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Abstract

Objective. The objective of this study is to review the available evidence for dorsal root ganglion (DRG) stimulation for
the treatment of complex regional pain syndrome type II (CRPS II; peripheral causalgia) associated with chronic neuro-
pathic postsurgical pain (NPP). Design. Available literature was identified through a search of the US National Library
of Medicine’s Medline database, PubMed.gov. References from published articles also were reviewed for relevant
citations. Results. The data published to date support the use of DRG stimulation to treat chronic NPP of the groin,
knee, and foot. NPP following procedures such as thoracotomy, hernia surgery, and knee replacement surgery were
identified as some of the conditions for which DRG stimulation is likely to be effective. Conclusion. DRG stimulation is
known to be an effective treatment for focal neuropathic pain. Currently, NPP of the foot, groin, and knee all appear
to be the conditions with the most clinical experience, backed by a limited but growing body of evidence. However,
prospective studies lag behind real-world clinical experience and are needed to confirm these findings.
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Introduction

Chronic postsurgical pain is an important cause of mor-

bidity that is often neuropathic in nature and has histori-

cally been difficult to treat [1,2]. Stimulation of the

dorsal columns, while effective for treating broad, non-

specific regions of pain, has had well-documented short-

comings in treating focal neuropathic pain—the hallmark

of neuropathic postsurgical pain (NPP) [3,4].

Fortunately, a new and innovative neuromodulation

therapy is available that allows stimulation to be focused

on specific painful areas/regions of the body, thus

addressing one of the limitations of dorsal column spinal

cord stimulation (SCS) in conditions like NPP. In 2016,

Deer et al. published the results of the ACCURATE study

(a prospective, multicenter randomized clinical trial) that

showed dorsal root ganglion (DRG) stimulation to be su-

perior to conventional dorsal column stimulation for the

treatment of complex regional syndrome (CRPS) type I

VC 2019 American Academy of Pain Medicine.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits

unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. S41

Pain Medicine, 20, 2019, S41–S48

doi: 10.1093/pm/pnz072

Review Article

Deleted Text: -
Deleted Text: ,
Deleted Text:  &hx2013; 
Deleted Text: NPP
Deleted Text: recently 
Deleted Text: ,
Deleted Text: DRG
Deleted Text: S
https://academic.oup.com/


(reflex sympathetic dystrophy [RSD]) and type II

(causalgia) [5]. In the ACCURATE study, a diagnosis of

peripheral causalgia or CRPS type II was made in accor-

dance with accepted diagnostic criteria, that is, pain

resulting from known damage to a “named” nerve (i.e.,

saphenous nerve, ilioingional nerve, etc.) “in an anatomi-

cal area consistent with the innervation pattern of the

damaged nerve (or nerves), and generally, in a hyperalge-

sic state” [6]. In addition to significant improvements in

pain and quality of life, the ACCURATE study DRG

cohort also reported significantly less paresthesia, mini-

mal postural variation, and reduced paresthesia outside

of the targeted painful area as compared with the control

group (dorsal column spinal cord stimulation) [5].

DRG stimulation was approved for use in Europe in

2011 and Australia in 2012. In Europe and Australia,

DRG stimulation is indicated for treatment of patients

with chronic, intractable pain. DRG stimulation was ap-

proved for use in the United States by the Food and Drug

Administration in 2015 for patients with chronic intrac-

table pain of the lower limbs associated with a diagnosis

of CRPS I and CRPS II (peripheral causalgia).

Since then, DRG stimulation has continued to be suc-

cessful in the treatment of CRPS [7,8] as well as a variety

of other focal, postsurgical, neuropathic pain syndromes

like post-herniorrhaphy neuralgia, phantom limb pain,

and persistent pain after total joint replacement [9–12].

Subsequent publications examining DRG stimulation have

continued to replicate the success reported in the

ACCURATE study, thus showing the durability and re-

producibility of this therapy [9,13]. Liem et al. reported

significant improvements in mood, pain, and quality of

life with DRG stimulation therapy through 12 months of

therapy for a variety of neuropathic conditions [13]. Most

recently, Hunter et al. presented the results of a multicen-

ter study of 217 patients treated with DRG stimulation,

44 of whom had postsurgical pain syndromes. The

authors reported statistically significant reductions in pain

across all diagnoses, with a trial:permanent ratio similar

to that reported in the ACCURATE study [9].

This article will present a review of DRG stimulation

for the treatment of peripheral causalgia (CRPS II) asso-

ciated with chronic postsurgical pain due to nerve injury.

Methods/Results

Groin/Hernia Surgery (Post-herniorrhaphy

Neuralgia)
More than 20 million people undergo inguinal hernia

surgery annually around the world, and it is estimated

that up to 16% of these individuals will develop chronic

and severe postoperative pain, known as post-

herniorrhaphy neuralgia [14–17]. This condition can of-

ten be neuropathic in nature, characterized by burning

pain or even allodynia in the distribution of the ilioingui-

nal, iliohypogastric, and/or the genital branch of the

genitofemoral nerve. The mechanisms of injury can be

the result of direct structural damage as a byproduct of

the surgical procedure (i.e., excessive traction or pressure

on one of the aforementioned nerves), stitch or mesh en-

trapment, postoperative inflammation, and/or scar tissue

formation [18].

