
Background: The recent interest in targeting the dorsal root ganglion (DRG) has led to the 
development of new techniques of electrode placement. In this article, we describe a new 
“Transgrade” approach to the DRG, accessing the contralateral interlaminar space and steering 
the lead out the opposite foramen. 

Objectives: The purpose of this study was to evaluate the Transgrade technique to the DRG in 
the management of focal neuropathic pain, predominately complex regional pain syndrome in 
terms of efficacy and safety. 

Study Design: A retrospective, observational review of all patients selected for DRG stimulation 
using the Transgrade technique to the DRG.

Setting: Pain Management and Neuromodulation Centre, Guys and St. Thomas NHS Foundation 
Trust, London, United Kingdom.

Methods: Data were taken from a hospital password-protected database. All patients were 
contacted by telephone for Numeric Rating Scale (NRS-11) score, Patient Global Impression of 
Change (PGIC) score, and complications. A patient responder was defined as having a PGIC score 
of 6 or 7, and a 2-point reduction from baseline NRS-11.

Results: A total of 39 patients (46% women) with a mean age of 46 years (± 2) underwent a trial 
of DRG stimulation that resulted in an implantation rate of 82% (32 of 39). The responder rates, 
according to NRS-11 and PGIC results, were 87% (28 of 32) at 6 weeks and 66% (21 of 32) at a 
mean of 18 months (± 1.8) follow-up. Pocket pain was the most common complication, occurring 
in 7 of 32 (22%) patients, and the lead migration rate was 3 out of 57 leads placed (5.2%). A 
burst protocol was the favored method of stimulation in the majority of patients, 25 of 32 (78%). 

Limitations: Retrospective nature of design, small sample size. 

Conclusions: The Transgrade technique of placing DRG leads offers an alternative method that 
is safe and effective. New methods of stimulation to the DRG offer more choice and potentially 
better efficacy for patients with chronic neuropathic pain.
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of pain, improved inhibition of maladaptive C-fiber 
firing, modulation of immune cells and glia, down-
regulation of abnormal ion channels, and a reversal of 
maladaptive genetic changes (11). However, we cur-
rently lack physiologic evidence to state that we are 
successfully stimulating the DRG without other struc-
tures (e.g., peripheral and central nerves). Radiologic 
confirmation of the DRG with electrode proximity has 
yet to be determined. 

There have been several approaches to the DRG 
that have been championed, including an intraspinal 
approach that directs the stimulator lead from the epi-
dural space out the nerve root, and a transforaminal ap-
proach that accesses the DRG “from the outside to the 
inside” (24). A retrograde approach has also been used 
for many years for nerve root and sacral nerve stimula-
tion (40-42). The “Transgrade” approach of entry into 
the epidural space places a lead in the neuroforamina 
from the opposite side of the interlaminar space, which 
may have operational and long-term benefits. 

At present, there are few available implantable 
devices for DRG stimulation available in Europe and 
the United States. The Abbott system (Proclaim DRG; 
Abbott Neurological, St. Jude Medical, Plano, TX) is 
comprised of 4 electrodes of 1.25-mm width spaced 
5 mm apart, which uses bipolar stimulation between 
these electrodes and has a contact range of 20 mm in 
total. This system uses a symmetric biphasic, conven-
tional tonic method of stimulation. A wireless device 
from Stimwave (Stimwave Inc., Pompano Beach, FL) is 
also available. 

The Boston Scientific Neuromodulation (Valencia, 
CA) SCS device is able to provide monopolar stimula-
tion by placing an anode at the implantable pulse 
generator (IPG) and cathode at the electrode site, 
allowing for a potentially smaller, more focused mo-
nopolar circumferential field of stimulation. The lead 
consists of 8 electrode contacts, each 3 mm in length, 
spaced 1 mm apart, comprising 31 mm in total. This 
system offers novel waveforms aside from tonic stimu-
lation and includes a burst protocol. Currently, there 
has not been a publication of a case series on the use 
of this device for DRG stimulation. 

To our knowledge, we present the first case series 
using a tightly spaced contact octapolar lead to effect 
a different technique for epidural delivery for DRG 
stimulation in patients with chronic neuropathic pain 
of various etiologies, to demonstrate feasibility of the 
technique.

Neurostimulation has been available for the 
treatment of neuropathic pain for more than 
50 years (1-4). The initial and still the most 

common stimulation target is the dorsal column of 
the spinal cord (4,5). Dorsal column stimulation, often 
referred to as spinal cord stimulation (SCS), has most 
often used perceptible paresthesia to target areas of 
chronic pain (3,6). Although this approach can provide 
significant relief for a group of patients, there often 
can be undesirable paresthesia in areas that are not 
painful to the patient (7-10). An example of this would 
be leg stimulation when there is only low back pain, 
or leg stimulation when there is only ankle pain. In 
addition, certain areas, such as the pelvis and feet, have 
been relatively difficult to consistently stimulate with 
an SCS approach.

