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Objectives: Spinal cord stimulation of the dorsal root ganglion (DRG-SCS) is a new therapy for treating chronic neuropathic pain.
Previous work has demonstrated the effectiveness of DRG-SCS for pain associated with failed back surgery syndrome, complex
regional pain syndrome, chronic postsurgical pain, and other etiologies through 6 months of treatment; this report describes the
maintenance of pain relief, improvement in mood, and quality of life through 12 months.

Materials and Methods: Subjects with intractable pain in the back and/or lower limbs were implanted with an active
neurostimulator device. Up to four percutaneous leads were placed epidurally near DRGs. Subjects were tracked prospectively for
12 months.

Results: Overall, pain was reduced by 56% at 12 months post-implantation, and 60% of subjects reported greater than 50%
improvement in their pain. Pain localized to the back, legs, and feet was reduced by 42%, 62%, and 80%, respectively. Measures of
quality of life and mood were also improved over the course of the study, and subjects reported high levels of satisfaction.
Importantly, excellent pain—paresthesia overlap was reported, remaining stable through 12 months.

Discussion: Despite methodological differences in the literature, DRG-SCS appears to be comparable to traditional SCS in terms
of pain relief and associated benefits in mood and quality of life. Its benefits may include the ability to achieve precise pain—
paresthesia concordance, including in regions that are typically difficult to target with SCS, and to consistently maintain that
coverage over time.
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neuromodulation of the sensory tracts in the dorsal column of the
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successful SCS therapy. Reprogramming or surgical repositioning of
the leads (in the case of migration) may be attempted but are not
always satisfactory.

Converging evidence suggests that the dorsal root ganglion
(DRG) is a rich target for treating chronic pain (12,13), including via
neuromodulatory interventions (14). Stimulation of the
somatotopically organized DRG can result in subdermatomal pat-
terns of paresthesia coverage (15), suggesting that recruitment of
specific sensory neuron perikarya may allow more precise “steering”
of paresthesias in the body relative to traditional SCS. Given this,
DRG-SCS may have some benefits, especially in cases of pain distri-
butions in regions that are typically difficult to treat with traditional
SCS (focal distal distributions such as groin and foot). The main
difference between DRG-SCS and traditional SCS may be in func-
tional characteristics of the parenchyma activated by the leads. Tra-
ditional SCS recruits multiple fibers of passage in the dorsal columns
and results in action potentials propagating ortho- and antidromi-
cally, potentially recruiting multiple dermatomes and structures
outside of the dorsal columns, including primary sensory neurons
(16). In contrast, DRG-SCS may directly activate the cell bodies of the
very neurons that innervate the painful regions. This distinction may
give rise to a different mechanism of action and therefore different
interventional profiles for the two electrically active implantable
technologies. On the other hand, it should be noted that because
some dorsal column fibers arise from cell bodies in the DRG, it is
possible that SCS and DRG-SCS share some cellular targets and have
mechanistic similarities.

This report presents the durability of outcomes in a prospective
study to assess the effect of DRG-SCS on pain, quality of life, and
mood. It was hypothesized that outcomes, previously reported as
positive at 6 months post-implant (17), would continue through 12
months.

MATERIALS AND METHODS

Methods have been described in detail in another recently pub-
lished report from this research group (17). Briefly, subjects were
recruited with full informed consent at European and Australian
sites under local ethics committee approval. All subjects were 18
years or older, diagnosed with chronic neuropathic pain (of 60 mm
or more on a 100-mm visual analog scale [VAS]) located in the trunk,
sacrum, or lower limbs that was intractable to other conventional
treatments, and with a stable (30-day) prestudy neurological and
medication profile. Subjects with pain involving cervical segments,
worsening pain, some corticosteroid or radiofrequency treatments,
cancer, clotting disorders, or active implanted devices were
excluded.

