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Per cutaneous Disc Decompression Using Nucleoplasty

Lewis S. Sharps, MD, FACS* and Zacharia Isaac, MD**

The objective of this study was to evaluate the effective-
ness of Nucleoplasty for decompression of contained her-
niated discs, in a prospective, single site study that evalu-
ated 49 consecutive patients with complaints of back with
or without leg pain secondary to a contained focal protru-
sion.

Access to the disc was obtained via the posterolateral dis-
cography approach, with a 17-gauge introducer needle in-
serted through the annulus and into the nucleus. Theintro-
ducer remained in place within the outer annulus during the
entire procedure, providing access for the SpineWand into
the nucleus. The procedure was performed on an outpa-
tient basis. One month, three month, six-month and twelve
month outcomes were assessed by the treating physician
and support staff. Success was defined as a minimum 2-
point reduction on a Visual Analog Scale (VAS), patient
satisfaction, absence of narcotic use, and return to work if

Discogenic pain continues to represent a diagnostic di-
lemma for spine specialists secondary to the difficulty of
accurately verifying the pain generator. In addition, there
is uncertainty as to whether discogenic pain is mediated
viachemical, mechanical, neural, or acombination of the
above mechanisms. Although the majority of patientsim-
prove with conservative, non-invasive therapy, numerous
patients continue to experience functionally limiting pain.
Open surgical procedures are available for treatment of
discogenic disease, however these procedures represent a
small but pal pable perioperativerisk. It therefore, becomes
increasingly important that spine surgeons consider mini-
mally invasive proceduresfor these patients, and allow for
the progression to moreinvasiveinterventions should they
become necessary.
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not working secondary to back pain.

The pre-procedure and post-procedure VA S differenceswere
4.28 (p<0.001), 4.66 (p<0.001), 4.75 (p<0.001), and 3.3
(p=0.002) at the one month, 3 month, 6 month, and 12 month
intervals respectively. Overal, there was a 79% success
rate, with 67% success in the group of patients that had
previous surgery and 82% success in the group that had no
prior surgical intervention.

Resultsindicate that Nucleoplasty may be a promising and
efficacious minimally invasive procedure for the treatment
of symptoms associated with contained herniated discs. Ran-
domized, controlled studies with subgroup analysis are re-
quired to further delineate the role for this procedure.

Keywords: Minimally invasive, percutaneous, decompres-
sion, nucleoplasty, herniated disc

Nucleoplasty has the theoretical advantages of prior per-
cutaneous techniques for disc decompression such as
chemonucleolysis (chymopapain), automated percutane-
ous lumbar discectomy and laser discectomy. Simulta-
neously, it may not have the associated complications and
side effects of these previously performed techniques.

It was less than 70 years ago that the landmark paper by
Mixter and Barr (1) clearly established the relationship
between herniated discsand sciatica. Thispaper provided
evidence that laminectomy and disc excision could suc-
cessfully relieve pain associated with radiculopathy.
Through evolution of surgical technique, present day
microdiscectomy is now performed though a 2-3cm inci-
sion. During discectomy, surgeons rarely remove more
than 30% of disc material. It wasin 1987 that Williams
reported on his series of microdiscectomy patientsand re-
inforced the clinical perception that successful outcome of
disc surgery was independent of the amount of disc mate-
rial excised (2).

Thedesirefor minimally invasive optionsfor treatment of
spine pain lead to numerous percutaneous techniques for
disc decompression. Hijikata(2) in Tokyofirst performed
percutaneous discectomy in 1975. He reported in 1978
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that good to excellent results had been achieved in 68% of
80 patients treated with a posterolateral percutaneous ap-
proach. Intradiscal chymopapain injection,
chemonucleolysis, rapidly became popular after its FDA
approval in 1981. Within 6 months of chymopapain re-
ceiving FDA approval, 75,000 cases were performed in
the USA with a 70% success rate. Unfortunately,
chymopapain had the potential risk of paralysis secondary
to transverse myelitis and an anaphylaxisrate estimated at
0.3-0.5%. These risks far outweighed the potential ben-
efit of this procedure (3).

