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Executive summary

The procedure

Artificial intervertebral disc replacement (AIDR), also known as total disc arthroplasty,
involves removal of the entire endogenous, damaged intervertebral disc and the
implantation of a prosthetic device in its place. Implantation of the device in the lumbar
region involves a transperitoneal or retroperitoneal approach. As the approach used for
implantation of the device in the lumbar region differs from that of spinal fusion (which
is usually performed posteriorly), spinal surgeons may require the assistance of an “access
surgeon” to minimise rare but serious approach-related complications. Implantation in
the cervical region is performed anteriorly. The anterior approach 1s also used for spinal
fusion of the cervical spine and all spinal surgeons would be familiar with the technique.
The endogenous vertebral endplates and surrounding spinal ligaments are preserved in
both the cervical and lumbar spine and these help to maintain the stability of the implant.
Single or multiple discs can be replaced during the same surgical procedure. All AIDR
surgery 1s performed under general anaesthetic.

Medical Services Advisory Committee — role and approach

The Medical Services Advisory Committee (MSAC) 1s a key element of a measure taken
by the Australian Government to strengthen the role of evidence in health financing
decisions in Australia. MSAC advises the Australian Government Minister for Health
and Ageing on the evidence relating to the safety, effectiveness and cost-effectiveness of
new and existing medical technologies and procedures and under what circumstances
public funding should be supported.

A rigorous assessment of the available evidence is thus the basis of decision making
when funding is sought under Medicare. A team from Monash University was engaged to
conduct a systematic review of literature on AIDR. An Advisory Panel with expertise in
this area then evaluated the evidence and provided advice to MSAC.

MSAC’s assessment of artificial intervertebral disc replacement

This assessment was undertaken to provide the broadest possible advice regarding the
safety, effectiveness and cost-effectiveness of cervical and lumbar AIDR. Evidence was
sought for the effectiveness of the procedure in adults with cervical radiculopathy and/or
myelopathy with changes secondary to degeneration of the disc or disc prolapse, and in
adults with significant lumbar axial back pain with changes secondary to degeneration of
the disc or disc prolapse with or without radiculopathy and myelopathy or due to major
disc prolapse, who are assessed as refractory to other conservative, non-surgical
treatments.

Artificial intervertebral disc replacement (Total disc arthroplasty) ix



Clinical need

There is considerable uncertainty regarding the prevalence and incidence of:

. cervical radiculopathy and/or myelopathy with changes secondary to
degeneration of the disc or disc prolapse; and/or

. axial lumbar back pain with changes secondary to degeneration of the disc or disc
prolapse.

Therefore, there is uncertainty in estimates of the number of individuals who may be
eligible for AIDR. However, some information regarding the prevalence of back
problems and disorders of the intervertebral disc may be derived from the Australian
Institute of Health and Welfare (AIHW) and The National Health Survey of Australia
conducted in 1995. The definition of back problems used in this survey included cases in
which episodes of back pain resulted in at least moderate pain, and moderate or greater
limitations in walking and/or undertaking usual activities (Mathers 1999).

Data from the ATHW (based on self-reporting), estimated that back problems affected
5.4 per cent of the total population of Australia in 1998. The prevalence of chronic back
pain in the Australian setting has been estimated from another source to be one i five
(20%). The National Health Survey of Australia conducted in 1995 estimated the burden
of disease arising from back problems in Australia as 2,065 years lived with disability
(YLD) for males and 1,903 YLD for females. Years lived with disability is a measure of
the number of healthy life years lost as a result of developing a non-fatal disease.

The incidence of back problems in Australia was estimated to be 65,938 per 100,000
from the 1995 National Health Survey. For comparison, the burden of disease arising
from osteoarthritis was estimated at 23,603 YLD for males and 34,764 YLD for females
with an mcidence of 465 per 100,000 (Mathers 1999). The relatively low YLD and
relatively high incidence of back problems suggest that most cases are acute and the
duration of symptoms is minimal. In contrast, the relatively high YLD and relatively low
incidence of osteoarthritis indicate that individuals with osteoarthritis experience a
significant burden of disease from this chronic condition. There is uncertainty about the
prevalence of cervical or lumbar back pain in the Australian setting. A study in
Switzerland found that approximately 14 per cent of the population had chronic back
pain (defined as pain for greater than six months). Data from a US study indicated that
lumbar back pain affects one in three individuals at some time.

Further estimates have been derived from the 1995 National Health Survey, where 2.2
per cent of the Australian population self-reported disorders of the intervertebral disc,
approximately half of whom may have had degenerative disc disease (DDD). However,
there 1s a degree of uncertainty in these data since it has been shown that approximately
one-third of women have been diagnosed with disc degeneration pathology but have no
symptoms of pain, demonstrating the lack of correlation between the anatomical
diagnosis and the experience of back pain. Therefore, there is still a large degree of
uncertainty regarding the prevalence and incidence of DDD.

The true incidence and prevalence in the Australian setting of cervical and lumbar
radiculopathy and/or myelopathy and lumbar disc prolapse are unknown.

X Artificial intervertebral disc replacement (Total disc arthroplasty)



An alternative approach to estimate the number of individuals who may be eligible to
undergo AIDR 1s to observe the number of individuals currently undergoing spinal
fusion. All MBS item numbers relating to spinal fusion map to Diagnosis Related Groups
(DRGs) 109A and 109B. The number of DRGs for the 2002/2003 financial year was
4,992 (combining public and private hospital contributions). The numbers of individuals
who may be eligible for cervical or lumbar AIDR 1s unknown.

Safety

Cervical AIDR

The safety of cervical AIDR was assessed from one randomised controlled trial (RCT)
comparing cervical AIDR and cervical spinal fusion, 11 case series and one health
technology assessment (HTA) report. The trial compared cervical AIDR using the
Prestige cervical disc to anterior cervical fusion using iliac crest autograft, for the
treatment of single level cervical symptomatic DDD. No statistically significant
differences in the total number of adverse events experienced by participants allocated to
cervical AIDR and those randomised to cervical spinal fusion were observed (relative
risk [RR]=0.93, 95% confidence interval [CI]: 0.63, 1.36). The long-term (>5 years)
comparative safety of cervical AIDR and cervical spinal fusion 1s unknown.

Safety results for 578 participants who underwent cervical AIDR (701 discs) were
reported in 11 case series. Reported adverse events included new or worsening pain,
haematomas, temporary dysphonia or other transient vocal cord problems, revision
decompression surgery, migration or suspected migration of the prosthesis, adjacent level
surgery and removal of the prosthesis with or without subsequent cervical spinal fusion.
Each of these adverse events occurred at a rate of less than 14 per cent in each of the
individual case series, with the exception of one study in which all participants were
reported to experience transient dysphagia. The longest period of follow-up of in the
case series was 65 months. Similar adverse events and rates of adverse events were
reported in the identified HTA report.

Lumbar AIDR

Two multicentre RCTs comparing lumbar AIDR and lumbar spinal fusion have been
conducted. One trial enrolled participants with single level disease at L4-L5 or L5-S1.
Participants in the second trial had DDD at no more than two adjacent vertebral levels
between L3 and S1. No significant differences in the rates of any of the adverse events
were observed between the 205 participants treated by lumbar AIDR with the SB
Charité¢™ disc or those of the 99 participants treated with the BAK Interbody Fusion
Device (BAK Cage) (RR=0.98; 95% CI: 0.86, 1.11). Infection rates in this trial were
reported to be 12.2 and 6.1 per cent for participants randomised to lumbar AIDR and
lumbar fusion, respectively. Severe or life-threatening infections were reported in 1.5 and
2.0 per cent of participants randomised to lumbar AIDR and lumbar fusion, respectively.
No statistically significant differences were observed in the rates of infection between the
treatment groups.

Another publication reporting adverse events occurring in an RCT comparing lumbar
AIDR with ProDisc II (55 participants) and circumferential lumbar spinal fusion (23
participants) reported disc-related problems, minor intraoperative complications,
episodes of pain and mild nfections, which cleared with minimal intervention.
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The long-term (>5 years) comparative safety of lumbar AIDR and lumbar spinal fusion
is unknown.

