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Abstract
Nearly all who review the literature conclude that the role of invasive procedures to treat chronic pain is poorly characterized because
of the lack of “definitive” studies. The overt nature of invasive treatments, along with the risks, technical skills, and costs involved
create challenges to study them. However, these challenges do not completely preclude evaluating invasive procedure
effectiveness and safety using well-designed methods. This article reviews the challenges of studying outcomes of invasive
therapies to treat pain and discuss possible solutions. Although the following discussion can apply tomost invasive therapies to treat
chronic pain, it is beyond the scope of the article to individually cover every invasive therapy used. Therefore, most of the examples
focus on injection therapies to treat spine pain, spinal cord stimulation, and intrathecal drug therapies.
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1. Introduction

There are a wide range of invasive therapies to treat pain ranging
from simple myofascial injections to more invasive and costly
procedures such as intrathecal drug therapy. Despite the
extensive literature on invasive therapies, there continues to
be considerable controversy surrounding efficacy for most of
these therapies. For example, among pain management
procedures, epidural steroid injections28 are the most widely
used injections for back pain. Clinical trials evaluating the
efficacy of epidural steroid injections vary widely and are heavily
influenced by numerous factors such as specialty, with those
done by pain physicians more likely to yield positive findings.23 It
is important to consider biopsychosocial factors when con-
ducting and interpreting clinical studies for pain, and invasive

pain therapy trials are not immune to this. Although pain relief
can be measured, other important outcomes such as functional
capacity, psychological well-being, and return-to-work status
can be more difficult to assess.

Invasive therapy trials are more challenging than clinical
trials of pharmacologic treatments due to numerous factors.
First, there are ethical limitations to consider regarding the use
of invasive sham controls that expose patients to risks without
benefit and produce additional suffering. Second, there are
inherent difficulties in blinding the physician performing the
sham-controlled studies, possibly leading to bias. Some
treatments unavoidably entail unblinding (conventional spinal
cord stimulation), although it may be possible to blind the
newer subthreshold stimulation waveforms. Third, the high
costs of sham-controlled invasive clinical trials often preclude
their conduct because government funding is difficult to obtain
for clinical trials involving procedures. Consequently, most
clinical trials for invasive therapies have been supported by
industries that have a financial interest in the product (eg,
neurostimulation and intrathecal drug delivery). This has led to
an evidence base for implantable therapies that are replete
with positive retrospective and uncontrolled prospective
observational studies, as well as randomized trials comparing
an invasive therapy with a suboptimal comparator. There is
little financial incentive for the industry to sponsor clinical trials
evaluating injection therapies, resulting in many small single-
site studies that have inadequate power. Fourth, the ability to
recruit adequate numbers of participants is extremely chal-
lenging, leading to failed studies due to lack of enrollment as
well as selection bias that does not necessarily represent the
real world.87

The current push for more evidence-based medicine has
caused the field of invasive therapy pain management to come
under intense scrutiny due to lack of evidence for efficacy.21
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Furthermore, with the prescription drug crisis affecting our country,
there is a call for wider use of nonopioid, nonpharmacological, and
multimodal therapies to treat pain.39 This emphasizes the need for
alternative methods besides the standard randomized controlled
trial (RCT) to study invasive therapies. Until this happens, invasive
pain therapies will continue to experience reduced reimbursement
and high scrutiny.

This article will delve into details of the challenges inherent in
studying outcomes of invasive therapies to treat pain and discuss
possible solutions. Although the following discussion can apply to
most invasive therapies to treat chronic pain, it is beyond the scope
of the article to individually cover every invasive therapy used.
Therefore, most of the examples focus on injection therapies to
treat spine pain, spinal cord stimulation, and intrathecal drug
therapies.

1.1. Epidemiology of injections and surgery

The rise in the number of injections and other interventions has led
to increased scrutiny. Although this rise has not been accompanied
by concomitant decreases in the prevalence of chronic low back
pain, which is themost common and costly chronic pain condition,
there is evidence that these may reduce the need for sur-
gery.40,49,52,86 Statistics on the rate of use of invasive procedures
are limited by the lack of a single, encompassing database.
Nevertheless, the rise in interventions is illustrated by data obtained
from Medicare records, which show a 107.8% increase in the
number of recipients of spinal injections between 2000 and 2008,
and a 186.8% increase in the number of procedures performed.81

Although epidural steroid injections28 comprised a slight majority of
procedures, per capita growth rates were higher for facet
interventions and sacroiliac joint injections. Similar increases in
utilization rates have been shown for spine surgery in general and
fusion in particular. Epidemiological studies have found significant
geographic variance in the rates of epidural steroid injection,54

which cannot be explained by regional differences in health status,
and a positive correlation between the rate of injections and the rate
of lumbar spine surgery, suggesting that practitioners are not
substituting an injection for a more invasive procedure.36 Although
data are not available regarding the relationship between the
number of practitioners who perform injections and the number of
procedures performed, there is an almost perfect correlation
between the number of spine surgeries and the number of spine
surgeons.25 The growth in interventions is not uniformly distributed
because the highest 10% of pain medicine doctors perform 36.6%
of the total number of spinal procedures and9 timesasmanyas the
lowest 10%.1

1.2. Reasons people fail invasive pain treatments

There are many reasons that people fail invasive pain treatments,
with poor patient selection comprising a large majority. Patient-
related factors that have been shown to predict poor response to
treatment include psychosocial pathology (eg, poorly controlled
psychological diagnoses, inadequate coping skills, catastroph-
izing, substance abuse, and sedentary lifestyle); high levels of
clinical disease burden (eg, opioid use, previous failed treat-
ments, high baseline pain scores, and poor function); work-
related factors (eg, disability, secondary gain, low job satisfaction,
andmanual laborer); clinical factors (eg, obesity and old age); and
the degree of pathology. Patients with these characteristics are
often excluded from clinical trials, and considering how prevalent
these variables are in individuals with chronic pain, this raises
issues of external validity.

