
Background: Neuropathic pain following breast cancer surgery can have a profoundly negative 
impact on the physical and psychosocial functioning of patients. Radiofrequency treatment has been 
used as therapy for chronic pain, which also has a problem under debate of its neurodestructive 
nature. Although the efficacy and safety of using glucocorticoids in nerve block treatment are 
controversial, they have been used to treat neuropathic pain for many years and have been used 
to alleviate acute and continued postoperative pain. Neither radiofrequency combined with 
glucocorticoids nor radiofrequency treatment of the thoracic paravertebral nerve for neuropathic 
pain following breast cancer surgery has been reported. 

Objective: To describe the efficacy of thoracic paravertebral nerve radiofrequency treatment 
combined with glucocorticoids for refractory neuropathic pain following breast cancer surgery. 

Design: A series of 3 patients, who following breast cancer surgery with neuropathic pain that 
did not respond to conservative treatment, were selected. They received radiofrequency treatment 
of the thoracic paravertebral nerve combined with betamethasone. If pain remained after this 
treatment at a dermatome of a different level or at the same level, the same treatment was 
administered after at least 2 months had passed. 

Results: A total of 21 treatments were administered to the 3 patients. After these treatments, 
all 3 patients experienced pain relief and their quality of life improved as evaluated by the SF-
36. Hypoesthesia worsened slightly after treatment. However, anesthesia dolorosa and transient 
burning pain in the corresponding dermatome, which seemed to be related to neuro-injury after 
radiofrequency treatment, were not seen. 

Conclusion: This case series suggests that it is possible that radiofrequency treatment of the 
thoracic paravertebral nerve combined with glucocorticoid may help in pain relief and improve the 
quality of life of patients with refractory neuropathic pain following breast cancer surgery.
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As more patients are surviving breast cancer 
as a result of the progress in treatment, the 
population at risk for chronic pain after 

breast cancer surgery can be expected to increase 
in the coming years (1). Tasmuth et al (2) reported 
that chronic pain slightly affected the daily lives of 

about 50% of post-surgical breast cancer patients, 
and that the effect was moderate or severe in 25% 
of such women. It has been speculated that many 
of these patients were undertreated for pain and 
generally obtained poor pain relief (3). Continuous 
radiofrequency (RF) lesioning has been reported as 
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Waldman (10). Sterile skin preparation and draping 
were done before each procedure. After 1% lidocaine 
was injected through a 25-gauge needle at the entry 
point of the electrode, the electrode (22-gauge 99-mm 
needle with 4-mm bare tip, TFW 22G×99 mm®) was 
introduced into the selected nerve using fluoroscopy 
with a C-arm until paresthesia in the dermatomal distri-
bution of that nerve was obtained. We confirmed that 
the needle tip was placed in the posterior aspect of the 
intervertebral foramen on a lateral view (Fig. 1) and 
that it was no further than half way across the width of 
the line of the pedicle. After a negative aspiration test, 
contrast dye (Omnipaque®, Daiichi-Sankyo, Japan) was 
injected to confirm the location of the nerve that was 
to be treated and that there was no vascular uptake 
of contrast (Fig. 2). Once the needle was positioned, 
the electrode stylet was replaced with a thermocouple 
electrode. We tested whether the thermocouple elec-
trode was placed in the physiologically correct location 
by 100-Hz stimulation of the needle tip. We initially set 
the voltage at 0V and then gradually increased it until 
the patient felt a tingling sensation. If a tingling sensa-
tion in the corresponding dermatome was obtained at 
a voltage of less than 0.5V, the electrode was assumed 
to be in the correct position. After verifying that the 
needle was in the correct position, 1.5 mL of 2% mepi-
vacaine and 2 mg of betamethasone as the glucocorti-
coid were administered to the TPN. Five minutes later, 
continuous RF treatment was applied at a temperature 
of 90°C and duration of 90 seconds with a generator 
(Neuro Therm JK 3TM system, Croydon, Surrey, UK) that 
had an automatic temperature control mode to avoid 
excessive elevation of temperature (11). If the patient 
still had pain after the treatment at a dermatome of a 
different level or at the same level, another treatment 
was administered after at least 2 months had passed. If 
pain remained on a plural number of intercostal nerve 
areas, RF-TPN with glucocorticoid was administered to 
the most painful area.

