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Dorsal root ganlion pulsed radiofrequency for
lumbosacral radicular pain: a narrative review

Radiofrecuencia pulsada del ganglio de la raiz dorsal para el
dolor radicular lumbosacro: una revision narrativa
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ABSTRACT

Objective: Pulsed radiofrequency can be a non-
destructive option compared with the thermical lesion
produced by continuous radiofrequency. The appli-
cation of PRF of the dorsal root ganglion is a thera-
peutic tool in patients with Lumbosacral Radicular
Syndrome refractory to epidural steroids injections.
The mechanisms of action are not clear yet and a
neuromodulation process is proposed. The evidence
of the efficacy of this intervention is of low quality,
due to several factors. Our objective is to present
a review of the evidence of the efficacy and safety
profile of the DRG RFP. The clinical aspects related to
the technique and its possible mechanisms of action
are also reviewed.

Material and methods: A bibliographic review was
performed in MEDLINE (Pubmed), Google Scholar,
Scopus, CINAHL, Embase, Cochrane and Fisterra
(clinical guidelines) of articles in English and Spanish,
during the available years with the terms: “Dorsal
Root Ganglion pulsed radiofrequency” and “lumbar” or
“lumbosacral radicular pain” in English and Spanish.
Bibliographic review was carried out by the 2 authors
independently.

Results: \We present the analysis of eight prospec-
tive, randomized studies and nine cohort studies, with
a before and after type of design, in which the study of
efficacy and safety was proposed as the main objective.

Conclusions: This review suggested that PRF of
the DRG can be a good therapeutic option in patients
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RESUMEN

Objetivo: La radiofrecuencia pulsada constituye la
variante no destructiva de la termolesién por radiofre-
cuencia. Una opcién terapéutica en pacientes con sin-
drome radicular lumbosacro refractario a esteroides
epidurales es la aplicacion de RFP en el ganglio de la raiz
dorsal. Si bien el mecanismo intimo de accion de la mis-
ma no esta del todo esclarecido, se plantea como una
técnica de neuromodulacion. La evidencia de la eficacia
de esta intervencion es débil por diversos factores: insu-
ficientes estudios clinicos randomizados, el bajo tamafio
muestral utilizado en los mismaos, las controversias sobre
algunos aspectos técnicos en la aplicacion de la RFP la
seleccién incorrecta de pacientes, la presencia o no de
dolor neuropatico, etc. Nuestro objetivo es presentar una
revision de la evidencia de la eficacia y el perfil de seguri-
dad de la RFP del GRD en pacientes con SRLS refractario.
Los aspectos clinicos relacionados con la técnica y sus
posibles mecanismos de accién son también resefiados.

Material y métodos: Realizamos una busqueda biblio-
grafica en MEDLINE (Pubmed), Google Scholar, Scopus,
CINAHL, Embase, Cochrane y Fisterra (guias clinicas) en
inglés y espafiol para todos los afios disponibles con los
términos “Dorsal Root Ganglion pulsed radiofrequency” y
“lumbar” o “lumbosacral radicular pain” en idioma inglés
y espafiol. La evaluacion fue realizada por los dos autores
de manera independiente.

Resultados: Presentamos el analisis de ocho estudios
prospectivos randomizados y nueve de cohorte Unica de
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with refractory LRS. Larger, blinded, prospective and
randomized controlled trials are needed to support
this statement.

Key words: Pulsed radiofrequency, dorsal root gan-
glion, lumbosacral radicular pain.
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INTRODUCTION

Menno Sluitjter introduced pulsed radio frequency
(PRF) in the clinical setting, a non-destructive variant of
thermal injury by radio frequency or continuous radio
frequency. The first PRF on a lumbar dorsal root gan-
glion (DRG) was performed in February 1996, and has
since been used in different neuropathic and non-neu-
ropathic painful syndromes [1-3].

The PRF is characterized by the application of voltage
in short bursts of high intensity followed by pauses of
electrical silence, allowing heat dissipation. This expo-
ses the surrounding tissue to intense electrical fields
while maintaining the temperature below 42 degrees,
without causing the tissue injury generated by continu-
ous radio frequency. This allows its use on structures
such as DRG, in which an injury is not admissible due
to the possible neurological sequelae [4).

Lumbosacral radicular syndrome (LSRS) can occur
secondary to various anatomical alterations in the lum-
bar spine, such as spinal stenosis, disc protrusion, disc
herniation, facet osteoarthritis, or post-surgical fibrosis.
It has a significant negative impact on patients’ quality
of life, as do other neuropathic pain syndromes [5]. Its
incidence in the general population ranges from 10 %
to 25 % (5). Within the interventional procedures aimed
at treating pain from its pathophysiological basis are
the injection of epidural steroids, with a high level of evi-
dence in pain relief, but in the short term (B]. There is
a percentage of patients who are resistant to this treat-
ment, or in whom the benefits are very short of 30 %
approximately, according to some authors (6). One of
the reasons for this phenomenon is the existence of a
neuropathic component of pain, with little inflammatory
contribution at the level of the affected nerve roots. It
is suggested that DRG is intimately linked to the patho-
physiological processes contributing to the origin of neu-
ropathic pain. PRF of DRG appears to be an attractive
therapeutic option in this group of patients (7).

METHODS

The objective of the present study is to review the
evidence available to date on the efficacy and safety of
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tipo antes y después, de pacientes con dolor radicular
lumbosacro refractario cuyos objetivos fueron la evalua-
cion de la eficacia y seguridad de la técnica.
Conclusiones: La RFP del GRD podria ser una opcion tera-
péutica Util en el SRLS refractario, pudiendo considerarse
sus resultados como preliminares, y deberan ser confirma-
dos por estudios prospectivos randomizados con criterios
de seleccién homogéneos y mayor nimero de pacientes.

