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Recent therapeutic evolution in treating complex regional pain syndrome has led to the concept that if a therapeutic
modality fails to give improvement, one needs to move onto the next level of care, thus, the evolution in treating the
sympathetically maintained pain, sympathetically independent pain as well as the central pain.  The physical therapy
and behavioral based therapeutic modalities usually result in approximately 50% improved clinical picture.  From the
remainder that are resilient for the Level I and Level II approaches, the more interventional techniques clearly have
come into more accepted and significant therapeutic considerations. Our review from approximately 275 cases of
peripheral nerve stimulator implants indicates a satisfaction rating of approximately 80%, and in this very difficult
patient population over 50% of the males and over 30% of the females returned to work.  The review of our cases has
been even further refined as we have come to the realization that particularly in patients where the injury may have
been, for example, the lower extremity and did not satisfactorily respond to peripheral nerve stimulation as evidenced
by the disease spreading to the ipsilateral upper extremity, additional spinal cord stimulation has been utilized over the
last several years.  Additionally, in patients where the injury appeared not mononeuropathy, the therapy may have
consisted of a spinal cord stimulator in lieu of peripheral nerve stimulation.  Thus, we have had a number of patients
where both peripheral nerve stimulation and spinal cord stimulation has been used in the same patients, additionally
patients whereon the peripheral nerve stimulation was used, and in others where only spinal cord stimulation was used
in the Level III type patients in the continuum of care.  Our patients were combined with patients from Baylor
University Medical Center in Houston and recently have been published by Calvillo, et al.  The visual analog scores
were maintained in a sustained manner at three years but the peripheral nerve stimulator outcome was better than that
of spinal cord stimulation and the best results were obtained where spinal cord stimulation and peripheral nerve
stimulation were utilized (Table 1.)

Our approach in complex patients that failed multiple therapeutic modalities, for example spinal cord stimulation, is to
attempt mapping regardless of the spinal cord stimulator that has been placed previously. We utilize the monopolar
(Epimed International) stimulating catheter and attempt to find the entry zone on the spinal cord where the best
stimulation can be obtained for one of the electrodes. The second electrode then is placed near midline.  Alligator clips
are used together with the Medtronic trial stimulator box for stimulation between the two monopolar electrode tips.  If
we are able to map out the satisfactory outcome, then we verify the position by anterior, posterior, and lateral
radiological pictures and at a later date we place with a surgical laminotomy an 8-contact point electrode paddle where
the electrodes can be programmed horizontally as well as vertically and the lateral most electrode is placed over the
entry zone of the spinal cord where the best stimulation had been documented by the monopolar stimulating catheters.
Because the animal model histopathology shows histological changes at that segment in the spinal cord, this therapeutic
approach has produced favorable outcomes when single electrodes were simply not working. Additionally, the single
electrode systems, regardless of the numbers of the contact points--four or eight--may migrate laterally and miss the
entry zone of the spinal cord that needs to be stimulated for optimal outcome. This observation, while limited in
numbers, appears to be clinically significant in those patients where we have used this technique.
New Technology for Peripheral Nerve Stimulator Mapping

Since the introduction of Peripheral Nerve Stimulators as a concept by Sweet and Wall and subsequently the work of
Wepsick and Sweet have led to the cuff type electrodes which had a tapering off beneficial outcome possibly because
of constrictive scar formation from the cuff type electrodes, the technique fell into disuse.  Utilizing paddle electrodes
with a fascial coverage ala an artificial dura, through which the nerve can be stimulated without direct contact with the
nerve, the success rate has improved as well as the tapering off of the favorable outcome has not been noted in large
series of patients.  The next generation for better coverage in nerves has been the work of Nashold who attempted
microelectrode suturing into the nerve through stimulation and mapping and subsequently anchoring the
microelectrodes; because of the complexity of the technique it has failed to again wide acceptance.  In 22 patients we
have attempted the use of a concave "gutter" type electrode where the electrodes are distributed in such a way that the
either end of the gutter in the hollow would be the zero and 3 electrodes, and in the mid portion on either side the 1 and
2 electrodes are located.  Thus, one is able to stimulate the nerve longitudinally as well as across.  Because the nerve
bundles travel in a rotating spiral manner; therefore, if one is to place a paddle electrode on the lateral aspect of the
sciatic nerve, it would not necessarily and appropriately be covering the peroneal bundles exclusively. For this reason,
we use the curved electrode covered with a piece of fascia that is sutured to the paddle electrode, and a tetanic stimulus
is placed on the zero and three electrodes.  If the tibialis nerve is the primary injured nerve, we like to see an initial
plantar flexion, and as we increase the amplitude for the tetanic contracture, biphasic and the plantar flexion to be
followed by a dorsi flexion.  When the ipsilateral lateral electrode on the paddle the 1 or 2 electrode is turned on, the



cross fiber stimulation of the sciatic nerve will give the appropriate motor response in plantar or dorsal flexion.  This
electrode configuration has allowed a much better coverage especially when  both components of the sciatic nerve are
involved.  For example, patient has heel pain as well as dorsum of the foot sole of the foot pain.

Clearly, technological advances improve our therapeutic outcomes and the outcome experiences in our series have been
duplicated by other major medical centers including Michael Stanton-Hicks, Samuel Hassenbusch,


