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-BACKGROUND: The role for nucleus caudalis (NC) and
spinal dorsal root entry zone (DREZ) lesioning in the man-
agement of chronic pain emanating from increased elec-
trical activity in the dorsal horn of the spinal cord and
brainstem remains largely uncharted.

-METHODS: All patients who underwent NC and spinal
DREZ lesioning by a single surgeon were identified and
follow-up was obtained by telephone questionnaires. Pa-
tient demographics, surgical details, outcomes, and com-
plications were critically reviewed for all patients
identified.

-RESULTS: Of 83 patients identified, 53 (63.9%) were
male. Indications for NC DREZ lesioning included trigemi-
nal neuropathic pain (6), trigeminal deafferentation pain (3),
glossopharyngeal or occipital neuralgia (3), post-herpetic
neuralgia (3), and trauma (1); for spinal DREZ lesioning,
indications included brachial plexus avulsion (20), post-
herpetic neuralgia (19), spinal cord injury (11), phantom
limb pain (8), pelvic pain (5), and complex regional pain
syndrome (4). Pain relief was most significant among pa-
tients with trigeminal pain, traumatic brachial plexus
avulsion injuries, spinal cord injury, and traumatic phantom
limb pain. Mean pain reduction averaged 58.3% at a mean
follow-up of 8.3 years. Complications included 3 cases of
paresis, 3 cases of neuropathy/radiculopathy, 2 cases of

ataxia, 3 general medical conditions (colitis, 2; atelectasis,
1), and 2 cases of persistent incisional site pain. Pain relief
lasted an average of 4.3 years.

-CONCLUSIONS: Spinal and NC DREZ lesioning can
provide effective relief in well-selected patients with
intractable chronic pain conditions arising from trigeminal
pain, spinal cord injury, brachial plexus avulsions, post-
herpetic neuralgia, and phantom limb pain.

INTRODUCTION

Over 100 million adults in the United States are estimated
to have chronic pain conditions (6, 7). Their causes are
numerous and include injuries, chronic disease (such as

cancer, diabetes), peripheral and/or autonomic nerve disorders
(such as complex regional pain syndrome [CRPS]), as well as
primary pain disorders (such as neuropathic pain and fibromyal-
gia) (8, 36). Various medical and surgical modalities have been
used in the treatment of these disorders including structural and
ablative operations, pharmacotherapy, and physical therapy (6).
Dorsal root entry zone (DREZ) operations were introduced in
1972 by Sindou; the DREZ is ablated via radiofrequency
thermocoagulation, eliminating the spontaneous electrical
activity (hyperactivity and ectopic discharges) arising from

Key words
- Chronic pain
- Dorsal root entry zone
- DREZ
- Efficacy
- Neuromodulation
- Nucleus caudalis
- Spinal

Abbreviations and Acronyms
BPA: Brachial plexus avulsion
DREZ: Dorsal root entry zone
GN: Glossopharyngeal neuralgia
NC: Nucleus caudalis
ON: Occipital neuralgia
PHN: Post-herpetic neuralgia
PLP: Phantom limb pain
SCI: Spinal cord injury

SSEP: Somatosensory evoked potentials
TDP: Trigeminal deafferentation pain
TNP: Trigeminal neuropathic pain
TR-NC: Tractotomy-nucleotomy

From the 1Department of Neurological Surgery, University of California, Los Angeles Health
System, Los Angeles, California; 2Department of Neurological Surgery, University of
Pittsburgh School of Medicine, Pittsburgh, Pennsylvania; and 3Department of Neurological
Surgery, University of Virginia Health System, Charlottesville, Virginia, USA

To whom correspondence should be addressed: Srinivas Chivukula, M.D.
[E-mail: schivukula@mednet.ucla.edu]

Citation: World Neurosurg. (2015) 84, 2:494-504.
http://dx.doi.org/10.1016/j.wneu.2015.04.025

Journal homepage: www.WORLDNEUROSURGERY.org

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2015 Elsevier Inc. All rights reserved.

494 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.04.025

Original Article



deafferentation, thereby relieving disabling paresthesias and
dysesthesias in a percentage of patients (9, 17, 24, 27, 36-38).
Favorable outcomes have been reported with the DREZ oper-

ation for various deafferentation pain conditions including
brachial plexus avulsion (BPA) injuries, spinal cord injuries
(SCI), post-herpetic neuralgia (PHN), sacral pain, spasticity, and
phantom limb pain (PLP) (10, 13, 15, 16, 25, 32, 34). In contrast to
standard DREZ operations, which target the dorsal horn of the
spinal cord, nucleus caudalis (NC) DREZ operations target the
spinal trigeminal nucleus pars caudalis at the cervicomedullary
junction (2, 16). NC DREZ operations were first described in the
late 1980s as a possible treatment option for certain patients with
trigeminal deafferentation pain (TDP), trigeminal neuropathic
pain (TNP), and glossopharyngeal or occipital neuralgia (GN or
ON) (23). Recent data suggest that both spinal and NC DREZ
operations may be effective in pain management, improving
most patients’ quality of life (1, 23). In this report, we review
our single-center experience with spinal and NC DREZ lesioning
operations in 83 patients and discuss their outcomes (including
extent and duration of relief) and complications. The primary
aim of this study was to review the efficacy of spinal and NC
DREZ operations in managing intractable forms of chronic pain
conditions.

METHODS

Patient Population
A Boolean search of the electronic medical record system was
conducted to identify all patients who underwent DREZ operations
at the University of Pittsburgh Medical Center by a single neuro-
surgeon (J.J.M.) between January 1991 and January 2014. Our
experience predates this period but these dates represent the
extent of archived records available at our institution. This study
was approved by the University of Pittsburgh Medical Center
institutional review board. Medical records were reviewed to
determine the patients’ diagnoses, location of pain, previous
medical/surgical treatments, surgical details, and peri- and post-
operative course. All patients who underwent either spinal or NC
DREZ operations during the period defined were included in the
current report.
The demographics of our series are outlined in Table 1. Of 83

patients included, 53 (63.9%) were male and 30 (36.1%) were
female. Sixteen of 83 patients (19.3%) underwent NC DREZ
operations for head and/or facial pain. Another 67 (80.7%)
patients underwent spinal DREZ operations for truncal and/or
extremity pain. The CRPS was type I in 1 (25.0%) of 4 patients
with the syndrome and type II in the others. For this report and
according to the classification scheme proposed by Burchiel (3),
TDP was defined as chronic facial pain secondary to destructive
procedures for trigeminal neuralgia and TNP was defined as
chronic facial pain secondary to operations involving the face
(eg, sinus surgery or temporomandibular joint reconstructive
surgery).

