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Cooled radiofrequency ablation provides extended
clinical utility in the management of chronic sacroiliac
joint pain: 12-month follow-up results from the
observational phase of a randomized, multicenter,
comparative-effectiveness crossover study
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ABSTRACT

Introduction Sacroiliac joint (SIJ) pain comprises up
to 30% of cases of mechanical low back pain (LBP), the
leading cause of disability worldwide. Despite sacral
lateral branch cooled radiofrequency ablation (CRFA)
showing efficacy in clinical trials, there is a lack of
comparative-effectiveness long-term follow-up.
Methods In this randomized, multicenter, comparative-
effectiveness study, 210 patients with injection-confirmed
SIJ pain who responded to prognostic lateral branch
blocks were randomly assigned to receive CRFA of

the L5 dorsal ramus and S1-53/4 lateral branches or
standard medical management (SMM) consisting of
pharmacotherapy, physical therapy, injections, and
integrative therapies. Patients were followed up at 1,
3,6,9, and 12months, with participants reporting
unsatisfactory SMM outcomes being allowed to
crossover (X0) and receive CRFA at 3 months. The
primary outcome measure was the mean change in
average LBP score on a 0—10 Numeric Rating Scale
(NRS), with secondary outcomes including measures

of quality of life (QoL) and function. A responder was
defined as a participant who experienced a =30% or
>2-point decrease in average daily NRS pain score
coupled with a score =5out of 7 (moderately better) on
the Patient Global Impression of Change scale.

Results At 12months, the mean NRS pain score
declined from a baseline of 6.4+1.4t0 3.5+2.6, with
57.4% (35/61) of participants in the randomized CRFA
cohort experiencing a =2-point or 30% decrease in
average LBP from baseline. In the crossover cohort,
35/63 (55.6%) subjects had the same experience

12 months following the XO procedure; in the XO
group, the mean LBP decreased from 6.1+1.5t0
3.4+2.5. Patients also experienced clinically meaningful
improvements in QoL via EuroQolL-5D-5L at 12 months
(mean change of +0.22+0.27in the originally-treated
CRFA group and +0.21+0.331in the XO group).
Oswestry Disability Index (ODI) scores also improved

by 12.4%=+14.7 (CRFA) and 13.7%=+17.1 (XO) from
baseline at study-end. No serious adverse events related
to the CRFA procedure were reported.

Conclusion CRFA in patients with SIJ pain provided
clinically significant and sustained improvements for

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Cooled radiofrequency ablation is more
effective at intermediate-term follow-up than
sham radiofrequency and standard medical
management, but the long-term effectiveness
has not been studied in large-scale randomized
trials.

WHAT THIS STUDY ADDS

= Cooled radiofrequency ablation provides
sustained benefit to a majority of patients who
respond to diagnostic injections and prognostic
sacral lateral branch blocks, with comparable
proportions of patients in the randomized
cooled radiofrequency and crossover
radiofrequency groups experiencing clinically
meaningful improvement lasting over 1 year.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study shows the superiority of
cooled radiofrequency ablation over non-
radiofrequency management in a recalcitrant
population with long-standing sacroiliac joint
pain. It suggests that improved access to care
for a refractory condition has the potential to
provide long-lasting, improved quality of life.

12 months following a single CRFA treatment, regardless
of previous SMM treatment.
Trial registration number NCT03601949.

INTRODUCTION

Low back pain (LBP) has multiple etiologies, a
lifetime prevalence rate ranging between 51% and
849, and is among the leading causes of disability
worldwide. There is a disturbing 28% chance of an
acute mechanical pain situation turning chronic." It
is estimated that 15%-30% of chronic mechanical
LBP originates from the sacroiliac joint(s) (SIJ).2
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The SIJ is technically a diarthrodial synovial joint, but pain can
originate from both intra- and extra-articular structures, with
one randomized study finding comparable prevalence rates.*™

