Pain Ther (2021) 10:115-141
https://doi.org/10.1007/s40122-020-00227-8

®

Check for
updates

REVIEW

Interventional Radiofrequency Treatment
for the Sympathetic Nervous System: A Review Article

Nicholas A. Zacharias - Jay Karri - Carol Garcia - Laura K. Lachman -

Alaa Abd-Elsayed

Received: October 23, 2020 / Accepted: November 24, 2020 / Published online: January 12, 2021

© The Author(s) 2021

ABSTRACT

Introduction: Interventional techniques such
as radiofrequency (RF) treatment can be used to
interrupt pain signals transmitted through the
sympathetic nervous system (SNS). RF treat-
ments including the pulsed (PRF) and continu-
ous (CRF) modalities show enhanced control
over lesion size and enhanced ability to confirm
accurate positioning compared to other inter-
ventional methods. PRF also acts to reduce the
area of the lesion. In this article, we characterize
the currently available evidence supporting the
use and efficacy of RF treatments in sympa-
thetically mediated pain (SMP) conditions.
Study Design: A comprehensive literature
review.

Methods: A PubMed and Cochrane Library
database search was performed for human
studies applying RF treatment at sympathetic
sites (sphenopalatine ganglion, stellate gan-
glion, cervical, thoracic, or lumbar sympathetic
ganglia, celiac plexus, splanchnic nerves,
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superior hypogastric plexus, and ganglion
impar) between January 1970 to May 2020. Data
were extracted, summarized into tables, and
qualitatively analyzed.

Results: PRF and CRF both show promise in
relieving SMP conditions, such as complex
regional pain syndrome (CRPS), pain in the
perineal region, headache and facial pain, and
oncologic and non-oncologic abdominal pain,
in addition to other types of pain, with minimal
complications. Furthermore, in most compara-
tive studies, outcomes using RF treatments
exceeded other interventional techniques, such
as anesthetic block and chemical neurolysis.
Conclusions: RF treatments can be effective in
carefully selected patients who are refractory to
conservative management. However, further
randomized controlled studies are needed prior
to implementing it into common practice.

Keywords: Complex regional pain syndrome
(CRPS);  Radiofrequency;  Sympathectomy;
Sympathetic nervous system; Sympathetically
mediated pain
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Key Summary Points

Why carry out this study?

Radiofrequency treatment is an
interventional pain management
technique that has shown enhanced
control over lesion size and an enhanced
ability to confirm accurate positioning
compared to other interventional
methods.

In this review article, we characterize the
currently available evidence supporting
the use and efficacy of radiofrequency
treatments in sympathetically mediated
pain conditions.

What was learned from the study?

Radiofrequency treatment shows promise
in alleviating complex regional pain
syndrome, pain in the perineal region,
headache and facial pain, abdominal pain,
and other types of pain with minimal
complications.

Patients should be carefully selected for
radiofrequency treatment, and further
randomized controlled studies are needed
prior to implementing it into common
practice.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13273256.

INTRODUCTION

The sympathetic nervous system (SNS) has
broad-reaching effects and is intricately associ-
ated with the central processing of pain through
a bidirectional process [1]. Central processing of

factors such as pain, immune signals, hormone
signals, and others can be projected outwards to
the SNS. In the periphery, efferent sympathetic
fiber activity upregulates afferent nociceptive
fiber pain signals. This exact coupling is not
fully understood but may occur through a
combination of suggested mechanisms: nora-
drenaline released by postganglionic sympa-
thetic fibers acts directly on nociceptive fibers to
increase pain signals at any point along the
nerve and/or SNS activity contributes to
increased pain perception indirectly via inter-
action with other processes (e.g., blood flow and
immune function) [1]. Sympathetically main-
tained pain (SMP) can occur in various pain
syndromes such as complex regional pain syn-
drome (CRPS) and cluster headache, which have
a prevalence of 25/100,000 [2] and 0.5-1.0/1000
[3], respectively. Pain due to abdominal cancer
is another example. Ninety percent of patients
with cancer of any type will experience pain due
to their disease [4], and patients with pancreatic
cancer, in particular, experience the highest
rates of pain [5]. SMP also occurs in many other
pain syndromes. Pain syndromes with this fea-
ture can be substantially debilitating by affect-
ing work, relationships, and psychological well-
being in addition to the physical manifestations
[2, 3, 6]. The SNS appears to propagate signals
from many different origins of pain including
neuronal, visceral, vascular, and musculoskele-
tal entities [7, 8]. SNS-driven pain signaling can
be dampened via neural blockade of key sym-
pathetic nerves or ganglia. Pain relieved by SNS
blockage is said to be SMP [2, 9], whereas pain
not relieved by SNS blockage is considered
sympathetically independent pain (SIP) [2, 9].
Typically, temporary nerve blocks are used with
diagnostic intent to distinguish between these
clinical features before neurolytic measures are
pursued [10-12]. Sympathetic targets in clinical
practice primarily include sphenopalatine gan-
glion, stellate ganglion, thoracic or lumbar
ganglia, celiac plexus, splanchnic nerves, supe-
rior hypogastric plexus, and ganglion impar
[7, 8]. Though some of these structures are not
composed solely of sympathetic fibers, it is
believed that the lasting relief occurs from
blocking transmission of the SNS signals at
these sites [7, 8].

