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Abstract
Purpose of Review Pain is a prevalent symptom in the lives of patients with cancer. In light of the ongoing opioid epidemic and
increasing awareness of the potential for opioid abuse and addiction, clinicians are progressively turning to interventional
therapies. This article reviews the interventional techniques available to mitigate the debilitating effects that untreated or poorly
treated pain have in this population.
Recent Findings A range of interventional therapies and technical approaches are available for the treatment of cancer-related
pain. Many of the techniques described may offer effective analgesia with less systemic toxicity and dependency than first- and
second-line oral and parenteral agents. Neuromodulatory techniques including dorsal root ganglion stimulation and peripheral
nerve stimulation are increasingly finding roles in the management of oncologic pain.
Summary The goal of this pragmatic narrative review is to discuss interventional approaches to cancer-related pain and the
potential of such therapies to improve the quality of life of cancer patients.

Keywords Cancer pain . Interventional pain management . Quality of life . Musculoskeletal pain . Spine-related pain . Visceral
pain . Neuromodulation

Introduction

Pain is profoundly impactful and prevalent in the lives of
patients with cancer [1]. Untreated or poorly treated cancer
pain has the potential to have wide-ranging effects on quality
of life, functional status, and psychological well-being [2–4].
Epidemiologic studies often characterize pain in patients with

cancer as directly caused by the neoplastic process, occurring
as a complication of therapeutics, or unrelated to the neoplas-
tic process [5]. For a substantial portion of cancer patients,
pain is pervasive in all activities of daily life [6]. Both pain
and depression have extensive negative implications on
health-related quality of life, disability, and healthcare usage
in the cancer patient population [1]. As the number and overall
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life expectancy of cancer survivors continues to increase, per-
sistent pain of any etiology must be targeted with a multi-
disciplinary approach tailored to individual patient needs.

A systematic review conducted in 2014 reported pain
prevalence rates of 39.3% after curative treatment, 55.0%
during anticancer treatment, and 66.4% in advanced, met-
astatic, or terminal disease. What is equally as concerning
as the high prevalence of pain is the observation that
moderate to severe pain, defined as a numerical rating
score greater than 5, was reported in 38.0% of all patients
[7•]. In spite of published guidelines for pain manage-
ment, cancer pain clearly continues to be undertreated
[8, 9]. With escalating concerns about the adverse effects
of long-term use of systemic opioids, cancer patients with
chronic pain are increasingly looking toward physical
therapy, psychosocial intervention, complementary and
alternative techniques, and interventional procedures
[10]. An array of techniques are available to intervention-
al pain physicians and such approaches have been recog-
nized with inclusion as a fourth step in the World Health
Organization analgesic ladder [11]. Interventional ap-
proaches to pain management may offer valuable benefits
to cancer patients as an integral component to multidisci-
plinary treatment of cancer pain.

Interventional Therapies for Musculoskeletal
Pain

Introduction to Musculoskeletal Cancer Pain

The most common cause of cancer-related pain is somatic
pain from bony metastases. In patients with advanced cancer,
60 to 84% report experiencing bone pain described as highly
debilitating and detrimental to overall quality of life [12, 13•].
The malignancies most commonly associated with bony me-
tastases included cancers of the prostate, lung, breast, and
blood. Metastases were most often located in the vertebrae
(69%), pelvic bones (41%), long bones (25%), and skull
(14%) [14]. Most patients describe experiencing mild to mod-
erate dull aching base pain with intermittent and severe break-
through pain [15].

The mechanism of musculoskeletal pain in cancer patients
is complex. At a cellular level, pain is derived from a complex
interplay between tumor cells, bone cells, inflammatory cells,
myocytes, and sensory neurons. A reciprocal interaction exists
between metastatic cancer cells and osteoblasts or osteoclasts
that incites release of chemical mediators that disrupt native
control of bone density [16]. Pain is generated by multiple
mechanisms including stimulation of endosteal nerve endings
via bony destruction, release of pro-inflammatory mediators,
mechanical stretching of periosteum, fractures, and local tis-
sue invasion by tumors [17]. Impingement and infiltration of

nearby muscle and fascia may induce local hypersensitivity
and myofascial pain syndromes. Pain signals from areas of
bone metastasis and hypersensitive myofascial trigger points
are communicated by inflammatory and neuropathic path-
ways and modulated at the level of the tissues, nerves, spinal
cord, and brain [15, 18]. In addition to the direct effect of
cancer cells on bone, musculoskeletal pain in cancer patients
may also be caused or exacerbated by antineoplastic therapies.
About one-third of patients who undergo radiation therapy to
bony metastases will experience focal bone pain [19].
Chemotherapeutic agents, cytotoxic compounds, and hor-
monal modulators have all been associated with development
of arthralgias [20, 21].

As methods of cancer detection improve and therapeutics
become more efficacious, more patients will experience and
live with cancer-related musculoskeletal pain. Palliative pain
control appears to not only improve quality of life but possibly
prolong survival [22]. Radiotherapy and local surgery are
mainstays of antineoplastic therapy for bony metastases but
also afford the added advantage of symptomatic control via
reduction of tumor volume and local tissue infiltration [15].
First- and second-line analgesics include non-steroidal anti-
inflammatory drugs (NSAIDs), opioids, bisphosphonates, an-
ticonvulsants, corticosteroids, and targeted therapies such as
tanezumab and denosumab. In spite of the broad array
of therapies, however, patients continue to experience poorly
controlled pain and the need for more effective pain manage-
ment is becoming widely acknowledged [12]. Modalities such
as ultrasound, acupuncture, and manual therapy including
myofascial release, massage, and trigger point compression
have demonstrated benefits in treatment of both metastasis-
and antineoplastic-related cancer pain [23•, 24, 25].
Additional techniques available to interventional pain physi-
cians for cancer-related musculoskeletal pain include trigger
point and joint injections.

Intervention: Trigger Point Injections

A trigger point is an area of skeletal muscle with a character-
istic referred pattern of pain on palpation. Such areas may
exhibit spontaneous electrical activity suggestive of aberrant
action potential generation [26]. Trigger point injections have
demonstrated benefits in reduction of focal myofascial mus-
culoskeletal pain in both the non-cancer population and spe-
cific subsets of cancer patients [27–29]. Benefits are thought
to be mediated by relaxation of local muscle tension, which
facilitates improved perfusion, replenishment of adenosine tri-
phosphate (ATP), and removal of metabolic and nociceptive
compounds [30]. The most commonly targeted muscles for
cancer-related trigger points include the masseter, levator
scapulae, gluteus medius, quadratus lumborum, trapezius,
sternocleidomastoid, and temporalis muscles [28, 31].
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The efficacy of trigger points has been explored for man-
agement of cancer-relatedmyofascial pain. A study conducted
by Lee et al. explored the efficacy of trigger point injections as
an adjunct to existing analgesic therapy including opioids,
benzodiazepines, steroids, and muscle relaxants. The majority
of this cohort of advanced cancer patients, with primarily pul-
m o n a r y a n d g a s t r o i n t e s t i n a l n e o p l a s m s ,
experienced significant reductions in pain scores within 3 days
of trigger point injections. No patients reported worsened pain
or significant adverse effects [28]. A study of post-
mastectomy patients also observed improvements in pain
symptoms in 74% of patients with a single session of
ultrasound-guided trigger point injections of the subscapularis
and/or pectoralis muscles [29]. Factors associated with effica-
cy included fewer overall trigger points and location of trigger
points in the neck and upper back versus lower back or hip.
Injections also tended to be more effective if the trigger point
was directly caused by a neoplastic process or clinically co-
localized, in which both a tumor and myofascial trigger point
were located at the same site [27].

