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Background: Chronic lumbosacral radicular pain is a common source of radiating leg pain
seen in pain management patients. These patients are frequently managed conservatively with
multiple modalities including medications, physical therapy, and epidural steroid injections.
Radiofrequency has been used to treat chronic radicular pain for over 30 years; however,
there is a paucity of literature about the safety and efficacy of repeat radiofrequency lesioning.

Objectives: To determine the safety, success rate, and duration of pain relief of repeat
pulsed radiofrequency (PRF) and continuous radiofrequency (CRF) lesioning of the dorsal root
ganglion (DRG)/ sacral segmental nerves (SN) in patients with chronic lumbosacral radicular
pain.

Study Design: Retrospective chart review
Setting: Outpatient multidisciplinary pain center

Methods: Medical record review of patients who were treated with pulsed and continuous
radiofrequency lesioning of the lumbar dorsal root ganglia and segmental nerves and who
reported initial success were evaluated for recurrence of pain and repeat radiofrequency
treatment. Responses to subsequent treatments were compared to initial treatments for
success rates, average duration of relief, and adverse neurologic side-effects.

Limitations: Retrospective chart review without a control group.

Results: Twenty-six women and 24 men were identified who received 50% pain relief or better
after PRF and CRF of the lumbar DRG/ sacral SN for lumbosacral radicular pain. The mean
age was 62 years (range, 25-86). The mean duration of relief for the 40 patients who had 2
treatments was 4.7 months (range 0-24; Se [standard error] 0.74). Twenty-eight patients had
3 treatments with an average duration of relief of 4.5 months (range 0-19 months; Se 0.74).
Twenty patients had 4 treatments with a mean duration of relief of 4.4 months (range 0.5-18;
Se 0.95) and 18 patients who had 5 or more treatments received an average duration of relief
of 4.3 months (range 0.5-18; Se 1.03). The average duration of relief and success frequency
remained constant after each subsequent radiofrequency treatment. Of the 50 total patients,
there was only 1 reported complication, specifically, transient thigh numbness which resolved
after one week.

Conclusions: Repeated pulsed and continuous radiofrequency ablation of the lumbar dorsal
root ganglion/segmental nerve shows promise to be a safe and effective long-term palliative
management for lumbosacral radicular pain in some patients.

Key words: Pulsed radiofrequency lesioning, dorsal root ganglion, segmental nerve,
continuous radiofrquency elsioning, chronic lumbosacral radicular pain
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hronic lumbosacral radicular pain is a

common source of radiating leg pain seen in

the pain management setting. The problem
is frequently managed with a combination of
phamaceuticals, physiotherapy, and periodic epidural
depo-corticosteroid injections. More refractory cases
may be successfully managed by spine surgery or spinal
cord stimulation. Despite these options for treatment,
some patients may not obtain adequate relief, nor are
they optimal candidates for any of these therapeutic
interventions.

Radiofrequency (RF) has been used to treat chronic
radicular pain for over 30 years. Continuous radiofre-
quency (CRF) lesioning adjacent to the dorsal root gan-
glion (DRG) for cervical radicular pain has been dem-
onstrated to have efficacy over sham in several trials,
but there has been mixed results in the lumbar region
(1-3). Several retrospective studies have suggested ef-
ficacy for pulsed radiofrequency (PRF) lesioning for
lumbosacral radicular pain (4-6). In a prior prospec-
tive pilot study, we demonstrated that PRF or PRF in
combination with CRF treatments of the lumbar dorsal
root/segmental nerves are neurologically safe and well
tolerated (7). Patients in the PRF treatment group, as
well as the group treated with PRF followed immedi-
ately by CRF, reported clinically significant analgesic ef-
fects lasting on average 3.18 months and 4.39 months
respectively. Even though we were unable to show a
statistically significant difference in the time sensitive
success between these 2 groups, we felt that PRF in
combination with CRF may offer a longer duration of
relief that may be clinically beneficial. The difference
in duration of action between the 2 modes has been
suggested in experimental models. Preclinical studies
of PRF and isothermal CRF on impulse propagation and
synaptic transmission in hippocampal cell cultures have
shown a transient effect on evoked synaptic activity
with PRF compared to a lasting effect caused by CRF (8).
The premise for the use for continuous radiofrequency
lesioning is to produce a partial lesion in the DRG/seg-
mental nerve, so as to preferentially disrupt nocicep-
tion while avoiding significant sensory deficit.