Our understanding of nerve injury from preclini-
cal models have illustrated maladaptive, pathological 
reorganization of the dorsal root ganglion (DRG) (11-
17). There is evidence to suggest the DRG is an active 
participant in the development and maintenance of 
neuropathic pain (11,18,19). Targeted neurostimulation 
of the DRG has emerged as an important therapeutic 
option (20-34). Deer et al. (34) performed an initial case 
series demonstrating the clinical feasibility of DRG stim-
ulation in different neuropathic pain conditions. DRG 
stimulation was initially reserved for cases refractory to 
conventional dorsal column stimulation, cases in which 
the patient experienced untoward stimulation with 
changes in posture, and in which dorsal column lead 
placement was unable to capture the affected painful 
area (30-32). However, recent studies have demonstrat-
ed strong evidence for DRG stimulation as a first-line 
treatment in many cases, most notably complex re-
gional pain syndrome (CRPS) (28). DRG stimulation has 
also enabled us to treat other chronic pain conditions 
more effectively, which include testicular pain (35), pe-
ripheral neuropathy (36,37), knee pain, groin pain, and 
pelvic pain (26,38). 

DRG stimulation offers a novel technique of stim-
ulation in comparison to SCS, potentially with a dif-
ferent mechanistic action (11,39). Anatomic benefits 
include direct stimulation of the nerve cell body, and 
less use of power due to proximity of the target in the 
neuroforamina. DRG stimulation also allows us to tar-
get the first major site of physiologic modulation prior 
to entry into the dorsal horn. Some of the proposed 
theories of DRG stimulation effect include preferential 
hyperexcitability of A-delta fibers from anatomic sites 
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Methods

Description of Technique
Patients were selected for DRG stimulation by a 

multidisciplinary team based on a diagnosis of chronic 
neuropathic pain recalcitrant to conventional medical 
therapies. All patients underwent a multidisciplinary 
neuromodulation pain management assessment com-
prised of psychological and physical functioning prior 
to the trial. The level of pathology was identified using 
physical examination, conventional neurodiagnostic 
testing, and DRG mapping (43).

Transgrade DRG Lead Placement

Position
Patients were positioned prone with a pillow under 

the abdomen to reduce lumbar lordosis. The appropri-
ate spinal levels were identified by fluoroscopy and 
marked with a surgical marker. The entry point was 
also marked over the contralateral superior articular 
process of the corresponding vertebra, or more caudal 
to this point depending on the level. Generally, entry 
at levels L4-S1 require a slightly greater caudal angle of 
approach (Fig. 1). 

Needle and Lead Insertion
A paramedian incision is made over the intended 

point of entry and extended cranially and caudally 
about 2 cm. The tissues are dissected down to preverte-
bral fascia and a small pocket is created to anchor the 
lead. A 14G RX 2 Coudé (Epimed International, Dallas, 
TX) epidural needle (Fig. 2) is inserted in the direction 
of the contralateral inferior portion of the pedicle, with 
the aim of entering the epidural space in the midline 
(Fig. 1). Epidural entry is confirmed by a loss of resis-
tance technique. The needle’s curve is directed posteri-
orly to aid posterior epidural placement of the lead into 
the foramina (Figs. 1 and 3). An extended plastic intro-
ducer can be placed back into the needle to avoid dural 
puncture to change the direction of the bevel. This may 
be required to aid lead placement. We used a Linear 
ST Percutaneous Lead (Boston Scientific, Neuromodula-
tion, Valencia, CA) 8 electrode subcompact lead of 31 
mm with contact electrodes of 3 mm and edge-to-edge 
width of 1 mm and diameter of 1.3 mm (Fig. 4). The 
final lead position was such that the fourth and fifth 
electrodes covered the center of the proximal pedicle 
(Fig. 1 and 3). The lead position was confirmed with a 

Fig. 1. Transgrade technique under fluoroscopic guidance.

Fig. 2. Racz Coudé needle.
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lateral image to confirm lead placement into the dorsal 
foramina (Fig. 1). On-table low-frequency testing was 
performed in all patients to confirm comfortable pares-
thesia coverage of the painful area with no additional 
motor stimulation. The parameters of stimulation were 
a pulse rate of 70 Hz, pulse width of 150 µs, and incre-
mental amplitude in steps of 0.1 mA using conventional 
tonic stimulation and a monopolar field with a single 
cathode on the lead and the anode on the IPG. Video 
of the technique is available at: https://www.youtube.
com/watch?v=2qgUHM5SqNQ. 

Anchoring
After removing the needle and stylet, the lead is 

secured to the lumbar dorsal prevertebral fascia with 
2-0 Silk or a plastic anchor depending on the operator’s 
preference. Extensions are then attached to the leads 
and tunneled out laterally where they are connected to 
an external pulse generator. 

Trial
A 2-week trial period was conducted to determine 

the efficacy of stimulation. Patients who had a > 50% 
reduction in pain were offered a conversion to full 
implant. The complications documented included infec-
tion, hematoma, or lead migration.

Implant
Patients were fully implanted with a program-

mable IPG in a surgically created pocket either lateral 
to the paramedian incision or in the buttock. 

Programming
The patients were programmed at initiation of 

the trial period with standard paresthesia testing to 
ensure the lead was covering the selected dermatome. 
The electrode directly under the pedicle was initially 
selected and adjusted to capture the maximum dis-
tribution of dermatomal pain. If the area of pain was 
not adequately covered, different electrodes were 
selected to ensure maximum efficacy. Reprogramming 
was then performed following full implant. Patients 
were programmed with a tonic subthreshold program 
and a burst program. The Burst-3D (Boston Scientific 
Neuromodulation) program consisted of 3 to 7 spikes 
of 500 Hz at 40 Hz using a pulse width of 500 to 1000 
µs. The patients were followed up at 6 weeks, at which 
time further reprogramming was performed as needed. 
Any additional reprogramming after this period was 
documented. 

