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Background: Nonsurgical refractory back pain (NSRBP) is broadly defined as chronic refractory
back pain in patients who have not had previous spine surgery and, because they are deemed
inappropriate candidates for surgery, are reliant on conventional medical management (CMM),
which often provides poor long-term outcomes. High-frequency spinal cord stimulation (10kHz
SCS) has demonstrated high rates of pain relief and improvements in functioning in patients with
NSRBP. However, despite the use of temporary trial stimulation to select patients who will respond
to therapy, some patients fail to achieve long-term therapy response with permanent implants.
Prediction analysis founded on patients’ baseline characteristics may enrich the appropriate selection
of patients for permanent implantation.

Objectives: To examine baseline patient characteristics to predict long-term pain and functional
responses to treatment with 10 kHz SCS for NSRBP.

Study Design: A retrospective analysis of baseline patient characteristics as predictors of
24-month pain and functional outcomes from a previous multicenter randomized controlled trial of
10 kHz SCS in patients with NSRBP.

Patients: Patients diagnosed with chronic, neuropathic, axial, low back pain refractory to CMM
who had had no previous spine surgery, were deemed unsuitable candidates for it according to a
spine surgeon, were implanted with 10kHz SCS and continued with CMM for up to 24 months.

Methods: The baseline characteristics of and 24-month outcomes in the 125 implanted patients
who participated in the NSRBP randomized controlled trial (RCT) were included in this analysis.
The baseline characteristics included demographics, baseline pain on the visual analog scale (VAS),
baseline function based on the Oswestry Disability Index (ODI), mental health according to the
patient health questionnaire-9 (PHQ-9), neuropathic pain as measured by PainDETECT, and each
patient’s temporary trial response. Patient response at 24 months was defined as absolute change
from the baseline on the VAS and ODI, and each patient was also classified as a pain responder
(achieving at least a 50% decrease in VAS pain score from the baseline) and a function responder
(at least a 10-point decrease in ODI or a 24-month score of no more than 20 points). Multivariate
prediction models based on regression and classification and regression tree (CART) techniques
were developed using the response variables discussed above as the dependent variables and the
baseline characteristics as the independent variables.

Results: Different factors contributed to pain and functional outcomes. Patients presenting with
neuropathic pain (PainDETECT > 19) and female gender had higher odds of being pain responders
to 10 kHz SCS therapy than did males and those without neuropathic pain. Both higher age
and depression score (PHQ-9) independently reduced the odds that a patient would be an ODI
responder. Years since diagnosis, the reason the patient was deemed unsuitable for spine surgery,
and pain etiology were not predictive of pain or functional outcomes.

Limitations: A retrospective sub-analysis of a single pragmatic randomized controlled trial.
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Conclusions: There may be an opportunity to increase pain relief and functional improvement if additional patient screening
accompanies the temporary lead trial. The presence of neuropathic pain, female gender, age, and depression had some predictive
value, but this analysis demonstrates the treatment efficacy of 10 kHz SCS across a wide range of patients with NSRBP.
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hronic low back pain is a prevalent and costly

condition for people and communities if pain

relief is not achieved and adequate quality
of life or function is not restored (1,2). Variability in
underlying etiologies makes pain relief challenging
(3,4). Data that may help inform patient selection
for a treatment is critical for informing treatment
algorithms. The first line of treatment for chronic
low back pain is conventional medical management
(CMM), which includes medications, physical therapy,
and interventional procedures such as radiofrequency
ablation (RFA) and nerve blocks (5-8). Though some
patients are effectively treated with CMM, many
patients are unable to reach long-term pain relief (9).

For years, opioids were a frontline CMM treatment
for chronic pain patients (10). Now, to avoid inappro-
priate use of opioids for chronic pain, other methods of
pain relief have received more focus. Spinal cord stimu-
lation (SCS) is a technology with a growing body of
evidence supporting its use as a treatment for chronic
back pain spanning the last three decades (11). Sev-
eral novel SCS waveform technologies have emerged,
including 10 kHz high-frequency SCS, which has ap-
plications for nociceptive, neuropathic, and other pain
syndromes (12,13). For failed back surgical syndrome
(FBSS), described more recently as persistent spinal
pain syndrome type Il (PSPS-T2), SCS is an effective ap-
proach, likely due to the predominance of neuropathic
pain (14,15).