While there are multiple reports on the potential
efficacy of PRF for a variety of painful conditions, the
majority does not report on the outcome of repeat ap-
plication after the analgesic effect is lost (9-13). Indeed,
the reproducibility of the therapeutic effects of CRF
neurotomy for lumbar facetogenic pain has only recent-
ly been assessed (14, 15). Radiofrequency of the lumbar
DRG for treatment of radicular pain stemming from

a multitude of disease processes has been employed
in practice for greater than 30 years and is known to
have time-limited analgesic success (16). We therefore
sought to determine the safety, rate of success, and du-
ration of relief with serial lumbar PRF followed imme-
diately by CRF lesioning of the DRG/segmental nerves
(SN) in patients with chronic radicular pain.

MEeTHODS

The Beth Israel Deaconess Medical Center Insti-
tutional Review Board approved this study. A neutral
party (CWD) with respect to the final outcome used
a computerized database to identify all patients of 2
physicians at a single center who underwent PRF/CRF
of the lumbar DRG/SN for radicular pain from January
21, 2003 through March 1, 2010. All patients included
in the study had detailed history and physical exams,
multi-modal radiographic imaging, and diagnostic in-
jections. The inclusion/exclusion criteria for the study
used were similar to previous work (7). The inclusion
criteria were as follows:

e A greater than 6-month history of segmental pain
of lumbosacral origin radiating from the back into
the lower extremity

e Ageover 18 years

e Absence of a progressive motor deficit

e Absence of a significant sensory deficit

e Unsatisfactory pain control with oral pharmaco-
therapy and physical therapy

¢ No urgent need for open surgical intervention

e Magnetic resonance imaging evidence of nerve
root involvement

e A response to epidurally administered depo-ste-
roid of one month or less

e Documented complete relief of radicular symp-
toms following low-volume segmental nerve block

e A 50% reduction in pain intensity on a numeric rat-
ing pain scale (NRS) after one PRF/CRF treatment
of the lumbosacral DRG/SN followed by at least a
subsequent treatment after the analgesic effects
had dissipated.

¢ The exclusion criteria for the study included the
following:

e Evidence of significant neurological deficit, which
included a progressive motor deficit and dense sen-
sory loss

e Alessthan 50% reduction in NRS after one PRF/CRF
treatment of the lumbosacral DRG/SN

e Hypersensitivity to injected materials: local anes-
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thetic, contrast, depo-corticosteroids
e Coagulopathy
¢ Significant psychopathology
e Pending workers’' compensation claims
* Pregnancy.

The response to each repeat radiofrequency treat-
ment was compared to the initial successful treatment
and was categorized as successful (by a 50% reduction
of NRS or better) or failure (less than 50% reduction in
NRS). Each patient record was used to determine the
duration of relief for each serial treatment as well as for
any adverse neurological events (numbness, weakness,
or increase in pain level).

The techniques for performing diagnostic segmen-
tal nerve root blocks and PRF/CRF of the lumbosacral
DRG/SN have been previously described by Simopoulos
et al (7). PRF was done at 42°C for 120 seconds. During
each second of a PRF treatment, 2 bursts of 20-millis-
cecond intervals delivered alternating current (500,000
Hz) to the surrounding tissue. The active 20-millisecond
phase was followed by a 480-millisecond phase for heat
dissipation. The voltage output was 45. Upon comple-
tion of the PRF, CRF was then applied to the maximum
tolerated temperature that created a heat sensation
in the lower extremity that was concordant with the
patient’s radiating pain pattern. This temperature av-
eraged 56°C + 8°C for 60 seconds. No local anesthetic
agent was injected prior to the application of CRF or PRF.
The radiofrequency lesion generator (RFG-3C Plus; Radi-

onics, Inc., Burlington, MA) was used for all lesions. A
C-arm (Siremobil, 2000, Siemens AG, Munich, Germany)
fluoroscopy machine was used for visualization during
the sterile placement of the RF electrode (22-G, 10 cm
needle, with a curved 10 mm active tip, Radionics, Bur-
lington, MA or Neurotherm, UK). Once the electrode
was appropriately positioned (Figs. 1 & 2), the needle
stylet was then replaced by the radiofrequency probe
(SMK-TC 5, Radionics, Burlington, MA). The final posi-
tional requirements treated were as follows: 1) sensory
stimulation (50 Hz) threshold under 0.6 V (range was
0.3-0.6 V) that created paresthesia concordant to the
usual chronic pain distribution; the stimulation must be
felt down to the ankle/foot for L4/L5/S1, groin for L1/2,
and anterior thigh to knee for L3. 2) Motor stimulation
(2 HZ) was greater than 1.5 times the sensory stimula-
tion threshold. (3) Impedances were checked to ensure
a complete electrical circuit and ranged from 200-400
Q. (this is a Greek capital omega)