Adverse event data from the 15 case series (553 participants who underwent lumbar
AIDR, 706 discs) reported that revision surgery was required in a total of 30 participants
from nine of the 15 studies. For studies in which revision surgery was reported, the
proportion of participants undergoing the additional procedure ranged from 2.9 to 28.6
per cent. The artificial disc was replaced in four participants. In the remaining
participants, lumbar spinal fusion was required. The artificial disc was removed before
fusion i five cases. Revision was required as a result of disc migration, persistent
symptoms of pain or bone complications such as vertebral fractures and periprosthetic
ossifications. Some cases of pain were managed with medication and analgesics. The
longest period of follow-up of these case series was 157 months. Similar adverse events
and adverse event rates were reported in the identified HT'A reports and systematic
reviews.

Effectiveness

Cervical AIDR versus cervical spinal fusion

Evidence for the effectiveness of cervical AIDR versus cervical spinal fusion was derived
from one RCT. The trial was designed to demonstrate equivalence between cervical
AIDR and spinal fusion ie, that cervical AIDR is no worse than cervical spinal fusion.

At the level of the treated disc, participants undergoing cervical AIDR maintained the
same range of motion (ROM) of 5.9” at the 12-month follow-up compared with baseline
(5.97), however participants undergoing cervical spinal fusion showed no significant
preservation of motion at the 12-month follow-up (1.1°, which is considered to be no
movement). At the adjacent level, there were no significant differences between the
treatment groups in terms of ROM. Similarly, there were no significant differences
between the treatment groups at 24 months follow-up for neck disability index (NDI),
neck pain, arm pain and neurological status.

The trial concluded that the Prestige IT disc 1s a viable alternative to cervical spinal
fusion. However, the trial enrolled a limited number of participants, did not report full
data and measures of variance at all time points and included relatively short-term follow-
up. In addition, participants, investigators and outcome assessors were not blinded to
treatment, which, when combined with the relatively subjective nature of many of the
outcomes assessed, may have led to bias in the results obtained.

Lumbar AIDR versus lumbar spinal fusion

Evidence for the effectiveness of lumbar AIDR versus lumbar spinal fusion was derived
from two RCTs. One trial was designed to demonstrate equivalence between lumbar
AIDR and lumbar spinal fusion e, that lumbar AIDR is no worse than lumbar spinal
fusion. Data from the trials were reported inconsistently and the variance around the
mean values for certain outcomes was not reported, precluding any meta-analyses.

The trial comparing lumbar AIDR using the Charité™ disc and lumbar spinal fusion
reported that a statistically significantly greater number of participants undergoing
lumbar AIDR achieved overall success compared with participants undergoing lumbar
spinal fusion at the 24-month follow-up. Overall success was defined as at leat a 25 per
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cent improvement in Oswestry disability index (ODI) scores, no device failures, no
major complications and no neurological deterioration. Participants undergoing lumbar
AIDR also showed statistically significantly reduced ODI scores at the six week, three
and six month, but not at the 12- and 24-month follow-up compared with those
undergoing lumbar spinal fusion in this trial.

The publications that reported limited results from the ProDisc II trial noted a
statistically significantly reduced ODI score at the three-month follow-up in participants
undergoing lumbar AIDR compared with those undergoing lumbar spinal fusion, but no
differences in ODI scores were observed between treatment groups at the six-week or
six-month follow-up. One publication reported that participants undergoing lumbar
AIDR showed a statistically significantly greater ROM at six-months follow-up when the
treated level was I.4-1.5, however no differences were observed between the treatment
groups when the treated level was L5-S1. The other publication reported that participants
undergoing lumbar AIDR had statistically significantly greater motion for forward, left
lateral and right lateral bending at the six-month follow-up than those undergoing lumbar
spinal fusion.

Data reported from the trials included relatively short-term follow-up of no more than
24 months. In addition, participants and investigators were not blinded to treatment,
which, when combined with the relatively subjective nature of many of the outcomes
assessed, may have led to bias in the results obtained. In addition, the results from the
ProDisc II trial should be mnterpreted with caution as the two publications identified
reported results from only two of 19 centres mvolved in the multicentre trial. This may
have led to reporting bias if only centres with large populations or those with positive
results reported their data.

Cost-effectiveness

On the assumption of equivalent short-term health outcomes, the economic evaluation
considered only the comparative cost of AIDR and spinal fusion. Direct costs included
in the cost comparison were health care costs, consisting of the costs of hospital care,
prostheses and medical fees for procedures performed in private hospitals. These costs
were determined for lumbar and cervical procedures separately and weighted by the
proportion of procedures performed in public and private hospitals, the number of
spinal levels involved and the level of usage of different fusion methods. The base case
analysis used prostheses cost information provided by the Applicant while the sensitivity
analysis used prostheses cost information provided by other industry sources.

The incremental cost of lumbar AIDR was estimated to be $1,054 per separation when
all methods of fusion were included. The incremental cost was sensitive to the cost of
prostheses and could increase to $7,570 if cost information provided by other industry
sources was the true cost. However, when only interbody fusion was considered, lumbar
AIDR was projected to result in either a cost saving of $3,458 (base case) or an extra cost
of $262 (sensitivity analysis) per separation.

Cervical AIDR was found to be more costly than cervical spinal fusion, irrespective of
the fusion method used. The incremental cost of $9,438 (range $8,413 to $13,346) per
separation was almost entirely due to the higher cost of the prostheses.

Artificial intervertebral disc replacement (Total disc arthroplasty) xiii



The results presented here are based on the best estimates available and are indicative of
the likely costs and benefits of AIDR compared to spinal fusion. The results should be
interpreted with caution in view of the lack of long-term clinical data and the exclusion
of downstream costs of future associated procedures or treatment for adverse events.

Recommendations

On the basis of currently available evidence regarding safety, effectiveness and cost
effectiveness, MSAC recommends interim funding for single level AIDR in patients with
single level intra lumbar disc disease in the absence of osteoporosis and prior fusion at
the same level who have failed conservative therapy.

MSAC will review this recommendation in three years.

In the absence of adequate evidence of effectiveness, MSAC recommends that public
funding for AIDR i the cervical spine should not be supported.

- The Minister for Health and Ageing accepted this recommendation on 6 June 2006. -

Xiv
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Introduction

The Medical Services Advisory Committee (MSAC) has reviewed the use of artificial
intervertebral disc replacement (AIDR), also known as total disc arthroplasty, which is a
therapeutic technology to replace intervertebral discs in the spine.

MSAC evaluates new and existing health technologies and procedures for which funding
is sought under the Medicare Benefits Scheme in terms of their safety, effectiveness and
cost-effectiveness, while taking into account other issues such as access and equity.
MSAC adopts an evidence-based approach to its assessments, based on reviews of the
scientific literature and other information sources, including clinical expertise.

MSAC’s terms of reference and membership are at Appendix A. MSAC is a
multidisciplinary expert body, comprising members drawn from such disciplines as
diagnostic imaging, pathology, surgery, internal medicine and general practice, clinical
epidemiology, health economics, consumer health and health administration.

This report summarises the assessment of current evidence for AIDR in the cervical and
lumbar regions of the spine for individuals who have failed non-operative treatment and
have the following morbidities:

For cervical AIDR,

. radiculopathy and/or myelopathy with changes secondary to degeneration of the
disc or disc prolapse.

For lumbar AIDR,

. significant axial back pain with changes secondary to degeneration of the disc or
disc prolapse with or without radiculopathy or myelopathy; and/or

. significant axial back pain due to a major disc prolapse.

Artificial intervertebral disc replacement (Total disc arthroplasty) 1



Background

Artificial intervertebral disc replacement

Intervertebral discs reside between the vertebral bones and are composed of water,
collagen and proteoglycans (Ann & Juarez 2004). The function of the intervertebral disc
is to promote ventral movement through the combined effort of several discs and also to
act as a shock absorber to prevent compression of the spine (Bridwell 2004). Artificial
intervertebral discs have been developed to replace endogenous mtervertebral discs and
act as a functional prosthetic replacement similar to hip or knee prostheses (National
Institute for Clinical Excellence [NICE] 2003). AIDR 1s performed on the cervical or
lumbar spine.