Fig. 3. Right L5 and S1 DRG monopolar Burst-3D 
stimulation with cathode on the contact lead and anode on the 
IPG.

Fig. 4. Linear ST Percutaneous Lead, 8 
active contacts, 1 mm edge-to-edge spacing, 
31-mm span.
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Endpoints
The outcomes of this study were taken from a 

password-protected departmental database. An aver-
age weekly Numeric Rating Scale (NRS-11) score was 
taken (between 0 and 10) at baseline (before the trial 
period commenced) and after 6 weeks of stimulation 
following full implant. The patients were also asked to 
give their Patient Global Impression of Change (PGIC) 
score (Table 1), a 7-point scoring system. This had a 
stemmed question of, “Since starting DRG stimulation, 
how would you describe the change (if any) in activity 
limitations, pain symptoms, emotions, and overall qual-
ity of life related to your condition.” Successful treat-
ment with DRG stimulation was defined as having a 
PGIC score of 6 or 7, and a decrease of NRS-11 score > 2 
from baseline before the trial period. Further follow-up 
was by telephone to determine the patient’s up-to-date 
average weekly NRS-11 and PGIC scores. Complications 
as a result of the procedure or device were recorded in 
the database. Any complications related to the device 
were also inquired about if not documented on the 
database during telephone follow-up. 

Statistics
Statistical analysis was performed on Prism Version 

7 (GraphPad, San Diego, CA). Continuous data were 
expressed as means with standard error of the mean 
(SEM). 

Data Collection
This was a retrospective case series over a 3.5-year 

period in a single tertiary referral center. These data 

Table 1. PGIC score template.

PGIC Score 

1 No change (or condition has gotten worse).

2 Almost the same, hardly any change at all.

3 A little better, but no noticeable change.

4 Somewhat better, but the change has not made any 
real difference.

5 Moderately better, and a slight but noticeable 
change. 

6 Better, and a definite improvement that has made 
a real worthwhile difference.

7 A great deal better, and a considerable 
improvement that has made all the difference.

Table 2. Demographics of  patients. Patients undergoing trial of  
DRG stimulation n = 39, full implant patients n = 32. Data are 
expressed as means with SEM and percentages.

Mean age (SEM) 45.74 (± 2.126)

Gender 46% women (18 of 39)

Diagnosis

CRPS 49% (19 of 39)

Ilioinguinal neuralgia 26% (10 of 39)

Radicular neuropathic pain 10% (4 of 39)

Neuropathic pain (knee) 5% (2 of 39)

Phantom limb pain 5% (2 of 39)

Testicular pain 2.5% (1 of 39)

Peripheral neuropathy 2.5% (1 of 39)

Side of pain

Left 49% (19 of 39)

Right 41% (16 of 39)

Bilateral 10% (4 of 39)

Fig. 5. Patient CONSORT diagram.

were collected on a departmental password-protected 
database and updated during patient visits. 

Results

A total of 39 patients underwent a trial of DRG 
stimulation of which 32 of 39 (82%) patients under-
went a full implant (Fig. 5). The demographics of the 
patients are summarized in Table 2. The location of 
the leads placed are summarized in Table 3. CRPS was 
the most common indication for DRG stimulation in 19 
of 39 (49%) patients. Out of the 7 patients who had 
removal of the system after the trial, 3 had CRPS, one 
had radicular neck pain following a surgical fusion, one 
had phantom limb pain, one had painful peripheral 
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score at 6 weeks and mean of 18 months is summarized 
in Fig. 8. 

The preferred method of stimulation for the pa-
tients was the monopolar Burst 3-D protocol and was 
used by 25 of 32 (78%) patients. The number of patients 
who used a subthreshold tonic program only was 4 of 
32 (12.5%), whereas 3 of 32 (9.5%) used a combination 
of the 2 (Fig. 9).

The complications are summarized in Table 4. 
Pocket pain was the most common device-related com-
plication, seen in 7 of 32 (22%) patients. Three of the 
patients with pocket pain had CRPS, 3 had ilioinguinal 
neuralgia, and one had radicular neuropathic pain as 
a result of failed back surgery syndrome (FBSS). Two 
of the patients were managed conservatively with 
lidocaine patches, and 5 patients had their IPG site 
changed. Three of the patients had their initial IPG 
placement lateral to the paraspinal incision, and 2 had 
buttock placement. Lead migration rate was 5.2% (3 of 
57 leads placed). The rate per patient was 8% (3 of 39) 
of which one occurred during the trial period and the 
other 2 following full implant of the IPG. In all 3 cases, 
the lead had to be fully revised as it had come out of 
the neuroforamen. Reprogramming was required in 
9 patients (9 of 32, 28%) after 6-week follow-up. The 
cause and outcomes are documented in Table 4. 

Table 3. Anatomic lead placement in n = 39 patients. 