Misdiagnosis is likely the second most common cause of
invasive pain treatment failure. For many conditions that are
frequently treated with procedures (eg, radiofrequency ablation
for facet and sacroiliac joint pain), the diagnosis is predicated on
an analgesic response to a low-volume diagnostic injection.
These injections have been reported to have false-positive rates
ranging between 20% and over 40% based on double blocks
using either a saline control injection or a short- and long-acting
local anesthetic (whereby longer-lasting relief with the long-acting
local anesthetic would constitute a positive response), but the
actual false-positive rate is impossible to determine because of
the lack of any other means for diagnosis.10,27,72 Provocation
discography, which purports to identify a painful disc(s) by
reproducing one’s pain, has also been shown to carry a high
false-positive rate in individuals with psychopathology, previous
surgery, and other pain complaints.13,15,118 The high false-
positive rate has resulted in the widely accepted requirement for
a negative controlled disc to be obtained during discography and
has led some organizations to recommend performing “double
blocks” on 2 separate occasions to reduce the false-positive rate
before lumbar facet and sacroiliac joint radiofrequency de-
nervation.9,48 However, performing multiple blocks will invariably
increase the false-negative rate, which will result in the
withholding of a safe and effective treatment from individuals
who would otherwise benefit. One randomized, comparative
cost-effectiveness study found that performing multiple blocks
not only reduced the number of overall successful outcomes but
also substantially increased costs.29

Technical failure accounts for a relatively small proportion of
treatment failures and may include the injectate missing the area
of pathology during epidural steroid injections; small lesions that
miss the target nerve(s) during radiofrequency denervation; lack
of pain coverage during spinal cord stimulation; and pseudarth-
rosis or retained disc fragments during spine surgery. Yet,
because it is often remediable, and does not require withholding
an effective treatment from someonewhomight otherwise benefit
(ie, a person with multiple risk factors for failure) or performing
additional interventions in an attempt to enhance diagnostic
specificity (ie, using double blocks to reduce the false-positive
rate of a diagnostic injection), a disproportionate volume of
literature is devoted to technical improvements. Examples of
technical improvements include interventions designed to ensure
that an epidural steroid injection reaches the area of pathology
(eg, transforaminal approach, contrast injection under fluoros-
copy, and use of higher volumes); lesion amplification during
radiofrequency denervation (eg, fluid modulation, and higher
temperatures and heating time); the use of instrumentation to
provide additional stability during spine fusion; and using ultra-
high frequency or burst stimulation in preference to conventional
stimulation during spinal cord stimulation.1,22,23,25,32,69,92

In view of the small effect size for most pain treatments,
comparing 2 different treatments or variations of treatments to
determine which is best (ie, a comparative-effectiveness study)
will generally require many more patients than a placebo-
controlled trial, which may itself require hundreds of patients.
For many interventions, this is impractical. Yet, there are other
ways to establish effectiveness besides RCTs (eg, alternative
designs), whichwas eloquently illustrated by a satirical systematic
review published in BMJ on the use of parachutes to prevent
death or trauma during gravitational challenge, wherein the
authors advocated for a “common sense” approach to evaluating
evidence for studies involving substantial risk.101 For example, if
one could show that a selective nerve root block improves the
accuracy of diagnosis and accepts as a premise that operating on
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the correct spinal level will result in better outcomes than
performing surgery on the wrong level, then one does not need
a clinical trial to demonstrate that selective nerve root blocks
could improve surgical outcomes in select patients.2,38 Clinical
trials and retrospective reviews that have sought to demonstrate
a difference in outcomes between 2 treatments (eg, trans-
foraminal vs interlaminar epidural steroid injections or cooled vs
conventional radiofrequency denervation) have generally yielded
mixed results, which in part can be related to the lack of adequate
statistical power and the challenges in controlling for other
variables that also affect outcome.17,23,55,72

1.3. Definition of a successful outcome

Self-reported pain scores (11-point Likert scale or similar visual
analogue scale) have typically been used to measure outcome,
whether one is evaluating an analgesic drug, an invasive pain
procedure, or implanted device (neurostimulator or targeted drug
delivery system). Twelve weeks of double-blind conditions is
considered the duration of a clinical trial necessary to seek
a labeled indication for chronic pain.44 However, 12-week trials
do not necessarily reflect the risk:benefit and cost:effective
analyses for invasive interventions, and all invasive interventions
are not the same.

The duration of an invasive trial depends in part on the type of
intervention being examined. Generally, interventions that carry
high risks and costs are expected to report longer follow-up
results. For example, a lumbar spine surgery trial would not be
considered relevant or successful if the primary endpoint was
measured at 12 weeks; typically, 2 years is considered to be
a meaningful outcome period.116 A lumbar epidural steroid trial
may appropriately use 12 weeks as the primary endpoint to
determine success. Radiofrequency denervation trials have
traditionally used pain scores at 6 months to measure out-
come,112 although some randomized trials have used 3
months,29 based on patient surveys that suggest that this time
frame represents a meaningful result.29 Spinal cord stimulation
trials have commonly used 6 months as a primary endpoint, but
these trials are often extended beyond the initial 6 months to
(hopefully) report durable efficacy.69,76 Reasons for these
extensions are discussed below.

Primary endpoints for most invasive trials continue to be in the
form of some type of Likert scale.42,43,111 Invasive trials,
particularly ones that extend for longer periods, typically include
a functional scale such as the Oswestry Disability Index as an
important secondary measure. In some studies, these functional
scales have been used as either primary endpoints or coprimary
endpoints, although coprimary endpoints will increase the
required sample size. Authors who advocate functional scales
for primary endpoints argue that subjective (11-point) pain scales
do not accurately reflect long-term outcomes or provide
meaningful results in chronic pain patients.

Reduction in medication use, particularly opioid use, has also
been an increasingly relevant outcome in invasive trials. Neuro-
modulation and other invasive trials26,29 have tried to examine this
as a potentially important secondary endpoint. Unfortunately, the
majority of these trials have yielded disappointing
results,28,57,83,113 which may in part reflect the observation that
the large majority of studies do not have adequate power to
detect differences in medication usage. The Kapural et al.69

SENZA trial reported modest reductions in opioid use, favoring
the active arm vs the control arm. In clinical trials seeking a new
drug indication, the U.S. Food and Drug Administration (FDA)
does not consider an individual outcome as “positive” if the

subject reports a meaningful increase in analgesic consumption.
For example, most experts would not constitute a 2-point
reduction in pain score to be a successful outcome if the study
participant doubled his/her opioid dosage and stopped work
because of increasing functional impairment.

The duration of an invasive clinical trial correlates rather closely
with the cost and risks of the intervention. The costs of an
intervention depend on many factors including the anticipated
success rate, need for repeat or different additional treatments,
likelihood of complications, etc., but in descending order are
generally as follows: surgery . neuromodulation (spinal cord
stimulation/intrathecal therapy) . minimally invasive intradiscal
interventions . radiofrequency denervation . epidural steroid
injections . trigger point injections. In the case of spinal cord
stimulation and some other interventions, this trend has been
driven in part by third-party payers who demand that longer-term
outcomes be assessed in clinical trials to justify the expense
involved with the intervention.

1.4. Sponsorship and other sources of potential bias

It is generally acknowledged that blinding is more important for
measuring subjective responses (eg, pain) than for objective ones
(eg, vital signs or critical events such as myocardial infarction or
death), but the benefits of blinding must be weighed against risks
and challenges. In scenarios where blinding of the participant is
not possible or feasible, blinding of the outcome assessor can still
function to reduce bias.