Anatomy of the spine

The main function of the spine is to protect and support the nerve fibres which make up
the spinal cord. The spine 1s composed of joints, ligaments, muscles, bones and
intervertebral discs. The joints are composed of two opposing bone ends that are
surrounded by cartilage and have a vital role in providing stability when an individual
moves. Ligaments provide postural support for the muscles and are essential for the co-
ordination and implementation of movement. The bones (vertebrae) are essential for
providing the anterior structure of the spine (Ann & Juarez 2004, Subach 2004).

The spine is subdivided into 31 segments according to their location. These segments are
further organized into the cervical, thoracic, lumbar and sacral regions, as shown in
Figure 1. The cervical region 1s located in the highest region of the spine and consists of
the C1-C7 segments. The cervical region is important for the processing of mformation
in the upper region of the body, that is, the back of the head, neck, shoulders, arms and
hands. The lumbar region consists of the lower region of the spine (IL1-L5) and is
essential in carrying the weight of the torso (Spine-health.com 2005, Fidelson 1999).

2 Artificial intervertebral disc replacement (Total disc arthroplasty)
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Figure 1 Spine anatomy
(Patient UK 2005)

The intervertebral discs lie between the vertebral bones and are composed of water,
collagen and proteoglycans. The intervertebral disc is subdivided into the annulus
fibrosus, which is predominantly composed of collagen fibres, and the nucleus pulposus,
which has a larger proportion of water and proteoglycans than the annulus fibrosus and
consists of a jelly-like substance that assists in preventing compression of the spine. The
annulus fibrosus is situated in the outer region of the intervertebral disc and envelops the
nucleus pulposus. The annulus fibrosus comes into close contact with the nociceptors
(pain receptors).

Artificial intervertebral discs

AIDR i1s designed to theoretically simulate the decompressive and supportive properties
of the natural intervertebral discs by restoring the natural distance between the two
vertebrae, thus maintaining or restoring motion and relieving pain (Huang & Sandhu
2004). There are two types of artificial intervertebral discs; one type replaces the nucleus
pulposus, and the other replaces the entire intervertebral disc (Anderson & Rouleau
2004).

Prosthetic discs for total disc arthroplasty are generally consist of: (a) two metallic
endplates which articulate with each other (metal on metal), or (b) two metallic endplates
which sandwich a polymer or plastic core (metal on polymer), see Figure 2. The overall
design and material composition however can vary between commercially available
prosthetic discs. Current prosthetic discs use materials used for many years in other well-
established medical devices eg: hip and knee replacements (Davies MA 2005, personal
communication, 19 June 2005).

Artificial intervertebral disc replacement (Total disc arthroplasty) 3



a)

b)

c)

Figure 2 Types of cervical discs
(Mummaneni and Haid 2004)
a) Metal-on-metal designs — disc alone; b) Metal-on-metal designs implanted in the spine; c) Metal-on-

metal designs — disc alone; d) Metal-on-polymer designs — disc alone; e) Metal-on-polymer design
implanted in the spine.

The procedure

All surgery is performed under general anaesthetic. Patient positioning and intraoperative
real time fluoroscopy depending on the device used, is critical to the exposure and
successful insertion of the arthroplasty device. Whilst an anterior exposure is required in
all procedures, a key difference between cervical and lumbar disc arthroplasty relates to
the surgical approach. The approach and exposure for cervical disc arthroplasty is
identical to that used for anterior fusion procedures and one that is familiar to all spinal
surgeons. For lumbar disc arthroplasty a transperitoneal or retroperitoneal approach is
required. Because most lumbar fusion procedures are performed posteriorly, most spinal
surgeons require the assistance of an “access surgeon” to minimise rare but serious
approach related complications. Important structures that need to be mobilised include
the aorta, iliac vessels, sympathetic plexus, and intraperitoneal structures including bowel
and ureters. An access surgeon such as a general or vascular surgeon is often far more
familiar with the approach (Davies MA 2005, personal communication, 19 June 2005).

Once the anterior lumbar or cervical spine 1s exposed then disc arthroplasty proceeds in
much the same way. A complete discectomy is required prior to removing and shaping
variable amounts of vertebral endplate. In the cervical spine in particular the most
important step occurs next, a neural decompression. Small instruments and drills are
used under magnification to remove disc material and osteophytes compressing nerve
roots or the spinal cord. Finally implanting the device requires precise sizing, placement
and choice of prosthesis to achieve optimal performance. This requires a mixture of
freehand surgical skill, fluoroscopy, milling guides and instruments to achieve this result.
Implants, rather than being cemented or screwed in, rely on a precise press or friction fit
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bone implant interface (Davies MA 2005, personal communication, 19 June 2005).
Insertion and positioning of the endplate are shown i Figures 3 to 5.

Figure 3 Prothesis endplate insertion
(Geisler 2005)

The endplates are loaded into the spreading and insertion forceps and lined up to a midline marker. The
endplates are inserted into the disc space until proper placement is verified by live fluoroscopy.

Figure 4 Final positioning of the prothesis

(Geisler 2005)

A. Initial lateral fluoroscopy; B. Following initial discectomy without bony resection; C. Disc space is
distracted after the remaining disc is removed with a chisel; D. Trial spacer inserted into the disc space;
E. 5° endplate trials with partially distracted disc space to aid in selecting endplate angles; F. Endplate
angles in final position and distracted; G. Final artificial disc placement shown in lateral fluoroscopy;

H. Final artificial disc placement shown in photographic views.

Artificial intervertebral disc replacement (Total disc arthroplasty) 5



Figure 5 Final positioning of the prosthesis
(Geisler 2005)

Intended purpose

The primary indications for AIDR considered in this review include individuals who
have failed non-operative treatment (eg muscle strengthening, weight control, aerobic
training, normal activities, the passage of time and analgesic medications including anti-
inflammatory medications and epidural) with the following morbidities:

Cervical region

. radiculopathy and/or myelopathy with changes secondary to degeneration of the
disc or disc prolapse.

Lumbar region

. significant axial back pain with changes secondary to degeneration of the disc or
disc prolapse with or without radiculopathy; or

. significant axial back pain due to major disc prolapse.

Myelopathy refers to compression of the spinal cord resulting in neurological deficit, for
example a decrease in an individual’s motor and sensory abilities.

The term radiculopathy 1s defined as compression of a radicular nerve (nerve root) from
a prolapsed (displaced) disc that may cause a very sharp pain that radiates from the spine
to the limb (ie, the neck, arm, lower back or leg). A prolapsed disc occurs when the disc
is displaced, herniated or bulging from its normal position within the bone column. The
disc may place pressure on the nerve root and cause symptoms such as radiating pain,
numbness, tingling and weakness (CancerWeb 1997, Kasper et al 2005).

Axial back pain represents the most common type of low back pain and is characterised
by the pain worsening with activity or change in position and relief by rest (Spine-
health.com 2005).
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A list of indications and contraindications suggested by the manufacturers for cervical
and lumbar AIDR 1s presented in Appendix C.

Clinical need/burden of disease
There 1s considerable uncertainty regarding the prevalence and incidence of:

. cervical radiculopathy and/or myelopathy with changes secondary to
degeneration of the disc or disc prolapse;

. axial lumbar back pain with changes secondary to degeneration of the disc or disc
prolapse;
. axtal lumbar back pain due to disc prolapse.

Therefore, there is uncertainty about the number of individuals who may be eligible for
AIDR. However, some information regarding the prevalence of back problems and
disorders of the mtervertebral disc may be derived from the Australian Institute of
Health and Welfare (ATHW) and The National Health Survey of Australia conducted in
1995. The definition of back problems used in this survey included cases where episodes
of back pain resulted in at least moderate pain, and moderate or greater limitations in
walking and/or undertaking usual activities (Mathers 1999).

Self-reported data from the ATHW (2004) suggested that back problems affected 5.4 per
cent of the total population of Australia in 1998, making it the most frequent
musculoskeletal condition after arthritis.

Another measure of the burden of disease is years lived with disability or YLD. Years
lived with disability 1s 2 measure of the number of healthy life years lost as a result of
developing a non-fatal disease that are calculated by multiplying the incidence of the
condition by the average duration by an explicit disability weight (Victorian Department
of Human Services 2004). The disability weight is derived from a Person Trade Off
method in which a small group of health experts are asked to determine weights for a set
of health conditions (Victorian Department of Human Services 2004).

