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The past 50 years have produced a litany of advances 
in the field of pain surgery. Our goal in this review 
is to highlight the successes and failures of this pe-

riod, and to project our expectations for future innovation 
and improvement in this subspecialty of neurosurgery.

In its most classical definition, pain is the organism’s 
sensation of tissue injury, or impending tissue injury. Of 
course, pain as experienced by our patients is a complex 
biopsychosocial phenomenon. Recognizing that this sub-
ject is far more complex than this brief review will allow, 
this paper will not attempt to delve into the complexity of 
pain from the standpoints of psychological predispositions 
or consequences, social implications, or disability. Rather, 

we will focus on the current practice of pain surgery, pri-
marily in the specialty of neurological surgery, its past, 
present, and projected future.

Chronic pain has been defined as any pain persisting 
for more than 6 months. With this as a starting point, pain 
can be further characterized as nociceptive, neuropathic, 
or cancer-related. The surgical treatment of trigeminal 
neuralgia (TN) occupies a special place in the pain sur-
gery armamentarium, and will be addressed separately.

Nociceptive pain involves activation of peripheral 
pain receptors, A-delta and C fibers. Neuropathic pain 
is a distortion of pain signaling or the nervous system’s 
processing of sensory input, including segmental (spinal 
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mesencephalotomy deserve further detailed analysis. Electrical neuromodulation is a rapidly changing discipline, and 
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cord) or suprasegmental (brainstem, subcortical, cortical) 
misrepresentation of pain in the absence of a nociceptive 
peripheral stimulus. In fact, much neuropathic pain is the 
consequence of loss of peripheral input, or more properly, 
deafferentation pain. Thus, neuropathic pain is typically 
derived from some type of injury to the peripheral or cen-
tral nervous system. Cancer pain is related to the progres-
sion of a malignancy, with both tissue injury and damage 
to the nervous system, which can produce both nocicep-
tive and neuropathic pains.

The surgical treatment of pain falls roughly into two 
types: ablative, or more properly destructive procedures, 
and neuromodulation. These two approaches to pain sur-
gery will be discussed in some detail. The surgical treat-
ment of TN incorporates principles of both ablative and 
nonablative surgery.

Destructive procedures for pain control represent the 
beginnings of pain surgery, and represent some of the 
most established and traditional procedures in the spe-
cialty of neurological surgery. Over the course of the last 
50 years, the practice of destructive procedures has given 
way to the concept of neuromodulation;92,93 that is, proce-
dures that were usually both testable and reversible, and 
that took advantage of the neurophysiology of the pain de-
tection and reaction systems, manipulating both electrical 
and neurochemical signaling.

Space does not allow a comprehensive discussion of 
nonsurgical pain therapy. However, it is worth noting that 
while medical therapy, primarily using strong opiates, for 
nociceptive pain is often initially very effective, no specif-
ic or highly effective drugs exist for the treatment of neu-
ropathic pain. The medical treatment of neuropathic pains 
has been dominated by the use of “borrowed” drugs, such 
as anticonvulsants and antidepressants, which mitigated 
neuropathic pain at the expense of significant side effects. 
Thus, surgical treatment of pain is very often targeted at 
pains of neuropathic origin.

We will address the current state of surgical pain man-
agement in two sections: ablative surgery and neuromodu-
lation. Ablative surgery will be further divided into three 
topics: noncancer pain, TN, and cancer-related pain. Our 
neuromodulation discussion will deal predominantly with 
neuropathic pain.

Ablative Surgery
Noncancer Pain

Ablative, or more properly destructive, procedures for 
noncancer (i.e., nonmalignant) pain represent the founda-
tion for much of pain surgery. The litany of these proce-
dures includes cingulotomy, thalamotomy, hypophysec-
tomy, mesencephalotomy, tractotomy, cordotomy, dorsal 
root entry zone (DREZ) lesions, midline myelotomy, 
dorsal rhizotomy, ganglionectomy, sympathectomy, and 
neurotomy. We will subsequently discuss the case for cor-
dotomy for cancer pain later in this review. However, with 
few exceptions, the literature on these ablative procedures 
is limited to class III cases series. Somewhat higher quality 
evidence does exist supporting radiofrequency (RF) rhi-
zotomies for different pain origins, including lumbar facet 
syndrome, cervical facet pain, and type 1 (classical) TN. 

