, 
87, 116

electrosurgery vs., 96
fi re risks from, 45
patient avoidance of, 8
unipolar electrocautery, 86
use in tunneling, 85, 86, 87, 88

Electrogenic fi sh, 1–2
Electrosurgery

bipolar, 88, 97, 98
electrocautery vs., 96
grounding pad use, 98
unipolar, 87–88, 96–97, 98

Enterococcus (gram-positive cocci), 44
Epidural hematoma, 14, 135–136, 139
Epidural leads (of SCS), 5, 14, 40, 64, 

135, 135t
Epidural space

access optimization, 47
anatomy of, 65, 116
description, 52–53
lead placement, 1, 54–55

bipolar stimulation, 57
cervical space, 14, 53
dorsal space, 57
fl uoroscopic guidance, 67
lumbar space, 13, 14
percutaneous placement, 63
single vs. dual, 56
from superfi cial pocket, 44
thoracic space, 14, 66, 67
tunneling, 5

steering of leads, 6
Tuohy needle placement, 66, 67

Equipment (for SCS) theory, 5, 6f
age/gender, 53
amplitude (current/voltage), 55
anodes/cathodes, 53
contact combinations

bipolar stimulation, 57, 57f
monopolar stimulation, 

56–57, 56f
tripolar (guarded cathode) 

stimulation, 57
CSF layer, 53



Index     149

current steering, 57–58
current vs. voltage control, 59–60
dual/complex cathodes, 57–58
electrode spacing, 58
epidural space, 52–53
fi brosis, 52, 52f
frequency (hertz), 56
gender, 53
independently controlled current 

delivery, 60
interleaving, 57–58, 60, 60f
lead types

percutaneous, 51
single vs. dual, 56
surgical (paddle), 51

Ohm’s law, 51–52
perception threshold, 52
power sources, 59
pulse generators

vs. pacemakers, 59
pulse width (microseconds), 

55–56
time since implant, 53, 54f

Erythema, from radiation, 38t, 41t
Escherichia coli, 44
Eyes, protection from radiation 

exposure, 38t, 40

F
Facet disease, 12
Facial neuropathic pain, 4
Failed back surgery syndrome (FBSS), 

7, 12
Faradization process, 1
Filtration of x-rays, 36
Fluoroscopy. See also radiation; x-rays

for anchoring of leads, 88
biologic effects, 37–38
C-arm fl uoroscope, 36f
ciné (real-time) fl uoroscopy, 35, 40
collimators, 36
distortion errors

parallax, 37
pin cushion distortion, 37, 37f
vignetting, 37

image quality, 37
for lead placement guidance, 67
patient protections from, 38–40

eyes, 40
skin, 41f
thyroid gland, 40
torso and legs, 40

procedure suite, 5
for SCS, 40–41
for Tuohy needle placement, 67, 

71–72

Food, Drug, and Cosmetic 
Act (1938), 2

Food and Drug Administration (FDA)
clearance of Indermil (adhesive), 107f
rechargeable battery approval, 6
SCS approved indications, 11–12

Franklin, Benjamin, 1
Frequently asked questions (FAQ) 

about SCS, 30–31

G
Galen, Claudius, 1
Gastrointestinal failure, from 

radiation, 38t
Gate theory (of pain reduction), 3–4, 4f
Germ theory (Pasteur), 43
Greeks, 1

H
Halstead, William, 43
Hand-washing preparations

agents, 45
antiseptics vs. soaps, 43
bacteria reduction ability, 46f
characteristics, 45t

Hematopoietic failure, 
from radiation, 38t

HIV, 15
Holmes, Oliver Wendell, 43
Home preparation (for patients), 

46–47

I
Idiopathic pain (defi ned), 3
Implantation of SCS devices, 1, 

5, 6. See also instrumentation 
(for operating room); leads; 
percutaneous screening trials; 
permanent spinal cord stimulator 
placement; screening trials; sterile 
technique; tunneled screening trials
analgesia loss and, 7
benefi ts/outcomes of, 1
cancer patient contraindication, 15
cost effectiveness, 7
elapsed time and impedence, 53
informed consent by patients, 18
lumbar location, 47
requirements for, 5
training for, 131–132

