
EDITORIALS

Rethinking Algorithms of Pain Care: The Use of
the S.A.F.E. Principles

Introduction

In 1996, Krames, trying to make sense out of
therapeutic choice for pain management of
chronic noncancer-related pain problems wrote
that “because there are multiple choices, both
interventional and noninterventional for the man-
agement of pain, the treating physician should
choose one therapy over another in a rational
manner . . .” [1] Because, at the time there was
little information to mine for decision-making, the
only variables accessible to the treating physician
for choosing one therapy over another were levels
of invasiveness and “up-front” costs of the therapy.
Krames suggested an algorithm of choosing that
was based on the time-honored medical principle,
the KISS principle, or “Keep It Sweet and
Simple.” This algorithm based on the KISS prin-
ciple listed least invasive and less “up-front” costly
therapies first and more invasive and more costly
therapies, later in the algorithm. He also suggested
that some therapies could be used in series, some
in parallel, abandoning those that do not work and
trying more invasive therapies and more costly
therapies until the algorithm (choices) was
exhausted. Based on this algorithm, implantable
technologies for pain, stimulation therapies, and
implantable drug delivery systems (IDDS) were
relegated to last resort therapy.

While this approach was appropriate for the
time, today, a review of the literature allows us to
make more rational choices between pain thera-
pies based on variables other than invasiveness
and up-front costs. Today, it may not be in the best
interest of a patient, or even the third party payer,
to wait until all less costly and less invasive, but not
effective, treatment options have failed before ini-
tiating more invasive therapies including nerve-
blocking procedures, epidural steroid injections,
facet injections/neurolysis, or therapies of neuro-
modulation, such as spinal cord stimulation (SCS),
peripheral nerve stimulation (PNS), peripheral
subcutaneous field stimulation (PSFS), or intrath-
ecal therapies via IDDS. If a given procedure or

technology is more effective and more cost-
effective over time, it may be best to offer that
therapy sooner rather than later. While many
more invasive therapies and certainly neuromodu-
lation therapies may initially be more expensive
than more conventional therapies, such as physical
therapy and medication management, they may be
more cost-effective over time [2,3], reaching a
point in time where the more invasive therapy
becomes less costly, a point that is called cost neu-
trality. It is their superior effectiveness and long-
term cost-effectiveness that challenges the notion
that invasive procedures or neuromodulation
therapies should be at the end of a treatment algo-
rithm. For example, North et al. [4] showed, in a
randomized controlled study, that those patients
with persistent neuropathic leg pain treated with
SCS after appropriate neural decompression did
better when comparing efficacy outcome and cost
than those treated with repeat surgery.

Mining the literature for information regarding
therapies for pain management today, there is
more information than just levels of invasiveness,
up-front costs, and efficacy. There is information
on appropriateness of the therapy for any one
individual, information on safety of the therapy,
information on cost-effectiveness of the therapy,
and information on cost neutrality of the intended
intervention. With this information, physicians
and, to a certain extent, entities that pay for the
procedure can and should make more rational
decisions regarding the use of interventions for
patients with chronic pain. We propose a set of
principles for algorithmic evaluation of pain care
therapies, the S.A.F.E. principles: Safety, Appro-
priateness, Fiscal neutrality, and Efficacy.