Treatment of neuropathic groin pain traditionally

involves a stepwise approach that includes conservative

management with oral analgesics and anti-epileptics, in-

terventional pain modalities like nerve blocks and abla-

tions, peripheral nerve stimulation, surgical revision of

the repaired groin, or even a surgical neurectomy.

Corticosteroid injections and neuroablative techniques

(i.e., cryoablation and radiofrequency ablation) have

been frequently utilized; however, the relief tends to be

short term [19–21].

Surgical neurectomy of the genitofemoral, ilioingui-

nal, and iliohypogastric nerves (aka “triple neurectomy”)

is an accepted and sometimes preferred treatment for

surgeons for post-herniorrhaphy neuralgia refractory to

conservative management. However, there have been no

published studies demonstrating the long-term efficacy of

this technique [22]. Although this procedure is widely

implemented, the risks of this particular surgery are con-

siderable (i.e., permanent sensory loss, loss of the cremas-

teric reflex, and differentiation pain) and should not be

thought of as a benign intervention, as destruction of pe-

ripheral nerves may actually increase ectopic firing and

even lead to allodynia [22,23].

Dorsal column stimulation has been used to treat

cases of postsurgical groin pain; however, paresthesia

coverage has traditionally been difficult to achieve and

maintain long term in the groin [3,24]. Even in cases

where coverage in the affected groin is accomplished,

patients will often complain of unwanted paresthesia in

nearby unaffected areas due to the need for high stimula-

tion parameters to achieve paresethesia in the groin in

the first place. Compounding matters are the well-

documented variations in stimulation intensity due to

postural changes associated with tonic dorsal column

SCS. This variation in stimulation intensity can cause the

perceived paresthesia to become painful and increase the

incidence of collateral paresthesia [25]. The DRG is a

particularly attractive target for post-herniorrhaphy neu-

ralgia due to the ability to isolate stimulation in the

groin, program at subperception settings, and avoid

posture-based changes [26].

Post-herniorrhaphy neuralgia is one of the most com-

pelling uses for DRG stimulation due to the excellent

pain relief and consistent reproducibility provided by the

therapy. In 2015, Schu et al. reported the results of a ret-

rospective study of 29 patients treated with DRG stimu-

lation, including 12 patients with post-herniorrhaphy

pain. The average decrease in visual analog scale (VAS)

was 71% at seven months in the 25 of 29 patients who

went on to receive implanted systems. In the post-

herniorrhaphy pain subgroup, 10 of 12 patients had a
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successful trial, and half of those had >80% reduction in

their symptoms [27]. In 2016, Levine at al. published a

prospective, single-center observational study of 32

patients, reporting success in treating neuropathic groin

pain with DRG stimulation [28]. In the largest prospec-

tive study of DRG therapy for chronic neuropathic groin

pain, Morgalla et al. reported on 30 patients followed to

three months and 11 followed out to three years with sig-

nificant improvements in groin pain. Secondary out-

comes of disability (Pain Disability Index),

catastrophizing (Pain Catastrophizing Scale), overall pain

severity and functional impact (Brief Pain Inventory),

and depression (Beck Depression Inventory) were all re-

duced, with statistical significance (P< 0.05) [29]. In this

study, the most common levels of DRG lead placement

were L1 and L2, although the authors suggested that T12

may be a useful target as well. The sensory input of the

groin can vary from lower thoracic to midlumbar nerve

roots; depending on the nature of the pain or nerve in-

jury, branches of the ilioinguinal nerve, genitofemoral

nerve, or both could be involved. Transforaminal pares-

thesia mapping with 50-Hz stimulation has been

reported to have success in leading to successful correla-

tion with intraoperative DRG stimulation [30]. Reports

of successful treatment of neuropathic groin pain with

DRG stimulation continue to emerge [31,32]. Based on

the currently published data on DRG stimulation for

post-herniorrhaphy neuralgia, the authors are able to

give a strong recommendation for its utility here; how-

ever, a high-powered prospective trial with a control

group is needed to further that support.

Post–Joint Surgery of the Knee and Hip
DRG stimulation has also been shown to be beneficial

for treating cases of postsurgical joint pain in the knee

and hip [9,33]. There are >700,000 total knee replace-

ment (TKR) surgeries and revisions each year in the

United States, and the incidence of NPP can be as high as

34% [32,34]. Intuitively, DRG stimulation may not seem

like an appropriate treatment in this particular subset of

patients, as joint pain tends to be viewed as nociceptive.

However, there may be a neuropathic element present

that would explain the persistence of pain in an artificial

joint. In the DRG FOCUS study, the authors reported on

14 patients (12 knee, two hip) with pain after total joint

replacements who were successfully treated with DRG

stimulation [9].