All subjects used the Spinal Modulation Axium DRG-SCS system,
which is a constant-voltage device with up to four quadripolar per-
cutaneous leads. The delivery system consists of a flexible lead with
a hollow inner lumen, a curved stylet that is inserted into the lumen
to provide rigidity and directionality to the lead during implanta-
tion, and a sheath into which the lead, with the stylet in place, is
loaded.

With the patient under local anesthesia and lightly sedated, the
physician accessed the epidural space using a 14-gauge delivery
needle, similar to the standard SCS implantation method. Once the
delivery needle was in place, the leads were inserted anterogradely
through the needle and steered into the neural foramen near the
DRG using fluoroscopic guidance. Because the DRG is located
between the medial and the lateral aspects of the lumbar pedicle

Figure 1. A representative fluoroscopic image obtained during implantation
of the DRG-SCS device, illustrating placement of two pedicle-spanning contacts
(boxed) and epidural lead slack (arrow).

(18), leads were placed such that a pair of contacts straddled the
pedicle. Up to four leads could be deployed at up to four DRGs to
capture the painful regions, depending on patient feedback regard-
ing paresthesia coverage obtained in the intraoperative program-
ming phase. Once adequate paresthesia was obtained, the stylet
was partially removed and the lead advanced in the epidural space
to create slack or a loop intended to prevent lead migration (see
Fig.1). The sheath, needle, and stylet were then completely
removed. Permanent leads were anchored to the fascia using tissue
anchors, tunneled to the subcutaneous stimulator pocket, typically
in the upper buttocks or abdomen, and connected. All incisions
were sutured followed by appropriate wound care. Post-
implantation programming of the permanent DRG-SCS system was
based on individualized subject feedback. At home, subjects used a
wireless controller to adjust the stimulation within preset limits.
Subjects completed baseline assessments and then trialed a tem-
porary stimulator (implanted leads attached to an external stimula-
tor) for up to 30 days. Subjects then received a permanent
implanted neurostimulator (INS) if at least 50% pain relief was
apparent during the trial period, and outcomes were tracked
through 12 months. Subjects provided feedback regarding pain,
both in general and specific to the back, legs, and feet, using the
standard 100-mm VAS (19) and the Brief Pain Inventory (BPI) (20,21);
they also answered questionnaires on quality of life (EQ-5D-3L) (22)"
and mood (Profile of Mood States [POMS]) (23), as well as the McGill
Pain Questionnaire (24). Pain and paresthesia distributions were
captured on body maps. Subject satisfaction was rated on an

! Australian data (N = 10 at baseline and N = 7 at 12 months) were not included in
the EQ-5D index score calculation, as country-specific value sets are not available.
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DRG NEUROSTIMULATION FOR CHRONIC PAIN

Table 1. Subject Demographics and Etiology of Pain.
All subjects  Subjects with
permanent DRG-SCS

Gender, N

Female 27 17

Male 24 15
Age (years), mean = SD 543+133 525+124
Etiology, N

Failed back surgery syndrome 16 8

Complex regional pain 11 8

syndrome

Chronic postsurgical pain 9 6

Disc-related pain 4 4

Radicular pain 3 2

Lumbar stenosis 2 2

Other 3 2

Postherpetic neuralgia 3 0

11-point Likert scale where 0 = not satisfied and 10 = very satisfied.
Subjects’ global impression of change (GIC, a 7-point Likert scale)
(25) was also captured as a secondary outcome. Adverse events
(AEs) were tracked throughout the study.

Standard data management procedures were employed, and
data analysis was completed using SPSS v. 20 (IBM, Armonk, NY,
USA). Except where noted, data are presented as means £SEM, with
hypothesis testing employing two-tailed paired t-tests with p <0.05.
Data from baseline through 6 months’ follow-up time point have
been published previously (17) and are presented here to provide
context regarding the durability of outcomes.