The 1995 National Health Survey of the Australian population covered a range of health-
related issues during a 12-month period from February 1995 to January 1996. The
National Health Survey of Australia estimated the burden of disease arising from back
problems in Australia to be 2,065 YLD for males and 1,903 YLD for females (Mathers
1999). The incidence of back problems in Australia was estimated to be 65,938 per
100,000 from the same survey (Mathers 1999). For comparison, the estimated burden of
disease arising from osteoarthritis was 23,603 YLD for males and 34,764 YLD for
females and the incidence of osteoarthritis was 465 per 100,000 (Mathers 1999). The
relatively low values for YLD indicate that, whilst numerous individuals experience back
problems, many cases resolve quickly and only a small proportion of individuals develop
chronic back problems. In contrast, the relatively small incidence yet relatively high YLD
of the chronic condition osteoarthritis indicate that individuals with osteoarthritis
experience a significant burden of disease.
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There 1s uncertainty in the prevalence of cervical or lumbar back pain in the Australian
setting. A study in Switzerland found that approximately 14 per cent of the population
had chronic (defined as pain for greater than six months) back pain (Dvorak et al 2003).

In the 1995 National Health Survey, 2.2 per cent of the population self-reported
disorders of the ntervertebral disc, including displacement and degeneration of the disc
(Mathers 1999). There 1s some uncertainty in these estimates as they were derived from
self-report and it is unknown how many individuals who reported disorders of the
intervertebral disc had been properly diagnosed. Powell et al (1986) reported that
approximately one-third of women who have been diagnosed with disc degeneration
pathology have experienced no symptoms of pain. Therefore there is a degree of
uncertainty regarding the prevalence and incidence of degenerative disc disease (DDD).

The true incidence and prevalence in the Australian setting of cervical and lumbar
radiculopathy and/or myelopathy and lumbar disc prolapse are not known.

An alternative method for estimating the number of individuals who may be eligible to
undergo AIDR is to consider the number of individuals who are currently eligible for,
and undertaking, spinal fusion. Cervical and lumbar spinal fusion is currently performed
for a number of indications, including some that would not be eligible for AIDR, for
example, fracture, tumours or infection. All MBS item numbers for spinal fusion map to
Diagnosis Related Groups (DRGs) I109A and 109B. Combining public and private
hospital contributions, the total number of DRGs 109A and 109B for the 2002/2003
financial year was 4,992 (Australian Government Department of Health and Ageing

[DoAH] 2004a).

AIDR i1s currently funded on an interim basis under MBS item numbers applicable for
spinal fusion. Hence the 4,992 individuals reported to have undergone spinal fusion in
the 2002/2003 financial year may also include some individuals who underwent AIDR
rather than spinal fusion.

The numbers of individuals who may be eligible for cervical or lumbar AIDR is not
known.

Existing procedures

Cervical spinal fusion is the current treatment option for cervical radiculopathy and/or
myelopathy with secondary changes to the degeneration of the disc or disc prolapse.

The current treatment options for axial lumbar back pain with secondary changes to the
degeneration of the disc or due to major disc prolapse are:

. lumbar spinal fusion; and

. non-surgical treatments including:
- muscle strengthening;
- weight control;

— aerobic training;
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— normal activities;

- the passage of time; and

- analgesic medications including anti-inflammatory medications and epidural
injections.

Comparator

Cervical

Cervical spinal fusion.

Lumbar

Lumbar spinal fusion.

Marketing status of the device/technology

Table 1 presents the TGA listing or registration numbers of cervical and lumbar artificial
intervertebral discs available in Australia.

Table 1 TGA listing or registration numbers of cervical and lumbar artificial intervertebral
discs

Disc TGA IiStir.'ﬁ, %rbr:rgistration

Cervical

Bryan, manufactured and marketed by Medtronic Sofamor Danek L 78918

Prestige, manufactured and marketed by Medtronic Sofamor Danek L 78918

ProDisc C, manufactured by Spine Solutions/Synthes marketed by Taylor Bryant in Australia R 99693

Lumbar

SB Charité™ |Il, manufactured and marketed by DePuy Spine L 96121

ProDisc, manufactured by Spine Solutions/Synthes and marketed by Taylor Bryant in Australia R 99693

The following discs are not registered or listed by the TGA:

Cervical
PCM, manufactured by LINK

Lumbar

Maverick, manufactured and marketed by Medtronic Sofamor Danek
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Current reimbursement arrangement

The AIDR procedure is currently reimbursed on an interim basis under MBS items
48684 and 48660 (Table 2).

Table 2 MBS Item numbers used for current reimbursement for AIDR

MBS Item Number Description Fee Benefit

48684 SPINE, segmental internal fixation of, other than for scoliosis, $798.85 75% of half of the
being a service associated with a service to which any of one of fee = $298.45
items 48642-48675 applies — 1 or 2 levels (Anaes) (Assist)

48660 SPINAL FUSION (anterior interbody) to cervical, thoracic or $918.65 75% = $689.00
lumbar regions — 1 level (Anaes) (Assist)

Source: Australian Government, DoHA (2004a)
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Approach to assessment

Review of literature

The medical literature was searched via a number of electronic databases to identity
relevant studies and reviews for the period covered by each of the databases (Table 3).
The search was completed on 11 February 2005. Reference lists of the identified articles
were also scanned to locate studies not identified in the electronic search.

Table 3 Electronic databases used in this review

Database Period covered
Cochrane Library 2005, Issue 1

Medline From 1966 to search date
Medline in-process & other non-indexed citations 11/02/2005

EMBASE From 1968 to search date
Australasian Medical Index From 1968 to search date
CINAHL From 1982 to search date

In order to identify all of the relevant information published in journal articles, a
comprehensive search of the literature was performed. The search strategy for OVID
databases 1s presented at Appendix D. The search was modified for other databases and
HTA and clinical trial register websites.

All of the terms that can be used to describe AIDR were identified. These included the
trade names by which the products are known, text words and thesaurus terms of the

databases. This set of words (the core terms) formed the basis of our searching
(Appendix D).

Other search strategies

Relevant health technology assessment websites (listed in Appendix E) were searched to
identify completed reviews or economic evaluations of AIDR. Relevant clinical trial
register websites (listed in Appendix E) were also searched to identify clinical trials
currently under way.

Selection Criteria

Criteria were developed a priori to determine eligibility of relevant studies assessing
patient outcomes following placement of AIDR (Table 4), based on those agreed upon
by MSAC and the Members of the Advisory Panel.
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Table 4 Inclusion and exclusion criteria for health outcomes following AIDR

In patients with cervical radiculopathy and/or myelopathy with changes secondary to degeneration of the disc or disc
prolapse, who have failed non-operative treatment, is AIDR safe, effective and cost-effective compared with spinal
fusion?

In patients with significant lumbar axial back pain with changes secondary to degeneration of the disc or disc
prolapse with or without radiculopathy or myelopathy, or due to major disc prolapse, who have failed non-operative
treatment, is AIDR safe, effective and cost-effective compared with spinal fusion?

