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Abstract Chronic pain is an issue encountered by many
health care providers in their routine clinical practice. In
addition to generalized patient suffering, this condition has
significant clinical, psychological, and socioeconomic im-
pact due to its widespread occurrence. The landscape of
chronic pain management has been changing rapidly with
an array of treatment innovations, better understanding of
established therapies, and care coordination across special-
ties. In this article, we have reviewed emerging new mo-
dalities as well as transformation of established therapies
by interventional, pharmacologic, rehabilitative, psycho-
logical, complimentary, and interdisciplinary approaches.
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Introduction

Chronic pain is a major cause of suffering, disability, lost
productivity, and diminished quality of life. Cross-sectional
studies have revealed chronic pain prevalence of up to 55 %
in adults. A significant percentage of pediatric patients also
suffer from at least one episode of acute pain, which can have
similar effects as in adults. In its 2011 report Relieving Pain in
America: A Blueprint for Transforming Prevention, Care,
Education, and Research, the Institute of Medicine (IOM)
estimated that the prevalence of chronic pain is greater than
the combined prevalence of heart disease, cancer, and diabe-
tes, which results in associated medical cost and lost produc-
tivity of an estimated $600 billion [1].

A majority of chronic pain patients are managed in the
outpatient setting. Additionally, new fast-track surgical proto-
cols and emphasis on reducing surgical costs have resulted in
an increased volume of patients with acute or sub-acute post-
operative pain issues being referred to outpatient pain prac-
tices. Pain medicine has come a long way since World War I1,
when John Bonica first proposed the concept of multimodal
and multidisciplinary management of chronic pain. This is an
exciting period for chronic pain management, and large strides
are being made in therapeutic innovation, research, education,
and awareness of chronic pain conditions.

We have searched PubMed for all reports published in any
language between the first of January, 2013 and November
(third week) of 2015 using the following key words: pain
medicine, pain management and outpatient. We have focused
on the articles related to chronic pain management in the out-
patient setting. After reviewing titles and abstracts, we
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acquired full-text papers where appropriate. We included sys-
tematic reviews, randomized controlled clinical trials, obser-
vational studies, expert opinions, and guidelines. We have
presented relevant materials in the following categories of
chronic pain treatment: interventional pain management, phar-
macological management including topical treatments, phys-
ical medicine and rehabilitation, pain psychology, and inter-
disciplinary approaches. We have also discussed innovations
and recent research in complimentary and alternative treat-
ments, utilization of informational technologies in treatment
of chronic pain as well as new developments in assessment of
cost-effectiveness of chronic pain therapies. In addition to new
developments, we have also tried to highlight the changing
paradigms in pain medicine such as newer indications or
transformation of previous treatments and current controver-
sies surrounding established therapies. We believe this is im-
portant to address, as these changes determine real world prac-
tice of chronic pain.

Interventional Procedures
Neuromodulation

Neuromodulation has established itself firmly as a treatment
modality for various chronic pain conditions since the 1960s.
Recent advances in this field have led to use of novel program-
ming parameters and newer stimulation targets within the cen-
tral and peripheral nervous system. The Senza-RCT random-
ized controlled trial is a multicenter study that demonstrated
superior results from high-frequency stimulation, up to
10 kHz as compared to conventional spinal cord stimulation
(SCS) for the treatment of back and leg pain. Moreover, this
high-frequency stimulation is paresthesia-free, and epidural
lead placement is based on anatomic landmarks rather than
paresthesia mapping [2¢¢]. Early results from the
ACCURATE study have shown superiority of dorsal root gan-
glion stimulation (DRG) to conventional SCS in the treatment
of lower extremity CRPS and neuropathic pain. Here, the
epidural leads are positioned in proximity to the dorsal root
ganglion of the relevant level in the spinal cord. This tech-
nique had fewer postural variations in stimulation pattern and
lesser paresthesia in undesired areas [3]. Burst stimulation and
sub-threshold high-density stimulation are also currently be-
ing investigated.

