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Abstract

Objective. Multiple studies have demonstrated the safety and effectiveness of basivertebral nerve radiofrequency ab-
lation (BVN RFA) for improving low back pain related to the vertebral endplate. However, the influence of patient de-
mographic and clinical characteristics on treatment outcome is unknown. Design. Pooled cohort study of three clini-
cal trials of patients with vertebral endplate pain identified by Type 1 and/or Type 2 Modic changes and a correlating
presentation of anterior spinal element pain. Setting. Thirty-three global study centers. Subjects. Patients (n =296)
successfully treated with BVN RFA. Methods. Participant demographic and clinical characteristics were analyzed with
stepwise logistic regression to identify predictors of treatment success. Three definitions of treatment success were
defined: 1) >50% visual analog scale pain improvement, 2) >15-point Oswestry Disability Index (ODI) improvement,
and 3) >50% visual analog scale or >15-point ODI improvement from baseline. Results. Low back pain of >5years’
duration and higher ODI scores at baseline increased the odds of treatment success, whereas baseline opioid use
and higher Beck Depression Inventory scores reduced these odds. However, the three regression models demon-
strated receiver-operating characteristics of 62-70% areas under the curve, and thus, limited predictive capacity.
Conclusions. This analysis identified no demographic or clinical characteristic that meaningfully increased or reduced
the odds of treatment success from BVN RFA. On the basis of these findings and the high response rates from the
three analyzed trials, we recommend the use of objective imaging biomarkers (Type 1 and/or 2 Modic changes) and
a correlating presentation of anterior spinal element pain to determine optimal candidacy for BVN RFA.

Key Words: Vertebrogenic Pain; Endplate; Low Back

Introduction

Low back pain (LBP) is a highly prevalent condition that  treatments for LBP are associated with small effect sizes
is associated with substantial direct health care costs and [3], likely because of the inclusion of heterogenous patient
decreased productivity in the workplace [1,2]. Many  populations for whom a specific diagnosis has not been
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determined. More recently, vertebral endplate pain (VEP)
has been identified as a source of LBP. The U.S. Centers
for Disease Control and Prevention recognized the need
for greater granularity in differentiating types of LBP
when they added the International Classification of
Diseases (ICD)-10CM code M54.51 in October 2021.
Pathological changes and sensitization of the basivertebral
nerve (BVN) result from degeneration of the disc/vertebral
endplate complex with exchange of inflammatory material
through defects in this barrier [4-9]. Magnetic resonance
imaging findings of Type 1 and/or Type 2 Modic changes
correlate with the histopathological changes observed in
patients with VEP [5,6,10-15].

Given that the BVN provides the majority of nocicep-
tive input to the vertebral endplates [7,8,16-18], targeted
ablation of this structure should result in a reduction of
VEP Two randomized controlled trials
(RCTs) and a single-arm prospective cohort study were
conducted to determine the safety, efficacy and effective-
ness of BVN radiofrequency ablation (BVN RFA) for the
treatment of lumbosacral VEP identified through the
presence of Type 1 and/or Type 2 Modic changes on
magnetic resonance imaging and a correlating presenta-
tion of anterior spinal element pain [19-25]. The three
studies had the same pre-specified primary endpoint of
mean Oswestry Disability Index (ODI) reduction at
3months after BVN RFA. Aggregate results for these
three studies demonstrate a mean ODI improvement
from baseline to 3 months after ablation of 23.6 points
(standard deviation [SD] 16.5; 95% confidence interval
[CI] 21.7-21.5) and visual analog scale (VAS) decreases
of 3.33cm (SD 2.55; 95% CI 3.04-3.62) at 3 months af-
ter ablation in successfully targeted BVN RFA patients
[19,21,22]. Response rates were 67.0% (95% CI 61.3—
72.4%) for a >15-point improvement in ODI and 54.5%
(95% CI 48.6-60.3%) for a >50% VAS reduction at 3
months after BVN RFA for the aggregate cohort
[19,21,22]. Outcomes were sustained at 12 and
24 months after ablation [19,22-25], and significant in-
cremental changes from baseline were noted from 12 and
24 months to §years after ablation [26]. These studies’
aggregate results demonstrate the effectiveness of BVN
RFA for significantly improving pain and functional out-
comes in patients selected objectively by Modic changes
and pain characteristics suggestive of VEP whose LBP
was refractory to ongoing medical management [19-27].