The procedure is performed by identifying the target trigger
point and sterilizing the overlying skin. With the trigger point
stabilized between the index finger and thumb, a needle is
repeatedly inserted at a 30° angle without complete withdraw-
al from the muscle belly. In this fashion, dry needling may be
performed, or local anesthetic may be injected. Needling may
continue until relaxation of the trigger point is palpated [32].
Injections are indicated in patients with identifiable and pal-
pable bands of muscle with referred pain patterns consistent
with myofascial trigger points. Absolute contraindications
may include active infection at the injection site or local bony
defects. Relative contraindications may include severe coag-
ulopathy, allergy to local anesthetics, severe fibromyalgia, and
history of keloid formation. Complications are largely limited
to local irritation, hematoma formation, allergic reactions, or
vascular injury [32].

Intervention: Joint Injections

In spite of its prevalence as a therapy in the non-cancer pop-
ulation, joint injections for cancer-related musculoskeletal
pain have not been widely evaluated. The efficacy of the tech-
nique, however, for joint pain in the setting of arthritis and
degenerative or inflammatory disease may hold promise for
pain related to neoplastic processes [33]. Joint injections most
commonly involve introduction of local anesthetic with or
without corticosteroids into the target joint space(s). It is im-
portant to note that without more evidence to guide safe prac-
tice, joint injections should be applied cautiously to areas of
active malignancy. Clinicians may consider targeting joint
pain associated with antineoplastic therapies or joints in less
proximity to active neoplasm.

Clinical trials have demonstrated the short-term analgesic
efficacy of intra-articular injections for patients with knee os-
teoarthritis, shoulder impingement syndrome, lateral
epicondylitis, greater trochanteric pain syndrome, de
Quervain’s tenosynovitis, and lumbar radiculopathy [34].
Case reports have described the use of intra-articular cortico-
steroid injections to the knee in the palliative setting. Fu et al.
describes bilateral corticosteroid injection for palliation of os-
teoarthritis in a patient with end-stage progressive meningio-
ma. In this case, pain was secondary to mechanisms likely
unrelated to the primary malignancy but was nonetheless an
effective analgesic method [35].

Joint injections are often performed with landmark-based
technique in which the patient is positioned to facilitate access
to the target joint. With fluoroscopy, the needle is advanced
with intermittent fluoroscopic guidance to the relevant joint
space. Entry in the joint may be confirmed with injection of
0.3 to 0.5 mL of contrast to outline the joint space. With
confirmation of needle placement, the corticosteroid and/or
local anesthetic injectate may be introduced to either a tactile
end-point, extracapsular escape, or a maximum volume [36].
Absolute contraindications may include systemic or local in-
fection and allergy to injectate components. Relative contra-
indications may include severe coagulopathy, leukopenia, os-
teomyelitis, or type II diabetes mellitus with poor glycemic
control. Complications may include worsening pain, injury to
nerves or surrounding structures, and local or systemic infec-
tion [37, 38].

Introduction to Spine-Related Pain

Back pain, especially of the lumbar spine, is a common con-
dition in the general population with 70% of adults reporting
a history of at least one episode [39]. According to the
National Health and Nutrition Examination Survey conducted
in 2009–2010, 13.1% of adults in the United States (US) be-
tween 20 and 69 years of age reported having chronic lower
back pain [40]. Further data from a report on The State of US
Health 1990–2016 observed that lower back pain was the
number one contributor to years of life with disability
(YLDs) in the US general population and neck pain was listed
among the top 10 conditions out of 333 total causes of dis-
ability [41].

Back pain may arise from both spinal and extraspinal struc-
tures. Extraspinal structures from which pain may originate
typically include paraspinal musculature, fascia, blood ves-
sels, and referred pain from visceral organs. Spinal structures
from which pain may originate typically include facet joints,
intervertebral disks, vertebral bodies (e.g., compression frac-
tures), and spinal nerve roots (i.e., radiculopathy). Pain may be
elicited from the aforementioned structures through multiple
mechanisms including degeneration or injury. Pathology of
surrounding structures such as neoplasm, inflammation,
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hematoma, and abscesses may compress nerve roots or the
spinal cord itself. Systemic inflammatory disease can manifest
as direct inflammation of spinal and extraspinal structures.
And finally, anatomic deformities of the spine such as scolio-
sis and spondylolisthesis may generate pain depending on the
extent of the deformity [39].

Though the majority of back pain is not associated with
cancer, metastatic cancer is the most common systemic dis-
ease that affects the spine and accounts for about 0.7% of
lower back pain. The spine is the most common location of
osseous metastases and comprises about 68% of cases in
which neoplasm metastasizes to bone [14]. Mechanisms of
back pain in cancer patients parallel those in non-cancer pa-
tients but special attention should be given to conditions such
as vertebral compression fractures. Cancer patients are not
only at significantly higher risk than the general population
for suffering a compression fracture but the fractures tend to
be of increased severity [42]. Cancer patients also have an
increased rate of bone loss as a consequence of tumor
osteolysis, adverse effects of chemoradiation and antineoplas-
tic therapeutics, generalized osteoporosis from chronic steroid
administration, and malnutrition [43]. Of note, spinal cord
compression and radiculopathy may also be present in up to
20% of patients with metastatic cancer to the spine [44].
Spinal cord compression manifests as back pain in 95% of
patients but may also be associated with weakness, sensory
abnormalities, or autonomic dysfunction in at least 50% [45].

The overall prevalence of spinal metastases observed by
microscopic analysis of 832 spines of deceased patients with
metastatic cancer was 36.1% [46]. The most common primary
malignancies that led to spinal metastases were breast and
lung cancer. Metastatic lesions were most common in the
thoracic spine, accounting for about 70%, and followed by
the lumbosacral spine (15–20%) and cervical spine (10–
15%) [47]. Anatomically, lesions tended to be located in the
vertebral body (80%) or paravertebral space (10–15%) and
less commonly, epidural or intradural [45]. The most common
primary tumor of the spine is multiple myeloma and it is one
of most studied in the context of interventional pain manage-
ment for spinal lesions [48].

Other etiologies of back pain, including sacroiliac (SI) joint
arthropathy and facet joint arthropathy, may also be seen in
cancer patients. Such conditions may exist as a comorbidity
unrelated to the malignancy or arise from or be worsened by
neoplastic processes or antineoplastic therapies. Facet arthrop-
athy is a common condition in the general population with
19% of adults between 45 and 64 years exhibiting radiograph-
ic evidence of cervical facet arthropathy, a metric that in-
creases to 57% in adults older than 65 years. Lumbar facet
arthropathy is equally impressive with 67% of adults between
45 and 64 years of age and 89% of adults over 65 years of age
manifesting computed tomography (CT) evidence of lumbar
facet arthropathy [49]. Reports of tumors either metastasizing

to or compromising the facet joint itself are uncommon in the
published literature [50]. Chondrosarcoma is a primary tumor
derived from cartilaginous elements that may arise in the spine
in up to 10% of cases, often affecting posterior elements of the
vertebrae including the facet joint [51].