RESULTS

The DRG-SCS device was trialed in 51 subjects. Prior to this, some
subjects had unsuccessfully used pulsed radiofrequency denerva-
tion (N =12), SCS (N = 9), peripheral nerve stimulation (N = 3), and
transcutaneous electrical nerve stimulation (N = 3). Subjects’ demo-
graphics and pain etiologies were representative of chronic neuro-
pathic pain populations (26) (see Table 1). At the end of the trial
period, 76.5% of subjects (N =39) had good outcomes, with average
pain relief of 74.2% (£16.5), in contrast to the nonresponders, who
reported an average pain relief of 5.0% (+8.7). Permanent INS
devices were placed in 32 subjects; diagnoses were CRPS (N = 8),
FBSS including radicular pain (N = 16), peripheral nerve damage (N
= 1), pain after vascular stenting (N = 1), and postsurgical neuro-
pathic pain (N = 6).2 A total of 67 leads were implanted, with most
subjects receiving two each.

Between baseline and the 12-month follow-up, overall pain
improved by 56.3% (18.4), decreasing from 77.6 mm (£ 2.1; N=32) at
baseline to 33.6 mm (+6.3; N=25; p <0.005) at 12 months. Back pain
improved by 41.9% (+£14.0), decreasing from 74.5 mm (£ 5.3; N=10)
10 39.7 (£ 9.6; N =9; p < 0.05). Leg pain improved by 62.4% (+ 10.8),
decreasing from 74.6 mm (£ 3.3; N = 25) to 28.7 (£7.2; N = 20;
p < 0.005). Foot pain improved by 79.5% (+£12.4), decreasing
from 81.4 mm (£ 2.5; N = 13) to 22.0 (+ 10.7; N=10; p < 0.05). The

2 Note that the previous report (17) listed nine subjects with CRPS and five with
chronic postsurgical pain (CPSP). An error in acronym transposition led to one
subject’s etiology of pain being mislabeled in the previous report; this has been
corrected here.

proportion of subjects achieving at least 50% improvement of their
overall pain was 60.0%; 37.5%, 68.4%, and 87.5%, respectively,
reported at least 50% improvement in their back, leg, and foot pain;
see Figure 2. As assessed by the BPI, pain severity and interference
of pain with activities were also significantly and sustainedly
reduced through 12 months of the DRG-SCS intervention (6.9 + 0.2,
N=32;321+06, N=25;6.5%04, N=32;and 3.3 £ 0.5, N =25,
respectively; p < 0.001 for all); see Figure 3.

Quality of life ratings were better at the 12-month follow-up than
at baseline. Subjects’ EQ-5D VAS scores increased from 47.0 (£3.8;
N = 32) at baseline to 68.4 (+4.7; N = 25; p < 0.005), an improvement
of 64.0% (£18.8). Similarly, the EQ-5D index score increased from
0.298 (+0.238; N =22) at baseline to 0.698 (+0.267; N=18; p <0.001),
an improvement of 134.2% (+12.2). For all five EQ-5D subscales, the
proportion of clients reporting “no problems” was larger at 12
months than at baseline. In most domains the change appeared to
be because a substantial proportion of subjects with “some prob-
lems” at baseline rated themselves as having “no problems” at 12
months. For the pain-discomfort subscale, 72% of subjects reported
“a lot of problems” at baseline, but only 16% of subjects remained in
this category at 12 months; see Figure 4.

Subjects rated their mood as improved between baseline and 12
months; there was a statistically significant improvement in four out
of six domains of the POMS, and the total mood disturbance score
decreased from 27.5 (£3.5; N = 32) at baseline to 9.4 (£3.9; N=25; p
< 0.05); see Figure 5. Subjects were largely satisfied with DRG-SCS:
for the item “pain relief provided by stimulation,”the mean score was
7.52 (£0.57), with 10 of 25 subjects (40.0%) rating their satisfaction
as 8 or higher. For the items “therapy in general” and “likelihood of
undergoing the therapy again,’ the mean scores were 8.92 (£0.20)
and 8.88 (+0.39), respectively. According to GIC scores, 23 of 25
subjects (92.0%) rated their pain as “a little better,""better,” or “much
better” at 12 months as compared with before the device was
implanted. Lastly, although it was not quantified for statistical com-
parison, considerable precision and durability of the pain-
paresthesia overlap was noted; see Figure 6.

