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Background: The sacroiliac (SI) joint is a common cause of low back pain, for which
radiofrequency (RF) denervation has been shown to provide long-term relief. However,
controversy exists surrounding the innervation, which treatment paradigm to utilize, and how
best to select patients who might benefit.

Objective: To describe a patient with terminal breast cancer and tumor infiltration of the
sacroiliac joint who was treated with cooled RF of the sacral lateral branches as an end-of-
life palliative measure. The objectives of this review are to provide insight into the innervation
of the Sl joint; address controversial issues surrounding the targeted nerves in a patient with
transitional anatomy; outline risk-mitigation strategies; and highlight the need for individually
tailored treatment plans.

Methods: Case-based focused literature review in a patient treated with cooled RF ablation of
the L4-S3 primary dorsal rami and lateral branches.

Results: Treatment was tailored to facilitate the rapid treatment of this terminal patient by
performing the prognostic blocks and RF ablation at the same visit. Until her death 5 days
post-procedure, the patient reported significant pain relief and began to ambulate and use the
bathroom on her own, activities she could not do before treatment. In addition to functional
improvement, she was also able to significantly reduce her opioid intake.

Conclusion: This is the first report of cooled Sl joint RF ablation to treat cancer pain. Our patient’s
positive response to the procedure suggests the possibility that the lateral branches innervate
not only the posterior ligaments, but also the bony articulation. The decision to proceed with RF
ablation on the same day as a prognostic lateral branch block was based on our patient’s terminal
condition, and the fact that cooled RF does not require sensory stimulation to ensure proximity to
the target nerves. Because of her transitional anatomy, we elected to target L4.

Key words: Cancer, denervation, innervation, radiofrequency, sacroiliac joint, transitional
anatomy
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one metastases occur in 60% of patients with
cancer (1), and are amajor cause of cancerrelated
pain (2). Pain associated with bone metastases

bone, microfractures, stretching of nociceptor-imbued
periosteum, reactive muscle spasm, and compression
of nerves and/or nerve roots by collapsed vertebrae are

reduces the likelihood of good pharmacological pain
control and is a negative prognostic factor (3). The
release of chemical mediators, increased pressure within

all possible mechanisms by which bone metastases can
cause pain (4). Classically exacerbated by movement,
pain secondary to bone metastases can be notoriously
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difficult to treat with conventional analgesics.
Radiation therapy is considered the reference standard
for the management of painful bony metastases (5);
however, not all patients will tolerate or benefit from
this treatment. In such a population, interventional
procedures such as radiofrequency ablation (RFA) of
the sensory nerves innervating structures invaded by
the tumor, or even ablation of the tumor itself, may be
viable treatment options.

The basis for pain improvement following RFA ap-
pears to be multifactorial. Possible mechanisms include
physical destruction of sensory nerve fibers innervating
the periosteum and cortex of bone; mechanical decom-
pression of tumor volume resulting in decreased stim-
ulation of sensory nerves; direct destruction of tumor
cells resulting in decreased cytokine release, which in
turn may reduce peripheral sensitization; and finally in-
hibition of osteoclast activity (6-8).

Consequently, RFA may play an adjunctive role to the
use of radiation therapy for palliation of painful meta-
static lesions. The objective of this case-based review is to
report the first case describing RFA of the lateral branches
as a treatment for metastatic Sl joint pain in a patient
with stage IV breast cancer, and to explore the myriad is-
sues surrounding its use. These issues include the utility of
“prognostic” nerve blocks in this context and the need to
tailor treatment paradigms on an individualized basis, the
potential for “seeding” the tumor in unaffected areas;
and questions surrounding which structures of the het-
erogeneous joint complex are innervated by the lateral
branch nerves amenable to denervation.

Fig. 1. Axial computed tomography (CT) image through the
sacral spine. The white arrowhead shows a right iliac expans-
ile metastatic lesion with a soft tissue component extending
into the dorsal aspect of the right sacroiliac joint.

CAse DESCRIPTION

The patient was a 54-year-old with stage IV breast
carcinoma with metastases to her liver, lung, and spine,
who was admitted for shortness of breath and worsen-
ing right-sided buttock pain.

Her initial diagnosis was made 2 years previously
at which point a tumor was found on palpation of her
left breast. The treatments she underwent included
several courses of naturopathic therapy, pharmaco-
therapy with non-steroidal anti-inflammatory drugs
(NSAIDs), opioids, and multiple adjuvants (e.g. gaba-
pentin, antidepressants); vaccine therapy; and 4 cycles
of chemotherapy over a 3-month period, all with no
improvement.

