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Aim and objective: The accuracy of the lesioning plays a crucial role in the results of Dorsal

Root Entry Zone (DREZ) surgery. The DREZ lesioning utilizes different techniques: radio-

frequency, laser, ultrasound, electrocoagulation, with the size and the shape of the lesions

determined by the technical parameters of the respective technique. The aim of this study

is to assess the effectiveness of the dorsal horn suctioning as a DREZ lesioning technique

applied for the treatment of neuropathic pain of spinal cord and/or cauda equina injury

origin. The geometry of the lesion was determined by the natural properties of the cord

tissue itself.

Methods: The series of 20 patients, 18 men and 2 women, aged 24e66 years, with amean age

of 40 year were operated on using Sindou’s Microsurgical DREZotomy technique, modified

in such a way that the selective dorsal horn suctioning was performed as a lesioning

method instead of bipolar electrocoagulation, because they suffered from chronic neuro-

pathic pain as the sequel of spinal injuries. Success in pain relief has been defined as 50%

or greater reduction in pain after surgery.

Results: Satisfactory long-term pain relief was achieved in 16 (80%) of patients.

Complete long-term pain relief was achieved in 12 (60%) of the patients.

Conclusion: Our results confirmed the dorsal horn suction as a feasible DREZ lesioning

method.

Copyright ª 2013, Neurotrauma Society of India. All rights reserved.
T

1. Introduction

Paraplegia due to spinal cord trauma is one of the most

devastating injuries in human pathology.1 Posttraumatic

neuropathic chronic pain complicates 10e30% of injuries with

devastating impact on patient life.2 The treatment of the
52, þ381 63 373 844 (mob
Spai�c).
2013, Neurotrauma Socie
chronic neuropathic pain of spinal cord and cauda equine

injury origin remains a significant management problem.

Almost two centuries ago Luigi Rolando published his

anatomic observation on jelly-like structure of the cord dorsal

horn tissue.3 We report on the novel and simple DREZ surgical

lesioning technique based on the difference in tissue elasticity

between white and gray cord substance.
ile).

ty of India. All rights reserved.
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Successful pain relief aims to help an individual to re-

establish functional life in the posttraumatic period and to

prevent psychological deterioration caused by suffering of

chronic pain. The mechanism of this pain phenomenon has

been shown to be related to neurochemical changes that lead

to the state of hyperactivity of second order dorsal horn

neurons producing spontaneous discharges of central noci-

ceptive neurons resulting in chronic pain.4 Thus, the dorsal

horn, as anatomical structure involved in pain generating, has

been recognized as a target for ablative surgery.

The Dorsal Root Entry Zone (DREZ) operation was designed

to destroy cord dorsal horn by using different technical mo-

dalities such as Radiofrequency (RF), Laser, Ultrasound,

Microsurgical DREZotomy technique (MDT).5e8

The Microsurgical DREZotomy procedure introduced by

Sindou was based on the functional anatomy of the DREZ

taking advantage of the segregation of pain from lemniscal

fibers in the lateral bundle of the central portion of the dorsal

rootlets that enables a selective destruction of the nociceptive

fibers, while most of the large lemniscal fibers that are

grouped medially, should be spared9 (Fig. 1).

The MDT technique consists of an incision of the dorso-

lateral cord sulcus (DLS), 2 mm in depth and at 45� of angle

medially and ventrally, that interrupts nociceptive fibers and

subsequent bipolar electrocoagulation using sharp bipolar

microforceps that aims at a destruction of the dorsalmost

layers of the dorsal horn gray substance.8

While the angle and depth of the incision could be visually

controlled, the elektrocoagulation of the gray substance inside

opened DLS and the extent of lesioning could not be visually

controlled. The size and shape of the lesioning rely on the

penetration depth of the bipolar forceps and electrical current

power.

Microsurgical incision of the dorsolateral cord sulcus al-

lows for the direct access to the dorsal horn gray substance for

selective ablation. We postulated that the gray substance of

the dorsal horn exposed by the incision of the DLS could be

selectively and completely destroyed by employing simple

suction of the dorsal horn gray substance under visual control.

Thus the MDT technique was modified in such a way that the
Fig. 1 e Schematic drawing showing arborization of the

primary afferents in the DREZ and dorsal horn. Note:

laterally segregated pain fibers. Arrowhead: Sindou’s cord

incision: severance of the pain fibers.
selective dorsal horn suctioning (MDT-DHS) was performed as

a lesioning method instead of the standard bipolar electro-

coagulation. The technique takes advantage of the difference

in viscosity of the cord white versus gray matter to perform

DREZ lesions by using the suction of the dorsal horn gray

matter as a lesioningmethod.With respect to the neuropathic

paraplegic pain treatment in humans we believed that the

more extensive lesion of the dorsal horn, as a pain generating

anatomical structure, was likely a long-lasting pain relief.
2. Methods

2.1. Technique development

Our study on cadaveric cord tissue revealed that the white

cord substance had four-time higher dynamical viscosity in

comparison with the gray substance (150 Pa/second versus

37.5). The method of testing was published elsewhere.10 The

dorsal horn suction tested on the lumbar enlargement of

cadaver cord showed that the difference in tissue elasticity

between white and gray cord substances facilitated demar-

cation of a clean dissection plan that allowed for selective

suctioning of the dorsal horn gray substance11 (Fig. 2).