Implanted pulse generator (IPG)
adverse events/complications, 

135–136, 140–141
battery life, 52
bleeding during implantation, 99
current vs. voltage control, 59–60

electrical current carrier, 53
nonrechargeable, 59
permanent SCS placement, 

115–116, 117–119
tools used for during implantation, 

99, 100, 101, 102
in tunneled SCS trial, 85–86, 88, 

90f, 92
Implant kits, 65
Inductorium device, 1, 2f
Infectious Disease Society of 

America, 47
Informed consent (by patients), 

18, 21, 41, 69
Instrumentation (for operating 

room). See also fl uoroscopy; 
instrumentation (for operating 
room); Tuohy needle and stylet; 
wound (postoperative) closure
adhesive, for skin, 106
cut vs. coagulation, 97–98
dissecting and blunting

Army-Navy retractor, 100
forceps, 100–101
Senn retractor/skin hook, 99
sharp vs. blunt, 98–99
Weitlaner retractor, 99

electrocautery
bipolar, 85, 86, 87, 116
electrosurgery vs., 96
fi re risks from, 45
patient avoidance of, 8
unipolar, 86
use in tunneling, 85, 86, 87, 88

electrosurgery
bipolar, 88, 97–98
electrocautery vs., 96
grounding pad use, 98
monopolar, 96–97
unipolar, 87–88, 96–97, 98

grounding pad (return electrode), 98
incising instruments, 96
needle anatomy

conventional cutting, 106
curved vs. straight, 105–106
reverse cutting, 106
taper point, cutting, reverse 

cutting, 106
sponges, 102–103
suction equipment, 102
sutures/suture instruments

absorbable vs. nonabsorbable, 104
handling, 104
materials, 103
monofi lament vs. 

multifi lament, 104
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Instrumentation (Continued)
sutures/suture instruments 

(Continued)
natural vs. synthetics, 104
needle holders (drivers), 103
needle pickups, 103
scissors, 103
size, 104

tunneling tools, 5, 65, 91, 92f, 
101–102, 101f, 102f, 118–119, 
118f, 139

Intercostal neuralgia, 12
Internal disc disruption, 12
International Committee on 

Radiation Protection, 38
Intralipid, 133
Iodine, for antiseptic protection, 45
Iris collimator, 36
Ischemic pain, 4, 5, 6, 13, 68

J
Joint replacement surgery, 15

K
Kent, Charles Willie, 2
Koch, Robert, 43

L
LA. See local anesthesia (LA)
Leads

epidural leads, 5, 14, 40, 64, 135, 135t
epidural space placement, 1, 54–55

bipolar stimulation, 57
cervical space, 14, 53
dorsal space, 57
fl uoroscopic guidance, 67
lumbar space, 13, 14
percutaneous placement, 63
single vs. dual, 56
steering of leads, 6
from superfi cial pocket, 44
thoracic space, 14, 66, 67
tunneling, 5

locations in the spine, 65–66
in tunneling procedure, 85, 86, 87, 

88–92
Lidocaine (1%)

with epinephrine, 67, 87, 116, 132
with sodium bicarbonate, 69

Lister, Joseph, 43
Local anesthesia (LA)

along tunneling route, 92, 
101–102, 118

lead anchoring/placement, 31, 116
lidocaine with epinephrine, 

67, 122, 123

SCS trials/permanent 
implantation, 132

toxicity/management, 132–133
Tuohy needle placement, 5

Loss-or-resistance (LOR) technique 
(for Tuohy needle placement), 
66–67
anesthesia for, 67
fl uoroscopic guidance, 67, 71
mechanics of, 67

M
Mastectomy-fl ap necrosis, 15
Maximum permissible dose (MPD), 

of radiation, 37–38
Mayo scissors, 88, 88f
Medical considerations, for SCS 

screening trial, 14–15
Medical necessity sample letter, 29
Melzak, Ron, 3–4
Meningitis, 18, 44, 134, 138
Methicillin-resistant Staphylococcus 

aureus, 46–47
Metzenbaum scissors, 88, 88f
Microbial shedding, 44
Migraine headaches, 13
Minimum Pathologic Dose (MPD) 

table, 38t
Movement disorders, 4
Multiple sclerosis, 12
Myofascial pain, 12

N
National Nosocomial Infections 

Surveillance System, 44
National Refractory Angina Centre 

(England), 14–15
Needles, 103–106. See also sutures/

suture instruments; wound 
(postoperative) closure
anatomy, 105f

conventional cutting, 106
curved vs. straight, 105–106
reverse cutting, 106
taper point, cutting, reverse 