The complexity of the structural components involved in
SIJ LBP leads to challenges in identification and treatment.* ¢’
Conventional SIJ pain treatment options are limited to phar-
macotherapy, injections, integrative therapies, and, in severe
refractory cases, fusion.®” However, several studies have shown
that cooled radiofrequency ablation (CRFA) of the sacral lateral
branches and conventional radiofrequency ablation (RFA) tech-
niques that increase nerve capture rate are effective in patients
with SIJ pain who experience meaningful but temporary relief
from SIJ injections.’™**

RFA delivers thermal energy via current delivered through
electrodes, causing thermal degradation (lesions) of nerve tissue
through ionic heating."* However, the lesion size produced
by conventional RFA is limited by charring at the tissue-probe
tip interface, which increases the risk of failed nerve capture,
reducing efficacy.’ In CRFA, the temperature at the tissue-tip
interface is regulated by water circulating inside the probe.'®
This allows for the targeted delivery of more energy, resulting
in larger thermal lesions and a higher likelihood of neural
disruption, while simultaneously mitigating tissue charring.'® '’
Cooling also enables distal projection of energy, permitting more
direct probe introduction and creates larger, longer-lasting,
spherically-shaped lesions than those affected by conventional
RFA, at tissue temperatures exceeding 80°C."” '® SIJ innervation
is variable compared with other targets of RF, making CRFA
ideal for this condition.

CRFA has emerged as a promising treatment for patients with
refractory SIJ pain, with multiple studies demonstrating effi-
cacy across the spectrum of outcomes including pain, function,
analgesic reduction, and quality of life (QoL).*"'* > CRFA has
demonstrated durable pain relief lasting over 1 year for multiple
indications including SIJ, knee osteoarthritis, and facet joint
pain.?’** CRFA is safe, with no major adverse events reported
and a low incidence of transient postprocedure neuropathic
pain similar to conventional RFA.** #* Guidelines recommend
sacral lateral branch RFA (and specifically CRFA) for the treat-
ment of SIJ pain following positive prognostic blocks.?® Despite
several sham-controlled studies demonstrating the efficacy of
CRFA for SIJ pain, there have been few long-term comparative-
effectiveness studies.'"

The objectives of this multicenter study are to evaluate the
long-term (12 months) effectiveness of sacral lateral branch
CRFA in patients with chronic SIJ pain and identify variables
associated with treatment response. The outcomes of the
3month- comparative-effectiveness trial comparing CRFA to
standard medical management (SMM) have previously been
published.””

PATIENTS

This randomized, controlled, multicenter clinical study was
registered in ClinicalTrials.gov (NCT03601949) on 26 July
2018. All participants were enrolled, treated, and followed
between 29 June 2018 and 3 November 2021. The protocol and
written consent forms were approved by the institutional review
boards (IRB) or ethics committees of each participating institu-
tion prior to enrollment.

Selection criteria, study sites, randomization, and trial design
Full descriptions of selection criteria, study sites, randomiza-
tion, and trial design have previously been published.”” 210

participants from 15US centers with injection-confirmed SIJ
pain who experienced at least 50% pain relief from prognostic
blocks of the LS dorsal ramus and S1-3(4) lateral branches were
randomized in a 1:1 ratio to receive either CRFA (treatment
group) or physician-prescribed SMM (control group). SMM
consisted of self-care, pharmacotherapy, exercise recommen-
dations, integrative therapies (ie, combining complementary
treatments such as acupuncture, yoga, or psychotherapy with
conventional therapies), and therapeutic injections. Blinded
outcome assessors conducted all follow-ups. Follow-up visits
were primarily performed in person at 3-month intervals for up
to 12 months, though the COVID-19 pandemic drove some data
collection to be done remotely.

Participants in the SMM group were permitted to crossover
(XO) and receive CRFA following the 3-month time point,
provided they requalified per inclusion criteria (ie, had at least
one provocative test, experienced =50% pain relief from both
an SIJ injection and LS dorsal ramus and S1-3/4 sacral lateral
branch blocks, had an average pain score =4/10 over the past
week prior to screening), had a negative outcome from SMM,
and desired to undergo CRFA.” Participants who originally
received CRFA were not eligible to crossover to SMM. Cross-
over participants, those who continued receiving SMM, and the
original CRFA cohort were followed for up to 12 months, with
no intervening procedural interventions permitted.

