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Abstract

Purpose The purpose of this study was to synthesize recommendations on the use of common elective surgical and inter-
ventional procedures for individuals with persistent and disabling non-radicular/axial with or without myelopathy, radicular
back pain, cervical myelopathy, symptomatic spinal stenosis, and fractures due to osteoporosis. This review was to inform a
clinical care pathway on the patient presentations where surgical interventions could reasonably be considered.

Methods We synthesized recommendations from six evidence-based clinical practice guidelines and one appropriate use
criteria guidance for the surgical and interventional management of persistent and disabling spine pain.

Results Lower priority surgery/conditions include fusion for lumbar/non-radicular neck pain and higher priority surgery/
conditions include discectomy/decompressive surgery for cervical or lumbar radiculopathy, cervical myelopathy, and lumbar
spinal stenosis. Epidural steroid injections are less expensive than most surgeries with fewer harms; however, benefits are
small and short lived. Vertebroplasty should be considered over kyphoplasty as an option for patients with severe pain and
disability due to osteoporotic vertebral compression fracture.

Conclusion Elective surgery and interventional procedures could be limited in medically underserved areas and low- and
middle-income countries due to a lack of resources and surgeons and thus surgical and interventional procedures should be
prioritized within these settings. There are non-invasive alternatives that produce similar outcomes and are a recommended
option where surgical procedures are not available.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.
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Summary of Recommended Invasive Interventions for Low- and Middle-income Communities.

Key points Take Home Messages

1. Surgical and interventional procedures target specific back or neck structures
or abnormalities that are thought to be the cause of pain or functional
limitation (e.g., muscles or soft tissues, stenosis, herniated disc, osteoporotic
fractures).

. Many guidelines on the use of surgery and interventional procedures for
spinal conditions are available; however, they were developed from evidence
obtained from high-income countries .

3. The izability of these guidelines to low- and middle-i countries

s uncertain because of limited healthcare resources, including
surgical /medical expertise, resources and infrastructure.

1. Evidence from high-quality clinical practice guidelines suggest that most surgical
ns lead to similar outcomes as non-invasive procedures for cervical and
lumbar spine axial pain related conditions.
2. We have provided recommendations for surgical and interventional procedures
based on evidence, these interventions should be reserved for patients with
persistent and disabling spinal pain that fail to improve with non-invasive treatment.
In low- and middle-income communities, prioritization of elective surgical
procedures should be based on estimated benefits relative to harms and costs.
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Introduction

Spinal disorders, including neck and back pain, are a
leading source of global disability and place a substan-
tial burden on the healthcare system and society through
use of health resources and lost productivity [1-3]. Surgi-
cal and interventional procedures target specific back or
neck structures or abnormalities that are thought to be the
cause of pain or functional limitation (e.g., muscles or soft
tissues, stenosis, herniated disc, osteoporotic fractures).
Although many cases of spine pain are mild and improve
spontaneously, spine pain can also be chronic and recur-
rent [4-7]. Many patients with acute or chronic low back
pain (LBP) improve within the first 6 weeks; however,
improvement slows past this point [4]. Furthermore, less
than one-third of cases resolve annually, and nearly 30%
will experience a recurrence within 6 months [7]. For neck
pain, studies show that cases will either resolve within the
first few months or it will persist and have a high probably
of becoming a chronic complaint [6, 8]. For myelopathy,
the natural history varies between individuals, with the
evidence suggesting that 20-60% of patients will deterio-
rate neurologically over time without surgery [9]. There-
fore, invasive interventions such as injections or surgery
may be considered in patients with persistent and disabling
spine pain following unsuccessful non-invasive treatments.

Many guidelines on the use of surgery and interven-
tional procedures for spinal conditions are available.
However, they were all developed from evidence obtained
from high-income countries and tailored to the needs of
these settings [10—15]. In such settings, surgeries and
interventional treatments are often performed as elective
procedures, and are generally not associated with clearly
superior outcomes when compared to non-invasive thera-
pies [10, 16]. The generalizability of these guidelines to
low- and middle-income countries is uncertain because of
limited healthcare resources, including surgical/medical
expertise, resources and infrastructure.

The purpose of this article was to synthesize recom-
mendations on the management of spinal disorders using
surgical and interventional procedures for individuals with
persistent and disabling spinal pain to inform the Global
Spine Care Initiative (GSCI) Care Pathway for patient
presentations where surgical interventions could reason-
ably be considered. This study pertains to “elective” sur-
gical and interventional (i.e., injections) procedures to
reduce persistent pain and improve function. Patients with
cauda equina, progressive neurological deficits, and seri-
ous conditions such as cancer, severe trauma, infection, or
other “Red Flag” conditions generally requiring surgical or
specialized evaluation were not considered in this review.