Subjects also completed the 78-item McGill Pain Questionnaire,
which is divided into four classes (sensory, affective, evaluative, and
miscellaneous) and 20 subclasses. A weighted pain rating index
(PRI) score was calculated based on the choice of descriptor words
and their weighted rank value in each subclass. Extent of pain relief
can also be correlated based on the number of words chosen (NWC)
to describe the pain. Significant decreases in both weighted PRI and
NWC were observed at 12 months (N = 21) compared with the
baseline (p < 0.0001, N = 32; Fig. 7).

There were 86 safety events reported across 29 subjects;
approximately half were judged by the investigators to be related
to the device (see Table 2). The most common AEs were temporary
motor stimulation (12 events; 14.6%), cerebrospinal fluid leak with
associated headache (7 events; 8.5%), and infection (7 events;
8.5%). Four lead revisions were completed due to high impedance
(2 subjects, procedures at 2 months and 9 months post-implant),
possible lead migration (2 months), and lead fracture (6 months).
One implantable pulse generator revision was performed. Seven
subjects had their devices explanted and were withdrawn from
the study; three of these subjects had infections, two subjects
did not comply with study procedures, and two subjects (one
with postappendectomy pain and another with neuropathic
compartment syndrome) reported lack of efficacy. Two of the
explants took place after 2 months, four explants took place
after the 3-month follow-up, and one explant took place after
6 months.
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Figure 2. DRG-SCS significantly reduced pain through 12 months post-implant: overall a, back b, leg ¢, and foot d. Solid lines represent follow-up time points with
stimulation turned off (*p < 0.005, **p < 0.05, and ***p < 0.0005). TNS, trial neurostimulator; INS, implanted neurostimulator.
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Figure 3. Pain severity and interference with activity as measured by the Brief Pain Inventory (BPI) was significantly and durably reduced through 12 months of

treatment with DRG-SCS. TNS, trial neurostimulator; INS, implanted neurostimulator.
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Figure 4. The proportion of people reporting problems across EQ-5D subscales declined from baseline (BL) to 12 months, particularly for the pain—discomfort

domain.

DISCUSSION

Initial responder rates in SCS are approximately 80% (27). One-
year pain relief outcomes for prospective SCS studies have been
reported at 40-50% for radicular pain (28-30), although smaller
samples have reported larger-magnitude pain relief of up to 70% in
the leg (31) and 80% in the back (32). Studies have also reported
improvements in secondary outcomes such as function, mood, and
quality of life (28,29,33). The results presented in this report are
comparable to these benchmarks. Reduction in SCS-related pain
relief over time has been documented in systematic reviews (8,34).
In that context, the 1-year maintenance of robust pain relief with
DRG-SCS (56.3% relief of overall pain, with 60% of subjects attaining
at least 50% pain relief) is promising indeed, though this must be
tempered with the acknowledgment that the observational design
of this relatively small study may inflate its effect (35). Recent find-

ings with DRG-SCS for lower-limb CRPS, however, agree that pain
relief of more than 50% is sustainable through at least 12 months
(14). A randomized controlled trial comparing outcomes of tradi-
tional SCS against DRG-SCS is needed to definitively evaluate these
interventions.

It should be noted, however, that the statistics above were gen-
erated by studies across a number of methodologies; those studies
employing conservative intent-to-treat designs may minimize the
positive outcomes experienced by some individuals. In contrast, this
study utilized a simple prospective cohort design in which subjects
were treated in accordance with standard clinical practice. Although
only two subjects (6.3% of the sample) were withdrawn from the
study due to lack of effectiveness of the device, the exclusion of
treatment failures from analysis could potentially accentuate posi-
tive outcomes. Regardless, high levels of subject satisfaction and
favorable impressions of change support the effectiveness of DRG-
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Figure 5. Mood ratings improved significantly in four out of six domains on the Profile of Mood States; the total mood disturbance score was also significantly lower
after 12 months of DRG-SCS than at baseline. Notice the reversal in vigor and fatigue patterns at 12 months compared with baseline. *p < 0.05, **p = 0.06.