Nonspecific back pain is another term used for situ-
ations involving no clear underlying cause or surgical
target for treatment (16). Here, nonsurgical refractory
back pain (NSRBP) has been defined as a combination
of these elements of chronic refractory back pain in
patients who have not had previous spine surgery
and who have been assessed by a spine surgeon and
deemed inappropriate candidates for surgery (17).

Prior to the publication of the NSRBP RCT, there

was limited evidence of the efficacy of SCS for the
treatment of NSRBP (11,18). However, this pragmatic
RCT compared 10 kHz SCS to CMM and found 10 kHz
SCS produced a high response rate, with 81% of pa-
tients achieving more than 50% pain relief through 24
months, potentially indicating a cost-effective long-
term management option (18-20). This benefit has
also been demonstrated in a real-world retrospective
analysis of patients receiving 10 kHz SCS for NSRBP,
with reports of substantial improvement in pain, reduc-
tion in opioids and anticonvulsant medications, and a
decrease in office visitations and procedures for chronic
pain (21). Similarly, cost-effectiveness has been demon-
strated separately to result in a significant decrease
in total health care costs, offsetting device costs in 27
months (22).

The definition of NSRBP is broad and not specific
to a particular low back pain etiology, which presents
an opportunity to explore what characteristics or
features may define subgroups within this heteroge-
neous population that are most responsive to 10 kHz
SCS therapy. In the NSRBP RCT, approximately 20% of
patients did not achieve at least 50% pain relief at 12-
and 24-months post-implantation despite a successful
trial (19,20). Given the considerable cost of implanting
a stimulator via a procedure that is not without risk of
complications, predictors of treatment success should
be explored to allow for improved patient selection
beyond standard temporary percutaneous lead testing
(23-25). In previous reports, psychological condition
and other biomarkers were used successfully to predict
what pain relief SCS could provide (26,27). However,
functional outcomes also play an important role in
defining meaningful clinical improvement (4,28). If
significant predictors are found, they may be useful
for optimizing patient selection for SCS and improving
long-term therapy response rates (29).

Here, we are the first to report on an analysis
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examining the association between baseline patient
characteristics and 24-month pain and functional out-
comes obtained with 10 kHz SCS therapy in patients
with NSRBP.

METHODS

Pain outcomes at 12 and 24 months after the
NSRBP RCT have been reported previously (19,20).
Briefly, patients diagnosed with chronic, neuropathic,
axial low back pain refractory to CMM who had had
no previous spine surgery and were deemed unsuitable
candidates for it according to a spine surgeon were
eligible for inclusion. Patients with radiculopathy were
not excluded, but inclusion required axial back pain to
be predominant. Subjects were randomized 1:1 to re-
ceive either 10 kHz SCS plus CMM (the best standard of
care as determined by the study investigator for each
individual patient) or CMM alone. Patients randomized
to high-frequency SCS underwent trial stimulation of
up to 14 days at 10 kHz frequency with pulse width of
30 psec and current amplitude adjusted to maximize
pain relief. Patients with a successful trial (defined as
> 50% pain relief) were eligible for permanent SCS im-
plantation. The primary endpoint was the proportion
of subjects in each group achieving > 50% pain relief at
3 months compared to the baseline, and the 6-month
secondary endpoints included pain relief on the visual
analog scale (VAS), Oswestry disability index (ODI), and
quality of life (EQ-5D-5L). Patients who consented to a
study extension were followed to over 24 months. Last
observation carried forward (LOCF) imputation was
used for missing data.