Vagal nerve stimulation was traditionally used for treat-
ment of refractory epilepsy and depression. Promising results
have been noted from vagal nerve stimulation (VNS) in acute/
chronic migraine, acute/chronic cluster headaches, fibromyal-
gia, and pelvic pain [4]. Non-invasive VNS has shown effica-
cy for migraines and cluster headaches. High-safety profile
and ease of use make it an attractive modality for this disabling
pain condition [5].
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Neuro-ablative Techniques
Radio-frequency Ablation

Cooled radio frequency (RF) ablation is relatively new as
compared to thermal (hot) radio frequency ablation (RFA).
The temperature at the tip of the needle is actively cooled by
internal irrigation, which permits a larger sized lesion to be
performed and potentially improves success rates. Peripheral
joints such as hip, knee, and the sacroiliac joints can have
variable sensory innervation and hence, cooled RF can poten-
tially give better results from the neurotomy procedure.
Cooled RF has shown benefit in patients with sacroiliac joint
pain and knee pain [6]. Additionally, trigeminal neuralgia
(TN) is a relatively common and extremely painful condition
in which RF can be useful. Percutaneous RFA of TN through
foramen ovale is well-described and commonly used in clin-
ical practice. A novel percutaneous approach through the fo-
ramen rotundum to specifically target maxillary branch of the
TN was investigated in patients with isolated TN of the max-
illary branch and found to be safe and effective [7].

Cryoablation

Cryoablation has been in use for long as a means of control-
ling pain of peripheral nerve origin. Recent advances have
been made in this technology, which permits use of much
smaller gauge needles and a portable device. This can result
in an improved patient comfort, an easier setup, and training of
personnel involved. A recent case series by Bellini et al dem-
onstrated utility of cryoneurolysis for lumbar facet pain, knee
pain, and sacroiliac pain [8].

Regenerative Medicine Techniques in Treatment
of Chronic Pain

Prolotherapy

Prolotherapy involves the injection of dextrose solution or
other irritant substance into joint/tendon/soft tissue in an effort
to provoke healing tissue response. The clinical efficacy of
Prolotherapy remains a subject of debate. A recent systematic
review supported clinical efficacy of prolotherapy injections
in lower limb tendinopathies and fasciopathy [9]. There is still
little evidence to determine the proper dose, concentration, or
frequency for effective treatment measures.

Platelet-rich Plasma (PRP)

Similarly, injections of platelet-rich plasma (PRP) have be-
come very popular for treatment of tendon or sports injuries.
A meta-analysis showed some benefit for PRP in the interme-
diate long-term duration (36 months) compared to local
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anesthetics, physical therapy, steroids, or autologous blood
[10]. However, the studies were variable in terms of treatment
protocol, comparators, and duration of follow-up. One study
showed promising results when PRP was compared with PT
in chronic partial supraspinatus tears [ 11]. Intra-articular injec-
tion of PRP was found to be an effective and safe method for
treatment of mild to moderate, but not severe osteoarthritis
(OA) in a recent systematic review [12¢].

Controversies Surrounding Established Procedures

Epidural steroid injections (ESI) are commonly performed for
lumbosacral radicular pain. Transforaminal ESI have been
preferred by a number of pain physicians due to expected
greater ventral spread obtained with this technique, but there
has been a growing concern about the risks associated with
transforaminal ESI injections, especially at the cervical level,
and in concordance with the use of particulate steroids due to
the potential for catastrophic complications such as vascular
injury, stroke, spinal cord infarction, and dissection.
Ultrasonography has helped to prevent vascular injury rather
than defect it post factum with fluoroscopy after the procedur-
al needle has penetrated the vessel [13]. In contrast to recent
preferences for transforaminal epidural steroid injections, a
recent study demonstrated that paramedian interlaminar in-
jections are as effective as transforaminal injections for
improving pain and functional status in patients with
chronic lumbosacral back and radicular pain [14].