She was admitted to the hospital with a chief com-
plaint of right-sided buttock pain of 3 weeks duration,
for pain control. She was incidentally found to have bi-
lateral ground glass opacities in her lungs on CT scan
consistent with pneumonia, which was treated with
broad coverage antibiotics. Work-up revealed meta-
static disease to her liver, lung, and spine.

The patient’s initial numerical rating scale (NRS)
pain score was 10/10 in her right buttock region. She
described her pain as continuous, sharp, and penetrat-
ing, with no radiation. She denied lumbar pain, weak-
ness, or symptoms of incontinence. Her physical exam
was remarkable for marked tenderness over the right
Sl joint and positive Patrick’s (pain with flexion, abduc-
tion and external rotation of the ipsilateral hip) and
Gaenslen’s (extending the ipisilateral hip with the con-
tralateral hip flexed) tests. She was unable to ambulate
because of pain. Her CT scan was notable for multiple
enhancing expansile lesions involving the posterior as-
pect of the right iliac bone, extending into the dorsal
aspect of the Sl joint (Fig. 1).

During our initial evaluation, she was on an anal-
gesic regimen consisting of acetaminophen, extended-
release morphine sulfate 60 mg every 12 hours, and
intravenous morphine sulfate 4 mg every 3 hours as
needed, with little benefit. Based on the patient’s ter-
minal condition and discussions with the patient and
primary team, a collective decision was made to per-
form a prognostic right-sided lateral branch (Sl joint
nerve) block with lidocaine, followed by RFA if the pa-
tient reported meaningful benefit.

Sedation was withheld during the prognostic
blocks to minimize the risk for a false positive result (9).
Three 22-guage 3.5-inch finder needles were placed un-
der fluoroscopic guidance into the foramina of S1, S2,
and S3, and withdrawn to the posterior bony cortex to
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serve as landmarks. At each one of these sites, 22-guage
spinal needles were placed approximately 5 mm lateral
to the finder needles at the 2:00 and 5:00 positions on
the face of the clock to anesthetize the lateral branch-
es. Additional needles were also placed in between the
sacral ala and articular process to block the L5 dorsal ra-
mus, and at the medial aspect of the junction between
the L5 superior articular and transverse processes for L4,
in light of the fact that the patient had an anomalous
connection of L5 to the iliac crest as well as a rudimenta-
ry disc at that level (i.e. sacralization of L5) (Fig. 2). After
negative aspiration, 0.5 ml of lidocaine 2% was injected
at each site at varying depths. Following a 20-minute in-
terval, the patient reported a reduction in her pain from
a 10/10 to a 5/10. At this point, we elected to perform
cooled RF of the Sl joint after further discussion with the
patient. The decision to utilize cooled RF was based on 2
factors: 1) the large lesion size enhances the likelihood
of success for a condition in which the number and loca-
tion of nerves innervating the Sl joint exhibit significant
variability even in the absence of anatomical derange-
ment; and 2) the large lesion size obviates the need for
sensory stimulation to identify the nerves, which was no
longer possible after anesthetizing the nerves during
the prognostic block.

Lesioning of the L4 and L5 primary dorsal rami was
accomplished by inserting 17-gauge cooled electrodes
with 4-mm active tips (Baylis Medical, Montreal, Que-
bec, Canada) parallel to the course of the nerves until
bone was contacted at the junction between the su-
perior border of the transverse and superior articular
processes of the sacralized L5 vertebral body for the
L4 dorsal ramus, and in the groove between the sacral
ala and articular process for L5. For S1-S3 lateral branch
denervation, the cooled electrodes were sequentially
inserted perpendicular to the bone 8 - 10 mm from
the perimeter of the foramina in a semicircumferential
pattern. At S1 and S2, 3 lesions were created at 1:30,
3:30, and 5:30 on the face of a clock (Fig. 3). For S3,
2 lesions were created at the 1:00 and 3:30 positions
based on the spatial relationship between the foramen
and lower part of the SI joint. Prior to lesioning, the
absence of leg contractions was verified with electri-
cal stimulation at 2 Hz. Once electrode placement was
deemed satisfactory, 1 mL of lidocaine 2% mixed with
5 mg of methylprednisolone was injected through each
cannula to reduce thermal pain, prevent neuritis, and

HE e ST 8L JOIN

Fig.2. Antero-posterior image of the lumbar spine. The large
white arrow head demonstrates the lumbosacral transitional
vertebrae. The small white arrow heads show the needle tips
situated at the 3:30 positions (on the face of a clock) lateral
to the S1 and S3 foramina. The black arrows indicate the
22-gauge finder needles placed into the S1-S3 neural foramina
to gutde electrode placement.