Despite a long history of use in neurosurgery, the evidence 
supporting destructive procedures for “benign” pain con-
ditions remains very limited.16

Medial Thalamotomy
The evidence for medial thalamotomy remains class 

III, and it is not a common procedure in pain surgery prac-
tice. Despite this, some centers continue to publish case 
series that appear to show some patient benefit.47

Roberts and Pouratian have done a systematic review 
of the role of SRS for the treatment of chronic intractable 
pain, and concluded that both thalamic and pituitary SRS 
may be effective for select patients with chronic pain, al-
though most studies reviewed did not fulfill modern evi-
dentiary requirements, and were completed before neuro-
modulatory and intrathecal therapies came into common 
use.97

Menon74 has likewise recently provided a historical re-
view of intracranial ablative procedures for the treatment 
of chronic pain, including thalamotomy, mesencephalic 
tractotomy (mesencephalotomy), and anterior cingulot-
omy, and concluded that continued clinical investigation 
was necessary.

DREZ Lesions
In his original descriptions of DREZ lesions for neuro-

pathic pain, Sindou discovered what is arguably one of the 
most important procedures in pain surgery.101 The results 
of DREZ lesions, particularly for pain related to brachial 
and lumbosacral plexus avulsion, have withstood the test 
of time as an effective ablative procedure for pain control. 
In most cases of neuropathic pain, the putative pain gen-
erator is unknown, and may, in fact, represent a system 
change in the segmental and suprasegmental matrix that 
produces pain perception invoking action, emotion, and 
memory. In the case of plexus avulsion, the generator ap-
pears to be in the region of the nucleus proprius (lamina 
IV–V) of the dorsal horn, the locus of so-called “wide 
dynamic range” neurons that signal both nonpainful and 
painful input to the CNS and appear to become hyper-
active after root avulsion. Dorsal nerve root avulsions 
take with them the superficial layers of the spinal cord, 
including Lissauer’s tract, lamina I (marginal), and layers 
II–III (substantia gelatinosa), which damages the input of 
both the enkephalinergic and other inhibitory circuitry 
and their influences on deeper layers of the dorsal horn. 
Ablation of the nucleus proprius as a consequence of the 
DREZ procedure produces effective and durable pain re-
lief.29 Long-term outcome with DREZ lesions can also be 
correlated with preoperative MRI.59 Trigeminal nucleus 
caudalis DREZ operations may also be effective in the 
treatment of intractable facial pain syndromes related to 
deafferentation.49

Dorsal Rhizotomy
Since the seminal paper by Loeser,67 little further 

meaningful publication has occurred in the neurosurgical 
literature on dorsal rhizotomy for pain control. What cur-
rent literature that does exist on this topic derives from the 
effects of selective dorsal rhizotomy for spasticity and the 
pain control that can be achieved in addition to the prin-
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cipal improvements on tone and mobility after this pro-
cedure.19,81,82,108 There is little contemporary evidence that 
would support dorsal rhizotomy as a means to produce 
relief of chronic pain, and its use for this indication has 
virtually disappeared.

Dorsal Root Ganglionectomy
Theoretically, dorsal root ganglionectomy (DRGecto-

my) should have an advantage over neurotomy because the 
primary afferent cell bodies are removed, thus prevent-
ing peripheral sensory axonal regeneration, eliminating 
ventral root afferents with cell somata in the dorsal root 
ganglion (DRG),18 and spontaneous nociceptive activity 
from the DRG cell bodies themselves.14,117 Although early 
studies highlighted lumbar DRGectomy for failed back 
surgery syndrome,107 5-year follow-up results were disap-
pointing.78 Results in the thoracic region have also shown 
a tendency to pain recurrence, even in dermatomes that 
were not involved initially.119

Most recently DRGectomy has focused on occipital 
neuralgia, extirpating the C2 and C3 DRG. However, care-
ful survival analysis (Kaplan-Meier) of the results reveals 
a slow decline in pain relief from the time of surgery over 
several years.1 More recent data have largely ratified these 
conclusions, with steady recurrence of pain through 2 
years of follow-up,83 with neuromodulation being a better 
initial option in occipital neuralgia.54

A recent systematic review of current DRG therapeu-
tics, including DRGectomy, concluded that only poor evi-
dence exists regarding current therapeutic techniques, but 
that neuromodulatory or pharmacological strategies were 
“on the horizon.” Again, the authors concluded that more 
prospective studies are required.85

Neurotomy and Neuroma Excision
The techniques for neurotomy, neurolysis, and neurec-

tomy have been described in the neurosurgical canon.65 
In fact, the published literature is rife with case series of 
neurolytic procedures directed at a multiplicity of disor-
ders, in many surgical subspecialties. If the number of 
published studies is any indication, neurosurgical inter-
est in this field is rather low.15 Overall, systematic reviews 
of prospective studies with defined treatment protocols 
on the topic are relatively rare. It would be difficult to do 
justice to this literature within the scope of the current 
review, but several studies can serve as exemplars, both of 
RF and surgical neurotomy.