Palabras clave: Radiofrecuencia pulsada, ganglio de la
raiz dorsal, dolor radicular lumbosacro.

PRF of the DRG applied to patients with lumbosacral
radicular syndrome. The clinical aspects related to the
technique and its possible mechanisms of action are
also outlined.

In September 2020 we conducted a literature
search in MEDLINE (Pubmed), Google Scholar, Sco-
pus, CINAHL, Embase, Cochrane and Fisterra (clinical
guidelines) with the terms “dorsal root ganglion pulsed
radiofrequency” and “lumbar” or “lumbosacral radicular
pain” and their corresponding Spanish terminology,
“radiofrecuencia pulsada del ganglio de la raiz dor-
sal” y “dolor radicular lumbar” o “lumbosacro”. The
search was limited to English and Spanish languages
for all available years. The two authors independently
assessed the abstracts and titles by relevance and
obtained full-text versions of those articles considered
relevant based on the stated objective. For the analysis
of evidence on the efficacy and safety of the technique,
articles in which these aspects were not within the
main objective of the study (e.g., studies on mecha-
nisms of action of the treatment) were excluded from
such analysis.

Mechanisms of action

While the intimate mechanism of action in PRF is
still unknown, it is stated that the application of heat
does not produce neural injury, but rather the genera-
tion of a powerful electromagnetic field around the tip
of the electrode, leading to morphological, biochemical
and functional change in the exposed neural structure,
thus being considered a neuromodulation technique

8.9].

During PRF application, current is delivered to the
tissue in the form of short waves or high-voltage pulses
generating heat, followed by electrical pauses or silenc-
es allowing the dissipation of generated heat, preventing
the electrode tip and tissue from exceeding 42 degrees
Celsius. The electric fields generated by the PRF are
much more intense than in the continuous variant, but
this intensity decreases rapidly ahead of the electrode
tip. While high-intensity electrical fields around the tip
will disperse rapidly, those generated around the nerve
sheath are potent and involve a significant mass of
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tissue. Perhaps these fields are responsible for some
degree of tissue injury described in in vitro studies and
experimental animals, with minimal changes in the neu-
ral structure when compared to those produced by
continuous radiofrequency.

This ability to reduce or prevent neuronal damage
is at the core of the usefulness of the technique in
patients with neuropathic pain (10].

Based on experimental studies, we can say that PRF
produces an alternation of high and low intensity elec-
tromagnetic fields, capable of generating changes in
transmembrane potential, functional involvement of ionic
channels, alteration of resting potentials and generation
of action potentials and reduction of ectopic discharges
in neurons [11). Higuchi et al. showed that the applica-
tion of PRF of the DRG in mice increases the expression
of the c-Fos gene at this level, a finding similar to that
found by Van Zundert et al. [(12.13]. The clinical rela-
tionship between c-Fos expression and pain relief has
not yet been determined, but it is an indicator that this
technigue acts on nociceptive transmission. Other sug-
gested mechanisms of PRF action in neuropathic and ra-
dicular pain models include interference with the release
of pro-inflammatory substances at the level of disc-root
conflict, attenuation of the central sensitization mecha-
nism at the level of the dorsal horn and enhancement
of the downward mechanisms of analgesia through the
release of noradrenaline and serotonin [(14-18).

In addition to these functional changes, in vivo experi-
mental studies show that the application of PRF on neu-
ral tissue produces structural changes, although much
smaller than those found with the application of radiofre-
guency at 67 degrees Celsius. Using electronic micros-
copy, PRF results in increased size of the endoplasmic
reticulum cisternae and cytoplasmic vacuoles, while in
the second case, mitochondrial degeneration and loss
of nuclear membrane integrity are observed (19.20).

It is stated that DRG plays a fundamental role in the
pathophysiology of radicular pain. Common causes of
radicular pain, such as disc degeneration or disc herni-
ation, lead to the release of pro-inflammatory substan-
ces, such as tumor necrosis factor a (TNF-a). These
induce the production of neurotrophins that are trans-
ported from the site of the injury to the DRG. These
neurotrophins would be responsible for an increase in
the excitability of the neurons of the dorsal horn and
for the generation of ectopic discharges in the neuronal
bodies located in the DRG [11]. Ectopic discharges ac-
tivate microglia, which further amplifies the production
of neurotrophins and the processes determining cen-
tral sensitization, a pathophysiological characteristic of
chronic neuropathic pain (11].

With regard to the mechanism of action of PRF of
the DRG, Moore recently published a randomized study
conducted in 10 patients with radicular pain, 5 of whom
were treated with PRF of the DRG and the remaining
S patients received simulation of treatment as a sham
group. Patients in the PRF group had a significant de-
crease in pain measured using the Numeric Rating
Scale (NRS) at 3 months after treatment. In cerebros-
pinal fluid samples from the radiofrequency-treated
group, the author found a decrease in TNF-a and the
number of lymphocytes CD3, suggesting a modulation
of the immune system by PRF treatment (21)].