Evaluation of Pain
Pain was evaluated before and more than 2 

months after RF treatment. At each evaluation, the pa-
tient was asked to assess pain intensity using a 10-cm 
visual analogue scale (VAS), in which 0 cm represented 
no pain and 10 cm the worst imaginable pain and to 
assess her quality of life (QOL) using the SF-36 (Japa-
nese version) (12). The patient was also asked about 
side effects of the treatment, such as increase in pain, 
sensory impairment, pneumothorax, and infection. 

treatment for several chronic pain conditions even 
though a problem under debate is its neurodestructive 
nature (4-8). Glucocorticoids have been used to 
treat neuropathic pain for many years and they 
alleviate acute and continued postoperative pain 
by suppressing inflammatory mediators and glial 
activation and reducing neural activity, sympathetic 
sprouting and central neuropathic changes such as 
central sensitization (9).

We hypothesized that the effect of glucocorticoids 
would be additive to that of RF treatment and that 
glucocorticoids might avert pain associated with neuro-
injury after RF lesioning. There have been no previous 
published cases on RF treatment of the thoracic para-
vertebral nerve (TPN) combined with glucocorticoid.

We treated 3 patients with refractory neuropathic 
pain following breast cancer surgery with RF of the 
thoracic paravertebral nerve (RF-TPN) at 90°C com-
bined with glucocorticoid.

Methods 
Three patients with refractory neuropathic pain 

following breast cancer surgery were selected to re-
ceive RF-TPN combined with glucocorticoid according 
to the following criteria: 1) presence of irradiating pain 
in the thoracic region following breast cancer surgery; 
2) no response to conservative treatment such as anti-
inflammatory drugs, antidepressants, anticonvulsants, 
opioid analgesics, and topical capsaicin; 3) duration 
of conservative treatment of more than 6 months; 4) 
temporary positive response (> 80% pain relief) to in-
tercostal nerve block using local anesthetics and glu-
cocorticoids at each painful dermatome; and 5) pain 
so severe as to disturb sleep. 

In addition, all 3 patients reported continuous 
aching and burning pain with the worst daily pain de-
scribed as severe to excruciating and allodynia of the 
affected area. 

After we provided complete information on the 
RF technique and its possible benefits, risks, and side 
effects, the patients gave verbal informed consent for 
the procedure. 

Radiofrequency Procedures
The level at which RF treatment was administered 

was decided by the affected dermatome, the degree 
of tenderness under the rib using fluoroscopy with a 
C-arm, and the effect of intercostal nerve block. RF-
TPN was performed using real-time fluoroscopy with 
a C-arm by the laterodorsal approach as described by 



Fig. 2. Fluoroscopic image of  the antero-posterior view after contrast dye was injected, which was obtained during RF-TPN 
treatment at T3 in Patient 1. The white arrows indicate the electrode. The black arrows indicate the third intercostal nerve.
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Fig. 1. Fluoroscopic image of  the lateral view before contrast dye was injected, which was obtained during RF-TPN treatment 
at T3 in Patient 1. The white arrows indicate the electrode. The black arrows indicate the margin of  the intervertebral 
foramen.
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Case Reports

Patient 1
The 56-year-old woman underwent a modified 

radical mastectomy for left breast cancer. Persistent 
pain intensity was 6.8 cm on the VAS, and was exacer-
bated by movement. Painful areas included the axilla, 
medial upper arm, and anterior chest wall. Six months 
after surgery, left back pain developed. She experi-
enced phantom breast sensation that lasted several 
weeks after the surgery but it was not accompanied 
by phantom breast pain. There was hypoesthesia (7-
8/10) of the affected area. 