Location of Lead Number = 57

T1 2 (2%)

L1 11 (19.3%)

L2 3 (5%)

L3 7 (12.3%)

L4 4 (7%)

L5 19 (33.3%)

S1 12 (21%)

Fig. 6. Change in NRS-11 from baseline at last follow-up 
(mean = 18 months).

neuropathy, and one had ilioinguinal neuralgia. From 
the full implant cohort, 31 of 32 (97%) patients were 
using their DRG stimulators at last follow-up (mean of 
18 months [SEM ± 1.8 months]). One patient had their 
system removed after 17 months on request due to lack 
of efficacy. This was despite having adequate coverage 
of the painful area and attempts at reprogramming. 
The rate of successful treatment, according to NRS-11 
and PGIC scores, were 87% (28 of 32) at 6 weeks and 
66% (21 of 32) at a mean of 18 months follow-up. Four 
patients were not contactable by telephone, therefore 
their last NRS-11 and PGIC scores were recorded at their 
last outpatient visit, which were 3, 4, 5, and 9 months 
prior to the dates of telephone review.

The change in NRS-11 score at 6 weeks and mean 
of 18 months are illustrated in Figs. 6 and 7. The PGIC 

Fig. 7. Reduction in NRS-11 at 6 weeks and last follow-up 
(mean =18 months).
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Table 4. Complications related to implantation. Patients 
undergoing a trial of  DRG stimulation n = 39, full implant 
patients n = 32, leads placed n = 57.

Complication Number Outcome

Pocket pain 7 of 32 (22%) 5 cases site was changed, 
2 managed conservatively 
with lidocaine patches

Lead migration 3 of 57 (5.2%) All leads revised

Infection 1 of 39 (2.5%) System removed and later 
replaced

Wound hematoma 1 of 39 (2.5%)  Surgically evacuated 

Required 
reprogramming 
(excluding lead 
migration)

9 of 32 (28%)

Overstimulation 4 of 9 Reduced amplitudes

Poor coverage 2 of 9 Parameters changed 

Reduced efficacy 1 of 9 Parameters changed/
explanted 

Reduced efficacy 1 of 9 Switched from tonic to 
burst

Device switching off 1 of 9 Education given

Fig. 8. PGIC score after 6 weeks and at last follow-up (mean 
= 18 months).

Fig. 9. Method of  stimulation used in patients implanted (n 
= 32).

Discussion 
We present a novel technique for epidural place-

ment of leads for DRG stimulation. Similar approaches 
have been previously reported but with a more ret-
rograde angle and the addition of a laminotomy and 
stylet to target the neuroforamina (44,45). The needle 
position is also not midline in this approach, and relies 
on the stylet to guide the lead into position (44). A 
more horizontal approach has also been reported in the 
consensus guidelines (24). Aside from the Racz Coudé 
(Epimed International) needle this technique does not 
require any specialist hardware and can be used with 
any compact lead of similar dimensions as described. 
This gives the ability to combine DRG and SCS stimu-
lation with the same IPG and multiple programming 
options, potentially improving patient outcomes. There 
has been a trend to greater use of novel waveforms 
for SCS due to improved efficacy in patients with FBSS 
including BurstDR (Abbott, Plano, TX) (46-52). The di-
versity of waveforms now available has not necessarily 
phenotyped specific pathologies to waveform; patients 
with CRPS favor different modes of stimulation (47). We 
highlight that the majority of patients preferred a dif-
ferent program to conventional tonic stimulation over 
the DRG. By incorporating this technique in different 
systems other waveforms can be used, which are largely 
paresthesia free. 

Safety 
There were no adverse events related directly to 

the Transgrade entry and placement of the leads, and 
no incidence of nerve trauma in this case series. Cases of 
neurologic symptoms after trials or full implants of DRG 
stimulation, using an approach different from the trans-
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grade approach described here, appear to be higher 
than previously reported from a recent publication by 
Sivanesan et al (53). This result needs to be taken with 
caution, however, as their classification of “neurologic 
symptoms” may have been mistaken for painful stimu-
lation (53). Recent data have also concluded that safety 
is equivalent between SCS and DRG stimulation devices 
from the same manufacturer (54). There is a consensus 
point within the appropriateness of best practices for 
DRG stimulation in relation to the introduction of the 
guidewire and sheath that may lead to nerve irritation 
(24). Our technique described does not involve this step 
as the path of the needle is more parallel to the foram-
ina, allowing the lead to anatomically follow the nerve. 
The diameter of the leads used in this case series is 1.3 
mm, which is 0.3 mm wider than the Axium Neurostim-
ulator System Slim Tip (Abbott, Plano, TX) used for DRG 
stimulation in other studies (28). We did not encounter 
any difficulty inserting the leads into the foramina using 
a larger lead. The dimensions of the foramina from an 
anatomic study were a median diameter of 8.8 mm in 
the lumbar spine, with the most narrow point recorded 
of 3.3 mm (55). Excluding any foraminal stenosis, this 
is unlikely to be a problem with the leads used in this 
case series. None of the patients in this study presented 
with loss of disc height from degenerative changes or 
previous surgeries, nor were any patients noted to have 
unstable spondylolisthesis, 2 anatomic conditions that 
are relative contraindications to use of this technique at 
those specific neuroforamina. There were no incidences 
of dural puncture within this series. A theoretical in-
creased risk of dural puncture with DRG lead insertion 
has been attributed to the sheath and guidewire and 
extensive manipulation to obtain foraminal access (53). 
In our series, the risk of dural puncture diminished like-
ly with the use of the second plastic stylet of the Racz 
Coudé 2 (Epimed International) needle during bevel re-
direction. As the leads were anchored, this potentially 
lead to a low incidence of lead migration (56). Leads in 
other publications were not always anchored; a strain 
relief loop is often created to minimize the incidence of 
lead migration (24,28,57). 