Methods
Development of recommendations

We selected spinal disorders associated with persistent
pain and loss of function that may be referred to surgery
or injections [17]. These conditions are non-radicular/axial
neck and back pain, radicular neck pain due to degenera-
tive foraminal stenosis with or without myelopathy, radic-
ular back pain due to herniated disc, and symptomatic spi-
nal stenosis and osteoporotic fracture.

Six evidence-based clinical practice guidelines for the
surgical and interventional management of persistent and
disabling spine disorders were selected by consensus of
the GSCI executives (SH, MN, PC, EH, RC) [10-15]. One
guideline focused on low back pain was developed by the
American Pain Society (APS) [one of the lead authors of
this guideline is an author of this article (RC)] [10]. One
guideline focused on percutaneous vertebroplasty and per-
cutaneous balloon kyphoplasty for treating osteoporotic
vertebral compression fractures and was developed by the
National Institutes of Health Care Excellence (NICE) [11].
The other four guidelines were developed by the North
American Spine Society (NASS) [12-15].

We appraised the quality of the guidelines using the
Appraisal of Guidelines for Research and Evaluation
(AGREE) II instrument [18]. All guidelines met criteria
for high-quality guidelines scoring five out of seven (high-
est score) or higher.

We found no guidelines to inform the management of
axial neck pain or cervical myelopathy. These conditions
are common indications for surgery for neck pain. For
these conditions we used NASS Appropriate Use Criteria
[19]. Appropriate use criteria is developed for procedures
that are done frequently, consume significant resources,
have wide variations in their use, are associated with
substantial morbidity and mortality, procedures that are
controversial or a combination of these. The objective of
NASS Appropriated Use Criteria is to define appropri-
ate (reasonable) care of spinal disorders. The criteria are
based on available evidence combined with a rigorous,
transparent recommendation process and well-defined
scenarios.

Synthesis of recommendations

For each intervention, one reviewer (EA) extracted the
available information regarding the clinical benefits
and harms of the interventions from the guidelines (see
Online Resource Table 1). A second reviewer (KR)
checked data extraction for accuracy and completeness.
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Through consensus, we categorized the magnitude of ben-
efits and harms, costs and feasibility as uncertain, low/
small, moderate, or high based on the categories used in
the recent Agency for Healthcare Research and Quality
(AHRQ) review on LBP interventions [20] (see Online
Resource Table 1).

We classified each recommendation using the system
proposed by NICE (see Online Resource Table 2) [21].
Recommendations from the APS guideline [10], the
North American Spine Society guidelines [12-15] and
the NASS Appropriate Use Criteria [19] were adapted
to conform to the NICE wording by taking into consid-
eration the benefits (effectiveness) and harms (adverse
events, ineffectiveness). Based on this methodology, we
worded our recommendations as:

1. “‘offer (recommended)’’ (for interventions that are of
superior effectiveness compared to other interventions,
placebo/sham interventions, or no intervention);

2. ‘“‘consider (recommended for consideration)’’ (for inter-
ventions providing similar effectiveness to other inter-
ventions); or

3. ‘‘do not offer (recommended against)’’ (for interven-
tions providing no benefit beyond placebo/sham or
where harms outweigh benefits) the intervention; or

4. insufficient—insufficient evidence was available to
develop a recommendation.

Additional interventions that had insufficient evidence
of efficacy or ineffectiveness (insufficient) or were shown
to have no benefit (recommended against) are not dis-
cussed in the summary of recommendations but are listed
in Table 1 for completeness.

After synthesizing recommendations from the guide-
lines, we developed eight recommendations for the GSCI
Care Pathway, taking into consideration possible adap-
tions for low- and middle-income settings and implemen-
tation within these settings.

Summary of recommendations

For patients with persistent (> 3 months) and/or disa-
bling spine pain who do not respond to non-invasive treat-
ments, invasive treatments may be considered. Surgical
and injection treatments are elective procedures, and it
is important that risks, potential harm and benefits of
each intervention are discussed between the healthcare
provider and patient. The summary of information is
included in Table 1.

@ Springer

Potential harms due to surgical and interventional
procedures for spinal disorders

General considerations

Although surgery may be beneficial for certain patients,
harms must also be considered. As with most invasive
procedures, potential complications of surgical spine pro-
cedures may include infection, poor wound healing, dural
tears, neural injury, bleeding, thrombosis, acute respira-
tory distress syndrome, pulmonary edema, heart failure,
and pain [22-24].