In one recent review of the therapeutic effectiveness of 
cervical facet joint interventions, the authors concluded 
that the evidence for cervical RF neurotomy is only fair.32 
A meta-analysis of randomized controlled trials conclud-
ed that conventional RF denervation of the lumbar facets 
resulted in significant 12-month reductions in low-back 
pain in patients showing the best response to diagnostic 
nerve block when compared with sham procedures or epi-
dural nerve blocks. Although the results were statistically 
significant, the lower end of the pain scores for the treat-
ment group encompassed the minimal clinically impor-
tant difference, indicating that the pain relief was modest, 
even over this relatively short follow-up period.62 A criti-
cal review of the American Pain Society’s clinical practice 

guidelines for interventional techniques found only fair 
support for neurotomy for pain relief. For RF neurotomy, 
4 of the 5 studies that met their criteria were positive for 
short-term relief whereas for long-term relief only 1 of 2 
studies was shown to be positive.70 A more recent review 
found somewhat more favorable results, although follow-
up criteria were limited to 1 year.30

Surgical neurotomy for pain relief continues to be re-
ported in specialty journals, mostly in retrospective, sin-
gle-center experiences. For example, the efficacy of retro-
peritoneal “triple neurectomy” for refractory neuropathic 
inguinodynia has been reported effective “with durable 
efficacy” from 90 days to 3 years. Although the outcome 
of this study was favorable, the follow-up was selective, 
and not well documented by contemporary standards.76 
Retrospective neurosurgical studies of this problem have 
shown modest long-term benefit for ilioinguinal and 
genitofemoral neurectomy for postherniorrhaphy chronic 
pain.123 Excision of neuromas can improve patient-report-
ed pain, depression, and quality of life,26 although some 
authors have indicated that simple neuroma excision has 
the highest incidence of recurrent pain, compared to other 
peripheral nerve surgical techniques.38

Cancer Pain
Considering that approximately one-third of patients 

with end-stage cancer have medically intractable pain, 
and fear of pain exceeds fear of death in many cancer 
patients, surgical management of cancer pain should be a 
high priority.90 Procedures are available to help these pa-
tients, and at least in the case of cordotomy, the current 
evidence would favor a greater role for neurosurgery in 
these patients.

Cingulotomy/Pulvinotomy
Viswanathan et al.116 has recently reviewed cingulotomy 

for medically refractory cancer pain and concluded that 
for patients with cancer pain with diffuse pain syndromes, 
head and neck malignancies, and significant emotional 
distress, cingulotomy may be a safe treatment option with 
minimal cognitive changes.

Hypophysectomy
With the advent of neuromodulatory approaches to 

pain, particularly intrathecal opiate administration, the 
use of hypophysectomy for control of cancer pain has 
largely fallen out of favor. Despite this, prior reviews of 
surgical and chemical hypophysectomy have shown com-
parable results, ranging from 70% to 75% successful pain 
reduction. The mechanism or mechanisms by which hy-
pophysectomy produces relief from cancer pain have yet 
to be elucidated, and does not appear to be related to post-
radiation pituitary hormone levels.87 A more recent review 
of stereotactic radiosurgery (SRS) for pituitary ablation 
showed an initial success rate of 87%, when was defined 
as a greater than 50% reduction in pain ratings.97 Hypoph-
ysectomy for cancer pain control, particularly using SRS, 
is another example of a procedure that has largely been 
abandoned, but one that has some intriguing support in 
the literature.
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Mesencephalotomy
Stereotactic mesencephalotomy is a destructive proce-

dure that disrupts the pain pathways (spinothalamic and 
trigeminothalamic tracts) at the midbrain level to treat 
medically refractory, nociceptive, contralateral cancer 
pain, particularly unilateral pain in the head and neck, in 
patients with a predicted longevity of 6 months or less. 
Although reported as a treatment for both cancer and neu-
ropathic pain,3 recent results for noncancer pain have been 
disappointing.11 Its use has fallen out of favor, although the 
procedure may still have merit because it avoids complex 
neuromodulation procedures and may reduce the patient’s 
dependency on opiate analgesics for pain control.45,55 A 
stereotactic lesion can be placed in the midbrain at the 
level of the inferior colliculus by direct MRI targeting, 
halfway between the lateral edge of the aqueduct and the 
lateral border of the midbrain, to disrupt the spinothalam-
ic and trigeminothalamic pathways.45

Cordotomy, Tractotomy, and Myelotomy
We have recently reviewed the use of anterolateral cor-

dotomy for cancer pain control.91 Historically, destructive 
procedures for cancer pain were the main form of neuro-
surgical pain treatment. As is the case for mesencepha-
lotomy, the use of high-dose opioids for control of cancer 
pain has essentially replaced destructive procedures. How-
ever, as the limits of medical therapy to treat cancer pain 
are being increasingly recognized, particularly in regions 
with limited access to pain medications, the interest in de-
structive surgical techniques for pain control is growing.