Fig. 3. Antero-posterior image of the lumbar spine dem-
onstrating electrode placement. Arrowhead A illustrates

the lumbosacral transitional vertebrae, with the needle tip

at the junction of the L5 transverse and superior articular
processes, targeting the L4 dorsal ramus. Arrowhead B
demonstrates the needle tip at the right sacral ala, targeting
the L5 dorsal ramus. Arrowhead C shows the electrode tip
on the right side of S1 at the 5:30 position (on the face of a
clock). The black arrows show the locations of the 22-gauge
finder needles inserted into the foramina of S1, S2, and S3,
used as landmarks to guide electrode placement.
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enhance lesion size (10,11), after which lesions were
created over a 2.5-minute period using a water-cooled
heating system (Pain Management Sinergy System; Bay-
lis Medical).

On postprocedure day ONE, the patient was able to
ambulate with assistance and cooperate with her physi-
cal therapy program, activities she had previously been
unable to do. Her pain scores ranged between 3 and 5
out of 10. Her opioid requirements declined by 52%.
She was able to use the bathroom on her own. Her
physical activity continued to improve significantly un-
til postprocedure day 3, when she started to experience
increasing dyspnea and increased oxygen requirements
secondary to worsening pneumonia. On postprocedure
day 5, the patient expired secondary to respiratory fail-
ure, with little pain according to her nurses.

Discussion

The results of this case provide insight into the
complex innervation of the Sl joint complex, as well as
controversial issues surrounding how to best select can-
didates for RFA.

Insights into Innervation

The reason we elected to perform prognostic
blocks prior to denervation is because the innervation
of the bony articulation of the sacroiliac joint is not well
known. Only the anterior, inferior one-third of the in-
terface between the sacrum and the ilium is a true sy-
novial joint; the remainder of the junction is composed
of an intricate set of ligamentous connections, which is
more extensive posteriorly (12). The innervation of the
Sl joint is a subject of considerable debate.

The lateral branches of the L4-S3 dorsal rami are
often cited as composing the major sensory nerve sup-
ply to the posterior Sl joint (13). However, the contribu-
tion of L4 is based on older studies performed in the
late 19th and early 20th centuries that have not been
subsequently replicated (14). Moreover, recent cadav-

Table 1. Causes of Intra-articular and Extra-articular Sacro-
iliac Joint Pain

Intra-articular Pain Extra-articular Pain

O Arthritis

O Spondyloarthropathy
0O Malignancies

0O Trauma

O Infection

O Cystic disease

O Ligamentous injury
[ Bone Fractures

0 Malignancies

0O Myofascial pain

O Enthesopathy

O Trauma

O Pregnancy

eric studies suggest that S4 may innervate the S| liga-
ments in 59% of individuals (15). The innervation of the
anterior joint is even more ambiguous, with literature
suggesting innervation arising from the L4-S2 ventral
rami (16,17). The contention that both intra- and extra-
articular structures can be sources of Sl joint pain is in-
disputable (18).

Complicating the picture is the fact that neither
historical nor physical exam features can reliably dis-
criminate between intra- and extra-articular pathology
(19-21). Table 1 outlines the various causes of intra-
articular and extra-articular Sl joint pain. The reason
this is clinically relevant is because experimental human
studies have determined that blockade of the lateral
branches amenable to RF denervation reliably stop no-
ciceptive input from the Sl joint ligaments but not the
joint capsule, making ablative techniques more likely to
be effective for extra-articular pathology (22). Our pa-
tient’s positive response to the procedure suggests that
lateral branches may provide innervation to the bony
structures of the Sl joint complex, and possibly even fed
into the tumor mass.