Cervical spine
Management of cervical axial pain

Recommendation 1: Cervical axial pain is a common spi-
nal disorder. Due to insufficient evidence, surgery is not
indicated for the treatment of cervical axial pain.

Management of cervical radiculopathy
from degenerative disorders

Discectomy

Recommendation 2: Consider anterior cervical discectomy
(commonly with fusion) for patients with persistent cervi-
cal radiculopathy secondary to degenerative disorders for
more rapid pain relief (one guideline) [12].

Surgery is an option in patients with persistent, moder-
ate to severe cervical radiculopathy who do not respond
to a course of non-invasive therapy. In patients with cer-
vical radiculopathy from degenerative disorders, surgery
(anterior cervical discectomy, with or without fusion) is
associated with more rapid pain relief than non-invasive
therapy. However, patients generally experience improve-
ment with or without surgery. Therefore, GSCI recom-
mends that surgery should be reserved for individuals with
persistent and moderate to severe symptoms unresponsive
to recommended non-invasive interventions.

A anterior cervical discectomy (ACD) and anterior
cervical discectomy with fusion (ACDF) are associated
with similar short-term clinical outcomes in regard to pain
relief. However, adding fusion may result in a more com-
plex surgical procedure with increased risk of complica-
tions. Recent literature suggests that ACDF may be asso-
ciated with better longer term results and cost effectivity
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Table 1 Summary of recommendations

Benefits Harms Costs Feasibility Recommendation

Invasive treatments for cervical axial pain
Fusion [19] No benefit - - - RA
Invasive treatments for cervical radiculopathy from degenerative disorders

Discectomy [12] (with or without fusion) Small to moderate Moderate to severe High Low RC
Transforaminal epidural steroid injections [12] No benefit - - - RA
Interlaminar epidural steroid injections - - - - Insufficient

Cervical stenosis (foraminal or central) with myelopathy with or without radiculopathy

Fusion [19] Small to moderate Moderate to severe High Low RC
Invasive treatments for presumed discogenic or facet joint pain
Facet joint steroid injection [10] No benefit - - - RA
Intradiscal steroid injection [10] No benefit - - - RA
Coblation nucleoplasty - - - - Insufficient
Medial branch block [10] - - - - Insufficient
Radiofrequency denervation [10] - - - Insufficient
Intradiscal electrothermal therapy [10] - - - - Insufficient
Percutaneous intradiscal radiofrequency thermo- - - - - Insufficient
coagulation
Invasive treatments for non-specific low back pain
Prolotherapy [10] No benefit - - - RA
Botulinum toxin injection [10] - - - - Insufficient
Local injections [10] - - - - Insufficient
Epidural steroid injection [10] - - - - Insufficient
Spinal cord stimulation [10] - - - - Insufficient
Intrathecal therapy [10] - - - - Insufficient
Invasive treatments for non-radicular low back pain with common degenerative changes
Fusion surgery [10] Moderate+ Moderate to severe High Low RC
Invasive interventions for low back pain with radiculopathy due to prolapsed/herniated disc
Discectomy or microdiscectomy [10, 13] Moderate® Moderate to severe High Low RC
Epidural steroid injection [10, 13] Moderate® Moderate to severe Moderate to high Low RC
Intradiscal steroid injection [10] No effect - - - RA
Coblation nucleoplasty [10] - - - - Insufficient
Spinal cord stimulation [10] - - - - Insufficient
Facetectomy [13] - - - - Insufficient

Invasive interventions for spinal stenosis and degenerative spondylolisthesis

Decompression (laminectomy with or without Moderate Moderate to severe High Low RC
fusion) [14]
Epidural steroid injection [10, 14] - - - - RC
Invasive interventions for osteoporotic fracture
Balloon kyphoplasty [11] Moderate Moderate to high ~ Moderate Low RC
Vertebroplasty [11] Moderate Moderate to high ~ Moderate Low RC

+ No difference compared to intensive rehabilitation

R recommended, RC recommendation for consideration, RA recommended against, Insufficient not enough data available, — no information
available,

*Moderate for short-term outcomes (through 3 months)

[25, 26]. Therefore, ACD without fusion (vs ACDF) may Disc arthroplasty

only be recommended in very low resource setting in the

absence of a clear indication for fusion (e.g., significant  Disc arthroplasty is comparable to anterior cervical discec-
instability). tomy with fusion for short-term outcomes but may be more
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costly and require additional technical skills. In addition,
data on long-term outcomes are relatively limited. In addi-
tion to general risks of surgery, artificial disc replacement
may be associated with additional complications, including
prosthesis migration or subsidence (settling or sinking into
bone), as well as adjacent level disc degeneration, facet joint
arthritis, and need for subsequent artificial disc removal [22].
Therefore, GSCI recommends that discectomy (+ fusion) be
preferred over arthroplasty in low-resource settings.