A\ Adis


https://doi.org/10.6084/m9.figshare.13273256
https://doi.org/10.6084/m9.figshare.13273256

Pain Ther (2021) 10:115-141

117

Interventional procedures in pain manage-
ment are typically utilized after failure of con-
servative measures and pharmacotherapies
[2, 3, 5, 13-15]. Nerve blocks are a useful tool for
diagnosis and treatment, but effects may be
temporary [10-12]. Neurolytic procedures may
extend these effects. While these procedures
carry more inherent risk, potential benefits can
far exceed their risk in carefully selected
patients with refractory pain phenomena
[2, 3, 5, 13-15]. Neurolytic procedures (e.g.,
chemical neurolysis, cryotherapy, and radiofre-
quency |[RF] treatment) are all valuable and
evidenced interventional strategies [8, 16].
Spinal cord stimulation has also shown promise
as an alternative strategy, but further study is
required to optimize stimulation patterns and
parameters in SMP conditions [17]. RF approa-
ches have been applied to an increasing number
of SMP conditions because of their ability to
create controlled lesions in discrete anatomic
locations, with a low propensity for complica-
tions relative to other neurolytic measures [8].
Given their promise for treating SMP, we aim to
characterize the currently available evidence
supporting the use and efficacy of RF treatments
in SMP conditions.

RF Technique

RF treatment exists in two forms: continuous RF
treatment (CRF) and pulsed RF treatment (PRF).
CRF functions by sending an alternating current
through an electrode tip, which generates
destructive heat through ionic oscillations cre-
ated in surrounding tissue [18]. Generated
temperature is controlled by adjusting the cur-
rent and voltage passing through the device in
the neuro-destructive treatment range of
45-90 °C [18]. The size of the lesion is con-
trolled by the treatment temperature, duration
of treatment, and gauge (G) of the electrode
[18]. Maximum size is achieved at about 90s.
Accurate positioning of the electrode prior to
treatment can also be confirmed by using low
voltage at specific frequencies to produce a
nondestructive current [18]. This can yield a test
current for sensory stimulation (50Hz fre-
quency) and for motor stimulation (2Hz

frequency), which helps to mitigate off-target
effects in the surrounding neural structures [18].
Because CRF operates through destructive
means, it is generally reserved for non-neuro-
pathic pain, as the target fibers should not
contain essential sensory and motor fibers
[16, 18].

PRF functions by utilizing short bursts
(20 ms) of current two times per second. This
allows the use of higher voltages while limiting
temperature in the target tissue to under the
neurolytic level of 45°C [18, 19]. Motor and
sensory stimulation can also be carried out in
PRF to ensure accurate positioning [18]. The
therapeutic effect may stem from electric field
generation and resultant modulation of nerve
signaling, though the exact mechanism is not
fully understood [18, 19]. Data also show that it
may not be fully nondestructive [18]. The
application of PRF treatment has been debated,
but it is a particularly useful strategy for neu-
ropathic pain states where nerve damage is
already a primary feature [16, 18]. Overall, RF
treatment is a valuable asset for selective patient
populations due to its mode of action. Advan-
tages of its methodology include control over
lesion size, multiple modalities, and the ability
to confirm accurate positioning.

METHODS

An online literature search was performed via
the PubMed and Cochrane Library databases on
the use of RF treatment in the SNS. Review of
references was also performed to collect addi-
tional studies. The search terms used were
radiofrequency ablation (RFA), radiofrequency,
thermal neurolysis, sympathetic neurolysis, and
sympathectomy in combination with descrip-
tors of pain including complex regional pain
syndrome (CRPS) and sympathetic mediated
pain as well as sympathetic, ganglia, plexus,
splanchnic, and pain. The search was limited to
the English language and human studies rang-
ing from January 1970 to May 2020. Further-
more, the studies included in this review were
limited to those describing RF treatments of the
following sympathetic targets applied in clinical
practice [7, 8]: sphenopalatine ganglion, stellate
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ganglion, cervical, thoracic, or lumbar sympa-
thetic ganglia, celiac plexus, splanchnic nerves,
superior hypogastric plexus, and ganglion
impar. Of note, it is possible that sympathetic
activity may play a role outside these SNS sites,
such as in the dorsal root ganglia as well as
sinuvertebral and basivertebral nerves, but the
pathophysiology is not well understood and it
was therefore not included in this study
[9, 20-22].

Due to the vast diversity of study types,
comparison groups, pain phenomena, RFA-
specific variables, and reported outcomes, it was
impossible to homogenize data sufficient for
further analytics. Additionally, all data pre-
sented in this review were from previously
published studies, and the review does not
contain any studies performed by the authors of
this article.

