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activation and determine the therapeutic
window (TW) individually for each patient.

MATERIALS AND METHODS

In Avalon (ACTRN12615000713594), 50
subjects were implanted and programmed
in closed-loop; in Evoke (NCT02924129), 134
subjects were randomized into open-loop 250
(OL-SCS) or closed-loop (CL-SCS). ECAPs, a
measure of SC activation, are recorded
following each stimulation pulse in both
groups (Figure 1). Each subject’s TW is
individually determined in-clinic as the ECAP
amplitude range between sensation
perception threshold and the maximum SC
activation level that the patient can withstand
(Figure 2). A comfortable level of SC activation
is also determined per patient. Without a 50
measure of SC activation (e.g., ECAPs), TW
can only be based on subjective perception of
intensity; however, stimulation can produce
variable SC activation (ECAP amplitude) as the
electrode to SC distance varies (e.g., with
changes in posture; Figure 2).

Figure 1: Schematic representation of an ECAP. Figure 4: Comparison of stimuli below, within, and above
therapeutic window in CL-SCS versus OL-SCS in the Evoke

Study at 3 months.

Asterisks indicate statistical significance between the median
values for the two groups.

ECAPs have a well-defined shape with 3 peaks: 2 positive and 1
negative, labelled P1, N1, and P2, in order of appearance. The first
P1 peak stems from capacitive coupling between the inside and
outside of the fibers. The N1 and P2 peaks result from ionic flow
(sodium [Na+] and potassium [K+]) in and out of the fibers that
form the well-known compound action potential.
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Figure 2: SC activation plots in different postures from a single
Evoke Study patient.

Figure 5: Median percent stimuli below, within, and
above the TW from the 3-month to 12-month visits in
the Avalon study.

DISCUSSION AND CONCLUSIONS
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Perception Threshold: the SC activation level at which the patient first feels a change in sensation. 2. Van Buyten JP, et al. Therapy-related explants after spinal cord
Comfort Level: a therapeutic level of SC activation prescribed for the patient.

Additionally, the mode ECAP amplitude was
closer to the comfort level in CL-SCS whereas it
was sub-threshold for OL-SCS patients. Long-
term data from the Avalon Study showed a
similar percentage of stimuli in the TW
(83%-97%; Figure 5).

Maximum Level: the maximum SC activation level that the patient can withstand.
Therapeutic Window: SC activation levels from patient perception threshold to the maximum level.
Mode ECAP Amplitude: the most frequent SC activation level for a given period.
Figure 3: SC activation relative to the therapeutic window in
the Evoke Study.

Both cohorts have equivalent TW, but OL-SCS runs the device
closer to threshold and the CL-SCS group runs it near the in-
clinic comfort level.
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