In this analysis, we investigated predictors of the
absolute change in pain (on the VAS) and function (on
the ODI) as well as the classification variables of re-
sponder versus nonresponder for pain and function. For
the ODI score, at least a 10-point reduction was consid-
ered clinically meaningful (30,31). The predictors evalu-
ated are shown in Table 1. In addition to assessment
of pain using the VAS, the PainDETECT questionnaire
was used to assess neuropathic pain. Notably, since
PainDETECT was not used to screen patients in the RCT,
the baseline values were not limited in range (32). The
calculated score of 0 to 12 means that a neuropathic
component is unlikely, a score of 13 to 18 is ambiguous
(meaning a neuropathic component could be present),
and 19 to 38 means a neuropathic component is likely.
The severity of depression in chronic pain was assessed
using the Patient Health Questionnaire-9 (PHQ-9) (33).
The maximum possible score is 27. Scores greater than

5, 10, 15, and 20 represent mild, moderate, moderately
severe, and severe depression, respectively.

Univariate and multivariate regression was per-
formed using absolute change in the VAS and absolute
change in the ODI as the dependent variables and the
predictors of response (Table 1) as the independent vari-
ables. Stepwise regression was used to select the best
model. VAS responders were defined as patients with
at least 50% decreases in their VAS pain scores from the
baseline. ODI responders were defined as patients with
at least 10-point decreases in ODI or 24-month scores of
no more than 20 points. For the multivariate regression
models, both forward and backward stepwise methods
were tried. In addition, a classification and regression
tree model with cross-validation pruning was analyzed.

REsuLts

Table 1 presents the baseline characteristics of the
125 patients who underwent permanent implantations
following a successful trial. The mean age was 55.4 +
12.2 years, and the average number of years since the
diagnosis of chronic back pain was 11. A majority of pa-
tients were female, had been living with their chronic
pain diagnoses for more than four years, had BMIs of
> 30 kg/m?, and were nonsurgical candidates due to
presentation and underlying pathology. The most com-
mon underlying pathologies were degenerative disc
disease and/or internal disc disruption and spondylosis
and/or lumbar facet-mediated pain. Leg pain was less
common, with 46% of patients reporting radiculopathy
at the baseline. The VAS was 7.4 + 1.1 at the baseline,
and neuropathic pain was detected in 44% of patients
according to PainDETECT, with a mean baseline score
of 17.2 + 6.7. The mean ODI score was 47.4 + 10.6, sug-
gestive of severe disability, and the PHQ-9 recorded
mild-to-moderate depression present at the baseline
(9.0 £ 5.6).

Overall, 93% (n = 134/145) of patients who under-
went the trial achieved at least 50% pain relief, and 125
patients went forward with permanent implantations.
The average pain relief achieved during the trial was
85% (95% Cl 83 to 87%) in this permanent implanta-
tion (P1) group. At the 3-month follow-up, significantly
more patients in the 10 kHz-SCS-plus-CMM arm (80.9%
of patients in the per-protocol population) achieved
at least 50% pain relief from the baseline (respond-
ers) compared to those who had received CMM alone
(1.3%; P<0.001). The results were 80.0% vs 2.7% at the
6-month follow-up for the 10 kHz-SCS-plus-CMM arm
and CMM arm, respectively (P < 0.001).
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Table 1. Summary of the univariate regression models with baseline characteristics as predictors of 24 month change in VAS and

change in ODI.