Not surprisingly, themajority of invasive pain therapy trials have
not been double-blinded. Many trials that were conducted over
a decade ago were either small RCTs, observational studies with
no control arm, or retrospective. Larger, prospective RCTs have
become much more commonplace over the past 10 years,
particularly in the area of electrical neuromodulation. These larger
RCTs have been uniformly sponsored by industry, and many are
conducted in compliance with the shift in the FDA’s position that
in certain contexts, noninferiority studies comparing a new
treatment with a proven existing one can be used to establish
effectiveness.

Many device RCTs are well-designed with longer durations of
follow-up for primary endpoints (6 months) and continued follow-
up after the primary endpoint has been reached. However, the
concept of industry-sponsored bias, often unintentional, is
starting to be questioned by some authors.

Cher and Capobianco18 examined the effect of design and
sponsorship of device trials for spine surgery. They found 367
trials evaluating spine surgery through www.clinicaltrials.gov, of
which 200 (54.5%) were device trials and 167 dealt with other
spine-related issues. Device trials were more likely to be
sponsored by industry than nondevice trials (74% vs 22%).
Multicenter trials were also much more frequently sponsored by
industry (80% vs 29%), with approximately 4 times the number of
study centers (P , 0.0001). The authors found very few
multicenter randomized trials in the area of spine surgery that
were not sponsored by a device company. The authors
concluded, “These findings suggest that previously published
studies showing larger effect sizes in industry-sponsored vs
non–industry-sponsored studies may be biased as a result of
failure to take into account the marked differences in design and
purpose.”

Flacco et al.50 recently analyzed 319 randomized clinical trials
in MEDLINE during 2011 (a random 50% sample) that had over
100 participants. Trials included drugs, biologics, and medical
devices evaluated for efficacy and safety. These were head-to-
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head comparison trials. One hundred eighty-two trials were
funded by companies and included 82.3% of the randomized
subjects. The majority of trials had only 1 industry sponsor (159/
182; 87.3%).

Industry-sponsored trials more commonly used noninferiority/
equivalence designs and were cited more frequently. Industry-
sponsored trials reported more positive results than non–
industry-sponsored trials for superiority or noninferiority/
bioequivalence of the experimental arm (odds ratio 2.8; 95%
confidence interval: 1.6–4.7). Furthermore, 55 of 57 (96.5%) of
noninferiority/bioequivalence trials got favorable ratings. In a later
publication, the first author concluded, “The literature of head-to-
head RCTs is dominated by industry. Industry-sponsored
comparative assessments systematically yield favorable results
for the sponsors, even more so when noninferiority designs are
involved.”51

The previous study should51 not be misconstrued or misinter-
preted in any way to suggest the industry is falsifying data or
providing intentionally misleading information through trial design.
Possible explanations for why industry-sponsored trials are more
likely than government or nonfunded studies to report positive
results include the costs involved for adequately powered
studies, more stringent selection criteria, better site selection,
andmore realistic outcomemeasures. Several authors (3–7) have
demonstrated themanyways in which clinical trials can be unduly
biased.30,47,98,109,114 Because many device and invasive trials
are not double-blinded and using blinded sham procedures can
result in ethical concerns raised by institutional review boards,
investigators, and industry, at least some degree of bias seems
almost inevitable.

Bias can come in many forms. Patients and clinicians often
introduce high expectations with device or invasive trials.
Whether intentional or not, patients usually understand they have
the opportunity to possibly get the “latest and greatest” in
treatment, which can amplify the placebo response.75 Inves-
tigators have to “sell” the clinical trial to prospective enrollees;
otherwise, there is often little incentive for patients to participate.
Standard texts administered by coordinators, recruiters, and
clinicians may be helpful, but subtleties still may produce either
positive or negative expectations by the enrollee. The double-
blind approach remains the gold standard in all trials when it can
be performed ethically and reasonably.

Recently, device and invasive studies have turned to what is
often termed “real world” trial design. These may be in the form of
observational studies or registries. In the field of pain medicine,
these are also most often funded by industry. Some payers have
felt these types of designs may be more valuable in evaluating
effectiveness than the typical RCT noted above, which is ideal for
determining efficacy. Although data can be collected prospec-
tively, many of the previously identified problems still exist, and
additional sources of bias are often present because there is no
randomized assignment and rarely even a control arm in these
trial designs.

1.5. Effect of perspective on clinical outcomes

In light of the increased emphasis on evidence-basedmedicine to
inform clinical guidelines and determine reimbursement, a large
number of reviews have been published on the most common
procedures, such that they now outnumber clinical trial reports by
a wide margin. Reviews published by interventional physicians
who perform the procedure being evaluated are muchmore likely
to yield positive conclusions and recommendations than those
performed by noninterventionalists; this is true for epidural steroid

and sacroiliac joint injections, radiofrequency neurotomy, and
spine surgery.20,21,23,27,61,70,78 These reviews generally use the
same methodological quality ratings and grading scales to rate
the same clinical studies, which raises the question as to what
accounts for such discrepancies. Possible explanations include
a better ability of experts who perform a given procedure to
evaluate clinical trials; differences in interpretation that reflect
differences in the background; and various forms of bias (eg,
confirmation, dissemination etc.) on both sides of the debate.58

Not only review articles, but clinical trials themselves may be
subject to bias in performance, analysis, interpretation, reporting,
and publication. One review found that 75% of RCTs evaluating
epidural steroid injections in which the corresponding author
regularly performed the procedure reached positive conclusions
vs 30% in which the corresponding author was a nonpain
physician. For review articles, the disparity was larger, with over
90% of those performed by interventional pain physicians
concluding epidural steroid injections conferred meaningful
benefit vs only about one-third of those performed by nonpain
physicians.23,56

1.6. Technical vs methodological quality

Attempts to explain and reduce these discrepancies have
resulted in a recent surge in instruments designed to evaluate
the technical quality of invasive clinical trials, just as instruments
exist to assess methodological quality.8,56,79,80 For facet joint
radiofrequency denervation studies, this might include selecting
participants based on controlled blocks and ensuring optimal
electrode orientation and lesioning parameters.56 In studies
evaluating surgical interventions, this could include performing
preoperative discography and excluding individuals on high-dose
opioid therapy and those with concomitant psychopathology
before disc replacement or fusion.77,84 For epidural steroid
injection studies, this might include ensuring that participants
presented with true radicular pain confirmed by imaging;
optimization of injection technique using contrast injection under
fluoroscopic guidance; and exclusion of individuals likely to fail
treatment (eg, high-dose opioid users and those with secondary
gain) or improve on their own (eg, those with short duration of
pain) (12).8