Surgical Procedure
Our senior neurosurgeon (J.J.M.) performed all operations with
the patient under general anesthesia, in a prone position, and in

Mayfield head pins. The head was gently flexed to facilitate
exposure of the craniocervical junction. Both upper and lower
extremity somatosensory evoked potentials (SSEP) were continu-
ously monitored after first obtaining a pre-positioning baseline
SSEP.

NC DREZ Lesioning Operation. Pain and temperature sensation
carrying trigeminal afferents bifurcate when entering the pons and
the descending trigeminal tract projects toward the medulla (20).
At the cervicomedullary junction, this tract overlies the spinal
trigeminal nucleus. The descending trigeminal tract comprises
fibers from the Vth, VIIth, IXth, and Xth cranial nerves. The
spinal trigeminal nucleus has 3 distinct subdivisions along its
rostrocaudal or pontospinal extent, including the nucleus oralis

Table 1. Patient Demographics

Demographics Value

Total number of patients 83

Males 53 (63.9)

Females 30 (36.1)

Age at surgery (years)

Mean (SD) 52.6 (14.6)

Range 21.6e81.7

Diagnosis

Head and/or facial pain 16 (19.3)

TNP 6 (7.2)

TDP 3 (3.6)

GN/ON 3 (3.6)

PHN 3 (3.6)

Trauma 1 (1.2)

Truncal and/or extremity pain 67 (80.7)

BPA 20 (24.1)

PHN 19 (22.9)

Thoracic 14 (16.9)

Cervical 5 (6.0)

SCI 11 (13.3)

Thoracic 8 (9.6)

Lumbar 3 (3.6)

PLP 8 (9.6)

Pelvic pain 5 (6.0)

CRPS I/II 4 (4.8)

All numbers within parentheses represent fractions as percentages unless otherwise
noted (as standard deviation).

SD, standard deviation; TNP, trigeminal neuropathic pain; TDP, trigeminal deafferentiation
pain; GN, glossopharyngeal neuralgia; ON, occipital neuralgia; PHN, post-herpetic
neuralgia; BPA, brachial plexus avulsion; SCI, spinal cord injury; PLP, phantom limb
pain; CRPS I/II, complex regional pain syndrome type I or II.
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located rostrally between the pons and the medulla, the nucleus
interpolaris located intermedially, and the NC located at the
medullospinal junction and extending down the C2 segment
level (23). Only the trigeminal afferents carrying sensations of
pain and temperature descend in the spinal trigeminal nucleus
and therefore destruction of the NC plays a special role in pain
relief (20, 23).
In our surgical series, a unilateral approach was used in all

cases, similar to that described previously (26-28). A midline
incision was made from the inion to the spinous process of C3 and
the ipsilateral cervical and occipital musculature dissected sub-
periosteally. A C1 hemilaminectomy was performed, along with a
suboccipital craniectomy, to allow for the ligamentum flavum
between C1 and C2 and the posterior atlanto-occipital ligament to
be removed. Next the microscope was brought in and the dura was
opened in a Y-shaped fashion with the branches of the Y above the
circular sinus, with great care taken to avoid violating the arach-
noid membrane. After carefully opening the arachnoid, the main
landmarks were identified including the posterior inferior cere-
bellar artery, the cerebellar tonsils, the C2 dorsal leaflets, fibers of
cranial nerve XI, the dentate ligament, and the obex via retraction
on the cerebellar tonsil. Next, a single line of caudalis DREZ le-
sions was made at 75!C for 20 seconds, at 1-mm intervals.
Lesioning was made with a specially designed electrode consisting
of 2 dedicated electrodes at right angles to each other to minimize
damage to the dorsal spinocerebellar tract. Electrode ENA-TC (1.2)
with a 1.2-mm lesioning tip was used for lesions below the dorsal
C1 sensory rootlets and electrode ENA-TC (2.0) with a 2.0-mm
lesioning tip was used for lesions of the NC above the C1 root-
lets. Lesioning was started directly above the C2 dorsal rootlets
and extended to approximately 5 mm above the obex. From
anatomic studies, the NC is located on a line between the cervical
dorsal roots and the rootlets of the spinal accessory nerve (26-28).
The nucleus caudalis follows the ventral curve of the roots of the
spinal accessory nerve as the nerve courses cephalad. The superior
extent of caudalis DREZ lesioning is marked by the tuber ciner-
eum, a small bulge on the lateral medulla. Bleeding from med-
ullary vessels is controlled. After thorough irrigation of the
subarachnoid space, a bovine pericardium or other dural graft was
used to close the dura. Muscle layers were approximated, and
fascia and were closed. A soft cervical collar is recommended.