Principle of Safety

Persistent chronic pain is rarely life-threatening
and treatment algorithms should be held to a
higher standard of safety than treatment algo-
rithms intended to treat life-threatening illness
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such as advanced cardiac life support algorithms.
All invasive procedures including neuromodula-
tion technologies are inherently associated with
surgical risks such as infection, bleeding, and/or
injury to neural tissues. As such, the positioning
of invasive therapies including neuromodulation
therapies (SCS, PNS, PSFS, etc.) within an algo-
rithm to treat persistent chronic pain has tradi-
tionally come after trials of less invasive
treatments such as medication management [1].
Medication use may certainly be less invasive, but
their use may be more harmful over time than
more invasive therapies. For example, the
chronic use of nonsteroidal anti-inflammatory
agents (NSAIDs), what most would consider a
conservative analgesic therapy, has increased risk
of injury over time. Chronic use of NSAIDs for
pain management, however, is associated with a
17–31% incidence of gastric ulcer formation,
leading to 16,500 deaths and more than 100,000
hospitalizations every year in the estimated 20
million patients taking chronic NSAIDs in the
USA [5–8]. By comparison, the greatest biologi-
cal risks of SCS for chronic pain occur during the
operative and postoperative periods with infec-
tion and seroma being the most common com-
plications. In a 10-year retrospective study of 160
patients treated with SCS, Kumar et al. reported
a total of 7.5% biological adverse events with
4.4% incidence of infection (three requiring i.v.
antibiotics) and a 3.1% incidence of seromas (one
requiring surgical evacuation), and no neural
injury or death [9]. While this sample size is
clearly far less than those samples evaluating
chronic NSAID use, these results nonetheless, in
our estimation, support the hypothesis that the
risk of injury from chronic usage of NSAIDs (less
invasive, more conservative) is greater than the
risk of injury caused by long term treatment with
SCS (more invasive).

Principle of Appropriateness

Certainly, when determining whether a given
treatment is appropriate for inclusion into a
medical algorithm to treat persistent pain, it is of
equal importance to secure the diagnosis as well as
confirm the absence of any pertinent medical or
psychosocial contraindications. Everyone would
agree that patients with peptic ulcer disease or
those with renal failure should not be treated with
NSAIDs or that chronic opioid therapies should
be avoided if possible in patients with underlying
drug addictions. Likewise, systemic infections and

coagulopathies are medical contraindications and
premorbid psychiatric illnesses such as schizo-
phrenia or conversion disorders are psychiatric
barriers to performing elective invasive proce-
dures. Disregarding these contraindications
increases the risk of injury to patients and may
result in additional cost to treat these added com-
plications. Because the use of invasive therapies
including implantable neuromodulation devices is
costly to the patient and those who pay for the
therapy, it is critical that appropriate measures be
taken to insure that only suitable patients are so
treated.

Principle of Fiscal Neutrality

Health care costs currently account for 16% of the
US gross domestic product, an increase from 9.4%
in 1980, and are expected to rise to 20% by
2015[10,11]. While the high cost of medical tech-
nology use is only one of many reasons for this
increase, many physicians and policymakers point
to unnecessary use of medical technology as a
major contributor to the rising cost of health care
[12,13]. With shrinking resources and increased
demand, health administrators struggle to allocate
appropriate resources while maintaining fiscal
responsibility. As a result, third party payors and
nonpain management physicians are reluctant to
authorize or refer patients for invasive therapies
including neuromodulation technology as part of
a treatment algorithm for persistent pain. Thus,
appropriate positioning of neuromodulation tech-
nology within a treatment algorithm for persistent
pain must account for the financial implications of
this treatment, with fiscal neutrality, not up-front
costs, being the financial goal for implementation.
In this context, fiscal neutrality implies that the
cost of implementing a new therapy does not
result in greater financial expenditure than a
current or comparator therapy over a given time
period.

Some examples illustrate the “cost neurtrality”
principle. When compared with conventional
medical management strategies for chronic pain,
some authors found that implanted intrathecal
opioid delivery was cost-neutral at 22–28 months
after implant, and generated a cost-savings there-
after [14–17]. Fiscal neutrality may even be
achieved on day one when compared to other
surgeries as observed by North et al. in their
study of SCS vs conventional repeat spine
surgery (reoperation) for treatment of failed back
surgery syndrome (FBSS) and Andrell et al.’s
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study of SCS vs coronary artery bypass surgery
for intractable angina [4,18]. In fact, implement-
ing SCS was actually a cost savings when com-
pared to repeat spine surgery or cardiovascular
surgery. Taylor and Taylor estimated that when
compared to conventional medication manage-
ment, SCS was more effective and less costly
when treating FBSS over the lifetime of a patient
[19]. Shorter time to fiscal neutrality was
observed for treatment of complex regional pain
syndrome. SCS was found to be fiscally neutral in
as little as two and a half years after implantation
when compared to standard focused physical
therapy treatment alone [20]. In a review of the
literature, Taylor et al. reported that the time to
fiscal neutrality when using SCS was 1–3 years in
a variety of pain conditions [21].