There are still many questions to be answered about
the different aspects of basic knowledge of this technique,
which can have a significant impact on the results ob-
tained from its clinical application. As an example, aspects
such as treatment location, timing, and optimal PRF pa-
rameters remain to be determined. As for the first point,
it remains to be established whether the application of
PRF on a single DRG is sufficient to achieve a satisfactory
beneficial result or whether, on the other side, given the
divergent distribution of nociceptive afferents along se-
veral adjacent metameres, PRF needs to be applied to
several dorsal root ganglia of neighboring segments. With
regard to timing, it would seem clear that the modulating
effects described to date are temporary, remaining to
establish until now the value of repeating the procedures,
taking into account that the pathophysiological alterations
of chronic radicular pain are maintained over time. Fi-
nally, it is interesting to explore whether modifying PRF
parameters (such as voltage, frequency, and duration of
treatment), selected so far empirically, can have an im-
pact on better results. \While it would seem reasonable to
maintain the electrode tip at 42 degrees Celsius, as it is
the basis for safety in the use of the technique, exposure
time and voltage could be the parameters to be modi-
fied. Exposure time is the most frequently modified factor

2.3). Most studies use one or more 120-second cycles,
as this is considered safe, in terms of tissue injury. Thus,
there are studies using 180, 240, 360 and 480 se-
conds of total duration (2,3). A randomized, double-blind
clinical study of patients with unilateral radicular lumbar
pain is currently ongoing in our department, comparing
the analgesic efficacy of PRF for 240 and 480 seconds,
administered in two pulses.

Other authors, such as Vigneri, suggest to increase
the voltage between 65 and 80 volts to increase the
efficiency of the technique while preserving the safety
profile of the PRF [22,23].

RESULTS
Technical aspects

Any procedure to be performed requires first ob-
taining informed consent from the patient. Serious in-
fectious complications, such as epidural abscesses or
meningitis, are extremely rare in interventional treat-
ments for chronic pain. Therefore, we have little evi-
dence-based medicine for making recommendations for
antisepsis. The measures that are indisputable are:
Surgical hand washing with chlorhexidine soap, the use
of sterile gloves and surgical face mask, the use of ste-
rile fields and the antisepsis with alcoholic chlorhexidine
(24). The administration of preventive antibiotics has no
evidence, even in immunocompromised patients, such
as diabetics and obese [24).

In spite of the increase in the use of ultrasound in
interventional procedures for pain management, RF of
DRG is recommended to be performed under fluoros-
copy view as a first option [25).

DRG is a thickening of the dorsal root of the spinal
nerve and is located below the pedicle on the roof of
the neuroforamen. At the high lumbar level, it is more
dorsal and medial, while at the lower lumbar level it is
more anterior and lateral (4).
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Access by transforaminal route is the most widely
used [4]. The patient is placed in prone position with an
abdominal pillow to reverse physiological lordosis. The
most commonly used RF needles or cannulas are 20
or 22 G diameter and 98 mm long with 0.5 or 1 cm
active tip. Following asepsis with alcoholic chlorhexidine
and placement of sterile fields, radiological approaches
in anteroposterior, oblique and lateral incidence are per-
formed. In anteroposterior incidence and moving the arc
in cranio-caudal direction, the double arc of the lower ver-
tebral edge is deleted. In oblique incidence between 20
and 30 degrees ipsilateral to the DRG to be treated, the
classic image described as “Scotty Dog” will be displayed,
which is the result of bringing the articular facets and
the spinous process closer to the contralateral side. The
entry point will then be immediately below the pedicle.
After local anesthesia with 1 % lidocaine, the needle will
be inserted following a tunnel vision and will not advance
beyond half of the pedicle in this projection to prevent
neural injury. In lateral projection, it will be inserted into
the roof of the neuroforamen (Figures 1 and 2) but the
final location will be determined by sensory-motor nerve
stimulation. Sensory stimulation is to cause paresthesia
or pain in the affected territory with stimulation between
0.3-0.6 v. During mator stimulation fasciculations can be
caused in the affected territory with a voltage of twice
that necessary to cause paresthesia. If an intragangli-
onar denervation, promulgated by some authors, is de-
sired, both sensory and motor stimulation will be positive
at less than 0.3 v. As this is a more painful procedure,
it is advised to administer local anesthetics after the
painful stimulus and before treatment. The impedance
should be kept below 450 ohms, which is achieved by
infusing saline before proceeding with RF (4). The use of
contrast is good practice, as it rules out the intravascular
and intrathecal position of the radiofrequency cannula.

DRG PRF efficacy: evaluation of the evidence

In the present literature search, eight prospective
randomized studies [23,26-32] and nine quasi-ex-

Fig. 1. Lateral radiological view showing a radiofrequency
cannula at the anterosuperior angle or roof of the neu-
roforamen, approximate topography of the dorsal root
ganglion.

perimental studies [33-41), of before-and-after type,
were found evaluating the efficacy of PRF of the DRG.
It should be noted that, in the former, there is high
clinical heterogeneity in relation to the control group
used as a comparator, and to other interventions
used before and after the evaluated procedure (e.g.,
steroids or local epidural anesthetics) (Table 1). This
heterogenicity makes difficult to interpret results and
prevents the proper conduct of a meta-analysis [3].
Table Il shows the parameters used in the application
of pulsed radiofrequency in the eight randomized pro-
spective studies.

Lee et al. (2016) compared the effects of PRF of the
DRG with those of transforaminal steroid injection in
20 patients with lumbosacral radicular pain divided into
2 groups of 9 and 11 patients, respectively [26]. They
use the Visual Analogue Scale (VAS) and the Oswestry
Disability Index (ODI) as evaluators of results over a
three-month period, finding an improvement in these
scales when compared with baseline measurements,
but without finding statistically significant differences
between the procedures evaluated (26).