In our review, we identified 47 papers that included 
3601 patients treated by cordotomy.91 Many reported more 
than 200 patients, with follow-up exceeding 6 months. The 
most recent cordotomy literature originated outside the 
US where the economic environment fostered the readop-
tion of ablation procedures.50,89 Cordotomy in particular 
was the most extensively studied and reviewed procedure. 
Given the large number of patients studied, consistent re-
sults, and multiplicity of reports, cumulative evidence sug-
gests that cordotomy may play an important role in the 
treatment of cancer pain, even though evidence quality for 
individual studies was relatively low.

Kanpolat et al. revolutionized the methods by which 
destructive spinal cord ablative procedures were per-
formed and demonstrated higher safety and efficacy us-
ing image guidance.50 This surgical approach makes the 
implementation of cordotomy in the 21st century much 
more accessible to a generation of neurosurgeons who 
are comfortable with image-guided surgery, but who have 
not yet been trained in this particular procedure.89 Other 
similar image-guided procedures can be performed in the 
lower brainstem and upper cervical spinal cord to disrupt 
the trigeminal tract and nucleus in cases of intractable tri-
geminal neuropathic pain (TNP).112 Midline myelotomy77 
may also fall into the category of destructive spinal cord 
procedures that may be selectively used in patients with 
intractable pelvic pain due to malignancy, although the 
data for this procedure is very limited.

Sympathectomy
Sympathectomy and related procedures (splanchni-

cectomy, celiac plexus block) appear to have a potential 
role in reducing visceral pain, primarily from pancreatic 
cancer.4,10,25,28,71 A recent Cochrane analysis of the use of 
cervicothoracic or lumbar sympathectomy for neuropathic 
pain and complex regional pain syndrome (CRPS) con-
cluded that the existing data are insufficient to support 
a recommendation with regard to sympathectomy for 
these pain conditions.104 There is essentially no modern 
neurosurgical literature on this topic, and procedures that 
appear to be effective are generally performed either by 
anesthesiologists (celiac plexus block), or either thoracic 
or general surgeons (splanchnicectomy, sympathectomy).

Neuromodulation
Neuromodulation currently occupies the lead position 

in the armamentarium of surgery for chronic pain. It is 
estimated that 34,000 spinal cord stimulation (SCS) pro-
cedures are performed annually worldwide.112 The current 
neuromodulatory approaches used for pain management 
are either pharmacological, utilizing intrathecal pumps 
to directly administer medications into the CSF space, 
or electrical, utilizing electrical stimulation to modulate 
various targets of the nervous system such as peripheral 
nerves, dorsal root ganglia, spinal cord, and brain. The 
main indication for neuromodulation is chronic pain not 
due to malignancy. The main neuromodulatory approach 
utilized for cancer-related pain is intrathecal opioids. The 
use of SCS in cancer-related pain is fairly limited, if it is 
used at all for this indication.

Pharmacological Neuromodulation
Intrathecal Opiates

Yaksh and Rudy demonstrated the efficacy of intrathe-
cal opioids in alleviating pain in rats.121 This discovery 
opened the door for intrathecal opioid use, which tempo-
rally coincided with a period of more liberal use of oral 
opioids. Intrathecal use of opioids allows the use of highly 
potent doses with minimal systemic side effects.56,110 The 
most common use of intrathecal opioids in humans re-
mains nociceptive pain due to cancer, or nociceptive pain 
due to “mechanical” spinal disorders. Despite demonstrat-
ed efficacy in animals, evidence that neuropathic pain re-
sponds to intrathecal opiates is limited.122 Axial back pain 
is more likely to respond favorably to intrathecal opioids 
than does neuropathic leg pain.