REesuLTs

There were 50 patients identified through record
review that underwent pulsed and continuous radio-
frequency lesioning of the lumbar dorsal root gan-
glion/segmental nerves through the specified period
who met the inclusion/exclusion criteria. Of these, 26
women and 24 men were included with a mean age of
62 (range 25-86). Twenty-six patients received one level
of therapy, 15 patients received 2 levels, and 9 patients
received 3 levels. Forty-two treatments were unilateral

Fig 1. Radiofrequency needle placement below the midpoint of
the pedicle at the L5 and S1 levels in the anteroposterior view.

Fig. 2. Lateral projection of the radiofrequency cannula at
the L5 dorsal-cranial quadrant and the tip advanced to the
antertor floor of the sacral canal.
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Table 1. Success and duration of relief of pulsed and continuous radiofrequency serial treatments of the lumbar dorsal root gan-

glion/segmental nerves for radicular pain

RFN Total # Treatments 1 2 3 4 5+
Outcome
Total patients treated
Successes (%) 50 40 28 20 18
. 50 (100%) 38 (95%) 27 (96%) 19 (95%) 17 (94%)
0 2 1 1 1
Duration of relief (mo) 4.5 (0-24) 4.7 (0-24) 4.5 (0-19) 4.4 (0.5-18) 4.3 (0.5-18)
Success: > 50% relief
Failure: < 50% relief
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Fig 3. Number of treatments and months relief of lumbar RF-DRG. Each point can represent more than one patient because of
overlapping data.

while 8 patients received bilateral therapy. Of the 50
patients, 48 received treatment at the L3 level or lower.
Only 2 patients were treated at the L1 and L2 level.
Table 1 summarizes the success/failure of serial
PRF/CRF treatments of the lumbar DRG/SN. The mean
duration of relief for the 40 patients receiving 2 treat-
ments was 4.7 months (range 0-24, S_[standard error]
0.74). Twenty-eight patients had 3 treatments with an
average duration of relief of 4.5 months (range 0-19
months; S_0.74). Twenty patients receiving 4 treatments
had an average duration of relief of 4.4 months (range
0.5-18; S_ 0.95) and 18 patients with 5 or more treat-
ments had an average duration of relief of 4.3 months

(range 0.5-18; S_1.03). The duration of relief and suc-
cess frequency remained constant after each subse-
quent RF treatment with no apparent trend toward an
additive or dwindling benefit. Of the 50 total patients,
there was only one reported complication: transient
thigh numbness following a second treatment, which
resolved after one week. There were no objective neu-
rologic findings documented on follow-up visit. There
were no reported long-term neurological deficits, in-
cluding motor loss, hyposensitivity, or dysesthesias in
any of the patients reviewed.

Figure 3 graphically depicts the scatter of relief for
patients in the serial treatment groups. Aside from 2
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patients who derived marked prolonged benefit after
the second and third treatment, there is consistent re-
sponse of relief of 10 months as the upper limit. The 2
patients with prolonged benefit presented for repeat
treatment and both fell into the range of 10 months
relief or less.

Discussion

The present study supports the neurological safety
of serial radiofrequency treatments consisting of both
PRF and CRF of the DRG/SN over 2 years in a group of 18
patients (Table 1). However, preclinical data would have
suggested otherwise. It is reasonably accepted that
the irreversible tissue destruction threshold for nerve
fibers by CRF is thought to range between 45-50°C.
CRF application to spinal nerve roots in dogs causes
myelin breakdown, nerve cell necrosis, axon loss, and
hemorrhage at temperatures of 45°C or greater (17).
On the other hand, PRF has been speculated to have
a nondestructive, or neuromodulatory role, based on
the isothermal nature of this therapy. The nondestruc-
tive nature of PRF has recently been challenged in that
very high electric fields are capable of disrupting neu-
ronal cell architecture and function (18). Recent ultra-
structural changes in axons following exposure to PRF
include mitochondrial swelling and disruption of the
cytoskeleton by disorganization of microtubules and
microfilaments (19). Therefore, using both modalities
on neuronal tissue, one would expect in the short, and
potentially in the long run, the presence of dyesthesias
and hypoesthesias that were not observed in the pres-
ent study. Painful dysesthesias were likely avoided by
applying CRF to a maximum tolerated level as reported
previously (7). Furthermore, enough neurons/axons
were left intact to allow for normal sensation so as to
avoid dermatomal numbness. There is probably mod-
est insult to the neural tissue with PRF/CRF combina-
tion that resolves in the interval before the subsequent
treatment, so as to avoid additive insult to neurons/
axons. Light microscopy data demonstrates that endo-
neurial edema and fibroblast activation, as indicated
by collagen deposition, resolves after day 21 following
exposure to PRF (20).