CRFA procedures

CRFA procedureswere performed according to standard protocol
using fluoroscopic guidance in multiple views.'* ** Small-gauge
finder needles were inserted into the targeted foramina at the
discretion of the provider. Nine lesions were created at loca-
tions specified in relation to the $1-S3 sacral foramina and L5
dorsal ramus, with S4 targeted at the discretion of the provider
in patients with the foraminal opening situated at or above
the inferior aspect of the SIJ. Details of the CRFA and SMM
procedures are published in the previous report on 3-month

OLlTZCOl’I’lCS.27

Outcome measures and follow-up

In addition to demographic and relevant medical history, data
collected at baseline included 0-10 Numerical Rating Scale
(NRS) average pain scores and questionnaires measuring non-
pain outcomes that included Oswestry Disability Index 2.1
(ODI), 36-item short form survey physical function domain
(SF-36), and EuroQoL-5D-5L (EQ-5D-5L), which measures
QoL. These metrics were collected at all follow-ups, with the
Patient Global Impression of Change (PGIC) scale added at
each visit. The Patient Global Impression of Change measures
how a patient feels a treatment changed their overall status. The
primary outcome measure was mean change in average back
pain score.

Responder analyses

Consistent with interpreting the clinical importance of treat-
ment outcomes in chronic pain clinical trials recommendations,
treatment responders were predefined as participants who
reported either a =30%or 2-point decrease in average daily
NRS pain score over the past week coupled with a score =5 out
of 7 (moderately better) on the PGIC scale. QoL and functional
outcomes were compared with baseline and between CRFA- and
XO-treated groups at each follow-up.
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Statistical analysis

This study represents the observational cohort from the 3-month
crossover period (data previously reported) for a multicenter,
randomized, assessor-blind study comparing sacral lateral branch
cooled radiofrequency denervation to conservative therapy in
the treatment of SIJ pain in military and civilian populations.
Assessment determinations were made from aggregate data
collection on all available patients at each study time point.

Baseline data, including patient demographics and medical
history, are summarized using descriptive statistics for contin-
uous variables and frequency counts and percentages for cate-
gorical variables. The primary outcome measure was a change
in the 11-point (0-10) Numeric Rating Scale (NRS). Subjects
were asked to rate their average daily pain (primary outcome),
worst pain, and least pain over the previous week, and current
pain at the time of the visit. As the primary and secondary effec-
tiveness endpoints for the study were assessed at 3 months, addi-
tional endpoints were collected primarily to assess long-term
effectiveness.”’

Due to the very low number of subjects randomized to the
SMM group who chose not to cross over to CRFA at 3 months
(n=2), comparisons between CRFA and SMM groups at 12
months were not practical. Instead, a secondary focus was to
compare subjects originally treated with CRFA to subjects who
were randomized to the SMM group and crossed over to CRFA
after the 3-month primary endpoint to receive CRFA (Avanos
Medical, Alpharetta, Georgia, USA). Since between-group anal-
yses between the original and XO-CRFA group are not the main
objective and aggregated data are separately reported, no type I
error adjustment for multiple comparisons was made.

The main analyses are based on available data only, although
the last observation carried forward and multiple imputation
sensitivity analyses were performed on change in NRS pain
score at 12months that included all treated subjects. Multiple
imputation was based on preset variables and used full condi-
tional specification with 100 imputed data sets. The variables
included in the model were baseline age, sex, investigational site,
response (percent pain relief) to blocks, duration of pain, base-
line ODI score, baseline EQ-5D-5L index score, and all available
follow-up pain scores. Two-sample t-tests were performed based
on each of the 100 imputed datasets. Parameter estimates were
pooled across imputations to obtain overall estimates.