Patient characteristics, including smoking, obesity,
age, anxiety, depression, and stress, have been reported
to adversely impact LBP for overall patient disability
[28-31]. Although the relationships of various clinical
characteristics with the outcomes of treatments for spe-
cific causes of LBP have been investigated [32-37], the
influence of such factors on the treatment outcome of
BVN RFA for individuals with VEP has not been defined.
The present study cataloged and analyzed participant
characteristics from three prospective clinical trials of

symptoms.

BVN RFA for VEP to assess factors that might predict
treatment success.

Methods

The present study was an analysis of pooled cohort data
from three prospective clinical trials sponsored by
Relievant Medsystems Inc. (Minneapolis, MN). Study
patients were enrolled from October 2011 through
February 2019 at a total of 33 academic and private prac-
tice pain and spine centers in the United States and
Europe. Aggregate data from three trials were analyzed: 1)
the original investigation, an RCT conducted for the U.S.
Food and Drug Administration, which included 147 BVN
RFA-treated patients and 78 sham controls [19]; 2) a sec-
ond RCT, which included 66 patients who were random-
ized and treated with BVN RFA and 74 who were
randomized to standard care control, of whom 61 crossed
over to BVN RFA treatment [20,22]; and 3) a single-arm,
prospective study that included 48 patients treated with
BVN RFA [21,23]. Each study was approved by an
Institutional ~ Review  Board (Western IRB #
PRO20111346, Schulman IRB #201702680/ADVARRA
IRB# PRO00026311, and Schulman IRB # 201706803/
Advarra IRB #Pro000226859, respectively), with informed
consent and privacy authorization by study patients. Each
study was registered on ClinicalTrials.gov (trial registra-
tion numbers NCT01446419, NCT03246061, and
NCT03266107, respectively). No clinical sites or study
patients were contacted for this retrospective analysis. All
data used in this analysis were deidentified and are unable
to be traced to individual patients.

All patients enrolled in the study displayed either Type
1 and/or Type 2 Modic changes as an objective biomarker
for VEP. Inclusion and exclusion criteria to rule out other
primary LBP etiologies were similar among all three stud-
ies and can be found within previously published articles
[19-22]. See Table 1 for a complete listing of inclusion and
exclusion criteria for the three studies. In all three studies,
patients with refractory, chronic LBP and Type 1 and/or
Type 2 Modic changes were treated with BVN RFA at
each vertebral body level (L3-S1) with Modic changes pre-
sent. BVN RFA was conducted with image guidance with
an ablation target at the midpoint of each vertebral body
in an anterior-posterior view at a point approximately
50% from the posterior wall in a lateral view (40-60%
[19] range used in the initial RCT and an adjusted range of
30-50% [21,22] of the diameter of the vertebral body in a
lateral view used in the second RCT with enhanced target
success) at the stem of the BVN for the L3-L5 levels and at
approximately 50% of the diameter of the S1 vertebral
segment where BVN capture is most likely on the basis of
foundational anatomic work [18]. The Intracept® System
(Relievant Medsystems, Minneapolis, MN USA) was used
for all BVN RFA treatments. The full procedure has been
described previously [19,21].
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Table 1. Inclusion and exclusion criteria for the three studies used in this aggregated analysis

Inclusion Criteria

Exclusion Criteria

1. Skeletally mature patients with chronic (>6 months) isolated lumbar
back pain, who had not responded to at least 6 months of nonopera-
tive management

2. Type 1 or Type 2 Modic changes at one or more vertebral body for
levels L3-S1

3. Minimum ODI of 30 points (100-point scale)

4. Minimum VAS of 4 cm (10-cm scale) (average low back pain in past
7 days)

5. Ability to provide and

questionnaires

informed consent, read, complete

10.