The benefits of both CRF and PRF for the treatment
of chronic radicular pain have been described but both
are not a cure and have time-sensitive success (16, 7). It
is well known that the benefits of CRF or PRF dwindle
and the treatment will need to be repeated for chroni-
cally painful conditions in most cases. The authors are
not aware of any reports specifically addressing the

outcomes of radiofrequency used as a maintenance
therapy for radicular pain. In the present study, the ap-
parent success rate for repeat PRF/CRF treatments is suc-
cessful in at least 95% of patients. The average duration
of relief remains constant at just over 4 months. This is
in agreement with prior prospective reports of analge-
sic benefit (7). The analgesic effect of radiofrequency
for radicular pain is significantly less than for facet pain
(10 months) emphasizing the likely prolonged benefit
of thermal neurolysis (14). Of note, 2 patients obtained
prolonged benefit from CRF/PRF therapy, but have had
recurrent symptoms, and when treated had 10 months
benefit or less. These dramatic exceptions are difficult
to explain but have been reported by others as well
(11).

One of the inclusion criteria used in this study was
at least a 50% reduction of pain intensity. Such a crite-
rion has been shown to correlate with a high degree
of patient satisfaction and thereby increase the chance
that a serial treatment will be requested (14, 20). Even
with a clinically significant reduction in pain intensity,
40 out of 50 initial patients sought a second treatment
following the first treatment, followed by 28 out of
40 for the third treatment. The most common reason
for this is the duration of analgesia was too brief for
patients to accept radiofrequency as a maintenance
therapy. In addition, other treatments for radicular
pain such as decompression or spinal cord stimulation
were also sought by patients, but the authors did not
seek out these quantitative details since this was not
within the goals of the present study. This is in contrast
to facetogenic pain whereby radiofrequency is the pri-
mary treatment for long-term relief and patients are
more likely to return for repeat treatments.

A small but consistent number of patients failed
to obtain relief on subsequent treatments. The reasons
for the lack of effect may include placebo response to
the first RF treatment, subsequent technical failure, a
different structural cause of pain with radiating symp-
toms, and a lack of response to RF because of progres-
sive dysfunction of the affected DRG/SN. The technical
aspects of the procedure are in most cases easily re-
peatable. In the majority of cases, if another anatomic
structure is causing pain, the axial component becomes
more prevalent and a different treatment ensues. We
therefore feel that the clinical dissatisfaction for pa-
tients following PRF/CRF treatment of the DRG/SN is
weighted more on the duration of relief rather than
the reduction in pain intensity.

There are limitations as well as strengths to the
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present study. The study is retrospective without a con-
trol group, and therefore no direct statements can be
made about analgesic efficacy. Furthermore, there is a
small sample size with no secondary outcome measures
on function. On the other hand, the clinical outcome
of repeat RF is driven by patient satisfaction and we
believe it is directly clinically relevant. The long-term
follow-up and multiple repeat treatments indirectly
suggest analgesic efficacy. Other treatments such as
more invasive lumbar spine surgery have shown expo-
nentially declining success ranging from 80-98% with
the initial surgery, declining to 5% by the fourth sur-
gery (22). This epidemiologic data suggests that pa-
tients with radiating leg pain from the lumbar spine
are not so predisposed to placebo or operant condi-
tioning from serial treatments. All patients entered

into the study had specific inclusion/ exclusion as well
as treatment criteria. The procedures were carried out
by experienced physicians and the data were collected
by a party neutral to the final outcome.

ConcLuUsION

Our findings in the present study suggest that PRF/
CRF of the DRG/SN appears to be a useful and safe
treatment in a serial fashion for chronic radicular pain.
A select group of patients may be managed success-
fully long-term with multiple treatments. The role of
this modality may be for the patient who is not a candi-
date or does not desire more invasive surgical options.
Finally, there are no reports of RF treatments causing
devastating neurological complications, unlike transfo-
raminal depo-corticosteroid injections (21).
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