1.7. Types of clinical trials: what is the best way to study
invasive therapies?

Invasive therapy clinical trials are among the most challenging to
conduct due to invasiveness/risks, difficulties in blinding,
challenges with recruitment, and costs. The type of clinical trial
used for invasive therapies will depend on many factors. First and
foremost is the underlying question about efficacy or effective-
ness. Efficacy is ideally determined through placebo-controlled
trials, whereas effectiveness may be determined based on
experience using the therapy in clinical practice. A therapy may
be efficacious but not effective. Proof of concept (phase IIa)
studies are useful to determine the safety of an invasive
procedure and to get preliminary evidence of efficacy before
embarking on larger and more costly confirmatory clinical trials.
Clinical trials designed to determine efficacy evaluate the
intervention under carefully controlled situations and emphasize
internal validity; however, there are never ideal situations in which
to conduct clinical research. These are usually smaller trials that
may include sham (performing an invasive procedure at the target
site or distant site but no delivery of the therapeutic), placebo
(performing the invasive procedure at the target site with delivery
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of an inactive substance), or active controls. Effectiveness
trials are usually larger multisite controlled trials that approach
real-world situations, whereas pragmatic trials are conducted in
real-world settings; however, even in pragmatic trials, there is
some level of control.

The determination of efficacy and effectiveness is a contin-
uum from a single-site randomized placebo-controlled trial to
large multicenter pragmatic trials and there is no fine line
separating these clinical research methods. Even pragmatic
trials may use randomization. Single-site andmultisite RCTs can
both be used to determine efficacy, whereas multisite studies
provide better insight into effectiveness. Observational,
comparative-effectiveness, and large pragmatic trials are more
geared towards establishing effectiveness in clinical practice
settings.31 Comparative-effectiveness trials are conducted to
determine the relative effectiveness between interventions and
can provide information on efficacy when controlled trials
separately evaluating each of the interventions exist. An
example of a comparative-effectiveness trial is the study of
spinal cord stimulation vs reoperation for lumbar radiculopathy.
This was a single-site small study performed under carefully
controlled conditions in which the results favored spinal cord
stimulation.86 An attempt was made to perform a similarly large,
multicenter comparative-effectiveness trial. After almost 3
years, the study was terminated due to slow enrollment. The
major reason was patients’ reluctance to be randomized.87

Because observational studies often have no comparison
groups, they provide limited and potentially biased effectiveness
data. Emerging analytic approaches such as the use of pro-
pensity score approaches have shown promise in advancing the
use of observational data to complement prospective studies.
Propensity scoring is a statistical matching technique that
attempts to estimate the effect size of a treatment by accounting
for the covariates that predict receiving the treatment.89

Ultimately, important advantages of well-conducted observa-
tional studies include their appreciably lower costs and potentially
their ecological or external validity relative to tightly controlled
efficacy or even effectiveness studies and pragmatic trials.

Several points should be considered when deciding whether
a controlled trial is feasible and necessary, and how to interpret
interventional trials. First, lower-risk therapies are usually better
candidates for placebo-controlled designs, whereas higher-risk
procedures might be better suited for evaluation through
comparative-effectiveness, observational, or large pragmatic trial
design. It is difficult to justify exposing patients to a high-risk sham
procedure without any chance of benefit. This emphasizes the
ethics and challenges of determining the efficacy of an invasive
therapy before conducting larger comparative-effectiveness
trials. For highly invasive therapies, it is not unusual to determine
safety first (and get some sense of effectiveness) in observational
studies before conducting efficacy trials when possible, or
alternatively larger comparative-effectiveness trials.

Second, because invasive therapy trials are often open-label,
they are subject to bias. To reduce bias, deviations from standard
practice may be required. The decision to deviate from standard
practice will depend on the probability of success with the
deviation. Therefore, a risk/benefit analysis of the procedure is
required and deviations from standard practices with higher risk
interventions are acceptable if the potential benefits are high.
Examples of this are the ACCELERATE Trial (Clinicaltrials.gov
NCT02093793) and the intrathecal gabapentin trial.93 The
ACCELERATE Trial is comparing 2 methods of stimulation
provided by one device. Subjects proceed directly to implantation
of a stimulator device without the standard practice of

a preimplantation trial. This design is justified and ethical because
there is preliminary evidence of success with both methods of
stimulation after permanent implant.69 As a noninferiority trial
design, it is highly likely that some subjects will achieve successful
pain relief with one or both of the stimulation methods. The
intrathecal gabapentin trial compared 3 doses of gabapentin with
placebo. Subjects proceeded directly to an intrathecal drug
delivery device (IDDS) implantation without the standard practice
of a preimplant drug trial. This was ethically justified because the
subjects were allowed to continue to use the IDDS with their
drugs of choice after completing the clinical trial, which was
characterized by a high success rate. Furthermore, consensus is
emerging that preimplantation trials are of limited value and
perhaps the standard practice of trialing should be changed.35

Third, invasive therapies comparing old and new technologies
can be subjected to high placebo (for the new technology) and
nocebo (for the old technology) rates. If subjects are not blinded,
they are more likely to overestimate the effect of the new
technology (ie, it has to be better because it is newer) and
underestimate the effect of the old technology (ie, it has to be
worse because it is old). This will result in large artificial differences
between the 2 therapies that would normalize in real-world
conditions. This effect can be confounded even further if the
technologies being compared have different sponsors that
require management or programming (eg, spinal cord stimula-
tion). This can affect patient-reported outcomes based on
technologists’ support and motivation (Table 1).

The FDA has suggested circumstances in which noninferiority
studies can be used to evaluate effectiveness, including for those
treatments in which a placebo group would be unethical or
impractical (https://www.fda.gov/downloads/Drugs/Guidances/
UCM201240.pdf). For certain invasive treatments, such clinical
trial designs could be considered. However, there can be major
limitations when interpreting these studies, including evaluating
efficacy in situations when high-quality placebo-controlled
studies have consistently demonstrated efficacy vs a placebo
or sham comparator. In such cases, noninferiority could be
shown because the trial did not have adequate assay sensitivity,
that is, neither active treatment would have shown efficacy vs
a placebo or sham treatment if one had been included. For this
reason, the results of noninferiority trials that do not include such
an inactive comparison group are only interpretable if the
treatment being used as the standard has consistently shown

Table 1

Types of invasive therapy trials with candidate therapies.