11.

12.

13.

14.

15.

16.

17.

MRI evidence of Modic at levels other than L3-S1

Radicular pain (defined as nerve pain following a dermatomal distri-
bution that correlates with nerve compression in imaging)

Previous lumbar spine surgery (discectomy/laminectomy allowed if
>6 months before baseline and radicular pain resolved)

Symptomatic spinal stenosis (defined as the presence of neurogenic
claudication and confirmed by imaging)

Metabolic bone disease, spine fragility fracture history, or trauma/
compression fracture, or spinal cancer

Spine infection, active systemic infection, bleeding diathesis
Radiographic evidence of other pain etiology

Disc extrusion or protrusion >5 mm

Spondylolisthesis >2 mm at any level

Spondylolysis at any level

Facet arthrosis/effusion correlated with facet-mediated LBP

BDI >24 or >3 Waddell’s signs

Compensated injury or litigation

Currently taking extended-release narcotics with addiction behaviors
BMI >40

Bedbound or neurological condition that prevents early mobility or
any medical condition that impairs follow-up

Contraindication to MRI, allergies to components of the device, or ac-
tive implantable devices, pregnant, or lactating

MRI = magnetic resonance imaging; BMI = body mass index.

Prior regression analyses of treatment and control arm
randomized patients with a minimum response threshold
of ODI >10-point improvement and VAS >1.5-cm im-
provement found that treatment allocation (BVN RFA vs
sham or standard nonsurgical care control) was predic-
tive of response. With this understanding, only patients
who received BVN RFA and for whom targeting success
was achieved, with a minimum follow-up of 3 months,
were included in the regression analysis for the present
study. Targeting success was evaluated in all three studies
by the same independent radiologist, who confirmed ade-
quate overlap of the BVN by the BVN RFA lesion for
each level treated [19-23].

Demographic and Clinical Characteristics
Evaluated

Demographic and clinical characteristics within the
pooled cohort were cataloged on the basis of data

collected in the three clinical trials and a requirement
that each candidate factor was available in at least 90%
of the study patients who underwent BVN RFA. Such
factors were also cataloged in control patients from the
two RCTs for input into the regression analysis to assess
the  impact of the  treatment  allocation
(described previously in the preceding “Methods” sec-
tion). These factors included age, sex, marital status, em-
ployment status, duration of pain, history of opioid use,
depression, anxiety, facet joint arthropathy, radicular
pain/weakness, and baseline scores for body mass index,
Beck Depression Index (BDI), ODI, VAS, Short-Form
Survey 36 physical component and mental components,
Modic type 1, Modic type 2, and number of treated levels
(1-4).

One factor, income, was omitted from the model be-
cause more than 10% of patients refused to report their
income level. Two variables were further condensed into
binary variables to reduce the number of variables and
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increase the statistical power. Employment status was
used to define a binary “employed” variable, where the
responses “Working Full-Time,” “Working Part-Time,”
and “Retired” were counted as employed, and the
responses “Unemployed,” “Not Working Due to Back
Pain,” and “Other” were counted as unemployed.
Marital status was used to define a binary “married” var-
iable, where the response “Married” was counted as
married, and the responses “Divorced,” “Separated,”
“Single,” and “Widowed” were counted as not married.

Definition of Treatment Success

To investigate the predictive value of demographic and
clinical characteristics for treatment success at 3 months
after BVN RFA, “treatment success” was evaluated on
the basis of three definitions of response: 1) >50% VAS
pain reduction from baseline, 2) >15-point improvement
in ODI score from baseline, and 3) >50% VAS or >15-
point ODI improvement from baseline. Such thresholds
are commonly used in the LBP treatment literature and
considered to be rigorous [38,39].

Statistical Analysis

Descriptive statistics were calculated for the selected de-
mographic and clinical factors in the successfully treated
BVN RFA population (n=296). For continuous varia-
bles, the sample size (n), mean, standard deviation, me-
dian, minimum, and maximum values were calculated.
For categorical variables, the number and percentage in
each category were calculated. A Wilcoxon rank-sum test
was used to explore the relationship between continuous
variables and response, while a Fisher’s exact test was
used for categorical variables (Table 1).