Sacroiliac joint pain has been observed in up to 25% of the
general population with lower back pain and is often second-
ary to degeneration of the joint, inflammation (i.e.,
sacroiliitis), or abnormal joint mechanisms and trauma [52].
Metastatic lesions may also cause sacroiliac joint-related pain
and mimic sacroiliitis. Though relatively uncommon, case re-
ports of metastatic lesions to the sacroiliac joint have been
reported in patients with rectal cancer [53] and Hodgkin’s
lymphoma [54]. Primary malignances including epithelioid
sarcoma have also been described as a potential etiology of
sacroiliac joint pain that mimics sacroiliitis [55]. At least one
case report has described paraneoplastic syndromes mimick-
ing sacroiliac joint pain. In a patient who was initially
misdiagnosed with ankylosing spondylitis, tumor-induced os-
teomalacia was identified as the cause for progressively wors-
ening back pain and disability [56].

Intervention: Medial Branch Blocks and
Radiofrequency Ablation

Medial branch blocks (MBBs) and radiofrequency ablation
(RFA) are often indicated for patients with chronic back pain
of suspected axial etiology. The procedures target the medial
branch nerves, which convey nociceptive signals from the
facet joint, at the intersection between the superior articular
process and transverse process of adjacent vertebrae. In medi-
al branch blocks, the aforementioned target is approached
with a 22-G spinal needle under fluoroscopic guidance and
local anesthesia and/or corticosteroid is administered. Relief
may be short-lived, thus making the procedure more diagnos-
tic than therapeutic [57]. A positive response to a MBB, often
defined as more than 50% pain relief, tends to be a predictor of
positive response to medial branch nerve neurolysis via RFA
[58]. Despite widespread use of medial branch neurolysis with
RFA for non-cancer chronic back pain, literature on the use of
MBB and RFA neurolysis in cancer pain is lacking but may be
of value to cancer patients with facetogenic or non-radicular
back pain [57].

The use of ablation techniques, including RFA, that direct-
ly target the tumor itself is increasingly popular for cancer pain
relief. Ablation may be used to decrease the inflammation
associated with neoplasm to decompress adjacent structures
or target structures conveying nociceptive signals for
neurolysis [57]. Depending on the location of the tumor, var-
ious ablation techniques have demonstrated pain relief in pri-
mary and metastatic tumors of the peripheral skeleton
[59–62], pelvis [63], and spine [64]. Though the literature on
radiofrequency ablation in cancer patients has centered on the
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use of direct ablation of metastatic lesions, future studies
should address the potential benefit of medial branch radiofre-
quency ablation in patients with spine-related cancer pain.

MBBs and RFA are considered safe procedures with a low
incidence of complications. The target anatomy is relatively
distant from vital structures in the spine. Complications tend
to be associated with inappropriate placement of the needle or
sudden needle displacement and injury to neural structures
[65]. In a cohort study of 7500 patients who underwent
43,000 facet joint nerve blocks, the most common complica-
tion was intravascular injection of local anesthetic, which oc-
curred in 11.4% of patients, followed by local hematoma in
1.9%. Other complications including vasovagal symptoms,
severe bleeding, or significant soreness and nerve root irrita-
tion occurred in less than 1% of patients [66]. Fortunately,
severe complications are rare but complete denervation of a
spinal root with radiofrequency ablation has been reported in a
patient who had the procedure performed under general anes-
thesia [65].

Intervention: Epidural Steroid Injection

Epidural steroid injection (ESI) is the delivery of corticoste-
roid and/or local anesthetic into the epidural space with the
goal of decreasing inflammation and to potentially minimize
spinal cord or nerve root compression and irritation. The pro-
cedure has demonstrated benefits for short-term pain relief but
evidence is conflicting with respect to reducing the need for
surgical interventions in patients with radiculopathy or symp-
toms of spinal cord compression [67]. The procedure is usu-
ally performed under fluoroscopic guidance with one of two
approaches: interlaminar or transforaminal. The interlaminar
approach is most commonly employed and entails accessing
the posterior epidural space between the lamina of adjacent
vertebrae. Needle placement is confirmed by loss-of-
resistance technique and injection of contrast. The
transforaminal approach may be more technically challenging
and consists of depositing medication at the level of the
existing nerve root through the intervertebral foramen. This
approach has been thought to improve spread into the ventral
epidural space and possibly facilitate delivery of a higher con-
centration of steroid to the location of inflammation and com-
pression. No concrete evidence exists demonstrating superior-
ity between approaches with respect to pain relief and overall
function [68].

Lumbar back pain is the most common indication for ESI.
An observational study of 25,479 patients with spine pain
reported that 12.6% of patients with pain in the lumbar spine
were recommended ESI. Of the patients with cervical and
thoracic symptoms, however, ESI was only recommended
3.7% and 1.8% of the time, respectively [69]. This is poten-
tially explained by the challenges of diagnosing thoracic
radiculopathy, as symptoms tend to be limited to the trunk

and not localized to either the upper or lower extremities
[70]. For cervical radiculopathy, extraspinal malignancies in-
cluding tumors of the thyroid, esophagus, and pharynx should
also be ruled out as a potential cause of cervical radiculopathy
prior to ESI [71]. Oh et al. published a recent pragmatic review
that included 10 patients with spine malignancy who
underwent epidural steroid injection. Thoracic ESI appeared
to be the most effective, providing at least moderate relief in
100% of the cases, followed by lumbar injections which pro-
vided at least moderate relief in 86%. Caudal injections were
found to be significantly less effective [72].

Reviewing imaging studies is recommended prior to
performing interventional procedures of the spine. This is of
part icular relevance to cancer patients who may
have surrounding neoplasm or associated pathology. Cancer
lesions tend to be highly vascularized and, depending the lo-
cation, may be associated with an increased risk of epidural
hematoma with ESI [73]. A theoretical risk also exists of po-
tentially seeding tumor cells into the epidural space. Of the
limited published literature, Demaree et al. retrospectively
reviewed 80 patients with hematologic malignancies who
underwent epidural blood patch for refractory post-dural
puncture headache. No patients had subsequent evidence of
spread to the central nervous system [74]. Literature is lacking
with respect to other malignancies. Intravascular injection is
the most common complication and seen in 4.3% of epidural
steroid injections [75] and up to 23% of transforaminal injec-
tions [68]. Nerve root irritation is seen in about 1% of epidural
steroid injections and 4.65 of transforaminal injections. Local
hematoma, vasovagal reaction, dural puncture, and post-dural
puncture headache are seen in less than 1% of total cases [75].
Severe complications including epidural hematoma, paraple-
gia, tetraplegia, and epidural abscess have all been reported in
the literature but the frequency is unknown.65(p20)

Intervention: Sacroiliac Joint Injection and Ablation

Sacroiliac (SI) joint injections and radiofrequency ablation
have demonstrated efficacy with respect to improving pain
and function in patient with SI joint-related pain and
sacroiliitis [52]. Intraarticular SI joint injections may be per-
formed under fluoroscopic or ultrasonic guidance. The most
common needle used to access the joint is a 22-G Quincke
needle. In the fluoroscopy-guided technique, the C-arm is
used to locate the posterior distal third of the SI joint with
cephalo-caudal tilt and contralateral oblique angulation to op-
timize the view. The needle is oriented coaxial to the fluoros-
copy beam and advanced into the lower pole of the joint.
Correct positioning may be confirmed with contrast. With
confirmation of the correct needle position, steroid and/or lo-
cal anesthetic is injected into the joint. In the ultrasound-
guided technique, the probe is oriented transverse to identify
the posterior superior iliac spine, lateral border of sacrum, and
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ilium. The probe is then advanced caudally to visualize the SI
joint. A needle may then be inserted in-plane or out-of-plane
into the joint. In a study comparing the fluoroscopy-guided
and ultrasound-guided techniques, no significant differences
in clinical outcomes were observed but the ultrasound tech-
nique was associated with a significantly longer procedure
time [76]. Ablation techniques may also be used to address
SI joint pain by targeting the joint itself or lateral branch
nerves responsible for sensory innervation. Lateral branch
nerve radiofrequency ablation appears to be more effective
than direct joint ablation. A notable limitation of targeting
the lateral branch nerve, however, is that it may not adequately
address pain originating from the ventral aspect of the joint
[52].

