


Disc Biacuplasty is Not Annuloplasty

There exists some confusion between the “disc biacuplasty” procedure and the
“annuloplasty” procedure. Disc biacuplasty is not annuloplasty.

Annuloplasty uses heating to coagulate and decompress disc material so as to
treat annular disruptions of contained herniated discs.

Disc biacuplasty uses known Radio Frequency lesion creation techniques to
ablate nerves in the disc. Disc biacuplasty is performed using the TransDiscal
system that was cleared by the FDA for the creation of Radio Frequency lesions in
nervous tissue including that which is situated in intervertebral disc material.
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Evidence in Support of Disc Biacuplasty
Summary of Evidence

The currently available evidence supporting disc biacuplasty includes:

e Case reports
Abstracts

e Two prospective clinical outcome studies being published within the calendar
year of 2007

e An RCT (randomized controlled trial) under way at the Cleveland Clinic
conducted by Dr. Leonardo Kapural

The available data on the disc biacuplasty procedure makes a strong medical argument
in its favor. 60% of patients who meet the strict inclusion criteria for disc
biacuplasty will experience clinically significant improvements in pain and
functional status. This includes reduction of opiod use. This data is even more
compelling when compared to the current standards of care; fusion surgery and chronic
narcotic management.

Importantly, disc biacuplasty has not been associated with any post procedure
complications in over 200 cases performed. This is in stark contrast to fusion surgery, in
which reported perioperative complication rates range from 2% to 54% (median 14%) in
31 study groups '. These surgical complications included instrument failure, infection
and/or pain at the donor site (usuallgy the iliac crest), neural injuries, pulmonary embolus
and infection at the surgical site '°.  All patients who have had fusion are left with
diminished range of motion.

Due to the minimally invasive nature of disc biacuplasty, post-operative recovery time is
short. Patients typically resume normal levels of activity within one week. Restrictions
on certain lifting and bending activities are removed after 4-6 weeks of post operative
rehabilitation. This is also in contrast to invasive surgical techniques, which are
associated with longer, more intensive rehabilitation programs.
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Studies of Disc Biacuplasty

The disc biacuplasty procedure has been developed and validated in a stepwise,
evidence-based manner. Studies to date include:

Animal/Cadaver Studies

Acute Histological Effects and Thermal Distribution Profile of Disc Biacuplasty
Using a Novel Water-Cooled Bipolar Electrode System in an in vivo Porcine Model
Petersohn J, Conquergood L, and Leung, M Pain Medicine 2007

The authors note prior evidence of innervation of the lumbar disc as a rationale for
interventions on the posterior annulus of the disc. This study involved performing disc
biacuplasty on 7 porcine lumbar discs and two control discs in two anesthetized pigs.
Intra-procedure temperatures were monitored at various anatomical locations. The
animals were then euthanized and the discs prepared for histological examination.

Major findings and conclusions:
e Disc biacuplasty in a porcine model achieved suitable temperatures to induce
transition of collagen and thermolysis while showing no evidence of damage to
neural tissue in safety zones surrounding the disc.

Histological and Temperature Studies of a Novel TransDiscal Heating System in
Human Cadaver Discs Kapural L, Mekhail N, Kapural, Hicks D , M.D. Pain
Management, Cleveland Clinic, Cleveland, Ohio Presented at the American
Society of Anesthesiologists Anesthesiology 206; 105: A705

The authors note that two earlier intradiscal lesioning techniques, intradiscal thermal
(IDET) and radiofrequency annuloplasty (PIRFT) may have had limited therapeutic effect
because of their minimal annulus denervation activity and inability to induce a collagen
repair. This study examined the temperature and histological effects of biacuplasty on 8
lumbar discs from two human cadavers compared with control discs from each cadaver.

Maijor findings and conclusions:

e Temperature — The temperature between the two probes in the inner annulus was
greater than 50 °C in 8 out of 8 cases. Temperatures in the epidural space were
below 43 °C in 8 out of the 8 discs treated. Temperatures around the nerve root area
were below 43 °C in 8 out of the 8 discs treated. Thus temperatures for ablating
nociceptors are reached. The disc biacuplasty heating pattern had a desired
temperature distribution in the annular part of the discs, without overheating adjacent
structures.