. - % of Patients in | Pvalue | P value
Baseline Characteristics (n = 125) first category (1) | (VAS) | (ODI)
Gender (1: Male, 0: Female) 42% 0.014* 0.24
Nonsurgical candidate due to presentation and underlying pathology (1: not acceptable surgical
candidate due to pathology, 0: not surgical candidate due to comorbidities or refusing surgery) 81% 0.57 099
Obesity (1: BMI > 30 kg/m?, 0: BMI < 30kg/m?) 57% 0.52 0.77
Years since diagnosis (1: > 4 years, 0: 0-3 years) 74% 0.39 0.28
Degenerative disc disease and/or internal disc disruption/annular tear (1: yes, 0: no) 77% 0.41 0.56
Spondylosis and/or lumbar facet joint pain (1: yes, 0: no) 67% 0.44 0.38
Radiculopathy (1: yes, 0: no) 46% 0.44 0.36
Mild/moderate spinal stenosis (1: yes, 0: no) 34% 0.58 0.87
Spondylolisthesis (1: yes, 0: no) 12% 0.79 0.90
Sacroiliac dysfunction (1: yes, 0: no) 6% 0.45 0.98
Neuropathic pain (1: PainDETECT 2 19, 0: PainDETECT < 19) 44% 0.048* 0.003*
Nociceptive pain (1: PainDETECT < 12, 0: PainDETECT > 12) 23% 0.15 0.17

Mean (SD)
Age 55.4 (12.2) 0.18 0.004*
PHQ-9 9.0 (5.6) 0.95 0.45
Pain Detect Score 17.2 (6.7) 0.003* 0.003*
Baseline ODI Score 47.4 (10.6) 0.52 0.021*
Baseline VAS (cm) 7.4 (1.1) 0.0002* 0.95
Change in VAS at end of trial -6.3 (1.3) < 0.0001* 0.23

As shown in Fig. 1, pain relief and improvement
in disability were consistent at 24 months, with 82%
(95% CI 74 to 87%) of patients considered pain relief
responders and 58% (95% Cl 50 to 67%) of patients
considered profound responders. As far as disability
was concerned, 75% (95% Cl 68 to 83%) of patients
continued to achieve at least a 10-point reduction in
ODI or a 24-month score of no more than 20 points.
Overlaying pain and ODI response, Fig. 1C shows that
87% of ODI responders also met the VAS response
threshold. While there was a high correlation between
pain and disability outcome (r = 0.613), there were pa-
tients who achieved a pain response but not a clinically
meaningful improvement in disability and vice versa.
Since the patients that responded to these two out-
comes may represent different groups of patients, we
performed a predictive analysis with each outcome to
see if and how the predictors may differ.

Predicting Absolute Change in VAS

To determine the relationship between pain relief
at 24 months and the baseline predictors, univariate
regression between each predictor and the absolute
change in VAS between the baseline and 24 months

was performed, with the P-values for each regression
model shown in Table 1. Statistically significant univari-
ate predictors included gender, neuropathic pain (Pain-
DETECT > 19), total PainDETECT score, change in VAS at
the end of the trial, and baseline VAS. A multivariate
regression with an Akaike information criterion (AIC)
stepwise selection procedure retained gender, total
PainDETECT score, and change in VAS at the end of the
trial as predictors (Table 2A). Women and those with
higher total PainDETECT scores had larger decreases in
VAS at 24 months (Fig. 2C). The relationship between
the change in VAS at the end of the trial and the
change in VAS at 24 months is shown in Fig. 2A. On
average, a decrease of one point in VAS at the end of
the trial corresponded to a decrease of 0.57 points at
the end of 24 months.

Predicting Pain Responders

Logistic regression was performed to determine
whether the same baseline characteristics could predict
if a patient would be a responder (> 50% pain relief).
When looking at this binary outcome (Table 2B), we
saw that a change in VAS at the end of the trial was no
longer predictive, but a higher PainDETECT score and
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Fig. 1. A) Individual pain response from baseline at 24 months, including responders (2 50% pain relief) and profound
responders (2 80% pain relief). B) Individual change in ODI from baseline at 24 months. ODI responders achieved 10-pt
reduction in ODI or a score below 20 points. C) Association between individual pain and ODI response from baseline at 24

months. OD1: Owestry Disability Index.

female gender were weak predictors of success. The
odds of therapy response increased by 8% (95% con-
fidence interval [Cl]; 0.6 to 17%) for every additional
point on the PainDETECT questionnaire (P=0.037), and
females had 3.0 times the odds of being responders
than did males (P = 0.029).