2.2. Patients

In the period April 1997eJanuary 2013, 20 patients, 18 males

and 2 females, with amean age of 40 years (range, 24e66) were

operated on using DREZ lesioning because they suffered from

chronic neuropathic pain as the sequela of spinal T10-L3 level

gunshot war injuries in 13, road traffic accident injuries in 3,

stub wound in 1 patient and falls from the height in 3 patients

(Table 1). Actual neurological condition and functional clas-

sification of spinal injury were measured according to the

American Spinal Injury Association Impairment Scale (ASIA)12

(Table 2). There were 9 patients with ASIA grade A, 3 patients

with grade B, and 8 with grade C.
Fig. 2 e Histological specimen of the cadaver cord that

underwent dorsal horn suction as a lesioning technique

demonstrating the size and the shape of the dorsal horn

lesion (black arrow) that extends to the central gray cord

matter (black arrowhead), ventral horn (white arrowhead).

Staining: hematoxylin eosin.
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Table 1 e Summary of the patients.

Sex, age Level of vertebral
injury, etiology

Neurological
condition,
(ASIA)

VAS Pain relief Side-effects/complications

Initial Pain recurrence Long-term

33/m L3, GSW C 8 100% Partial pain recurrence

after 37 m

50% Transient CSF leak,

anesthesia in pain

territory

40/m L2, GSW A 9 100% Partial pain recurrence

after 47 m

50%

43/m L2, GSW A 8 100% Full intensity recurrence

after 62 m

Failed

41/m L1, GSW B 9 100% 100% CSF leak

38/m L2, RTA B 10 100% 100% Anesthesia in pain

territory

66/f T11, RTA A 9 100% 100%

56/m L2, GSW A 9 100% 100% CSF leak

36/m L1, GSW C 9 100% 100% Wound dehiscence

30/m T12, GSW A 9 100% 100%

29/m L1, stab wound A 8 100% 100%

49/m T12, GSW C 10 100% Full intensity recurrence

after 8 m

Failed

38/m L2, GSW A 9 100% 100%

24/m L1, GSW C 8 100% 100%

27/m L2, GSW C 8 100% 100%

33/m L1, GSW B 8 100% 100%

27/m T12, GSW A 10 100% Full intensity recurrence

after 21 m

Failed

44/m L1, fall C 10 100% Partial pain recurrence

after 20 m

60% Motor strength

improvement

47/m T10, fall A 8 90% Partial recurrence after

10 m

Failed

40/m T12, RTA C 8 100% Partial pain recurrence

after 24 m

60% CSF leak

60/f T12, fall C 8 100% 100% Anesthesia in pain territory,

motor strength loss

ASIA, American Spinal Injury Association Impairment Scale, VAS, Visual Analogue Scale, GSW, gunshot wounds, RTA, road traffic accident, CSF

cerebrospinal fluid, m, male, f, female, f/u, follow up, m, months of the follow up.
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All the patients were interviewed by using McGill-Melzack

pain Questionnaire with a list of 47 pain descriptors in order to

assess sensory structure, topography along with the rhythm

of the pain expressed.13 Intensity of the pain wasmeasured by

using Visual Analogue Scale (VAS). Psychological investigation

was performed using Minnesota Multiphasic Personality In-

ventory (MMPI). MMPI interview revealed higher level of
Table 2 e The ASIA Impairment Scale.

ASIA Spinal Neurological Impairment

A No sensory or motor function is preserved below

the neurological level

B Sensory but not motor function is preserved below

the neurological level

C Motor function is preserved below the neurological

level and majority of key Muscles have a muscle

grade less than 3

D Motor function is preserved below the neurological

level and majority of key Muscles have a muscle grade

equal or greater to 3

E Sensory and motor function is normal

ASIA, American Spinal Injury Association.

T
hi

s

anxiety, hypochondriasis and depression scale for all the pa-

tients interviewed. All the patients suffered from the pain of

confined segmental distribution that had a rhythm of inter-

mittent pain attacks. NMR imaging was routinely performed

preoperatively in order to identify gliotic or syringomyelic

cysts. The patients were considered for the DREZ surgery

when the pain: lasted for at least six months without relapse,

severe enough to disrupt normal daily activities and sleeping

pattern requiring routine analgesic and/or narcotic medica-

tion. Pain relief as a result of DREZ surgerywas assessed by the

patients themselves by using Visual Analogue Scale as the

percent of residual pain compared to preoperative pain level.