¢ Histology - There was no end-plate or subchondral bone changes which could be
attributed to localized heating.

13 Disc Biacuplasty Clinical Review 08-Oct-2007.doc



Clinical Studies

Novel Intradiscal Biacuplasty (IDB) for the Treatment of Lumbar Discogenic Pain
Kapural L and Mekkhail N Pain Practice Vol 7 Issue 2 2007 130-134

This is a pilot study involving a single 31 year old patient who had experienced
persistent and debilitating discogenic back pain of 2.5 years duration following an
accident.

Major Findings and Conclusions:
e The procedure was well tolerated. There were no intraoperative or postoperative
complications.
e Patient experienced the following improvements:

Baseline 6 months after procedure
VAS 5 1
Oswestry 14 points 6 points
SF 36 physical function 67 82
SF 36 role physical 75 88
SF 36 pain 68 80
SF 36 general health 80 90
SF 36 vitality 70 75
SF 36 role emotional 100 100
SF 36 mental health 60 ‘ 80

A Novel Radiofrequency System (Intervertebral Disc Biacuplasty) for the
Treatment of Lumbar Discogenic Pain: Results of a 6-Months Pilot Study Kapural
L, Ng, A, and Mekhail N Presented at AAPM. Journal Publication Pending

This Cleveland Clinic study involved 15 patients with discogenic back pain of prolonged
duration (range 1-20 years, average 5.8 years of pain). Inclusion criteria required back
pain greater than leg pain and pain reproduction on provocative discography (not
present on control discs.) and single-level or two-level degenerative disc disease without
evidence of additional degenerative changes in other disc spaces on MRI. Exclusion
criteria included evidence of compressive radiculopathy, disc herniation on MRI, and
spinal stenosis.

Major findings and conclusions:

e Patients having disc biacuplasty using the TransDiscal system demonstrated
substantial and statistically significant improvements in both pain scores and
functional capacity. There were no serious adverse events or complications.

¢ Improvement was apparent at one month following procedure and persisted at 6
month evaluation. 12 month outcomes are pending.

e There was an observed decrease in opiod use but it was not statistically
significant
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Mean Scores Baseline 1 month o] 6 months p

(from baseline) (from baseline)
Oswestry 23.3 +/-7.0 16.5 +/-6.8 0.001 17.1  +/-8.1 0.002
VAS 7.2 +/-1.9 33 +241 0.000 34 +/-19 0.00
SF 36 PF 50.8 +/-17.5 59.4 +/-13.0 0.053 69.9 +/-16.2 0.002
SF 36 PB 375 +/-15.0 49.7 +/-19.3 0.020 53.8 +/-22.7 0.003

Clinically Significant Reduction in Discogenic Pain Following Intervertebral Disc
Biacuplasty Treatment: Results of a 6-Month Follow-up Study Whyte, William

This community based study by Louisiana Pain Physicians involved 15 patients with low
back pain unresponsive to non-operative care for at least 6 months, back pain greater
than leg pain and concordant pain reproduced on discography.

Major Findings and Conclusions
e At 6 months there was an approximate 60% reduction in pain intensity (VAS) and
a 30% reduction in disability (Oswestry).

Mean Scores Baseline 1 month p 6 months p

(from baseline) (from baseline)
Oswestry 36.4 +/-17.1 21.8 +/-10.2 0.04 26.7 +/-22.4 0.25
VAS 7.7 +/-0.7 28 +/23 0.006 3.2 +/-3.0 0.012

Disc biacuplasty for treatment of axial discogenic low back pain- initial case
series. Cooper, A. R.

This study performed in Northern Ireland was conducted on 8 patients who had back
pain of greater than 6 months duration and had failed to achieve sustained relief with
facet joint injections, sacroiliac joint injections, and RF rhizotomies.

Major Findings and Conclusions
e Pain assessed by was noted to respond from 0-90% at 6 months. One patient
had no response. Two patients achieved a response of 20% and 30%.
e 4 of 8 patients achieved greater than 50% reduction in pain.
e There were no adverse events or complications

Pending Studies

A randomized placebo controlled trial of disc biacuplasty is currently being conducted at
the Cleveland Clinic.
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Indications for Use

Disc Biacuplasty is indicated for a specific sub-set of patients suffering from chronic
axial low back pain of discogenic origin. Based on clinical evidence, these patients are
likely to receive clinically relevant improvements in pain severity, back function,
reduction in drug usage, return to work options, and quality of life.