SI joint injections have demonstrated efficacy for both pain
management in the general population and palliation of pain in
cancer patients. Hutson et al. studied 19 patients with sacroiliac
tumors who underwent SI intraarticular steroid injections and
lateral branch RFA. The intraarticular injection group, consisting
of 13 patients, reported mean post-procedural pain reduction at 1
month of 5.1 points on an NRS. The RFA group, consisting of 6
patients, reported pain reduction of 7 points on an NRS. Mean
duration of pain relief was 3.7 months and 5.3 months in the
intraarticular injection and lateral branch RFA groups, respec-
tively [77]. Complications of sacroiliac joint injections appear
to be relatively rare andmay include intravascular injection, local
pain at the injection site, bleeding, infection, or epidural spread of
medications. The prevalence of specific complications has not
been reported in the literature [65].

Intervention: Vertebral Augmentation

Vertebral augmentation is a group of minimally invasive tech-
niques that aim to restore vertebral body height and function,
often in the setting of vertebral compression fractures. Under
CT guidance, one of two procedures may be performed de-
pending on the degree of deformity. Vertebroplasty involves
injection of polymethylmethacrylate (PMMA) cement into the
vertebral body to fill in and stabilize the defect, thus possibly
reducing symptoms including pain. A needle is inserted into
the vertebral body using CT or fluoroscopic guidance, usually
through a transpedicular approach. Kyphoplasty is a variation
that aims to reduce the height and angle of vertebral kyphosis.
Again, a needle is inserted into the vertebral body through a
transpedicular approach. A balloon catheter is inserted first to
create a cavity into which PMMA cement is subsequently
injected [48]. Experts recommend treating up to 3 adjacent
levels in a single session [48].

Vertebral augmentation techniques are indicated for pain-
ful vertebral body tumors, symptomatic vertebral angiomas,
and painful compression fractures in patients with severe os-
teoporosis [78]. Multiple prospective studies and randomized
controlled trials have demonstrated efficacy of vertebroplasty

or kyphoplasty in controlling pain and improving quality of
life in patients with metastatic spinal lesions and multiple my-
eloma [79–81]. Cement augmentation and kyphoplasty have
also been successfully used to treat patients with vertebral
metastases from renal cell carcinoma. Spinal metastases from
renal cell carcinoma (RCC) occur in up to 15% of patients
with this type of cancer and tend to be very aggressive and
resistant to chemoradiation. These lesions may be
hypervascular and are commonly associated with pathologic
fractures and spinal cord compression. Langdon et al. pub-
lished two cases of patients with spinal metastases from
RCC who were treated with vertebroplasty and kyphoplasty
and remained pain free with no signs of spinal cord compres-
sion 1 year after the procedure [82].

Direct CT-guided RFA followed by cement augmentation is a
relatively novel approach for the management of pain and dis-
ability caused by vertebral body metastasis, which has been
shown to be effective in improving pain and quality of life and
reducing disability in this population [83]. In a cohort of 50
patients with vertebral bony metastases, a mean 4-point decrease
in numerical rating pain scale 3 months was observed after the
procedure. This was accompanied by a statistically significant
decrease in the Oswestry Disability Index and a statistically sig-
nificant increase in the Functional Assessment of Cancer
Therapy-Bone Pain questionnaire [83]. Another study explored
the safety and effectiveness of vertebroplasty following lumbar
decompression and radiofrequency ablation in patients with spi-
nal metastases from lung cancer, showing significant improve-
ments in mean VAS score and quality of life [84].

Absolute contraindications include a bleeding diathesis or
active infection. Neoplastic lesions with epidural extension
should be managed with cautions due to the risk of spinal cord
compression from tissue displacement or cement leakage.
Neural foramina leakage causing radiculopathy and cement
leakage into the venous system causing cement embolism
are uncommon complications from vertebral augmentation
procedures [78]. McDonald et al. reported some degree of
cement leakage in 19% of patients with multiple myeloma
undergoing vertebral augmentation, all of which were asymp-
tomatic [85]. In a longitudinal prospective study by
Markmiller et al., the incidence of radiculopathy secondary
to cement leakage following kyphoplasty or vertebroplasty
was 2.6%, but all patients had resolution of symptoms 6
months post-procedure [81].

Interventional Therapies for Visceral Cancer
Pain

Introduction to Visceral Cancer Pain

Visceral pain is a common and debilitating condition within
the cancer population that is estimated to affect approximately
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70% of patients with advanced disease [86]. Neoplasms gen-
erate visceral pain through numerous mechanisms including
chemical release from cancer and immune cells, distension or
obstruction of luminal organs, and direct nerve compression
or infiltration [86, 87]. Often characterized by ill-defined deep,
squeezing, or colicky sensations, visceral pain originates from
nociceptors within internal organs of the cardiovascular, respi-
ratory, gastrointestinal, and genitourinary systems.
Localization is challenging due to the low density of visceral
sensory innervation and secondary hyperalgesia caused by
referral to parietal somatic structures. Visceral pain is often
associated with dysautonomia including pallor, sweating, nau-
sea or vomiting, and cardiovascular perturbations [87].
Mechanisms continue to be poorly understood but are gener-
ally thought to involve sensitization of primary sensory affer-
ent innervating visceral organs, dysregulation of descending
pathways that modulate spinal nociceptive transmission, and
hyperexcitability of spinal ascending neurons that receive syn-
aptic input from the viscera [88]. Recent advances in interven-
tional pain therapies have shown promising results in individ-
uals suffering from visceral pain secondary to cancer
pathologies.

Intervention: Stellate Ganglion Block

The sympathetic stellate ganglion, also called the
cervicothoracic ganglion, is a structure formed by the fusion
of the inferior cervical ganglion with the superior thoracic
sympathetic ganglion. In the majority of the population, it is
located anterior to the transverse process of C7 and neck of the
first rib, medial to the scalene muscles, and anterolateral to the
longus colli muscle. It is delineated from the cervical pleura
inferiorly by the suprapleural membrane. The stellate ganglion
mediates sympathetic input to the ipsilateral upper extremity,
chest, face, and head and is a target for blockade in painful
conditions including, most notably, complex regional pain
syndrome [89].

Numerous techniques for stellate ganglion blocks (SGB)
have been demonstrated and published in the literature
[90–92]. Carron and Litwiller originally reported targeting
the sympathetic trunk with a modified paratracheal approach
using landmark-based technique. The anterior C6 transverse
process was identified in a supine patient by palpation of the
cricothyroid notch with an index finger and subsequent lateral
translation. A 2.5-centimeter (cm) 22- or 23-gauge needle was
then advanced medial to the fixed index finger to a depth of
approximately 1 cm. A total of 3 milliliters (mL) of 1 to 2%
lidocaine without epinephrine was injected. Contrast medium
of a similar volume was introduced to confirm adequate
spread to the targeted ganglion and fascial plane. Presence
of Horner’s syndrome, increased skin temperature, and lack
of galvanic skin response were suggestive of a successful
SGB [90].