Management of cervical stenosis due to spondylosis
or disc herniation with myelopathy

Fusion surgery

Recommendation 3: Consider fusion for the management
of cervical stenosis due to spondylosis or disc herniation
with myelopathy (Table 1) (Appropriate Use Criteria) [19].

There is a lack of evidence for the effectiveness of fusion
(anterior and/or posterior) for cervical stenosis due to spon-
dylosis or disc herniation with myelopathy, but based on the
Appropriate Use Criteria it may be appropriate to perform
fusion if improvement is not evident following non-invasive
treatment. In patients with moderate to severe myelopathy,
non-invasive treatment may not be effective as myelopathy is
typically a progressive disorder with little evidence showing
that non-invasive treatment halts or reverses its progression
[27].

With cervical fusion there is a risk of pseudoarthritis
and risks factors for pseudoarthritis (e.g., smoking, obesity,
diabetes, age, vascular abnormalities) should be considered
prior to surgery [19].

Lumbar spine

Management of non-radicular low back pain
with common degenerative changes

Fusion surgery

Recommendation 4: Consider fusion surgery for non-radic-
ular low back pain with common degenerative changes in
individuals with persistent disability in patients who do not
improve following recommended non-invasive treatments
(Table 1) (one guideline) [10].

Fusion surgery and intensive rehabilitation appear to be
similarly effective for persistent non-radicular low back pain
thought to be due to degenerative disc diseases and asso-
ciated with moderate to severe disability. Furthermore, a
proportion of patients who undergo fusion surgery do not
experience optimal outcomes. Therefore, fusion should
be reserved for patients with persistent, or at least severe

@ Springer

symptoms not responding to non-invasive therapies. It is rec-
ommended that intensive rehabilitation be provided prior to
fusion surgery, if available. Elective surgery for axial (non-
radicular) LBP is an option, but given the similar effective-
ness of non-invasive treatments to fusion and higher costs,
the GSCI does not recommend fusion for persistent non-
radicular low back pain without instability as a high priority
for resource allocation in settings with limited resources [10,
16, 28].

If fusion is considered, the data generally suggest that
more complex and costly surgical techniques [e.g., cir-
cumferential fusion vs. anterior lumbar interbody fusion or
posterior lumbar interbody fusion, instrumentation vs. non-
instrumented, bone morphogenetic protein-2 (BMP-2 vs. no
BMP-2)] result in no additional benefits or better outcomes,
and may result in additional complications.

Disc arthroplasty

Disc arthroplasty is comparable to fusion for short-term
outcomes but is generally a more costly surgery requiring
additional technical skills and training. In addition to the
typical complications of surgery, artificial disc replacement
may also result in prosthesis migration or subsidence as well
as adjacent level disc degeneration, facet joint arthritis, or
require subsequent artificial disc removal [22-24]. Due to
the costs and potential additional complications, GSCI rec-
ommends that fusion be provided over arthroplasty in low-
resource settings.

Management of persistent radiculopathy due
to prolapsed/herniated lumbar disc

Epidural steroid injection

Recommendation 5: Consider epidural steroid injection for
short-term benefits in patients with persistent radiculopa-
thy due to prolapsed/herniated lumbar disc (Table 1) (one
guideline) [10, 13].

Epidural steroid injection should be reserved for patients
with persistent symptoms with moderate to severe disability
who do not improve with non-invasive interventions. This
recommendation is based on trials focused on patients with
persistent moderate to severe disability despite non-invasive
treatments. The expected benefits from lumbar epidural ster-
oid injections are for short-term small pain relief [10, 13].
Lumbar epidural steroid injections are not associated with
a reduction in the risk of subsequent surgery [10]. Epidural
lumbar steroid injection could be an option in some low-
resource settings for short-term symptomatic relief, but
GSCI does not consider this a high-priority intervention
given the short-term, relatively small benefits associated
with it.
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Serious adverse events for epidural injections are rare;
minor adverse events include local hematoma, bleeding, and
dural puncture [29].