The overall efficacy of epidural steroid injections for back
pain and radicular pain has been debated for years and recent-
ly, this controversy has intensified. Chou et al [15¢¢] published
a meta-analysis which concluded that ESIs reduced pain in-
tensity in radiculopathy patients for only a short period. The
Agency for Healthcare research and quality (AHRQ) recently
released its report on commonly performed spine injections
for back pain/radicular pain (based on results of Chou et al)
and questioned the efficacy of these treatments [16]. The
methodology used for this meta-analysis and patient selection
has been questioned and hence, the results of the study cannot
be generalized to the current practice of pain medicine. ESIs
are a valuable option for certain groups of patients, and more
research is mandated to determine the optimal patient groups,
type of steroid, drug dosage, and technical aspects of this
procedure [17+, 18].

Interventions for Abdominal and Pelvic Pain

Transversus abdominis plane blocks are usually reserved for
patients with pain thought to be of somatic origin. Smith et al.
described a case series where this block was successfully used
for visceral abdominal pain in patients with chronic pancrea-
titis, Crohn’s disease, and pancreatic pseudocyst [19]. Thus,
this treatment potentially may be considered for visceral or

somatic origin pain. Interstitial cystitis is a difficult to treat
condition and is characterized by persistent irritating micturi-
tion symptoms and pelvic pain. Intravesical instillation of di-
methyl sulfoxide, BCG, pentosan polysulfate, and hyaluronic
acid has been trialed with variable results. High-molecular
weight hyaluronic acid was found superior to other instillates
in terms of both cost-effectiveness and efficacy [20].
Resiniferotoxin is an experimental drug, similar to capsaicin
that is being investigated for interstitial cystitis. Botox injec-
tions or Onabotulinumtoxin A injections into perineal muscles
has shown long-term beneficial effects in patients with
vestibulodynia and perineal pain [21].

Treatment of Postoperative Pain in Ambulatory Settings

In the era of bundled payments and value-based care, there has
been increasing emphasis on fast-tracking hospital discharges,
reducing readmission rates and improving patient satisfaction,
and the involvement of the pain physician provider. This eco-
nomic and regulatory environment has given inspiration to the
concepts of “enhanced recovery after surgery” and the
“perioperative surgical home.” Opioid reduction and the use
of multimodal therapies for an acute postoperative pain have
become the focus of attention. Ambulatory continuous periph-
eral nerve blocks have emerged as important tools in the ar-
mamentarium of anesthesiologists for managing surgical pain
and facilitating rehabilitation in this setting [22¢]. Other newer
effective treatment strategies include instillation of liposomal
bupivacaine in the surgical incision or joint [23], oral
pregabalin [24], ketamine [25], and some other agents.
Preoperative pregabalin decreased opioid consumption and
pain scores in the hospital but did not improve pain or physical
function at 6 weeks or 3 months after total hip arthroplasty in a
recent study [24].

Pharmacologic Treatments
Opioids

Among commonly prescribed pain medications, including
non-steroidal anti-inflammatory drugs (NSAIDs), acetamino-
phen, muscle relaxants, membrane stabilizers, and topical
agents, opioids produce the most controversy. The number
of opioid prescriptions has nearly tripled from 1991 to 2013,
and with that, morbidly and mortality have also concurrently
risen. For example, drug overdose was the most common
cause of injury death in 2013; more than half of drug overdose
deaths are from prescription drugs, and opioids are the
commonest drugs implicated [26].

To prevent opioid abuse, misuse and diversion several state
and federal laws have been enforced. Abuse deterrent (AD)
opioids are one way of mitigating opioid abuse, but they are
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not foolproof. AD opioids may be designed by using physical/
chemical barriers, agonist-antagonist combinations, aversion
technology, prodrugs, or by controlled delivery methods. A
combination of any of the above technologies may also be
used. The FDA has released detailed guidelines for designing
newer AD opioids. There are currently five analgesics with
FDA abuse-deterrent label and several others under review.
There has been growing evidence that the use of these formu-
lations is associated with lower incidence of abuse of these
drugs [27¢].