RESULTS

Figure 1 shows a flow diagram of the literature
search and study selection adapted from the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [27].
Fifty-seven original studies (7 randomized con-
trolled trials, 21 retrospective analyses, 3
prospective analyses, 1 center experience, 7 case
series, and 18 case reports) were included in this
review. These studies (excluding case series and
reports) are summarized in Tables 1, 2, 3, 4, and
5. Studies involving RF treatment of the SNS
primarily focused on its efficacy in CRPS
(Table 1) [28-36], pain in the perineal region
(Table 2) [37-48], headache and facial pain
(Table 3) [49-63], and oncologic and non-on-
cologic abdominal pain (Table 4) [64-75] in
addition to other types of pain (Table 5)
[76-85].

DISCUSSION

Relevant Anatomy

Applying RF treatments clinically, as with any
neurolytic procedure, requires a detailed
understanding of the target and surrounding

anatomy to ensure both efficacy and avoidance
of serious complications [8, 10-12]. The SNS
contains preganglionic inputs originating in the
lateral horn of the spinal cord from the T1-L2
vertebral levels. These inputs synapse with
postganglionic cell bodies that are either par-
avertebral (sympathetic chain alongside verte-
bral column) or prevertebral (along the
abdominal aorta and ventral branches). Post-
ganglionic fibers are then spread diffusely across
the body to target sites.

The sphenopalatine ganglion receives sym-
pathetic inputs from the postganglionic fibers
from the cervical level [11] and contains inputs
from parasympathetic, sensory, and secreto-
motor fibers [7]. It is located deep within the
pterygoid fossa at the opening of the pterygoid
canal posterior to the maxillary sinus [7]. It is
thought that blocking sympathetic activity at
this site plays a major role in therapeutic prac-
tice [7], but it is important to consider the
diversity of fibers in this ganglion that may also
be contributory.

Paravertebral ganglia span the length of the
vertebral column and traverse on the lateral
aspects until it fuses at the ganglion impar.
Prevertebral ganglia form when preganglionic
fibers pass through paravertebral ganglia with-
out synapsing. There are three cervical ganglia.
The inferiormost is the inferior cervical gan-
glion or the stellate ganglion. The stellate gan-
glion is typically formed by a fusion of ganglia
at the C7 and T1 levels [12, 23], but may involve
fusion of ganglia as far as T4 [23]. It is located
anterior to the transverse processes, anterome-
dial to the vertebral artery, and medial to the
common carotid artery and jugular vein [12].

With the exception of T1, thoracic ganglia
lie at the posterolateral aspect of the vertebral
column with the pleural space anterolateral
[24]. Preganglionic fibers may synapse in the
sympathetic chain in order for postganglionic
fibers to travel with spinal nerves or to the car-
diac plexus [23]. Alternatively, in the region of
T5-T12, preganglionic fibers may pass through
the paravertebral ganglia and give rise to the
three thoracic splanchnic nerves. The greater
splanchnic nerve originates from TS or T6 to T9
or T10 levels, the lesser splanchnic nerve origi-
nates from the T9 and T10 or T10 and T11
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Fig. 1 Flow diagram adapted from PRISMA [27]

levels, and the least splanchnic nerve originates
from the T11 and T12 levels [23, 25]. The tho-
racic splanchnic nerves then synapse within the
celiac plexus, which helps transmit nociceptive
signals from abdominal viscera [23, 25]. The
celiac plexus is a prevertebral ganglia that
encircles the celiac and superior mesenteric
arteries at the branch point from the abdominal
aorta [23, 25]. This area is in the retroperitoneal
space and is surrounded by the abdominal aorta
immediately posterior, the inferior vena cava to
the right, and the pancreas immediately ante-
rior [25].
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Paravertebral lumbar sympathetic ganglia
can be variable in number and location [23].
However, generally, these ganglia are located
anterolaterally to the lumbar vertebrae with the
peritoneal cavity anterolateral, abdominal aorta
and inferior vena cava anterior, and somatic
nerves in close proximity [10]. Preganglionic
fibers in the lumbar region may synapse in the
sympathetic chain in order for postganglionic
fibers to travel with spinal nerves. Alternatively,
preganglionic fibers may travel to lumbar
splanchnic nerves destined for the abdominal
aortic, inferior mesenteric, and hypogastric
plexuses [23].
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levels for lower extremity CRPS [28-31] and
either thoracic sympathetic ganglia at the T2
and T3 vertebral levels or the stellate ganglion
for upper extremity CRPS [32-36]. Earlier stud-
ies included in this review investigated the use
of CRF in CRPS, which transitioned to PRF more
recently. Additionally, most focused primarily
on CRPS I. However, Rana et al. successfully
applied PRF to the stellate ganglia in in a patient
with CRPS II [32].

The evidence for CRF vs. chemical neurolysis
for the treatment of lower extremity CRPS is
unclear. While Haynsworth et al. reported sig-
nificant superiority of sympathetic blockade
with chemical neurolysis 8 weeks post-proce-
dure (89% vs. 12% with CRF) [28], Manjunath
et al. reported similar successes in pain reduc-
tion with both options across 4 weeks post-
procedure [29]. Little evidence for application of
PRF in lower extremity CRPS exists. One case
report showed a decrease in level of pain,
edema, and color change in the skin at
4 months [30]. One case series involving repe-
ated procedures in three patients showed >
50% reduction in the numeric rating scale for
pain (NRS) in 91.7%, 83.3%, and 21% of pro-
cedures at 3, 6, and 12 months, respectively
[31].