Previous interventional treatments, in addition to 
the pain control measures noted above, consisted of 
pulsed RF (PRF) treatment (8) of the thoracic paraver-
tebral nerve (PRF-TPN) combined with glucocorticoids 
at levels T2 and T4. However, the duration of pain re-
lief was only about 2 weeks. Thereafter, we admin-
istered RF-TPN at T4 with glucocorticoid as described 
above. Immediately after the treatment, pain at the 
intercostal nerve area at T4 disappeared but returned 
after more than 2 months. RF-TPN treatment with glu-
cocorticoid was administered a total of 8 times at T2 
(one time), T3 (4 times), and T4 (3 times), over a period 
of 4 years. 

After RF-TPN treatment was applied at the T3 and 
T4 levels, pain recurred after the RF treatment, with 
intervals of recurrence at the identical level ranging 
from 6 months to 2 years. At follow-up 11 months 
after the last treatment, pain intensity was reduced 
(VAS: 2.5 cm). The QOL as evaluated by the SF-36 in-
dicated improvement except for general health and 
emotional role restriction as shown in Table 1. Hypoes-
thesia worsened after RF treatment (1–5/10). 

Patient 2
The 74-year-old woman underwent a modified 

radical mastectomy for right breast cancer. Persistent 
pain intensity was 6.9 cm on the VAS. Movement exac-
erbated the pain. Painful areas included the axilla, me-
dial upper arm, and anterior chest wall. Three months 
after surgery, right back pain developed. There was 
hypoesthesia (1–8/10) of the affected area. 

RF-TPN treatment with glucocorticoid was admin-
istered as described above a total of 5 times at the T2 
(2 times), T3 (2 times), and T4 (one time) levels over a 
period of 2 years. At the T2 and T3 levels, pain recurred 
after RF treatment. The interval of recurrence at T2 
and T3 was 12 months and 14 months, respectively. 

At follow-up 18 months after the last treatment, 
the persistent pain had changed to intermittent pain 
and the pain intensity was reduced (VAS: 2.0 cm). The 
QOL as evaluated by the SF-36 indicated improvement 
with the exception of vitality (Table 1). Hypoesthesia 
worsened after RF treatment (1–4/10).

Patient 3
The 54-year-old woman underwent a modified 

radical mastectomy for right breast cancer. Persistent 
pain intensity was 5.7 cm on the VAS, and was exacer-
bated by movement. She experienced phantom breast 
sensation that lasted for several weeks after the sur-
gery but did not have phantom breast pain. Pain-
ful areas included the axilla, medial upper arm, and 
anterior chest wall. Right back pain began 2 months 
after surgery. There was hypoesthesia (1–5/10) of the 
affected area. 

RF-TPN treatment with glucocorticoid was car-
ried out as described above a total of 8 times at T2 (2 
times), T3 (one time), T4 (one time), T5 (one time), and 
T6 (3 times) over a period of about 4 years. At the T2 
and T6 levels, pain recurred after RF treatment. The in-
terval of recurrence at the identical level ranged from 
16 months to 2 years. At follow-up 6 months after the 
last RF treatment, pain intensity was reduced (VAS: 2.3 
cm). The QOL as evaluated by the SF-36 indicated a 
trend towards improvement except for general health 
and social functioning as shown in Table 1. Hypoesthe-
sia worsened slightly after RF treatment (1–3/10). 

In all cases, the pain at the relevant treated der-
matome was always reduced in comparison with 
previous intensity more than 2 months after each RF 
treatment. 

Therefore, we repeated procedures in order to 
provide sufficient pain reduction. Anesthesia dolorosa 
and the other side effects of RF treatment described 
above were not seen.

Discussion

Neuropathic pain can occur following any surgical 
procedure on the breast (e.g., lumpectomy, modified 
radical mastectomy, radical mastectomy) (3). The exact 
mechanism that produces the pain is unclear, but it 
is thought to occur through injury during surgery to 
various types of peripheral nerves (1). 