Chronic opioid therapy is associated with multiple adverse
effects; gastrointestinal side effects are the most frequent.
Opioid induced constipation (OIC) can be difficult and exas-
perating for patients. Peripherally acting opioid mu receptor
agonists (PAMORAs) have been found effective for refractory
OIC that has not responded to dietary changes or laxatives.
These drugs are also a safe and effective option for manage-
ment of OIC during pregnancy [28]. Opioids are commonly
used tools in the management of cancer pain. Treatment of
breakthrough pain (BTP) in opioid-tolerant cancer patients is
challenging. A recent systematic review addressed this issue
and found oral transmucosal or intranasal fentanyl formula-
tions to be potent, rapidly effective, and safe for treatment of
BTP episodes in this subset of patients [29].

Bisphosphonates

Bisphosphonates are widely used for osteoporosis and other
metabolic bone diseases. In five randomized controlled trials,
oral and intravenous alendronate and intravenous clodronate,
pamidronate, and neridronate demonstrated efficacy in treat-
ment of pain related to CRPS, Type I [30].

Topical Therapies

Compounded topical analgesics have a major attraction due to
potentially lower side effects and increased patient compli-
ance. Capsaicin 8 % patch and oral pregabalin have been used
for neuropathic pain for quite a few years now. A head to head
efficacy and safety trial showed that capsaicin patch provided
non-inferior pain relief to an optimized dose of pregabalin but
with faster onset of action, fewer systemic side effects, and
greater treatment satisfaction [31]. Other combinations have
been trialed as well. For example, topical amitriptyline—keta-
mine combination demonstrated benefits in some studies for
peripheral neuropathic pain [32]. However, efficacy may de-
pend on several factors such as choice of the vehicle, concen-
tration, pain site, and specific diseases.

Cannabinoids

A hot topic across the country currently is assessing the legal
use of cannabinoids in the United States. Basic science
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research has shown endocannabinoids to be part of our natural
pain and immune defense network. About 25-30 randomized
controlled trials demonstrated significant analgesic effects
from the use of cannabinoid derivatives. One of the authors
of this paper practices in a state where medical marijuana is
legalized and encounters many chronic pain patients who
vouch for the pain-relieving benefits of medical marijuana.
The recent systematic reviews on this topic support a modest
analgesic benefit from cannabinoids [33]. The long-term ef-
fects from the increasing use of these compounds remains to
be seen.

Physical Medicine and Rehabilitation

There has been a growth of physical therapy techniques and
devices trialed for chronic pain conditions in the past decade.
Management of pain associated with knee osteoarthritis (OA)
has been investigated fairly extensively, due to its high prev-
alence. Resistance exercises and therapeutic ultrasound were
shown in meta-analyses to reduce pain, alleviate stiffness, and
improve physical function in these patients [34]. Another
study demonstrated prolonged benefit from the use of trans-
cutaneous electrical nerve stimulation (TENS) for knee OA
[35]. The trial of a low-intensity ultrasonic device on the af-
fected body part was found to be safe and feasible for treat-
ment of tendinopathies of the elbow and ankle [36].

Noxipoint therapy (NT) is a novel form of electrotherapy,
where brief jolts of energy are applied precisely between the
two insertion sites of a muscle. Each participant received three
to six 90-min sessions of NT or conventional PT and TENS.
NT improved pain scores and quality of life at follow-up, up to
5 months [37¢]. Diabetic peripheral neuropathy is a common
complication from diabetes mellitus, and medication is not
always effective controlling the pain symptoms. Low-energy
laser therapy was found to be an effective diabetic peripheral
neuropathy in an observational study [38].