Spinal DREZ Lesioning Operation. Spinal DREZ comprises the
dorsal rootlets, Lissauer tract, and the dorsal horn (23, 35-42).
Dorsal rootlets penetrate the intermediolateral sulcus with different
patterns, organizations, population, and geometric shape accord-
ing to their level from C1 to the coccygeal region (20, 23, 36, 37).
It has been estimated that 30% of primary nociceptive afferent fi-
bers whose cell bodies reside in the dorsal root ganglion enter the
ventral roots (23, 30). Afferent nociceptive fibers bifurcate or tri-
fucate rostracaudally to run for a few segments in a thin tract of
small axons before entering the dorsal horn and giving off
branches into the gray matter at different levels called the Lissauer
tract, which has the important role of modulating the signals
transmitting from afferent nociceptive fibers (23, 30, 35, 36). Within
the Lissauer tract, propriospinal fibers are arranged laterally and
nociceptive afferents are organized medially (23). Nociceptive
neuronal afferents terminate in Rexed Levels 1 to 2 and 5, and

after deafferentation neurons in these areas begin to fire like
those in an epileptogenic area and provide a suspected
neuropathologic basis of central pain (23, 35-37). The DREZ
lesioning procedure aims to destroy these hyperactive areas and
eliminate central pain (20, 23).
A midline incision was marked from the spinous process of the

vertebra one level above the intended levels ofDREZ lesioning to one
level below. For conus medullaris lesions, laminectomy can be
performed from T11 to L2. Dissection was performed along the
midline raphe to minimize bleeding. Initial descriptions of the
DREZ operation involved laminectomies but the operation may be
performed through hemi-laminectomies on the affected side
(26-28). When the latter approach is chosen, some medial facet
should also be resected to permit dural retraction and adequate
exposure of theDREZ. Thedurawas opened eccentric to the affected
side and the arachnoid was opened likewise. The microscope was
then brought into the field and the spinal cord anatomy carefully
inspected. Intact dorsal nerve roots above and below the region of
avulsion were identified first; small indentations in the DREZ mark
where avulsions occurred; these ovoid pits or indentations help to
identify the correct target for lesioning. Spinal cord atrophy is
common on the avulsed side and the spinal cord is rotated toward
the normal side (26-28). Spinal DREZ radiofrequency lesions were
made at 75!C for 15 seconds, at 1-mm intervals along the inter-
mediolateral sulcus in a caudal to rostral fashion, extending from
just cephalad to the most caudal normal dorsal rootlets to just
caudad to the most rostral normal dorsal rootlets. The lesions were
made with the Nashold thermocouple DREZ electrode (NTCD-TC;
Cosman Medical), with a 2.0-mm lesioning tip and a 0.25-mm
diameter. The electrode was penetrated sharply into the DREZ at
a depth of 2.0mm and held at a 25! angle to the dorsal nerve rootlet;
this is important because failure to achieve a 2-mm depth of pene-
tration will not allow the 75!C temperature threshold required for
the lesioning to be achieved. Following the lesioning, the dura was
sutured in a watertight fashion; paraspinal musculature was
approximated, the fascia was closed, and skin closure was per-
formed. The decision to place a drain was decided individually.
Patients were treated with intravenous opioid pain medication and
muscle relaxants to assist in pain control; a hard collar was rec-
ommended in all cervical cases.

Study Measures, Follow-Up, and Statistical Analyses
Follow-up was obtained via telephone interview questionnaires.
Information from the questionnaires pertained to the patients’
pain location, severity, treatment history, and pain reduction and
satisfaction from the DREZ operation among patients who had
undergone both spinal and NC DREZ procedures. A 10-point
numerical rating scale (similar to the Visual Analog Scale) was
used to record pain severity. Postoperative pain relief was deter-
mined at the last follow-up available, or at the time of pain
recurrence, whichever occurred earlier. Patient demographics,
surgical characteristics, and outcomes were analyzed using
descriptive statistics. The Lilliefor test was used to determine the
normality of the data; the Pearson chi-square test was used for
categorical data, the Student t-test for normally distributed data,
and its non-parametric equivalent, the Mann-Whitney U-test for
non-normally distributed data. A P value < 0.05 was considered
statistically significant. Data were collected using Microsoft Excel
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2013 (Microsoft Corp, Seattle, Washington, USA) and analyzed
using SPSS 22.0 (IBM Corp., Armonk, New York, USA).

RESULTS
The preoperative pain characteristics among patients who un-
derwent NC DREZ operations are shown in Table 2. One of
3 patients with GN also had occipital neuralgia and reported
scalp pain along a C2 dermatomal distribution; the scalp was
also involved in 1 of 3 PHN patients. Among the 3 patients with
GN, the pain involved the deep ear in all (100%) patients and
the ear canal in 2 (66.7%). Before NC DREZ lesioning, 4
patients with TNP underwent 5 microvascular decompression
operations and 1 had a previous NC DREZ operation; 1 patient
with TNP underwent placement of a trigeminal nerve stimulator
and another underwent the Frazer-Spiller trigeminal ganglionec-
tomy procedure. Two patients with TDP underwent 3 microvas-
cular decompression operations; another patient with TDP failed
trial cortical stimulation, intrathecal dilaudid pump placement,
and a glycerol rhizotomy procedure. A single patient developed
intractable chronic pain along the right V2 and V3 dermatomes
after a gunshot wound; he underwent a radiofrequency rhizotomy

as well as a later glycerol rhizotomy, before NC DREZ lesioning,
which failed to provide relief. The NC DREZ operation among
patients with TNP or TDP was performed for chronic trigeminal
distribution pain that was either refractory to other medical/sur-
gical treatment and/or believed to have a different cause from
trigeminal neuralgia, and hence classified as trigeminal deaf-
ferentation or trigeminal neuropathic pain.
Table 3 shows the preoperative pain characteristics of all

patients who underwent spinal DREZ operations. Along the
upper extremity, proximal was defined to include the arm, and
distal to include dermatomes from elbow to finger tips. In 3
patients with thoracic SCI, the pain involved the entire body
bilaterally beneath the T10 level and therefore their pain
localization was listed as other for lack of better
characterization. Most patients with BPA had undergone
exploratory surgery previously, and 4 patients underwent trial
spinal cord stimulation as well. Three patients with thoracic
PHN underwent prior dorsal ganglionectomies that failed to
provide lasting relief.
Surgical details are presented in Table 4 for those who

underwent NC DREZ operations and in Table 5 for those who
underwent spinal DREZ procedures. Among the former group,

Table 2. Preoperative Pain Characteristics Among Patients With Head and/or Facial Pain

TNP (n [ 6) TDP (n [ 3) GN/ON (n [ 3) PHN (n [ 3) Trauma (n [1)