In 1995, Kapral et al. investigated ultrasound-guided imag-
ing alongside landmark-based technique for SGB [91].
Imaging modalities had been increasingly explored due to
complications with landmark-based technique including
pneumothorax, vertebral artery puncture, and seizures from
intravascular injection of local anesthetic [93, 94]. The
landmark-based technique described by Kapral et al. identi-
fied the C6 vertebral tubercle by palpation in a supine patient
with slight neck extension. With the index and 3rd finger
between the carotid artery and trachea, a 3.5-cm 22-gauge
needle is inserted until contact with the C6 tubercle. The nee-
dle is then withdrawn approximately 1–2 millimeters (mm)
before injection of 8 mL of 0.25% bupivacaine. In the same
set of patients, the investigators also used ultrasound to map
out a field bordered by the carotid artery, trachea, longus colli
muscle, and C6 transverse process. A 22-gauge needle is ad-
vanced with direct visualization to the C6 transverse process
and 5 mL of 0.25% bupivacaine is injected in the area.
Ultrasound imaging is able to visualize spread of the local
anesthetic depot [91]. Current ultrasound-guidance technique
focuses on insertion of the needle laterally to the transverse
process of C7 with final positioning above the longus colli
muscle between the carotid and prevertebral fascia.
Fluoroscopic guidance has also been compared with ultra-
sound guidance as a technique for SGB. With fluoroscopic
technique, bony delineation is improved and allows for facile
identification of structures for either the C6 transverse process
or C7 anterior paratracheal approach. Use of contrast is an
added option with fluoroscopy to confirm appropriate needle
placement and to rule out intravascular injection [92].

Literature on indications for SGB in cancer patient is lim-
ited. Sharbel et al. conducted a preliminary study in 2020
evaluating preoperative SGB in lateralized head and neck can-
cer surgery. A study of 9 participants observed improved early
postoperative pain, decreased narcotic requirements, and de-
creased length-of-stay [95]. Additional trials are necessary to
explore the role of SGB in the perioperative setting. With
respect to chronic pain, a case in 2016 described application
of ultrasound-guided SGB with phenol for unilateral facial
pain from orofacial cancer. The patient experienced marked
pain relief and improved ability to chew and swallow [96].
SGB has also been evaluated as a promising modality in the
context of post-mastectomy pain syndrome related to surgical
breast cancer treatment. Of the 50 patients evaluated, 47 ob-
served improved VAS scores, decreased daily narcotic con-
sumption, and decreased allodynia [97]. Thermal and pulsed
radiofrequency ablation have also been explored for post-
mastectomy pain syndrome with promising results. In both
groups, pain relief measured by VAS was improved within
the first week, in addition to improved quality of life and
patient functional capacity [98].

A systematic review of complications associated with SGB
identified 260 cases with reported adverse events with 51.5%
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of the cases using image guidance. Of the total cases, 64
(24.6%) and 70 (26.9%) reported the use of ultrasound and
fluoroscopy guidance, respectively. The most common sys-
temic adverse effects were transient voice hoarseness and
light-headedness. One case reported death from massive he-
matoma and subsequent airway obstruction. Another reported
quadriplegia from pyogenic cervical epidural abscess and
discitis [99]. Severe hypertension has also been observed
[100]. The most common local complications include blood
aspiration and hematoma formation [101–103]. Given the
proximity of the stellate ganglion to additional structures, oth-
er adverse effects including brachial plexus blockade, head-
ache, ptosis, and seizures have also been reported [99].

Intervention: Celiac Plexus Block and Neurolysis

The celiac plexus is composed of a network of nerve fibers
located within the retroperitoneal fat and anterolateral surface
of the aorta, epigastrium, crus of the diaphragm, and posterior
to the pancreas and stomach [104–106]. It is constructed of
paired smaller ganglia most commonly located at the T12, and
L1 vertebral levels [104]. The plexus is a target for celiac
plexus blocks (CPB) and neurolysis as the plexus transmits
afferent fibers responsible for nociception [89]. A plethora of
techniques have been described for both CPBs and neurolysis
including posterior para-aortic, anterior para-aortic, trans-
intervertebral disk, and endoscopic approaches. Image guid-
ance with ultrasound, computed tomography (CT), fluorosco-
py, and magnetic resonance imaging (MRI) have been ex-
plored to improve technical success rates and minimize com-
plications [107].

For the posterior para-aortic approach, a patient is posi-
tioned prone or supine. A 20 to 24-gauge needle is advanced
anteriorly to traverse the diaphragm and enter the antecrural
space. The needle is positioned 1 to 2 cm anterolateral to the
aorta, between the superior mesenteric artery (SMA) and ce-
liac trunk [106]. After confirmation of needle position, a
neurolytic agent is injected on either side of the aorta. The
most common agents include 20 to 30 mL of 50 to 100%
ethanol or 20 to 25 mL of 3 to 20% phenol. Discomfort on
neurolysis may be minimized by pre-emptive injection of lo-
cal anesthetic [104].

The anterior para-aortic approach is notable for the need to
cross multiple visceral organs including the stomach, liver,
and pancreas [104]. Though image guidance has lower overall
complication rates, the approach is generally reserved for pa-
tients with contraindications to the posterior approach like
altered anatomy or invasive tumors [108, 109]. With the pa-
tient positioned supine, a 20 to 24-gauge needle is inserted
through the abdominal wall and advanced posteriorly through
the retro-pancreatic space. The needle is positioned 1 to 2 cm
anterolateral to the aorta, again, between the SMA and celiac
trunk [106]. After confirmation of needle position, 30 to 50

mL of neurolytic agent is injected adjacent to the celiac plexus
bilaterally [104].

The posterior trans-aortic approach entails direct puncture
and crossing of the aorta with the patient positioned prone
[107]. The needle enters at the L1 vertebral level approximate-
ly 4 to 6 cm left of midline and then advanced along a left
paravertebral trajectory to meet the posterior aortic wall about
2 cm distal to the L1 transverse process. With additional ad-
vancement, the needle processes through the posterior and
then anterior walls of the aorta to land in the pre-aortic space.
Correct needle positioning is confirmed with a few milliliters
of contrast to evaluate for retro-pancreatic spread and negative
aspiration. 25 to 30 mL of neurolytic agent is administered
[110].

The endoscopic approach uses ultrasound guidance and
takes advantage of the close proximity of the aorta and celiac
plexus to the gastric wall [111]. Endoscopic ultrasound (EUS)
affords direct and real-time visualization. The EUS scope is
advanced to the level of the celiac artery and rotated clockwise
until the celiac artery disappears from view. The celiac plexus
is visualized as a small cluster of hypoechoic structures. A fine
needle flushed with saline is then advanced through the biopsy
channel and enters through the posterior gastric wall to posi-
tion next to the anterolateral border of the aorta. With negative
aspiration, the celiac ganglia are directly injected first with 3
mL of local anesthetic and then 10 ml of 98% alcohol.
Neurolytic agents may also be used after a single or double
injection at the celiac trunk origin [112, 113].

Finally, the intervertebral CPB approach may be consid-
ered if a patient’s anatomy precludes performance of the para-
aortic approach [105]. With the patient in the prone or lateral
decubitus position, a needle is inserted through the T12-L1 or
L1-L2 intervertebral disk space at an oblique angle. With CT
or fluoroscopic guidance, the needle is advanced into the
antecrural space and to the aorta at the level of the celiac axis.
With confirmation of correct needle placement, approximately
25 to 30 mL of neurolytic agent is injected in a single or
double-step fashion [105, 114].