Studies using CRF for upper extremity CRPS
showed promise for longer-term pain relief
compared to PRF, where effects appeared tem-
porary. Kastler et al. reported a higher rate
of > 50% reduction in visual analog scale for
pain (VAS) at 2 years in patients receiving CRF
at both the C7 and T1 levels compared to
anesthetic block (67.6% vs. 21.2%) [33]. Of
note, the C7 level of the stellate ganglion could
not be accessed in 4/34 patients, which may
indicate poor suitability of this procedure in a
small portion of patients [33]. In agreement,
Geurts et al. reported that 78% of patients
receiving CRF at the C7 level were pain-free at
6-8 weeks post-procedure, with 59% remaining
pain-free at a mean of 13.2 months post-proce-
dure [34]. Studies applying PRF to both the C6
and C7 levels [35] and the C7 level alone [36]
reported similar temporary analgesic effects,
with lowered NRS scores at 31.41 4+ 26.07 days
[35] and 34.90 £+ 27.18 days [36], respectively.
However, the length of this analgesic effect

9). All

4), and

hypesthesia of the palate (n

8), cheek hematoma

11), partial RF lesion of the

resolved after 3 months

Complications
(n
maxillary nerve (»

Epistaxis (n

complete, partial, and no pain relief,
respectively, when treated for episodic
treated for chronic cluster headache

30%, 30%, and 40% patients when
after 24.0 &= 9.7 months

29.1 £ 10.6 months compared to

cluster headache after

Outcomes

CREF applied  61%, 25%, and 14% of patients had
to the SPG

Treatment
method

56) and chronic

10) cluster headache, age:

33.4 %+ 8.2 (episodic) and 33.6 £ 5.5

n
(chronic)

(

n = 66, Episodic (

type
RA

et al.
[51]

neuralgia, VINRS verbal numeric rating scale, SN Sluder’s neuralgia, SNPT Sluder’s neuropathy, SUNCT short-lasting neuralgiform headache with conjunctival

injection and tearing, PDI pain disability index

PA prospective analysis, PRF pulsed radiofrequency, CRF continuous radiofrequency, SPG sphenopalatine ganglion, RA retrospective analysis, 7N trigeminal

Table 3 continued
References Study Population

Sanders
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Table 5 continued

Complications

Outcomes

Treatment method

Study Population
type

References

Did not disclose

40.7% of patients reported > 50%, 54.7%

CREF applied to the SG

86, Various chronic pain
syndromes, age: 46.25 £ 0.87

n=

RA

Forouzanfar

reported no change, and 4.7% showed

et al. [76]

worsening of VAS score after the

procedure. Pain relief occurred for an

7.78) weeks but was
determined by data from only 27 patients

average of 52.4 (SE

RCT randomized controlled trial, LE PDPN lower extremity painful diabetic peripheral neuropathy, CN chemical neurolysis, CRF continuous radiofrequency, LSG lumbar

sympathetic ganglion, VA4S visual analog scale, PRF pulsed radiofrequency, SG stellate ganglion, QoL quality of life, ECOG Eastern Cooperative Oncology Group, CRPS complex

regional pain syndrome, F fluoroscopic image guidance, US ultrasound image guidance, RA retrospective analysis

nearly doubled (85.71 £ 40.35 days) when
applied to the T2 and T3 levels [36]. Further-
more, evidence of sympathetic blockade was
seen in 100% of procedures performed at the T2
and T3 levels vs. 40% at the C7 level [36].
Overall, in patients with CRPS, chemical neu-
rolysis had similar or greater success compared
to CRF, and CRF provided longer relief than
anesthetic block. Data on the use of PRF in CRPS
were limited and effects seemed to be
temporary.

Pain in the Perineal Region Multiple pain
syndromes exist in the perineal region, includ-
ing coccydynia, vulvodynia, perineal pain, rec-
tal pain, and others [6]. Of these pain
syndromes, coccydynia has been the most
extensively studied as a candidate for RF treat-
ment. Coccydynia refers to pain that is well
localized to the tailbone or coccyx just above
the anus, generally in the absence of low back
pain or radiation. It can result from trauma
(falls, childbirth, recent surgery, etc.) or repeti-
tive microtraumas from body positioning, or
may develop idiopathically. First-line treatment
involves modifying the sitting position, pain
relief medications such as NSAIDs, and/or
physiotherapy involving intrarectal manipula-
tion of the coccyx [14, 15]. Interventional pro-
cedures such as local anesthetic or
corticosteroid injections, RF treatment of the
ganglion impar, stimulation therapy, and coc-
cygectomy have all been investigated as possi-
ble modes of treatment as alternative solutions
for refractory pain [14, 15]. Other pain syn-
dromes in the perineal region follow a similar
regimen of medical management, with com-
mon pain medications, local therapies, physical
therapy, psychological support, and interven-
tional techniques for refractory cases [6].