Characteristics Inclusion Exclusion

Participants Cervical * Patients contraindicated to AIDR

* Patients with radiculopathy and/or myelopathy with inclgdi?g those with spondylolisthesis >
changes secondary to degeneration of the disc or disc grade
prolapse who have failed non-operative treatment Patients treated in the thoracic region of
Lumbar the spine
Chronic pain conditions ie fibromyalgia

* Patients with significant axial back pain with changes
secondary to degeneration of the disc or disc prolapse Patients who have not failed non-
with or without radiculopathy or myelopathy who have operative treatment
failed non-operative treatment

Back or neck pain not emanating from
* Patients with significant axial back pain due to major disc the disc
prolapse who have failed non-operative treatment

Intervention AIDR Disc nucleus replacement
Comparator Cervical * Discectomy
* Cervical spinal fusion * Microdiscectomy
Lumbar * Disc nucleus replacement

* Lumbar spinal fusion

Qutcomes Efficacy None defined

* Reduction in pain (e.g. use of pain medication, rating
scales)

* Adjacent segment degeneration
* Quality of life

* Ability to perform activities of daily living (work and/or
recreation)

* Improvement in positional tolerance (motion, strength
and endurance)

* Disability (disability rating scales, back specific scales eg
ODI, Waddell, Roland-Morris)

» Emotional wellbeing (depression scales)
* Device failure (revision, re-operation or removal)

Safety

» Complication (eg pain, spinal infection, vascular
damage, neurological damage or nerve root injury)

* Migration or dislocation of disc
* Device failure (revision, re-operation or removal)
* Adjacent segment degeneration

* Polyethylene wear
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Table 4 (cont'd)

Inclusion and exclusion criteria for health outcomes following AIDR

Characteristics | Inclusion Exclusion
Study design HTAs, systematic reviews, meta-analyses and RCTs were | Narrative reviews, editorials, letters,
sought initially. If these were unavailable, other controlled articles identified as preliminary reports
trials, comparative studies and cohort studies may have when results are published in later
been assessed. In the event that these too were versions, articles in abstract form only,
unavailable, case series of consecutively selected patients | case reports and collections of case
may have been considered for inclusion reports in which results are only presented
by individual study patient and not
summarised, case series enrolling <10
patients
Publication All relevant articles, irrespective of language used Abstracts

Assessment of validity

Critical appraisal refers to the process of evaluating the study design of ncluded articles.
The most rigorous study design for assessing the validity of therapeutic interventions is
considered to be an RCT (Guyatt et al 1993, Sackett et al 2000).

Assessment of primary studies

The evidence presented in the selected studies was assessed and classified using the
dimensions of evidence defined by the National Health and Medical Research Council
(NHMRC 2000). These dimensions (Table 5) consider important aspects of the evidence
supporting a particular intervention and include three main domains: strength of the
evidence, size of the effect and relevance of the evidence. The first domain is dertved
directly from the literature identified as informing a particular intervention. The last two

require expert clinical input as part of their determination.

Table 5 Evidence dimensions
Type of evidence Definition
Strength of the evidence
Level The study design used, as an indicator of the degree to which bias has been eliminated by
design?
Quality The methods used by investigators to minimise bias within a study design

Statistical precision

The p-value or, alternatively, the precision of the estimate of the effect. It reflects the
degree of certainty about the existence of a true effect

Size of effect

important effects in the confidence interval

The distance of the study estimate from the “null” value and the inclusion of only clinically

Relevance of evidence

outcome measures used

The usefulness of the evidence in clinical practice, particularly the appropriateness of the

aSee Table 6

The three sub-domains (level, quality and statistical precision) are collectively a measure
of the strength of the evidence. The designations of the levels of evidence are shown in

Table 6.
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Table 6 Designations of levels of evidence

Level of evidence® | Study design

| Evidence obtained from a systematic review of all relevant randomised controlled trials
I Evidence obtained from at least one properly-designed randomised controlled trial

-1 Evidence obtained from well-designed pseudorandomised controlled trials (alternate allocation or
some other method)

-2 Evidence obtained from comparative studies (including systematic reviews of such studies) with
concurrent controls and allocation not randomised, cohort studies, case-control studies, or
interrupted time series with a control group

-3 Evidence obtained from comparative studies with historical control, two or more single arm
studies, or interrupted time series without a parallel control group
vV Evidence obtained from case series, either post-test or pre-test/post-test
# Modified from NHMRC 1999

The NHS Centre for Reviews and Dissemination (2001) assembled a list of criterta used
to evaluate the validity of evidence from various study designs. The relevant validity
criteria used in this review for assessing the quality of evidence are listed in Table 7.

Table 7 Validity criteria according to study design

Study design® Validity criteria

Randomised Randomised method; allocation concealment; blinding of patients, investigators and outcome

controlled trial assessors; proportion lost to follow-up; intention to treat analysis

Cohort Prospective/ retrospective; comparable groups at inception; identification and adjustment for
confounding factors; blind outcome assessment; sufficient duration of follow-up; proportion lost to
follow-up

Case-control Explicit definition of cases; adequate details of selection of controls; comparable groups with respect

to confounding factors; interventions and other exposures assessed in same way for cases and
controls; appropriate statistical analysis

Case series Indication was comparable across patients; disease severity was comparable across patients;
explicit entry criteria; outcome assessed in all patients; follow-up time uniform; outcomes assessed
objectively; outcomes assessed in a blinded manner; outcome measures quantified

a Modified from NHS Centre for Reviews and Dissemination (2001)

Data extraction

Data were extracted using standardised instruments created for the assessment. Two
reviewers examined each article and any discrepancies in evaluation were discussed and
resolved through consensus.

Data analysis

Statistical analysis of data provided in the original publications was performed using
Review Manager 4.2.2 (© 2003 The Cochrane Collaboration).
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Expert advice

An Advisory Panel with expertise in neurosurgery, orthopaedic surgery, surgery,
rheumatology, management of spinal pain and consumer health was established to
evaluate the evidence and provide advice to MSAC from a clinical perspective. In
selecting members for Advisory Panels, MSAC’s practice 1s to approach the appropriate
medical colleges, specialist societies and associations and consumer bodies for nominees.
Membership of the Advisory Panel is provided at Appendix B.
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Results of assessment

Search results

A single search strategy for both cervical and lumbar AIRD identified 1,881 articles.
After review of the abstracts, 85 articles were ordered for full text assessment. Three
additional articles were identified from reference lists of articles identified in the search.

Cervical

AIDR versus spinal fusion

One RCT and one HTA report met the inclusion criteria.

Lumbar

AIDR versus spinal fusion

Three articles reporting on two RCTs, two systematic reviews and three HT'As met the
inclusion criteria.

Case series
Fourteen case series that met the selection criteria were included for critical appraisal.
Data extracted from these case series can be found at Appendix F.

An additional 11 non-English case series identified have not been included in this report.

Figure 6 below presents the flowchart demonstrating the selection of articles assessing
the effectiveness of AIDR for cervical and lumbar myelopathy and/or radiculopathy and
lumbar major disc prolapse.
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Identified on searching
n=1,881

A4

Abstracts inspected
n=1,881

y

Full text articles retrieved
n=85

A\ 4

Excluded:
n=1,796

\ 4

Full text articles inspected
n=84

3 additional articles located
from reference list of
identified articles

A 4

Unavailable to information services
(n=1)
Hallah et al (2003)

A 4

Foreign language case series for
lumbar AIDR (n=11), see page 87

Cervical safety (n=1)
Cummins et al (1998)

h 4

Articles for appraisal and
data extraction N=24

Systematic reviews and health
technology assessments N=6

- Cervical (n=1)
- Lumbar (n=5)

Randomised Control Trial N=4
- Cervical (n=1)
- Lumbar (n=3)

Case series N=14
- Lumbar (n=14)

A 4

Excluded:
(n=51)

A 4

Reasons for exclusion (n=51)

Cervical

<10 participants (n=5)

- Narrative review (n=3)
- Case series where

RCTs are available
(n=15)

- Case report (n=1)
- Case series with

inappropriate
participant group (n=1)

Lumbar

- RCT results reported
elsewhere (n=5)

- Case series results
reported elsewhere (n=3)

- Case series, no
effectiveness data (n=1)

- Less than 10 participants
(n=4)

- Narrative review (n=2)

- Case series with
inappropriate participant
group (n=1)

- Technical document (n=2)
- Abstract only (n=1)
- Inappropriate intervention

h 4

(not AIDR) (n = 1)

Cervical and lumbar

- Narrative review
(n=4)

- Abstract only (n=1)
- Economics (n=1)

Figure 6 Flowchart demonstrating the selection of articles assessing the effectiveness of
AIDR for myelopathy, radiculopathy or disc prolapse
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Is it safe?

The systematic search strategy was designed to identify all publications relating to the
safety and effectiveness of AIDR (refer to Appendix D).