In 2018, Morgalla et al. reported the outcomes of 27

patients implanted with DRG stimulation for the treat-

ment of postoperative knee pain, 16 of whom were fol-

lowed up to three years. The average reduction of VAS in

this group was 69% [35]. A case report by van Bussel

et al. also showed a patient with CRPS of the knee, sec-

ondary to a diagnostic arthroscopic procedure, respond-

ing favorably to DRG stimulation of L2, L3, and L4. At

three-month follow-up, the patient reported that an

initial numeric rating scale (NRS) score of 9 had dropped

to a 1–2, and the patient stated that the movement of the

knee had improved [7]. Postsurgical neuropathic knee

pain, regardless of adherence to the diagnostic criteria for

CRPS I or II, is effectively treated with DRG stimulation.

With the volume of knee surgery increasing and substan-

tial chronic postsurgical pain rates, the body of prospec-

tive evidence seems likely to expand.

Total hip arthroplasty is another common orthopedic

surgery that exhibits similar postoperative pain trajecto-

ries as knee replacement surgery. It is estimated that

950,000 primary and revision THAs were performed

globally in 2010 [36]. The majority of patients describe

significant improvements in pain and functionality after

THA [36]. However, not all benefit from total hip

arthroplasty, and the prevalence of persistent postsurgi-

cal pain after THA ranges between 7% and 23%. Of this

patient group, about one-third present signs of neuro-

pathic pain after THA [37]. A study of DRG stimulation

for multiple etiologies reported on two patients with

post-THA neuropathic pain who were successfully

treated with DRG stimulation [9]. Anecdotal findings ex-

ist for the successful use of DRG therapy for postsurgical

hip pain, and these data should be explored in further

studies. Current evidence for DRG stimulation for post-

THA pain is behind that for postsurgical knee pain but

seems to be a promising indication for the therapy.

Amputation
DRG stimulation is a logical option for treatment of

phantom limb pain (PLP); however, publication on the

topic has been limited to date [10,38,39].

Postamputation patients by definition have a nerve injury

(neurotomy), and many suffer chronic stump, residual

limb, and/or phantom pain. Nerve injury associated with

PLP creates a hyperexcitable state with ectopic neuronal

activity of the DRG [20,23]. Direct stimulation of the

DRG amplifies low pass filtering at the T junction within

the DRG [40]. The underlying pathophysiology com-

bined with an evolving understanding of mechanisms of

action suggests DRG stimulation to be an ideal treatment

option for PLP. As a CRPS-type syndrome, many of these

nerve injury patients demonstrate signs of allodynia,

hyperpathia, and temperature changes in the residual

limb. Eldabe was first to publish on DRG stimulation in

PLP, showing a high trial success rate with all patients

proceeding to implant. Long-term follow-up demon-

strated an average 52% decrease in pain, with the aver-

age VAS decreasing from 83.5 þ/� 10.5 to 38.9 þ/�
27.1 [10]. Hunter, et al. [41] successfully demonstrated

that radiofrequency stimulation can be used to predict

the optimal DRG target in a series of four PLP patients,

eventually demonstrating 60–90% pain relief after im-

plant. This valuable technique may help clarify the opti-

mal target DRG(s) to stimulate in cases of PLP where the

affected or painful dermatomes are surgically absent and
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neuroplastic changes may create overlap or shifts from

expected coverage regions. Most recently, a case of suc-

cessful DRG stimulation following failed conventional

SCS was reported in a patient with recurrent CRPS after

amputation [42]. Interestingly, single-level DRG stimula-

tion at L4 gave initial pain relief of 25%, but this in-

creased substantially to 60% over 17 months, enough to

allow wearing of a prosthesis. DRG stimulation uni-

formly has shown a high level of success in treating

patients with PLP.

Pelvic Pain
Chronic pelvic pain (CPP) is a debilitating, highly preva-

lent, and costly condition that affects up to 25–40% of

both men and women all over the world [42]. Although

this condition includes a variety of diagnoses such as pu-

dendal neuralgia, interstitial cystitis, and endometriosis,

common themes with CPP include a cumbersome and of-

ten lengthy diagnostic process with limited therapeutic

options [41]. Strong links can be found between CPP and

CRPS, the primary indication for DRG stimulation.

Diagnostic criteria for CRPS may actually be present in a

subset of CPP patients; however, clinical diagnosis is

most often not carried out due to the internal nature of

the affected tissues [43]. Chronic pelvic pain is also

strongly linked to psychological factors such as cata-

strophizing, fear-avoidance behavior, and emotional dis-

ability [44]. Treatment options traditionally have

included physical therapy, psychological and behavior

modification, medications, and surgery [45]. Surgical

options for pelvic floor disorders, specifically implant-

able mesh therapies, are becoming known risk factors for

the development of new CPP [46]. Despite the strong link

to CRPS, CPP has the highest rate of explant of all diag-

noses for which SCS has been used. The two most com-

mon reasons for explant are the inability to achieve or

maintain stimulation in the affected pelvic area and the

presence of collateral paresthesia in nearby unwanted

areas [45].