Analysis of Transgrade Technique
Once the needle bevel crosses the midline as 

described (Fig. 1), the lead is trajected to enter the 
neuroforamina parallel to the spinal nerve root. Ma-
neuverability can be controlled by rotating the lead 
and changing the bevel angle of the RX Coudé (Epimed 
International) epidural needle. We prefer to angle the 

bevel of the needle posteriorly to ensure posterior 
placement of the lead. In our experience, there are 
multiple potential paths that the lead will follow after 
passing through the initial neuroforaminal ligaments. 
The consensus guidelines using the Abbott system 
recommends aiming toward the inferior medial border 
of the pedicle to stay in the superior part of the fora-
men, to minimize displacement (24). This can be easily 
achieved with the Transgrade technique. As there is a 
paucity of evidence available on the exact location of 
the DRG at different levels, on-the-table stimulation 
likely remains the best method of ensuring accurate 
lead placement (58-60). One must also consider that the 
DRG can be intraspinal or extraforaminal, and there are 
no specific guidelines on how to determine which is the 
case without 3-dimensional fast field echo with water 
selective excitation and coronal magnetic resonance 
imaging (MRI) reconstructed DRGs (59). Our lead place-
ment covers the zone where the DRG can be found. In 
a case series of 115 healthy volunteers, 5.3% of L5 DRGs 
were located at an intraspinal location (59). Biganglia 
(2 DRGs) were also reported at L3 and L4 in the same 
study up to 50% of the time, with triganglia having an 
incidence of < 1% (59). The relation of these variances 
to the success or failure of DRG stimulation still remains 
undetermined; perhaps performing an MRI scan with 
coronal sections to determine the size, shape, and loca-
tion of the effected DRG in relation to the pedicle may 
be prudent. 

Efficacy 
The use of monopolar stimulation theoretically 

should give a precise, more accurate target area, but 
we are unable to determine its superiority or inferior-
ity in this study. Monopolar stimulation with tightly 
spaced electrodes may enable close stimulation of the 
DRG without spill over, which may occur with a bipolar 
array. Our successful outcomes are lower than some 
quoted in the literature, but we have used different cri-
teria, focusing on a multidimensional outcome of PGIC 
score (28). The mean follow-up time of 18 months in 
this study is longer than those quoted in the literature 
(23,25). We have also demonstrated that there are a co-
hort of patients who initially respond, but the efficacy 
of DRG stimulation reduces over time. The incidence 
of overstimulation occurring during DRG stimulation 
in the ACCURATE study was reported to be 3.9%, but 
no details were given of how this was managed (28). 
Our rate of overstimulation (4/32, 12.5%) is higher 
than what is quoted in the literature, but it resolved 



www.painphysicianjournal.com 	 609

Transgrade Approach to the DRG

after reprogramming. Reprogramming was required 
beyond 6 weeks in other cases, but only one case ended 
in explant. Lost efficacy cannot always be retrieved by 
reprogramming even in the absence of lead displace-
ment (61). The reasons for this are likely multifacto-
rial and we currently have a lack of understanding of 
why patients lose efficacy (56,61,62). Pocket pain was 
prevalent among our patient cohort in different IPG 
positions; this may be related to the size of the battery 
that has been described as a contributing factor (56). 
Another contributing factor could be patients having 
CRPS as a diagnosis, predisposing them to persistent 
pain following surgical nerve trauma during IPG place-
ment. Within the ACCURATE study, the incidence of 
pocket pain was lower at 13.2%, but 7.9% of patients 
complained of persistent pain at the incision site (28). 
There is still much debate over the best location for IPGs 
when implanting patients with chronic pain. 

Limitations
Because of the retrospective nature and small sam-

ple size, this review has limitations. Although we have 
used PGIC as an outcome, we lack many other multidi-
mensional outcomes. The results at last follow-up were 
also conducted over the telephone in the majority of 
patients, which also carries limitations.

Conclusions 
The Transgrade technique of placing DRG leads 

offers an alternative technique that is safe and effec-
tive. This technique can also be used for lateral nerve 
root stimulation. There is a learning curve as with any 
new procedure, and we would only recommend practi-
tioners use this method after a period of training. The 
comparative efficacy of monopolar contact electrodes 
for DRG stimulation remains to be determined. There is 

still no clear evidence that the DRG is the structure pre-
cisely targeted when referring to “DRG stimulation,” 
owing to a lack of visualization of the DRG proper dur-
ing implantation. It is most likely intraoperative elec-
trophysiological testing will be needed to appropriately 
determine optimal anatomic field proximity to the DRG 
for the purposes of neurostimulation therapy. The use 
of multiple independent current control will be needed 
to facilitate this type of testing, not heretofore avail-
able for DRG therapy.

This case series illustrates that patients favor dif-
ferent methods of stimulation, and the majority of our 
patients preferred the burst paresthesia-free waveform 
for their therapy. The use of burst stimulation to the 
DRG will need to be assessed formally, however, in a 
randomized controlled trial that is under way (Clinical-
Trials.gov identifier: NCT03318250). The future of DRG 
stimulation continues to evolve, and a variety of tech-
niques and modalities of stimulation will likely benefit 
patients with chronic neuropathic pain. The use of new 
devices and stimulation programs also remain to be 
explored for DRG stimulation.

