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Four-limb Neurostimulation with Neuroelectrodes Placed in the
Lower Cervical Epidural Space
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SPINAL cord stimulation (SCS) involves electrical stimu-
lation of large afferents (A� fibers) in the dorsal columns
of the spinal cord by neuroelectrodes placed in the
epidural space. Stimulation elicits tingling sensation (par-
esthesiae) in the corresponding dermatome and inhibits
small-diameter nociceptive afferents (A� and C fibers),
which transmit painful sensations.1 Stimulation for pain-
ful entities involving the upper limbs typically requires
cervical placement of neuroelectrodes, whereas stimula-
tion for lower extremity pain entails placing the leads in
the low thoracic spine.2 Paresthesiae induced by SCS are
generally sought over the targeted painful areas,3–6

though subthreshold stimulation (stimulation below the
perception threshold, not felt by the patient as paresthe-
siae) has recently been reported as effective.7,8 Clinical
experience and a few case reports suggest the possibility
of obtaining stimulation in the lower extremity, in addi-
tion to upper extremity stimulation, with neuroelec-
trodes placed in the cervical epidural space.9–11 Patients
with pain in all four extremities that may be amenable to
management with SCS may benefit from such interven-
tion, provided that consistent and reproducible stimula-
tion can be accomplished. The objective of this report is
to determine whether it is feasible to consistently
achieve stimulation coverage of all limbs with two per-
cutaneous cervical leads placed in the epidural space of
the lower cervical spine. In addition, short-term effec-
tiveness of the modality was examined by functional
outcomes in patients who proceeded to permanent im-
plantation of cervical neuroelectrodes.

Case Series

Twelve patients from the Cleveland Clinic Pain Management Depart-
ment and University Hospitals Case Medical Center, Division of Pain

Medicine, Cleveland, Ohio, underwent cervical spinal cord stimulation
trial and/or implantation over a 2-year period (2005–2007) for treat-
ment of diffuse limb pain. All patients experienced pain that had not
responded to conventional treatment, which included sympathetic and
somatic nerve blocks, pharmacologic therapy, and physical therapy.
Prestudy screening included psychological evaluation and a negative
pregnancy test for women of childbearing age. Enrolled patients were
determined to be candidates for cervical spinal cord neurostimulation.
There were nine women and three men, ranging in age from 42 to 71
yr, with a median age of 48 yr. Pain was localized to at least one upper
and one lower extremity and was often associated with some pain in
the shoulders or lower back. Patients who were studied had the
following diagnosis: complex regional pain syndrome (CRPS) type I (6
patients), peripheral vascular disease (1 patient), neuropathic pain
persisting after cervical laminectomy and lumbar laminectomy (2 pa-
tients), chemotherapy-induced neuropathy (1 patient), myelopathy
status post cervical fusion (1 patient), and multiple system atrophy (1
patient). Visual analog scale (VAS) score, Pain Disability Index (PDI)
score,12 and mapping of the areas of pain were obtained before the
procedure, at the end of the trial period (only VAS score), and at
follow-up 1 month after implantation (VAS score and PDI score). SCS
was conducted using percutaneous octapolar neuroelectrode leads
with 1-mm spacing and 3-mm-long electrodes (Boston Scientific, Va-
lencia, CA). The leads were introduced into the upper thoracic epi-
dural space at T2–T3 using a paraspinous approach with a 14-gauge
Tuohy needle during fluoroscopy. The neuroelectrode leads were
advanced during fluoroscopic guidance to the lower cervical epidural
space, just off midline on each side (fig. 1A). Stimulation was then
performed with one cathode and one anode per lead (usually electrode
contacts 3 and 5 or 4 and 6). Each lead was then trolled in a cephalad
or caudad direction until stimulation of the ipsilateral upper and lower
extremities was obtained. The leads were then anchored to the skin
during trials and to the supraspinous ligament and fascia during im-
plantations. At the conclusion of the procedure, complex postopera-
tive programming was allowed to proceed in the recovery area, for
optimal coverage parameters (fig. 1B). Trials periods ranged between
7 and 14 days, and if successful (50% or better pain relief), permanent
implantation was performed at a future date with new leads placed and
attached to an implanted rechargeable programmable generator.

Results

Patients underwent trials with dual neuroelectrodes with
the lead tip positioned between lower C3 vertebral body
and upper portion of C7 vertebral body level. In all, 11 of
12 patients studied experienced paresthesiae in all four
extremities (91.6% of patients). Four-limb coverage was not
obtained in 1 patient with multiple system atrophy. In 5
patients (45% of the cases), coverage of four extremities
was achieved using a single lead with a stimulation fre-
quency of 40 Hz (with one exception at 200 Hz). Pulse
width applied ranged between 190 and 870 �s (median,
470 �s; n � 5; table 1). In the remaining 7 patients (table
2), both right and left leads were used to achieve four-
extremity coverage. The stimulation parameters used that
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resulted in successful four-limb paresthesiae were (1) fre-
quencies (median values, n � 7) of 60 Hz for the right lead
and 40 Hz for the left lead and (2) pulse width (median
values, n � 7) of 550 �s for the right lead and 530 �s for
the left lead. In 9 cases (81.8%), current was fractionated
between more than two contacts of each lead. In 2 cases
(18.2%), two nonconsecutive contacts were sufficient to
provide excellent four-limb coverage. No distinct electrode
array was found common to the successful stimulation of
any subject in the 10 cases where current was fractionated.
Current was fractionated between consecutive contacts in
58% of the leads regardless of polarity.