Spinal cord stimulation for pelvic pain has been stud-

ied at the midthoracic level, the conus medularis, and sa-

cral nerve roots [47–49]. Large variations and lack of

consensus on anatomical targets have made clinical deci-

sion-making difficult, and high explant rates have left

neuromodulators searching for alternative options [50].

DRG stimulation for the treatment of CPP may offer ef-

fective and consistent neural targeting. The first case

study of CPP treated with DRG stimulation described L1

and L2 leads providing sustained relief for pelvic girdle

pain [51]. In 2018, Hunter and Yang also reported on

the successful use of DRG stimulation for the treatment

of CPP in a seven-patient case series; however, the

authors described utilization of the L1 and S2 DRG levels

[52]. The authors suggested the highly complex innerva-

tion of the pelvic region and the involvement of eight dif-

ferent nerves on each side capable of nocioceptive

conduction as the reason for the predictably low success

rate with SCS for CPP. By targeting the L1 and S2 levels,

the authors proposed that they would be able to provide

stimulation to at least one spinal segment of six out of

the eight pelvic nerves and increase the chances for suc-

cess (Table 1). This proposed standardization of lead

placement shows promise and warrants prospective study

in the future, as the authors demonstrated decreases in

opioid consumption and pain relief out to one year.

Other Postsurgical Pain
Thoracotomy surgery is an extremely common procedure

associated with a high risk of severe chronic neuropathic

postoperative pain [53]. Thoracotomy is performed for

multiple conditions, and no data on the overall incidence

of thoracotomy are available. However, lung or bron-

chus cancer is the most common reason for a thoracot-

omy, and the incidence of lung/bronchus cancer was

estimated to be 234,030 cases in 2018 [54]. In recogni-

tion of the association of pain with thoracotomy, patients

are typically provided with patient-controlled analgesia

(PCA) pumps preemptively before even going into the

operating room. Post-thoracotomy syndrome is defined

as pain in the distribution of an intercostal nerve that per-

sists after thoracotomy for at least three months after the

procedure. In general, it is a burning and stabbing pain

with dysesthesia, allodynia, hyper- and/or hypoesthesia

and is seen as a neuropathic pain syndrome with damage

to the intercostal nerve [55–57]. The published literature

reports a wide range of occurrence, from 5% to 90%,

likely due to the lack of consistent defining criteria, mak-

ing the true incidence largely unknown or even underre-

ported. Bayman and Brennan conducted a meta-analysis

of prospective studies on chronic pain three and six

months after thoracotomy and reported an incidence of

57% (95% confidence interval [CI] ¼ 51–64%) and

47% (95% CI ¼ 39–56%), respectively [58]. Reports of

traditional SCS being used to successfully treat post-

thoracotomy syndrome have been sparse [59]. Due to the

extremely focal nature of this particular syndrome and

the predictability of the involved nerves, DRG stimula-

tion would appear to be a good option. To date, there

has been only one preliminary case report of DRG stimu-

lation being successfully used to treat post-thoracotomy

syndrome in which the authors stimulated the DRG at

the precise level of the injury (injury to T9 intercostal, T9

DRG lead placement) [60].

The foot is a known target for DRG stimulation,

which has traditionally been difficult to capture with

SCS. In the ACCURATE study [5], 79.3% of the causal-

gia subjects treated with DRG stimulation experienced

�50% pain relief. Although the results were not reported

by pain location, foot pain comprised 57% of the DRG

subjects. Morgalla et al. reported long-term results of

DRG therapy in 62 patients, 51 of whom went on to per-

manent implantation after a successful trial period. A

S44 Antony et al.
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total of 27 patients were implanted for postsurgical knee

pain, six for postsurgical or post-traumatic foot pain,

and 18 for other indications. For the subgroup of foot

pain, it was not reported if they all met diagnostic criteria

for CRPS. In the overall cohort, pain was reduced by

more than 50% in 72% of patients at three years [38].

There appears to be potential to improve patient satisfac-

tion and overall clinical outcomes with DRG stimulation

to treat postsurgical foot pain, especially given the

known drawbacks to dorsal column paresthesia-based

stimulation [61]. Chronic foot pain after orthopedic or

podiatric surgery is an area for future potential indication

expansion of DRG stimulation.

Discussion

Chronic postsurgical pain, often associated with a nerve

injury, may not meet the traditional diagnostic criteria

for CRPS I, although with a careful exam and documen-

tation of neural injury, the diagnosis of causalgia (or

CRPS II) can often be made. DRG stimulation appears ef-

fective for pain secondary to truncal nerve injuries not

meeting all diagnostic criteria for CRPS. Increased

awareness of postsurgical chronic pain syndromes has led

to a search for the etiology and more treatment options.

Recent research would suggest that many chronic postop-

erative pain states are related to neural injury [62].