Finally, a classification and regression tree (CART)
was also fit to the data, but no significant predictors re-
mained after we pruned the tree with cross-validation
(34).

Predicting Absolute Change in ODI

Absolute change in ODI from the baseline was
used as the response variable representing change in
function, and the same baseline parameters were inves-
tigated as predictors with univariate linear regression.

Table 1 shows that age, neuropathic pain (PainDETECT
> 19), PainDETECT total score, and baseline ODI were
significant univariate predictors of response. In a multi-
variate regression model with an AIC stepwise variable
selection, age, radiculopathy, neuropathic pain (Pain-
DETECT > 19), change in VAS at the end of the trial, and
baseline ODI, baseline VAS, and baseline PHQ-9 scores
were included in the final model (Table 3A). Older pa-
tients had smaller decreases in ODI scores. With each
additional 10 years of age at the baseline, the decrease
in ODI score was lower by 3.6 points on average (Fig.
2B). Patients with neuropathic pain (PainDETECT > 19)
had greater reductions in ODI scores on average (Fig.
2D). Patients with higher PHQ-9 scores had smaller
decreases in ODI scores—with each one-point increase
in PHQ-9, the decrease in ODI score was reduced by

www.painphysicianjournal.com
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an average of 0.71 points. Patients with radiculopathy
had a less of a decrease in their ODI scores, on average

Table 2A. Predictors of patient’s response, defined as point
change in VAS

5.7 points lower than those without radiculopathy. Pa-
tients with more pain at the baseline (higher baseline
VAS scores) had smaller decreases in ODI scores, and
patients with better pain response in the trial (larger

VAS end-of-trial VAS decreases) had larger ODI decreases.
Predictors of Response Change 95% CI | P value
Gender OG10) 0 o1 | oonr Predicting ODI Responders
e_n erivae _ S _ As described above, an ODI responder was defined
Pain Detect Total Score -0.056 | -0.11,-0.003 | 0.039 as a patient who had a reduction in ODI score of at
Changein VASatend of trial | 057 | 031,0.83 | <0.0001* least 10 points or who had an ODI score of fewer than
Table 2B. Predictors of patient’s response, defined as binary 20 points at 24 months (minimally disabled). To investi-
outcome of VAS responder or non-responder. gate variables that may predict ODI response, univari-
ate logistic regression was performed on the baseline
2 Odds o, . . . . .
Predictors of Response Ratio | 2% (1 | Pvalue characteristics. This analysis resulted in only age (P =
Gender (1. Male, 0: Female) 0336 | 01210874 | 0.029" 0006) and PAII\!Detect score (.P = 0.049) as statistically
- significant predictors. In the final regression model ac-
Pain Detect Score 1.084 1.006, 1.172 0.037*
A, B.
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Fig. 2. (A) Change in VAS from baseline at end of trial and 24 months. (B) Change in ODI by age at 25 months. (C) Mean
VAS by gender. (D) Mean change in ODI at 24 months by presence of neuropathic pain.
ODI: Owestry Disability Index; VAS: visual analog scale.
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cording to AIC stepwise variable selection, age, PHQ-9
value, and baseline ODI score were retained (Table 3B).
In this model, the odds of an ODI response decreased
by a multiplicative factor of 0.536 with each decade of
age. The odds of an ODI response decreased by a mul-
tiplicative factor of 0.892 with each additional point of
baseline PHQ-9 and increased by a multiplicative factor
of 1.063 with each additional point of baseline ODI.
Finally, a CART was also fit to the data, but no sig-
nificant predictors remained after pruning the tree (34).

Discussion

This analysis contributes to the growing body of
literature exploring pain predictors and functional
outcomes of 10 kHz SCS therapy for chronic pain. It is
also the first analysis of its kind studying the popula-
tion of patients with nonsurgical back pain. Here, we
found that patients presenting with neuropathic pain
(as measured by PainDETECT > 19) and female gender
had improved odds of being pain responders to 10
kHz SCS therapy. Independently, higher age and the
presence of depression (as measured by PHQ-9 score)
both reduced the odds that a patient would be an ODI
responder. While chronic pain is recognized to impact
patients’ function and quality of life (35), this analysis
provides evidence that there are different predictors
for the pain and functional responses to SCS therapy,
reinforcing that both dimensions of patient state
should be considered when evaluating therapies for
chronic pain (36-38).