CPB and celiac plexus neurolysis have demonstrated effi-
cacy in managing pain related to multiple intra-abdominal
conditions including pancreatic cancer [115] and related
chronic pancreatitis [111–113]. Yondonjamts et al. described
additional indications related to stomach, esophageal, colorec-
tal, liver, gallbladder, and bile duct cancer [116]. In a meta-
analysis of neurolytic celiac plexus block in 1145 cancer pain
patients, partial to complete pain relief was reported in approx-
imately 90% of patients alive at 3 months and in 70% to 90%
until death beyond 3 months [115]. A 2017 study by Cao et al.
also demonstrated superior pain control of percutaneous
neurolytic celiac plexus blocks, as measured by Numeric
Rating Score (NRS) and Karnofsky Performance Status
(KPS), compared with traditional medication strategies. A
health economics evaluation in the same population
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demonstrated reduction in medicine-specific costs and total
healthcare costs in the neurolysis treatment group [117]. In
general, exclusion criteria have focused on patients with se-
vere heart, liver, or kidney dysfunction. Additional contrain-
dications described include severe coagulopathy, thrombocy-
topenia, abdominal aortic aneurysm, and active infection
[118]. A unique contraindication described has been patients
with bowel obstructions due to the potential for unopposed
parasympathetic innervation and possible perforation [119].

The most common described adverse effects of CPB or
neurolysis include transient local pain [115]. Additional side
effects include diarrhea and hypotension, both attributed to
unopposed parasympathetic innervation after sympathetic ce-
liac blockade [115, 119]. Though rare, lower extremity weak-
ness has been reported in the setting of anterior spinal artery
injury or vasospasm with subsequent spinal cord ischemia
[112]. Additional rare complications reported include hepatic
or splenic infarctions from celiac trunk thrombosis and gastric
or small bowel infarctions from celiac artery vasospasm [120,
121]. Advancements in image guidance have decreased the
risk of improper needle placement and complications includ-
ing hematuria from kidney puncture, peritonitis, pneumotho-
rax, and retroperitoneal hematomas [119, 122].

Intervention: Ganglion Impar Block

The ganglion impar is a solitary retroperitoneal structure lo-
cated at the level of and anterior to the sacrococcygeal junc-
tion [123]. Numerous visceral sympathetic afferent nerves that
innervate deep pelvic structures including the perineum, distal
rectum, anus, distal urethra, vulva, and distal 3rd of the vagina
converge at the ganglion impair [124]. Multiple techniques
have been described, with the trans-sacrococcygeal approach
being the most common. In a 2015 case series, Ahmed et al.
describe the trans-sacrococcygeal approach, originally per-
formed in 1995, with the patient in the prone position [125].
A 22-gauge beveled needle is inserted, under fluoroscopic
guidance, to pierce the dorsal sacrococcygeal ligament at the
midline. The needle is advanced through the vertebral disk to
place the tip anterior to the ventral sacrococcygeal ligament.
Needle tip placement is confirmed with injection of contrast
dye into the retroperitoneal space and 4 to 6 mL of 8% phenol
in saline is subsequently injected [124].

Additional techniques have been described in a 2013 review
on the ganglion impar block [126]. The anococcygeal approach
uses fluoroscopy to guide a 22-gauge needle through the
anococcygeal ligament to locate the tip retroperitoneally at the
sacrococcygeal junction [127]. The transverse coccygeal ap-
proach uses a needle to cross the coccyx through one of the
inferior joint spaces in between the coccygeal segments [128,
129]. A similar variation, the inter-coccygeal technique, was
also described in which a 22-gauge 2-inch spinal needle is
guided under fluoroscopy into the disk space between the first

and second coccygeal joints. Other techniques that do not cross
the sacrum or coccyx have also been reported. One technique
involves insertion of a needle below the transverse process of
the coccyxwith subsequent angulation to position the needle tip
anterior to the sacrococcygeal joint [130]. Another uses a 25-
gauge needle with a 20 to 30° bend at the tip in a “corkscrew”
fashion for a paracoccygeal approach [131]. Other imaging
modalities including CT have also been explored [89].

Ganglion impar neurolysis was first described in 1990 for
patients experiencing pain secondary to perineal cancer [127].
Additional indications for pain included other malignancies
including cervical, colonic, bladder, rectal, and endometrial
carcinomas. Ganglion impar block for perianal pain has also
been described [126]. Specific contraindications to the block
include sacral invasion of metastases, local pelvic infection, or
recent radiation and chemotherapy [132]. A discussion of life
expectancy and goals of care may be addit ional
considerations.

Albeit being uncommon, adverse effects specific to the block
have been reported including rectal perforation or sciatic nerve
impingement. The potential for infection with the anococcygeal
approach is a concern that warrants particularly close attention
due to the proximity of the anus [133]. Trans-sacrococcygeal
approaches have been implicated in disk rupture [134]. Other
complications including motor, sexual, bladder, and bowel dys-
function have also been described [135, 136].

Intervention: Lumbar Sympathetic Block

The lumbar sympathetic chains are located in the
retroperitoneum, posterior to the great vessels and anterior to
the psoas muscles and vertebral bodies [137]. Visceral afferent
pain fibers within these chains travel with sympathetic and
parasympathetic nerves whose cell bodies are located in the
dorsal root ganglion. The sympathetic chains are a common
target for lumbar sympathetic blocks (LSBs) [138, 139]. In a
2020 study by Spiegel et al., LSBs were performed with pa-
tients in the prone position and with assistance of fluoroscopy
or CT guidance. The needle insertion target is at the L2 to L3
level with fluoroscopic guidance in both anteroposterior and
lateral views to confirm tip location anterior to and within the
upper one-third of the vertebral body. With negative aspiration
to confirm not only absence of blood or air but also cerebro-
spinal fluid, 1 mL of iohexol is injected to evaluated for appro-
priate spread on the anterior surface of the vertebral body.
Subsequently, 10 mL of 0.25% bupivacaine or 9 mL of
0.25% bupivacaine with 1 mL of 40 mg/mL triamcinolone is
injected [139].

A study published in 2018 compared ultrasound and fluo-
roscopy as imaging modalities for LSBs. For the ultrasound
technique, a 5–2-MHz low frequency probe is used in a
paramedian sagittal approach to locate the lumbosacral junc-
tion and to subsequently identify the L2 and L3 vertebrae.
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With identification of the vertebrae, a modified transverse
scan is then performed. The target of the needle tip is anterior
and medial to the psoas major muscle on the anterolateral
aspect of the lumbar vertebral body. Needle insertion is per-
formed from lateral to medial using an in-plane technique.
With confirmation of needle tip position and negative aspira-
tion, 3 mL of contrast dye is administered to exclude vascular
injection on both AP and lateral views. As contrast dye is
visualized spreading on the specific sympathetic chain, 10
mL of 0.25% levobupivacaine is injected. For the fluoroscopic
technique, the lower third of the L2 or upper third of the L3
vertebrae was targeted. The needle is advanced toward the
anterolateral edge of the target vertebra with a tunnel vision
technique and the C-arm is adjusted 25 to 35° laterally. The
needle is subsequently advanced to the anterolateral margin of
the vertebral body and with positioning confirmation and neg-
ative aspiration, 3 mL of contrast dye is injected. As sympa-
thetic spread is confirmed, 10 mL of 0.25% levobupivacaine
is injected [140].