Complex regional pain syndrome, types I and II, the pri-

mary indication for DRG stimulation in the United

States, has proven difficult to define and classify [63]. A

poorly understood constellation of signs and symptoms,

the initial journey of uncertainty surrounding nomencla-

ture saw terms such as “angiospastic syndrome,”

“algodystrophy,” and “shoulder-hand syndrome” come

and go [64]. More recently, seemingly interchangeable

terms such as “reflex sympathetic dystrophy” and

“Sudek’s atrophy” have given way to more uniform ter-

minology. CRPS I is defined as without evidence of nerve

injury and has replaced reflex sympathetic dystrophy,

and CRPS II has replaced the term causalgia and is used

in the setting of a known nerve injury [65]. The diagnosis

of CRPS remains challenging. The current validated diag-

nostic guidelines were created in 2003; the Budapest

Criteria for CRPS are summarized in Table 2 [66]. These

criteria require the diagnosis of CRPS to be made with at

least three of four symptoms and two of four signs in sen-

sory, vasomotor, and sudomotor categories. However,

signs involving things such as swelling, nail changes, and

hair changes are difficult to elicit and interpret when

dealing with anatomic areas outside of the extremities. In

addition, CRPS II or causalgia requires a documented

nerve injury. The truncal region, which is highly inner-

vated and can be a site for neuropathic pain syndromes,

does not routinely display these characteristics with nerve

injury or nerve-related pain. The bias of the accepted di-

agnostic criteria toward the extremities has made the di-

agnosis of similarly behaving conditions on the trunk and

proximal limbs extremely challenging [67]. As in the case

of CPP, the anatomical regions affected may make clini-

cal diagnosis using accepted criteria difficult [46].

Clinical decision-making can be affected by this

enigma. Level 1 evidence exists for the treatment of

CRPS I and causalgia due to nerve injury (CRPS II) in the

lower extremities with DRG stimulation [5]. However,

clinical experience and emerging evidence show that ef-

fective treatment using DRG stimulation for neuropathic

pain of the trunk and/or limbs and other postsurgical

sites does not necessarily meet all the diagnostic criteria

for CRPS type I or II [30,31,38]. A recent single-center

case series of 62 patients with focal pain in multiple anat-

omies such as the knee, hand, foot, back, and leg

provides the longest reported follow-up data to date.

After a year, 82.5% (N¼ 33/40) of the implanted

patients, and after three years, 72% of the implanted

patients (N¼ 18/25), reported >50% reduction in pain

[38].

Table 2. Budapest criteria for CRPS diagnosis

All of the following criteria must be met:
• Patient has continuing pain that is disproportionate to the inciting

event
• Patient must have 1 sign in 2 or more categories below
• Patient must have 1 symptom in 3 or more categories below
• No other diagnosis can better explain the signs and symptoms

Signs and Symptoms

Sensory • Allodynia (pain from things that are not

normally painful, e.g., light touch,

temperature, deep somatic pressure, or joint

movement)
• Hyperalgesia (heightened pain

intensity from pinprick)

Vasomotor • Differences in skin temperature >1�C
• Differences in skin coloration on different

sides of the body
• Skin color changes

Sudomotor/edema • Changes or asymmetry in swelling
• Changes of asymmetry in sweating

Motor/trophic • Decreased range of movement
• Motor symptoms (e.g., tremors,

weakness, dystonia)
• Changes in hair, skin, nails (trophic)

CRPS ¼ complex regional pain syndrome.

Table 1. Major nerves of the pelvic region and associated
spinal segments

Nerve T12 L1 L2 L3 L4 S1 S2 S3 S4 S5

Iliohypogastric

Ilioinguinal

Genitofemoral

Obturator

Posterior femoral cutaneous

Inferior rectal

Pudendal

Coccygeal

Gray shading illustrates the extent of coverage by simultaneously stimulat-

ing L1 and S2. Reproduced with permission from Hunter and Yang [52].
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In the ACCURATE study [5], in CRPS subjects,

82.5% of DRG subjects and 57.7% of SCS subjects expe-

rienced �50% pain relief (P< 0.006). For causalgia sub-

jects, 79.3% of the DRG subjects and 53.3% of the SCS

subjects experienced �50% pain relief (P< 0.014).

Clearly DRG stimulation is effective in treating focal

pain. At this time, neuropathic postsurgical pain of the

groin, knee, and foot appear to be the conditions with

the most clinical experience, backed by a limited but

growing body of evidence. Additional potential indica-

tions include postamputation pain, postsurgical pelvic

pain, and postsurgical pain after thoracotomy, hip re-

placement, and mastectomy. However, prospective stud-

ies lag behind real-world clinical experience and are

needed to confirm these findings.

Conclusions

In addition to CRPS types I and II, DRG stimulation con-

tinues to display strong responder rates and efficacy in

the treatment of focal postsurgical neuropathic pain syn-

dromes. Currently, NPP of the foot, groin, and knee

appear to be the conditions with the most clinical experi-

ence, backed by a limited but growing body of evidence.