The chronic administration of opioids via the intrathe-
cal space requires a pump with a reservoir that is powered 
by a micromotor. Currently, there are several commercial 
catheters and pumps, including programmable as well as 
constant rate pumps. The use of intrathecal opioids re-
quires a trial phase much the same way as SCS. This trial 
period allows for identification of the effective intrathecal 
agent and the effective dose. Pump implantation is typi-
cally performed under general anesthesia but can be per-
formed using local anesthesia, particularly in patients with 
tenuous medical conditions such as late-stage cancer. Pa-
tients using intrathecal opioid administration devices need 
to have their pump reservoirs refilled at intervals related to 
concentration of medication used, reservoir capacity, and 
daily effective dose.93
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Nonopioid medications have also been used through 
the intrathecal route. These agents putatively avoid the is-
sues of tolerance to opiates (which occurs with intrathecal 
use) and side effects of intrathecal opioids such as con-
stipation, nausea, lethargy, pruritis, diaphoresis, mental 
status changes, urinary retention, and peripheral edema.5 
Several agents have been used for intrathecal administra-
tion for pain, including clonidine, octreotide, ziconotide, 
N-methyl-d-aspartate antagonists such as dextromethor-
phan, MH-801, benzodiazepines, nitric oxide synthetase 
inhibitors, bioactive implants, tricyclic antidepressants, 
and liposomal encapsulation of local anesthetics and lido-
caine.34 Of these, currently only clonidine and ziconotide 
are used with any frequency.

Intracerebroventricular Opioids
The use of intracerebroventricular opiates was origi-

nally reported by Leavens and colleagues61 based on ear-
lier evidence that direct administration of opiates to the 
ventricle could produce analgesia.6 However, intracere-
broventricular opiate administration is becoming increas-
ingly rare and is now utilized almost exclusively for other-
wise intractable end-stage cancer pain of the craniofacial 
region.86

Electrical Neuromodulation
Spinal Cord Stimulation

The use of SCS was introduced by Shealy et al.100 al-
most immediately following the publication of the gate 
theory of pain by Melzack and Wall in 1965;73 interest-
ingly, its FDA approval was only obtained in 1989 for 
treatment of chronic pain. The mechanism of action of 
SCS remains incompletely understood, but SCS is known 
to suppress hyperexcitability of the wide dynamic range 
neurons in the dorsal horn118 and to lead to inhibition of 
other lamina III–IV in the dorsal horn.27

The first generations of SCS systems consisted of uni-
polar electrodes and a pulse generator/power source that 
was external and connected transcutaneously by induction 
through an antenna to the permanently implanted system. 
Although the original application of SCS was via elec-
trodes implanted directly on the dorsal spinal cord, so-
called dorsal column stimulation, problems with infection 
and CSF leakage with this method led to screening pro-
cedures using epidural stimulating electrodes. It was soon 
realized that epidural SCS produced effective pain relief, 
so dorsal column stimulation was abandoned. Frequencies 
of SCS were determined by the treating physician, or pa-
tient, based on effectiveness and comfort, and were typi-
cally in the range of tens of Hertz. Patients could control 
the amplitude of stimulation, which caused paresthesias, 
ideally overlapping the painful area. Trial stimulation was 
conducted over days to determine candidacy for a perma-
nent implant.

Currently, epidural trial electrode positioning is per-
formed in the operating room under local anesthesia to 
determine the optimal placement of the electrodes by pro-
ducing paresthesia in the area of pain, avoiding untoward 
effects such as motor stimulation or sensory stimulation 
outside of the region of pain. Permanent electrode implan-

tation can be performed under local or general anesthe-
sia.93

Multiple studies of SCS have been performed to exam-
ine the short- and long-term efficacies of the therapy. To 
a large degree, the use of SCS for pain control was origi-
nally based on class III case series, although some pro-
spective randomized trials have been conducted.60 While 
the bulk of the past evidence would not be acceptable by 
contemporary evidentiary standards, it suggested that 
SCS was effective and safe for the treatment of various 
types of pain. Neuropathic pain, in particular, remains its 
chief indication due to its intractability to other medical 
and surgical therapies, and its relative responsiveness to 
neurostimulation. Leg pain following lumbar spine sur-
gery is currently the main indication for SCS. Axial back 
pain may also respond, but is less durable over the long 
term. More recent randomized controlled trials and sys-
tematic reviews have demonstrated more substantial evi-
dence supporting the use of SCS for chronic neuropathic 
pain, particularly pain of spinal origin.37 CRPS, peripheral 
neuropathic pain, vascular insufficiency pain, and anginal 
pain are among the other types of pain that have respond-
ed to SCS.53,79

