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ABSTRACT

Objective. Pulsed radiofrequency, where short bursts of radiofrequency energy are applied to ner-
vous tissue, has been used by pain practitioners as a non- or minimally neurodestructive technique,
alternative to radiofrequency heat lesions. Clinical advantages and mechanisms of this treatment
remain unclear. The objective of this study was to review current clinical and laboratory data.

Design. We systematically searched the MEDLINE database (PubMed) and tables of contents of
electronically available pain journals. Reference lists of relevant reports and international scientific
pain congress abstract books were also hand searched. Only those reports on pulsed radiofrequency
were withheld.

Results. The final analysis yielded 58 reports on the clinical use of pulsed radiofrequency in different
applications: 33 full publications and 25 abstracts. We also retrieved six basic science reports, five
full publications, and one abstract.

Conclusions. 'The accumulation of these data shows that the use of pulsed radiofrequency generates
an increasing interest of pain physicians for the management of a variety of pain syndromes.
Although the mechanism of action has not been completely elucidated, laboratory reports suggest
a genuine neurobiological phenomenon altering the pain signaling, which some have described as
neuromodulatory. No side effects related to the pulsed radiofrequency technique were reported to
date. Further research in the clinical and biological effects is justified.
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Introduction

adiofrequency (RF) heat treatments have
been used for over 30 years for a variety of
pain syndromes: cervicogenic headaches [1],
occipital neuralgia [2], whiplash injury [3], cervical
radicular pain [4-6], intercostal neuralgia [7], lum-
bar radicular pain [8,9], mechanical low back pain
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Huisdriesstraat 3, 3600 Genk, Belgium. Tel: +32-89-32-
52-40; Fax: +32-89-50-27-69; E-mail: janvanzundert@
pandora.be.

due to the zygapophyseal joints dysfunction [10-
13], discogenic pain [14,15], and pain associated
with the sacroiliac joint (SIJ) [16-18]. Systematic
reviews of RF heat treatments show limited to
moderate evidence of its utility [19,20]. Recently,
Hooten etal. [21] have cautioned the use of sys-
tematic reviews to estimate the clinical utility of
RF neurotomy for low back pain, due to method-
ological shortcomings they found in three ran-
domized controlled trials (RCTS).

The rationale for the application of RF dener-
vation is the assumption that selectively heating
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nervous structures can impede nociceptive input.
Practically this is achieved by percutaneous plac-
ing small-size electrodes at target neural tissues,
to produce size-controlled lesions. However, oth-
ers have questioned the utility of thermal lesion-
ing, which is essentially neurodestructive, in the
presence of neuropathic pain, and have shown that
application of continuous low-temperature RF is
as effective as RF heat lesion [6].

In 1998, Sluijter et al. [22] applied high-voltage
RF current in bursts of 20 ms per 500 ms, permit-
ting the generated heat to be washed out during
480 ms “silent phase.” This idea of applying high-
voltage energy near a nerve without subsequent
heat-induced nerve injury with pulsed radiofre-
quency (PRF) was appealing. Initial clinical inves-
tigations had shown that PRF could be used safely
as an alternative to heat lesions in patients suffer-
ing from refractory pain [23-26]. However, today,
it is still not clear what are the differences and/or
advantages between PRF and RE, both in terms
of clinical outcome and biological mechanisms
involved.

Pulsed radiofrequency treatment is a new tech-
nique for which evidence is gradually growing.
New treatments evolve slowly in clinical (pain)
medicine [27], and it usually takes a 10-year delay
to accumulate sufficient clinical evidence in order
to confirm or refute the value of the new treat-
ment and present it in standard texts and reviews
[28]. In RF case, it took even 26 years for lumbar
RF facet denervation to establish its utility,
between the first report in 1975 [29] and the first
systematic review published in 2001 [19]. There-
fore, constructing evidence for a new technique
according to Evidence Based Medicine (EBM)
guidelines is evolutionary. It usually starts with
case reports and retrospective analysis, and if
these give encouraging results, prospective trials
on larger number of patients are carried out.
Finally, RCTs and systematic reviews are per-
formed [30]. On the other hand, basic research
must precede clinical trials to elucidate putative
mechanisms of action. The objective of this
review was to examine the current evolution of
PRF and determine what evidence is still neces-
sary to validate this therapy.