Through the use of the investigator-preselected candi-
date factors from available data in the three studies, a
stepwise logistic regression was used to identify the best
predictors of response in successfully treated BVN RFA
patients for each of the three responder definitions (as
discussed in the “Definition of Treatment Success” sec-
tion). The stepwise regression combined forward-selec-
tion and backward-elimination regression techniques.
The stepwise regression began by entering the intercept
for the model. The stepwise regression models fit for the
present analysis used an entry criterion of 0.05 and a stay
criterion of 0.10. For each subsequent iteration, the pre-
dictor with the smallest P value, which was less than the
prespecified 0.05 entry criterion, was entered into the
model. After the predictors’ entry, the model was fit, and
each predictor in the model was assessed for statistical
significance. To stay in the model, each predictor was re-
quired to have a P value of less than the prespecified 0.10
stay criterion. These iterations continued until no further
predictors were added into or removed from the model.
All descriptive statistics and modeling were carried out in
SAS version 9.4 (SAS, Cary, NC).

With the logistic regression model being fit, estimates
of the dependent variables (predictors) were used to pre-
dict the probability of the binary outcome, in this case
treatment success. In translating the probability of suc-
cess into a binary yes/no, the threshold number of 0.5
was chosen. In this analysis, if the predicted probability
of success from the model was greater than 0.5 for an in-
dividual patient in the study cohort, that patient was pre-
dicted as a treatment success. If the predicted probability
of success was less than 0.5, that patient was predicted as
a treatment failure (nonsuccess).

The predicted success/failure of each participant from
the model estimates was compared with the known ac-
tual success/failure from the patients’ study data. A count
of the number of patients who are true positives (suc-
cesses), true negatives (failures), false positives, and false
negatives (based on their model predicted values and ac-
tual values) was performed. The sensitivity of that given
threshold is the rate of true positives, while the specificity
is the rate of true negatives. The receiver-operating char-
acteristics curve (ROC) graphs depict the sensitivity on
the y-axis and (1 minus specificity) on the x-axis for vari-
ous values of the predicted probability threshold. The re-
gression model had good discrimination and was well
calibrated (observed to expected ratios, 1.00) in the de-
velopment cohort and in the validation cohort.

The final step in validating the model was to interpret
the area under the ROC curve (AUC) or the rate of suc-
cessful classification from the logistic regression model.
This value can range from 0 to 1, where 0 indicates a per-
fectly inaccurate model classification of treatment suc-
cess, and 1 indicates a perfectly accurate model
classification of treatment success. In general, an AUC
value of 0.5 indicates no discrimination between treat-
ment success/failure by the fitted logistic regression
model. AUC values between 0.5 and 0.7 indicate some
predictive ability, values between 0.7 and 0.8 indicate ac-
ceptable predictive ability, values between 0.8 and 0.9
are considered to indicate excellent predictive ability,
and values more than 0.9 are considered to indicate out-
standing predictive ability [40].

Results

A total of 475 patients from the three clinical trials had a
minimum variable dataset and were included in the anal-
ysis of potential predictors for the model (322 BVN RFA,
including 61 control patients who crossed to active treat-
ment, and 152 controls). Of the BVN RFA group, 296
were treated successfully and comprised the cohort for
the regression analysis. Of these, 291 patients had a mini-
mum of all predictors and both an ODI and VAS at
3months for the combined response definition. See
Figure 1, the CONSORT diagram.