cutting, 106
Tuohy needle and stylet, 5, 6f

epidural scarring and, 14
fl uoroscopic guidance, 

67, 71–72
freeze-frame imaging process, 40
LOR technique for placement, 

66–67
for percutaneous trials, 64–65
tunneling procedure placement, 

85, 86, 87–88, 90

Nerve roots of cutaneous 
dermatomes, 54f

Neuromodulation therapy (for cancer 
survivors), 15

Neuropathic pain, 3, 4–5, 7, 11, 15
Nonrechargeable (primary cell) 

batteries, 59
Nosocomial infections, 44
Nuclear Regulatory Commission, 38

O
Ohm’s law, 51–52

P
Pain

axial spine pain, 12
behavioral, assessment, 17
chronic pain

differentiation diffi culties, 16
during postoperative care, 129
as SCS contraindication, 13
U.S. data, 1

complex regional pain syndrome 
(CRPS), 7, 56
cervical stimulation and, 65, 77
higher frequency preference, 79
types I/II, as SCS indication, 12

gate theory of, 3–4, 4f
idiopathic pain (defi ned), 3
infl uence on brain, 16
ischemic pain, 4, 5, 6, 13, 68
myofascial pain, 12
neuropathic pain, 3, 4–5, 7, 11, 15
phantom pain, 12
postlaminectomy pain, 12
post-thoracotomy pain, 12

Parallax ( distortion error), 37, 72, 78
Pasteur, Louis, 43
Patients (of SCS)

characteristics, 7
education of, 17, 32–33
informed consent by, 18, 41, 69, 121
operative preparation, 47–48, 115
preoperative preparation, 46–47, 129
procedural information to, 18
psychological components, 16–18
psychosocial considerations, 16
selection criteria, 13–17

Percutaneous screening trials, 71–82. 
See also anterograde lead placement
advantages of, 63–64
anterograde lead placement

for low back, leg stimulation, 
71–74

for upper extremity stimulation, 
74–82
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Perineural fi brosis, 12
Peripheral neuropathy, 7, 12, 13, 

15, 129
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Permanent spinal cord stimulator 

placement
after successful percutaneous 
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116–117
anchors/anchoring leads, 115–116, 
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anesthesia, 116, 132
IPG pocket placement, 117–118
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operative procedure

incision choice, 116
lead placement, 116
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explanation, 117
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tunneling procedure (See tunneled 

screening trials)
Phantom pain, 12
Photoelectric effect (of x-rays), 36
Physician prep, for SCS implantation, 

48–49
Pin cushion distortion, 37, 37f
Piriformis syndrome, 12
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Postherpetic neuralgia, 12
Postlaminectomy pain (as SCS 

indication), 12
Postthoracotomy pain, 12
Povidine-iodine (for back scrubbing), 47
A  Practical Treatise on Medical 

Electricity (Beard), 2f
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Prophylactic antibiotics, 47–48
Pseudomonas aeruginosa, 44
Puerperal fever, 43
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pulse generator (IPG)
decreasing sizes of, 6
electrical stimulation technology, 
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failure of, 132
infection prevention, 46, 48
lead placement, 51, 79, 80

patient education about, 18
radiofrequency, 64
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Radiation. See also fl uoroscopy; x-rays

biologic effects, 37–38
defi ned, 35–36
minifi cation gain, 39f
patient informed consent, 41
patient protections from, 38–40

eyes, 40
thyroid gland, 40
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reducing exposure to, 38–40, 39f
target area/organ, permissible 

dose, 38t
terminology, 35
units of dose/exposure, 36t
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Radiation absorbed dose (rad). See 
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Radiation equivalent (rad × QF = rem ). 
See radiation

Radiation equivalent man (rem). 
See radiation

Radiculopathy, 12, 13
Radiofrequency (RF) batteries, 59
Radiography, 36
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Rheumatoid arthritis, 15
Risk factors. See also complications 

and adverse events
anchor/lead slippage, 82, 89, 115
cancer, from SCS, 15
disclosure of, 13
LA toxicity, 67, 116
medical considerations

coagulopathy, 14–15
infections, 15, 63, 64
tobacco use, 15–16

of radiation, 37–38, 41
of surgery

infections/seroma, 44, 88, 98, 
99, 129

needle injuries, 75
surgical site infections, 44
wound dehiscence, 108, 
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Roentgens (R). See radiation
Romans, 1