Type Candidate therapies

Randomized placebo-
controlled

Pharmaceutical injections (eg, epidural steroid
injection in which the control injection is given
intramuscularly, or trigger point injections using
nontrigger points, or no penetration)
Intrathecal therapies

Randomized sham-controlled Radiofrequency ablation therapies
Intradiscal heat therapies
High-frequency spinal cord stimulation
Burst stimulation

Randomized active controlled Epidural steroid injections where the saline or
local anesthetic is administered epidurally
Pharmaceutical injections (eg, trigger point
injections using saline)
Intrathecal therapies
Tonic spinal cord stimulation

Comparative effectiveness All invasive therapies
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superiority vs a placebo or sham treatment, which might not be
the case for many types of invasive treatments.

1.7.1. Randomized controlled trials

Randomized controlled trials are among the most challenging
trials to conduct for invasive therapies for the reasons discussed
above, especially when a placebo or sham arm is involved. Both
single-site and multisite RCTs can measure therapeutic efficacy,
whereas multisite RCTs provide better information on effective-
ness. Bothmay involve placebo or active controls. Active controls
use therapies or agents that have biologic activity that is not
expected to have any benefit, although this assumption is not
always correct. One example is a study comparing epidural
steroids with epidural local anesthetic. Although it is often
assumed that epidural local anesthetics do not confer lasting
therapeutic benefit when delivered at the same location as the
steroids, studies have been shown that they may be comparably
effective at short-term follow-up, with both resulting in prolonged
pain relief in a small percentage of subjects.23,104 Thus, if
delivering treatment and “control” agents to the same target, it is
best to use a true placebo.

Most patients will not agree to an invasive placebo or sham
when there is no chance of benefit. Patientswhodo agreemay not
be representative of the real-world population. The acuteness of
the pain problem should influence the decision to have a placebo
arm. Patients with severe acute pain (such as a lumbar
radiculopathy) will unlikely agree to participate in a sham-
controlled study, and there are ethical issues that revolve around
exposing patients to potential harm without benefit. Furthermore,
RCTs that involve placebo or sham controls or “nonstandard of
care” treatments require full financial support because no aspects
of the study can be billed to insurance. However, RCTs comparing
2 standard-of-care treatments can be billed to most insurance
companies. However, there is controversy surrounding these
types of trials because the patient population has to have
appropriate insurance coverage, thus resulting in bias that may
not reflect real-world practices. Allowing for an open-label
extension phase after completing the blinded period will increase
the chances of recruitment in placebo or sham-controlled studies.

Interventions that are amenable to RCTs with a placebo arm
include low-risk therapeutic spine injections such as epidural
steroid, facet, and sacroiliac joint injections. It is also possible to
perform placebo-controlled RCTs with IDDS therapy as de-
scribed in the intrathecal gabapentin trial, as well as the early
stages of the ziconotide trials.94,104,115 However, in the ziconotide
trials, ziconotide responders were allowed to continue in an open-
label extension period.

The method of placebo or sham delivery in invasive RCTs is
highly debatable. Some argue that it is unethical to use placebos
with invasive interventions (such as epidural steroid injections)
and advocate a less invasive placebo arm such as subcutaneous
injection of placebo in the same area as the active intervention.
Thismight provide a better measure of efficacy because evidence
has emerged that administration of the “placebo” (such as saline
or local anesthetic) onto the actual target site may be similarly
therapeutic.7 Intrathecal drug delivery device therapy is perhaps
the most amenable to an RCT with a placebo arm because the
device in place delivers the agents to the same target location
without any added risks.

With the exception of spinal cord stimulation, most invasive
therapies can use a parallel design or designs that involve
switching treatments for those patients who do not respond to
the initial treatment. There are several considerations in

determining which design to use. First, one must determine
whether there exists a possible carry-over effect. For example,
steroid injections can have prolonged effects that may carry over
to a subsequent period. In such circumstances, a standard
cross-over design in which patients are randomized to receive 2
or more treatments in different order cannot be used. However, it
is also possible to have subjects switched to the other treatment if
they do not achieve pain relief from the first treatment they are
randomized to. This design was used in a study comparing spinal
cord stimulation with reoperation for failed back surgery to treat
low back and leg pain. Patients were randomized to either arm
and only switched treatments if the first treatment was un-
successful.86 Second, one must decide whether it is possible to
blind the therapies. It is possible to blind the patient for IDDS
therapies and most spinal injection therapies if the technique
used between treatment periods with different interventions is
similar. However, it is not possible to blind most spinal cord
stimulation studies because the subjects can feel whether or not
they are receiving stimulation. An exception to this is high-
frequency stimulation, in which the stimulation is subperception
threshold. However, there are currently no studies comparing
active and sham high-frequency stimulation. Furthermore, high-
frequency stimulation results in rapid battery consumption, which
could possibly unblind the therapy unless precautions are taken.
Unless the placebo arm technique is the same as the active arm
(eg, epidural steroids vs epidural saline), blinding the interven-
tionalist is not possible. In addition, if the 2 techniques are
drastically different (ie, epidural vs subcutaneous injection), it may
be difficult to blind the patient. There are currently 2 randomized,
controlled cross-over spinal cord stimulator trials in progress
(SUNBURST and ACCELERATE, clinicaltrials.gov). The advan-
tage of such a design is much greater power for the between-
group comparison. However, the subjects are unblinded
because the stimulation feels different between the 2 methods
(Tonic vs Burst; Tonic vs High Frequency).

Invasive therapy trials are also amenable to adaptive trial
design. Traditional RCTs contain prespecified patient-reported
outcome measures and calculate subject enrollment based on
a power analysis. Adaptive trials allow for the adjustment of
certain aspects of the trial design midstream based on
accumulating data on efficacy and safety.6 Given the invasive-
ness and increased risks associated with invasive therapies, it is
reasonable to consider interim analyses at predefined milestones
in the trial and adjust plans accordingly by dropping arms or
stopping the study altogether in response to compelling early
evidence of efficacy, futility, or harm.

1.7.2. Comparative effectiveness

In 2008, The American Reinvestment and Recovery Act allocated
over $1 billion to support comparative effectiveness research
(CER).16 In a 2009 report by the Institute of Medicine, CER was
defined as the generation and synthesis of evidence that
compares the benefits and harms of alternative methods to
prevent, diagnose, treat, and monitor a clinical condition or
improve the delivery of care.103

Given the challenges of conducting placebo-controlled RCTs
with invasive therapies, CER seems to be an important and
effective alternative. Unlike RCTs, CER aims to represent real-
world practice. However, an obstacle in conducting CER for
invasive therapies is the lack of data on efficacy and effectiveness.
As mentioned earlier in this article, one needs some evidence of
efficacy before embarking on comparisons of different treatments
that do not include a placebo or sham control. The only way to
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provide compelling evidence of this is to conduct placebo or
sham-controlled trials, which are often lacking in invasive pain
therapies. There are various methods of conducting CER.