Table 2 reports the demographic data for the n=296
regression cohort, as well as stratification by responder
vs nonresponder status according to primary pain and
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N=475

Aggregated Cohort (3 Studies)

ﬁp{ 1 —LTFU prior to treatment

v
BVN Ablation
n=322
147 - SMART RCT (Treatment Arm)
66 - INTRACEPT RCT (Treatment Arm)
61 - INTRACEPT RCT (Crossover)
48 - CLBP Single Arm Study

A4

Sham/Standard Care
n=152
78 - SMART RCT Sham
74 - INTRACEPT RCT Standard Care

2 — Inability to Access
24 —Target Failures

4,{ 2 = LTFU prior to 3-Month

A4

v
Successfully Treated BVNRFA
n=296

130 - SMART RCT (Treatment Arm)
64 - INTRACEPT RCT (Treatment Arm)
57 - INTRACEPT RCT (Crossover)
45 - CLBP Single Arm Study

Sham/Standard Care
n=150

4>{ 5 — Missing ODI/VAS at 3 months

A
’ BVNRFA ‘

N=291

Figure 1. CONSORT diagram of the aggregate cohort included in the regression analysis. A total of 475 patients from the three clini-
cal trials had a minimum predictor dataset and were included in an analysis of potential predictors for the model (322 BVN RFA, in-
cluding 61 control patients who crossed to active treatment, and 152 controls). Of the BVN RFA group, 291 were treated
successfully, had a minimum of a 3-month follow-up with ODI and VAS scores collected, and comprised the cohort for the regres-

sion analysis.

functional improvement definitions of treatment success:
1) >50% VAS improvement, 2) >15-point ODI improve-
ment, and 3) >50% VAS or >15-point ODI improve-
ment. Among the regression cohort, the average age was
48 years (SD 10), with 53% male, 71% married, and
90% employed (as defined in the “Methods” section).
Sixty-nine percent (69%) of patients reported LBP dura-
tion of >5years. Approximately one fourth of patients
had a history of anxiety or depression, at 20% and 22 %,
respectively, and 28% were taking opioids at baseline.
Pain was severe and function was moderate to severe for
disability impact at baseline, with a mean VAS score of
6.8 = 1.3 and a mean ODI score of 44.5 = 11.2. Patients
reported an average BDI score of 6.7 = 5.3 at baseline.

Table 3 shows all variables that were not included in
each of the three models after the stepwise selection pro-
cess, along with the P value associated with the individ-
ual score statistics for each variable. The P values in
Table 2 are compared with the entry criterion of 0.05
and stay criterion of 0.10 for determination of whether
they should be entered into the model during the stepwise
selection process.

Table 4 provides an interpretation for the area under
the curve (AUC) range of values for the ROC curve, with
a value of 0.5 indicating no discrimination between treat-
ment success and failure by the fitted logistic regression
model. AUC values between 0.5 and 0.7 indicate some
predictive ability, values between 0.7 and 0.8 indicate ac-
ceptable predictive ability, values between 0.8 and 0.9
are considered to indicate excellent predictive ability,
and values more than 0.9 are considered to indicate out-
standing predictive ability [40].

Table 5 reports the result of the stepwise logistic re-
gression analyses with the response definition >50%
VAS improvement. The final logistic regression model in-
cluded pain duration >35years and baseline BDI score.
Pain duration of >3§ years increased the odds of treatment
success. Conversely, a higher baseline BDI score (greater
depression symptoms) decreased the odds of treatment
success. The demonstrated ROC curve was 62%, for lim-
ited predictive ability. Figure 2 shows the ROC curve for
the model.

Table 6 shows the result of the stepwise logistic regres-
sion analyses with the response definition >15-point
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Table 3. Nonpredictive variables removed from the final regression model

Definition 1 Response Threshold Definition 2 Response Threshold Definition 3 Response Threshold
>50% VAS or >15 ODI

>50% VAS improvement >15 ODI improvement improvement
P Value P Value P Value

Variable (n=292) (n=291) (n=292)

Age 0.1933 0.5762 0.5024
Sex 0.6798 0.0927 0.2686
Married 0.5416 0.7837 0.8384
Pain duration >5 years Included in the 0.5994 0.2003

final model
History of depression 0.2102 0.3024 0.166
History of anxiety 0.9015 0.2146 0.2214
History of opioid use 0.886 Included in the 0.239
final model
Employed 0.1874 0.5707 0.6254
Facet arthropathy 0.3546 0.7962 0.8707
Radicular pain/weakness 0.7015 0.4162 0.4715
Baseline BMI 0.2058 0.5708 0.6929
Baseline BDI Included in the Included in the Included in the
final model final model final model
Baseline VAS score 0.3585 0.1853 0.2089
Baseline ODI score 0.8449 Included in the Included in the
final model final model