Transitional Lumbosacral Vertebrae

The rationale for targeting the L4 dorsal ramus
stems from the observation that sacralization of L5 typi-
cally results in a more cephalad border of the Sl joint
that extends past the L4 spinal nerve, and that our pa-
tient’s pain was diffusely located throughout the SI re-
gion. The frequency of transitional vertebra in the gen-
eral population has been reported to be as high as 30%
(23). Studies have shown that the L4 spinal nerve serves
the usual function of the L5 nerve root in patients with
a sacralized L5 (24). In addition to predisposing individ-
uals to lumbar axial back pain, lumbosacral transitional
vertebrae may also present as ipsilateral sacroiliac joint
pain secondary to pseudoarthrosis with the infra-adja-
cent ala of the sacrum, resulting in both radicular pain
from L5 and mechanical pain from biomechanical al-
terations (25). Although cooled RF has been performed
many times in the lumbar spine, precautions in the
form of imaging the electrode in multiple planes and
motor stimulation must be taken to avoid the increased
chance of inadvertently lesioning a spinal nerve.

Decision to Perform a Lateral Branch Block

It is well-recognized that the reference standard to
identify a painful Sl joint is via Sl joint blocks (20,21).
However, studies utilizing “confirmatory blocks” per-
formed with a short- and long-acting local anesthetic
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suggest that single blocks are characterized by a high
false-positive rate (26-29). In addition, Sl joint blocks
are inherently non-specific. Periarticular blocks may fail
to anesthetize the full extent of posterior soft-tissue
structures, and the extravasation of injectate into the
surrounding musculature and through the joint capsule
during intra-articular blocks can undermine one’s abil-
ity to distinguish between intra- and extra-articular pa-
thology (30,31); yet, only the latter will likely respond
to RFA. In this context, the main purpose of performing
a preliminary block before RF in this patient was for
prognostic rather than diagnostic purposes, since the
radiological evidence of Sl joint infiltration was irrefut-
able. Consequently, the best means to predict whether
neuroablation might afford benefit is to first determine
whether anesthetizing those nerves (i.e., the lateral
branches) provides pain relief. For facet joint pain, con-
trolled studies that selected subjects based on medial
branch blocks are almost all positive (32-34), whereas
those that selected patients via intra-articular injec-
tions have yielded either negative or equivocal results
(35,36).

0, 1, or 2 Blocks

Performing multiple diagnostic blocks is often ad-
vocated as the best means to reduce the false-positive
rate (37). But this reason is only valid when one is us-
ing the blocks as a diagnostic tool, and is probably the
best treatment paradigm to utilize when designing
efficacy studies (38). In view of the patient’s terminal
condition and the fact that performing 2 blocks de-
creases the overall chances of a successful outcome,
ostensibly by increasing the false-negative rate (39),
we never considered utilizing double-blocks. Based on
a multicenter randomized study which demonstrated
that proceeding straight to RFA is associated with the
highest chance of a successful treatment result, one
might reasonably contend that we should have fore-
gone prognostic blocks altogether (40). However, this
study was performed utilizing conventional RF for sus-
pected lumbar facet joint pain, which is less invasive,
less expensive, and associated with lower risk than SI
joint cooled RF denervation. Although higher RF de-
nervation success rates were observed in the group that
received 2 diagnostic blocks because of the stringency
of the selection criteria, the overall success rate was
higher in the group that received no blocks, presum-
ably because no false-negative patients were excluded,
and the treatment group included placebo-responders.
Balancing the relatively invasive nature of multilevel

cooled RF (which bolsters the argument for perform-
ing prognostic blocks) and the desire to minimize the
chance of a false-negative result, we elected to utilize a
single prognostic screening test in our patient. In addi-
tion, the use of lateral branch blocks provided us with
valuable insight into the innervation pattern of the Sl
joint complex.