1.7.3. Observational studies

Observational studies use real-world patient care data and
outcomes to determine things such as therapy effectiveness,
patient selection, cost-effectiveness, safety, and the effect of
comorbidities on outcome. Data sources are typically medical
records, surveys, registries, or insurance databases. Observa-
tional studies have significant limitations because they require
very large numbers of patients to reach meaningful conclusions
and they require some effective means of reducing confounding
factors, either by design or through sophisticated analytical
methods. An advantage is that they include real-world patient
data that may be more meaningful to providers and insurance
carriers. A disadvantage is the requirement for cooperation
among busy clinicians to collect and enter the data (although
much of the data can be entered by patients), thereby jeopard-
izing data quality.102 There have been several attempts to create
pain registries, which have been slowed due to cost and time
constraints. Electronic medical records (EMRs) have the potential
to generate a large amount of patient care data on a variety of
therapies. However, this will require EMR systems capable of
communicating and overcoming the HIPAA barriers. Large health
care systems that have the same EMR, such as the Veterans
Health Administration, currently have the potential to contribute
data to observational studies. However, single health care
systems may not translate into the wide range of health care
environments across the country.

Registries can be disease-based, patient-based, or treatment-
based, with treatment-based being most applicable for pro-
cedural interventions. One example of an invasive therapy
observational study might involve researchers who want to
evaluate the effects of a single spinal cord stimulation technology
on low back and leg pain. They recruit 20 sites around the country
that implant the device. Using a prespecified list of demographics
and clinical information, they access medical records to extract
the data over time including preimplant and postimplant. Data
can be extracted retrospectively, but patients are followed
prospectively over time. The FDA has suggested using historical
controls to tease out the effects of treatment vs natural course in
scenarios when placebo-controlled trials are not indicated (https://
www.fda.gov/downloads/Drugs/Guidances/UCM201240.pdf).
However, temporal changes in placebo group responses and effect
sizes in analgesic clinical trials render this approach highly
problematic when evaluating treatments for chronic pain.

1.7.4. Pragmatic trials

Pragmatic trials use multiple sites to randomize large numbers of
typical patients in real-world typical practice settings. This is in
contrast to RCTs that study patients under ideal circumstances
and have strict inclusion and exclusion criteria. Pragmatic trials
represent an amalgam of randomized and observational studies,
containing both components.110 These trials randomize patients
to treatments and can obtain useful data on large numbers of
patients.

Pragmatic trials have been used to study treatments in fields
such as cardiology and oncology, but have not been extensively
used for invasive therapies to treat chronic pain. However, given
the challenges and complexities inherent in conducting RCTs for

invasive therapies, pragmatic trials would likely be very valuable
because patients would receive therapy more in the comfort of
their real-world setting. Although it is easier to recruit subjects, the
results can sometimes be challenging to interpret.

An example of a pragmatic trial is the Spine Patient Outcomes
Research Trial (SPORT), whichwas a 5-year study that compared
surgical and nonsurgical treatments for 3 of the most common
back conditions. Approximately 2500 patients took part in the
study, which was conducted at 13 sites across the United States.
After watching a shared decision-making video that described
what is known about back surgery vs nonoperative care, patients
who agreed to participate were randomized between treatments.
Both treatments were part of standard of care and sites were
allowed to provide treatments based on standard practices. An
observational group consisted of those who elected not to
participate in randomization and choose their own treatment
approach, but agreed to be followed for outcomes over the
ensuing 12 to 48 months.117 This approach could be applied to
a number of invasive therapies; for example, randomizing patients
to either epidural steroid injections or physical therapy for acute
lumbar radiculopathy.

Because these trials have limited funding and involve large
numbers of patients at multiple sites, only the most pertinent data
are collected. This is a shortcoming because important data that
could be used for decision-making may be missing. Another
confounding factor is the challenge insurance coverage plays.
Many invasive therapies for chronic pain are limited by lack of
insurance authorization. A solution for this is to create a third
observational group consisting of patients who cannot receive
the therapy due to insurance coverage, but agree to be followed
for outcomes. However, this approach introduces the confound-
ing issue of lack of randomization.

1.7.5. Cluster randomized trials

Intrathecal drug delivery device therapy and spinal cord
stimulation involve the use of various devices with different
technologies and manufacturers. In real-world practice, clinics
usually choose one device to use for their patient population. This
practice is driven by comfort with one technology, complexities of
dealing with multiple manufacturers and technician support, less
confusion for patients on choices, and an administrative desire to
obtain the best contracts for cost savings. However, little is
known about the comparative effectiveness of these different
devices. Cluster randomized trial design may be ideally suited for
studies intended to compare different devices and treatment
regimens. In cluster randomized trials, randomization is by group,
such as those treated at a particular clinic site, rather than by
individual patient. Each site implements only one intervention.
This trial design mimics real-world practice and can effectively
compare various devices.91

1.7.6. Single-patient (n-of-1) trials

As discussed above, it is very challenging to conduct standard
parallel-group RCTs to evaluate invasive therapies. There
challenges also extend to the design, execution, and interpreta-
tion of observational and large pragmatic studies. It has been
suggested that single-patient (N-of-1) trials have the potential to
answer questions about effectiveness in disease states with high
patient variability (ie, 1 size does not fit all). N-of-1 trials are
multiple-period cross-over experiments comparing 2 or more
treatments within individual patients. Factors favoring the use of
these types of trials include heterogeneity of treatment effects,
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chronicity, stability, negligible carry-over effects of the therapies,
and lack of adequate evidence.41 Chronic pain conditions can
meet all these requirements, making them potentially amenable
to N-of-1 studies. The invasive therapies that are most conducive
to N-of-1 studies are spinal cord stimulation and IDDS. Spinal
cord stimulation technology is exploding, with a plethora of
current and emerging stimulation parameters. In addition, there
are a number of different agents, in various combinations, being
used in IDDS. N-of-1 studies seem to be a promising vehicle to
evaluate the effectiveness of these various interventions.