Future prospective, statistically powered clinical studies

will further clarify the role of DRG stimulation for post-

surgical chronic pain after hernia surgery, hip and knee

replacement, thoracotomy procedures, and phantom

limb and stump pain. Many chronic postoperative pain

states are focal and causalgic in nature, and the early

data presented here suggest that DRG stimulation is a

strong therapeutic option. However, prospective studies

lag behind real-world clinical experience and are needed

to confirm these observations.

Acknowledgments

The authors would like to thank Linda Johnson, PhD, for

her assistance with writing, editing, and manuscript

submission.

References

1. Bruce J, Quinlan J. Chronic post surgical pain. Rev

Pain 2011;5(3):23–9.

2. Macrae WA. Chronic post-surgical pain: 10 years on.

Br J Anaesth 2008;101(1):77–86.

3. Barolat G, Massaro F, He J, Zeme S, Ketcik B.

Mapping of sensory responses to epidural stimulation

of the intraspinal neural structures in man. J

Neurosurg 1993;78(2):233–9.

4. Lepski G, Vahedi P, Tatagiba MS, Morgalla M.

Combined spinal cord and peripheral nerve field stim-

ulation for persistent post-herniorrhaphy pain.

Neuromodulation 2013;16(1):84–8.

5. Deer TR, Levy RM, Kramer J, et al. Dorsal root gan-

glion stimulation yielded higher treatment success

rate for CRPS and causalgia at 3 and 12 months:

Randomized comparative trial. Pain 2017;158:

669–81.

6. Fishman, SM, Ballantyne JC, Rathmell, JP. Bonica’s

Management of Pain. Philadelphia: Lippincott

Williams & Wilkins; 2010.

7. van Bussel CM, Stronks DL, Huygen FJ. Successful

treatment of intractable complex regional pain syn-

drome type I of the knee with dorsal root ganglion

stimulation: A case report. Neuromodulation 2015;

18(1):58–60.

8. van Bussel CM. Response to the letter to the editor.

Pain Pract 2019;19:131.

9. Hunter CW, Sayed D, Lubenow T, et al. DRG focus:

A multicenter study evaluating dorsal root ganglion

stimulation and predictors of trial success.

Neuromodulation 2019;22:61–79.

10. Eldabe S, Burger K, Moser H, et al. Dorsal root gan-

glion (DRG) stimulation in the treatment of phantom

limb pain (PLP). Neuromodulation 2015;18(7):610–

6; discussion 616–7.

11. Giordano NL, van Helmond N, Chapman KB. Case

report: coccydynia treated with dorsal root ganglion

stimulation. Case Rep Anesthesiol 2018; Article ID

5832401;1–4.

12. van Bussel CM, Stronks DL, Huygen F. Dorsal col-

umn stimulation vs. dorsal root ganglion stimulation

for complex regional pain syndrome confined to the

knee: Patients’ preference following the trial period.

Pain Pract 2018;18(1):87–93.

13. Liem L, Russo M, Huygen F, et al. One-year out-

comes of spinal cord stimulation of the dorsal root

ganglion in the treatment of chronic neuropathic

pain. Neuromodulation 2015;18(1):41–9.

14. Bittner R, Schwarz J. Inguinal hernia repair: Current

surgical techniques. Langenbecks Arch Surg 2012;

397(2):271–82.

15. Nienhuijs S, Staal E, Strobbe L, et al. Chronic pain af-

ter mesh repair of inguinal hernia: A systematic re-

view. Am J Surg 2007;194(3):394–400.

16. Andresen K, Rosenberg J. Management of chronic

pain after hernia repair. J Pain Res 2018;11:675–81.

17. Aasvang E, Kehlet H. Surgical management of

chronic pain after inguinal hernia repair. Br J Surg

2005;92(7):795–801.

18. Poobalan AS, Bruce J, Smith WC, et al. A review of

chronic pain after inguinal herniorrhaphy. Clin J Pain

2003;19(1):48–54.

19. Abdi S, Datta S, Trescot AM, et al. Epidural steroids

in the management of chronic spinal pain: A system-

atic review. Pain Physician 2007;10:185–212.

20. Pope J, Deer T, Kramer J. A systematic review:

Current and future directions of dorsal root ganglion

therapeutics to treat chronic pain. Pain Med 2013;14

(10):1477–96.

21. Alfieri S, Amid PK, Campanelli G, et al. International

guidelines for prevention and management of post-

S46 Antony et al.

Deleted Text: the 
Deleted Text: .
Deleted Text: -
Deleted Text:  
Deleted Text: -
Deleted Text: -
Deleted Text: the 
Deleted Text: 1
Deleted Text: 2
Deleted Text: ,
Deleted Text: -
Deleted Text: all 
Deleted Text: ,
Deleted Text: -
Deleted Text: following 
Deleted Text: -
Deleted Text: s
Deleted Text:  the


operative chronic pain following inguinal hernia sur-

gery. Hernia 2011;15(3):239–49.

22. Liu CN, Wall PD, Ben-Dor E, et al. Tactile allodynia

in the absence of C-fiber activation: Altered firing

properties of DRG neurons following spinal nerve in-

jury. Pain 2000;85(3):503–21.

