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Persistent post surgical pain is reported in 70% of patients following thoracotomy and
mastectomy. This pain is often neuropathic in nature and occasionally it is refractory to
traditional medical and interventional management. Neurostimulation of peripheral nerves can
be a highly effective clinical modality for the management of neuropathic pain. The placement
of a percutaneously sited electrode in the thoracic paravertebral plexus offers a new and novel
mode of managing refractory thoracic neuropathic pain.

We present 2 cases that demonstrate the effectiveness of this intervention in the long-term
management of this clinical dilemma. The first case presented is that of a 61-year-old female,
with unilateral neuropathic pain for 6 years following mastectomy refractory to traditional
interventions. Targeted field stimulation of the thoracic paravertebral plexus resulted in
significant improvement for 12 years. The second case is that of a 65-year-old male, with Type Il
diabetes with neuropathic thoracic pain for 6 years following multiple rib fractures (T4-T7) who
responded positively to neurostimulation of the thoracic paravertebral plexus.

Both of these cases demonstrate a relative reduction in pain intensity (> 80%), the elimination of
oral analgesics, and improved functionality directly related to the novel use of this intervention.
Effective and reproducible pain relief is achieved by specifically using a low frequency (10 Hz)
and low amplitude (2 mA) stimulation technique. Equally important is that these cases highlight
the increased risk of inadvertent pleural puncture with the development of a pneumothorax
that can be associated with this intervention. Possible clinical, investigative and equipment
modifications that need to be considered are discussed.

The limitations include only 2 case reports, considered as the lowest level of evidence available
in the era of evidence-based medicine, and lack of utilization of multiple other modalities of
treatments utilized in managing neuropathic pain.

In conclusion, these cases demonstrate the effectiveness of peripheral nerve stimulation of the
thoracic paravertebral plexus in the long-term management of refractory neuropathic pain. They
also serve to underline the importance of clinical awareness in order to improve patient safety.
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ersistent post surgical pain is reported in 70%
of patients 2 months following thoracotomy
and mastectomy surgery. Thoracic paravertebral
blocks have been shown to be useful to relieve acute
postoperative pain associated with this surgery (1), but

long-term pain relief is variable (2,3). Peripheral nerve
stimulation (PNS) is a neuromodulation technique
with important therapeutic and cost-effective
benefits, especially for neuropathic pain previously
refractory to conventional treatment modalities (4-9).
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We present 2 cases, with long-term follow-up, using
PNS of the thoracic paravertebral plexus for chronic
thoracic pain of different etiologies which failed to
respond to conventional treatments. We also highlight
complications associated with this treatment.

Case REPORTS

Case 1

In 1998 a 61-year-old woman underwent a right-
sided mastectomy for breast cancer. She subsequently
presented to our clinic in 2003 with a history of severe
neuropathic pain in the distribution of T5, T6, and T7
dermatomes. Investigations excluded a new primary
site of carcinoma, bony metastases, infective, or other
co-morbidities to explain this new pain. The pain was
refractory to both conventional medical and inter-
ventional therapies such as thoracic facet joint injec-
tions and intercostal nerve blocks. A trial of PNS using
a Pajunk catheter (PAJUNK UK Medical Products Ltd.,
Prestwick, England, United Kingdom), positioned in the
right thoracic paravertebral plexus was undertaken and
this provided 60-70% pain relief. Subsequently, under
local anesthesia and fluoroscopic guidance, in a mini-
mally invasive procedure, a quadpolar lead (Medtronic,
Minneapolis, Minnesota) was positioned to lie at the
T6 level. The electrode was then tunnelled to an inci-
sion made at the ipsilateral gluteal area and connected
to an implantable pulse generator (IPG) (Medtronic,
Minneapolis, Minnesota) inserted into a subcutaneous
pocket in the gluteal area. The full implant provided
100% pain relief for 4 years using low frequency (10
Hz), low amplitude (2 mA) stimulation with a pulse
width of 400 usec (Fig. 1).