1.8. Challenges in blinding invasive therapy studies

Systematic reviews evaluating double-blind, placebo-controlled
studies, and the studies themselves represent the highest level of
evidence inmedicine (Centre for Evidence-BasedMedicine, Levels
of Evidence, Oxford University, UK. Available at: https://www.es-
sentialevidenceplus.com/product/ebm_loe.cfm?show5oxford).
Randomized controlled trials comparing active and placebo
medications in a double-blind fashion for pain conditions such as
headache have been conducted for over 50 years, and have
become the reference standard by which regulatory agencies, 3rd
party payers, and organizations that prepare and distribute
guidelines determine efficacy. However, the use of clinical trials to
evaluate procedural interventions did not become routine until
much later. For example, the first randomized trial evaluating an
invasive pain treatment was in 1970, when Swerdlow and Sayle-
Creer compared epidural steroid with epidural saline and epidural
local anesthetic in a nonblinded fashion.106

Although using a placebo control in a blinded fashion is
necessary to determine efficacy, effectiveness can often be
determined by other means, such as large, pragmatic clinical
trials and registries. Yet, nonblinded trials may overestimate the
effect size. Systematic reviews and clinical trials have estimated
that a lack of blinding exaggerates the treatment effect by
approximately 35%, and that unclear blinding is associated with
increases in the effect estimate by 13% to 25%.60,97,119

There are inherent challenges to blinding clinical trials
evaluating procedures, which are commensurate with the
invasiveness of the intervention. Hence, it is not always possible,
or practical, to evaluate invasive procedures in a double-blind
fashion. In a negative study evaluating arthroscopic knee surgery
for osteoarthritis, Moseley et al.85 performed a patient- and
evaluator-blinded 3-arm parallel study comparing arthroscopic
debridement, arthroscopic lavage, and a sham procedure. Those
in the first 2 groups underwent general anesthesia, whereas
those who received a sham procedure received intravenous
sedation and a 1-cm incision without scope insertion. By
exposing patients to the risks of sedation and a surgical incision,
this study generated a great deal of controversy.59 A similar
negative study performed several years later that was also
published in the New England Journal of Medicine blinded only
the evaluator, by placing a neoprene sleeve over the affected
knee at follow-up.73 The value of blinding an evaluator when the
patient is not blinded and the primary outcome is based on
subjective self-report is unclear.

Studies evaluating intradiscal procedures for discogenic low
back pain, which carry a risk of discitis, a condition with no reliably
effective treatment options, have encountered similar obstacles
in trying to balance the benefits and risks of performing a double-
blind study. There are 2 double-blind studies evaluating
intradiscal electrothermal therapy and one evaluating biacu-
plasty.53,68,88 The earliest study that assessed intradiscal heating
was performed by an interventional pain medicine group and

demonstrated modest benefit at 6-month follow-up.88 However,
a subsequent randomized controlled study conducted by spine
surgeons that failed to recruit enough patients based on their
prestudy power analysis yielded no patients in either group who
experienced a positive categorical outcome.53 In the earlier study,
a large introducer was placed into the disc but the electrode was
not inserted, whereas the negative second study involved the
insertion of both the introducer and electrode.53,88 More recently,
a large, prospective case-control study found that penetrating an
intervertebral disc during discography, even with a much smaller
needle than an intradiscal electrothermal cautery introducer, may
accelerate disc degeneration and increase the risk of disc
herniation,14 which is consistent with animal studies that use
annular puncture as a model for disc degeneration.71 This raises
concerns regarding the risks participants are exposed to during
double-blind, intradiscal studies. In addition to issues regarding
the ethics of intradiscal sham treatments, questions have been
raised about the effectiveness of blinding these studies because
heating a disc for over 15 minutes is more painful than sham
ablation.

There have been well over 40 placebo-controlled trials
evaluating epidural steroid injections, the most commonly
performed procedure in pain clinics throughout the world.23,81

A majority of these studies have used epidural saline or local
anesthetic injections as the placebo group, rather than in-
tramuscular injections which are used less frequently. One major
advantage of using an epidural nonsteroid injection as the control
compared with an intramuscular injection is that the patient
experience is the same, which promotes effective blinding. This is
particularly relevant for transforaminal epidural injections, which
frequently reproduce a patient’s radicular pain. However, a recent
systematic review and meta-analysis found that epidural non-
steroid injections are not a true placebo; in fact, the authors
concluded that more than half of the early therapeutic effect of an
epidural injection is due to the injection itself, rather than the
steroid.7

An intrathecal study evaluating the snail toxin ziconotide for
cancer and AIDS-related pain administered the medication or
a saline placebo for up to 10 days before nonresponders could
cross-over. Although over two-thirds of the control group
experienced at least one adverse event, only 5% reported an
injection site reaction and the incidence of headache was similar
for both groups, which suggest that blinding in some invasive
trials can be successfully and safely implemented.104

Facet joint interventions comprise the 2nd most frequently
performed procedure in pain management centers, and there
have been over half a dozen placebo-controlled studies evaluating
radiofrequency denervation. Radiofrequency ablation, which
involves lesioning small, pain-transmitting nerves using the
application of heat generated from alternating current, has been
used in RCTs not only for facet joint pain but also for sacroiliac joint
pain and knee osteoarthritis.19,24 As alluded to for intradiscal
electrothermal therapy, blinding can be difficult when a treatment
involves heat ablation, which is typically perceived as painful.
Therefore, the injection of local anesthetic before radiofrequency
ablation to reduce procedure-related pain has become standard
of care in clinical practice. Preclinical studies have also demon-
strated that the preadministration of lidocaine before denervation
enhances the lesion size, and may, therefore, reduce the risk of
technical failure.92 In all high-quality clinical trials evaluating the
efficacy of radiofrequency denervation, the control group received
local anesthetic administration before sham denervation was
applied to the medial branches (for facet joint pain), lateral
branches (for sacroiliac joint pain), or the genicular nerves (for knee
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osteoarthritis), which enabled effective blinding.27 Some inves-
tigators also added corticosteroid to the local anesthetic,29 which
was shown in one randomized study to reduce the incidence of
postablation neuritis.37 But, the preinjection of local anesthetic,
with or without steroids, may increase the response rate in the
sham group, because some randomized studies have found that
a significant proportion of patientsmay experience prolonged pain
relief with nerve blocks performed with local anesthetic.82

Inadvertent facet blocks performed to reduce procedure-related
pain in the treatment group in placebo-controlled trials evaluating
vertebroplasty have been suggested by many experts to account
for the failure to demonstrate significant benefit.12,64

These factors raise a dilemma for researchers designing
clinical trials: Should one use a true placebo and risk undermining
the effectiveness of blinding, or try to replicate the experience of
the treatment group, in which case the control treatment may
confer an analgesic benefit? Similar to epidural injections and
nerve blocks, studies have also found that intra-articular saline
may provide pain relief and functional improvement.45

1.9. Placebo effect

Nonspecific placebo effects (a measurable clinical response to
a presumed inactive substance, procedure, or interaction) have long
been recognized in the field of pain medicine. Therefore, the
“placebo-controlled trial” is the reference standard to determine the
“true effect” of treatments offered to patients.4 An alternative
definition, “improvements in patients’ symptoms that are attributable
to their participation in the therapeutic encounter, with its rituals,
symbols, and interactions,” emphasizes that the effect ismuchmore
than the treatment. It involves context, meaning, situation,
expectation, and a host of other factors.66 These improvements
are real, frequently partial, and likely add to the overall “effectiveness”
of the clinical encounter, meaning there is clinical benefit to the
placebo response. In practice, clinicians cannot distinguish what
proportion of a positive response to treatment is attributable to the
placebo effect, nor is it important to do so.