Statistical comparisons between groups for normally-
distributed continuous variables were conducted using t-tests
for independent means and the Mann-Whitney test for non-
normally-distributed data. For categorical variables, the %* test
was used to compare independent groups (or Fisher’s exact test
if the expected cell counts were too small). Paired t-tests were
used to compare continuous variables across visits.

RESULTS
Baseline characteristics and previously reported primary
endpoint
210 participants were randomized, with half (n=105) receiving
CRFA and the other half (n=105) receiving SMM treatment.
Baseline demographics across groups were comparable, with
no significant differences.”” At the 3-month primary endpoint,
CRFA was superior to SMM for the primary and most secondary
outcomes. At 3 months, the mean NRS pain score for the CRFA
group (n=105) declined from 6.4 (=1.4) to 3.8+2.4 compared
with 5.9%1.7 in the SMM group (p<0.0001).%

For this analysis, the mean baseline NRS average pain score
for the CRFA group, 6.4+1.4, was based on the time of

randomization (n=96). The mean baseline average pain score,
6.1=1.5, for those in the XO group (n=89) reflected the
contemporaneous state of subjects prior to XO treatment. The
difference between groups was not significant for average pain
(p=0.15), but was for worst pain (8.6+1.2 vs 8.1+1.4; p=0.01),
suggesting a possible modest benefit from SMM. Non-pain base-
line variables were statistically similar between groups (table 1).
At the 3-month primary endpoint, there were 88 CRFA patients,
of which 63 completed 12-month follow-up (60.0% follow-up
rate from randomization). 89 SMM patients crossed over at or
after 3 months (baseline time 0), among which 63 were available
for 12-month follow-up (70.1% follow-up rate from crossover;
figure 1).

Primary outcome measure

With 67% (124/185) of treated subjects reporting data through
12 months, CRFA treatment, regardless of timing (ie, initially
randomized procedure or following failed SMM), was equally
effective in long-term chronic SIJ management (p<0.0001 from
baseline and p=0.76 between groups). The mean NRS pain score
for the CRFA group declined to 3.5+2.6 versus 3.4+2.5in the
XO group at 12 months, indicating a substantial treatment effect
(table 1). This corresponds to similar mean NRS ‘average pain
score’ decreases of 2.7%2.5 (43.8% improvement from baseline)
and 2.6+2.8 (41.1%) in the CRFA and XO cohorts, respec-
tively (p=0.79). 59.0% of subjects who initially received CRFA
maintained =30% improvement in pain scores 12 months after
treatment versus 61.9% of those who received CRFA at XO.
At 12 months, 41.0% of the CRFA group reported substantial
improvement, defined as =50% pain reduction, as did 46.0% of
the XO cohort (p=0.57). Collectively, 60.5% (n=75) of subjects
experienced =30% improvement in their average pain, 67.7%
(n=84) had at least a 2-point improvement, and 43.5% (54/124)
reported at least 50% improvement from baseline (figure 2).

Sensitivity analyses

As noted above, different methods were used to account for
missing primary outcome measures, and no significant differ-
ences were identified between 12-month post-treatment average
pain scores with complete case analysis (0.1 (CI = - 0.8, 1.0)),
using multiple imputation (—0.1 (CI=-1.0,0.8)), with base-
line observed case carried forward (—0.1 (CI=-0.9, 0.6)), and
using last observed case carried forward (—0.2, (CI=-0.9,0.6));
p=0.67). As such, complete/observed case analyses are presented.

Pain responder rates

The pain responder analysis required at least a 2-point reduction
or 30% drop in average NRS pain, combined with a rating of at
least 5 on PGIC. At 12 months, 57.4% of the CRFA group were
deemed responders, as were 55.6% of the XO group (p=0.83)
(table 1).