Success in pain treatment has been defined as the patientwho

experienced 50% or greater reduction in pain after the surgery

such that pain no longer interferes with his/her activities of

daily living and sleeping pattern and no longer requires

routine analgesic painmedication. Pain relief was assessed on

the first postoperative day and was considered as immediate

pain relief. Thereafter, pain assessment was done every day

until discharge from hospital while, in the later period, all the

patients were followed up clinically by outpatient review. In

this prospective study the pain relief that lasted for more than

six months after the surgery was regarded as long-term pain

relief.

http://dx.doi.org/10.1016/j.ijnt.2013.11.005
http://dx.doi.org/10.1016/j.ijnt.2013.11.005


Fig. 4 e Dorsal horn suction (microphotograph, 16 times

magnification): longitudinal incision of DLS (arrow), note:

the appearance of the dorsal horn gray substance in the

opened dorsolateral cord sulcus.

t h e i n d i a n j o u rn a l o f n e u r o t r a uma 1 0 ( 2 0 1 3 ) 1 0 9e1 1 4112

di
st

rib
ut

io
n 

is
 s

tr
ic

tly
 p

ro
hi

bi
te

d.
2.3. Surgical procedure

The dorsal horn suctionwas performed as the DREZ lesioning at

the lumbar enlargement level by using amicrosucker (Fig. 3) at

the cord levels corresponding to the territory of the pain and

was described in our previous report.11

In approaching to DLS for incision, we insisted on sparing

blood vessels adhered to the DLS that sometimes requires its

mobilization and displacement from the DLS. However, when

it was not possible, the attempt to drive incision just aside the

fixed artery was sufficient to have access to the dorsal horn.

Following incision, the DLS was gently opened by the micro-

forceps tips and the suctioning of the dorsal horn gray matter

was performed under the visual control of 20 times micro-

scopic magnification.11 The suction tip followed the dorsal

horn appearing as the band of the gray substance, leaving

empty space between white columns (Figs. 4 and 5).

The application of the dorsal horn suction technique in

humanswere approved by the Institutional Ethics Committee.

The patients were informed in detail regarding this new

lesioning method. The risk and possible complications of the

technique were discussed. The writing consent was obtained

from each of the operated.
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3. Results

Initial pain relief as a result of the DREZ surgery was complete

in 19 patientswhilemild residual pain, was noted in one of the

patients.

Long-term success in the treatment of pain, defined as a

pain relief for more than 50% of the preoperative pain level,

was achieved in 16 (80%) of the patients.

Complete long-term pain relief was achieved in 12 (60%) of

the patients.

Treatment-relatedmorbidity was as follows: there were no

surgical complications regarding infection. Transient cere-

brospinal fluid leakage occurred in 4, and wound dehiscence

in 1 of the patients. Light touch sensation was partially pre-

served for the dermatomes which corresponded to the oper-

ated cord segments and which presented preoperatively with

significant sensory function.

Sensibility was completely lost in the dermatomes which

corresponded to the operated cord segments in 3 of the pa-

tients. One of the patients experienced diminished motor

strength in miotomes corresponded to operated segments.

One of the patients improved motor strength after the oper-

ation, that might be addressed to the radiculolysis and

dividing arachnoidal scaring routinely performed in accessing
Fig. 3 e The microsucker used for dorsal horn suctioning.
DLS in the operated cord segments. The postoperative NMR

investigation was not routinely performed. However, in five of

our patients that underwent NMR investigation the proper

geometry of the DREZ lesion was revealed (Fig. 6).
4. Discussion

DREZ lesion can be performed by using Nashold’s Radio-

frequency (RF) lesioning procedure or a Laser beam, while the

size and the shape of the lesions were determined by tech-

nical parameters of the respective lesioning technique.5,6 The

size of RF lesioning is related to the penetration depth of the

electrode and the time and temperature of the exposure at the
Fig. 5 e Dorsal horn suction (microphotograph, 16 times

magnification): suction of the dorsal horn gray matter

performed using microsucker (arrowhead) in the

dorsolateral cord sulcus (arrow) opened with microforceps.

http://dx.doi.org/10.1016/j.ijnt.2013.11.005
http://dx.doi.org/10.1016/j.ijnt.2013.11.005


Fig. 6 e NMR scan (0.5 Tesla) demonstrating cerebrospinal

fluid filling the DREZ lesion (arrow).
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moment of lesion making.5 The extent of the DREZ lesion

performed using the RF technique, as it was established by the

post mortem analysis of the human cord after the DREZ

operation, included the dorsal horn completely, down to its

base.14 However, laser DREZ lesion showed to be inconsistent

with variations in the lesion size related tomisdirected lesions

due to the spinal cord movement or errors in alignment be-

tween the target and the actual laser beam and the loss of

energy due to absorption in CSF.15

Ultrasonic disintegration of the dorsal hornwasmade after

longitudinal opening of the DLS as in the MDT procedure.