Arons et al. (2020) also use transforaminal steroid
injection as a control group to assess the analgesic
effect in PRF of DRG in patients with unilateral lumbosa-
cral radicular pain [27]). The authors conducted a ran-
domized, double-blind, controlled study in 70 patients
divided into two groups of 35, using the PRF of the
DRG for 180 seconds in the study group. The studied
variables were the global perceiving effect (GPE), The
Verbal Numeric Scale (VNS) and the ODI, evaluated at
30, 60, and 180 days. The procedures were repeated
at 30 days in those patients in whom the improvement
was below 50 % in relation to baseline values. The au-
thors found a larger decrease in disability in the group
treated with PRF of the DRG after 30 days compared
with the steroid injection group. Whereas, at 180 days,
the percentage of patients with pain improvement was
slightly higher in this group than in patients treated
with PRF (67 % versus 60 %). No complications were
reported in this study (27].

Fig. 2. Anteroposterior radiological view of a radiofrequen-
cy cannula placed in neuroforamen L4-L5, in the so-called
safety triangle, after contrast injection. A thickening of the
radiculogram is observed at the roof of the neuroforamen,
which may correspond to the dorsal root ganglion of L4.



TABLE |
RANDOMIZED CONTROLLED STUDIES TO MEASURE EFFICACY AND SAFETY PROFILE OF PRF OF THE DRG
Auth . . L Gi d Out d follow- Ad .
angl Yggr Design Inclusion criteria Sgg&;ﬁg gge u Con?/gp‘?gb/eg ow-up Results ev‘é%ie Conclusions
Chang |Prospective, |Age: 20 to 79 years G 1: Bipolar PRF of |Pain intensity by using G 1: VNS They Statistically
Min, RCT, double |LSRS > 6 months of DRG (25) the VNS Baseline: 5.1 + 0.8 were not significant
2017  |blind evolution G 2: Monopolar Significant . 1 month: 2.5 + 1.5 reported  |decrease in VNS
(31) NRS > 4 after TFB |RPF of DRGI25 | 5% dooronen . |2 months: 2.6 = 1.6 scores in both
Supported image NRSOat 3 months of 3 months: 2.6 + 1.7 groups
studies treatment Ga:
Baseline: 4.6 + 0.8
Record of adverse events 1 month: 3.0+ 1.5
2 months: 3.0+ 1.5
3 months: 3.0+ 1.5
Lee Prospective, |Age 20 to 70 years, G 1: PRF (19) Pain intensity with VAS. |L 1 Lumbar: Increased | There were
Dong, RCT cervical or lumbar G2: TFB (19) Baseline ODI function, Basal VAS 4.8 + 0.8 post-PRF no statistically
2016 radicular pain, Lumbar level at 2,4,6,8 and 12 VAS 2 weeks 3.9 + 0.8 pain in one |significant
(26) symptom-compatible G1:9 weeks and adverse VAS 4 weeks 3.3 + 0.7 case differences
imaging studies, G2:11 effects recorded VAS 8 weeks 2.9 + 1.0 between the two
Cervical or lumbar axial VAS 12 weeks 2.8 + 1.2 groups
pain VAS > 4 Lumbar TFB:
0Dl > 30 % after TFB Basal VAS 5.0 + 1.0
with corticosteroids VAS 2 weeks 3.7 + 1.0
De Ma- |Prospective, |Age > 18 years, G 1: PRF (25) Pain intensity VAS G 1: They Statistically
nish, RCT, triple |radiculopathy LS S1 > |G 2: TFB with LA  |scales from O to 100. Basal VAS 82.4 + 9.69 were not significant
2019 blind 3 months refractory to |(25) Significant response VAS 2 weeks 32.4 + 5.23 reported differences in
(29) conventional medical Decrease > 20 % VAS 1 month 34.0 £ 5.0 VAS and 0Dl in all

treatment, VAS >
50 on a scale O to
100, image studies
compatible with
symptoms

Function with ODI

VAS 2 months 37.
VAS 3 months 41.
VAS 6 months 46.
0DI ( %)
Baseline 64
2 weeks 5.6
1 month 8.2
2 months 1
3 months 1
6 months 2
G2:

Basal VAS 8
2 weeks 37.
1 month 42.
2 months 5
3 months B
6 months 6
0DI ( %)
Baseline 65.29 + 9.58
2 weeks 16.35 = 6.39
1 month 22.65 + 6.13
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2 months 32.02 = 7.11
3 months 40.17 =+ 7.69
6 months 47.04 = 7.34

controls in G1
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TABLE | (CONT.)