CRF has shown capacity for long-term suc-
cess when applied to the ganglion impar for
pain syndromes in the perineal region, but
studies report mixed results when using PRF.
Reig et al. reported a mean VAS reduction of
approximately 50% in patients with various
types of perineal region pain (sacroiliitis,
sacrococcygeal pain, coccydynia, etc.) receiving
CRF at a mean of 2.2 months post-procedure
[37]. Focusing specifically on coccydynia,

I\ Adis



132

Pain Ther (2021) 10:115-141

Demircay et al. and Kircelli et al. reported nearly
identical results: 90% of patients receiving CRF
experienced a > 50% pain reduction as mea-
sured by visual numeric scale (VNS) and VAS
scores, respectively, at 6 months post-proce-
dure, along with similarly correlated EuroQol
5D (EQ-5D) index scores in both studies
[38, 39]. Additionally, in the study performed
by Kircelli et al., VAS reduction was maintained
in 75% of patients at 12 months [39]. Usmani
et al. compared PRF to CRF in a population of
patients primarily with coccydynia (85.4% in
the CRF group and 80.6% in the PRF group), but
other types of perineal region pain as well
(coccydynia, anal pain, perineal pain, and
sacrococcygeal pain) [40]. The mean reduction
in VAS score compared to baseline was signifi-
cant through 6 weeks of follow-up post-proce-
dure in the CRF group, but not the PRF group
[40]. Similarly, 12.9% of PRF patients compared
to 82.3% of CRF patients reported excellent
results on a subjective patient questionnaire
[40].

Results for the PRF group in the study per-
formed by Usmani et al. were contradicted by
four other studies also reporting on the use of
PRF applied to the ganglion impar, but these
studies focused specifically on coccydynia
[41-44]. Atim et al. reported > 50% VAS reduc-
tion at 3 weeks and 6 months post-procedure in
90% and 81% of patients, respectively, with
57% and 24% of patients experiencing excellent
and good results, respectively, as measured by a
subjective questionnaire [41]. Similarly, Gopal
et al. at 6 and 12 months post-procedure and
Karaman et al. at a mean of 8.9 + 6.4 months
post-procedure reported > 50% reduction in
VAS scores in 75% of patients [42, 43]. Lastly, Sir
et al. reported a greater length of effect using
PRF compared to anesthetic block [44]. Mean
numeric pain rating scale (NPRS) scores were
similarly reduced compared to baseline in both
groups at 3 months post-procedure, but only in
the PRF group at 6 months post-procedure.
Patient satisfaction also favored PRF on the
Likert scale (LS) (71.4% vs. 48%) [44].

Though the majority of data on the use of RF
to alleviate perineal region pain has been
reported in the context of coccydynia, broader
application is possible based on limited data.

Reig et al. and Usmani et al. report on the use in
various other types of perineal region pain
[37, 40]. Similarly, CRF applied to the ganglion
impar has shown success in case reports of
patients with pain due to colon cancer malig-
nancy [45] and constant anal pain [46]. Addi-
tionally, PRF was successfully applied to the
superior hypogastric plexus through 2.5 years of
follow-up to treat pain in a patient with inter-
stitial cystitis [47]. Taken together, CRF and PRF
of the ganglion impar both show capacity for
long-term relief in pain syndromes in the per-
ineal region. Specifically, PRF showed longer
relief than anesthetic block, but the success of
PRF was mixed among studies.

Headache and Facial Pain The sphenopala-
tine ganglion propagates pain in many head-
ache and facial pain syndromes, such as cluster
headache, migraines, hemicrania continua, and
atypical facial pain [3, 7, 86]. Cluster headache
has been the most extensively studied as a
candidate for RF treatment targeting the sphe-
nopalatine ganglion. Cluster headache is part of
a group of syndromes called trigeminal auto-
nomic cephalgias, where pain is located along
the first division of the trigeminal nerve. It is
regarded as one of the most severe primary
headache syndromes and one of the worst pain
syndromes [13]. Cluster headaches are charac-
terized by wunilateral pain in the orbital,
supraorbital, or temporal region in addition to
facial autonomic symptoms (ptosis, miosis,
lacrimation, etc.) and systemic autonomic fea-
tures (bradycardia, hypertension, vertigo, etc.).
Cluster headaches typically follow a circadian
periodicity. Most occur episodically with peri-
ods of attacks and remission throughout a given
year, but some may occur chronically [3, 13].
Treatment of cluster headaches is multifaceted,
requiring patient education, acute abortive
therapy of an attack (i.e. oxygen or a triptan),
and prophylactic therapy. Initial approaches to
prophylactic therapy typically involve pharma-
cologic intervention such as verapamil, lithium
carbonate, topiramate, glucocorticoids
adjunctly, and others [3, 13]. However, alter-
native interventional procedures such as neu-
rostimulation, nerve blocks, deep brain
stimulation, and RF treatment are essential
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considerations in patients with refractory dis-
ease [3, 13]. Treatment regimens for other
headache and facial pain syndromes differ
because of the unique episodic nature of cluster
headache. However, treatments generally begin
with medical management before progressing
to interventional and surgical measures [57, 86].