Cervical

Safety results from the RCT

Porchet & Metcalf (2004) presented the results of a prospective, RCT comparing the
Prestige II cervical disc with anterior decompression and fusion in individuals with single
level cervical symptomatic DDD. Twenty-seven participants were randomised to receive
the Prestige II disc and 28 received anterior decompression and fusion. The severity of
adverse events in this trial was assessed according to the following World Health
Organisation recommendations:

. grade 1 — noticeable to the patient but does not interfere with routine activity;

. grade 2 — interferes with routine activity but responds to symptomatic therapy or
rest; and

. grade 3 — events significantly limit the patient’s ability to perform routine

activities despite symptomatic therapy.

Table 8 presents the adverse events reported in the RCT. The trial reported adverse
events related to the surgical procedure and events irrespective of their relationship to
treatment. The latter category refers to any adverse event occurring in either of the
groups, whether as a direct result of the surgical procedure or independently of the
procedure, such as pancreatitis.

In the cervical AIDR group, 17 adverse events were recorded (adverse event rate of
63.0%). Nineteen adverse events were observed in the cervical spinal fusion treatment
group, an adverse event rate of 67.9 per cent. The number of participants in each of the
treatment arms experiencing these adverse events was not reported. A comparison of the
adverse event rates between the two treatment groups showed that there were no
significant differences in the total number of adverse events reported for cervical AIDR
and cervical spinal fusion (RR, 0.93, 95% CI: 0.63, 1.36) (Porchet & Metcalf 2004).

Of the 17 adverse events experienced by participants in the cervical AIDR group, three
(17.6%) were grade 1, 13 (76.5%) were grade 2 and one (5.9%) was grade 3. Of the 19
adverse events experienced by participants in the cervical spinal fusion group, 16 (84.2%)
were grade 2 and three (15.8%) were grade 3 (two of which involved secondary
myelopathy and required adjacent level surgery).

Of the 17 adverse events reported in the cervical AIDR group, 14 (82.4%) resolved after
three months. Of the three permanent events (17.6%), one was grade 3 (pancreatitis) and
was not considered related to the procedure and the remaining two involved one mncident
of continuous neck pain and one of shoulder pain with no evidence of
neurocompression. In addition, there was one case of malposition of the artificial
intervertebral disc, which was resolved by removal of the disc and a subsequent cervical
spinal fusion procedure.
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Of the 19 adverse events reported in the cervical spinal fusion group, 15 (78.9%)
resolved after a mean period of three months and the remaining four (21.1%) were
considered to lead to permanent disability. These involved neck and arm pain for three
participants and one case of secondary myelopathy requiring adjacent level surgery.

Table 8
spinal fusion

Adverse events occurring in participants randomised to cervical AIDR or cervical

AIDR Spinal fusion L
Adverse event (n=27) (n=28) Re(lgélo\/:%:';sk
Frequency (%) Frequency (%)

Adverse events? 17 (63.0) 19 (67.9) 0.93(0.63, 1.36)
Events related to surgical procedure 0(0.0) 3(10.7) 0.15(0.01,2.74)
Events irrespective of relationship to treatment:

Neck and/or arm pain 6 (22.2) 110(39.3) 0.57 (0.24, 1.31)
Sﬁéc;r;gary myelopathy requiring adjacent level 0(0.0) 20(74) 021 (0.01, 4.13)
Graft had to be replaced NA 2(7.1) NA
Malposition of the disc 14(3.7) NA NA
Haematoma at graft harvest site NA 1(3.6) NA
Transient recurrent palsy 1¢(3.7) 0(0.0) 3.11(0.13,73.11)
Dysphagia 1¢(3.7) 0(0.0) 3.11(0.13, 73.11)
Pancreatitis 11(3.7) 0(0.0) 3.11(0.13,73.11)

Source: Porchet & Metcalf (2004). Abbreviations: NA, not applicable

aPorchet & Metcalf (2004) state that these values refer to registered adverse events
bThree patients were considered to be permanently affected

¢One patient was considered to be permanently affected

4The disc was removed and the patient underwent a fusion procedure

e Patient recovered after three months

t Considered to be unrelated to the surgical procedure

The long-term (>5 years) comparative safety of cervical AIDR and cervical spinal fusion
is unknown.

Safety results from the case series

Table 9 presents complications from case series of cervical AIDR. Case series are
included irrespective of the specific indication - it was considered sufficient that
participants had been treated for cervical AIDR. Overall complications were not
consistently reported in the literature. Follow-up was up to 65 months.

Safety outcomes for 578 participants (701 discs) over 11 studies were reported in case
series of cervical AIDR. The frequencies of the adverse events reported below are
expressed as the percentage of participants experiencing the adverse event. New or
worsening pain was observed in four participants in three of the case series (Bryan 2002,
Duggal et al 2004, Sekhon 2004), ranging from 2.1 per cent (Bryan 2002) to 9.1 per cent
(Sekhon 2004) of participants. Haematomas were also frequently observed and reported
in a total of 10 participants over four studies (Anderson et al 2004b, Bryan 2002, Goffin
et al 2003, Jollenbeck et al 2004), ranging from one per cent (Bryan 2002) to four per
cent (Jollenbeck et al 2004) of participants. Haematomas generally required evacuation.

Temporary dysphonia or other transient vocal cord problems were reported in six
participants across four studies (Bryan 2002, Duggal et al 2004, Pickett et al 2004,
Wigfield et al 2002b), ranging from one per cent (Bryan 2002) to 13.3 per cent (Wigfield
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et al 2002b) of participants. Temporary dysphagia was reported in one of 26 participants
(3.8%) 1n Duggal et al (2004) and all of the participants (n=50, 100%) in the study by
Jollenbeck et al (2004) experienced difficulty swallowing after surgery.

Three participants (2.2%) in the study by Anderson et al (2004b) and two participants
(1.4%) 1n the study by Gotffin et al (2003) required revision decompression surgery.
Migration or suspected migration of the artificial intervertebral disc was observed in six
participants across four studies (Anderson et al 2004b, Duggal et al 2004, Gotffin et al
2003, Pimenta et al 2004) but appeared not to be associated with any major clinical
outcomes. The proportion of participants experiencing migration or suspected migration
of the prosthesis ranged from 1.4 per cent (Goftin et al 2003) to 3.8 per cent (Duggal et
al 2004).

Adjacent level surgery was performed in two participants: one of 146 (0.7%) in the study
by Goftin et al (2003) and one of 15 (6.7%) in the study by Wigfield et al (2002b).
Removal of the artificial intervertebral disc and subsequent cervical spinal fusion were
performed in three participants: one of 10 (10.0%) in Pontillart (2001), one of 15 (6.7%)
in Wigfield et al (2002b) and one of 20 (5.0%) in the study by Cummins et al (1998). One
participant of 50 (2.0%) required removal of the disc alone (Jollenbeck et al 2004).
Infections were not reported in the included cases series.

Table 9 Adverse events associated with cervical AIDR - case series
Study Study size Length of Types of adverse events Outcome of adverse events
follow-up
Bryan cervical disc
Anderson et | N=136 Upto24 |« Cerebrospinal fluid leak while * Not reported
al (2004b) | 75 giscs | Months decompressing posteriorly in the disc
space (n=1)

* QOesophageal injury (n=1) * Not reported

* Haematoma (n=4) * Required evacuation

* Incomplete removal of neural * Revision decompression

compression (n=3)

Device migration (<3 mm) associated with | ¢ Not reported
a partially milled cavity (n=2)

Bryan N=97 Upto24 |« Dysphonia (n=1) * Temporary
(2002) 97 discs | months

Pain experienced after the 3-month * Foraminotomy
follow-up due to failure to remove an
osteophyte (n=1)

Pain in shoulder, arm and sternum * Neural compression ruled out on MRI
approximately 6 months following surgery
(n=1)

Non-specific shoulder pain and axial pain | * Not reported

* Pain and shortness of breath due to a * Re-operation revealed a haematoma
loosened drainage catheter which was evacuated 26 hours post-
operatively
Duggal et al | N=26 Upto27 | Increased radicular pain directly following | Improved over several weeks
(2004)a 30discs | months surgery (n=1)
gl\éltzan: * Transient unilateral vocal cord paralysis | * Resolved within 6 weeks
' (n=1)
months,
Range: * Dysphagia (n=1) * Persisted for 6 weeks post-operatively
1.5-27 * Possible device migration (2 mm) at 2 * Not reported
months)

years post surgery (n=1)
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Table 9 (cont'd)