S
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Sample dictation templates

dorsal column stimulator 
implantation, 121–123

screening trials (for SCS), 69–70
Screening trials (for SCS). See also 

percutaneous screening trials; 
tunneled screening trials
anatomic considerations

epidural access/stenosis, 14
assessment of, 68
contraindications, 13, 15
establishing medical necessity, 16

See also Appendix A
FDA-approved indications, 12
informed consent, 18
management during, 67
medical considerations

coagulopathy, 14–15
infection, 15
suppressed immune response, 15
tobacco abuse, 15–16

off-label applications, 13
patient education, 17
patient selection for, 11
procedural information, 18
psychological contraindications, 

testing, 16–17
psychological preparation, 17–18
psychosocial considerations, 16
sample dictation/SCS trial, 69–70

Seizure disorders, 4
Sensory stimulation, historical 

background, 1–3
Shealy, Norman, 3–4
Shielding (in working with radiation), 

35, 40
Skin. See also adhesives; sutures/suture 

instruments; tunneled screening 
trials
effects from fl uoroscopy, 38, 41f
effects SCS implantation, 44
layers between spinal cord and, 66, 

66t, 67
microbial shedding from, 44
operative preparation, 47–48
surgical site infections, 43–44

Smoking cessation, 16
Soap, for hand washing, 45
Sodium-channel blockers, 133
Spasticity, 4
Spinal cord

anatomical variations, 53, 91, 
101, 118

cross-sectional anatomy, 65f
dorsal column anatomy, 54–55
epidural space anatomy, 65, 116
injuries to, 5, 12, 13, 18, 32
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FDA-approved applications, 12
fl uoroscopy for, 40–41
frequently asked questions 

about, 30–31
indications for SCS, 12, 13
limitations of/warnings about, 7–8
mechanism of action, 4–5, 4f
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postoperative instructions for 

patients, 123
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dorsal column stimulator 
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screening trials (for SCS), 69–70
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Spinal nerve root stimulation, 13
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operative prep (scrubbing/draping), 

47–48
physician prep (hand scrubbing, 

gowning, gloving), 48–49
preoperative preparation
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prophylactic antibiotics, 47
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Surgical Care Improvement Project 
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Surgical site infections (SSIs), 43–44
Surgical skills (for operating room)

dissecting and undermining, 98–103
instrumentation (See 

instrumentation (for operating 
room))

needles and sutures, 103–106
wound (postoperative) closure

continuous (running) 
subcuticular closure, 108, 109f

holding needle driver/grasping 
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instrument tying demonstration, 
113f–114f

interrupted sutures for deep 
layer, 108, 108f

knot-tying demonstration, 
110f–113f

surgeon’s knot//square knot, 
109, 109f

tissue trauma avoidance, 109
two-handed square knot, 

110, 110f
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wound (postoperative) closure
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105–106
holders (drivers), 103
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postoperative removal, 130
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Toxicity from local anesthetics, 
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Training, for SCS implantation, 
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Tunneled screening trials
advantages of, 64
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electrocautery, use of, 85, 86, 87, 88
midline cut-down incision

leads, anchoring, 88–90, 89f
leads, placement (one/two), 85, 86
leads, tying of, 90f–91f
location choice, 86
placement prior to lead 

placement, 87
pocket suture, 90f

needle placement
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single vertical incision, 

86, 86f, 87f
transverse incision, 86–87, 87f

percutaneous vs., 63
tools, 5, 65, 91, 92f, 101, 101f, 102f, 

118–119, 118f, 139
tunneling procedure, 91–92

Tuohy needle and stylet, 5, 6f
epidural scarring and, 14
fl uoroscopic guidance, 67, 71–72
freeze-frame imaging process, 40
LOR technique for placement, 

66–67
for percutaneous trials, 64–65
tunneling procedure placement, 85, 

86, 87–88, 90

U
Unipolar spinal cord stimulator, 3–4

V
Vancomycin, 47
Ventilation and fi ltering systems, 

45–46
Vignetting (distortion error), 37
Von Mikulicz, Johann, 43

W
Wall, Patrick, 3–4
Wound (postoperative) closure. 