Primary pain location

Scalp 0 0 1 (33.3) 1 (33.3) 0

Face/jaw

V1 0 0 0 1 (33.3) 0

V3 0 3 (100.0) 0 0 0

V1, V2 2 (33.3) 0 0 0 0

V2, V3 0 0 0 0 1 (100.0)

V1, V2, V3 4 (66.7) 0 0 2 (66.7) 0

Ear

Deep ear 0 0 3 (100.0) 0 0

Ear canal 0 0 2 (66.7) 0 0

Other

Laterality

Left 2 (33.3) 1 (33.3) 1 (33.3) 1 (33.3) 0

Right 4 (66.7) 1 (33.3) 2 (66.7) 2 (66.7) 1 (100.0)

Bilateral 0 1 (33.3) 0 0 0

Previous surgery

MVD 5 3 4 1 0

DREZ lesioning 1 0 0 0 0

Other 2 3 0 0 2

All numbers within parentheses represent fractions as percentages unless otherwise noted (as standard deviation).
TNP, trigeminal neuropathic pain; TDP, trigeminal deafferentiation pain; GN, glossopharyngeal neuralgia; ON, occipital neuralgia; PHN, post-herpetic neuralgia; MVD, microvascular decom-

pression; DREZ, dorsal root entry zone.
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average pain severity before the NC DREZ operation ranged
between 7.3 and 9.3 and had existed for between 1 year and
15 years at the time of the procedure. The number of DREZ
lesions in each patient varied by the dermatomes involved and
the pathologic process, averaging between 34 and 52 lesions
across all patients with head and/or facial pain. Pain reduction
across all patients in this category ranged between 43% and 70%.
Among patients who underwent spinal DREZ operations,

average pain severity before the procedure ranged between 7.8 and
9.4 on a 10-point scale. In 7 of 20 (35.0%) patients with BPA, the
pain began immediately after the inciting injury, and similarly in 1
of 8 (12.5%) patients with thoracic SCI, 2 of 3 (66.7%) patients
with lumbar SCI, 7 of 8 (87.5%) patients with PLP, 1 patient
(20.0%) with pelvic pain, and a single patient (25.0%) with CRPS
type II. Among all patients with truncal and/or extremity derma-
tome involvement, the pain was present for between 1 year and 20
years before the spinal DREZ operation. As with patients of head
and/or facial pain, the number of DREZ lesions in each patient
varied by pathology and by dermatomes involved, but on average

ranged between 38 and 118. After the DREZ operation, pain
reduction across all pathologies ranged between 29% and 71%.
Among 16 patients with head and/or facial pain, there were 5

complications as shown in Table 6. Transient complications were
arbitrarily defined as those that completely resolved within 2
postoperative weeks or by the day of discharge, whichever
occurred earlier. Satisfaction with the procedure was high
overall; 10 of 16 (62.5%) patients reported being very satisfied
with the procedure. One patient (6.3%) was extremely satisfied
and all others (n ¼ 5, 31.3%) were at least satisfied. Most
patients (n ¼ 12, 75.0%) reported improved quality of life since
the procedure. With the exception of 2 patients (one with TDP,
the other with PHN), all patients reported either a decrease in
the need for pain medications (n ¼ 11, 68.8%) or no change in
their need (n ¼ 3, 18.8%). The follow-up period ranged be-
tween 1.6 years and 22.7 years (mean, 15.7 years); at last available
follow-up, 14 of 16 (87.5%) patients reported that they would
willingly undergo the procedure again for the same amount of
pain relief.

Table 3. Preoperative Pain Characteristics Among Patients With Truncal and/or Extremity Pain

BPA
(n [ 20)

PHN Thoracic
(n [ 14)

PHN Cervical
(n [ 5)

SCI Thoracic
(n [ 8)

SCI Lumbar
(n [ 3)

PLP
(n [ 8)

Pelvic Pain
(n [ 5)

CRPS I/II
(n [ 4)

Primary pain location

Upper extremity

Proximal 3 (15.0) 0 0 0 0 2 (25.0) 0 1 (25.0)

Distal 12 (60.0) 0 0 0 0 0 0 1 (25.0)

Both 5 (25.0) 0 0 0 0 0 0 1 (25.0)

Axial

Face/neck 0 0 3 (60.0) 0 0 3 (37.5) 0 1 (25.0)

Shoulder 3 (15.0) 0 0 0 0 8 (100.0) 0 0

Chest wall 0 14 (100.0) 2 (40.0) 3 (37.5) 0 3 (37.5) 0 0

Perineal 0 0 0 2 (25.0) 0 0 4 (80.0) 0

Other 0 0 0 3 (37.5) 0 0 0 0

Lower extremity 0 0 0 0 3 (100.0) 0 1 (20.0) 0

Laterality

Left 9 (45.0) 11 (78.6) 2 (40.0) 0 1 (33.3) 4 (50.0) 0 2 (50.0)

Right 11 (55.0) 3 (21.4) 3 (60.0) 0 2 (66.7) 4 (50.0) 1 (20.0) 2 (50.0)

Bilateral 0 0 0 8 (100.0) 0 0 4 (80.0) 0

Previous surgery

BP exploration/repair 16 0 0 0 0 0 0 0

Spinal cord stimulation 4 0 0 2 0 0 0 1

Limb amputation 0 0 0 3 0 0 0 0

Spinal structural surgery 0 0 0 3 0 3 0 0

Intrathecal pump 0 0 0 5 0 0 0 0

Other 0 3 0 0 0 0 0 0

All numbers within parentheses represent fractions as percentages unless otherwise noted (as standard deviation).
BPA, brachial plexus avulsion; PHN, post-herpetic neuralgia; SCI, spinal cord injury; PLP, phantom limb pain; CRPS I/II, complex regional pain syndrome type I or II; BP, brachial plexus.
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Complications among patients who underwent spinal DREZ
operations, as shown in Table 7, included the following: paresis (n¼
3), postoperative neuropathy (n¼ 1), colitis (n¼ 1), atelectasis (n¼
1), postoperative incision site pain (n¼ 2). All cases of paresis were
transient, as was the neuropathy. Outcomes among patients who
underwent spinal DREZ operations were similarly favorable, as
shown in Table 7. In all, 34 of 67 (50.7%) patients reported
improved quality of life with the procedure; 14 (20.9%) patients
were extremely satisfied with their level of pain relief, 27 (40.3%)
were very satisfied, and all others (38.8%) were at least satisfied.
With the exception of a single patient with BPA, all patients
uniformly reported no change (n ¼ 18, 26.9%) or a decrease (n ¼
44, 65.7%) in their need for pain medication. Follow-up among
this cohort averaged 13.8 years (range, 0.1e26.8 years).