In order to be considered eligible for disc biacuplasty, patients must satisfy strict
selection criteria. These criteria, (including assessment of possible pain generators and
disc degeneration such as tears, hernias, and disc height), must all be reviewed by the
treating physician to ensure likelihood of a successful treatment. Practicing physicians
have estimated that approximately 10% of patients suffering from chronic
discogenic pain, (who have failed conservative care), meet the selection criteria
for disc biacuplasty. This treatment option maintains the native biomechanics of the
spine, and in no way limits future treatment options.

Patient Selection Criteria

Indications for Use
- Criteria for discogenic pain satisfied, viz.

— Predominant axial/mechanical back pain.

— Demonstration of positive concordant pain of intensity >6/10 during
provocative lumbar discography at 1 or 2 disc levels at low pressures (<
50psi) with negative control disc at one and preferably two adjacent levels
and sham pressurization.

- Physical Examination

— Chronic Pain (>6 months)

— Age greater than 18 years

- Atleast 50% preserved disc height

— Failure to achieve adequate improvement with comprehensive non-operative
treatment including: non-steroidal anti-inflammatory, physical therapy, and
fluoroscopically guided epidural steroid injection in and around the area of
pathology.

—  Other possible causes of low back pain have been ruled out eg. Failure to obtain
prolonged improvement (>14 days> from facet injections, sacroiliac joint
injections or RF rhizotomies.

Contraindications

— Neurological deficit.

— Intervertebral disc herniations greater than 4mm.

- Extruded/sequestered intervertebral disc herniations.

— Spinal Pathology that may impede recovery such as spina difida occulta,
spondylolisthesis at the painful segmental level or scoliosis.

— Moderate to severe foraminal or central canal stenosis.

— Pregnancy

- Existing endplate damage or Schmorl’s nodes.

— Greater than grade 4 annular tear (Modified Dallas Grading)

— Systemic infection or localized infection at the anticipated introducer endty site

— History of coagulopathy or unexplained bleeding.
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Clinical Vignettes

Below are two samples of patients being successfully treated with disc biacuplasty.

Sample Case 1 - Disc Biacuplasty

A 47 year old male carpenter injured his lower back at work while lifting drywall. Since
the injury, the patient relied heavily on friends and family for assistance in activities of
daily life living. He experienced high levels of pain, with a VAS score pre-procedure of 8,
and failed conservative treatments including physical therapy, epidural injections, and
medications.

A discogram and MRI were performed and this lead to the recommendation for a disc
biacuplasty procedure. The patient received treatment on July 26, 2007 at disc level L5-
S1.

Within one month, the patient’s pain score (VAS) dropped from 8 to 4. The patient is
currently in his recovery phase and will start physical therapy on August 31, 2007 to
increase range of motion. Since the procedure, there has been significant progress in
pain reduction and a significant increase in functionality. The patient is now able to
perform acts of daily living without assistance, such as: bathing, grooming, getting
dressed, and getting in and out of the car, which he was not able to do prior to the
treatment. The patient is excited to start physical therapy and return to all his daily life
activities.

Sample Case 2 - Disc Biacuplasty

A 21 year old male with discogenic pain was limited in performing activities of daily living
as well as being unable to engage in sports, dating, or visiting with friends. Importantly,
he had to stop working as a Press Operator due to his on-going pain. The patient
informed the medical staff that he considers himself to be a young and energetic person.
He was very concerned about having to consider early retirement at the age of 21.

The patient had been in the medical system for months seeking relief for his chronic
back pain. Previous treatments included physical therapy, epidural injections, and
medications. The patient had also undergone a previous nucleoplasty procedure to
address his pain symptoms. These all failed to provide relief.

On June 28, 2007 the patient underwent a disc biacuplasty. Two months later, the
patient reported a 60-70% improvement post procedure and a very significant increase
in the quality of his life. He will be starting physical therapy shortly and is slowly involving
himself in day to day activities of a 21 year old male.
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The following are two examples of patients who are NOT candidates for disc
biacuplasty.