The sphenopalatine ganglion was the only
sympathetic target used to treat headache and
facial pain in the studies included in this review.
Other targets such as the trigeminal ganglion or
various nerves in the head and face may have
application in treating the same or similar
conditions, but were not considered sympa-
thetic targets and were excluded from this
review [7, 8].

CRF has shown capacity for alleviating pain
in both episodic and chronic cluster headache.
However, some evidence suggests the chronic
form may be more difficult to treat. Filippini-De
Moor et al. reported that 50% and 28% of
patients, primarily with episodic cluster head-
ache (17/19), experienced complete relief and
no improvement, respectively, at 12 months
post-procedure, which reduced to 28% and 37%
over longer-term follow-up (9-64 months) [49].
In patients with chronic cluster headache, Nar-
ouze et al. reported that 20% and 20% of
patients experienced complete relief and no
improvement, respectively, at 18 months post-
procedure [50]. The remainder of patients in
these studies reported partial relief [49, 50].
Comparisons between the studies performed by
Filippini-De Moor et al. and Narouze et al. are
problematic given the differences in follow-up.
Sanders et al. offer a comparison between
chronic and episodic cluster headache treated
with CRF. However, the number of patients in
the group with the episodic form was signifi-
cantly greater (n =156 vs. n=10) [51]. Com-
plete, partial, and no pain relief was reported in
61%, 25%, and 14% of patients treated for the
episodic form through 29.1 £+ 10.6 months of
post-procedure follow-up compared to 30%,
30%, and 40% of patients treated for the
chronic form through 24.0 + 9.7 months of
post-procedure follow-up [51].

Salgado-Lopez et al. reported similar efficacy
between PRF and CRF when used to alleviate
pain in chronic cluster headache, with 13.5%

and 29.7% of patients reporting complete relief
and no improvement, respectively, over a long-
term follow up period with a mean of 68.1
(15-148) months, and the remaining patients
reporting partial or transient relief (5.21 vs.
4.69 months in the PRF group) [52]. No statis-
tically significant differences were found
between the PRF and CRF groups for these
metrics [52]. Fang et al. also reported significant
reduction of symptoms in 12/16 patients with
primarily the episodic form (13/16) using PRF
[53].

Additional studies have applied PRF and CRF
more broadly to headache and facial pain syn-
dromes such as neuralgias, neuropathies,
migraine headaches, and atypical facial pain.
Furthermore, case reports have noted long-term
success in alleviating pain in post-traumatic
headache and hemicrania continua [54, 55].
Using PRF, Bayer et al. reported that 21% and
14% of patients had complete pain relief and no
improvement, respectively, with a range of fol-
low-up between 4 and 52 months post-proce-
dure [56]. This was similar to results reported by
Akbas et al. at 3 months post-procedure (35%
and 23%) [57]. The remainder and largest por-
tion of patients in these studies reported partial
relief (65% and 42%, respectively) [56, 57].
Using CRF, Oomen et al. reported that 60% of
patients experienced > 90% VAS reduction at
3 months post-procedure, with the remaining
patients experiencing no or temporary relief
[58]. In summary, RF treatment of sphenopala-
tine ganglion shows promise in treating head-
ache and facial pain. Chronic cluster headache
may be more difficult to treat than the episodic
form, though successful outcomes were
achieved in both. PRF and CRF also showed
comparable long-term results.

Abdominal Pain Abdominal pain can be
propagated through thoracic splanchnic nerves
and their destination, the celiac plexus. Pain
due to pancreatic and other abdominal cancers,
chronic pancreatitis, and other abdominal pain
of various origins were explored as candidates
for RF in the studies included in this review.
Initial management typically involves the
World Health Organization (WHO) stepladder
for medication escalation progressing from
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non-opioid analgesics and NSAIDs to mild opi-
oids to strong opioids [S]. However, 20% of
patients remain refractory to treatment [5], and
there is significant concern surrounding
chronic use of opioids. Additional interventions
such as nerve blocks, neurolysis, cordotomy,
and infusion therapy can be essential in these
patients [4, 5]. In cases where underlying
abnormalities cannot be treated, chronic pan-
creatitis and other forms of abdominal pain can
benefit from the same or similar therapies as
pain due to abdominal cancer [73].