DISCUSSION
The literature regarding the efficacy and safety of DREZ lesioning
procedures remains scant. This report describes our single-center
experience in treating chronic pain conditions involving derma-
tomes of the head, neck, shoulders, and/or extremities in 83 pa-
tients using spinal or NC DREZ lesioning. To our knowledge, this
represents the largest series to date to review the outcomes and
complications of the DREZ procedure in managing intractable
forms of central and peripheral chronic pain.

Limitations
It is important to understand some key limitations of our study. As
mentioned earlier, this represents the largest study sample to date.

However, the DREZ lesioning procedure described herein was used
to treat a heterogeneous group of central and peripheral pain pa-
thologies. Generalized results may not be applicable to individual
disorders (BPA, PHN, SCI, PLP, CRPS, etc.). On the other hand,
understanding the efficacy and limitations of NC and spinal DREZ
in a population is not possible without simultaneously considering
all indications together. For this reason, we have made attempts to
generalize where possible, but also to delineate specifics where
necessary. Another limitation is the subjective nature of our
outcome evaluation. We acknowledge the less than ideal nature of
asking patients to retrospectively assess the percentage reduction
in their pain by recalling their pain score before and after the
lesioning procedure, and to subjectively evaluate their satisfaction,
quality of life changes, etc. However, in the absence of prospec-
tively collected data, this seems to be the best follow-up possible.
This study is a retrospective analysis of all DREZ procedures per-
formed by a single surgeon (J.J.M.) at a single center (University of
Pittsburgh Medical Center), and therefore suffers from biases that
are inherent to its retrospective design. Although this report may
suffice for a preliminary summary of outcomes and a review of
spinal and NC DREZ procedures, future prospective studies are
recommended to precisely determine the optimal treatment mo-
dality for specific chronic pain conditions, given that randomiza-
tion may not be feasible and/or truly ethical.

NC DREZ Lesioning
The trigeminal tract in the brainstem was first operated on for
facial pain by Sjöquist who developed the tractotomy for chronic

Table 4. Surgical and Pain Characteristics Among Patients With Head and/or Facial Pain

TNP (n [ 6) TDP (n [ 3) GN/ON (n [ 3) PHN (n [ 3) Trauma (n [ 1)

Pre-DREZ lesioning

Pain severity (0e10) (SD) 9.3 (0.5) 8.7 (1.2) 7.7 (0.6) 7.3 (0.6) 8.0 (NA)

Years of pain before DREZ lesioning

Mean (SD) 7.9 (5.6) 7.0 (6.2) 3.7 (0.6) 3.0 (2.6) 15.0 (NA)

Range 1.0e15.0 2.0e14.0 3.0e4.0 1.0e6.0 e

DREZ lesioning

Mean number of lesions (SD) 36 (3.1) 45 (7.0) 52 (11.3) 46 (10.8) 34 (NA)

Post-DREZ lesioning

Pain severity (0e10) (SD) 3.8 (0.8) 3.1 (0.5) 3.7 (0.6) 3.7 (0.6) 4 (NA)

Pain reduction

Mean % reduction (SD) 57.5 (6.6) 58.7 (9.1) 51.8 (9.9) 50.0 (7.1) 50.0 (NA)

Range 50.0e62.5 44.4e70.0 42.9e62.5 42.9e57.1 e

Years of satisfactory relief

<1 1 (16.7) 1 (33.3) 1 (33.3) 1 (33.3) 0

1e5 2 (33.3) 1 (33.3) 1 (33.3) 1 (33.3) 1 (33.3)

>5 3 (50.0) 1 (33.3) 1 (33.3) 1 (33.3) 0

All numbers within parentheses represent fractions as percentages unless otherwise noted (as standard deviation).
TNP, trigeminal neuropathic pain; TDP, trigeminal deafferentiation pain; GN, glossopharyngeal neuralgia; ON, occipital neuralgia; PHN, post-herpetic neuralgia; DREZ, dorsal root entry zone; SD,

standard deviation; NA, not applicable.
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intractable facial pain (22-24, 38-40). Several modifications in the
procedure have been proposed in the years since, including those
by Crue et al. and Schwartz who applied stereotactic procedures to
lesion the tractus at the cervicomedullary junction (22-24, 32-35).
Kanpolat et al. (20-22) described treatment of atypical facial pain
using a tractotomy-nucleotomy (TR-NC) procedure in 17 patients;
44% experienced excellent relief subsequently, and 56% had
moderate relief. Atypical facial pain was defined as throbbing pain
deep in the eye and malar region, with possible radiation to the
ear, neck, and shoulders and not within defined anatomic or
dermatomal boundaries. It was the authors’ observation and
recommendation that NC DREZ lesioning should only be used if
TR-NC failed, because it was believed to carry greater morbidity
(1, 20-23, 26, 27, 31-37).
From the limited literature data available, however, NC DREZ

lesioning may be superior to TR-NC procedures for chronic head
and facial pain. Bullard and Nashold reported excellent pain relief
in 96% of 25 patients who underwent NC DREZ lesioning for
severe facial pain; 1 year after surgery, 67% of these patients still
considered their relief excellent (2, 4). In separate analyses, Ros-
sitch et al. described good pain relief in 3 of 5 (60%) cancer pa-
tients with intractable facial pain 1 year after they underwent the
NC DREZ operation (29-31). In our own experience presented