Discectomy

Recommendation 6: Consider discectomy (open discectomy
or microdiscectomy) for radiculopathy due to prolapsed/her-
niated lumbar disc in patients with severe pain and disabling
symptoms (Table 1) (two guidelines) [10, 13].

Discectomy may benefit individuals with radiculopathy
with severe pain and/or loss of function. On average, patients
improve with or without discectomy; however, patients tend
to improve more slowly without surgery. In some trials, the
medium-term outcomes (1—4 years) are similar for patients
who receive discectomy and those who do not. In low-
resource settings, GSCI recommends that elective discec-
tomy be considered for patients with persistent radiculopathy
due to herniated disc who have severe disabling symptoms
that are not improving.

Therefore, the GSCI recommends decompression as a
higher priority for resource allocation in low- and middle-
income settings, given the benefits, the relatively straightfor-
ward procedure, and cost compared to fusion and artificial
disc replacement.

Management of lumbar spinal stenosis
and degenerative spondylolisthesis

Decompression and fusion

Recommendation 7: Consider decompression surgery (lami-
nectomy) for the management of patients with spinal stenosis
(with or without degenerative spondylolisthesis) with moder-
ate to severe symptoms (radiculopathy or pseudoclaudica-
tion) (Table 1) (two guidelines) [6, T].

The evidence indicates that surgery (typically decompres-
sive laminectomy) is associated with small to moderate ben-
efits compared to non-surgical treatment. Therefore, GSCI
recommends that decompressive surgery be considered as
an option for patients with persistent pain (including radicu-
lopathy/pseudoclaudication due to stenosis) and functional
symptoms that do not improve with non-surgical treatment.
In most trials, the benefits of decompression surgery for spi-
nal stenosis appear to be longer lasting than for discectomy
for herniated disc. Surgery should generally not be consid-
ered within the first 3 months, as patients enrolled in RCTs
typically had prolonged (often years) symptoms. For patients
with mild to moderate symptoms of spinal stenosis or who
can adequately function, non-invasive treatment should be
considered, such as rehabilitation including exercise and
manual therapy.

In the absence of instability, fusion should not be used
for the management of stenosis with or without degenerative
spondylolisthesis. Fusion with laminectomy is generally not
associated with better outcomes than laminectomy alone,
and associated with more costs and increased harms [22].

Therefore, the GSCI recommends discectomy and/or
laminectomy as a higher priority for resource allocation
in low- and middle-income settings, given the benefits, the
relatively straightforward procedure, and cost compared to
fusion.

Management of osteoporotic fracture
Balloon kyphoplasty and vertebroplasty

Recommendation 8: Consider percutaneous vertebroplasty
in patients who have severe ongoing pain after a recent,
unhealed vertebral compression fracture despite optimal
pain management (Table 1) (one guideline) [11].

Intense and severe pain confirmed at the level of osteo-
porotic fractures [diagnosed by radiographs, computed
tomography (CT) or magnetic resonance imaging (MRI)]
may benefit from a percutaneous vertebroplasty or balloon
kyphoplasty. In the absence of the need for surgical stabi-
lization, balloon kyphoplasty or vertebroplasty should be
considered for patients who did not experience significant
pain reduction after a course of conservative treatment.

The effectiveness of balloon kyphoplasty and vertebro-
plasty are shown similar when compared to each other;
however, there are no sham-controlled studies that assess
the effectiveness of balloon kyphoplasty. Among three
sham-controlled trials of vertebroplasty, it was ineffective
in two [30, 31]; one trial that restricted enrollment to people
with very acute (< 6 weeks) symptoms found some benefits
[32]. If it is used, vertebroplasty should be done in the first
6 weeks [32]. The GSCI recommends vertebroplasty over
balloon kyphoplasty as the evidence is stronger for vertebro-
plasty, which is a technically easier procedure and generally
less costly than kyphoplasty. Adverse reactions may occur,
as described in the NICE guidelines: “for both vertebro-
plasty and kyphoplasty, adverse reactions can be caused by:
needle insertion (such as local or systemic infection, bleed-
ing, and damage to neural or other structures); leakage of
bone cement; displacement of bone marrow and other mate-
rial by the cement; systemic reactions to the cement (such as
hypotension and death); and complications related to anes-
thesia and patient positioning (such as additional fractures
of a rib or the sternum). In addition, there is a small risk
that the balloon can rupture in kyphoplasty, which can result
in the retention of balloon fragments within the vertebral
body” [11].
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Discussion

We reviewed and appraised six evidence-based clinical
practice guidelines and one appropriate use criteria docu-
ment to generate eight recommendations and suggestions
for prioritization for elective invasive interventions for the
management of spinal pain and disabling disorders in lower
resource settings [10, 12—15, 19]. Prior recommendations
were developed for use in high-resource settings; we adapted
and prioritized recommendations on elective invasive inter-
ventions to lower resource settings.