See also sutures/suture instruments
continuous (running) subcuticular 

closure, 108, 109f
holding needle driver/grasping 

needle, 107, 107f, 108f
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interrupted sutures for deep layer, 
108, 108f
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surgeon’s knot/square knot, 
109, 109f

tissue trauma avoidance, 109
two-handed square knot, 110, 110f

two-handed surgical tie, 110
Wound healing
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1: hemostasis/infl ammation, 
127–128

2: proliferation/fi broplasia, 
128–129

3: maturation/remodeling, 129
postoperative care issues
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suture/staple removal, 130

X
X-rays. See also fl uoroscopy; 

radiation
Compton effect, 35–36
fi ltration/patient protections, 36
photoelectric effect, 36


	Contents
	Chapter 1: The Development of Spinal Cord Stimulation
	Introduction
	History
	The Gate Theory of Pain Reduction
	Mechanism of Action

	Equipment Overview
	Current Status
	Favorable Patient Characteristics
	Efficacy
	Cost-effectiveness
	Warnings

	References
	Further Reading

	Chapter 2: SCS Screening Trial: Patient Selection and Preparation
	Introduction
	Patient Selection
	Indications for Spinal Cord Stimulation
	FDA-Approved Indications
	Off -label Applications
	Unsuccessful Applications

	Contraindications
	Anatomic Considerations
	Medical Considerations
	Establishing Medical Necessity
	Psychosocial Considerations
	Psychological Contraindications and Testing

	Patient Education
	Psychological Preparation
	Procedural Information

	Informed Consent
	References
	Further Reading
	Appendix A: Sample Letter of Medical Necessity for Spinal Cord Stimulation
	Appendix B: Frequently Asked Questions About Spinal Cord Stimulation
	Appendix C: Checklist of Patient Education Topics

	Chapter 3: Radiation Safety
	Introduction
	Background
	Terminology
	Radiation
	Image Quality
	Distortion Errors

	Biologic Effects of Radiation
	Reducing Exposure to Radiation
	Minimizing Effects on the Torso and Legs
	Minimizing Effects on the Thyroid
	Minimizing Effects on the Hands
	Minimizing Effects on the Eyes

	Fluoroscopy for Spinal Cord Stimulation
	Patient-Informed Consent for Radiation Exposure
	Acknowledgments
	References

	Chapter 4: Sterile Technique
	Introduction
	The Importance of Sterile Technique in Infection Control 
	The Development of Sterile Technique
	Surgical Site Infections
	Risk Factors for Surgical Site Infection

	Principles of Aseptic and Sterile Technique
	Terms and Concepts
	Cleaning and Antiseptic Agents
	Ventilation and Filtering
	Other Principles

	Preoperative Preparation: Home Preparation
	Prophylactic Antibiotics

	Operative Preparation: Scrubbing and Draping
	Physician Preparation: Hand Scrubbing, Gowning, and Gloving
	References

	Chapter 5: Electricity and Spinal Cord Stimulation
	Introduction
	SCS Leads 
	Percutaneous Leads
	Surgical (Paddle) Leads

	Ohm’s Law (V = IR)
	Perception Threshold
	Fibrosis
	Epidural Space
	CSF Layer
	Time Since Implant
	Other Factors 

	Anodes and Cathodes
	Dorsal Column Anatomy
	Frequency, Amplitude, and Pulse Width
	Amplitude (Current/Voltage)
	Pulse Width (Microseconds)
	Frequency (Hertz)

	Single Versus Dual Leads
	Contact Combinations
	Monopolar Stimulation
	Bipolar Stimulation
	Tripolar Stimulation

	Dual or Complex Cathodes, Current Steering, and Interleaving
	Electrode Spacing
	Pulse Generators
	Electrical Stimulation Technology

	Power Sources: Rechargeable, Nonrechargeable, and Radiofrequency
	Pacemakers and Implanted Pulse Generators: Are They Compatible?
	Current Versus Voltage Control
	Independently Controlled Current Delivery
	Interleaved Pulses in Nonindependently Controlled Current/Voltage Delivery Systems
	References
	Further Reading

	Chapter 6: Trial of Spinal Cord Stimulation: Basic Considerations
	Introduction
	Percutaneous Versus Tunneled Trials
	Advantages of Percutaneous Trials
	Disadvantages of Percutaneous Trials
	Advantages of Tunneled Trials
	Disadvantages of Tunneled Trials

	General Information About Percutaneous Trials
	Equipment

	Relevant Anatomy of the Epidural Space
	Lead Locations in the Spine
	Loss-of-Resistance Technique
	Mechanics of the Loss-of-Resistance Technique
	Fluoroscopic Guidance
	Local Anesthesia
	Anesthesia