Psychotherapy

Psychotherapy techniques have clinical utility in the context
of chronic pain due to the multifactorial etiology of pain. We
would like to put the spotlight on a few psychotherapy mo-
dalities that have shown positive results in the recent studies.
“Mindfulness meditation” reduced pain intensity and pain un-
pleasantness and caused greater activation in the brain regions
associated with cognitive modulation of pain. The use of func-
tional neuroimaging to demonstrate the benefits of this thera-
py may foster greater acceptance of this as a legitimate pain
treatment [39+]. “Mindfulness-based stress reduction” was
shown to be a feasible alternative for back pain in another
study [40].
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Multidisciplinary Strategies

Chronic pain has multifactorial etiology and can be best ad-
dressed by using a multipronged approach and collaboration
between specialists. Recent studies lend further support to
multidisciplinary treatment of chronic pelvic pain, pain man-
agement in pregnancy, cancer pain, and chronic pain in post
lumbar spine surgery patients [41, 42]. These studies focused
on the use of specialized pain group therapies, pharmacologic
and non-pharmacologic approaches, physical therapy, graded
motor imagery, cognitive behavior therapy, self-management
support, pain science education, and complementary and al-
ternative medicine techniques for management of chronic pain
in outpatient settings. This kind of interdisciplinary approach
improves pain, disability, mood, and physical function
outcomes.

Complimentary and Alternative Medicine

We identified a number of studies addressing the use of com-
plimentary and alternative medicine (CAM) in chronic pain
settings. Yoga intervention resulted in a decreased pain, stiff-
ness, and swelling in OA patients, but physical function and
psychosocial well-being were inconclusive [43]. Moderate
pressure massage therapy was found effective increasing
range of motion and lessening pain and sleep disturbances in
knee OA. A meta-analysis concluded that the Chinese herbal
bath therapy is safe, effective, and a simple alternative treat-
ment modality for knee arthritis [44]. Integrative medicine,
which combines CAM and conventional treatments for low
back pain, was found to have beneficial effects on pain and
function [45].

Digital Technologies

The world of the Internet revolution, smartphone apps, and
gaming gadgets has had an impact on care of chronic pain
patients. The use of interactive gaming consoles was associ-
ated with greater reduction in patients during minor burn re-
habilitation [46]. A newly registered trial aims to assess if the
addition of an app delivered relaxation to progressive muscle
relaxation is superior to conventional relaxation techniques
[47]. New technologies and apps can also be used to guide
physicians and health care providers in making treatment
decisions.

Cost-Effectiveness of Treatment Modalities

The current socioeconomic and political climate mandates
health care providers to consider cost issues in the overall
picture of patient care and management. Low back pain is
the commonest chronic pain condition in the USA.
Kazberouk et al [48] conducted a survey of organizations that

were involved in bundled care payments for spine care and
surgery. Several of these organizations expected 3045 % of
their spine volume to be covered under bundled payments in
the next 3 years. Their reasons for moving to bundled care
were increased patient volume, surgical yield, and financial
benefits from improved efficiency. Another study that
might guide clinical management protocols involved knee
OA patients. They concluded that in patients with multiple
comorbidities, naproxen- and ibuprofen-containing regi-
mens are more effective and cost—effective than opioids
for knee pain [49].

Conclusion

Chronic Pain is a common condition encountered by health
care providers across a multitude of specialties. Since the ef-
fects of chronic pain are palpable in multiple dimensions of
patients’ life, their families, and communities, it is important
that physicians and others in the health care sector be aware
and be equipped to manage chronic pain. Traditionally, pain
has been undertreated and underrecognized but it is encourag-
ing to see new developments in the field of pain management
in recent years. This review highlighted some important inno-
vations and refinements in outpatient chronic pain manage-
ment using a comprehensive outlook. We encourage
healthcare providers reading this chapter to analyze and share
their experience to help other medical professionals to achieve
the best possible clinical outcomes.
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