The nerves that may be damaged during breast 
cancer surgery are mainly supplied through branches 
of the intercostal nerves (T1-T6) (1). 
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We used RF-TPN treatment to reduce noxious in-
put through the afferent fiber system (13). Stolker et 
al (14) treated patients with chronic thoracic segmen-
tal pain including patients with postmastectomy syn-
drome by RF of the dorsal root ganglion (RF-DRG) at 
67°C for a duration of 90 seconds and reported long-
term pain relief. We administered RF-TPN instead 
of RF-DRG, because we supposed that RF-DRG was 
a more invasive procedure that requires a Kirschner 
wire to approach the DRG (14). Cohen et al (15) com-
pared pulsed RF of the intercostal nerves and pulsed 
RF of the DRG, but did not require a Kirschner wire to 
approach the thoracic DRG. Approach to the thoracic 
DRG without a Kirschner wire and even that with a 
curved-electrode, carry the additional risks of pneu-
mothorax and other visceral, vascular, and neural in-
juries (16).

Moreover, it has been reported that transforami-
nal injection has a potential risk of serious neurologic 
complications such as brain and spinal cord infarction 
and death (17-20). The leading hypothesis for the 
mechanism of these complications is unintentional 
intra-arterial injection of particulate glucocorticoids 
or contrast medium. In addition, needle-induced vaso-
spasm has been considered (20).

Regarding this point, we thought that there would 
be a smaller possibility of injury to the radicular artery 
by RF-TPN than by RF-DRG because of its anatomical 

distance (20). Moreover, in order to minimize the risk 
of this complication, we confirmed that the needle 
was in the correct position by paying close attention 
with real-time fluoroscopy before injection through 
the needle as recommended by Lee et al (19).

We used Rinderon® (Shionogi, Japan) as the be-
tamethasone. This drug is water-soluble and does not 
contain benzyl alcohol, which is neurotoxic and added 
as a preservative to many corticosteroid preparations 
(18).

The mode of action of RF treatment has not yet 
been elucidated. Two hypotheses have been pro-
posed to date (7). One hypothesis is that RF applica-
tion causes thermocoagulation of nerve fibers that 
denatures the nerves to interrupt noxious input. The 
second hypothesis is that the electric field has a neu-
romodulatory effect on pain-processing mechanisms. 
It is proposed that conventional RF works primarily 
by coagulation (though an electric field is generated) 
and PRF may works via the generation of an electric 
field (8). As to thermocoagulation, RF treatment for 
the management of nonmalignant pain is becom-
ing more controversial because of its potential neu-
rodestructive nature that can induce motor deficits, 
neuritis, and deafferentation pain (4-7,21). However, 
thermocoagulation by RF treatment is paradoxical in 
its mode of action. It is believed that the therapeu-
tic effect of RF is achieved by a partial nerve lesion 

Patient 1 Patient 2 Patient 3

Before After Before After Before After

Physical Functioning 48.1 55.1 12.9 23.4 16.4 23.4

Physical Role Restriction 29.0 52.8 25.6 35.8 15.3 29.0

Bodily Pain 21.6 39.7 30.9 35.3 17.2 35.3

General Health 62.4 62.4 37.0 39.7 34.3 34.3

Vitality 50.2 62.5 44.1 44.1 37.9 44.1

Social Functioning 43.9 57.1 30.8 43.9 24.2 24.2

Emotional Role Restriction 52.3 52.3 35.3 39.6 26.8 31.1

Mental Health 41.1 54.4 38.5 46.5 41.1 49.1

Table 1.  Quality of  life as measured by the SF-36 (Japanese version) before and after the RF treatments. RF-TPN with gluco-
corticoid was administered a total of  8 times in Patient 1, 5 times in Patient 2, and 8 times in Patient 3. 
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produced in the nerve (8). On the other hand, while 
minor nerve injury sometimes produces devastating 
pain, modest or diffuse deafferentation does not (22). 
The cause of this effect has not been elucidated. In a 
clinical study, it was suggested that even long-stand-
ing central sensitization can be reversed quickly when 
the peripheral input is removed (23). RF treatment can 
reduce the peripheral input and may have the poten-
tial to reduce pain. 