The benefits of elective surgical and interventional pro-
cedures for cervical and lumbar axial spine pain may be
comparable to non-invasive interventions and are associated
with additional harms and possible increased costs. Surgery
should be reserved for individuals who do not respond to
non-invasive interventions and who have progressive, persis-
tent and disabling pain. A shared decision-making approach
is warranted. The care providers should provide information
regarding potential benefits and harms, and discuss prefer-
ences and expectations, values and goals for the patient to
play an active role in the decision making process.

Patients with signs of psychological distress, such as som-
atization, depression, fear avoidance and catastrophizing,
have a worse prognosis after surgery than patients without
such signs (i.e., slower recovery). An important component
of reducing psychological distress is education, reassurance
and thorough explanation by the healthcare provider [33].
Patient expectation can also affect the outcomes following
surgical or invasive procedures [28, 34-37]. Other important
factors that may impact outcomes of surgery and could be
used to inform decisions include use of opioids, smoking
status, and medical comorbidities (e.g., diabetes).

Based on relatively small benefits relative to harms and
costs, lower priority surgery/conditions include fusion for
lumbar/non-radicular neck pain; based on greater benefits
relative to harms and costs, higher priority surgery/condi-
tions include discectomy/decompressive surgery for cervical
or lumbar radiculopathy, cervical myelopathy, and lumbar
spinal stenosis. Epidural steroid injections are less expensive
than most surgeries with fewer harms; however, benefits are
small and short lived. Vertebroplasty should be considered
over kyphoplasty as an option for patients with severe pain
and disability due to osteoporotic vertebral compression
fracture in patients who do not improve following a short
course of non-invasive treatment.

Spine surgery may result in complications or adverse
events. Knop et al., a Study Group of the German Trauma
Association (DGU), analyzed operative complications of
682 spine patients spanning 18 centers in Germany [38].
Overall surgical complication rate for thoraco-lumbar spine
was 15%. Anterior spine surgery was associated with a
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higher complication rate of 30%. Treatment-related mortal-
ity was mainly due to pulmonary embolism at 1% [38]. Deep
infection was the most common procedure-related compli-
cation at 2.2%. Neurological complications occurred in 2%
of patients and despite immediate revision, most of them
did not improve. Hematoma and wound healing problems
occurred in 1.8% of patients. Implant-related complications
and cerebrospinal fluid (CSF) leakage were not very com-
mon, 1.3 and 0.3%, respectively [38]. There is little informa-
tion on complication rates from underserved areas.

Limitations

All guidelines and appropriate use criteria were developed
in North America and UK and were not developed specifi-
cally for low- and middle-income communities. However,
we chose these guidelines and criteria because they adhered
to methodological standards for developing guidelines. The
included guidelines did not provide formal information
on cost-effectiveness, but we provided some suggestions
for prioritization of resources regarding elective invasive
procedures based on estimated relative costs and expected
benefits.

Conclusion

Evidence from high-quality clinical practice guidelines sug-
gests that most surgical interventions lead to similar out-
comes as non-invasive procedures for cervical and lumbar
spine axial pain-related conditions. We have provided rec-
ommendations for surgical and interventional procedures
based on evidence, these interventions should be reserved
for patients with persistent and disabling spinal pain that fail
to improve with non-invasive treatment. In low- and middle-
income communities, prioritization of elective surgical pro-
cedures should be based on estimated benefits relative to
harms and costs.

Compliance with ethical standards

Funding The Global Spine Care Initiative and this study were funded
by Grants from the Skoll Foundation and NCMIC Foundation. World
Spine Care provided financial management for this project. The funders
had no role in study design, analysis, or preparation of this paper.