Knowing the heterogeneous underlying patho-
physiology of NSRBP, we examined demographic and
clinical characteristics at the baseline for their associa-
tion with long-term pain outcomes at 24 months after
implantation. SCS has historically been positioned as
a treatment for neuropathic pain (39). Therefore, we
sought to explore the predictive capacity of baseline
neuropathic pain for long-term outcomes. The present
study required predominant neuropathic pain as as-
sessed by the investigator but did not use the patient-
reported PainDETECT score as an inclusion criterion. As
such, this study was able to demonstrate the predictive
capacity of the PainDETECT tool. Other investigators
have used PainDETECT to identify neuropathic pain for
additional diagnostic evaluation (40), yet there is no
generally accepted objective metric for determining if
axial back pain is nociceptive, neuropathic, or mixed.
A previous feasibility study of 10 kHz SCS for nonsur-
gical back pain utilized PainDETECT as a screening
tool and criterion for inclusion in the study (41). Our

Table 3A. Predictors of response defined as point change in
ODI.

Predictors of Response Cl(l)::llge 95% CI | P value
Age 0.36 0.13, 0.57 0.002*
PHQ-9 0.71 0.18,1.23 0.009*
Radiculopathy 5.73 0.36,11.11 | 0.039*
EZTS‘S’EE}ECCT > 19) 757 | -13.2,-1.94 | 0.01*
Baseline ODI -0.51 -0.80, -0.22 0.009*
Baseline VAS 4.49 0.61, 8.37 0.025*
Change in VAS at end of trial 3.51 0.50, 6.53 0.024*

Table 3B. Predictors of response defined as binary outcome of
ODI responder or non-responder.

Predictors of Response I?:ii 95% CI | P value
Age 0.940 0.901, 0.976 | 0.002*
PHQ-9 0.892 0.813,0.973 0.012*
Baseline ODI 1.063 1.014,1.117 | 0.013*

analysis shows PainDETECT to be statistically associated
with long-term pain outcomes following 10 kHz SCS
therapy. But the clinical significance is not clear, since
a higher PainDETECT score increases the odds of treat-
ment response only slightly (odds ratio = 1.08) per the
multivariate regression model.

In terms of pain etiology, 46% of the NSRBP
patients in the current analysis presented with
radiculopathy, and there was an association between
radiculopathy and reduced ODI response. But there
were no other significant associations between pain
etiology and the classification of a patient as a pain or
function responder.

We found that mental health and older age may
negatively affect functional outcomes, since both were
associated with less improvement in ODI score. This
finding is consistent with other studies that found age
to be predictive of reduced ODI response to therapy
(42,43). Further studies may be helpful in advancing
physicians’ understanding of how to provide additional
psychosocial support for patients and thereby improve
disability/functional outcomes in patients with mental
health challenges. Other studies have noted the impact
of self-efficacy, disability, pain, and sociodemographic
characteristics on chronic low back pain (44). Moreover,
this study showed that being female was a predictor
of therapy response at 24 months, which is in contrast
to reports of female patients having poorer pain self-
efficacy (44) and an increased probability of explanta-
tion (45).
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Previous work looking at predictive measures for
conventional SCS has generally focused on short-term
outcomes. Psychological measures were found to be
useful in predicting patients’ overall treatment satisfac-
tion in the early postoperative stages (26,46). Like the
current analysis, previous studies have found underly-
ing pain etiology not to be predictive of pain relief
(47). The number of years since diagnosis, the reason
the patient was deemed unsuitable for spine surgery,
and the underlying cause of pain were not predictive
of pain or functional outcomes up to 24 months in this
analysis. This finding suggests 10 kHz SCS has broad
utility in pain relief and the improvement of functional
outcomes across a diverse patient group, as in NSRBP.