Adverse events associated with cervical AIDR - case series

Study Study size Length of Types of adverse events Outcome of adverse events
follow-up
Bryan cervical disc (cont)
Goffinetal |N=146 Upto24 |« Device migration seen in one participant | Temporary
(2003) 189 discs | months and suspected in a second
* Prevertebral haematoma (n=2) * Required evacuation (re-intervention)
* Epidural haematoma (n=1) * Required evacuation (re-intervention)
* Residual symptoms (n=1) * Posterior foraminotomy without device
involvement (re-intervention)
* Residual myelopathic symptoms (n=1) * Posterior decompression (re-intervention)
* Incorrect level operated on, resulting in * Follow up surgery at the correct level.
unresolved pain (n=1) Temporary dysphonia occurred after this
surgery
* Pain in shoulder, arm and sternum (n=1) | Neural compression ruled out
* Unresolved non-specific shoulder pain * Not reported
(n=1)
* Radiculopathy caused by disc herniation | Device implant at adjacent level. Severe
(n=1) dysphonia occurred after this surgery
* Cerebrospinal fluid leak while * Not reported
decompressing posteriorly (n=1)
* Pharyngeal tear/oesophageal wound * Required surgical repair — an anterior
incurred during intubation and an anterior decompression
decompression caused by ongoing nerve
root compression (n=1)
Pickett etal | N=14 Upto24 |« Transient unilateral vocal cord paralysis |* Resolved by 6 weeks
(2004) 15discs | months (n=1)
l (Mean: 12
months,
Range:
6-24
months)
Sekhon N=11 Upto32 |« Worsening of pre-operative symptoms * Resolved after 72 hours with
(2004) 15discs | months approximately 10 days post surgery (n=1) | dexamethasone therapy
gl\élian: * Persistent neck and arm pain, despite * Evidence of spondylotic bridging creating
mc;nths) anti-inflammatory medication an interbody fusion 17 months following
surgery

Artificial intervertebral disc replacement (Total disc arthroplasty)
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Table 9 (cont'd)

Adverse events associated with cervical AIDR - case series

Study Study size Length of Types of adverse events Outcome of adverse events
follow-up

Prestige | (Frenchay disc)

Wigfieldet | N=15 Upto24 |« Persistent radicular pain during the first Investigated with plain radiographs and

al (2002b)be months 12 months following surgery (n=2) CT myelograms (no foraminal or cord

Neck pain (n=4)

Recurrent arm pain (n=2)

Progression of myelopathy (n=2)

Transient dysphonia (n=2)

compromise detected)

One participant had a CT myelogram (no
foraminal or cord compromise detected).
One participant required removal of the
artificial disc and a subsequent fusion.
One participant developed the pain after a
car accident and one participant had two
broken screws in the device

One case resolved spontaneously. The
second required foraminotomy at an
adjacent level

One participant underwent
decompression laminectomy, two levels
below the artificial disc. The participant
then developed a progressive kyphotic
deformity at the intervening level and
underwent fusion at this level

Resolved within 3 to 6 months

Porous coated motion disc

Pimentaet |N=53 Upto12 |« Device migration (4 mm), 3 months post No clinical symptoms
al (2004) 82 discs | months surgery
* Grade 1 heterotopic ossification in the Not reported
nine-month follow-up
Disc not specified
Jollenbeck | N=50 Upto14 |e Haemorrhage causing breathing Surgical removal of haematoma within 6
etal (2004) |5y gigcs | Months difficulties (n=2) hours of surgery
* All participants reported minor difficulty Resolved after three days
with swallowing
Pointillart N=10 Upto24 | Intense neck pain (n=2) In one instance, removal of the disc and
(2001) 10discs | months spinal fusion resolved the pain
Bristol/Cummins
Cummins et | N=20 Upto65 |« Persistent orincreased pain (n=3) Not reported
al (1998) 22discs | MONthS * Transient hemiparesis as a result of a drill | » Recovered completely except for a deltoid

injury to the spinal cord at the time of
screw placement

In 5 participants receiving a single
stainless steal screw in the anterior joint:
partial screw pull-out (n=3), broken screw
(n=1), joint subluxation (n=1)

In 15 participants receiving A-O screws in
the anterior joint: partial screw pull-out
(n=2), broken screw (n=1), persistent mild
dysphagia (n=3), loose joint and
persistent pain (n=1)

muscle paresis that appeared 3 months
post-operatively

Not reported

Participant with loose joint and persistent
pain had prosthesis removed because of
an improper ball and socket interface
(manufacturing error) and underwent
interbody fusion. Outcomes not reported
for other events

N = number of participants
aMay be further results from Pickett et al (2004)

bSelected patients considered most at risk of adjacent-level disease
cRobertson & Metcalf (2004) reported 4-year results from this study, however no further complications were observed
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Anderson et al (2004a) analysed Bryan and Prestige discs that had been explanted from
the cervical spine in order to assess wear of the device and any host inflammatory
response. Overall, of the 5,500 Bryan discs known to have been implanted at the time of
publication, 11 (0.2%) had been explanted. Of these 11 explants, seven (63.6%) were
removed due to persistent neurological symptoms and four (36.4%) due to infection.
Three of the 300 implanted Prestige discs (1.0%) were explanted. Of these three
explants, one (33.3%) was removed due to incorrect placement, one (33.3%) due to
infection and one (33.3%) to treat adjacent level degeneration. Comparison of simulator-
generated data of wear-related characteristics to data obtained from explanted devices
indicated that actual wear was five- to 10- fold less than that predicted. In addition,
inflammatory responses observed from the explanted devices were reported to be
minimal and not typical of that seen in failed joint arthroplasties.

Tsuji et al (1990) implanted artificial ceramic intervertebral discs into the cervical spine of
two patients. In both cases the discs appeared to migrate into the lower vertebra at six to
12 months after surgery. This migration progressed with time. No subsequent
publications using ceramic discs were identified in the literature search.

Safety results from the systematic reviews and HTA reports

In addition to the case series reported above, the ASERNIP-S Procedure Brief (2001b)
reported the results from Cummins et al (1998), a case series of 20 patients with the
Bristol/Cummins disc who were followed for an average of 2.4 years. The safety results
from this study are included in Table 9. The following adverse events were reported:

. Five partial screw pullouts.

. Two broken screws.

. One partial dislocation resulting in moderate, persistent dysphagia.
. One transient hemiparesis due to spinal cord njury whilst drilling.
. One loose joint.

. Persistent pain.

In addition, the ASERNIP-S Procedure Brief (2001b) presented results of an ongoing
European multi-centre trial. Whilst this trial 1s not adequately referenced in the
ASERNIP-S Procedure Brief (2001b) as the results may not have been published at the
time of writing, they appear to have been reported subsequently in Goffin et al (2002). A
later publication by Goffin et al in 2003, which has been included in the evaluation of the
safety of cervical AIDR (Table 9), includes results of the participants in Goffin et al
(2002) and additional participants. The ASERNIP-S Procedure Brief (2001b) reported
the following adverse events from this European study:

. One incidence of minor intraoperative bleeding.
. One mncidence of unresolved pain following mnitial surgery.
. One mcident of dysphonia.
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Lumbar

Safety results from the RCTs

Two multicentre RCTs comparing lumbar AIDR and lumbar spinal fusion have been
conducted. These include the DePuy Spine Charité™ Artificial Disc Trial (Geisler et al
2004, Guyer et al 2004, McAfee et al 2003a, McAfee et al 2003b) and the FDA ProDisc
IT Trial (Delamarter et al 2003, Zigler 2004). Participants enrolled in the former had
single level disease at .4-L5 or 1.5-81, and those participating in the latter had DDD at
no more than two adjacent vertebral levels between L3 and S1.