here, 11 of 16 patients (68.9%) reported being at least very satisfied
with their pain relief after NC DREZ lesioning, an average of 58.1%
pain relief that lasted more than 1 year in most of the patients with
head or facial pain. With the exception of 1 patients (one with TDP
and the other with PHN), all patients in this group in our series
also required less oral anti-algesics after the procedure. This may
have been related to the postoperative neuropathy that developed
in both patients.
Outcomes with NC DREZ lesioning in our series of 16 patients

operated on for intractable head and/or facial pain were uniformly
favorable across all indications. No association was seen between
the duration of pain before the DREZ operation and outcomes
from the procedure. However, greater pain severity before the
DREZ lesioning was seen to correlate with greater relief after
the procedure. In particular, those patients with TDP and TNP in
the head/facial pain category of our series experienced greatest
pain relief although not to a statistically significant degree. It may
be that a theoretical threshold in maximum pain relief achievable
by DREZ lesioning exists; those patients with greater pain before
the procedure experience more subjective relief in reaching this
threshold than those with a lower level of pain before the opera-
tion. Patients with trigeminal and/or glossopharyngeal pain who
were operated upon were chosen only after careful review of their

Table 5. Surgical and Pain Characteristics Among Patients With Truncal and/or Extremity Pain

BPA
(n [ 20)

PHN Thoracic
(n [ 14)

PHN Cervical
(n [ 5)

SCI Thoracic
(n [ 8)

SCI Lumbar
(n [ 3)

PLP
(n [ 8)

Pelvic pain
(n [ 5)

CRPS I/II
(n [ 4)

Pre-DREZ lesioning

Pain severity (0e10) (SD) 8.1 (1.2) 8.7 (1.2) 9.4 (0.9) 8.0 (1.1) 8.3 (2.1) 8.4 (1.2) 7.8 (0.8) 8.5 (1.3)

Immediate onset pain

Number of patients 7 (35.0) NA NA 1 (12.5) 2 (66.7) 7 (87.5) 1 (20.0) 1 (25.0)

Mean (SD) 0.4 (0.5) NA NA 0.1 (0.4) 0.7 (0.6) 0.9 (0.4) 0.2 (0.4) 0.3 (0.5)

Years of pain before DREZ lesioning

Mean (SD) 2.8 (0.6) 3.9 (3.1) 3.2 (1.1) 5.1 (3.4) 9.3 (6.8) 9.6 (1.8) 5.7 (8.0) 4.1 (0.9)

Range 1.5e4.0 1.0e10.0 2.0e4.0 1.0e8.0 4.0e17.0 6.0e11.0 1.5e20.0 3.0e5.0

DREZ lesioning

Mean number of lesions (SD) 63.9 (11.5) 75.0 (28.9) 48.4 (5.1) 117.3 (58.8) 78.7 (6.4) 81.0 (34.5) 59.4 (21.6) 37.5 (1.3)

Post-DREZ lesioning

Pain severity (0e10) (SD) 4.1 (0.7) 3.8 (0.6) 4.8 (0.4) 3.5 (0.5) 3.3 (0.6) 3.5 (0.5) 3.4 (1.1) 4.0 (0)

Pain reduction

Mean % reduction (SD) 49.4 (7.3) 54.8 (7.9) 48.4 (8.3) 55.3 (10.5) 58.9 (8.4) 57.8 (6.6) 56.5 (13.5) 52.1 (7.4)

Range 28.6e60.0 42.9e70.0 37.5e60.0 42.9e70.0 50.0e66.7 50.0e70.0 37.5e71.4 42.9e60.0

Years of satisfactory relief

<1 3 (15.0) 1 (7.1) 0 1 (12.5) 0 0 0 1 (25.0)

1e5 11 (55.0) 7 (50.0) 5 (100.0) 3 (37.5) 2 (66.7) 5 (62.5) 3 (60.0) 2 (50.0)

>5 6 (30.0) 6 (42.9) 0 4 (50.0) 1 (33.3) 3 (37.5) 2 (40.0) 1 (25.0)

All numbers within parentheses represent fractions as percentages unless otherwise noted (as standard deviation).
BPA, brachial plexus avulsion; PHN, post-herpetic neuralgia; SCI, spinal cord injury; PLP, phantom limb pain; CRPS I/II, complex regional pain syndrome type I or II; DREZ, dorsal root entry zone;

SD, standard deviation.
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history; these patients had chronic pain refractory to medical and/
or surgical therapy, and without imaging evidence of vascular
nerve compression to suggest improvement from microvascular
decompressive procedures sometimes considered the gold stan-
dard in the treatment of these pain syndromes. Although percu-
taneous nerve blocks have been proposed for these pain
syndromes, it has been our experience that these are short lived
and do not provide lasting pain relief. The DREZ open procedure
was therefore an option chosen for long-lasting relief and reserved
for suspected non-responders to other invasive or minimally
invasive procedures.
Despite a potential ceiling in pain relief achievable with DREZ

lesioning, patients were satisfied with the procedure. Although a
very subjective measure, 14 of 16 (87.5%) patients said they would
willingly undergo the procedure again for the same duration and
extent of relief, and 12 of 16 (12.5%) patients believed that it had
improved their quality of life. Detailed quality of life studies in
patients with chronic intractable pain are difficult but the DREZ
seems to compare favorably with alternate options for patients
with head and/or facial pain (7, 8, 13, 32-36). In addition, the
procedure seems to be safe; relatively few (n ¼ 4, 22%) neurologic
complications were noted in our series and included postoperative
ataxia in 2 patients, which was transient in both patients.