Ultrasound destroyed tissues strictly along the cutting edge of

the ultrasonic probe regardless of their density characteris-

tics. The depth of lesioning of 1.5e2mmand the volume of the

lesion was possible to control visually.7

The Microsurgical DREZotomy was established based on

the functional anatomy of the DREZ zone and included the

incision of the DLS and subsequent bipolar coagulation of the

dorsalmost layers of the dorsal horn. The incision of the

dorsolateral cord sulcus proposed by Sindou provides selec-

tivity of the MDT procedure so that at least part of the

lemniscal sensory function may be spared16 (Fig. 1). The

incision of the DLS, furthermore, allows the direct access to

the dorsal horn gray substance for the selective ablation. We

believed that the better result in treating pain could be ach-

ieved with the lesioning that included the dorsal horn

completely, down to its base.

For the achievement of the more extensive dorsal horn

lesion using electrocoagulation the higher level of the elec-

trical current power and deeper penetration of the bipolar

forceps inside the opened DLS and dorsal horn are needed,

what, however, impose the risk of spreading of the lesion to

the dorsal columnmedially or to the pyramidal tract laterally.

Hence, in order to create visually controlled dorsal horn

ablation down to its basis - the suctioning technique was

developed. Our results proved that the goal of the selective

lesioning of the dorsal horn could be achieved by utilizing

suction of the dorsal horn gray substance under the visual

control. Differences in mechanical properties of the spinal

cord gray and white matter allowed for selective DREZ lesion.

In other words, the method utilizes the physical principle in

the DREZ lesioning. The proper longitudinal incision of the
DLS, as a first step of the procedure that exposed the dorsal

horn gray substance, was found to be the crucial one for the

successful application of the dorsal horn suctioning.

The difference in dynamical viscosity that was 4 times

lower for gray than that in the white matter, explains why

suction of the dorsal horn gray substance could be performed

safely and gradually to the base of the dorsal horn under vi-

sual control. The geometry of the lesion was determined by

the natural properties of the cord tissue itself.11

In our series 16 out of 20 (80%) of the operated patients,

using MDT-dorsal horn suction technique, experienced good

pain relief while 12 out of 20 (60%) experienced complete pain

relief during a long-term period. Sindou et al, using MDT with

standard bipolar coagulation lesioning, in the group of 20

patients suffering from the same pain pattern as our patients,

observed a good pain relief in 15 (75%) of them.16 However, the

postoperative analgesic effect was considered to be good

when patient’s estimation of pain relief exceeded 75% as

compared to the criterion of 50% in our series. Friedman and

Nashold in their series of 56 patients using radiofrequency

DREZ lesioning noted that 74% of the patients with localized

pain had a good pain relief, while Rath et al in the group of 16

patients had a good pain reduction 11 (69%).17,18

In our earlier report of 22 patients treated for the same pain

syndrome by using MDT with standard bipolar coagulation

lesioning, a complete pain relief was experienced by 12 (54%)

patients.11 The differences in these two groups (54% versus

60%) of our patients regarding the complete pain relief did not

reach the level of statistical significance (Fischer exact test).

Pain of confined segmental distribution, what was the pain

pattern in our patients, was already reported to be the most

responsive to the DREZ surgical treatment.19 The better result

achieved by using dorsal horn suction as a DREZ lesioning,

with respect to the complete pain relief seemed to be in a

logical relation with the mechanism of pain shown to be

generated by deafferented dorsal horn neurons. In other

words, the smaller residual volume of the dorsal horn gray

substance was, the less likelihood of the pain mechanism re-

establishment was. Falci et al, who developed the technique

for the intramedullary electrical neurophysiological guidance

in order to perform the complete dorsal horn lesioning,

pointed to the completeness of the DREZ lesion as an impor-

tant factor in achieving pain relief.20

The dorsal horn suction procedures were performed on the

cord lumbar enlargement with a very voluminous dorsal horn

gray substance located just under the cord surface. It is

doubtful whether the dorsal horn suction technique could be

performed on the thoracic cord segments in the samemanner

taking into account the deep position of the narrow dorsal

horn from the cord surface. Further experience with the dor-

sal horn suction as a DREZ lesioning technique is needed to

clarify such a dilemma.
5. Conclusions

Our results confirmed that the dorsal horn suction technique

was a feasible DREZ lesioning method. The utility and selec-

tivity of this technique are ensured by the natural mechanical

properties of the cord tissue itself.
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