RANDOMIZED CONTROLLED STUDIES TO MEASURE EFFICACY AND SAFETY PROFILE OF PRF OF THE DRG

Author

Groups and

Adverse

and Year Design Inclusion criteria sample size Outcome and follow-up variables Results events Conclusions
Shan- Prospective, |Age > 18 years, G 1: PRF (16]) | Pain intensity with VAS G 1: 31 % of participants They Inconclusive
thanna, |RCT, triple [under-knee G 2: Sham At 24 h 1 week 1 month 2 > B0 % relief were not |evidence. The
Harsha, |blind radiculopathy > 4 Group (14) months. 3 months ’ G 2: 20 % of participants reported |decrease in VAS
2014 months resistant to ’ > 50 % relief was higher in
(30) Conservativsmrgedi%al Function with ODI tt|1|e PRF glmtl)Jp in
treatment, > 5, all controls but
concordant imaging ﬁqto;l]tﬂ'éonth’ 2 months and 3 not significant
Changes in analgesic drug use
Record of adverse effects
Simlo— Er(‘:qlispective, Ag; O\I/er‘ 1? yfgr‘s, %;] PRF DRG | Monthly VAS pain intensity g 1: VAS 7.8 5 1.6 They Spatj?tically
poulos, radiculopathy L5 or P asa 8=x1. were not | significant
2008 S1 > 6 months of G 2: PRF + g'ggrﬁgn%ﬁeaiplggss’? S?ggiiﬁg of VAS 2 months 3.5 + 3.4 reported |decrease in VAS
(32) evolution resistant CRF (39) P Duration of relief in months
to conventiongl Duration of relief 3128 +2.81
treatment an :
epidural steroids, with Adverse effects report Basal VAS 7.1 £ 1.9
positive response to 3 VAS 2 months 2.3 = 2.2
TFB with low volumes Duration of relief 4.39 + 3.5
of LA and steroids
Aarons, |Prospective, |18 to 65 years, G 1: PRF (35] | Pain intensity with VNS, ODI, GPI, |G 1: They Statistically
E‘QEOE]D RCT unilateral lumbosacral |G 2:(%tca']roid adverse effects VNS .08 were not | significant 0
7 radicular pain with TFB (35 . Baseline: 7.2 = 0. reported |decrease in ODI
VNS > B, refractory a%iilﬁgeéégfg,%amoén?”d thrae 1 month: 3.3+ 1.7 after one month
to conservative 2 months: 4.0 + 1.6 of the procedure
medical treatment 3 months: 4.5 + 1.9 in G1 compared
Baseline ODI: 28 + 4.0 to the control
1 month: 10.8 + 4.3
2 months: 13.6 + 4.5
3 months: 17.1 + 7.3
GPE
1 month: 5.5 + 1.1
2 months: 6.1 + 1.0
3 months: 6.2 + 1.1
G2:
VNS
Baseline: 8.0+ 1.0
1 month: 2.9+ 1.5
2 months: 4.0 = 1.8
3 months: 5.5+ 1.5
Baseline ODI 29 + 4
1 month: 8.2 + 5.3
2 months: 13.4 + 6.2
3 months: 19.4 + 5.6
GPE
1 month: 5.1 + 0.9
2 months: 5.7 = 1.1
3 months: 6.3 + 0.8

(Continuation in the next page)

NYWNOHLSYD d ANV ONVEAINS ‘N ee

L 20g 1snBny-AInp “7 "N ‘82 "IoA YojoQ [ap "ds3 '005 nay



DORSAL ROOT GANLION PULSED RADIOFREQUENCY FOR LUMBOSACRAL RADICULAR PAIN: A NARRATIVE REVIEW 225

TABLE | (CONT.)
RANDOMIZED CONTROLLED STUDIES TO MEASURE EFFICACY AND SAFETY PROFILE OF PRF OF THE DRG

Conclusions

Statistically significant
VNS, ODI and DN4

reduction in the PRF
group with voltage

increase

events

Adverse
They

were not

Results

Group 1:

Baseline VNS 7.67 (0.91)

VNS 1 Month 4.24 (2.30) | reported

VNS months 4.33 (2.71)

Baseline ODI 35.83 (9.23)
1 month 21.43 (12.47)

6 months 20.71 (15.43)
VNS 1 Month 5.80 (2.53)

VNS 6 months 6.75

Baseline VNS 7.55 (1.10)
(2.00)

Baseline DN4 4.24 (0.83)

1 month 3 (0.76)
6 months 2.71 (1.01)

Group 2:

variables
Pain intensity with
VNS, ODI, Mc Gill, DN4

Outcome and follow-up
for neuropathic pain

assessment. Baseline,
at one month and at

6 months

Groups and
sample size

PRF + EA (21)

Group 2:
EA (20)

Inclusion criteria

radicular pain,

consistent with

More than 6 months

and steroid injection.
of evolution

NMR. Refractory to
Elements of

medical treatment
neuropathic pain.

Design

Prospective |> 18 years, unilateral | Group 1:

RCT

and Year

Author
Vigneri,

2020
(23)

controlled trial. LSRS: Lumbosacral radicular syndrome. VAS: Visual analogue scale. VNS: Verbal numeric scale. ODI: Oswestry disability index. GPE: Global perceiving effect. EA: epidural

PRF: Pulsed radio frequency. CRF: Continuous Radiofrequency. EA: Epidural Adhesiolysis. DRG: Dorsal root ganglion. TFB: Transforaminal block. LA: Local anesthetics. RCT: Randomized
adhesiolysis.

Koh et al. (2015) studied the effects of adding PRF
of DGR to transforaminal epidural steroid injection in
62 patients with lumbosacral radicular pain refractory
to non-interventional treatments in two study groups of
31 patients each (27]. In both groups, the injection
of 20 mg of triamcinolone was conducted after 3 cy-
cles of 120 seconds of PRF or a simulation of it (sham
group). Although the authors found improvement in all
the parameters evaluated (VNS, GPE, ODI) when com-
paring the results obtained after treatment with base-
line measurements, they found no statistically significant
differences when comparing both groups during the
3-month control period. However, if the baseline results
obtained with VNS were adjusted to zero, the decrease
obtained at 3 months was higher in the group where
the PRF of the DRG was performed (p = 0.038]) (28).

De et al. (2019) conducted a randomized prospec-
tive triple-blind study, using transforaminal injection of
1 ml of bupivacaine 0.5 % as an active contral group
and PRF of DRG in three cycles for 180 seconds as a
study group (29)]. Fifty patients with lumbosacral radi-
cular pain refractory to conservative treatment (phar-
macological, physical therapy), with a positive response
prior to a selective prognostic block, were equally dis-
tributed in the two established groups. The VAS and ODI
were used as outcome assessment parameters at two
weeks of the procedure and at 1, 2, 3 and 6 months.
One hundred percent of patients in the PRF group had
a decrease of more than or equal to 2 points in VAS
and a significant decrease in the ODI at all evaluation
intervals. In the control group, 80 % of patients showed
a decrease at 3 months and only 28 % at 6 months.
The authors concluded that the 180-second application
of PRF in the DRG results in a mid-term improvement of
pain intensity and functional status of patients with lum-
bosacral radicular pain, when the previous performance
of a selective prognostic block with local anesthetics is
positive, discarding non-responsive patients (29].

