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Introduction

Spinal cord stimulation (SCS) has been shown to be effective for the
treatment of patients with chronic pain and with spinal cord injury.
SCS delivers electrical pulses with adjustable amplitude, width, and
frequency to an electrode array placed In the epidural space in spinal
cord and induces pain relief.

In this prospective study, we investigate whether high-resolution
spinal cord stimulation (HR-SCS) offers improved selectivity assessed
through elicitation of evoked electromyography (EMG) responses as
compared to commercial leads.
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/Methodology

Vertical tripole configurations (60Hz/300us) were used to elicit EMG
responses In both types of paddles in 18 patients placed for standard of
care indications between T6-T10.

In HR-SCS, evoked EMG responses in lower extremity/abdominal
muscle groups were monitored at 6 to 8 mediolateral sites. All
commercial paddle columns were tested.

Percentage change in the maximum root mean square value (RMS,.,)
was calculated at a group level.

Heat maps were generated to identify responders for each muscle
group. Responders were considered patients that had a > 50% change
In RMS over baseline.
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Figure 2: (A) Patients position on bed during IONM procedure to acquire SCS-induced responses. (B)
Images taken of the commercial and HR-SCS have been overlaid on an intraoperative fluoroscopic
image. The dashed white line indicates the anatomic midline.
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Results Responders of HR-SCS and commercial paddles at 6mA
5 > 5 Table 1. Comparison of responders of HR-SCS and commercial paddles for all
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Average maximum RMS Change (A’) with respect to baseline at 6mA or lower muscle groups at T6 to T10 spine levels at 6mA. The percentage of responders for
each muscle at each level for HR-SCS and commercial paddles were determined, and
(A) HR-sCS  0.5-6mA Commercial D) HR-SCS Commercial chi-square and Fisher’s exact test used to determine significance. Bold values
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Figure 4: Comparison of HR-SCS and commercial paddles
for all muscle groups at T6 to T10 spine levels. The
contacts corresponding to anatomic midline column were
labeled Contact 0. Contacts 0 and |1| were considered
medial. |1| includes both —1 and 1 and a similar absolute
value expression was used for all contacts. Contacts |2| and
|3| were assumed to stimulate lateral structures. Recordings
were taken from 18 patients. The number of recordings for
each contact at each paddle varied from 0 to 11. RMS, .,
group averages of evoked EMG responses for medial and
lateral contacts with stimulation at amplitudes of (A-B) 0.5-
6mA and (C-D) 0.5-10mA were calculated. Significance
was determined using a linear mixed-effects model.
Commercial paddles had higher muscle responses (AH and
MG) than HR-SCS paddle for 0.5-6mA amplitude and AH,
MG and QUAD for 0.5-10mA amplitude at T10 level
(indicated by dotted squares).

(0.5 - 6mA)

AH (HR-SCS)

4 -3-2-101 2 3 4
Contacts

B AH (Commercial)

22T+
23T- mmm  ——

28T~ === o s |
22B - == == =
238 mmmm ==

288 R —
24T = i e |
24B- = Ee——

2174 T —
218+ R —
25T B
26T+ —

27T S—

7T= 5] [==| =

9T = [==|===] = ==
258 R —
268 P

27B- -

298 R

274 = sass

3T= N [ =

4T = == |

5T R—
6T R ——
8T+ P p——

R e e e e o e e e

4-3-2-1012 3 4

Comparison of HR-SCS and commercial paddles for all muscles at T6 to T10 spine levels

Spine Vertebral Medial Contacts (0 and |1]) Lateral Contacts (|2| and |3])
Level Distal LEs Proximal LEs Distal LEs Proximal LEs
A
( ) AH TA | MG BF | ADD |QUAD| GLUT AH TA | MG ADD |QUAD| GLUT
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- p<0.001 - p<0.01 p<0.05

Motor recruitment heatmaps for Adductor Hallucis (AH) at amplitudes at T6 to T10
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Figure 5: Motor recruitment heatmaps for Adductor Hallucis (AH) at amplitudes (A-B) 0.5-6mA (C-D) 0.5-10mA at T6 to T10. (A) and (C) depict
HR-SCS results and (B) and (D) commercial paddles. Responders were determined based on values >50% RMS change with respect to baseline and
non-responders were classified as values <50% RMS change with respect to baseline. The responder group was then separated into low (51-100
%RMS change), mid (101-500 %RMS change), and high (500-max %RMS change) responders. These values were decided based on the change in

We demonstrate that HR-SCS has greater selectivity In
eliciting evoked EMG responses In an intraoperative

setting.

We demonstrate that motor responses and responder
rates both support this finding notably at T6 and T9.
HR-SCS offers recruitment of muscle groups at lateral
contacts concurrently with medial contacts.

We provide data that in an intraoperative setting HR-
SCS Is able to stimulate a wider region of the dorsal
structures of the spinal cord which allows for further
advancing our understanding of spinal cord somatotopy
and i1deally for proving better symptom control.
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AH- Abductor Hallucis, TA- Tibialis Anterior, MG- Medial Gastrocnemius, BF- Biceps Femoris, ADD- p
Adductor Magnus, QUAD- Quadriceps, GLUT- Gluteus, LAB- Lower Abdominis, UAB- Upper -
Abdominis Acknowledgement: This study was sponsored by the NIH U44NS115111. }
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Future Direction

Treating pain by selectively targeting the involved
dermatome Is a crucial step toward personalized
treatment for each patient with chronic pain.

Our goal for future research iIs to test long-term
permanent HR-SCS implants in patients and assess pain
relief In the affected dermatomes, over a wide range of

thoracic levels and lateralities.

Our study had a limited sample size across various
spinal levels, so In future we aim to increase our sample
size for better interpretation of our conclusions.
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