Principle of Effectiveness

Certainly, doing the right thing is what clinicians
hope to achieve for their patients; guiding their
actions are training, experience, colleagues, and
the medical literature. Alone, the medical litera-
ture is insufficient to guide clinical judgment; yet,
it is certainly essential when developing medical
treatment algorithms of care.

Many treatment algorithms for the medication
management of persistent pain conditions are
developed after compiling data from a number
of randomized double-blind, placebo-controlled
clinical trials [22–24]. Demonstration of efficacy
alone, utilizing robust scientific methods as well
as designed randomized controlled trials, is not
sufficient to mandate implementation of a given
treatment into a clinical algorithm. Indeed, third
party payers and government agencies may require
a broader base of evidence to support implemen-
tation of a given treatment. Clearly, this was the
case when former Secretary of Health and Human
Services Patricia Roberts Harris declared in 1980
that new health technologies must be evaluated
not only on the basis of their medical efficacy but
also on their “social consequences” before any
consideration could be given to federal reimburse-
ment for the new device or procedure [25,26]. As
such, implementation of a given therapy for pain
should be judged by more than just a change in
pain scores.

In addition to clearly establishing the appropri-
ate outcome measures to be used when comparing
various therapies, it is also critical to determine the
appropriate level of evidence for comparing inva-
sive therapies with other, less invasive treatment

options. Typically, studies aimed at comparing
different medication therapies are performed by
utilizing a large-scale, placebo-controlled, double-
blind design. However, in clinical trials of neuro-
modulation, placebo-controlled, double-blind
studies of implanted technologies are nearly, but
not totally, impossible to conduct for both techni-
cal and ethical reasons [27]. Certainly, the risks of
surgical intervention are too great to justify sham
surgeries for clinical design and this position is
supported by the 2000 revision of Declaration of
Helsinki which reinforces the prohibition against
offering placebo instead of effective therapy [28].
Blinding can also be difficult in clinical trials of
neurostimulator devices as many of these devices
can and are sensed by the patient when turned on
and likewise, sensed when turned off [29].

In spite of these caveats, there is still ample
evidence to demonstrate effectiveness of neuro-
modulation technology for the management of
persistent pain, and implementation of this evi-
dence certainly meets the definition of evidence-
based medicine [30–32].

Use of the S.A.F.E. Principles

Positioning of invasive therapies such as neuro-
modulation technology within a treatment algo-
rithm of persistent pain has traditionally been
relegated to the end of an exhaustive list of more
conventional therapies. This “relegation to the
end” of a continuum of care can sometimes lead
to months if not years of poor pain control, pro-
longed medication toxicity, prolonged disability,
excessive costs, countless interventional proce-
dures, and increased risk of central nervous system
reorganization before neuromodulation technol-
ogy is offered [1]. We propose that the S.A.F.E.
principles be the foundation on which to build
algorithms for the treatment of persistent pain
with invasive therapies such as neuromodulation
(SCS, PNS) having an equal footing for evaluation
as other less invasive therapies when developing
these algorithms. By subjecting all therapies to a
comprehensive evaluation using the S.A.F.E. prin-
ciples, we believe that invasive therapies such as
neuromodulation will be appropriately positioned
in a continuum of care and not arbitrarily rel-
egated to the end of the treatment continuum.
Figure 1 is an example of how one would use the
S.A.F.E. principles in a continuum of care for a
patient with chronic nonmalignant pain from
FBSS.
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