In 1984 Onik and Maroon (4) sought an alternative method
for percutaneous disc removal. Thisautomated percutane-
ouslumbar discectomy technique utilized a20.3 cm needle
inserted through a 3 mm canula. The first large series of
percutaneous discectomy patients were reviewed and a
success rate of 75% good to excellent outcomes was re-
ported (4). Automated percutaneous lumbar discectomy
further supported the previous conclusions that the out-
come of disc excision was independent of the quantity of
disc material removed. At approximately the same time
Choy’s (5) work on YAG laser discectomy yielded com-
parable results. Choy’s (5) concept was based upon the
hydraulic model of disc function. He put forth the theory
that asmall change in disc volume could result in alarge
changeindisc pressure. Thefirst author’sexperiencewith
KTPlaser discectomy and APLD correlated with the above
studiesyielding approximately 70% good to excellent out-
comes. However, disadvantages of thistechniqueincluded
moderate to severe intraoperative pain secondary to the
thermal effect of the laser, postoperative low back pain
and spasm, and inability to visualize the tip of the laser
beam under fluoroscopy.

Intradiscal electrothermal annuloplasty (IDET) began to
be performed in 1998 and represented a deviation from
the focus on disc decompression. Saal and Saal (6) put
forth a new theory of “annuloplasty.” The concept was
that thermal heating of the annulus could seal annular tears
and denervate the annulus by destroying the Type C affer-
ent nerve fibers that innervate the outer one third of the
annulus (6). Collagen fibers are typically arranged in a
triple helix. At 70C the collagen fibers denature and form
random coils with intermittent cross-links with contrac-
tion of collagen fibers. The literature demonstrates that
temperatures above 45° C arerequired to destroy the Type
C afferent nervefibers (6). The IDET technique requires
threading acurved resistive heating wire around the poste-
rolateral annulus under fluoroscopic guidance. The wire
is then heated to 90° C, in theory accomplishing an
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annuloplasty.

Several reasons exist for skepticism regarding the IDET
procedures’ mechanism of action, efficacy, and potential
side effects (7). The concept of annular sealing had no
historical precedent of therapeutic efficacy inthe spinelit-
erature. Kleinstueck et a (7) demonstrated that during the
IDET procedure, annular temperatures never reached the
necessary 70° C necessary for collagen contraction. Ther-
mocouples also demonstrated only sporadic annular tem-
peratures of 45° C, insufficient to destroy afferent nerve
fibers(7). Additionally, thetechnical difficultiesinvolved
in threading a curved 30 cm wire around the annulus may
represent a potential for annular perforation.

The major drawbacks with IDET to date have been its
guestionable efficacy, the amount of time necessary to
thread the wire, and the amount of intraoperative pain ex-
perienced by patients during the procedure when the an-
nulusis heated. Patients have also complained of signifi-
cant postoperative back spasm necessitating the use of back
braces and subsequent delay in theimplementation of post-
operative rehabilitation.

Nucleoplasty utilizes the Perc-D SpineWand, which is a
1mm diameter bipolar instrument designed for decompres-
sion of the disc nucleus utilizing both energy and heat. The
tip of the wand has a dlight C curveto alow for channel-
ing. The wand is connected to the standard Arthrocare
power generator. Nucleoplasty utilizes Coblation[] tech-
nology which hasfound applicationsin other areas of medi-
cal care (8, 9). This process generates a unique low tem-
perature plasmafield, for precise, controlled ablation with
minimal risk of thermal injury. Ablation generates approxi-
mately 120 Volts of energy at the tip of the wand with re-
sultant tip temperatures of 50-70 degrees C. A plasmafield
isgenerated at thetip, whichisamillimicronthick field of
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Fig. 1. Ablation—Advancing the Wand creates
asmall, controlled channel in the nucleus
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Fig. 2. Bipolar RF Coagulation during with-
drawal of the Wand denatures the adjacent col-
lagen and proteoglycan within the nucleus for
additional volume and pressure reduction

highly energized particles that result in molecular disso-
ciation of the disc material directly in front of thetip (10).
This creates a channel from the posterolateral annulus to
the anteromedial annulus (Fig. 1). On the withdrawal, the
coagulation modeis used (Fig. 2). The coagulation mode
is 60V of energy and a tip temperature of 70 degrees C.
On exit the thermal effect results in denaturization of the
Typell collagen with resultant shrinkage of the surround-
ing collagen and widening of the channel (Fig. 3).