23. Hu QL, Chen DC. Approach to the patient with

chronic groin pain. Surg Clin North Am 2018;98

(3):651–65.

24. Elias M. Spinal cord stimulation for post-herniorrha-

phy pain. Neuromodulation 2000;3(3):155–7.

25. Kumar K, Caraway DL, Rizvi S, Bishop S. Current

challenges in spinal cord stimulation.

Neuromodulation 2014;17(Suppl 1):22–35.

26. Krames ES. The dorsal root ganglion in chronic pain

and as a target for neuromodulation: A review.

Neuromodulation 2015;18(1):24–32.

27. Schu S, Gulve A, El Dabe S, et al. Spinal cord stimula-

tion of the dorsal root ganglion for groin pain—a ret-

rospective review. Pain Pract 2015;15(4):293–9.

28. Levine AB, Parrent AG, MacDougall KW.

Stimulation of the spinal cord and dorsal nerve roots

for chronic groin, pelvic, and abdominal pain. Pain

Physician 2016;19(6):405–12.

29. Morgalla MH, Bolat A, Fortunato M, Lepski G,

Chander BS. Dorsal root ganglion stimulation used

for the treatment of chronic neuropathic pain in the

groin: A single-center study with long-term prospec-

tive results in 34 cases. Neuromodulation 2017;20

(8):753–60.

30. Zuidema X, Breel J, Wille F. Paresthesia mapping: A

practical workup for successful implantation of the

dorsal root ganglion stimulator in refractory groin

pain. Neuromodulation 2014;17(7):665–9.

31. Liem L. Stimulation of the dorsal root ganglion. In:

Slavin KV, ed. Stimulation of the Peripheral Nervous

System. The Neuromodulation Frontier. Basel:

Karger; 2016:213–24.

32. Kurtz SM, Ong KL, Lau E, et al. International survey

of primary and revision total knee replacement. Int

Orthop 2011;35(12):1783–9.

33. Mekhail N, Levy RM, Deer T, et al. Comparison of

evoked paresthesia between spinal cord stimulation

and dorsal root ganglion stimulation: An

ACCURATE sub-study. Paper presented at: 20th

Annual North American Neuromodulation Society;

July 19–22, 2017; Las Vegas, NV.

34. Beswick AD, Wylde V, Gooberman-Hill R, Blom A,

Dieppe P. What proportion of patients report long-

term pain after total hip or knee replacement for osteo-

arthritis? A systematic review of prospective studies in

unselected patients. BMJ Open 2012;2(1):e000435.

35. Morgalla MH, Fortunato M, Lepski G, Chander BS.

Dorsal root ganglion stimulation (DRGS) for the

treatment of chronic neuropathic pain: A single-

center study with long-term prospective results in 62

cases. Pain Physician 2018;21:E377–87.

36. R€as€anen P, Paavolainen P, Sintonen H, et al.

Effectiveness of hip or knee replacement surgery in

terms of quality-adjusted life years and costs. Acta

Orthop 2007;78(1):108–15.

37. Pinto P, McIntyre T, Ferrero R, Ara�ujo-Soares V,

Almeida A. Persistent pain after total knee or hip

arthroplasty: Differential study of prevalence, nature,

and impact. J Pain Res 2013;6:691–703.

38. Goebel A, Lewis S, Phillip R, Sharma M. Dorsal root

ganglion stimulation for complex regional pain syn-

drome (CRPS): Recurrence after amputation for

CRPS, and failure of conventional spinal cord stimu-

lation. Pain Pract 2018;18(1):104–8.

39. Hunter CW, Yang A, Davis T. Selective radiofre-

quency stimulation of the dorsal root ganglion (DRG)

as a method for predicting targets for neuromodula-

tion in patients with post amputation pain: A case se-

ries. Neuromodulation 2017;20(7):708–18.

40. Kent AR, Min X, Hogan QH, Kramer JM.

Mechanisms of dorsal root ganglion stimulation in

pain suppression: A computational modeling analy-

sis. Neuromodulation 2018;21(3):234–46.

41. Hunter CW, Stovall B, Chen G, Carlson J, Levy R.

Anatomy, pathophysiology and interventional thera-

pies for chronic pelvic pain: A review. Pain Physician

2018;21(2):147–67.

42. Mathias SD, Kuppermann M, Liberman RF,

Lipschutz RC, Steege JF. Chronic pelvic pain:

Prevalence, health-related quality of life, and eco-

nomic correlates. Obstet Gynecol 1996;87(3):321–7.

43. Janicki TI. Chronic pelvic pain as a form of complex

regional pain syndrome. Clin Obstet and Gyn 2003;

46(4):797–803.

44. Alappattu MJ, Bishop MD. Psychological factors in

chronic pelvic pain in women: Relevance and applica-

tion of the Fear-Avoidance Model of pain. Phys Ther

2011;91(10):1542–50.