Methods

We systematically searched for studies reporting
on PRE. We searched the MEDLINE database
(PubMed), Science Citation Index, Cochrane
database, and Current Contents without lan-
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guage restriction using the free text terms:
pulsed radiofrequency, radio frequency, radiation,
isothermal radiofrequency, and combination of
these (Table 1). The electronically available
tables of content of the recent issues of pain
journals were also screened. Reference lists of
relevant retrieved reports and international sci-
entific pain congress abstract books were also
hand searched. The information from abstracts
that were published as a full article later on was
not taken into account. We classified the infor-
mation according to the type of study reported.
We did not analyze reports dealing with RF
(non-PRF) techniques. Date of last electronic
search was August 2005.

Results

The search yielded 301 potentially relevant
reports, 243 were subsequently excluded
(Figure 1). Forty trials reported on PRF not in
medical applications, 14 reports were eventually
not about PRF procedures, 32 reports were on
human or animal effects of mobile phone radiation
Global System for Mobile, 33 reports were of pro-
cedures using PRF in cardiac interventions, and
62 described the use of PRF in radiological in-
terventions (magnetic resonance or Doppler
echography).

Sixty-two reports were on the biological effects
of PRF (Figure 2). Excluded were 26 reports on
cellular and DNA effects of high-frequency cur-
rent from mobile phones and other sources, seven
reports on effects on tissue (muscle, cartilage),
three were on the auditory effects of PRE, two on
fertilization, three on osteogenesis, three on ani-
mal behavior, three on diathermal effects, and nine
nonclassified. Thus, for final analysis and critical
reading, 58 clinical reports (33 full publications
and 25 abstracts) and six laboratory reports (five
tull publications and one abstract) were describing
the effects of PRE

Table 1 Search strategy

Search terms
Search “pulsed” [All Fields] AND “radiofrequency” [All Fields]
Search “pulsed” [All Fields] AND “radio” [All Fields] AND

“frequency” [All Fields]

Search “pulsed” [All Fields] AND “radio-frequency” [All Fields]
PRFN
Isothermal radiofrequency; isothermal radio frequency
Thermocoagulation radio-frequency radiation

And REFERENCE Lists of Articles
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301 potentially relevant
reports retrieved

40 reports from biochemistry, physics, physiotherapy
14 reports not including pulsed radiofrequency
32 reports on mobile phone radiation GSM

33 reports in cardiac interventions
62 reports in radiologic interventions (MRI, echo)

62 reports on biological effects of pulsed

radiofrequency

Figure 1 Flow chart of included and
excluded trials and reports on pulsed
radiofrequency.

58 reports for detailed
analysis

A flow chart of the complete literature search is
summarized in Figures 1 and 2.

Clinical Reports on Percutaneous

Pulsed Radiofrequency

The clinical reports on percutaneous PRF are
summarized in Table 2.

Prospective Trials

We found four prospective trials in 122 patients:
one full publication and three abstracts presented
at international scientific pain congresses. The
pilot study on PRF in cervical pain syndromes

showed that 13 of 18 patients with cervicogenic
headache and cervicobrachialgia treated with PRF
adjacent to the cervical dorsal root ganglion
(DRG) for 2 min reported satisfactory pain relief
of at least 50%, 8 weeks post-treatment. One year
later, six patients continued to rate their treatment
outcome as good or very good [26]. In another
report, PRF was applied adjacent to the DRG for
8 min in 30 consecutive patients who suffered
pain that could be anatomically ascribed to
discrete dermatomes [31]. The authors suggest
that PRF may be more effective in the
management of neuropathic pain as opposed to

62 reports on biological
effects of pulsed
radiofrequency

cellular/DNA effects
tissular effects
auditory effects

Figure 2 Flow chart of included and

effects on fertilization
effects on osteogenesis
behavior

diathermy

diverse other effects

©wwwnwNY

excluded trials in basic science.
GSM = Global System for Mobile;
MRI = magnetic resonance imaging.