This series of patients underwent 12 trials and 7 SCS
implants: (1) 5 cervical SCS implants (41.5%) in 3 pa-
tients with CRPS, 1 patient with peripheral vascular
disease, and 1 patient with persistent radicular pain after
cervical and lumbar spine fusion; and (2) 2 low thoracic
SCS implants in 1 patient with cervical myelopathy and
1 patient with small fiber neuropathy. The low thoracic
SCS implants evidently resulted in lower extremity cov-
erage and were performed purely based on patient
choice. Both patients cited that their pain involved pre-
dominantly the lower extremities and that they did not
feel that the upper extremity discomfort was marked
enough to warrant coverage with SCS. Of the 12 pa-
tients, 5 did not have permanent implantation because of
the perceived lack of adequate pain relief during the SCS
trial period.

Long-term clinical outcomes results were not sought in
this technical report and as such have not been ad-
dressed here. However, there was significant short-term
(1-month) relief of pain and improvement in PDI scores
in patients who had permanent cervical SCS implanta-
tion and who achieved four-limb paresthesiae. At the
start of the trial, the mean VAS score was 8.86 � 0.66 for
the 5 patients proceeding to permanent cervical implan-
tation, and at 1 month after implantation, VAS scores
dropped to 5.56 � 0.8; this reflects a significant 38%
decrease in pain (paired t test, P � 0.0065, n � 5).
Furthermore, PDI scores at the start of the trial ranged
from 48 to 68 (the PDI has a maximum score of 70), with
a mean value of 64.4. At 1 month after implantation, PDI
scores ranged from 32 to 46, with a mean value of 35.
This represents a significant (nearly 40%) improvement
in function (paired t test, P � 0.00045, n � 5).

Apart from technical feasibility, conclusions on the
efficacy of this modality in particular clinical settings are
hindered by the limited number of patients studied and
their diverse diagnoses. However, half of the study pop-
ulation was CRPS patients (6 of 12), and in 3 of 6 (50%
of the CRPS patients), cervical SCS did provide good
four-extremity paresthesiae that resulted in pain relief
and permanent implantation. Two of the 3 patients for
whom cervical SCS was not effective were Bureau of
Workers’ Compensation patients with CRPS type I,
whereas 1 of the 3 effective trials was in a Bureau of
Worker’s Compensation patient. A meaningful assess-
ment of the question whether cervical SCS improves
long-term clinical outcome in CRPS patients with pain in
more than two extremities would require larger num-
bers and longer clinical follow-up of the patients.

Discussion

The significant finding in this report is that it is possi-
ble to elicit consistent four-extremity paresthesiae with
electrical neurostimulation of the lower cervical spinal

Fig. 1. Cervical placement of dual spinal cord stimulator leads
for four-extremity paresthesiae coverage. (A and B) Cervical
spinal cord stimulation in a patient with complex regional pain
syndrome type I. (A) Radiograph displaying cervical spine with
spinal cord stimulator lead tips at C4. (B) Stimulation parame-
ters that achieved four-limb paresthesiae for the patient de-
scribed. Note that both leads are used, and the current is frac-
tionated through three nonconsecutive contacts (right contacts
4, 6, and 8 and left contacts 3, 5, and 7).
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cord. Our results demonstrate an almost 92% incidence
of four-extremity neurostimulation in our cohort of 12
patients with epidurally sited leads placed slightly lateral
to the midline sagittal plane of the cervical spinal cord
with the tip of neuroelectrode leads lying between the
lower portion of C3 to the upper portion of C7. Stimu-
lation parameters used to generate paresthesiae in each
of four limbs included relatively longer pulse widths and
low frequencies10 (tables 1 and 2). Patients who received
permanent implants continued, in the short-term, to have
good four-extremity coverage with improvement in both
pain and quality-of-life measures. In a single case of multiple
system atrophy, a degenerative disease of multiple sites in
the nervous system associated with nerve cell loss, gliosis,
and atrophy of the affected region,13,14 we were unable to
achieve four-limb stimulation.

To correlate the spinal levels of lead position with the
stimulating areas, Barolat et al.15 empirically collected
data from 106 patients and developed a database to serve
as a sensory map of the spinal cord responses to electri-
cal stimulation. The authors did not, however, discuss
whether cervical neurostimulation could achieve cover-
age of all four extremities.15 In a previous limited study,
we reported coverage of all four extremities with stim-
ulation of the cervical spine using octapolar leads with
their tips at C4–C7.11 This type of coverage was ob-
served in another study by implanting surgical leads
using a retrograde approach at C1–C2. These authors
argued that these results were due to the SCS design
architecture used because they were unable to achieve
four-extremity coverage with a frequency limit of 120 Hz
but were successful with electrodes that permitted high
frequency stimulation (1,500 Hz). The lead tip location
after retrograde insertion was at the C2 level.16 Vallejo et

al.9 reported that 3 of 5 patients undergoing cervical SCS
for upper extremity pain experienced four-extremity
coverage while using percutaneous neuroelectrodes
with placement of the lead tip at C2–C4 level.