Baseline SF-36 PCS score 0.4977 0.3379 0.7675
Baseline SF-36 MCS score 0.2175 0.795 0.6659
Modic Type 1 0.5802 0.6332 0.7288
Modic Type 2 0.6146 0.49 0.5947
Number of treated levels 0.8768 0.5385 0.3919

SF-36= Short-Form-36; PCS= Physical Component Score; MCS= Mental Component Score.

Variables that were not selected for the final model based on the stepwise logistic regression approach with each definition of response are shown. Except as
noted, these predictors were not considered statistically significant predictors when fitting the regression model with an entry P value of 0.05 and a stay P value of
0.10.

Table 4. AUC value range interpretations

AUC Value Interpretation

0.5 or below No discrimination between treatment success/failure by the fitted logistic
regression model

0.5 to <0.7 Some predictive ability

0.7 to <0.8 Acceptable predictive ability

0.8 to <0.9 Excellent predictive ability

More than 0.9 Outstanding predictive ability

Adapted from Mandrekar [40].

Table provides the interpretation for the AUC range of values for the ROC. A value of 0.5 indicates no discrimination between treatment success and failure by
the fitted logistic regression model. AUC values between 0.5 and 0.7 indicate some predictive ability, values between 0.7 and 0.8 indicate acceptable predictive
ability, values between 0.8 and 0.9 are considered to indicate excellent predictive ability, and values more than 0.9 are considered to indicate outstanding predic-
tive ability [40].

Table 5. Predictive model from the final selected model following stepwise logistic regression (Response Definition 1)

Area Under ROC
Model Variable Included QOdds Ratio P Value Pseudo R? Curve
Treated subjects Pain duration 2211 0.0022
n=296 >S5 years (yes vs no)
n =290 used for 0.05 0.62
selection
n =292 for final Baseline BDI 0.954 0.0403

selected model

Final candidate predictors for the final model are shown: Pain duration and baseline BDI score demonstrated a P value <0.05 with Response Definition 1
(>50% VAS improvement). Of the variables examined, pain duration >5 years increased the odds of treatment success, whereas higher baseline BDI score (greater
depression symptoms) decreased the odds of treatment success. The AUC for this model is 0.62, for limited predictive ability.
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Figure 2. ROC curve of the predictive model (Response
Definition 1). The ROC curve for the model fit with Response
Definition 1 (>50% VAS improvement). ROC curves plot the
sensitivity against 1 minus specificity, such that a perfect diag-
nostic would have an AUC of 1.0 (100%). The AUC for this
model is 0.62, for limited predictive/diagnostic ability.

ODI improvement. The final logistic regression model in-
cluded history of opioid use, baseline BDI score, and
baseline ODI score. Having a higher baseline ODI score
(greater functional impairment related to LBP) increased
the odds of treatment success, whereas a history of opioid
use and higher baseline BDI scores (greater depression
symptoms) decreased the odds of treatment success. The
demonstrated ROC curve was 70%, for borderline ac-
ceptable predictive ability. Figure 3 shows the ROC curve
for the model.

Table 7 reports the result of the stepwise logistic re-
gression analyses with the combined response definition
>50% VAS or >15-point ODI improvement. The final
logistic regression model included employment status
and baseline BDI score. Being employed increased the
odds of treatment success, whereas a higher baseline BDI
score (greater depression symptoms) decreased the odds
of treatment success. The AUC for this model is 0.62, for
limited predictive ability. Figure 4 shows the ROC curve
for the model.