Shanthanna et al. (2014) conducted a double-blind
prospective study, using as a control group a simulation
of the procedure or sham group, in which radiofrequen-
cy cannulas were placed in the neuroforamina, even
with sensory and mator stimulation, but without finally
performing the PRF, constituting a true placebo group
(30]. In the study group, a cycle of PRF was performed
for 120 seconds, using 0.5 cm active tip needles. The
authors found a decrease in VAS at all evaluation in-
tervals (1 day, 1, 2, and 3 months) but did not reach
statistical significance between groups. In this study,
the number of patients was low, 16 in the PRF group
and 15 in the control group, which required 15 months
to obtain recruitment. Due to the small difference in the
percentage of patients experiencing a 50 % or larger
decrease in VAS between the groups, the authors de-
cided to discontinue the study because of the excessive
time required to complete recruitment, according to
their judgment. In this study, no previous selection was
performed based on the response to selective blocks
with local anesthetics [30).

Vigneri (2020) randomized two groups of patients:
PRF of the DRG was performed in 21 patients for
240 seconds and increased the voltage between 65
and 80 and then hyaluronidase, local anesthetics,
and betamethasone were administered while the con-
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TABLE Il

PARAMETERS USED IN THE TREATMENT OF PULSED RADIOFREQUENCY OF THE DORSAL ROOT GANGLION

IN THE EIGHT RANDOMIZED STUDIES ANALYZED

Author Voltage Temperature | Exposure time sgrinjg% n stiAnng;gon Impedance
Chang 45 42 360 <0,3 No data No data
Lee 45 42 240 <0,3 No data No data
De 45 42 180 0,40,6 1,5-2,0 200-400
Koh 45 42 360 <0,5 >1,5 <400
Shanthanna 45 42 120 0,40,6 1,5-2,0 No data
Simipoulos 45 42 120 <0,6 >1,5 200-400
Arons 42 No data 420 <05 >1,0 No data
Vigneri 65-80 42 480 No data No data 200400

trol group received only adhesiolysis and PRF was sim-
ulated (23). The group in which the PRF was performed
showed a significant decrease in the Visual Numerical
Scale at 1 month and 6 months after treatment. Al-
though the increase in voltage could have a positive
impact on the final analgesic result, further studies
are needed with more patients and with a design that
allows the performance of the increase in voltage to be
assessed as the only variable [23].

Tortora (2021) published a prospective before-and-af-
ter study, with a series of 30 patients with lumbar radi-
cular pain in which PRF of the DRG was performed with
the usual parameters and controls them at one month
after the intervention, seeing a significant reduction
in the VAS [33). A decrease in the size of the DRG
measured by nuclear magnetic resonance was found
in 17 patients, compared to baseline size. This finding
should be correlated with anatomopathological changes
and with the intimate mechanism of action of PRF in
future studies, as well as whether it has predictive value
in terms of efficacy [33].

Other authors, such as Dwaorking et al., understand
that a decrease of at least 30 % in VAS is the minimum
necessary for the patient to notice a change in quality
of life (42).

Rigorous patient selection is a vital requirement in
the success of treatment because failure is high if the
diagnosis of the source of pain is incorrect. This is
why many authors recommend performing a diagnostic
block with local anesthetics previously, although it is
not a practice used by all centers because it signifi-
cantly increases costs [43). Positive diagnostic blocks
have been proposed as predictors of good prognosis
for PRF of DRG, although their statistical weight is
not high. Van Boxem et al. prospectively studied the
prognostic weight of the following factors: Positive
diagnostic block (which also impresses to be an im-
portant element in confirming clinical suspicion), age,
sex, pain intensity measured by VAS, time of pain evo-
lution, failed back surgery, disability score, and DN4

questionnaire scores [43]. The authors found that age
over 55 years and positive diagnostic block would be
good prognostic elements, while high levels of disability
would be an element of poor prognosis for treatment.
However, analysis of ROC curves shows that none of
these factors has a significant predictive value on its
own, but that it is a combination of three factors:
Positive diagnostic block, old age, and a low level of
prior disability (43].

In 65 patients with lumbar radicular syndrome re-
fractory to non-interventional treatment in whom PRF
was performed at the DRG, Van Boxem et al. (2015)
found a positive analgesic response in 55.4 % of pa-
tients [38]. An interesting aspect is that these re-
searchers initially planned to use a simulation or sham
group as placebo control group and its implementation
was rejected by an Ethics Committee, forcing resear-
chers to modify the initial design of the study (38]. In
a previous study conducted by these authors, 29 % of
patients who received PRF as part of their radicular
pain treatment showed an improved score on a scale of
0O to 100, although with a requirement of 50 % change
as a criterion of satisfactory response (39].

Castroman et al applied RF of the DRG in a group of
15 patients refractory to non-interventional treatment
and repeated epidural steroid injections, finding a sa-
tisfactory reduction in pain using VNS for evaluation in
approximately half of the patients selected (7 out of 15),
who changed from severe pain (VNS = 8.3) to mild to
moderate pain (VNS = 3.7) [40]. The PRF, in addition
to reducing the pain intensity, improved the interference
of pain in daily activity, evaluated by the Brief Pain In-
ventory in its validated Spanish version [40). Recently
Marliana et al. (2020) conducted a study with a qua-
si-experimental design, where 50 patients with lumbo-
sacral pain syndrome were divided into two groups of
25 patients each, considering non-interventional pain
treatment (pharmacological and rehabilitation) as a con-
trol group and the RF application of the RF of DRG with
RF cannulas with 1 cm active tip for 120 seconds as a
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study group. The authors found a statistically significant
decrease in VAS and ODI scores during the 4 weeks
following treatment (41).