Performing Lateral Branch Blocks and RFA at
the Same Visit

There was an urgent need for rapid treatment in
this woman with a short life expectancy. Hence, the de-
cision was made to start with a prognostic block of the
lateral sacral branches, wait a short period time to as-
sess her response, and then consider RF denervation at
the same visit. The drawback to this is that blockade of
the lateral branches would render sensory stimulation
unreliable. Hence, in ordinary circumstances perform-
ing prognostic blocks and RF ablation at the same visit
is not acceptable. What makes this even possible in
our patient is that sensory stimulation is not necessary
for Sl joint cooled RF. The sacral lateral branches form
a complex arcade of small nerve fibers anastomosing
with multiple dorsal rami, rendering the location of the
nerves unpredictable from patient-to-patient, side-to-
side, and level-to-level (41). Anatomic and fluoroscopic
correlational analysis have determined that the precise
locations of the lateral branch nerves are inconsistent
relative to identifiable bony landmarks (17,41,42).
The main advantage of cooled RF technology is that it
doubles the lesion diameter and enhances the volume
by a factor of 8, making it more likely to interrupt the
nociceptive input from the Sl joint (43). In light of the
fact that there are multiple lateral branches that vary
in their locations, eliciting low sensory stimulation at
one site does not guarantee severing all nociceptive in-
put at any given spinal level. When the electrodes are
strategically positioned around the foramen, the size
and orientation of the cooled RF lesions are such that
a continuous strip lesion will be formed, obviating the
need for sensory testing (43). Even in the lumbar spine,
studies have shown no significant correlation between
sensory stimulation and RF outcome (44). Motor stimu-
lation was performed in our patient to avoid neuroab-
lation of spinal nerves, as increasing the voltage output
to high levels can override low-volume sensory block-
ade. Furthermore, the purpose of prognostic lateral
branch blocks is to block the nociceptive input from the
Sl joint, not the spinal nerves, which should render mo-
tor stimulation valid.
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Risk Mitigation

Complications reported with RFA to treat cancer
include second degree skin burns at the grounding
pad site, transient bowel and bladder incontinence fol-
lowing treatment of sacral metastases, and fracture of
the acetabulum following RFA of an acetabular lesion
(4,45). Bowel and bladder incontinence have occurred
following Sl joint cooled RF, and are likely due to inad-
vertent lesioning of the S2-4 spinal nerves. Intercessions
that were used to prevent this complication included
the placement of the electrodes > 7 mm from the intra-
foraminal “finder needles,” which is considered to be
the minimal safe distance necessary to prevent neuro-
lytic (> 45 deg C) temperatures within the foramina,
utilizing supra-threshold motor stimulation at > 3 volts
to ensure absence of sphincter and leg contraction, and
checking needle position in the lateral fluoroscopic
view. Neoplastic needle track seeding into unaffected
areas following percutaneous radiofrequency tumor
ablation is exceedingly rare (45). This complication is
even less of a concern in patients with widely metastat-
ic disease. Strategies used to reduce this risk even fur-
ther included reinserting our stylet before withdrawing
the electrodes. Injecting fluid through the needle dur-
ing real-time fluoroscopic withdrawal, such as recom-
mended in vertebroplasty, can also be considered.

LIMITATIONS

The main limitations are the very short follow-up
period because of death from the primary cancer and
the uncontrolled nature of our results. However, the
infrequency with which this situation arises precludes
the performance of a prospective clinical trial. Whereas
some patients might obtain prolonged relief from local
anesthetic injections (46), especially in the lumbar spine
(47,48), most previous studies have failed to demon-
strate any prolonged benefit from lateral branch blocks
done with local anesthetics alone (49-51). Nevertheless,

prolonged relief from the local anesthetic and steroid
could possibly have contributed to our patient’s results,
though this would still support the contention that the
lateral branches innervate the bony structures of the
Sl joint. Despite the observation that the patient did
not respond to multiple analgesic medications, one
might speculate that the strong placebo response with
interventions could partially explain her relief. How-
ever, a single-blind randomized trial comparing a pla-
cebo device to a placebo pill found no evidence for an
enhanced effect with placebo devices compared with
pills during the 2-week run-in period, though the supe-
rior effect for the intervention did become evident in
participants who remained on placebo during the sub-
sequent trials of active treatment (52). Our patient's
short-term response does not definitively prove that
the lateral branches innervate bone, but does represent
a possible mechanism to explain her short-term pain re-
lief. Whereas the therapeutic utility of a diagnostic in-
tervention in a low disease prevalence condition is dif-
ficult to prove with a controlled study, our hypothesis
does warrant more detailed exploration.

ConcLuUsION

This is the first report of RFA of nerves being used
to treat cancer pain. Our patient’s positive response to
the procedure suggests that the lateral branches may
possibly innervate not only the posterior ligaments, but
possibly also the bony structures of the Sl joint. The de-
cision to proceed with RFA on the same day as a prog-
nostic lateral branch block was based on our patient’s
terminal condition and the fact that cooled RF does not
require sensory stimulation to ensure proximity to the
target nerves. Because there are many potential con-
founding factors that can affect interpretation of our
results, including the short-term follow-up and a pro-
longed response from the local anesthetic and steroid,
caution should be exercised when interpreting them.
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