Discussion

This study reports the first analysis of the relationship of
demographic and clinical characteristics on treatment
success associated with BVN RFA for individuals with
chronic, refractory LBP in the context of Type 1 and/or
Type 2 Modic changes and a clinical diagnosis of pre-
dominant VEP. Pain duration of >5years and a higher
baseline ODI score (greater functional disability related

to LBP) increased the odds of treatment success.
Conversely, baseline opioid use and a higher baseline
BDI score (greater depression symptoms) decreased the
odds of treatment success based on the three investigated
response definitions. A higher BDI score was the only fac-
tor that decreased the odds of treatment success for all
three responder definitions (>50% VAS improvement;
>15-point ODI improvement; and >50% VAS or >15-
point ODI improvement, respectively). However, in all
three models, the AUC was 70% or less, indicating lim-
ited predictive value.

Previous studies have investigated the relationship of
numerous demographic and clinical factors with treat-
ment success of chronic axial LBP. In one large multicen-
ter study of patients who underwent spinal fusion
surgery for the treatment of chronic axial LBP, patient
characteristics were assessed for predictive capability
with a logistic regression model with three individual
treatment response definitions (ODI with a 15-point
threshold, and back and leg pain numeric rating scale
with a 2-point threshold) [41]. That study found that
workers’ compensation insurance, being a current or past
smoker, asthma, and a lower baseline ODI score were
significantly associated with lower odds of functional im-
provement. Factors that were associated with lower odds
of back pain improvement included younger age, nonpri-
vate insurance, current smoking, current spondylolisthe-
sis, use of opiate prescription, and a low baseline back
pain numeric rating. In two other studies, age, sex, and
duration of symptoms did not demonstrate predictive
value for treatment outcomes of spinal fusion [42,43].
Finally, greater patient-reported depression scores appear
to be associated with a lesser likelihood of treatment suc-
cess with spinal fusion [44].

With regard to nonoperative intervention specific to
lumbar facet-joint pain causing chronic axial LBP, it has
been demonstrated that a successful treatment response to
lumbar medial branch radiofrequency ablation (LMB
RFA) is not related to sex, body mass index, duration of
LBP, or the number of spinal levels denervated [36,37].
Mixed findings have been observed with regard to the rela-
tionships of age and baseline opioid use to a successful
treatment outcome of LMB RFA [35-37]. Alternatively,
the best predictor of response to LMB RFA is the result of
diagnostic/prognostic medial branch blocks [45,46].

Although our study demonstrated similar demo-
graphic and clinical factors for reduced odds of treatment
success, none of those factors were robust predictors and,
as such, are not prohibitive when treatment with BVN
RFA is considered. Unlike LMB RFA, an appropriate di-
agnostic/prognostic block is not needed to isolate VEP. It
has been hypothesized by some investigators that either
provocation or analgesic discography (discoblock) might
hold prognostic value for treatment outcomes associated
with BVN RFA for VEP, given that it could evoke verte-
bral endplate deflection [47]. However, this diagnostic
technique has intrinsic limitations. VEP could be
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Table 6. Predictive model from the final selected model following stepwise logistic regression (Response Definition 2)
Area Under ROC
Model Variable Included QOdds Ratio P Value Pseudo R? Curve
Treated subjects History of opioid use (yes vs no) 0.544 0.0424
n=296
n =289 used for Baseline BDI 0.943 0.0203 0.10 0.70
selection
n=291 for final se- Baseline ODI 1.062 <0.0001
lected model

Final candidate predictors for the final model are shown: Opioid use, baseline BDI score, and baseline ODI demonstrated a P value <0.05 with Response

Definition 2 (>15-point ODI improvement). Of the variables examined, higher baseline ODI score (greater functional impairment related to LBP) increased the

odds of treatment success, whereas history of opioid use and higher baseline BDI score (greater depression symptoms) decreased the odds of treatment success.