Qol, functional capacity, and PGIC

As noted in table 2, most participants receiving CRFA reported
statistically and clinically significant improvements in QoL
and function from baseline (p<0.0001), with no differences at
12 months between the initial CRFA treatment and XO groups
for ODI (p=0.80), EQ-5D-5L (p=0.33), and SF-36 Physical
Domain (p=0.85) (table 2). The ODI score improved from a
baseline of 41.0%=*13.6to 27.7%+16.6in the CRFA group and
from41.7%=13.3 t0 28.4%=16.6 in the XO group at 12 months
(p<0.0001). These changes represent clinically relevant func-
tional improvements of 12.4 points (31.2% improvement) and
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Pain outcomes stratified by treatment group

Table 1

9-month follow-up 12-month follow-up

3-month follow-up 6-month follow-up

1-month follow-up

Baseline

Crossover

(n:

CRFA

(n:

Crossover

(n:

CRFA
(n:

Crossover
(n=72)

CRFA

Crossover
(n=82)

CRFA

(n:

Crossover

CRFA
(n:

(n:

Crossover

(n:

CRFA
(n:

P-value

=63)

61)

P-value =

=64)

=62)

P-value

(n=75)

P-value

-87)

P-value

=86)

=95)

P-value

89)
6.1(1.5)

=96)
6.4(1.4)

Study time point

0.76

34
(2.5
2.6
(2.8)

53

35

0.06

4.0 3.1

0.96

3.6
(2.5
25

36

0.17

33

39
(2.4)
25
2.2)

33 0.03

4.1

0.15

Average Pain Score (mean, SD)

(2.6)
2.7

(2.2)
29
(2.6)
5.2
(2.8)

2.7

(2.6)
23

(2.4
2.7

(2.6)
2.8

2.2)
2.8
(2.6)

(2.4)
23

0.51 0.19 0.79

0.42

0.28

Change from baseline in average pain (mean, SD)*

<0.0001
0.69

(2.5)
55

<0.0001
0.23

(2.4)
5.7

<0.0001
0.95

(3.0)
5.5

2.2)

5.5

<0.0001
0.10

(2.9)
5.2

<0.0001
0.01

2.1)

6.1

0.01

8.1 (1.4)

(1.2)

8.6

Worst Pain Score (mean, SD)

(3.0
2.7

(3.1)

32

(3.3)
26

(3.2)

(EX)]

(3.3)
29

29
23

(2.9)

3.0
3.0

(3.0)

0.78

2.7

0.53

0.41

25

28
(3.0)

0.04

0.06

Change from baseline in worst pain (mean, SD)*

<0.0001

(EN)]

(3.0) <0.0001

(3.2)

<0.0001

(33)

<0.0001

(2.8) (3.2)

<0.0001

(2.9)

Responder analyses t

49 36 0.06 31 39 0.22 36 39 0.74

0.29

45 49

50 0.30

48

>30% Improvement in average pain (N, %)

61.9)
29

(59.0)
25

(60.9)
34

(50.0)
21

(50.0)
30

(65.3)
34

(59.8)
45

(51.7)
35

(58.1)
4

(50.5)
38

0.65 0.03 0.57

0.06

030

>50% Improvement in average pain (N, %)

(46.0)
4

(41.0)
43

(53.1)
43

(33.9
38

@1.7)
45

(45.3)
52

(54.9)
52

(40.2)
54

47.7)
54

(40.0)
51

0.38 0.49 0.52

0.86

0.22

At least a 2-point decrease in average pain (N, %)

(65.1)
35

(70.5)
35

(67.2)
37

(61.3)
32

(62.5)
37

(69.3)
41

(63.4)
49

(62.1)
45

(62.8)
45

(53.7)
39

0.69 0.42 0.84

0.29

0.13

Positive responder (N, %)t

(55.6)

(57.4)

(58.7)

(51.6)

(51.4)

(54.7)

(59.8)

(51.7)

(52.3)

(41.1)

*Top p-value represents the difference between CRFA group as initial treatment and crossover CRFA group, while the bottom p-value represents the change from baseline for the entire cohort. When only a single p-value is listed, it represents the difference between the CRFA group as an initial treatment and the crossover CRFA group.

tPositive responder is defined as (1) at least a 2-point or 30% reduction in average NRS pain from baseline and (2) a rating of at least 5 on the Patient Global Impression of Change.