In the past few years, SCS has evolved by way of new 
targets, higher frequencies of stimulation, and innovative 
pulse waveforms and patterns. These developments have 
renewed interest in SCS, and have restored the discussion 
on targeting different types of pain with these new tech-
nologies. For example, the Senza HF10 trial suggested that 
high-frequency 10-Hz SCS was superior to conventional 
lower-frequency SCS for control of pain due to failed back 
surgery syndrome, including back and leg pain with a 
stronger effect on back pain. These results continued to 
hold true at 24 months.51,52 Other randomized controlled 
trials have not demonstrated the superiority of high-fre-
quency over conventional SCS.20

De Ridder et al.21 has introduced the concept of “burst” 
spinal cord stimulation. The particular pattern used is 500-
Hz noncharge-balanced bursts nested in 40-Hz cycles. 
Burst stimulation has been postulated to activate both the 
medial (“protopathic” or paleospinothalamic) as well as 
the lateral (“epicritic” or neospinothalamic) pain pathways 
with a particular effect on the affective (medial) pain path-
ways, as demonstrated by quantitative electroencephalog-
raphy measurements and by profile of mood states assess-
ment.21,22 The SUNBURST trial demonstrated superiority 
of burst spinal cord stimulation over conventional spinal 
cord stimulation for treatment of back and limb pain.23

DRG stimulation (DRGS) is another new addition to 
the spectrum of SCS. DRGS provides an alternative for 
stimulation for CRPS types 1 and 2 and conditions with 
peripheral nerve injury leading to neuropathic pain. The 
pivotal FDA trial of DRGS showed superiority of DRGS 
over SCS despite very good pain relief by SCS compared 
to previous SCS trials in CRPS (55%).24 “Closed loop” 
SCS had been recently tested with promising results. The 
stimulation system maintains a therapeutic range that 
maximizes the recruitment of dorsal column neurons 
involved in pain processing by using evoked compound 
action potential as a biomarker that is measured continu-
ously.98
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Clearly SCS is going through a period of change and 
innovation. Whether these newer methods will or will not 
become fixtures in the therapy will be established over 
time by continued testing and outcomes analysis.

Motor Cortex Stimulation
Initially, motor cortex stimulation (MCS) was consid-

ered a solution to difficult central pain problems. Tsuboka-
wa and his colleagues first introduced MCS for treatment 
of pain, after the realization that postcentral stimulation 
was ineffective and, in some instances, exacerbated the 
pain.114,115 MCS does appear to increase blood flow to the 
ipsilateral thalamus, cingulate gyrus, orbitofrontal cortex, 
insula, and brainstem.35,36

Several pain syndromes have been treated by MCS, all 
variants of central pain syndromes such as thalamic pain 
and Wallenberg syndrome. TNP was one of the initial and 
most promising indications for MCS given the size of fa-
cial representation in the motor cortex.12 Unfortunately, 
MCS did not stand the test of time and has not been shown 
to be effective in the long term. Our group showed that 
MCS for neuropathic facial pain was only effective in 
37.5% of patients with only a moderate treatment effect.94 
Sachs and colleagues99 subsequently reported that only 
1 of 14 patients experienced sustained meaningful relief 
from a variety of conditions, including TNP, poststroke 
pain, phantom limb pain, spinal cord arteriovenous mal-
formation, brainstem cavernoma, and facial hemangio-
pericytoma. Additionally, MCS is not currently covered by 
insurance or Medicare in the US. This fact, and its lack of 
proven efficacy, has led to its virtual disappearance in US 
pain surgery practice.

Deep Brain Stimulation
Deep brain stimulation (DBS) for pain was the first 

application of multicontact stimulation electrode arrays, 
and preceded the main present use of DBS for movement 
disorder surgery. Pool reported the analgesic effect of 
septal stimulation during awake psychosurgery,84 and sub-
sequently Mazars et al.72 reported the analgesic effect of 
thalamic stimulation. DBS for pain remained largely un-
examined until the 1970s, when based on the phenomenon 
of “stimulus produced analgesia” in experimental animals, 
periaqueductal gray (PAG) and later periventricular gray 
(PVG) stimulation was applied to humans.43,44,95,96 Other 
targets for DBS were tried, and results were reported as 
small case series. The heterogeneity of targets, variations 
in indications for DBS for pain, and poor study designs 
resulted in an unconvincing argument for DBS for pain, 
one that would not stand up to current standards of evi-
dence. This was further amplified by the small number of 
total patients treated. A prospective trial for DBS for pain 
was aborted due to lack of enrollment, and the FDA, then 
in its expanded role of regulating devices in addition to 
drugs, did not grant approval.17 DBS for pain is currently 
not generally a technology covered by insurance carriers 
or Medicare in the US.