There are several reasonable hypotheses that could
explain the paresthesiae coverage of four extremities
with medial lead placement of neuroelectrodes in the
lower cervical epidural space:

1. The dorsal cerebrospinal fluid thickness may be re-
duced in this region such that the lead is closer to the
spinal cord and paresthesia likelihood is increased
due to higher recruitment of lateral dorsal column
fibers representing rostral dermatomes and deeper
medial fibers representing caudal dermatomes. This
would remain to be proven because we are not aware
of any study addressing dorsal cerebrospinal fluid
thickness and electrode impedance in the cervical
segments.

2. There is a discrete topographic location in the cervi-
cal spinal cord where the fasciculus gracilis fibers
have a favorable orientation for epidural electrical
neuromodulation. The dorsal column consists of the
fasciculus gracilis, which conducts most of the lower
body sensation below T6, and the fasciculus cunea-
tus, which transmits most of the upper extremity
sensation. Attempts at mapping of the dorsal columns
at different segmental levels of the human spinal
cord17,18 have shed insight into which fibers are likely
to be activated by electrical stimulation.19 Important
topographic configuration rearrangements occur as
the dorsal column tracts ascend along the spinal cord
from the lumbar to the cervical spine. As the upper
extremity fasciculus cuneatus fibers enter the cord in

Table 1. Stimulation Parameters and Electrode Location Used in Patients Who Achieved Four-limb Paresthesia Coverage with
Activation of a Single Neuroelectrode

Case Pain Condition Lead Tip Location Stimulation Frequency, P Rate, Hz Pulse Width, �s

V Peripheral vascular disease C4–C5 40 190
VI Cervical and lumbar surgery C4 200 630
VIII Complex regional pain syndrome C4 40 410
X Postlaminectomy syndrome/radiculopathy C3–C4 40 870
XII Complex regional pain syndrome C5–C6 40 470

Table 2. Stimulation Parameters and Electrode Location Used in Patients Who Achieved Four-limb Paresthesia Coverage with Two
Active Neuroelectrodes

Stimulation Frequency, Rate, Hz Pulse Width, �s

Case Pain Condition Electrode Tip Location Left Lead Right Lead Left Lead Right Lead

I Cervical fusion/myelopathy C4–C5 100 30 550 840
II Small-fiber neuropathy C4 80 40 410 520
III Complex regional pain syndrome C3–C4 30 30 630 480
IV Complex regional pain syndrome C5–C6 40 40 190 330
VII Complex regional pain syndrome C4–C5 80 40 470 530
IX Multiple system atrophy (unsuccessful) C4–C5 80 80 870 870
XI Chemotherapy induced neuropathic pain C5–C6 40 40 770 580
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large numbers at the cervicothoracic junction, there
is mechanical pressure on the fasciculus gracilis fi-
bers, which change position in the cervical segment
from parallel to dorsal horns caudally to approxi-
mately parallel to the median septum rostrally and
closer to midline. These findings not only provide a
likely morphometric explanation for the observed
four-limb stimulation pattern, but also seem to be in
concert with neurophysiologic studies by Whitsel et
al.20 Using degeneration studies and microelectrode
recordings, these investigators found that organiza-
tion of fibers was dermatomal in the lumbar cord but
topographic in the cervical cord, arguing for a spe-
cific constant relation of nerve fibers along the cervi-
cal cord. This lends support to our hypothesis for a
specific anatomical location favorable to four-limb
stimulation.

3. Rearrangement of nerve fibers in the cervical region
due to the entry of the large cervical bundles is such
that large fibers assume a superficial position more
amenable to relatively low-frequency electrical neuro-
stimulation. Because of the complexity of the cervical
spinal cord structure and the continuous changes in
dorsal column fiber positioning along the C7 to C2
level, the density and position of large sensory fibers
(A�) is not as well understood as it is in the lower
spinal cord levels up to T10–T11.19 At this time,
comparable morphometric studies that explore the
cervical region of spinal cord do not exist.

In conclusion, this limited technical report suggests
that placing neuroelectrode leads medially in the cervi-
cal epidural space with leads overlying mainly C4–C7
would achieve neurostimulation that covers both the
upper and lower extremities. It is plausible that in this
anatomical space, the orientation of dorsal column fibers
creates a target zone whereby stimulation above percep-
tion threshold results in paresthesiae of all four extrem-
ities. More detailed studies are needed to address both
function and topographic anatomy in the cervical spine
to improve our understanding of neurophysiology and
SCS mechanisms. Furthermore, it is necessary to exam-
ine the long-term outcome of cervical spinal cord stim-
ulation in the context of specific disease entities involv-
ing all four extremities and to establish appropriate
treatment criteria.
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Sciences and Center for Research on Pain, Hebrew University of Jerusalem,
Jerusalem, Israel), for helpful discussions.
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