With regard to the ability of PRF in DRG to avoid
surgery, there are studies that have had good anal-
gesic results after 1 month and after 1 year of PRF
(44). Trinidad et al. (2015]) indicated RF of the DRG in
26 patients with radicular pain waiting for spine sur-
gery. When the patients were evaluated after 1 year,
19 patients did not require surgery, due to the im-
provement obtained with the interventional procedure.
An average decrease of 2.95 points in the numerical
scale was observed in these patients. WWe note that
6 minutes of PRF were used in this study (44)].

They are also retrospective studies in the literature.
Abejon et al. (2007) retrospectively analyzed 54 pa-
tients with lumbosacral radicular pain treated with
a total of 75 PRF procedures of the DRG, finding a
statistically significant decrease in pain intensity mea-
sured by VNS, not finding the same results in patients
with failed back surgery syndrome (45).

Hong et al. (2020) published a retrospective analysis
of 42 treatments with PRF of DRG in patients with spinal
pain, with or without radiculopathy, assessing the VNS
at 1 week, 1 month, and 3 months after treatment. In
this series of patients with spinal pain, PRF of DRG had
a significant analgesic effect three months after it was
performed, regardless of the anatomical site (cervical,
thoracic or lumbar) and the presence or absence of ra-
diculopathy. This analysis suggests that the benefit of
PRF allowed the decrease in analgesic consumption, a
relevant advantage for these patients (46).

In a retrospective study of 60 patients treated with
PRF of the lumbosacral DRG, Kim et al. found a per-
centage of positive responses to treatment in about
half of the patients, with better responses in those
patients with positive responses to previous epidural
steroid injections (47].

Finally, there are studies comparing different radiof-
requency modalities applied on the DRG. Simonopulus
et al. (2008) conducted a prospective randomized study
in 76 patients with chronic lumbosacral radicular pain
refractory to conventional treatment, clustering them
into two groups: One group treated with PRF of the DRG
only, and the other group treated with the same proce-
dure followed by continuous RF [32). The authors found
no statistically significant differences in the decrease in
VAS scores between the groups two months after the
procedures were performed. Interestingly, they found
no neurological complications in the group in which con-
tinuous RF was used [32].

Sluijter et al. (1998]) retrospectively analyzed a co-
hort of patients with lumbosacral radicular pain treated
with PRF of the DRG versus continuous RF, finding at
six weeks a larger number of patients with satisfactory
responses on the GPE Scale in the group treated with
PRF [1].

Chang et al. (2017) conducted a prospective ran-
domized study to compare the PRF modality of uni-
polar (single-cannula) versus bipolar DRG, by placing
two RF cannulas near the DRG (31]. The recruited
patients had lumbosacral radicular pain refractory to
transforaminal steroid injection. The authors found a
decrease in pain intensity measured by VNS at one,

two and three months of the procedures, with a larger
decrease in pain in the group treated with bipolar mo-
dality (p = 0.037). A production of higher intensity and
denser electric fields in this group is suggested as an
explanation for the larger analgesic effect (31].

We did not find any studies comparing different
schemes of exposure to PRF. In our department, a
prospective, randomized, double-blind study is currently
being conducted in patients with lumbosacral radicular
pain refractory to epidural steroids, using as a control
group the application of the exposure time to PRF that
we consider as standard, that is, 2 cycles of 120 se-
conds (4 minutes) and as a study group, the application
of 4 cycles of 120 seconds each (8 minutes). Prelimi-
nary results of the 15 patients performed (8 patients
in the 8-minute group and 7 patients in the control
group) show a decrease in VNS and pain interference
in daily activities in both groups, being the differences
between baseline and at 3-month assessments larger
in the 8-minute group. Despite the low sample size,
these differences reached statistical significance (Sur-
bano and Castroman, unpublished data) (Table Ill). This
would indicate a more powerful analgesic effect of PRF
when applied for longer periods, this effect could be
maintained for at least 3 months after the single appli-
cation of the procedure.

In a recent systematic review of the efficacy and safe-
ty of PRF of DRG in patients with neuropathic pain, Vuka
et al. (2020) concluded that, although four randomized
prospective studies have been found to date, they use
different control groups and there are differences in
selection criteria, such as prior use of epidural steroid
injections or selective blocks with local anesthetics, in
addition to an insufficiently large number of patients
studied, all that determines methodological defects and
a high risk of bias, classifying the level of evidence as
very low. A meta-analysis under these conditions was
not possible according to the authors (3).

Complications

PRF is a method with a high safety profile, without
major risks and with a high level of patient satisfaction
2.3). Minor complications have been described, such
as pain during cannula placement, subsequent increase
in radicular pain or lower back pain, headaches, or post-
operative discomfort (2.3]. The root puncture accom-
panied or not by neuritis has been described, which
appears to be secondary to mechanical aggression
caused by the needle rather than by the application
of RF itself. Other reported complications include local
erythema and pain at the needle insertion site (2.3).

Infectious complications, such as epidural absce-
sses, meningitis, and sepsis, have been reported in
other categories of spinal interventional procedures,
and therefore may potentially occur in DRG RF (48).

DISCUSSION
The effects of PRF of the DRG for the treatment of

lumbosacral radicular pain have been reported in many
studies. Although this treatment appears to be effective
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and safe for its use in patients with lumbosacral radi-
cular pain refractory to conventional treatments, these
studies have methodological issues.