Previous predictive studies have also examined the
utility of pre-implant trials. In a study exploring out-
come predictors following conventional SCS therapy, a
machine-learning algorithm was demonstrated to be
superior to percutaneous pre-implant screening trials
at predicting therapy success, potentially calling into
question the utility of pre-implant trials (48). However,
in this analysis, the magnitude of pre-implant trial pain
relief was investigated as a predictor of therapy suc-
cess in patients who had all met the pre-implant trial
success criteria. This design was inherently unable to
determine whether an unsuccessful trial could also re-
sult in success with a permanent implantation. But the
pain relief obtained in pre-implant trials, somewhere
between 50 and 100 percent, was predictive of perma-
nent implantation response, suggesting that current
definitions of trial success may be insufficient.

Generally, the existing research focusing on predic-
tive analyses aims to identify the best patients to receive
SCS therapy, which has broader implications for health
care utilization. Patient selection is critical to optimiz-
ing the cost-effectiveness of therapy, especially because
the incidence of chronic back pain is increasing, as is
health care utilization for the condition, including in-
terventional therapy and SCS (49,50). A claims database
analysis focusing on the NRSBP population has shown
that 10 kHz SCS treatment leads to a median $9,926.00
in HCU cost savings 6 months after implantation, and
factoring in the cost of device acquisition, 10 kHZ SCS
therapy becomes cost-effective in 2.25 years (35). This
conclusion is similar to that of the analysis showing the
cost-effectiveness of 10 kHz SCS at 2.1 years based on
HCU data from the NSRBP RCT (20).

Limitations
Our understanding of the contribution of factors

that predict SCS’s ability to yield clinically important
improvements in pain and functional outcomes would
benefit from future studies and/or meta-analyses of
appropriately comparable studies that are powered
to assess predictive capabilities. Studies with higher
sample sizes would provide more power to analyze
dichotomous outcomes like responder rates.

Stepwise selection of variables in regression has
been criticized for overfitting the data, particularly
when a large set of predictor variables is investigated.
The present analysis attempted to address this issue
with the use of a CART tree model that was pruned
with cross-validation to avoid overfitting the data, but
this method may not detect some relationships. The
results regarding predictor variables presented in this
paper should be considered exploratory and replicated
in the future.

Because the current study was pragmatic, we did
not limit the study based on pain etiology. There was
an average of 2.5 pain etiologies listed for each patient,
and in these etiologies, the predominant cause of the
patients’ pain is not clear. Although other studies have
also not identified an association with underlying etiol-
ogy (47), this analysis is difficult when multiple etiolo-
gies are present in most patients. Another limitation
impacting interpretation of this analysis was that there
might have been important baseline characteristics
that were not collected. Furthermore, patients’ self-
assessment might have been affected by mental health,
so objective measures of function, such as wearables,
may provide different insights into this relationship.

Because this study is a sub-analysis of an RCT, the
application of our findings to real-world patients is also
unknown. It may be valuable to design a study that
does not require positive trial response for permanent
implantation to further explore the value of successful
trials in predicting long-term therapy success.

CoONCLUSION

This analysis identifies predictors of long-term
pain relief and functional improvement with 10 kHz
SCS and investigates the utility of the PainDETECT tool
in predicting therapy outcomes. In a diverse group of
patients with NSRBP who met pre-implant trial criteria
for permanent implantation, we showed that the pres-
ence of neuropathic pain at the baseline and female
gender improved the odds of being a pain responder,
while higher age and the presence of depression led
to reduced odds of being a functional improvement
responder. In addition to the predictive measures, we
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gathered additional evidence supporting the ongoing
role of pre-implant trials in the patient selection pro-
cess. While the results of this analysis do not provide a
clear solution for improving patient selection for SCS in
clinical practice, they point at further areas of research
utilizing the characteristics tested here as well as other
potential predictive baseline metrics.
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