6 reports for detailed analysis
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nociceptive pain [31]. PRF treatment of the inner-
vation of the SIJ (lateral branches L.4-S3) was per-
formed in 22 patients refractory to conventional
treatment, including intra-articular SIJ injections
with corticosteroids/local anesthetics. Seventy-
three percent of the patients experienced good to
excellent pain reduction, with significantly
improved quality of life scores for a duration of 6—
32 weeks [32]. In 52 patients with chronic shoul-
der pain, PRF treatment of the suprascapular
nerve resulted in a decrease in pain in 71% of
them after 6 weeks [33].

Retrospective Trials
We found 15 retrospective trials in 809 patients.

The use of PRF for the management of patients
with zygapophyseal joint pain was documented in
two retrospective studies, one on lumbar and cer-
vical level [34] and the other on cervical level [35].
A total of 166 patients were treated, with a satis-
factory clinical response of 3-6 months.

The first published trial on PRF reported on 20
patients following failed back surgery, treated with
PRF adjacent to the lumbar DRG, resulting in a
decrease in visual analog scale (VAS), less disabil-
ity, and an improved global effect up to 1 year after
treatment, without any postoperative discomfort
[22]. Additionally, five retrospective trials on PRF
treatment adjacent to the DRG, including 222
patients, were identified. Three of these studies
evaluated clinical outcome with a good long-term
response [36-38], and two other studies evaluated
technical parameters, indicating the importance of
impedance and the positive role of injecting con-
trast medium before PRF on clinical outcome
[39,40].

One retrospective study on the management of
shoulder pain secondary to rotator cuff tear arthr-
opathy on 12 patients reported a reduction in VAS
pain score of 2 points in 75% of the patients up to
4 months postprocedure [41].

One study on 46 patients with chronic head and
facial pain who received PRF treatment of the
sphenopalatine ganglion showed a mild to moder-
ate relief in 65% of the patients for a duration of
follow-up of 4-52 months [42].

Five retrospective trials reported on patients
with different pain syndromes including: lumbar
and cervical zygapophyseal joint pain, lumbar and
cervical radicular pain, shoulder pain, SIJ pain,
complex regional pain syndrome, pelvic pain, pos-
therpetic neuralgia, peripheral neuralgia, neuro-
mas, and others. In total, 343 patients were treated
with satisfactory results [43—47].

Case Series and Reports

Finally, we found 18 case reports and case series
including a total of 105 patients: two cases with
glossopharyngeal neuralgia [48] and one case of
chronic post-tonsillectomy pain [49], one post-
traumatic headache [50], three patients with groin
pain and orchialgia [51], four patients with chronic
back pain syndromes [24], seven patients with
occipital neuralgia [52], eight patients with SIJ
pain [53], and 39 patients with discogenic pain
responsive to L2 DRG block [54]. Other abstracts
reported on cases with meralgia paresthesia [55],
neuropathic pain [56], postherpetic neuralgia of
head and face [57], complicated whiplash [58], and
suprascapular nerve for shoulder pain [59]. In
most of these case reports and retrospective trials,
there was a good pain relief with follow-up periods
varying between 30 days and several years. Five
case reports related to PRF treatment of the gas-
serian ganglion of patients refractory to any other
treatment and often with a general condition pre-
cluding more invasive treatment. Three [25,60,61]
out of the five reports related positive outcome
and two reports [62,63] no or little effect.

General Reviews

Sixteen reviews, editorials, letters, and comments
discussing the use of PRF were found [30,64-77].
In general, most consider the use of PRF as a non-
or minimally neurodestructive alternative to RF
heat lesions, because its potential better risk/ben-
efit balance, but there is also a call for higher-
quality clinical research. This call is even more
justified by the fact that in none of the clinical
reports on PRF treatment neurological side effects
or complications were mentioned.

Clinical Reports on the Transcutaneous Application
Randomized Clinical Trial

We found one double-blind randomized con-
trolled study including 40 patients with temporo-
mandibular joint (TMJ) arthralgia treated with
PRF energy therapy [78]. The reduction of pain
(numerical rating score) was significant for PRF
and control groups (P<0.001 and P=0.01,
respectively); however, only the experimental
group showed a significant increase in mouth
opening and lateral jaw movements. No side effects
were reported during the treatment and the 2-week
follow-up period. The authors concluded that PRF
is a safe and effective treatment for TM] arthralgia.