In our cases, although the hypoesthesia did prog-
ress, anesthesia dolorosa was not seen in spite of 
administration of high temperature and repeated 
treatments. Regarding motor deficits, RF treatment 
to thoracic segmental nerves except for T1 which was 
presented in our paper, has an advantage over that to 
the cervical or lumbar area, because there is no risk of 
damaging motor function to the limbs.

As to the second proposed mode of action of RF 
treatment, Sluijter et al (24) proposed a new tech-
nique employing RF, referred to as PRF, which delivers 
intermittent burst currents of 500 kHz in order to act 
mainly with the electric field in spite of thermocoagu-
lation. However, there is no available clinical evidence 
that PRF is more effective than RF in alleviating pain 
from the thoracic segmental nerves. Before RF treat-
ment, Patient 1 had been given PRF-TPN combined 
with glucocorticoid at 2 different sites. However, the 
duration of pain relief was only a few weeks. In con-
trast, the duration of pain relief was longer with RF 
treatment. The reason for this difference in response 
is unclear. This result led us to conjecture that thermo-
coagulation might be more effective than application 
of an electric field for alleviating neuropathic pain fol-
lowing breast cancer surgery. 

Although the use of glucocorticoids in nerve 
blocks is controversial, nerve block treatment for neu-
ropathic pain usually consists of a local anesthetic and 
glucocorticoids (16,25). Pro-inflammatory cytokines 
secreted at or near the site of a nerve injury are in-
volved in the development and maintenance of cen-
tral sensitization and neuropathic pain (9). The lesions 
produced by RF energy are well-demarcated areas of 
coagulative necrosis surrounded by inflammatory cell 
infiltrate and hemorrhage. This inflammatory response 
can lead to increased tenderness, pain, and limitation 
of movement after RF treatment (26). Glucocorticoids 
are known to suppress pro-inflammatory cytokines 

(such as TNFα and IL-1β) and induce expression of 
anti-inflammatory cytokines (such as IL-10). Moreover, 
regarding glucocorticoid use in humans, there is al-
ready convincing evidence of acute analgesic and an-
tihyperalgesic effects of glucocorticoids after surgery 
and experimental injuries (9). Therefore, we admin-
istered the glucocorticoid with RF-TPN to provide an 
additive effect to RF treatment. Although the extent 
of the chemical change in betamethasone by the heat 
is unclear, we administered betamethasone before RF 
treatment because we were afraid that diffusion of 
betamethasone would be disturbed by the thermoco-
agulated tissue after RF treatment. 

In previous reports of thoracic or cervical RF-DRG, 
transient neuritis and/or burning pain in the treated 
spinal nerve was noted (14,27,28). However, our 3 pa-
tients experienced no transient burning pain after 21 
procedures of RF-TPN despite the high temperature 
and repeated procedures. Dobrogowski et al (26) de-
scribed that RF treatment with methylprednisolone to 
the lumbar medial branch tended to reduce the fre-
quency of postoperative pain. Although the site and 
extent of treatment were different, and the degree 
of the effect of glucocorticoid remains unclear, these 
results suggest that it may be possible for glucocorti-
coids to have the potential to avert the pain related to 
neuro-injury after RF lesioning. 

However, the possibility that RF treatment for 
neuropathic pain may worsen the pain remains. 
Therefore, we feel that the practitioners should se-
lect patients who are eligible for RF treatment with 
strict inclusion criteria, and provide adequate expla-
nations and have discussions with the patients before 
the procedure. 

Conclusion

Repeated administration of RF-TPN combined 
with glucocorticoid reduced pain and improved the 
quality of life of patients with refractory neuropathic 
pain following breast cancer surgery in the 3 cases. 
There were no significant side effects except for wors-
ened hypoesthesia. 

We feel that RF-TPN combined with glucocorti-
coid deserves further study. As after further study, it 
may represent a viable therapeutic option for patients 
with refractory neuropathic pain following breast 
cancer surgery in whom conservative treatments have 
failed.
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