Acknowledgments
The authors would like to thank Andrea Trescot, 

MD for reviewing the article prior to submission, and 
for her input on the project. 

Authors contributions: Adnan Al-Kaisy designed 
the technique. Adnan Al-Kaisy, Stefano Palmisani, 
and David Pang carried out the procedures. Jonathan 
Royds, Matteo Costanzi, and Samuel Wesley collected 
the data and carried out analyses. Jonathan Royds, 
Adnan Al-Kaisy, Gabor Racz, and Thomas Yearwood 
drafted the article. All authors reviewed the article 
prior to submission.

References
1.	 Kumar K, Taylor RS, Jacques L, et al. 

Spinal cord stimulation versus conven-
tional medical management for neuro-
pathic pain: A multicentre randomised 
controlled trial in patients with failed 
back surgery syndrome. Pain 2007; 
132:179-188.

2.	 Linderoth B, Foreman RD. Physiology of 
spinal cord stimulation: Review and up-
date. Neuromodulation 1999; 2:150-164.

3.	 Grider JS, Manchikanti L, Carayan-
nopoulos A, et al. Effectiveness of spinal 
cord stimulation in chronic spinal pain: 

A systematic review. Pain Physician 2016; 
19:E33-E54.

4.	 North RB, Ewend MG, Lawton MT, Kidd 
DH, Piantadosi S. Failed back surgery 
syndrome: 5-year follow-up after spinal 
cord stimulator implantation. Neurosur-
gery 1991; 28:692-699.

5.	 Deer TR, Mekhail N, Provenzano D, et al. 
The appropriate use of neurostimulation 
of the spinal cord and peripheral nervous 
system for the treatment of chronic pain 
and ischemic diseases: The Neuromodu-
lation Appropriateness Consensus Com-

mittee. Neuromodulation 2014; 17:515-
550; discussion 550.

6.	 Miller JP, Eldabe S, Buchser E, Johanek 
LM, Guan Y, Linderoth B. Parameters of 
spinal cord stimulation and their role in 
electrical charge delivery: A review. Neu-
romodulation 2016; 19:373-384.

7.	 Deer T, Pope J, Hayek S, et al. Neuro-
stimulation for the treatment of axial 
back pain: A review of mechanisms, 
techniques, outcomes, and future ad-
vances. Neuromodulation 2014; 17(Suppl 
2):52-68.



Pain Physician: November/December 2019: 22:601-611

610 	 www.painphysicianjournal.com

8.	 Tiede J, Brown L, Gekht G, Vallejo R, 
Yearwood T, Morgan D. Novel spinal 
cord stimulation parameters in patients 
with predominant back pain. Neuromod-
ulation 2013; 16:370-375.

9.	 Olin JC, Kidd DH, North RB. Postural 
changes in spinal cord stimulation per-
ceptual thresholds. Neuromodulation 
1998; 1:171-175.

10.	 Cameron T, Alo KM. Effects of posture 
on stimulation parameters in spinal 
cord stimulation. Neuromodulation 1998; 
1:177-183.

11.	 Krames ES. The dorsal root ganglion in 
chronic pain and as a target for neuro-
modulation: A review. Neuromodulation 
2015; 18:24-32; discussion 32.

12.	 Hu P, McLachlan EM. Macrophage and 
lymphocyte invasion of dorsal root gan-
glia after peripheral nerve lesions in the 
rat. Neuroscience 2002; 112:23-38.

13.	 Talbot S, Foster SL, Woolf CJ. Neuroim-
munity: Physiology and pathology. Annu 
Rev Immunol 2016; 34:421-447.

14.	 Costigan M, Scholz J, Woolf CJ. Neuro-
pathic pain: A maladaptive response of 
the nervous system to damage. Annu 
Rev Neurosci 2009; 32:1-32.

15.	 Inoue K, Tsuda M. Microglia in neu-
ropathic pain: Cellular and molecular 
mechanisms and therapeutic potential. 
Nat Rev Neurosci 2018; 19:138-152.

16.	 Grace PM, Hutchinson MR, Maier SF, 
Watkins LR. Pathological pain and the 
neuroimmune interface. Nat Rev Immu-
nol 2014; 14:217-231.

17.	 Royds J, McCrory C. Neuroimmu-
nity and chronic pain. BJA Educ 2018; 
18:377-383.

18.	 Nascimento AI, Mar FM, Sousa MM. 
The intriguing nature of dorsal root 
ganglion neurons: Linking structure 
with polarity and function. Prog Neuro-
biol 2018; 168:86-103.

19.	 Mao Q, Yuan J, Ming X, et al. Role of 
dorsal root ganglion K2p1.1 in peripheral 
nerve injury-induced neuropathic pain. 
Mol Pain 2017; 13:1744806917701135.

20.	 Vuka I, Vucic K, Repic T, Ferhatovic 
Hamzic L, Sapunar D, Puljak L. Elec-
trical stimulation of dorsal root gan-
glion in the context of pain: A system-
atic review of in vitro and in vivo animal 
model studies. Neuromodulation 2018; 
21:213-224.