Prospective Trials
In addition, we found three prospective trials on
transcutaneous neuromodulation therapy using
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charge-balanced biphasic rectangular current, in
phases of 200 ms with pulse repetition frequency
varying from 4 to 10 Hz. One reported on radiat-
ing low back pain including 83 patients, with 59
completing the 3-month follow-up protocol [79].
There was a significant improvement in mean VAS
scores, activity levels, and sleep over the whole
observation period. The Oswestry Low Back Pain
Disability scores improved as well.

Another case—control cross-over study reported
twice, including 68 patients with nonradiating
neck pain in which PRF stimulation was applied
[80,81]. Reduced pain intensity, improved quality
of sleep, and increased physical activity was
observed, and no side effects were reported.

Case Report

One case report found that four patients, one
patient with pain in the radial part of the wrist and
the other three with failed back surgery syndrome
(or postlaminectomy syndrome), benefited from
short-term pain relief after transcutaneous PRF
treatment [82].

Laboratory Reports

Six reports of laboratory experiments on the neu-
robiological effects of PRF on neural substrates,
five full publications and one abstract, were avail-
able for critical analysis. PRF and RF current
applied to the rat brain tissue both produced
neuronal destruction 21 days after treatment;
however, the ratio of neurodestruction was consid-
erably lower in the PRF group (5.5%) compared
with the RF group (14.6%) [83].

Exposure of the cervical DRG to PRF current
showed a significant early increase in c-Fos immu-
noreactivity in the superficial laminae I and II of
the dorsal horn, 3 h after the procedure [84], as
well as 1 week after PRF and RF treatments [85].
It has recently been reported that the biological
effect of PRF was unlikely to be related to an overt
thermal damage and appears to be selective in that
it targets the group of neurons whose axons are
the small-diameter C and A8 nociceptive fibers
[86]. Finally, PRF was shown to have a differential
effect compared with RF on excitatory postsynap-
tic transmission, as well as cell morphology, even
when RF heat lesions are performed in normoth-
ermic conditions [87,88].

Discussion

After an extensive literature search, we could
detect 42 reports from 11 countries on the clinical

Cabana et al.

use of percutaneous and transcutaneous PRF in
different applications on a variety of (chronic) pain
syndromes in 1,207 patients. Up till now in none
of the listed reports, neurological side effects or
complications with PRF were mentioned. Because
this is a new technique, a substantial part of these
results are reported in the abstract books of inter-
national scientific pain congresses. Their number
is increasing yearly, and they are progressively
published in peer-reviewed journals. This is a sim-
ilar evolution to other techniques in medicine in
general, and pain medicine in particular. Although
there is an increasing focus in the literature for
PRE, the question still remains: “What is its place
in the pain management algorithm?”

In order to answer this question, it is important
to understand the concept behind RF and PRF
treatments. It is presumed that the mode of action
of RF heat lesions is that by selectively heating
nervous structures, denervation can impede noci-
ceptive input. However, the observation that after
RF treatment pain relief lasts longer than the sen-
sory loss in the relevant dermatome [22], gave rise
to the theory that heat is not the only mode of
action and that other factors responsible for pain
relief may be involved. Furthermore, the role of
heat was further questioned after the results of
Slappendel et al. [6], who found no difference in
patient outcome with RF treatment when an elec-
trode tip temperature of 40°C was used compared
with RF at 67°C. Thus, it was hypothesized
that there must be another, perhaps additional,
mechanism besides heat that alters pain signal
transmission.

So PRF was conceived as a novel, potentially
safer mode of administration of RF energy,
whereby in 1s, two bursts of 20 ms each of
an alternating current are delivered. The oscillat-
ing frequency of the alternating current is
500,000 Hz. During one cycle, the “active phase”
of 20 ms is followed by a “silent phase” of 480 ms
to allow the generated heat to washout. The out-
put is usually set at 45V, but if the electrode
tip temperature exceeds 42°C, the voltage is
decreased.