Despite this history, investigators have continued to ex-
amine the potential of DBS for pain. One group has in-
troduced the concept of combining thalamic stimulation 
and PAG/PVG in the same patient for poststroke pain.80 

They have reported the long-term outcomes of DBS for 
neuropathic pain in 59 patients who either received PAG/
PVG stimulation, thalamic stimulation, or both. Thirty-
nine (66%) of their 59 subjects demonstrated some benefit 
initially, and 15 patients demonstrated greater than 30% 
improvement in the visual analog scale, McGill pain ques-
tionnaire, SF-36, and EQ-5D at 42 months.7 Despite these 
seemingly encouraging results, these investigators went on 
to evaluate the efficacy of anterior cingulate cortex stim-
ulation and showed results that were superior to thalamic 
and PAG/PVG stimulation for treatment of neuropathic 
pain.8,9

Cluster headache is a unique problem that had been 
treated with some preliminary success using hypothalam-
ic stimulation. Initial case reports33,64 were promising, and 
these have been refined by analysis of optimized hypotha-
lamic sites for stimulation.2 Thus far, hypothalamic DBS 
for cluster headache has not been subjected to a larger 
prospective series with appropriate controls, but probably 
warrants further study.

A more recent and well-designed randomized con-
trolled trial for DBS of the ventral striatum/anterior limb 
of the internal capsule in patients with poststroke pain has 
been conducted. This study failed to achieve its primary 
outcome goal, which was ≥ 50% improvement of a pain/
disability index in 50% of the patients with active DBS 
when compared to sham stimulation. However, they did 
note a significant difference in the affective sphere of pain 
with active ventral striatum/anterior limb of the internal 
capsule.63 While the ultimate future of DBS for pain re-
mains in question, it is clear that it has no current evidence-
based indication.

Peripheral Nerve Stimulation
Peripheral nerve stimulation (PNS) is a historic appli-

cation of neurostimulation to treat chronic pain. As with 
much of neuromodulation, the evidence base for this tech-
nology is not very substantial. Of all PNS indications, per-
haps occipital nerve stimulation (ONS) for “occipital neu-
ralgia” is most common,120 with trigeminal nerve branch 
stimulation being a close second.48

The Congress of Neurological Surgeons has sponsored 
a guidelines document examining ONS for the treatment 
of medically refractory occipital neuralgia. There were 9 
studies meeting the inclusion criteria and included in these 
guidelines. The systematic literature review concluded 
that at best, only a level III recommendation for ONS in 
the treatment of occipital neuralgia could be made, and 
therefore it is an “option.”105 Several studies have exam-
ined peripheral trigeminal nerve stimulation for trigemi-
nal neuropathic pain with variable degrees of success. It 
is an option for TNP, particularly for V1 neuropathic pain. 
The use of ONS and peripheral trigeminal stimulation re-
main limited by the lack of evidence for long-term efficacy 
in well-designed studies.102,103

Trigeminal Neuralgia
The surgical treatment of TN holds a special place in 

the surgical management of pain. Primarily, this is due 
to the relative clarity of this diagnosis and the numerous 
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effective medical and surgical therapies for this disorder. 
Diagnosis is the primary step in the management of fa-
cial pain. Fifteen years ago, one of us (K.J.B.) proposed 
a new classification for facial pain.13 This system has be-
come an acceptable alternative to more complex classifi-
cation schemes41 and has produced a significant body of 
outcomes research results.

It appears that higher-grade neurovascular compression 
(NVC) plays a major role in the development of TN, par-
ticularly in older patients.46,68 Although the literature sug-
gests that the theoretical support for a vascular compres-
sive etiology for TN is weak, the surgical outcome data 
are relatively convincing.111 It now appears that younger 
patients, particularly females, may develop classical type 1 
TN (TN1) in the absence of any NVC.57 Contrary to neu-
rological dictum, at the time of diagnosis these younger 
women do not have, nor do they go on to develop, multiple 
sclerosis.69 We believe that this entity, TN without NVC, 
may be a separate disorder requiring different modalities 
of surgical therapy.58 Preoperative imaging now plays a 
major role in the diagnosis and management of all patients 
with TN1 because the approach to surgery in TN patients 
with and without NVC are different.75

We have now demonstrated that the size of the posterior 
fossa seems to have a striking impact on the development 
of TN1 in males and females.40 We have also recently re-
ported that knowledge of only two parameters prior to sur-
gery, i.e., the diagnosis of TN1 and the grade of NVC (I–
III), can accurately predict the pain-free outcome and du-
rability of microvascular decompression postoperatively.39