CRF has shown promise for alleviating
abdominal pain of various causes, and evidence
suggests it may have longer effects than chem-
ical neurolysis. Raj et al. reported some of the
earliest results on this topic [64], where 55-70%
of patients reported > 50% VAS reduction and
40% reported > 75% VAS reduction after
receiving CRF at the T12 or T11 level over a
6-month follow-up period [64]. Focusing on
pain due to various forms of abdominal cancer
in a randomized controlled study, Amr et al.
recommended the use of CRF at the T10 and
T11 levels in place of chemical neurolysis at the
T11 level [65]. Significant reductions in mean
VAS score, global perceived effect satisfaction
scores (GPES), and opioid consumption com-
pared to baseline through 12 weeks of follow-up
were reported only in the CRF group [65].
Quality of life (QoL) was also significantly better
in the CRF group for the majority of follow-up
[65]. In a similar patient population, Zhang
et al. applied CRF using an endovascular
approach to denervate the area of the abdomi-
nal aorta near the origin of the celiac artery [66].
The authors reported significant reductions in
VAS scores and opioid usage through 12 weeks
of follow-up, as well as QoL improvement over
8 weeks [66]. Given the diffuse nature of the
pattern of innervation following the splanchnic
nerves and celiac plexus, widespread applica-
tion to various types of abdominal pain may be
possible.  Furthermore, case reports have
demonstrated promise for long-term pain relief
in both loin pain hematuria syndrome [67, 68]
and autosomal dominant polycystic kidney
disease [69].

In pancreatic cancer in particular, results
using CRF and PRF were in agreement with the

aforementioned studies on the use of RF in
abdominal pain. Papadopoulos et al. applied
PRF to splanchnic nerves at the T11 and T12
levels and reported significant improvement in
mean NRS score, QoL, and opioid consumption
through 5 months of follow-up post-procedure
[69]. Beyond 5 months, natural progression of
the disease appeared to influence these metrics
[69]. Additionally, Bang et al. reported superi-
ority of CRF compared to chemical neurolysis
applied to the celiac ganglion during endoscopy
as measured by pain relief (VAS, PAN26, C30,
and BPI) and QoL (PAN26 and C30) through 3
weeks of post-procedure follow-up in a ran-
domized controlled trial [71]. Moreover, three
patients crossed over from the chemical neu-
rolysis group to the CRF group after insufficient
pain relief [71].

CREF has also been successfully applied in the
setting of chronic pancreatitis. Garcea et al.
applied CRF to splanchnic nerves at the T12
level, and patients reported a significant reduc-
tion in mean VAS scores, opiate use, acute
admissions for pain, anxiety levels, daily activ-
ity, overall mood and general perception of
health post-procedure over an 18 (12-24)-
month follow-up period [72]. Similarly, Ver-
haegh et al. applied CRF to splanchnic nerves at
the T11 and T12 levels, and found that 78% of
patients reported > 50% reduction in VAS
scores, in addition to long-term pain-free peri-
ods (45 weeks), significant decreases in mean
NRS scores, and reduced need for analgesics
[73]. In conclusion, RF treatment applied to the
splanchnic nerves or the celiac plexus shows
promise for relieving many different types of
abdominal pain. In particular, CRF had better
outcomes than chemical neurolysis in patients
with abdominal cancer pain in two randomized
controlled studies [65, 71].

Other Pain Conditions RF treatment has been
applied to many different sympathetic sites for
a wide array of pain conditions. Some addi-
tional studies are also worth mentioning that
did not fall within the aforementioned types of
pain. Forouzanfar et al. reported poorer results
in patients undergoing CRF of the stellate gan-
glion for various types of head, face, neck, and
upper extremity  pain compared to
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aforementioned studies focusing on CRPS with
a similar procedure, with 40.7%, 54.7%, and
4.7% of patients experiencing > 50% improve-
ment, no change, and worsening of VAS scores
after the procedure, respectively [76]. Abbas
et al. also used RF of the stellate ganglion, but
instead focused specifically on patients with
post-mastectomy neuropathic pain syndrome
in a randomized controlled trial [77]. Better
outcomes (VAS scores, functional improve-
ment, and rescue analgesia) relative to baseline
were reported in patients receiving CRF com-
pared to PRF through the majority of the
24-week follow-up period [77]. Shaaban et al.
similarly used PRF of the stellate ganglion to
treat a few different neuropathic pain syn-
dromes (post-mastectomy neuropathic pain
syndrome, CRPS, and phantom pain), but
compared fluoroscopic image guidance to
ultrasound guidance in a randomized con-
trolled trial [78]. Similar significant reductions
relative to baseline in VAS as well as morphine
and pregabalin consumption were seen in both
groups after 3 months [78]. Additionally, Ding
et al. compared the combined use of chemical
neurolysis via anhydrous ethanol and CRF to
these treatments alone applied to the lumbar
sympathetic ganglia at the L2 and L3 vertebral
levels for lower extremity painful diabetic
peripheral neuropathy in a randomized con-
trolled trial [79]. The greatest reduction in VAS
was seen when the treatments were combined,
though CRF outperformed chemical neurolysis
over 1 year of follow-up [79]. Case reports and
series have also shown long-term benefit in
patients with pain stemming from vascular
issues (i.e. ischemia and paraneoplastic Ray-
naud’s syndrome) [80-82] and primary ery-
thromelalgia [83].