In our review, we have shown that since the
initial publication on PRF treatment for spinal
pain in 1998 [22], information from prospective
and retrospective trials, as well as several case
reports on the percutaneous use of PRE, is accu-
mulating, as illustrated in Table 2. Interestingly,
the transcutaneous use of PRE, which is a different
application, has been documented to provide good
pain relief in different modes. The available infor-

220z 1snbny 0z uo1sanb Aq GO0¥S8 L/ L/S/L/e1o1e/audipawUled/woo dno olwepeoe//:sdyy wol papeojumoq



Pulsed Radiofrequency: Current Literature Available 419

mation on PRF treatment does not allow pooling
the data because of the differences in the report-
ing, but also because of the fact that the technical
parameters such as voltage, impedance, time of
application of the PRF current, and resulting elec-
trode tip temperature are not always reported.
There is an urgent need for a more standardized
data collection and reporting.

In general, RF stimulation within frequencies
between 300 Hz and 300 GHz create electric
fields, which generate both current and heat on
exposed biological substrates. It is clear that heat
lesions of neural substrates above 45°C result in
nonselective destruction of both myelinated and
nonmyelinated nerve fibers [89]. However, it has
been shown that PRF and RF have differential
neurobiological effects [87], aside from the heat-
induced morphological changes; c-Fos activation,
a marker for neuronal activity in the rat dorsal
horn, has been reported to be expressed immedi-
ately (3 h) [84] and up to 7 days [85] after PRF
treatment. The duration of Fos-like immunoreac-
tivity exceeding the expected length of time for
c-Fos expression caused by the acute effect of sur-
gery and electrical stimulation of sensory nerves
may be due to the inhibition of excitatory C-fiber
responses as seen in long-term depression, accord-
ing to an accompanying editorial [72]. Moreover,
it has recently been reported that the biological
effect of PRF was unlikely to be related to an overt
thermal damage and appears to be selective in that
it targets the group of neurons whose axons are
the small-diameter C and AS nociceptive fibers
[86].

We also found that PRF alters synaptic trans-
mission. In vitro PRF stimuli of organotypic slices
of the hippocampus induce transient decrease in
excitatory postsynaptic potential with rapid and
complete recovery, while in contrast, continuous
RF creates long-lasting blockade of synaptic trans-
mission even in temperatures <45°C. Both
continuous and PRF treatments induce distance-
dependent tissue destruction under the stimulat-
ing needle, but the effect was more pronounced in
the continuous group [87]. Similarly, a morpho-
logical evaluation of the rabbit DRG 2 weeks after
sham, continuous and PRE, illustrated no patho-
logical findings in control and sham-operated
group, minimal morphological changes in the
PRF group, and neurodestruction in the continu-
ous RF group [88]. All these findings together
indicate that the effects of PRF are more reversible
and less destructive than those of continuous RE,
even when lesions are performed <45°C.

Despite the fact that PRF might operate by
modulating pain perception rather than directly
destroying neural tissue, at present it is difficult to
relate the results of these experiences to clinical
data. Little is known about how PRF procedures
at frequencies and temperatures used in current
clinical practice would modify central and periph-
eral components of pain pathways, and further
well-designed in vitro and in vivo experiments are
needed to clarify this issue. In addition, lesion
parameters (sensory and motor stimulation
thresholds), electrode position, lesion duration,
and local tissue properties can all be important
variables that may influence clinical outcome.

In face of this laboratory evidence, a recent
editorial urged practitioners to conduct random-
ized clinical trials to demonstrate the effectiveness
(or lack thereof) of PRF treatment and only then
use these data as a tool to understand and advance
the technique [72]. We find this statement trou-
bling. Conducting sham-controlled RCTs in
interventional pain management has been shown
to have important methodological and ethical lim-
itations [66,90-94]. Randomized clinical trials
have indeed become the gold standard for assess-
ing the effectiveness of therapeutic agents, but
often produce inconsistent results [95] and can
have limited external validity [96]. Furthermore,
Concato et al. [97] and Concato and Horwitz [98]
have recently reported that the results of well-
designed observational studies do not systemati-
cally overestimate the magnitude of the effects
when compared with randomized clinical trials.

Conclusions

Animal data suggest that PRE, as an alternative
mode to administer RF energy, has genuine differ-
ential biological effects in cell morphology, syn-
aptic transmission, and pain signaling, which
are minimally destructive and nontemperature
dependent.

The clinical data on the use of PRF are progres-
sively accumulating, and up to now no neurologi-
cal complications are documented. In order to
turther elucidate the mode of action of PRF and
to define its true value in the management of
chronic pain, more research on this promising
technique is justified.
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