METHODOLOGY
Patients were recruited and data was collected on a pro-

spective basis. Patients had to satisfy specific inclusion
and exclusion criteria to be enrolled. Inclusion criteria
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were complaints of back with or without radicular pain,
and failure six weeks of conservative care. Conservative
carewas comprised of the use of posture and activity modi-
fications, physical therapy focusing on lumbar stabiliza-
tion exercises, and oral NSAIDs. If patients had low back
pain without radicular symptoms, conservative care also
included the use of epidural steroid injections. Patientsmust
have undergone 6 weeks of conservative care prior to un-
dergoing Nucleoplasty. The exceptions to this rule were
instances where the pain was functionally incapacitating
and refractory to the use of oral narcotics. Exclusion cri-
teriawere the presence of a sequestered herniation, acon-
tained herniation that was larger than 1/3 the sagittal di-
ameter of the spinal canal, spinal stenosis, the presence of
progressive neurological deficits, tumor, infection, spinal
fracture, or participationin any other drug or device study.

All patients with axial low back pain without radicular
symptoms underwent provocative discography to confirm
concordant pain prior to Nucleoplasty. Nucleoplasty was
performed on an outpatient basis with fluoroscopic guid-
ance and local anesthesia. Patients were positioned in a
prone or decubitus position. Theinvolved disc space was
localized under fluoroscopic guidance and the soft tissues
areinfiltrated withlocal anesthetic approximately 8-10cm
fromthemidline. A 17-gauge needle wasthen introduced
into the posterolateral corner of the disc using a postero-
lateral extrapedicular approach. The AP projection was
checked to determine that the needle had not transgressed
thetranspedicular line. The 17-gauge needle wasthenin-
troduced through the annulus and the spine wand was in-
serted through the needle (Fig. 4). A tota of 6 channels
were created at the 2, 4, 6, 8, 10 and 12 o0’ clock positions.
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Fig. 3. Temperature curves measuring from the tip of the Perc-D wand demonstrate a steep drop which
minimizes the risk of inadvertent heating of the annulus or vertebral endplates
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Fig. 4. Deviceat the anterior annulus of the disc

Because of the C shaped curve at the tip of thewand these
six channels decompress a cone shaped area of nucleus
(Fig. 5). The Imm skinincision wasthen closed with Steri-
Strips and patients were discharged to home within one
hour of the procedure. Patients received periprocedural
antibiotic prophylaxis. 1 gm of intravenous Cefazolin was
infused prior to the procedure, and patients received 500
mg of oral Cephaexin every 6 hours for 48 hours. Pe-
tientswith penicillin or cephal osporin alergy received 400
mg of intravenous ciprofloxacin prior to the procedure and
500 mg orally twice aday for 48 hours.

Postoperatively patients were allowed unlimited walking,
standing and sitting. Patients were instructed not to per-
form any lifting, bending or stooping. Returnto sedentary
or light work was permitted at 3-4 daysfollowing the sur-
gery. The patient was instructed in gentle flexion and ex-
tension homeexercisesat thefirst postoperative officevisit.
Formal physical therapy with an emphasis on lumbar sta-
bilization exercises started at 3-weeks post procedure.