In this sense, the definition of the type of control in-
tervention is a point that generates discussions. \While
establishing a placebo group would appear to be the
most appropriate from a methodological point of view
for the design of clinical trials, at least in terms of
interventional pain treatments, it generates disadvan-
tages of different types, especially ethical. To establish
a group of patients in which a simulation of a RF pro-
cedure is performed in the DRG that involves placing
a needle in the neuroforamen in order not to adminis-
ter nothing, seems to us to be ethically unacceptable.

Choosing a homogeneous active control group for
different clinical trials seems to be a wise decision.
The choice of the most suitable active contral is also
debatable. Non-particulate transforaminal steroids such
as dexamethasone may be considered. The evidence
available to date for the interventional treatment of
radicular pain places epidural steroids as first-line. In
our setting, the decision to use PRF of the DRG was
made after the failure of two epidural steroid injections
(transforaminal or interlaminar) (40). In this context, a
control group with steroids would also not be the most
appropriate, as we would know beforehand that the
control group will not be effectively active. We therefore
favor active controls with 0.5 % bupivacaine by trans-
foraminal route, as proposed by De et al [29]. It could
also be lidocaine 1 % as Manchicanti uses in several
clinical trials on interventional pain medicine (49,50).

With regard to the tools for assessing treatment
outcomes, there seems to be considerable consensus
on what to use. Most studies use a pain intensity mea-
suring tools (VAS, VNS) combined with a disability as-
sessment tool (ODI). In our service we have experience
in using the “Inventario Abreviado de Dolor”, a validated
Spanish version of the Brief Pain Inventory, as an out-
come assessment tool (51). This is a useful tool for
this purpose, which addresses in a single-form aspects

related to the intensity of the pain and interference of
the pain on important aspects of the active and emo-
tional life of the patients, so we consider it a complete
form of evaluation. Furthermore, question number 6
of the questionnaire refers to the intensity of pain at
the time of application of the questionnaire, which may
be equivalent to the application of the verbal numeric
scale (VNS) (51).

There is also some discrepancy between the authors
regarding what change should occur between baseline
values and controls to consider an analgesic response
acceptable. We consider a change of at least 30 %
from baseline acceptable, considering that this percent-
age of change is considered as a satisfactory minimum
response for interventional procedures on the spine
[52].

In this review, several studies were found with qua-
si-experimental design, before-and-after type, or cohort
studies. These studies, while providing information of
interest, do not eliminate the bias of the placebo effect
to a new treatment option or that inherent in the spon-
taneous resolution of symptoms because no control
group is included in them. However, studies on the use
of PRF of the DRG have been conducted in patients with
chronic lumbosacral radicular pain, with progression
times larger than 3 months. Chronic radicular pain has
little chance of spontaneous improvement beyond these
times.

Another point at which progress is needed is to ho-
mogenize patient selection criteria. The analysis of the
studies shows that there is a variable percentage of
patients who do not respond to PRF of the DRG. The
positive response of a prognostic selective block with
lidocaine as an inclusion criterion may help to rule out
non-responsive patients beforehand, at least partially.
However, such strict selection criteria conspire against
the recruitment process, which can lead to lengthy
studies over time to achieve adequate sample sizes.

Moreover, studies addressing the effect of the differ-
ent variables involved in the technique (e.g., active tip

TABLE il
ASSESSMENT OF PAIN INTENSITY WITH THE VERBAL NUMERIC SCALE (VNS) AND PAIN INTERFERENCE
IN DAILY ACTIVITIES (INTERFERENCE SCORE, IS) USING BRIEF PAIN INVENTORY IN PATIENTS WITH
UNILATERAL LUMBOSACRAL RADICULAR PAIN, IN WHOM IT WAS APPLIED, IN A RANDOMIZED MANNER,
4 OR 8 MINUTES OF PULSED RADIOFREQUENCY OF THE DORSAL ROOT GANGLION. THE EVALUATION WAS
PERFORMED AT BASELINE AND AT 3 MONTHS, DIFFERENCES BETWEEN BASELINE VALUES AND
AT 3 MONTHS (A VNS AND A IS) WERE ALSO PRESENTED

Group 4 min (n = 7] | Group 8 min (n = 8) | P value
VNS
Baseline 7,29+ 2,21 8,75+ 1,03 0,146
3 months 6,14 + 2,14 4,25 + 3,45 0,247
A VNS 1,14 2 ,26 4,5 + 3,42 0,046 *
Interference Score (IS)
Baseline 6,58 + 2,67 8,23 + 1,58 0,164
3 months 5,77 + 2,16 3,9+2,93 0,188
AlS 0,81 + 1,81 4,45 + 3,9 0,045 *
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and cannula thickness, exposure time, etc.) on the result
of the technique are necessary to allow the treatment to
be protocolized. In this same sense, it is necessary to es-
tablish the spinal segments to be treated, considering
the abundant metameric divergence of nociceptive affe-
rents. The value of perform repited PRF-DRG procedures,
in the understanding that the neuronal changes obtained
are transient, is also another element to be studied.

Finally, we understand that beyond the current re-
lative weight of the evidence, in the absence of alarm
elements requiring surgery, the treatment of radicular
pain with RF of the DRG should be offered prior to pro-
posing surgical treatment.

CONCLUSIONS

The PRF of the DRG is outlined as a useful procedure
for the treatment of lumbosacral radicular pain, impraov-
ing the intensity of pain and the disability generated by
it when standard, interventional and non-interventional
treatments fail to achieve satisfactory responses. Des-
pite this, the evidence available to date should be con-
sidered weak and preliminary, findings obtained should
be confirmed with high-quality randomized prospective
studies, with a higher number of participants, homo-
geneous selection criteria and homogeneous control
groups.
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