Table 10 presents the adverse events reported in the DePuy Spine Charité™ Artificial
Disc Trial Report P040006 and the associated publications (Geisler et al 2004, Guyer et
al 2004, McAfee et al 2003a, McAfee et al 2003b). No significant differences in the rates
of any of the adverse events were observed between the 205 participants treated with
lumbar AIDR with SB Charité™ and the 99 participants treated with the BAK Interbody
Fusion Device (BAK Cage) (RR=0.98, 95% CI: 0.86, 1.11). In addition, no significant
differences in adverse events that were considered to be device related were observed
between the two treatment groups (Trial Report P040006) (RR=1.81, 95% CI: 0.62,
5.31). Infections were reported in 12.2 and 6.1 per cent of participants randomised to
lumbar AIDR and lumbar fusion, respectively. Severe or life-threatening infections were
reported in 1.5 and 2.0 per cent of participants randomised to lumbar AIDR and lumbar
spinal fusion, respectively. No statistically significant differences were observed between
the rates of infection for the treatment groups (Table 10).
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Table 10 Adverse events from the DePuy Spine Charité™ Artificial Disc Trial — Lumbar AIDR
compared with lumbar spinal fusion
AIDR Spinal fusion o
Adverse event? (n=205) (n =99) Re(lgg:/loecﬁ;sk
Frequency (%) Frequency (%)
Adverse events irrespective of relationship to treatment
Any 156 (76.1) 77 (77.8) 0.98 (0.86, 1.11)
Severe or life-threatening 30 (14.6) 9(9.1) 1.61(0.80, 3.26)
Adverse events related to treatment
Device-related 15 (7.3) (4.0 1.81(0.62, 5.31)
Device failures 10 (4.9) 8(8.1) 0.60 (0.25, 1.48)
Adverse events irrespective of relationship to treatment:
Pain (back or lower extremity) 107 (52.2) 52 (52.5) 0.99 (0.79, 1.25)
Pain (other) 27 (13.2) 9(9.1) 1.45(0.71, 2.96)
Neurological 34 (16.6) 17 (17.2) 0.97 (0.57, 1.64)
Infection 25(12.2) 6(6.1) 2.01(0.85, 4.75)
Approach problems (abdominal) 18 (8.8) 8(8.1) 1.09 (0.49, 2.41)
DDD progression, natural history 6 (2.9) 4(4.0) 0.72 (0.21, 2.51)
Additional surgery, index level 10 (4.9) 8(8.1) 0.60 (0.25, 1.48)
Intraoperative complications 2(1.0) 3(3.0) 0.32 (0.05, 1.90)
Abnormal bone formation 2(1.0) 0(0.0) 2.43 (0.12, 50.08)
Severe or life-threatening adverse events irrespective of relationship to treatment:
Pain (back or lower extremity) 10 (4.9) 5(5.1) 0.97 (0.34, 2.75)
Other 11 (5.4) 3(3.0) 1.77 (0.51, 6.20)
Other, cardiovascular 0(0.0) 1(1.0) 0.16 (0.01, 3.94)
Infection 3(1.5) 2(2.0) 0.72 (0.12,4.27)
Additional surgery, index level, removal 4(2.0) 0(0.0) 4.37 (0.24, 80.36)
Additional surgery, index level, delayed fusion 1(0.5) 0(0.0) 1.46 (0.06, 35.43)
Additional surgery, index level, re-operation 1(0.5) 0(0.0) 1.46 (0.06, 35.43)
Approach problems (abdominal) 2(2.0) 1(1.0) 0.97 (0.09, 10.52)
Approach problems (hernia) 1(0.5) 0(0.0) 1.46 (0.06, 35.43)
Approach problems (retrograde ejaculation) 1(0.5) 1(1.0) 0.48 (0.03, 7.64)
Additional surgery, unrelated to index level 1(0.5) 1(1.0) 0.48 (0.03, 7.64)
Neurological (nerve root injury) 1(0.5) 0(0.0) 1.46 (0.06, 35.43)
Device failures
Re-operation 0(0.0) 1(1.0) 0.16 (0.01, 3.94)
Revision 0(0.0) 1(1.0) 0.16 (0.01, 3.94)
Removal 2(1.0) 0(0.0) 2.43(0.12,50.08)
Supplemental fixation 8(3.9) 6(6.1) 0.64 (0.23, 1.81)

Source: Report P040006 and associated publications: Geisler et al 2004, Guyer et al 2004, McAfee et al 2003a, McAfee et al 2003b)
aQccurring in participants randomised to lumbar AIDR or spinal fusion

Adverse events reported in an RCT comparing lumbar AIDR with ProDisc IT prostheses
and circumferential lumbar spinal fusion reported that there were no instances of implant
migration, breakage or mechanical failure, and that no revision surgery was required

(Delamarter et al 2003).
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Adverse events reported in an RCT comparing lumbar AIDR with ProDisc IT (55
participants) and circumferential lumbar spinal fusion (23 participants) are summarised in
Table 11 (Zigler 2004). No significant differences in rates of adverse event were observed
between the treatment groups. Adverse events included one participant (1.8%)
randomised to lumbar AIDR requiring re-intervention the day after surgery due to
dislodgement of the polyethylene spacer, which had been improperly inserted. The
spacer was replaced without further complication. One participant (1.8%) experienced
laceration of an iliac vein that was repaired during the index procedure without further
complications or need for a transfusion. Following the procedure, one participant (4.3%)
randomised to the lumbar fusion treatment group complained of bilateral leg pain, which
had spontaneously resolved by the three-month follow-up visit. One participant (4.3%)
randomised to lumbar fusion experienced a deep wound infection that required operative
irrigation and debridement. Among participants randomised to lumbar AIDR, one
(1.8%) presented with a superficial wound infection that resolved following antibiotic
treatment, one (1.8%) complained of sacroiliac joint pain that was managed with steroid
injection and chiropractic management with partial relief, and two (3.6%) experienced leg
pain that was managed with Neurontin and epidural injections.

Table 11 Adverse events reported from one centre of the ProDisc Il Trial - Lumbar AIDR
compared with lumbar spinal fusion

AIDR Spinal fusion L
Adverse event? (n=55) (n=23) Relative Risk
(95% Cl)
Frequency (%) Frequency (%)
Dislodgement of polyethylene spacer 1(1.8) NA NA
lliac vein laceration 11.8) 0(0.0) 1.29 (0.05, 30.45)
Sacroiliac joint pain 1(1.8) 0(0.0) 1.29 (0.05, 30.45
Bilateral leg pain 0(0.0) 1(4.3) 0.14(0.01, 3.38)
Leg pain 2(3.6) 0(0.0) 2.14(0.11,42.97)
Deep wound infection 0(0.0) 1(4.3) 0.14(0.01, 3.38)
Superficial wound infection 1(1.8) 0(0.0) 1.29 (0.05, 30.45

Source: Zigler 2004
aQccurring in participants randomised to lumbar AIDR or spinal fusion

The long-term (>5 years) comparative safety of lumbar AIDR and lumbar spinal fusion
1s unknown.

Safety results from the case series

Safety outcomes for 553 participants (706 discs) over 15 studies were reported in case
series of lumbar AIDR (Table 12). Case series are included irrespective of the specific
indication as it was considered sufficient that participants had been treated for lumbar
AIDR.

The adverse events reported in Mayer et al (2002) appear also to have been reported in
Mayer & Wiechert (2002). The safety of lumbar AIDR as reported in the identified case
series is presented in Table 12. The frequencies of the adverse events reported below are
expressed as the percentage of participants experiencing the adverse event. Revision
surgery was required in 30 participants in nine studies (Aunoble et al 2004, Casp1 et al
2003, Cinotti et al 1996, David 1993, Enker et al 1993, Fraser et al 2004, Lemaire et al
1997, Mayer et al 2002, Tropiano et al 2003). The proportion of participants in each of
the studies undergoing revision surgery ranged from 2.9 per cent (Lemaire et al 1997,
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Mayer et al 2002) to 28.6 per cent (Fraser et al 2004). In four participants, the artificial
disc was replaced and in the remaining participants, lumbar spinal fusion was required
The artificial disc was removed before fusion in five cases.

Revision was required as a result of disc migration, persistent symptoms of pain or bone
complications such as vertebral fractures and periprosthetic ossifications. Some cases of
pain were managed with medication and analgesics. Infections were rarely reported in the
included cases series, however Zeegers et al (1999) reported that one of 50 participants
(2.0%) had experienced infection of the urinary tract.
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Griffith et al (1994) reported on adverse events occurring in 93 participants (139 discs)
recetving the SB Charité™ III artificial disc and adverse events oc