In 2006 the patient fell while on vacation and sus-
tained multiple left-sided rib fractures at T8, T9 and
T10. She returned to our clinic complaining of severe
hypersensitivity in the corresponding dermatomal area
that significantly limited her daily activities. Visual ana-
logue pain score (VAS) on movement was 8/10. Despite
pharmacological therapy which included acetamino-
phen, non-steroidal anti-inflammatory drugs (NSAIDs),
gabapentin, and amitriptyline, in combination with
multiple level intercostal nerve blocks, and intercostal
nerve pulsed radiofrequency, the patient continued to
experience severe neuropathic pain. Notably, the patient
remained pain free on the contralateral side where the
thoracic paravertebral plexus remained in position.

PNS of the left thoracic paravertebral plexus was
undertaken and following a successful trial with a

Pajunk catheter (PAJUNK UK Medical Products Ltd.,
Prestwick, England, United Kingdom), the patient pro-
ceeded to a full implantation in 2007 when a quadruple
electrode (Medtronic, Minneapolis, Minnesota) was po-
sitioned to lie at the T9 level in order to capture the
painful area (Fig. 2). The implantable power generator
(IPG) was replaced with the synergy model (Medtronic,
Minneapolis, Minnesota) at the same time. Low fre-
quency (10 Hz), low amplitude (2 mA) stimulation tar-
geted at the epicenter of the painful area produced
effective and reproducible pain relief with a sustained
VAS score 2/10 on movement. Unfortunately, within a
year the left-sided pain returned (VAS > 8/10) and a lead
malfunction secondary to a lead fracture was identified
as the cause. Exploration and revision of the faulty lead
was undertaken in 2008 and while this was complicated
by the post-operative development, a small left-sided
pneumothorax was identified on routine chest x-ray;
it was determined clinically insignificant and resolved
spontaneously. The patient has had functional targeted
field stimulation in place for over 7 years that has pro-
vided an improved quality of life.

Case 2

A 65-year-old man presented with an 8-year history
of low back and thoracic pain following a traffic acci-
dent in which he sustained fractures at T4, T5, T6, and
T7 vertebrae. Co-morbidities included well-controlled
Type Il diabetes mellitus (glucose range 6.0 — 10.0) and
a raised body mass index (35.5 kg/m?). Despite several
medications which included oral opioids, acetamino-
phen, non-steroidal anti-inflammatory drugs (NSAIDs),
gabapentin, amitriptyline and ligocaine anesthetic
transdermal patches, he continued to suffer a constant,
dull aching pain that would keep him awake at night.
Pain intensity (VAS) was reported as 8/10 on movement.
It was common for him to have severe episodes of pain
which could last hours to days; he required hospitaliza-
tion and intravenous morphine to manage the pain
twice in a 6 month period. Intercostal nerve blocks with
steroid and local anesthetic and pulsed radiofrequency
intercostal denervation were either short-lived or inef-
fective. A PNS trial using Pajunk catheter placement
(PAJUNK UK Medical Products Ltd., Prestwick, England,
United Kingdom), reduced the pain intensity by > 70%;
full implantation was undertaken in 2000 when a quad-
polar lead (Medtronic, Minneapolis, Minnesota) was
positioned to lie at the T7 level using fluoroscopic guid-
ance. The electrode was then tunnelled to an incision
made at the ipsilateral gluteal area and connected to
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Fig. 1 shows the final position of the quadpolar lead
(Medtronic, Minneapolis, MNN, USA ) in the right thoracic
paravetebral plexus at the T6 level to manage post-mastecto-
my pain from T5-T7 on the same side. This lead was first
placed in 2001.

Fig. 2 shows the position of the same stimulation lead as in
Fig. 1 with the additional left side quadruple Medtronic lead
( Medtronic, Minneapolis, MIN, USA) positioned in the left
thoracic paravertebral area targeted at the level of T9. This
lead was targeted at pain associated with fractured ribs (' T8/
T9/T10). Note that the original right lead did not migrate
despite being in place for over 8 years.

an implantable pulse generator (Medtronic, Minneapo-
lis, Minnesota) inserted into a subcutaneous pocket in
the gluteal area. The VAS score decreased to 2/10 with
improved function and a gradual decrease in opioid
consumption in the months that followed.