Complications

As with any interventional procedure, compli-
cations are of major concern. Some of the most
serious claims resulting from ablative (.e.
chemical or thermal) procedures for pain man-
agement are nerve injury, pneumothorax, and
even brain damage or death [8]. Many of these
serious complications can be avoided by proper

patient selection and provider skill and knowl-
edge to perform interventional RF techniques
[8]. Furthermore, thorough knowledge of anat-
omy and proper utilization of image guidance
(fluoroscopy, ultrasound, and computed
tomography [CT]) can help interventionalists
avoid damaging important neurovascular and
organ structures surrounding many of the target
SNS sites. The vast majority of studies included
in this review utilized fluoroscopic guidance.
However, ultrasound [35, 77, 78] and CT [33]
proved useful in navigating anatomic structures
surrounding the stellate ganglion. Furthermore,
endoscopic ultrasound [71, 74] and endovascu-
lar [66] approaches are useful for reaching the
celiac plexus, as opposed to percutaneous
methods used at other SNS sites.

In the studies included in this review,
reported complications were typically minor
and transient. Complications were also more
frequent in CRF procedures than in PRF proce-
dures. Complications can be broken down into
puncture-related  (non-neuropathic)  pain,
infection, bleeding, neurogenic complications,
and systemic complications. Puncture-related
pain was localized to the injection site and
resolved relatively quickly [29, 65, 78, 81]. A
short-lived infection was only reported in one
study, which investigated RF of the ganglion
impar [40]. Bleeding was reported only at
superiorly located SNS sites (stellate ganglion
and sphenopalatine ganglion) and included
either a local bleed (epistaxis) [51] or hematoma
formation at the puncture site [34, 78], in the
cheek [51] or in the prevertebral region [33].
Neurogenic complications included neuro-
pathic pain (post-sympathectomy neuralgia
[28], paresthesia [29, 50], and regional pain
[65, 84]) and non-pain-related complications
(hypoesthesia [51, 73], Hornetr’s syndrome [33],
ptosis [77], and off-target nerve lesions [51]
using CRF and voice hoarseness using PRF [78]).
Of note, Horner’s syndrome [33] and ptosis [77]
occurred exclusively after targeting the stellate
ganglion. Systemic complications included
vasovagal collapse after applying CRF to the
stellate ganglion [34] as well as hypotension,
abdominal colic, and diarrhea after applying
CRF to splanchnic nerves [65, 72]. Temporary
hypotension also occurred when CRF was
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applied to lumbar sympathetic ganglia in com-
bination with chemical neurolysis [79]. Overall,
RF is a relatively safe procedure compared to
other neurolytic techniques, and complications
can be avoided through precise anatomic
localization [18]. However, RF should be
employed with great caution given the range of
possible complications. PRF further enhances
the safety of RF by preventing destructive
buildup of heat and should, therefore, be rec-
ommended in place of CRF if efficacy is com-
parable [18, 19].

CONCLUSIONS

The SNS is implicated in numerous pain con-
ditions including CRPS, pain in the perineal
region, headache and facial pain, abdominal
pain, and others. Interventional RF treatment
holds promise as an effective strategy to relieve
patients of debilitating pain who are otherwise
refractory to more conservative medical man-
agement. However, limited high-quality data
exist to support its use in the SNS. Evidence is
primarily found in retrospective studies and
case series and reports. Only seven randomized
controlled studies of various size were found in
this literature search [29, 40, 65, 71, 77-79].
This led to significant variability in the reported
outcomes including how pain was assessed,
how success of the procedure was determined,
and how follow-up was conducted post-
procedure.

Given current data, candidates for RF proce-
dures should be carefully selected. Qualifying
factors such as type of pain, having pain
refractory to conservative medical manage-
ment, and demonstrated temporary relief from
a diagnostic block at the intended target site
among others can help determine if patients are
likely to benefit from RF intervention [10-12].
Despite careful selection, results varied to some
extent between studies, which may be due in
large part to differences in how outcomes were
reported. In the studies included in this review,
the proportion of patients that did not experi-
ence an improvement in pain after an RF pro-
cedure varied from as low as 5 or 10%
[34, 35, 38] to as high as 40% [51] or 58% [76],

but generally this proportion fell within the
range of 10-30%.

Both CRF and PRF show promise to be
effective procedures for relieving SMP, but with
some risk of complication. Fortunately, many of
the complications are minor and temporary.
Possible complications should be weighed
against potential benefit. After careful patient
selection, thorough understanding of both the
anatomy of the target site and optimal RF pro-
cedure parameters can facilitate success and
avoid complications. In the studies included in
this review, exact parameters of RF were vari-
able. Electrode sizes ranged from 20 to 22G with
4-15 mm active tips. CRF and PRF applications
also varied in temperature, time, and number.
CRF temperatures were in the range of 60-90 °C
and PRF was delivered at temperatures less than
42 °C. CRF application time ranged from 60 to
90 s whereas PRF varied from 2 to 7 min with a
variable number of applications. Future studies
are needed to further refine the RF technique to
ensure optimal application of procedure
parameters, to make further comparisons
between RF treatment and other commonly
used interventional techniques (e.g., chemical
neurolysis, anesthetic block, and spinal cord
stimulation), and to make comparisons between
CRF and PREF prior to incorporating either of the
RF modalities into common practice.
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