CRFA, cooled radiofrequency ablation.

13.7 (30.7%), respectively (p=0.82). The proportion of patients
with minimal disability increased from 5.2% at baseline to
34.4%, and the proportion with severe or crippling disability
decreased from 46.8% to 22.9% at 12months in the CRFA
group. Similar trends were observed in the XO cohort (figure 3).

Mean PGIC scores following CRFA and XO treatment were
4.9+1.8and 4.9+1.9at 12months (p=0.78), with 67.2% and
65.1% reporting at least moderate improvement (PGIC =5) at
12 months, respectively. Similarly, clinically meaningful improve-
ments in QoL were noted on the EQ-5D-5L index, where the
CRFA group reported a 0.22-point (+0.27) improvement from
baseline and the XO group experienced a 0.21-point (+0.33)
improvement (p=0.87). The SF-36 physical function subscale
score improved from 33.3£7.9to 40.7+9.9in the CRFA group
and from 33.0£7.9to 41.0£8.6in the XO group at 12 months,
respectively (p=0.82 between groups, p<0.0001 from baseline).

Factors associated with positive outcome

When combining data from all CRFA-treated subjects (n=185),
linear regression models indicated that predictors of NRS pain
score reduction at 3 months included duration of pain (longer
duration was associated with smaller reduction in pain; esti-
mate=—0.003, SE=0.002, 95% CI —0.007 to —0.000, p=0.04)
and pain relief in response to prognostic sacral lateral branch
blocks (greater response to blocks was associated with greater
reduction in pain; estimate=0.030, SE=0.012, 95% CI 0.007 to
0.053, p=0.01). At 6 months, response to blocks remained the
only positive outcome predictor of NRS pain score reduction
(estimate=0.030, SE=0.013, 95% CI 0.004 to 0.055, p=0.02).
At 12 months, linear regression indicated that females responded
more favorably than males (estimate for female=1.355,
SE=0.570, 95%CI 0.239 to 2.472, p=0.02) and subjects with
no baseline opioid use responded better than opioid users (esti-
mate for baseline opioid users=—1.275, SE=0.517, 95%CI
—2.288t0 —0.262, p=0.02).

Adverse events

Adverse event profiles were similar for the CRFA and XO
cohorts with no related serious events reported. In the orig-
inal CRFA group, a total of 129 adverse events were reported
through 12 months with 16 deemed related to the procedure as
previously reported (ie, no treatment-related events emerged
>3 months after treatment).”” In the XO group, a total of 96
adverse events were reported, with nine deemed possibly treat-
ment-related. Among these were six reports of severe postpro-
cedure pain, one case of neuritis, one case of worsening pain
117 days post-treatment (deemed possibly related), and one
case of new-onset lumbar radiculopathy 15 days post-CRFA
treatment, which was deemed unlikely related to treatment and
led to removal from the trial. With the exception of the lumbar
radiculopathy case, all adverse events resolved, and most were
transient (median 15 days (range 0-101).

DISCUSSION

The principal finding in this large, multicenter, randomized
study is that CRFA treatment resulted in clinically significant and
sustained improvements for 12 months following a single CRFA
treatment regardless of previous SMM treatment (ie, timing).
The clinically relevant improvements in primary and secondary
outcomes were statistically comparable in both groups.*’ *°
Combined analysis of the 124 treated participants indicates that
at 12 months, 43.5% reported substantial improvement in pain
(=50% reduction in pain) and 56.5% were responders.
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Consort diagram: study flow chart showing the randomization of subjects between CRFA and a crossover group receiving CRFA following

SMM and study progress. CRFA, cooled radiofrequency ablation; SMM, standard medical management, XO, crossover. *One subject randomized to
SMM but inadvertently received CRFA treatment. The subject is summarized in the CRFA group. “Missed” suggests the subject returned for at least
one subsequent visit. The lost-to-follow-up designation indicates a subject who never returned. AEs or deviations reflect the primary reason that

subjects were removed from the trial by the investigators.