Themagnitudeof theanalgesic placeboeffect is variable from less
than 10% to in excess of 50%andmaybeof greatermagnitude than
the “true” treatment effect, obscuring the effect of an active
treatment in the context of a clinical trial. This is evidenced by the
fact that in nearly all controlled analgesic drug and interventional
trials, the within-group difference for the “control” group is greater
than the between-group difference for pain scores.28,53,55,68,88 In
general, a goal of a well-conducted trial is to minimize the placebo
response to maximize the chance of detecting a true treatment
effect. The response also varies with the type of pain. For example,
the placebo effect in neuropathic pain clinical trials varies by
diagnosis.3,33 The understanding of the neurobiology of the placebo
response is evolving, but it is clear that the response is not static, and
a specific patient’s response to a placebo is variable and potentially
modifiable.5,34,62,65,67,74,90,95,99,100,105,108 Importantly, for interven-
tional pain medicine practitioners, invasive “sham” procedures and
devices have a higher placebo response than noninvasive
controls.63,65,67,74

As interventions for pain treatment invariably occur in the
clinical setting as a "therapeutic encounter", the placebo
response is common and some argue that it is en-
hanced.11,46,96,107 For clinical trials evaluating these procedures,
minimizing the placebo response is one way of increasing assay
sensitivity (ie, increasing the likelihood of detecting a real
treatment effect).

There is also ambiguity as to what “constitutes” a true placebo
and whether true placebo arms are even possible when

evaluating certain procedures. For epidural steroid injections,
a systematic review and meta-analysis found that randomized
trials in which epidural nonsteroid solutions were considered to
be the control injection were more likely to be negative than those
in which nonepidural (eg, intramuscular) injections were used as
the control, suggesting epidural saline and local anesthetic have
therapeutic value.7 For certain interventions such as those
involving thermal lesioning (eg, biacuplasty) or conventional
spinal cord stimulation, a true placebo-controlled trial may not
even be possible.

Invasive pain therapy procedures and sham devices have risks
associatedwith them because procedures are inherently invasive.
In the example provided previously, for intradiscal procedures,
even entering the discmay be associatedwith an increased rate of
disc degeneration and herniation.14 Are these risks justified or
outweighed by the interest of science or by the potential clinical
benefit of a placebo response?11Most placebo-controlled studies
evaluate medications and are funded by the pharmaceutical
industry. Because funding for expensive invasive pain procedures
is challenging, who bears the cost of a placebo procedure, or of
complications related to it? Are thoughtfully designed, random-
ized, large pragmatic comparative-effectiveness (not necessarily
sham/placebo) trials adequate to obtain the scientific information
necessary to validate or reject invasive treatments? Because the
response to procedures is variable, it is possible that focusing on
phenotyping and responder analysis in large, pragmatic studies
may provide additional clinically useful information. In fact, the NIH
task force on research in pain medicine has identified registries,
which can aid in phenotyping and responder analysis, as a top-ten
research priority. Yet, despite the risks, costs, and ethics of using
sham controls in invasive pain therapy studies, there are
numerous studies that have used sham controls.

2. Conclusions

Chronic pain is a major drain on our economy and will remain
a major societal burden for the foreseeable future. Although there
are myriad potential pain treatments available, the data that
should enable us towisely select between them in specific patient
populations are lacking. This is particularly true for invasive
therapy options in pain care, where the additional complexities of
technical details, expectations, and risks make evaluating their
role even more challenging. As a result, nearly all who review the
literature conclude that the role for interventions is not well defined
because of the lack of “definitive” studies.

It is not lack of clinical, economic, or academic work in the area of
invasive pain therapies that leads to this lack of data; rather, as
reviewed in this article, numerous barriers to definitive RCTs
assessing invasive pain therapies have limited the available literature.
Practically, this means that clinicians, regulators, payers, and
patients are faced with making treatment choices in difficult
situations with less-than-ideal information at hand. Although all
clamor for the rarely reported objective RCT with blinding and
a “placebo” or sham arm, the lack of such studies mean real-world
decisions are made with lower-quality evidence. Comparative-
effectiveness research offers one potential path forward, but
interpreting them can be difficult. The challenge for researchers of
invasive pain therapies and funders of such research is therefore to
conduct smaller scale placebo- or sham-controlled trials fromwhich
estimates for efficacy and effectiveness are derived, which in turn
can be used to build meaningful CER.

Safely and effectively performing procedures in the context of
a study requires an interested, invested, skilled, experienced, and
involved provider with knowledge of each individual patient’s
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anatomy and physiology. Importantly, research on these pain
procedures must spring from the minds and practices of those
who perform the procedures and apply academic rigor to their
work. The conduct and design of any given study cannot be
removed from the clinical realm, lest it be “well-designed” only in
the abstract.

The overt nature of invasive treatments, along with the risks,
technical skills, and costs, will always remain barriers to studying
them (Table 2). Involvement of nonproceduralists to assure that
all domains and aspects of care are addressed is essential for
external validity. Separation of those who perform the procedure
from those who evaluate the outcomes of the procedure reduces
bias. Recognition of the barriers to standards that apply to
medication trials (placebo-controlled, double-blind), as applied to
procedures, is important for those who critique studies to bear in
mind. Recruitment for studies that involve “the latest and
greatest” vs anything else will continue to remain a challenge,
aswill managing the nocebo and placebo effects in these studies.

The obstacles to high-quality studies are real but potentially
surmountable. Recent publications reveal progress with more
robust design of invasive therapy studies—larger sample sizes,
better characterization of subjects, randomized designs, varied
outcome measures, and longer-term data collection.

Finally, although funding is a barrier to all clinical research, it is
a major hurdle for expensive and potentially risky procedures and
pain devices. Industry funding is prevalent but raises concerns
about the possibility of various types of bias. Insurance
companies do not want to pay for less effective or unproven
treatments, or for “control” arms. It is difficult to find enthusiasm
for funding the second, “confirmatory” study that is necessary to
understand or confirm the true effect of a procedure. Thus,
alternative sources for funding, pooling of resources, and
creativity are required to find the means to study pain procedures
more systematically. This is a challenge not just for those who
perform these procedures, but considering the stakes, the
medical community in general.
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response than medications, which may reduce
statistical power.

Recruitment Recruiting patients for a study in which the control
group gets a sham procedure that carries physical
risks may prove difficult.

Ethics Institutional review boards may not approve a study
in which significant risks accompany the control
group.
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