Along with celiac and superior hypogastric plexus blocks,
LSB has had demonstrated benefits for cancer patients with
abdominal or pelvic pain symptoms [141]. In a 2004 study, 60
patients with abdominal or pelvic cancer were divided in three
groups and observed for 8 weeks. Of the two groups who had
interventional sympathetic blocks including neurolytic celiac
superior hypogastric, or lumbar sympathetic ganglion chain
blocks, a significant reduction of pain and opioid consump-
tion, in addition to improved quality of life, was observed. In a
recent retrospective review, the utility of LSB for cancer-
related pain of the back, abdomen, pelvis, and legs was eval-
uated. The study observed effective pain relief, defined as
≥30% relief for at least 1 day, in at least 675, 82%, and 75%
of individuals for back, abdominopelvic, and leg pain, respec-
tively [139]. LSB is often a precursor to additional therapies
including neuromodulation but is increasingly explored as a
therapeutic modality in and of itself.

LSB is a well-established procedure for management of
cancer-related pain but complications have been reported.
As with other sympathetic blocks, hypotension and diarrhea
are often seen due to unopposed parasympathetic innervation
[139]. Other rare complications have included anterior thigh
pain from possible genitofemoral nerve damage [142],
intralymphatic injection [143], ureteral injury [144], and ret-
roperitoneal hematoma [145]. Spiegel et al. also noted the
potential for lack of efficacy from neural anatomy distortion
and hindered medication spread due to abnormal space-
occupying lesions [139].

Intervention: Superior Hypogastric Plexus Block

The superior hypogastric plexus (SHGP) is a retroperitoneal
structure that lies anterior to the L5/S1 disk and vertebrae
bilaterally [146]. It is a target for superior hypogastric plexus

blocks (SHPB) as afferents from visceral organs of both the
lower abdomen and pelvis are transmitted through the plexus
[124]. The most common approaches for SHPBs are the
transdiscal, posterior paravertebral, and anterior technique
[147]. For the transdiscal approach, patients are positioned
prone with a pillow under the iliac crest. A C-arm is directed
cephalad for alignment of the endplates and then 15 to 25°
oblique to optimize the image of the disk. With an entry point
5 to 7 cm from midline, the needle is advanced by tunnel
vision lateral to the inferior aspect of the facet joint. 0.5 mL
of contrast is injected into the disk to verify needle position
and the needle is advanced until loss of resistance to confirm
exit from the disk. Ten milliliters of phenol in saline is subse-
quently injected, followed by 2 to 3 mL of air to prevent
dissemination of neurolytic agent within the disk [148].

For the posterior paravertebral approach, patients are again
positioned prone with a pillow under the iliac crest.
Fluoroscopy assists with identification of the L4-5 spinous
processes. A 15-cm, 20-G needle is inserted 5 to 7 cm lateral
from midline and directed approximately 45° medial and cau-
dal to miss the transverse process of L5 and the sacral ala. As
the needle tip is visualized at the anterior junction of L5-S1 in
the lateral view, a loss of resistance is felt to suggest that the
needle has traversed the psoas into the retroperitoneal space.
Satisfactory positioning is indicated by contrast within the
lateral bony edge, anterior to the psoas, and above the sacral
nerve roots. 8 mL of phenol in saline 10% is injected on each
side followed by 2 to 3mL of air [148]. Amodified transdiscal
approach has also been described in which the entry point is 7
to 8 cm lateral to the L4-5 level, significantly more lateral than
the original transdiscal approach [149]. Less common ap-
proaches including transvascular and transvaginal have been
described in the management of chronic pelvic pain in the
setting of endometriosis [150].

SHPBs have found an increasing role in the management
of pelvic pain associated with cancer of pelvic visceral organs
[147]. The presence of nociceptive afferent fibers that inner-
vate pelvic organs alongside corresponding sympathetic
nerves facilitates inhibition by neurolytic agents [127, 151].
Neurolytic SHPB has been described in patients with exten-
sive gynecologic, colorectal, and genitourinary cancer with
incapacitating pelvic pain. In a group of 26 patients, 18 report-
ed more than 50% reductions in visual analog pain scores
(VAPS) within two blocks in addition to reductions in oral
opioid therapy [152]. SHPBs have also been combined with
ganglion impar neurolytic blocks for management of pelvic
and perineal pain related to pelvic and perineal malignancies.
In a group of 15 patients who underwent combined block,
pain scores were reduced from a mean of 7.87 ± 1.19 pre-
procedurally to 2.40 ± 2.10 1 week post-procedurally (P <
0.05) without complications or serious side effects. Overall,
SHGB has been reported to be a procedure with minimal
adverse effects. Complications may include injury to local
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structures including bowel, bladder, or vasculature like the
common iliac artery. In addition, intervertebral disk puncture
may cause discitis, disk rupture, or herniation [148].

Intrathecal Drug Delivery

Once viewed as a last resort or “salvage therapy” for patients
who failed systemic opioid therapy, intrathecal drug delivery
systems (IDDS), including implantable intrathecal pumps,
have had expanding indications in the management of
cancer-related pain [153]. A particular advantage of IDDS is
the potential for opioid and non-opioid medications to directly
enter into the intrathecal space and bypass the blood-brain
barrier [154]. Currently, the Food and Drug Administration
(FDA) has approved morphine, baclofen, and ziconotide for
intrathecal administration [155].

The IDDS generally involves a catheter implanted in the
subarachnoid space to allow opioids or adjunctive medica-
tions to infiltrate directly into the central nervous system.
The catheter is connected to a continuous, external infusion
pump that is surgically embedded into the abdominal wall.
The mediation reservoir, located within the pump, is easily
accessed percutaneously with a needle through a port for
pump refills and other programming modifications [156]. In
the context of neuropathic and nociceptive pain, both mor-
phine and ziconotide have been recommended as first-line
agents for continuous intrathecal delivery [157].
Recommendations suggest that morphine should not exceed
15 mg daily to minimize possible respiratory depression and
granuloma formation. Ziconotide has a particularly narrow
therapeutic window. Dosing starts at 0.5 μg daily and is care-
fully titrated with no more than an increase in 0.5 μg weekly.
Other non-opioid intrathecal infusions have been trialed in-
cluding clonidine, bupivacaine, ketamine, and ketorolac
[158–160].

IDDS for management of chronic cancer pain syndromes
has been increasingly explored for patients with intractable
focal pain or intolerance to systemic opioids [161]. A large
prospective study was conducted on 1403 cancer patients en-
rolled in an IDDS registry which included malignancies of
predominantly the lung, breast, colon or rectum, pancreas,
and prostate. Of the cohort of 283 patients who provided
baseline pain scores, a significant improvement in pain scores
was registered at 6 and 12-month time points. A statistically
significant improvement was also seen for quality of life at 6-
months [162]. Such findings were corroborated in a group of
patients studied between 2015 and 2016 with primarily lung,
colorectal, hepatic, pancreatic, prostate, laryngeal, and breast
cancer. Of the patients with complete pain data sets, signifi-
cant decreases in pain numeric rating scales were seen at 1 and
3 months post-procedure. Significant pain relief defined as
≥50% pain reduction in NRS was also observed in 86.4%,

79.5%, and 63.6% at discharge, 1-month, and 3-month time
points, respectively [163]. Further large-scale studies may
need to be conducted to explore and assess indications for
IDDS with respect to specific cancer pathologies. What is
increasingly clear, however, is that cancer patients with pain
including neuropathic, visceral, somatic, or bone-related have
derived analgesic benefits from IDDS [156]. An equally com-
pelling population for IDDS is in patients with inadequate
response to or intolerable side effects with systemic medica-
tions including opioid and non-opioid analgesics, tricyclic an-
tidepressants, or antiepileptic agents [164–167].