The patient remained comfortable for over 6 years,
but in an effort to improve the coverage he returned
for elective lead revision in 2006. During the procedure
a pneumothorax was suspected when he complained
of a sudden sharp chest pain, dyspnoea, and developed
a tachycardia but otherwise remained hemodynami-
cally stable. The procedure was abandoned, a chest
drain was inserted, and it remained in situ for 36 hours,
after which it was removed uneventfully. There was
no radiological evidence of a pneumothorax at any
point. A month later a new Medtronic Quad electrode
(Medtronic, Minneapolis, Minnesota) was re-implanted
without any complications. It was positioned at the lev-
el of T8-T9 in the paravertebral gutter. Low frequency
stimulation (10 Hz), low amplitude (2 mA) stimulation
targeted at the epicenter of the painful area again pro-
duced effective and reproducible pain relief but with
better coverage of the painful area. Presently this pa-
tient reports 60-80% pain relief and is satisfied with his
pain management and his quality of life. He describes

his stimulation as “smooth and gentle.” He is presently
off all opioids and uses acetaminophen for rescue man-
agement. His diabetes remains well under control and
he has reduced his BMI as his mobility improved.

Discussion

The concept of stimulation analgesia was initiated
following the publication of the Gate Control Theory
in 1965 (4-13). Since 2000 peripheral nerve stimulation
has regained popularity as a simple and effective neu-
romodulation technique for pain management (5-9).
The use of thoracic paravertebral plexus stimulation as
illustrated in the cases presented is unique for several
reasons.

First, anatomically the thoracic paravertebral space
offers an ideal target for successful stimulation. The
thoracic paravertebral space (TPVS) is a wedge-shaped
space (14) that lies on either side of the vertebral col-
umn (Fig. 1). The parietal pleura forms the anterolateral
boundary, while the base is formed by the posterolater-
al aspect of the vertebral body, the intervertebral disc,
the intervertebral foramen and its contents (15). The
TPVS contains fatty tissue, within which lies the inter-
costal (spinal) nerve, the dorsal ramus, the intercostal
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vessels, the rami communicantes, and, anteriorly, the
sympathetic chain (15). The spinal nerves in the TPVS
are segmented into small bundles lying freely among
the fat and devoid of a fascial sheath, which makes
them exceptionally susceptible to local anesthetic block
(16). The intercostal nerve and vessels are located be-
hind the endothoracic fascia (17), while the sympathet-
ic trunk is located anterior to it in the TPVS (18) (Fig. 1).
This results in ipsilateral somatic and sympathetic nerve
blockade in multiple contiguous thoracic dermatomes
above and below. We believe that once positioned in
the TPVS, the leads are less likely to migrate. As the first
case illustrates, even in the event of significant trauma
in the contralateral thoracic region, the original leads
remained in position.

Second, the leads are sited using a percutaneous
approach, thereby avoiding the central neuraxial system
and also avoiding incising the hypersensitive peripheral
skin to access the injured nerve. Percutaneous implan-
tation of the stimulating electrode, via a stimulating
needle to the peripheral nerves, is a relatively simple
procedure and, as shown in our cases, is very effective.
In our opinion, the implantation of the electrode via a
percutaneous approach is both simpler to perform and
is safer when compared to surgical implantation tech-
niques, requiring incision and dissection to localize and
expose the target painful nerve. The use of stimulating
needles as an aid for identifying location prior to subse-
quent permanent electrode implantation has improved
the precision and accuracy of the technique. In both
cases presented, the patients were 61 and 65 years old
respectively and the avoidance of a general anesthesia
was thought to be in their best interest.