Comparison to other studies

These findings corroborate previously published literature
demonstrating that CRFA can provide sustained benefit to
patients with refractory SIJ pain. Two previous clinical studies
evaluating efficacy for cooled versus sham RFA in SIJ pain
reported near-identical 59% success rates at 6-° and 9-month
follow-ups,” while categorical success rates in controlled and
uncontrolled studies found success rates ranging between 40%
and 75% of patients at 12-month follow-up periods.’® ** 17 20
These, along with support from other non-sponsored studies,

demonstrate that CRFA can provide durable improvements in
pain, QoL, and opioid consumption in patients who experience
temporary pain relief after diagnostic and prognostic (lateral
branch) blocks.” 1213192031

CRFA versus SMM

Compared with the neuroanatomy of lumbar facet joints, the
innervation of the SIJ is more complex, with significant differ-
ences in the number and location of nerves that vary from
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Figure 2 Numeric Rating Scale Pain Scores stratified by treatment group throughout the study. CRFA, cooled radiofrequency ablation; NRS, Numeric
Rating Scale; SMM, standard medical management; XO, crossover; SS, statistically significant.

patient to patient, side to side, and level to level. Unlike facet
joint innervation, these nerves also traverse tissue surrounding
the SIJ at different depths.>* ** This variability favors the use of
an ambitious ablation strategy with greater denervation depth
and assessment of the distance to the posterior sacral foraminal
openings to promote safety. In CRFA, the distal projection of
current creates larger, deeper, more spherically shaped lesions,
which can increase nerve capture rate.'® In contrast, conven-
tional RFA contains inherent limitations for treating SIJ pain,
including tissue desiccation, which constrains lesion expansion
and limited lesion depth, which collectively increase the risk of
failed nerve capture. Not surprisingly, a systematic review on
the diagnostic accuracy and therapeutic effectiveness of SIJ inter-
ventions found CRFA to be more effective in managing SIJ pain
than conventional RFA, with both CRFA and conventional RFA
being more effective than steroid injections.** One limitation in
this review is that it did not distinguish between anatomically
valid and invalid conventional RFA techniques. More research
is needed to compare CRFA with other anatomically valid RFA
protocols, including the use of bipolar electrodes and these alter-
native techniques to SMM.

Although differences in patient selection, study design, and
outcome assessment limit comparisons between RFA studies, the
literature does provide some basis for contrasting approaches.
Two of the three retrospective studies that compared CRFA to
conventional RFA for SIJ pain found CRFA to be superior, with
the negative study containing a higher proportion of postlami-
nectomy syndrome patients in the CRFA group.'® ** *® However,
it should be noted that these studies did not use other anatom-
ically valid and comprehensive RFA strategies that potentially
increase the nerve capture rate, such as bipolar RFA and possibly

tined electrodes.’” For bipolar RFA, lesion confluence and
technical optimization are highly dependent on factors such
as electrode size, heating time, inter-probe distance, and tissue
impedance, which is unknown to physicians.*®

Overlapping chronic pain sources from advanced degenera-
tive disease of the spine may bias optimal outcomes from SIJ
denervation. Although there are no comparable studies on SIJ
RFA, for lumbar facet RFA, postlaminectomy syndrome is asso-
ciated with a higher failure rate.’” ** These findings are consis-
tent with both basic science and clinical studies conducted in
other conditions associated with considerable variability in
innervation (eg, knee osteoarthritis) that demonstrate more
pronounced and longer-lasting effects with CRFA than tradi-
tional ablation."” *' * Furthermore, another retrospective study
found that repeat CRFA provided longer relief than the initial
CRFA treatment, which is in contrast with observations from
monopolar conventional RFA wherein the beneficial effects tend
to diminish with repeat exposures.’! * Collectively, these find-
ings suggest CRFA provides significantly greater improvements
compared with SMM, sham and conventional RFA.