Although the neuropathy and radiculopathy were permanent, their
rate of incidence in our series is similar to that reported
for alternate options such as TR-NC, spinal cord stimulation, etc.
(4, 6, 21-26).
It has been noted in previous series that both the trigeminal

tractus and the NC, which represent the substantia gelatinosa, are
suitable targets for surgical treatment of facial pain (20-23).
Although the efficacy of both interventions to this target (TR-NC
and DREZotomy) are recognized, it has been suggested that
because computed tomography-guided tractotomy resolves the
pain in most cases, it should be offered before DREZ lesioning
because it may be a safer technique, being less invasive than NC
DREZ lesioning. From our current analyses, however, NC DREZ
lesioning seems to offer superior pain relief to that reported with
TR-NC for head/facial pain, although admittedly our series is
retrospective and therefore limited in scope. No mortality occurred
in our series and overall the procedure seems to provide signifi-
cant pain relief with minimal morbidity. A single medical
complication (urinary tract infection) occurred in 1 patient, in
addition to the neurologic complications noted above; the patient
was an elderly female with known urodynamic irregularities and a
history of urinary tract infections, and the infection resolved with
oral antibiotic therapy (23).

Table 6. Outcomes and Satisfaction Among Patients With Head/Facial Pain

TNP (n [ 6) TDP (n [ 3) GN/ON (n [ 3) PHN (n [ 3) Trauma (n [ 3)

Complications

Ataxia 1 0 1 0 0

Neuropathy/radiculopathy 0 1 0 1 0

General medical 0 0 1 0 0

Satisfaction

Would you have it again? 5 (83.3) 3 (100.0) 3 (100.0) 2 (66.7) 1 (100.0)

Improved quality of life? 5 (83.3) 3 (100.0) 2 (66.7) 1 (33.3) 1 (100.0)

Level of satisfaction

Extremely satisfied 1 (16.7) 0 0 0 0

Very satisfied 3 (50.0) 2 (66.7) 2 (66.7) 2 (66.7) 1 (100.0)

Satisfied 2 (33.3) 1 (33.3) 1 (33.3) 1 (33.3) 0

Indifferent 0 0 0 0 0

Dissatisfied 0 0 0 0 0

Need for pain medications

Increased 0 1 (33.3) 0 1 (33.3) 0

Decreased 6 (100.0) 2 (66.7) 2 (66.7) 1 (33.3) 0

No effect 0 0 1 (33.3) 1 (33.3) 1 (100.0)

Follow-up

Mean number of years (SD) 19.3 (5.1) 15.2 (11.1) 16.6 (6.9) 8.5 (10.5) 13.7 (NA)

Range 9.6e22.7 2.4e21.7 8.6e20.6 1.6e20.1 e

All numbers within parentheses represent fractions as percentages unless otherwise noted (as standard deviation).
TNP, trigeminal neuropathic pain; TDP, trigeminal deafferentiation pain; GN, glossopharyngeal neuralgia; ON, occipital neuralgia; PHN, post-herpetic neuralgia; SD, standard deviation.
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Spinal DREZ Lesioning
Relative to NC DREZ lesioning, spinal DREZ operations have
been more widely discussed in the literature and their out-
comes better appreciated. Various subtypes of neuropathic
pain have been described in the context of the DREZ opera-
tion, including pain from brachial and lumbosacral plexus
avulsion injuries, PLP, post-herpetic pain, and end-zone pain
(1, 17-19, 23, 28, 33, 40, 41). End-zone pain refers to chronic
pain that disturbs the patient after spinal cord injury and
which may be radicular or burning in nature (21-23). It is
typically a girdle-like pain that develops in the transition zone
between dermatomes with normal sensation and dermatomes
with total analgesia; within this category, patients in whom
touch in this zone triggers segmental pain radiating to the
paralyzed limbs have been found to especially benefit from
DREZ lesioning operations (1, 11).

Based on the original descriptions in the spinal cord injury
group, DREZ lesioning should be considered a treatment option
for pain corresponding to the injured segments and performed at
the corresponding segmental levels (23-25, 37, 38). Neuropathic
pain is accordingly divided into 2 categories, namely pain in a
dermatomal distribution at the level of the lesion (radiculometa-
meric pain) and pain below the level of the injury (transition zone
or end zone). Of 11 patients with SCI in our series, 6 (75%) with
thoracic and 3 (100%) with lumbar level injuries experienced
infralesional end-zone pain. Four of 6 (67%) patients with thoracic
level SCI and all 3 (100%) with lumbar level SCI reported being at
least very satisfied with their pain relief from the DREZ operation,
which afforded them an average 62% relief that lasted an average
of 3.8 years after the procedure. This is statistically similar to the
rate of excellent pain relief previously reported by Awad et al.
(32%), Kanpolat et al. (47%), and Nashold et al. (50%) (1, 12, 23).

Table 7. Outcomes and Satisfaction Among Patients With Truncal and/or Extremity Pain

BPA
(n [ 20)

PHN Thoracic
(n [ 14)

PHN Cervical
(n [ 5)

SCI Thoracic
(n [ 8)

SCI Lumbar
(n [ 3)

PLP
(n [ 8)

Pelvic pain
(n [ 5)

CRPS I/II
(n [ 4)

Complications

Paresis 0 2 1 0 0 0 0 0

Neuropathy 1 0 0 0 0 0 0 0

General medical

Colitis 1 0 0 0 0 0 0 0

Atelectasis 0 0 0 0 0 1 0 0

Incision site pain 0 0 0 0 0 2 0 0

Satisfaction

Would you have it
again?

14 (70.0) 10 (71.4) 0 4 (50.0) 2 (66.7) 5 (67.5) 4 (80.0) 2 (50.0)

Improved quality of
life?