Third, only low frequency electrical stimulation,
targeted at the epicenter of the painful area, is re-
quired to stimulate the thoracic paravertebral plexus
and to provide effective and reproducible pain re-
lief. The precise mode of action of the low-frequency
stimulation on the paravertebral plexus has not been
fully understood; however, a beneficial effect of low-
frequency stimulation has been documented in basic
sciences and clinical applications. Low-frequency, low-
voltage electrical stimulation of the spinal cord in the
epidural space has produced spinal hypalgesia and an-
algesia (19,20). Application of a low-frequency stimula-
tion to single nerves, plexuses, and targeted at a site
of pain, mainly in neuropathic pain, has resulted in a
substantial resolution of symptoms of varying duration
(21-23). Permanent implantation in the case of targeted
stimulation, single nerves, and plexuses has confirmed

these findings (24). A conduction block of spinothalam-
ic fibers by electrical field activation produced by the
stimulating leads, has been suggested (25). However,
this explanation seems less likely in view of the fact that
the majority of these fibers are thin and have high ac-
tivation thresholds. Paravertebral stimulation can pos-
sibly be explained by the “gate-control” theory of pain
(26). Low frequency stimulation also has the added ad-
vantage of prolonging the battery life of the IPG.
While these cases describe a different approach to
a clinically difficult dilemma, they were both notable
for being complicated by the development of a pneu-
mothorax, one of which required insertion of a chest
drain. Based on published data, it is difficult to quote
the true complication rate of thoracic paravertebral
block associated with single or multiple injections, but
it appears to be relatively low, ranging between 2.6-
5% (1). The type and rate of complications prospec-
tively reported after paravertebral (both thoracic and
lumbar) injection blocks in 367 patients (319 adults,
48 children) showed the following frequency: vascular
puncture, 3.8%; hypotension, 4.6%; pleural puncture,
1.1%; and pneumothorax, 0.5% (27). We had no reason
to expect either of the cases presented to be at a higher
risk of this complication than normal, however, given
the larger gauge needle used to position the stimula-
tor leads, compared to the smaller gauge needles used
for a traditional paravertebral block, a greater inci-
dence of complications such as a pneumothorax might
be expected. Clues that suggest pleural puncture are
a definite pleural “pop” sensation, irritating cough, or
sharp pain in the chest or shoulder during the proce-
dure (28). Air is not aspirated unless the lung is inadver-
tently punctured or air enters the pleural cavity via the
needle during removal of the stylet. This may explain
the complication we report. While it is routine protocol
to perform post procedure chest x-rays, these may or
may not identify the complication. Advanced radiologi-
cal intervention using interpleural injection (contrast)
would be seen to move with respiration (28); it does not
define any specific anatomical plane, rapidly disperses,
and spreads to the diaphragmatic angle or horizontal
fissure (28). A unique case of clicking pneumothorax
is also described. This clinical entity is seen most com-
monly with small left apical pneumothorax and is char-
acterized by the “Hamman sign,” a clicking, bubbling,
or crunching noise heard on auscultation near the apex
of the heart in certain postures. Perhaps the use of real-
time fluoroscopy or ultrasound monitoring to consider
the needle position in relation to the pleura could be
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used to reduce the incidence; the development of suit-
able blunt needles is needed to improve patient safety.
Ultimately, clinical awareness may provide the best in-
dicator of this complication and ensure patient safety
with early intervention.

The recent successful neurostimulation of more su-
perficial peripheral nerves, such as those arising from
the dorsal thoracic rami (9), should also be considered
as a possible alternative approach to managing cases
similar to those presented, especially with the reduced
risk of complications.

Limitations of this evaluation include report of
2 cases which is considered as the lowest level of evi-
dence (29-36) which may result in excessive utilization
of interventional techniques (35-39), lack of description
of other modalities of treatments including sympathet-
ic blocks, intercostal nerve blocks, and epidural injec-

tions which have been frequently utilized successfully
in managing neuropathic pain apart from spinal pain
(40-48).

ConcLuUsION

Peripheral nerve stimulation of the thoracic para-
vertebral plexus with the placement of a percutane-
ously sited electrode offers a new and novel mode of
managing refractory thoracic neuropathic pain. The 2
cases presented demonstrate the effectiveness of this
intervention in the long-term management of this
clinical dilemma. However, despite the simplicity, it is
a procedure with inherent risk and one that must not
be taken lightly. In the future a randomized controlled
trial needs to be completed to assess the usefulness of
this procedure and establish risk analysis.
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