Questionnaires were filled out by the patient pre-proce-
dure, and at one month, three months, six months and one
year post-procedure. The treating physician and clinical
support staff performed assessmentsat the aboveintervals.
Demographics, along with information regarding occupa-
tional status, prior surgery and narcotic usage were col-
lected at the time of study enroliment. A Visual Analog
Pain Scale (VAS) was administered at al visits. The pro-
cedurewas considered asuccessif all of thefollowing cri-
teriawere met: a2-point reduction on the VAS scale, pa-
tient satisfaction, absence of narcotic use, and return to
work if the patient was not working secondary to back pain
complaints. Patient satisfaction was measured on ascale

Fig. 5. Six channels decompress a cone shaped
area of the nucleus

from 0to 4 with O= unsatisfactory, 1= satisfactory, 2=good,
3= very good, 4= excellent. Satisfaction score greater or
equal to a1 was considered a success for this parameter.
Patientswere considered afailureif they did not meet all 4
of these criteria or went on to surgery. Patients who went
to surgery were included in the analysis of outcomes.

RESULTS

Our preliminary results are presented below. Data collec-
tion is ongoing. A total of forty-nine patients underwent
the Nucleoplasty procedure. Nine of these patients had
prior surgeries. Four patients had prior fusions, four had
prior percutaneous disc procedures, and one patient had
undergone aprior lumbar laminectomy. Forty-nine out of
forty-nine patients have been followed for one month, with
forty-onefollowed for three months, twenty-four followed
for six months and thirteen patients followed at twelve
months. Thetwenty-six men and twenty-three women had
amean age of 38 yearsold, with agesranging between 30-
61 years old. The average duration of symptoms prior to
Nucleoplasty ranged from 1 month to 252 months with a
mean of 38 months. One patient was |ost to follow up.

VAS score datawas analyzed using atwo-tailed paired stu-
dent-t test, with a p-value of <0.05 being considered sta-
tistically significant. VAS scoresdemonstrated statistically
significant improvement at the one, three, six, and twelve-
month follow-up visits when compared with baseline val -
ues. The pre-procedure mean VAS scoreswas 7.9 +/- 1.3
(range 3-10). At one month, the mean VAS score was 3.6
+/- 2.6 (range 0-9). At 3 months the mean VAS score was
3.1+/- 2.7 (range 0-9). At 6 months, the mean VAS score
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Fig. 6. Mean VAS scores at follow-up visits

was 3.2 +/- 2.8 (range 0 t0 9). At 12 months, the mean
VAS score was 4.3+/- 2.8 (range 0 to 9) (Figure 6). The
pre-procedure and post-procedure VAS differences were
4.28 (p<0.001), 4.66 (p<0.001), 4.75 (p<0.001), and 3.3
(p=0.002) at the one-month, 3-month, 6-month, and 12-
month interval s respectively. Pre-procedure and the most
recent post procedure VAS scores are illustrated in figure
7. Patient satisfaction was measured at the 3 month inter-

val on ascalefrom 0to 4 with O= unsatisfactory, 1= satis-
factory, 2=good, 3= very good, 4= excellent. The mean
post-procedural satisfaction scorewas=2.14. Overall, there
was a 79% success rate. In the group that had previous
surgery, the successrate was 67%, versus 82%in the group
that had no previous surgical intervention. No post-proce-
dural complications were observed.
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Fig. 7. Comparison of pre and latest post procedure VAS
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Table 1. Suggested selection criteria for
Nucleoplasty

Radicular/Axial Pain

Leg pain > back pain

MRI evidence of contained herniated disc protrusion
Discography, if indicated

Failure of 6 weeks of conservative therapy

Axial Back Pain

MRI evidence of contained disc protrusion
Discography positive for concordant pain
Failure of 6 weeks of conservative therapy

Contraindications

Severe degenerative disc with greater than 33% loss
of disc height

Herniation larger than 1/3 the sagittal diameter of the
spinal canal

Disc extrusion or sequestration

M oderate/severe spinal stenosis

Tumor, infection, fracture

CONCLUSON

Although long-term data are not available, our initial data
indicatesthat Nucleoplasty isapromising option for symp-
tomatic patients with contained herniated discs. Aswell,
there were no adverse events in patients enrolled in this
study. Based on thisexperiencewith the Nucleoplasty pro-
cedure, our recommendationsfor selection criteriafor the
Nucleoplasty procedure arelistedinthe Table 1. Prospec-
tive, randomized, controlled studiesinvestigating long-term
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outcomes of this procedure with subgroup analysis would
help delineate for whom this procedure is helpful.
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