Sample Case 1 — NOT indicated for Disc Biacuplasty

A 67 year old male with diffused spinal degeneration was unable to perform normal daily
activities without debilitating pain. The patient suffered from Degenerative Disc Disease
at L3, L4, and L5-S1. The patient also showed signs of spinal instability.

Though this patient had heard of disc biacuplasty and was interested in trying a
minimally invasive procedure to treat his pain, his condition did not meet the Indications
for Use criteria. Of note is that he showed signs of spinal instability. He was
subsequently referred to a spinal surgeon for further potential spinal fusion.

Sample Case 2 — NOT indicated for Disc Biacuplasty

A 37 year old female presented with a complaint of low back pain and pain radiating
down her right leg. Examination and MR! showed an extruded herniated disc at level L4.
The patient had been suffering for over a year with this pain, and had undergone various
conservative treatments in an attempt to alleviate the pain.

This patient was interested in avoiding a discectomy procedure and consequently
inquired about disc biacuplasty. The patient was informed that disc biacuplasty will not
be successful in treating an extruded herniated disc. The patient was subsequently
referred to a specialist in minimally invasive discectomy procedures.
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Economic Context

Cost Comparisons

There are strong economic arguments for treating patients with the disc biacuplasty
procedure. This is particularly so when compared to the high cost of surgery and
continual narcotics management.

Presently, the options for patients suffering from chronic axial disc pain that lasts longer
than 6 months are:

¢ Continual narcotic management with on-going medical reviews

e Disc biacuplasty

e Fusion surgery

Continual narcotics management

It has been estimated that continual narcotic management with on-going medical care
cost in the order of $5,500 - $7,500 per year 2. This figure only addresses direct
medical costs and does not take into account the quality of life issues that directly affect
a patient suffering from chronic axial back pain.

Disc biacuplasty

It has been estimated that the average total cost, (professional and facility fees), for a
disc biacuplasty procedure is in the range of $6,000 to $10,000.

Fusion Surgery

Several studies have reported costs associated with fusion surgery in excess of
$50,000, with more complex procedures incurring greater costs .

Complications from fusion surgery have been estimated to be approximately 14%. Of
much greater concern are the patients who suffer from Failed Back Surgery Syndrome
(FBSS). It has been shown that 5 to 10% of patients who undergo spinal surgery will in
fact be worst off after their surgery 8. This will in turn need to be treated by continual
narcotic management with on-going medical reviews.
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Does patient respond to conservative therapy (6 months)? YES

Perform Diagnostics to confirm discogenic source of pain

4

Is patient eligible for disc biacuplasty?
¢ 50% Disc Height
e Only 1 or 2 level degeneration
¢  Absence of contained herpiations > 4mm, or exiruded or sequestered hemiations
e  Absence of > grade 4 annular lear
Continual narcotic management with Disc biacuplasty \ Fusion Surgery
ongoing medical care
$5.500  $7.500 / YEAR $6,000 to $10,000 / Greater than $50,000

20

Figure 6: Options and costs for treating chronic discogenic axial low back pain.
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Regulatory Approval
The TransDiscal System is cleared by the FDA use in creating Radio Frequency (RF)

lesions in nervous tissue including that which is situated in intervertebral disc material
(510(k)#K062937) (Appendix A1- 510k).
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Clinical Training
Physician Education: Towards Repeatable Outcomes

All physicians who want to perform a disc biacuplasty procedure must undergo
mandatory physician training.

This training is given by certified physicians from the International Spinal
Interventional Society (ISIS), the American Society for Interventional Pain
Physicians (ASIPP) and the World Institute of Pain (WIP).

The training involves attendance at a one-day cadaver workshop. At the workshop, a
faculty physician provides a three-hour lecture on diagnosis, patient selection criteria,
treatment techniques and post procedure care. Following the lecture, each physician
trainee performs the procedure and interacts directly with faculty in a hands-on cadaver
workshop.

Prior to performing the procedure on their first patient, a clinical support person provides
full in-servicing to the medical staff at the hospital or clinic.

After the training, clinical expert is scheduled to attend and support the first cases that
the trained physician performs.
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