PAIN DISTRIBUTION
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Figure 6. Paresthesia distributions precisely and discretely covered painful areas with very little extraneous coverage at 12 months post-implant, as illustrated in two

representative subjects. Mapping was completed while subjects were standing.

SCS as a therapy for chronic pain. A relatively high overall incidence
of AEs was noted in this study as compared with that reported in
SCS reviews (9,36,37). This is likely due to two factors. First, all AEs
occurring during the study were reported, regardless of their rela-
tionship to the device, procedure, or study, in order to provide trans-

parency to clinical outcomes. Second, the two most frequently
occurring AEs in this study, temporary motor stimulation and cere-
brospinal fluid leak with associated headache, were consequences
of the implant procedure and/or intraoperative programming. As
clinical experience with this novel device and implant location have
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Figure 7. Compared with the baseline McGill Pain Questionnaire scores, weighted pain rating index (PRI) scores (underscored data values) and number of words
chosen (NWC) decreased significantly at 12 months (p < 0.0001). Note the increase in weighted PRI and NWC when the stimulation was turned off at INS baseline and

at 5 weeks. TNS, trial neurostimulator; INS, implanted neurostimulator.

Table 2. Numbers and Device-Relatedness of Adverse Events.
Treatment phase Type of event
Serious adverse event Adverse event All
Trial DRG-SCS (N=51), N 3 21 24
Permanent DRG-SCS (N =32), N 6 56 62
Total, N 9 77 86
Events possibly, probably, or definitely related to device, N (%) 3 (37.5%)* 40 (51.9%) 43 (50.0%)
*Device-relatedness information was not available for one event.
increased during the course of this and other clinical trials, implant CONCLUSIONS

techniques have been optimized. New refinements such as the
implementation of acute needle incision angles for epidural access
and avoidance of ventral lead placement are likely to minimize the
occurrence of such events in future cases. Rates of biologic compli-
cations in this study, such as infection, were more comparable to
published rates.

A beneficial feature of DRG-SCS is its precise coverage of discrete
regions and of areas that cannot easily be recruited in traditional
SCS (14,38). Importantly, paresthesia coverage can remain stable
through 12 months (39). In follow-up postmarket studies, stability of
paresthesia and pain relief has been demonstrated over 15 months
(38). Combined with the lack of positional effects (that is, differences
in paresthesia intensity when standing vs. lying down) (39), DRG-
SCS may provide some solutions for common complaints with SCS
therapy. This may be due to the recruitment of the distally extend-
ing sensory neurons, which may have different neurophysiological
properties than the complex nociceptive and nonnociceptive
sensory processing mechanisms of SCS (40).

Improvements in ratings of pain, mood, and quality of life with
DRG-SCS have been demonstrated through 12 months of therapy.
Additionally, good agreement in pain—paresthesia overlap and high
levels of user satisfaction were noted. Although further study into
long-term outcomes with DRG-SCS is needed, particularly to differ-
entiate it from SCS and (potentially) peripheral nerve stimulation,
the present study suggests that this intervention may hold some
clear benefits.
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COMMENTS

| am grateful to the authors for this open and candid report of
one-year outcomes following SCS-DRG of their prospective cohort of
patients with neuropathic pain of the trunk and lower limbs from a
variety of different etiologies. The reader has to remember that this is a
new technique working with patients, some of which (9 and 3 of the
51) had failed with standard SCS and peripheral nerve stimulation
(PNS) respectively. Of the 51 subjects trialed only 32 (63%) were con-
verted to the full implantation. Of these 32 subjects, 7 were explanted
during the year (due to infection (3), lack of efficacy (2) and "failure to
comply with study procedures" (2). Thus only 25 of the original 51 were
available for analysis at one year. If this study was based upon an
Intention to Treat analysis then the outcome would have been far less
than either the reported 56% pain reduction or by responder rate, the
60% achieving 50% pain reduction. The authors are open about this in
their discussion and should be commended for raising this as an issue
for all SCS research and its reporting.