Durability of results

This and other clinical studies have repeatedly demonstrated
long-term benefits from CRFA for patients with refrac-
tory SIJ pain, with durable pain relief frequently lasting over
1 year.!® 1319 20 Reasons for this may be that larger and more
profound nerve lesions take a longer time to regenerate, as
suggested by a preclinical study performed in rodents'” and a
clinical study showing a slower success drop-off rate with cooled
versus a non-cooled RF modality,”® or that sustained pain relief
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Figure 3  Proportion of subjects in different Oswestry Disability Index (ODI) categories. CRFA, cooled radiofrequency ablation; XO, crossover from

standard medical management to CRFA.

results in other long-term benefits such as improved conditioning
and activity levels, better mood and sleep, and the reversal of
sensitization.

Limitations

Due to the nature of CRFA and SMM, this study design did not
permit blinding of participants, which can magnify the effect size
compared with sham-controlled trials.** Similar to comparably
designed studies, it is likely that many patients in the SMM arm
already failed conservative interventions and entered the study
with high expectations for CRFA, leading to a robust placebo
effect.” ** In light of the ethical concerns regarding an inef-
fective comparator, this study also did not include any control
group beyond 3 months post-treatment. The lengthy observa-
tion period, which necessitated that patients avoid any proce-
dural cointerventions that could confound interpretation, may
have also left an enriched population available for long-term
follow-up.

One-third of patients in both CRFA and XO cohorts were
non-responsive to treatment. This may be due in part to the
patient selection criterion of not requiring a higher threshold
for SI joint injections or prognostic LBB. However, studies
have consistently failed to find significant differences in RFA
outcomes when lumbar and cervical medial branch blocks are
stratified by pain relief cut-off thresholds: a systematic review
found that lowering the cut-off threshold for uncontrolled
blocks does not meaningfully affect the reported prevalence
(ie, positive block) rate, and the two studies that examined
the effect of cut-off point found no difference in RFA success
rates stratified by a 50% versus 80% pain relief cut-off for SIJ
injections or based on whether or not prognostic lateral branch

blocks were employed.*® ** 4~* The rationale for using higher
cut-off rates is that the magnitude of pain relief from RFA is
generally less than that achieved with prognostic blocks owing
to the latter’s lack of specificity (ie, inadvertent spread to other
pain generators); permitting volumes of up to 2mL during
prognostic sacral lateral branch blocks may have contributed to
this lack of specificity.** *8

Isolation of a single source of CLBP can be complicated.
Patients with SIJ pain have high coprevalence rates of other
painful conditions such as lumbar spondylosis, myofascial pain,
radiculopathy, and central sensitization, none of which are likely
to respond to SIJ CRFA.*°?? They may also have had SIJ pain
emanating from the joint capsule, deep (more anterior) bony
structures, and the ventral ligaments, which are not targeted by
CRFA, and were selected based on false-positive results from
prognostic sacral lateral branch blocks.>* > Response to the
COVID-19 pandemic also forced some visits to be completed
remotely (over the phone) versus in the office, though studies
have consistently found no significant differences in outcomes.**
The long duration of symptoms may also have predisposed some
participants to treatment failure, as studies have consistently
shown an inverse correlation between symptom duration and
treatment outcome, including for SIJ interventions.*® > °¢ Expla-
nations for this are that symptom duration is an indicator of
disease burden and that these patients may have had higher rates
of psychopathology, secondary gain, and central sensitization,
which are strong harbingers for poor treatment outcomes.’?*” >
Nevertheless, the high response rate for CRFA in this refractory
population suggests a possible reprieve from continued pain and
suffering.
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CONCLUSIONS

This large, multicenter study demonstrates that CRFA may
provide long-term benefit for SIJ pain regardless of prior SMM
treatment. The majority of participants receiving CRFA achieved
clinically significant improvements in pain, function, and QoL,
despite reporting long-standing and recalcitrant symptoms.
Further research is needed to better identify likely CRFA treat-
ment responders which can favorably alter the risk-benefit and
cost-effectiveness ratios, optimize neural targets, and ultimately
improve access to CRFA care.
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