The AUC for this model is 0.70, for borderline acceptable predictive ability.
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Figure 3. ROC curve of the predictive model (Response
Definition 2). The ROC curve for the model fit with Response
Definition 2 (>15-point ODI improvement). ROC curves plot the
sensitivity against 1 minus specificity, such that a perfect diag-
nostic would have an AUC of 1.0 (100%). The AUC for this
model is 0.70, for borderline acceptable predictive ability.

mediated predominantly by an inflammatory state, with
chemical hypersensitivity rather than mechanical force,
as suggested by histological research [6]. Consideration
of directly blocking the BVN might be a test with prog-
nostic value, but the invasiveness of this diagnostic block
compared with other spinal blocks used to determine ap-
propriateness for ablation would be difficult to justify.
The clinical trials conducted to date for patients with
chronic LBP used an objective biomarker for VEP (Type
1 or 2 Modic changes) without the presence of meaning-
ful spinal canal or neuroforaminal stenosis, in the context
of an overall picture of anterior spinal element pain, and
these trials have demonstrated high response rates [19-
26,48]. The present analysis further supports using the
biomarker of Modic changes within the correct clinical
context (similar inclusion/exclusion criteria to the three

clinical trials referenced) to identify primary VEP patients
who could respond to BVN RFA.

In the present study, the type of Modic changes (Type
1 vs Type 2) was not predictive of treatment response.
Investigation of characteristic pain patterns, physical ex-
amination findings, and more granular imaging endplate
characteristics that might predict treatment success has
also been conducted and is reported in a companion pub-
lication [49]. Such analyses provide further understand-
ing of bone marrow intensity change characteristics
(location on the endplate, area, type of defect, etc.) and
whether such characteristics are predictive of treatment
success. The ability to discriminate between patients with
predominant VEP pain and those with mixed etiologies
could provide a more robust and durable treatment re-
sponse to BVN RFA.

A strength of this analysis is the use of a homoge-
neous, primary VEP population who were successfully
treated as the reference group for identifying response/
nonresponse factors. As with all studies, this present in-
vestigation contains limitations. Despite a robust retro-
spective analysis of available demographic and clinical
characteristics derived from the prior clinical trials, the
potential effect of unknown confounding variables affect-
ing the results cannot be determined. Five subjects were
missing ODI or VAS outcomes data and thus could not
be included in the analysis. However, the proportion of
missing baseline or outcomes variables was small, and
we do not believe that this influenced the present find-
ings. Finally, the creation of a more lenient model (lower
P value thresholds for inclusion of variables into the pre-
dictive model) might have identified more predictive fac-
tors. Nevertheless, model thresholds and responder
definitions were designed for clinical relevance to support
treatment decisions.

Conclusions

This regression analysis of pooled prospective clinical
trial cohort data of VEP patients with Type 1 and/or 2
Modic changes did not identify additional meaningful de-
mographic or clinical characteristic predictors for either
increased or reduced odds of treatment success of BVN
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Table 7. Predictive model from the final selected model following stepwise logistic regression (Response Definition 3)
Area Under ROC
Model Variable Included Odds Ratio P Value Pseudo R? Curve
Treated subjects Baseline ODI 1.045 0.0014
n=296
n =290 used for 0.06 0.64
selection
n =292 for final se- Baseline BDI 0.942 0.0160

lected model

Final candidate predictors for the final model are shown: Baseline ODI and baseline BDI score demonstrated a P value <0.05 with Response Definition 3

(>50% VAS or >15-point ODI improvement). Of the variables examined, having a higher baseline ODI (greater functional impact) increased the odds of treat-

ment success, whereas reporting a higher baseline BDI score (greater depression symptoms) decreased the odds of treatment success. The demonstrated ROC curve

was 64 %, for limited predictive ability.
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Figure 4. ROC curve of the predictive model (Response
Definition 3). The ROC curve for the model fit with Response
Definition 3 (>560% VAS or >15-point ODI improvement). ROC
curves plot the sensitivity against 1 minus specificity, such that
a perfect diagnostic would have an AUC of 1.0 (100%). The
AUC for this model is 0.64, for limited predictive ability.

RFA. On the basis of these findings and the high response
rates from the three analyzed clinical trials, we recom-
mend that clinicians continue to use objective imaging
biomarkers (Type 1 and/or 2 Modic changes), a correlat-
ing presentation of anterior spinal element pain, and ap-

propriate clinical judgment to determine optimal
candidacy for BVN RFA.
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