In general, most pains that are the consequence of 
nervous system injury (peripheral or central) are not im-
proved by further injury to the nervous system, and may, in 
fact, worsen. TN is, broadly speaking, a neuropathic pain, 
because it seems to derive from pathology in the trigemi-
nal ganglion or retrogasserian root. In this sense, TN is 
unique in that it responds to ablative procedures such as 
peripheral neurectomy, RF rhizotomy, glycerol rhizolysis, 
balloon compression, retrogasserian internal neurolysis/
rhizotomy, and SRS. With the possible exception of DREZ 
lesions for deafferentation pain, TN may be the only ma-
jor neuropathic pain that reliably responds favorably to a 
destructive procedure. Our suspicion is that damage to the 
afferent system simply interferes with the sensory stimulus 
that triggers the onset of TN, consistent with disruption 
of a fundamental feature of the “ignition hypothesis” for 
TN.88 Of note, some rarer conditions such as glossopha-
ryngeal neuralgia and intermedius (geniculate) neuralgia 
may also respond well to destructive procedures.42,109

The Future of Pain Surgery
The future of pain surgery will be influenced by new 

technologies that promise not just palliation, but actual 
restoration. The following two cases will serve to exem-
plify this trend.

Genomics and Gene Therapy
Our hope is that a study of full genome sequencing in 

patients with TN1, currently underway, will yield an an-
swer to the question of which genes predispose individuals 

to develop TN. Discovery in this area may lead to the iden-
tification of new, or possibly overlooked, pharmacological 
agents that will be effective for controlling TN with mini-
mal side effects. TN may also represent the ideal target for 
gene therapy, since the primary sensory ganglion is percu-
taneously accessible, affording access for the introduction 
of attenuated viral vectors that can deliver and incorporate 
restorative genetic sequences, using CRISPR technology 
or other modalities, into the ganglionic somata.

Dorsal Horn Restoration
Over the past few decades, tissue transplantation for 

restoration of function in the nervous system has a long, 
and not very successful, history. However, a new genera-
tion of implants may be changing that record of failure. 
Basbaum and colleagues have now produced a series of 
reports demonstrating that spinal cord transplants of 
embryonic cortical GABAergic interneuron progenitors 
from the medial ganglionic eminence can overcome the 
mechanical hypersensitivity produced in different neuro-
pathic pain models in adult mice. These medial ganglionic 
eminence cells integrate into the spinal cord circuitry and 
form GABA-A inhibitory synapses with the host, and pre-
vent the development of nerve-injury induced mechanical 
hypersensitivity by synaptic release of GABA.31,66 If these 
experimental results can be exported to humans, this will 
represent perhaps the first truly restorative treatment for 
neuropathic pain.

Concluding Remarks
Pain surgery, like much in the practice of neurological 

surgery, suffers from a relative lack of a strong evidence 
base. Acquiring this evidence continues to be the task at 
hand. Corporate sponsorship of outcomes research raises 
the issue of inherent bias, and while there are methods and 
strategies to eliminate bias in studies of implantable tech-
nologies, it is hard to imagine that a company will spon-
sor research that fundamentally threatens the viability of 
their products. In contrast, studies on ablative procedures 
have no obvious sponsors, other than NIH, other granting 
agencies, or private foundations. Grant support for clinical 
studies remains a challenge, albeit not an insurmountable 
one. Future investigators should take heart that small, well-
conducted studies can make a large difference in practice.

Combining the efforts of multiple centers is one po-
tential strategy that could mitigate the costs of pain sur-
gery research on individual centers or investigators, and 
ultimately could improve study design. Tasker106 has aptly 
argued that meaningful comparisons between the work of 
different centers in the area of pain surgery will only be 
possible when the following guidelines of evidence-based 
practice are adopted: 1) all patients in the reported series 
have a uniform diagnosis; 2) all patients receive the same 
treatment; 3) other treatment modalities, particularly the 
use of narcotics, must be uniformly handled throughout 
the group; 4) preoperative and postoperative pain assess-
ment must be performed on multiple occasions over a suf-
ficiently long follow-up by disinterested and ideally blind-
ed observers; and 5) when a particular therapy emerges 
as superior under such scrutiny, in then must be assessed 
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in multiple centers to allow a consensus statement, such 
as that for modulatory surgery. Only when these criteria 
are met will we be sure of the relative efficacy of different 
treatments.

While Tasker’s comments were originally directed at 
the interpretation of the published results of medial thala-
motomy for pain, they represent the standard for the evalu-
ation of the entirety of pain surgery. These exhortations, 
from someone whom many of us regard as the most highly 
respected functional neurosurgeon of our time, should be 
guideposts for our future explorations of novel surgical ap-
proaches to the treatment of pain.
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