12 (60.0) 8 (57.1) 0 4 (50.0) 2 (66.7) 5 (67.5) 3 (60.0) 1 (25.0)

Level of satisfaction

Extremely satisfied 3 (15.0) 2 (14.3) 0 2 (25.0) 1 (33.3) 3 (37.5) 3 (60.0) 0

Very satisfied 6 (30.0) 9 (64.3) 2 (40.0) 4 (50.0) 2 (66.7) 3 (37.5) 1 (20.0) 0

Satisfied 11 (55.0) 3 (31.4) 3 (60.0) 2 (25.0) 0 2 (25.0) 1 (20.0) 4 (100.0)

Indifferent 0 0 0 0 0 0 0 0

Dissatisfied 0 0 0 0 0 0 0 0

Need for pain medications

Increased 1 (5.0) 0 0 0 0 0 0 1 (25.0)

Decreased 13 (65.0) 11 (78.6) 3 (60.0) 4 (50.0) 2 (66.7) 8 (100.0) 3 (60.0) 2 (50.0)

No effect 6 (30.0) 3 (31.4) 2 (40.0) 4 (50.0) 1 (33.3) 0 2 (40.0) 1 (25.0)

Follow-up

Mean number of
years (SD)

16.4 (6.9) 15.0 (7.8) 5.3 (1.9) 16.3 (9.2) 12.3 (9.8) 11.2 (7.8) 5.7 (4.5) 18.9 (6.3)

Range 2.6e26.8 1.8e20.6 2.2e6.7 3.0e23.3 2.2e21.7 0.1e24.8 0.7e9.0 9.6e22.8

All numbers within parentheses represent fractions as percentages unless otherwise noted (as standard deviation).
BPA, brachial plexus avulsion; PHN, post-herpetic neuralgia; SCI, spinal cord injury; PLP, phantom limb pain; CRPS I/II, complex regional pain syndrome type I or II; SD, standard deviation.
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Results from DREZ lesioning for PLP have varied widely and
may stem from the lack of clear distinction drawn between pain
after traumatic limb amputation and that after surgical limb
amputation. The overall incidence of PLP has been estimated to be
between 60% and 80% (38, 39). It has been noted recently that
patients with stump pain after surgical amputation do not respond
as well to DREZ lesioning procedures as patients with pain from
traumatic amputations (1, 18, 33). In our series, all 8 patients
(100%) who were operated on for PLP had neuropathic pain sec-
ondary to traumatic limb amputation. All 8 patients (100%) re-
ported stump pain at the shoulder; in 3 patients (37.5%), the pain
also extended to the anterior chest wall, and in another 3 (37.5%),
the face/neck areas were involved. Only upper limbs were involved
in this category of patients.
Jensen et al. (19) reported PLP at the stump in nearly 15% of

patients. Saris et al described 83% pain relief, especially in
patients with radicular symptoms, 29% relief in those with
persistent stump pain, and 67% pain relief in phantom type
burning pain alone (23, 33). In our series, the main pain reduc-
tion among patients with PLP ranged from 50% to 70%, and in
most patients lasted between 1 and 5 years (average, 3.7 years).
Two of 8 patients (25%) reported persistent incision site pain after
the surgery and 1 case of postoperative atelectasis occurred but
otherwise the procedure was without complications and all pa-
tients were at least very satisfied with the DREZ operation; 5 of 8
patients (67.5%) reported willingness to undergo the procedure
again for the same amount of relief. It has been reported previ-
ously that alternate surgical options such as thalamic sensory relay
nucleus stimulation or spinal cord stimulation be attempted first
in these patients, but DREZ seems to offer a low-risk, high-yield
pain relief operation in well-selected patients with PLP from
traumatic limb amputation.
Among patients with traumatic brachial plexus or lumbosa-

cral plexus avulsion injuries, deafferentation pain has been
estimated to occur at an incident rate of between 20% and 90%
(23, 40). In various series, DREZ operations for traumatic
brachial plexus injuries that target the substantia gelatinosa
have yielded pain-free rates of between 60% and 100% (5, 9-11,
14, 26-29, 36, 42). Our results too are consistent with this rate
of excellent pain relief, with 9 of 20 patients (45%) with BPA
injuries reporting excellent pain relief and all others at least
very good relief. It is the authors’ impression that proper
candidate selection is important to optimize outcomes after the
DREZ procedure for BPA or lumbosacral plexus avulsion in-
juries. Whereas spinal cord stimulation may be more successful

in the case of partial lesions of these plexuses, DREZ lesioning
may be a better choice for those with complete avulsion
injuries.
Spinal DREZ lesioning has also been attempted among patients

with post-herpetic pain, estimated to develop in between 10% and
25% of patients with the herpes zoster virus (1, 28). Most PHNs are
located at the thoracic level, and the pain is typically characterized
as stimulus-independent, burning, shooting, or electric-like in
quality (1, 23). Especially in the thoracic spinal cord, the dorsal
horn is very narrow; lesioning should involve the dorsal column
especially because of the close relationship of the DREZ and the
dorsal column in this area and should cause complete abolition of
proprioceptive sensations (23). Although historically the rates of
complete pain relief with DREZ lesioning for post-herpetic neu-
ralgia have been modest at best, with initial success and high rates
of pain relapse, 3 of 5 (60%) patients in our series with cervical
PHN and 11 of 14 (79%) patients with thoracic PHN reported
excellent pain relief (although less than complete) that lasted an
average of 4.2 years (range, 9 months to 6.2 years) before relapse.
However, 3 patients (2 with thoracic PHN and 1 with cervical PHN)
developed postoperative paresis in the ipsilateral limbs along the
supply of the involved nerved roots. This may relate to the
narrowness of the dorsal horn as previously alluded to. Among
this subgroup of patients then, DREZ lesioning may be considered
a surgical treatment option in the setting of pharmacoresistant
pain refractory to alternate treatment options due to its relatively
high rate of morbidity.

CONCLUSIONS
We report favorable long-term outcomes and benefits in our pa-
tients after spinal and NC DREZ lesioning operations. The ulti-
mate aim of this procedure is to alleviate neuropathic pain by
reducing nociceptive input and neural hyperexcitability in the
affected dermatomes. From retrospective analyses of outcomes
and complications in our single-center experience with spinal and
NC DREZ lesioning operations, we observed general patient
satisfaction with the procedure, and an improved quality of life
and self-reported functional status, on average. Spinal and NC
DREZ lesioning seems to be a safe and efficacious treatment
option for patients with debilitating chronic neuropathic pain
especially from BPA, SCI, PHN and trigeminal deafferentation,
and neuropathic pain. Future randomized, prospective, well-
controlled studies will be necessary to make inferences that can
affect practice guidelines.
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