Contraindications to IDDSmay be related to the intrathecal
medications or the implant procedure itself. For example,
ziconotide is relatively contraindicated with history of psycho-
sis, dizziness, confusion, or elevated creatinine kinase.
Contraindications to IDDS implant include coagulopathy, lo-
cal or systemic infection, or gross anatomic abnormalities of
the spine [157].

Adverse effects are often related to the medication itself.
For morphine, the most concerning reported side effects in-
clude respiratory depression, catheter-tip granuloma, and
medication dependence [157, 168]. Other common adverse
effects include sedation, urinary retention, pruritus, and cog-
nitive impairement [153]. For ziconotide, adverse effects are
predominantly within the CNS and include cognitive effects,
psychiatric effects, nausea, nystagmus, and confusion [154,
169]. In a study of IT therapy for 55 highly opioid tolerant
patients with advanced cancer, early complications included
mild bleeding in 2, headache in 4, bladder catheterization in 6,
reoperation for bleeding or change in catheter position in 6,
unrelated death in 1, and stroke in 1. Late complications in-
cluded local infection in 2 and discontinuation of therapy due
to spinal compression in 1 [170].

Neuromodulation for Cancer Pain

Intervention: Dorsal Column Stimulation (Spinal Cord
Stimulator)

Spinal cord stimulation (SCS) is the most common modality
of neuromodulation and has been increasingly investigated as
a treatment modality for chronic pain in the cancer population
[171]. A test trial is often conducted to evaluate for adequate
patient response prior to permanent implantation [172].
Electrodes are guided into the epidural space on the dorsal
surface of the spinal cord. Implantation is often guided by
fluoroscopy and may be performed with an open surgical
laminotomy to expose the dura or a minimally invasive tech-
nique with epidural needles. An impulse generator connected
to the electrodes is also inserted percutaneously. The impulse
generator is programmed via an external device [173].
Concrete mechanisms of action continue to be elusive but
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proposed mechanisms include activation of Aβ fibers with
subsequent suppression of spinothalamic tracts via
GABAergic and cholinergic inhibitory interneurons [172].

Though literature continues to be sparse in confirming the
role of SCS in refractory cancer-related pain, numerous ex-
plored indications are worth noting [171]. The first two SCSs
implanted were in patients diagnosed with bronchogenic and
pelvic carcinoma [170]. Additional indications have included
breast cancer with or without brachial plexus invasion, intra-
abdominal cancer, and iatrogenic complications including
chemotherapy or radiation-induced peripheral neuropathy
[172]. In 2012, a group investigated SCS therapy for 15 cases
of lower back pain related to colon cancer, anal cancer, and
sacral angiosarcoma [174]. SCS has also been explored in
pain related to squamous cell carcinoma of the anus with in-
guinal metastasis, colon cancer with epidural spread and
radiation-induced neuropathic pain, and post-prostatectomy
neuropathic testicular pain [175, 176]. Relative contraindica-
tions for SCS placement include existing pacemakers or defi-
brillators [177]. Coagulopathy and active infections are abso-
lute contraindications [178].

Complications related to SCS therapy have included cere-
brospinal fluid leak, lead fracture, electrode migration, im-
plant infection, and post-procedural pain at the electrode sites
with movement [179]. Additional complications reported in-
clude implant device failure, aseptic meningitis, and skin he-
matomas [180]. The overall incidence of such complications,
however, is uncertain [171].

Intervention: Dorsal Root Ganglion Stimulation

Located within the dural sheath, the dorsal root ganglion
(DRG) is a structure responsible for sensory transduction
and modulation [181, 182]. The DRG is housed within the
neural foramina and spans the spinal cord and vertebral col-
umn to the periphery bilaterally. The individual ganglion is an
enlargement of the dorsal root that contains somata of primary
sensory neurons. A mixture of nerve fibers pass through the
ganglion including myelinated Aδ and unmyelinated C-fibers
that convey nociceptive information [181]. The DRG has been
implicated in the development of neuropathic pain and has
been an emerging target for neuromodulation [181, 183].

Insertion of DRG leads is performed percutaneously. An
introducer sheath encasing the lead is passed into the epidural
space through a Tuohy needle and, with fluoroscopic guid-
ance, placed in the intervertebral foramen. A trial stimulator
tests the lead and patient feedback is elicited for analgesia,
reduction in allodynia, and/or adequate coverage with pares-
thesia. With confirmation of lead positioning, a strain relief
loop is released into the epidural space to minimize the risk of
lead migration. An implantable pulse generator (IPG), which
is able to accommodate up to four quadripolar leads, is then
inserted subcutaneously. Post-procedural stimulation is

titrated and programmed to ensure optimal coverage [184,
185]. Neuromodulation at the DRG has multiple proposed
mechanisms of analgesia including upstream vasodilation,
stabilization of peripheral sensitized nociceptive, downstream
deactivation of sensitized neurons in the dorsal horn, and po-
tential modulation of supraspinal pathways integral to chronic
pain development [183].

DRG stimulation continues to emerge as a promising target
for management of chronic pain related to cancer. Large scale-
studies investigating efficacy in this population are limited. Of
the available literature, a retrospective study in 2015 investi-
gated the use of pulsed radiofrequency DRG stimulation in 15
patients with intractable pain frommetastatic vertebral lesions.
The study observed that almost all patients experienced sig-
nificant pain relief at rest and with ambulation at 3 weeks.
Notable contraindications were neurological deficits, coagu-
lopathy, or significant cardiovascular disease [183].

Reported adverse effects have predominantly been for in-
dications including phantom limb pain, complex regional pain
syndrome, failed back surgery syndrome, and post-surgical
pain [184]. Deer et al. noted post-procedural increases in pain,
lead migration, and device inactivation [186]. According to
the 2017 review by Harrison et al., adverse effects may be
disproportionately influenced by operator or hardware consid-
ering the novel nature of this technique. Only a small percent-
age of neuromodulators are familiar with the technique cur-
rently and further development of both hardware and technical
skills may promote safety of DRG stimulation.

Conclusion

With the growing number of cancer survivors globally, a sig-
nificant fraction may experience chronic pain through the
course of the disease. Whether directly caused by neoplasm,
occurring as a complication of therapeutics, or wholly unre-
lated, chronic pain in cancer patients continues to be
undertreated. Understanding the value and role of interven-
tional pain techniques as a core component in the WHO anal-
gesic ladder is imperative for any clinician who cares for pa-
tients with cancer. Our narrative review aims to create a de-
tailed understanding of interventional therapies available in
the treatment of cancer-related plan. A number of the tech-
niques described in this review may offer effective analgesia
with less systemic toxicity and dependency than traditional
first- and second-line oral and parenteral agents.
Interventions including dorsal root ganglion stimulation and
peripheral nerve stimulation are emerging as exciting thera-
peutics with a potential role in oncologic pain [187].
Considering the extensive negative impact of pain on quality
of life, functional status, and psychological well-being, inter-
ventional approaches should be evaluated as an early option
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and central component of a multidisciplinary approach to
treating pain in cancer patients.
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