21.	 Sapunar D, Kostic S, Banozic A, Puljak 
L. Dorsal root ganglion: A potential new 
therapeutic target for neuropathic pain. 
J Pain Res 2012; 5:31-38.

22.	 Sundt D, Gamper N, Jaffe DB. Spike 
propagation through the dorsal root 
ganglia in an unmyelinated sensory 
neuron: A modeling study. J Neurophysi-
ol 2015; 114:3140-3153.

23.	 Huygen FJPM, Liem L, Nijhuis H, Cu-
sack W, Kramer J. Evaluating dorsal root 
ganglion stimulation in a prospective 
dutch cohort. Neuromodulation 2019; 
22:80-86.

24.	 Deer TR, Pope JE, Lamer TJ, et al. The 
Neuromodulation Appropriateness 
Consensus Committee on best practic-
es for dorsal root ganglion stimulation. 
Neuromodulation 2019; 22:1-35.

25.	 Harrison C, Epton S, Bojanic S, Green 
AL, FitzGerald JJ. The efficacy and safety 
of dorsal root ganglion stimulation as 
a treatment for neuropathic pain: A lit-
erature review. Neuromodulation 2018; 
21:225-233.

26.	 Hunter CW, Yang A. Dorsal root gangli-
on stimulation for chronic pelvic pain: 
A case series and technical report on a 
novel lead configuration. Neuromodula-
tion 2019; 22:87-95.

27.	 Gravius N, Chaudhry SR, Muhammad 
S, et al. Selective L4 dorsal root gan-
glion stimulation evokes pain relief 
and changes of inflammatory markers: 
Part I profiling of saliva and serum mo-
lecular patterns. Neuromodulation 2019; 
22:44-52.

28.	 Deer TR, Levy RM, Kramer J, et al. Dorsal 
root ganglion stimulation yielded high-
er treatment success rate for complex 
regional pain syndrome and causalgia 
at 3 and 12 months: A randomized com-
parative trial. Pain 2017; 158:669-681.

29.	 Yang A, Hunter CW. Dorsal root gan-
glion stimulation as a salvage treatment 
for complex regional pain syndrome 
refractory to dorsal column spinal cord 
stimulation: A case series. Neuromodula-
tion 2017; 20:703-707.

30.	 Eldabe S, Burger K, Moser H, et al. Dor-
sal root ganglion (DRG) stimulation in 
the treatment of phantom limb pain 
(PLP). Neuromodulation 2015; 18:610-616; 
discussion 616-617.

31.	 Van Buyten JP, Smet I, Liem L, Russo 
M, Huygen F. Stimulation of dorsal root 
ganglia for the management of complex 
regional pain syndrome: A prospective 
case series. Pain Pract 2015; 15:208-216.

32.	 Kramer J, Liem L, Russo M, Smet I, Van 
Buyten JP, Huygen F. Lack of body po-
sitional effects on paresthesias when 
stimulating the dorsal root ganglion 

(DRG) in the treatment of chronic pain. 
Neuromodulation 2015; 18:50-57; discus-
sion 57.

33.	 Liem L, Russo M, Huygen FJ, et al. A 
multicenter, prospective trial to assess 
the safety and performance of the spinal 
modulation dorsal root ganglion neuro-
stimulator system in the treatment of 
chronic pain. Neuromodulation 2013; 
16:471-482; discussion 482.

34.	 Deer TR, Grigsby E, Weiner RL, Wilcosky 
B, Kramer JM. A prospective study of 
dorsal root ganglion stimulation for the 
relief of chronic pain. Neuromodulation 
2013; 16:67-71; discussion 71-62.

35.	 Hassanain M, Murphy P. Dorsal root 
ganglion stimulation for the treatment 
of bilateral intractable chronic testicular 
pain. Neuromodulation 2019; 22:115-116.

36.	 Eldabe S, Espinet A, Wahlstedt A, et al. 
Retrospective case series on the treat-
ment of painful diabetic peripheral 
neuropathy with dorsal root ganglion 
stimulation. Neuromodulation 2018; 
21:787-792.

37.	 Maino P, Koetsier E, Kaelin-Lang A, 
Gobbi C, Perez R. Efficacious dorsal root 
ganglion stimulation for painful small 
fiber neuropathy: A case report. Pain 
Physician 2017; 20:E459-E463.

38.	 Schu S, Gulve A, ElDabe S, et al. Spinal 
cord stimulation of the dorsal root gan-
glion for groin pain: A retrospective re-
view. Pain Pract 2015; 15:293-299.

39.	 Kent AR, Min X, Hogan QH, Kramer 
JM. Mechanisms of dorsal root gangli-
on stimulation in pain suppression: A 
computational modeling analysis. Neu-
romodulation 2018; 21:234-246.

40.	 Abd-Elsayed A, Lee S, King C. Retro-
grade placement of spinal cord stimu-
lator leads for treating resistant pelvic 
pain. Saudi J Anaesth 2017; 11:366-367.

41.	 De Andres J, Perotti L, Villaneuva-Per-
ez VL, Asensio-Samper JM, Fabregat-
Cid G. Role of lumbosacral retrograde 
neuromodulation in the treatment of 
painful disorders. Pain Physician 2013; 
16:145-153.

42.	 Perper Y. Retrograde spinal cord stim-
ulator lead placement for right L5 
radiculopathy. Pain Med 2012; 13:733-734.