As with all new techniques there is a learning curve and it is likely
that the high end of normal rate of adverse events (86 in 29 subjects)
reflects this with 7 (8.5% of all AE) CSF leak associated headaches and
7 infections (8.5% of all AE).

Although this report and cohort provides little help to the reim-
bursement community it does to the clinician. It remains to be seen
whether DRG-SCS will find a position as a first choice neurostimulation
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technology for a niche within the chronic neuropathic pain spectrum
of disease or whether its role will be a secondary salvage technique
when more established standard SCS have failed. This reviewer who
has personal experience of its use welcomes DRG-SCS to the
neuromodulation armamentarium and looks forward to more random-
ized comparison data in the future.

Simon Thomson MBBS
Cambridge, United Kingdom

*X%

The study titled “One-Year Outcomes of Dorsal Root Ganglion
Neurostimulation in the Treatment of Chronic Neuropathic Pain”exam-
ines the effectiveness of neuromodulation of DRG in treating chronic
neuropathic pain of the lower back; it addresses the tendency of
neuromodulation of DRG to hold only temporary effects by observing
outcomes for 12 months (n = 32). The effectiveness of the DRG stimu-
lation was assessed using a BPI, an EQ-5D3L questionnaire, a Profile of
Mood States, and McGill Pain Questionnaire. Additionally, the subject’s
satisfaction was rated using the Likert scale and adverse events were
recorded throughout. Overall, pain, quality of life, and mood all
improved while 77 adverse events were reported. Compared to other
studies on SCS of the DRG, this study contains a relatively high number
of adverse events, half of which are due to the device itself [3,4]. Further
investigation into device issues should be addressed before future
studies. However, despite the high number of AE’s, the study'’s results
provide an optimistic view into the future of SCS of the DRG. The
study’s results are similar to or exceed the results of other clinical trials
on the SCS of the DRG. Nonetheless, very few clinical trials on the SCS
of the DRG have been performed [1-4]. With the exception of a clinical
trial by Liem et. al,, these clinical trials have only lasted up to six months
[2]. This study's strength lies in its demonstrating the effects of SCS of
the DRG for one year with a relatively high success rate. The longer trial
period allows the study to demonstrate the sustained benefits of DRG
modulation. Compared to traditional SCS, neuromodulation of the
DRG provides a potentially long-term method to directly target the
neurons innervating painful areas. The DRG contains the cell bodies of
primary sensory neurons which play a central role in transmitting pain
to the CNS. Animal models have demonstrated numerous physiologi-
cal changes which occur within the DRG cells during a chronic pain

state, thus suggesting the importance of DRG in monitoring pain.
Suppression of these neurons via stimulation may provide a method to
block pain transmission [2]. In addition to providing a more direct route
to target pain, SCS of the DRG overcomes many technical obstacles
faced by traditional SCS. As a result of lead placement within the
mobile spine, postural changes may cause stimulation changes in tra-
ditional SCS. In contrast, SCS of the DRG places leads directly within the
vertebrae where they are less likely to move [3]. Altogether, the SCS of
the DRG seems promising, yet further research must be performed to
determine the appropriate parameters, locations, and forms of neuro-
pathic pain which will benefit.

Julie G. Pilitsis MD, PhD
Tina Ramineni BS
Albany, NY, USA
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The stimulation of dorsal root ganglion is a new evolving
neuromodulation therapy to provide pain relief in hard to achieve by
conventional spinal cord stimulation. In this study the authors have
followed their patients for one year and have shown the pain relief and
benefits in mood and quality of life are maintained. Thus this study
gives support to the validity of this procedure.

Krishna Kumar, MBBS, MS
Regina, Saskatchewan, Canada
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