Conflict of interest EA declares Grants: Depuy Synthes Spine,
Medtronic; speaker’s bureau: AOSpine, Zimmer Biomet. MN declares
funding from Skoll Foundation and NCMIC Foundation through
World Spine Care; Co-Chair, World Spine Care Research Commit-
tee, Palladian Health, Clinical Policy Advisory Board member. Book
Royalties: Wolters Kluwer and Springer. Honoraria for speaking at
research method courses. KR declares funding to UOIT from Skoll



European Spine Journal (2018) 27 (Suppl 6):5870-5878

S877

Foundation, NCMIC Foundation through World Spine Care. RC de-
clares funding from AHRQ to conduct systematic reviews on treat-
ments for low back pain within last 2 years. Honoraria for speaking
at numerous meetings of professional societies and non-profit groups
on topics related to low back pain (no industry sponsored talks). PC
is funded by a Canada Research Chair in Disability Prevention and
Rehabilitation at the University of Ontario Institute of Technology, and
declares funding to UOIT from Skoll Foundation, NCMIC Founda-
tion through World Spine Care. Canadian Institutes of Health Research
Canada. Research Chair Ontario Ministry of Finance. Financial Ser-
vices Commission of Ontario. Ontario Trillium Foundation, ELIB Mi-
tac. Fond de Recherche and Sante du Quebec. TM declares Fellowship
Grant—Medtronics. SH declares funding to UOIT from Skoll Founda-
tion, NCMIC Foundation through World Spine Care. Clinical Policy
Advisory Board and stock holder, Palladian Health. Advisory Board,
SpineHealth.com. Book Royalties, McGraw Hill. Travel expense reim-
bursement—CMCC Board.

References

1. Global Burden of Disease Study 2013 Collaborators (2015)
Global, regional, and national incidence, prevalence, and years
lived with disability for 301 acute and chronic diseases and inju-
ries in 188 countries, 1990-2013: a systematic analysis for the
Global Burden of Disease Study 2013. Lancet (London, England)
386:743-800. https://doi.org/10.1016/s0140-6736(15)60692-4

2. Maniadakis N, Gray A (2000) The economic burden of back pain
in the UK. Pain 84:95-103

3. Hogg-Johnson S, van der Velde G, Carroll LJ, Holm LW, Cas-
sidy JD, Guzman J, Cote P, Haldeman S, Ammendolia C, Car-
ragee E, Hurwitz E, Nordin M, Peloso P (2009) The burden and
determinants of neck pain in the general population: results of the
bone and joint decade 2000-2010 task force on neck pain and its
associated disorders. J] Manip Physiol Ther 32:S46-S60. https://
doi.org/10.1016/j.jmpt.2008.11.010

4. Menezes Costa LC, Maher CG, Hancock MJ, McAuley JH, Her-
bert RD, Costa LOP (2012) The prognosis of acute and persis-
tent low-back pain: a meta-analysis. CMAJ: Can Med Assoc J
184:E613-E624. https://doi.org/10.1503/cmaj.111271

5. Carroll LJ, Hogg-Johnson S, Coté P, van der Velde G, Holm LW,
Carragee EJ, Hurwitz EL, Peloso PM, Cassidy JD, Guzman J,
Nordin M, Haldeman S (2008) Course and prognostic factors for
neck pain in workers: results of the bone and joint decade 2000—
2010 task force on neck pain and its associated disorders. Eur
Spine J 17:93-100. https://doi.org/10.1007/s00586-008-0629-6

6. Cassidy JD, Carroll LJ, Cote P, Lemstra M, Berglund A,
Nygren A (2000) Effect of eliminating compensation for pain
and suffering on the outcome of insurance claims for whiplash
injury. N Engl J Med 342:1179-1186. https://doi.org/10.1056/
nejm200004203421606

7. Cassidy JD, Cote P, Carroll LJ, Kristman V (2005) Incidence and
course of low back pain episodes in the general population. Spine
30:2817-2823

8. Carroll LJ, Hogg-Johnson S, van der Velde G, Haldeman S,
Holm LW, Carragee EJ, Hurwitz EL, Cote P, Nordin M, Peloso
PM, Guzman J, Cassidy JD (2008) Course and prognostic fac-
tors for neck pain in the general population: results of the bone
and joint decade 2000-2010 task force on neck pain and its asso-
ciated disorders. Spine 33:S75-S82. https://doi.org/10.1097/
BRS.0b013e31816445be

9. Karadimas SK, Erwin WM, Ely CG, Dettori JR, Fehlings MG
(2013) Pathophysiology and natural history of cervical spondy-
lotic myelopathy. Spine 38:521-S36. https://doi.org/10.1097/
BRS.0b013e3182a7f2¢3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Chou R, Loeser JD, Owens DK, Rosenquist RW, Atlas SJ, Bais-
den J, Carragee EJ, Grabois M, Murphy DR, Resnick DK, Stanos
SP, Shaffer WO, Wall EM (2009) Interventional therapies, sur-
gery, and interdisciplinary rehabilitation for low back pain: an
evidence-based clinical practice guideline from the American
Pain Society. Spine 34:1066—-1077. https://doi.org/10.1097/
BRS.0b013e3181a1390d