	Management During the Trial
	Assessment of Trial
	References
	Further Reading
	Appendix A: Sample Dictation—SCS Trial

	Chapter 7: Percutaneous Trial of Spinal Cord Stimulation
	Introduction
	Anterograde Lead Placement for Stimulation of Low Back and Legs
	Patient Positioning
	Operative Procedure

	Anterograde Lead Placement for Stimulation of Upper Extremities
	Patient Positioning
	Operative Procedure

	After the Procedure
	References

	Chapter 8: Tunneled Trial of Spinal Cord Stimulation
	Performing a Tunneled Trial
	Creating the Midline Cut-Down Incision
	Placing the Leads Prior to the Cut-Down Incision
	Operative Procedure
	Choosing Incision Location

	One-Lead Placement
	Two-Lead Placement
	Two Needles at Same Vertebral Level on Opposite Sides of Midline
	Two Needles on the Same Side at Different Vertebral Levels

	Placing the Cut-Down Incision Prior to Lead Placement
	Creating the Central Pocket
	Anchoring the Lead
	The Tunneling Procedure
	References
	Further Reading

	Chapter 9: Basic Surgical Skills for the Operating Room
	Introduction
	Surgical Instrumentation
	Incising Instruments

	Electrosurgery
	Monopolar (Unipolar) Electrosurgery
	Bipolar Electrosurgery
	Cut Versus Coagulation
	Grounding Pad (Return Electrode)

	Dissecting and Undermining
	Sharp Versus Blunt
	Retractors
	Forceps

	Tunneling
	Suction Equipment
	Sponges
	Needles and Sutures
	Basic Suture Instruments
	Surgical Needles

	Wound Closure
	Holding the Needle Driver and Grasping the Needle
	Interrupted Sutures for the Deep Layer
	Continuous (Running) Subcuticular Skin Closure
	Avoid Tissue Trauma
	Surgeon’s Knot and Square Knot
	Two-Handed Surgical Tie
	Two-Handed Square Knot
	Instrument Tie

	References

	Chapter 10: Permanent Spinal Cord Stimulator Placement
	Introduction
	Temporary Versus Permanent Trial
	Permanent Implantation Following a Successful Percutaneous Trial
	How Much Additional Length Should Be Added for Strain Relief?
	Anesthesia

	Anterograde Permanent Lead Placement at the Lumbar, Thoracic, and Cervical Levels 
	Creating the Midline Pocket Incision
	Placing the Leads Prior to Cut-Down Incision and Midline Pocket Creation
	Operative Procedure
	Choosing Incision Location
	Placing the Midline Pocket Cut-Down Incision Prior to Lead Placement
	Creating the Central Pocket
	Anchoring the Lead

	Permanent Implantation Following Successful Tunneled Trial
	Explantation of Temporary Extension
	Where to Place the IPG Pocket
	Placing the IPG
	The Tunneling Procedure

	After the Procedure
	References
	Appendix 1
	Sample Dictation Template
	Postoperative Instructions for Patients Having Spinal Stimulator Implants, Revisions, and Explants
	Sample Preoperative Orders: Spinal Cord Stimulator Implant
	Sample Preference Card
	Sample Admit and Discharge Orders for Spinal Cord Stimulator 23-Hour Stay
	Sample Discharge Orders for Spinal Cord Stimulator 23-Hour Stay


	Chapter 11: Wound Healing, Postoperative Wound Management, and Discharge Education
	Introduction
	Normal Wound Healing
	Phases of Wound Healing
	Phase 1: Hemostasis and Inflammation
	Phase 2: Proliferation and Fibroplasia
	Phase 3: Maturation and Remodeling

	Identifying the Patient at Risk for Wound Complications
	Malnutrition, Chronic Disease, and Immune Compromise

	Postoperative Care
	Showering
	Postoperative Antibiotics
	Suture and/or Staple Removal

	References

	Chapter 12: Complications and Adverse Events
	Postoperative Complications in the Modern World
	Training
	Complications and Adverse Events
	Anesthesia Complications
	Monitoring
	Local Anesthetic Toxicity
	Inadvertent Subarachnoid Injection: The Total Spinal Block

	Surgical Complications
	Infection
	Hematoma
	Dural Punctures and CSF Hygromas
	Dehiscence
	Perforated Viscus: Tunneling
	Cord Injury and Nerve Damage

	Hardware Malfunction
	References
	Further Reading

	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	R
	S
	T
	U
	V
	W
	X