45. Green IC, Cohen SL, Finkenzeller D, Christo PJ.

Interventional therapies for controlling pelvic pain:

What is the evidence? Curr Pain Headache Rep 2010;

14(1):22–32.

46. Geller EJ, Babb E, Nackley AG, Zolnoun D.

Incidence and risk factors for pelvic pain after mesh

implant surgery for the treatment of pelvic floor disor-

ders. J Minim Invasive Gynecol 2017;24(1):67–73.

47. Kapural L, Narouze SN, Janicki TI, Mekhail N.

Spinal cord stimulation is an effective treatment for

the chronic intractable visceral pelvic pain. Pain Med

2006;7(5):440–3.

48. Alo KM, McKay E. Selective nerve root stimulation

(SNRS) for the treatment of intractable pelvic pain

and motor dysfunction: A case report.

Neuromodulation 2001;4(1):19–23.

49. Hunter C, Dave N, Diwan S, Deer T.

Neuromodulation of pelvic visceral pain: Review of

the literature and case series of potential novel targets

for treatment. Pain Pract 2013;13(1):3–17.

DRG Stimulation for Chronic Postsurgical Pain S46A



50. Hayek SM, Veizi E, Hanes M. Treatment-limiting

complications of percutaneous spinal cord stimulator

implants: A review of eight years of experience from

an academic center database. Neuromodulation

2015;18(7):603–8.

51. Rowland DCL, Wright D, Moir L, FitzGerald JJ,

Green L. Successful treatment of pelvic girdle pain

with dorsal root ganglion stimulation. Br J Neurosurg

2016;30(6):685–6.

52. Hunter CW, Yang A. Dorsal root ganglion stimula-

tion for chronic pelvic pain: A case series and techni-

cal report on a novel lead configuration.

Neuromodulation 2019;1:87–95.

53. Steegers MA, Snik DM, Verhagen AF, van der Drift

MA, Wilder-Smith OH. Only half of the chronic pain

after thoracic surgery shows a neuropathic compo-

nent. J Pain 2008;9(10):955–61.

54. Boloker G, Wang C, Zhang J. Updated statistics of

lung and bronchus cancer in United States (2018). J

Thorac Dis 2018;10(3):1158–61.

55. Koehler RP, Keenan RJ. Management of post thora-

cotomy pain: Acute and chronic. Thoacic Surg Clin

2006;16(3):287–97.

56. Furrer M, Rechsteiner R, Eigenmann V, et al.

Thoracotomy and thoracoscopy: Postoperative pul-

monary function, pain and chest wall complaints. Eur

J Cardiothorac Surg 1997;12(1):82–7.

57. Wang HT, Liu W, Luo AL, Ma C, Huang YG.

Prevalence and risk factors of chronic post-

thoracotomy pain in Chinese patients from Peking

Union Medical College Hospital. Chin Med J (Engl)

2012;125(17):3033–8.

58. Bayman EO, Brennan TJ. Incidence and severity of

chronic pain at 3 and 6 months after thoracotomy:

Meta-analysis. J Pain 2014;15(9):887–97.

59. Graybill J, Conermann T, Kabazie AJ, Chandy S.

Spinal cord stimulation for treatment of pain in a pa-

tient with post thoracotomy pain syndrome. Pain

Physician 2011;14(5):441–5.

60. Ali R, Epstein L, Khelemsky Y. Successful treatment

of chronic post thoracotomy pain syndrome with dor-

sal root ganglion (DRG) stimulation. Paper presented

at: 20th Annual North American Neuromodulation

Society; July 19–22, 2017; Las Vegas, NV.

61. Harrison C, Epton S, Bojanic S, Green AL, FitzGerald

JJ. The efficacy and safety of dorsal root ganglion stim-

ulation as a treatment for neuropathic pain: A litera-

ture review. Neuromodulation 2018;21(3):225–33.

62. Haroutiunian S, Nikolajsen L, Finnerup NB, Jensen

TS. The neuropathic component in persistent postsur-

gical pain: A systematic literature review. Pain 2013;

154(1):95–102.

63. Dutton K, Littlejohn G. Terminology, criteria, and

definitions in complex regional pain syndrome:

Challenges and solutions. J Pain Res 2015;8:871–7.

64. Ratti C, Nordio A, Resmini G, Murena L. Post-trau-

matic complex regional pain syndrome: Clinical fea-

tures and epidemiology. Clin Cases Miner Bone

Metab 2015;12(Suppl 1):11–6.

65. Todorova J, Dantchev N, Petrova G. Complex re-

gional pain syndrome: Acceptance and the alternative

denominations in the medical literature. Med Princ

Pract 2013;22(3):295–300.

66. Harden RN, Bruehl S, Perez RS, et al. Validation of

proposed diagnostic criteria (the “Budapest

Criteria”) for complex regional pain syndrome. Pain

2010;150(2):268–74.

67. Birklein F, O’Neill D, Schlereth T. Complex regional

pain syndrome: An optimistic perspective. Neurology

2015;84(1):89–96.

S46B Antony et al.


	pnz072-TF1
	pnz072-TF2