43.	 Zuidema X, Breel J, Wille F. Paresthesia 
mapping: A practical workup for suc-
cessful implantation of the dorsal root 
ganglion stimulator in refractory groin 
pain. Neuromodulation 2014; 17:665-669; 
discussion 669.



Transgrade Approach to the DRG

www.painphysicianjournal.com 	 611

44.	 Haque R, Winfree CJ. Transforaminal 
nerve root stimulation: A technical re-
port. Neuromodulation 2009; 12:254-257.

45.	 Haque R, Winfree CJ. Spinal nerve root 
stimulation. Neurosurg Focus 2006; 
21:E4.

46.	 Deer T, Slavin KV, Amirdelfan K, et al. 
Success using neuromodulation with 
BURST (SUNBURST) study: Results 
from a prospective, randomized con-
trolled trial using a novel burst wave-
form. Neuromodulation 2018; 21:56-66.

47.	 Kriek N, Groeneweg JG, Stronks DL, 
de Ridder D, Huygen FJ. Preferred fre-
quencies and waveforms for spinal cord 
stimulation in patients with complex 
regional pain syndrome: A multicentre, 
double-blind, randomized and place-
bo-controlled crossover trial. Eur J Pain 
2017; 21:507-519.

48.	 Tjepkema-Cloostermans MC, de Vos 
CC, Wolters R, Dijkstra-Scholten C, 
Lenders MW. Effect of burst stimulation 
evaluated in patients familiar with spinal 
cord stimulation. Neuromodulation 2016; 
19:492-497.

49.	 Kapural L, Yu C, Doust MW, et al. Novel 
10-kHz high-frequency therapy (HF10 
therapy) is superior to traditional low-
frequency spinal cord stimulation for 
the treatment of chronic back and leg 
pain: The SENZA-RCT randomized 
controlled trial. Anesthesiology 2015; 
123:851-860.

50.	 Al-Kaisy A, Van Buyten JP, Smet I, Palm-
isani S, Pang D, Smith T. Sustained ef-

fectiveness of 10 kHz high-frequency 
spinal cord stimulation for patients with 
chronic, low back pain: 24-month re-
sults of a prospective multicenter study. 
Pain Med 2014; 15:347-354.

51.	 Van Buyten JP, Al-Kaisy A, Smet I, Palm-
isani S, Smith T. High-frequency spinal 
cord stimulation for the treatment of 
chronic back pain patients: Results of a 
prospective multicenter European clini-
cal study. Neuromodulation 2013; 16:59-
65; discussion 65-56.

52.	 Wille F, Breel JS, Bakker EW, Hollmann 
MW. Altering conventional to high den-
sity spinal cord stimulation: An energy 
dose-response relationship in neuro-
pathic pain therapy. Neuromodulation 
2017; 20:71-80.

53.	 Sivanesan E, Bicket MC, Cohen SP. 
Retrospective analysis of complications 
associated with dorsal root ganglion 
stimulation for pain relief in the FDA 
MAUDE database. Reg Anesth Pain Med 
2019; 44:100-106.

54.	 Deer T, Pope J, Hunter C, et al. Safety 
analysis of dorsal root ganglion stimu-
lation in the treatment of chronic pain. 
Neuromodulation 2019 Mar 12. [Epub 
ahead of print].

55.	 Torun F, Dolgun H, Tuna H, Attar A, 
Uz A, Erdem A. Morphometric analy-
sis of the roots and neural foramina of 
the lumbar vertebrae. Surg Neurol 2006; 
66:148-151; discussion 151.

56.	 Eldabe S, Buchser E, Duarte RV. Com-
plications of spinal cord stimulation 

and peripheral nerve stimulation tech-
niques: A review of the literature. Pain 
Med 2016; 17:325-336.

57.	 van Velsen V, van Helmond N, Chapman 
KB. Creating a strain relief loop during 
S1 transforaminal lead placement for 
dorsal root ganglion stimulation for foot 
pain: A technical note. Pain Pract 2018; 
18:539-543.

58.	 Moon HS, Kim YD, Song BH, Cha YD, 
Song JH, Lee MH. Position of dorsal 
root ganglia in the lumbosacral region 
in patients with radiculopathy. Korean J 
Anesthesiol 2010; 59:398-402.

59.	 Shen J, Wang HY, Chen JY, Liang BL. 
Morphologic analysis of normal human 
lumbar dorsal root ganglion by 3D MR 
imaging. AJNR Am J Neuroradiol 2006; 
27:2098-2103.

60.	 Vialle E, Vialle LR, Contreras W, Jacob 
CJ. Anatomical study on the relation-
ship between the dorsal root ganglion 
and the intervertebral disc in the lumbar 
spine. Rev Bras Ortop 2015; 50:450-454.

61.	 Kim DD, Vakharyia R, Kroll HR, Shuster 
A. Rates of lead migration and stimula-
tion loss in spinal cord stimulation: A 
retrospective comparison of laminoto-
my versus percutaneous implantation. 
Pain Physician 2011; 14:513-524.

62.	 Aiudi CM, Dunn RY, Burns SM, et al. 
Loss of efficacy to spinal cord stimu-
lator therapy: Clinical evidence and 
possible causes. Pain Physician 2017; 
20:E1073-E1080.