(NICE); NIfHaCE (2013) Percutaneous vertebroplasty and per-
cutaneous balloon kyphoplasty for treating osteoporotic vertebral
compression fractures. https://www.nice.org.uk/guidance/ta279.
Accessed 10 March 2017

Bono CM, Ghiselli G, Gilbert TJ, Kreiner DS, Reitman C, Sum-
mers JT, Baisden JL, Easa J, Fernand R, Lamer T, Matz PG,
Mazanec DJ, Resnick DK, Shaffer WO, Sharma AK, Timmons
RB, Toton JF (2011) An evidence-based clinical guideline for the
diagnosis and treatment of cervical radiculopathy from degen-
erative disorders. Spine J 11:64-72. https://doi.org/10.1016/j.
spinee.2010.10.023

Kreiner DS, Hwang SW, Easa JE, Resnick DK, Baisden JL, Bess
S, Cho CH, DePalma MJ, Dougherty P 2nd, Fernand R, Ghiselli
G, Hanna AS, Lamer T, Lisi AJ, Mazanec DJ, Meagher RJ, Nucci
RC, Patel RD, Sembrano JN, Sharma AK, Summers JT, Taleghani
CK, Tontz WL Jr, Toton JF (2014) An evidence-based clinical
guideline for the diagnosis and treatment of lumbar disc herniation
with radiculopathy. Spine J 14:180-191. https://doi.org/10.1016/j.
spinee.2013.08.003

Kreiner DS, Shaffer WO, Baisden JL, Gilbert TJ, Summers JT,
Toton JF, Hwang SW, Mendel RC, Reitman CA (2013) An evi-
dence-based clinical guideline for the diagnosis and treatment of
degenerative lumbar spinal stenosis (update). Spine J 13:734-743.
https://doi.org/10.1016/j.spinee.2012.11.059

Matz PG, Meagher RJ, Lamer T, Tontz WL Jr, Annaswamy TM,
Cassidy RC, Cho CH, Dougherty P, Easa JE, Enix DE, Gunnoe
BA, Jallo J, Julien TD, Maserati MB, Nucci RC, O’Toole JE,
Rosolowski K, Sembrano JN, Villavicencio AT, Witt JP (2016)
Guideline summary review: an evidence-based clinical guideline
for the diagnosis and treatment of degenerative lumbar spon-
dylolisthesis. Spine J 16:439-448. https://doi.org/10.1016/j.
spinee.2015.11.055

Mannion AF, Brox JI, Fairbank JC (2013) Comparison of spi-
nal fusion and nonoperative treatment in patients with chronic
low back pain: long-term follow-up of three randomized con-
trolled trials. Spine J 13:1438-1448. https://doi.org/10.1016/j.
spinee.2013.06.101

Friedly J, Standaert C, Chan L (2010) Epidemiology of spine care:
the back pain dilemma. Phys Med Rehabil Clin N Am 21:659—
677. https://doi.org/10.1016/j.pmr.2010.08.002

AGREE (Appraisal of Guidelines R, and Evaluation in Europe)
Collaborative Group (2000) Guideline development in Europe.
An international comparison. Int J Technol Assess Health Care
16:1039-1049

North American Spine Society (2013) Appropriate use criteria
for cervical fusion. https://www.spine.org/Portals/0/Documents/
ResearchClinicalCare/CervicalFusionAUC.pdf. Accessed 27
March 2017

Chou R, Hashimoto R, Friedly J, Fu R, Dana T, Sullivan S, Bou-
gatsos C, Jarvik J (2015) AHRQ technology assessments. In: Pain
management injection therapies for low back pain. Agency for
Healthcare Research and Quality (US), Rockville. https:/www.
ncbi.nlm.nih.gov/books/NBK285206. Accessed 5 March 2017.
Accessed 27 March 2017

National Institute for Health and Care Excellence (NICE) (2012)
The guidelines manual. https://www.nice.org.uk/article/pmg6/
chapter/1%20introduction#ftn.footnote_1. Accessed 16 May 2016
Chou R, Baisden J, Carragee EJ, Resnick DK, Shaffer WO, Loeser
JD (2009) Surgery for low back pain: a review of the evidence

@ Springer


https://doi.org/10.1016/s0140-6736(15)60692-4
https://doi.org/10.1016/j.jmpt.2008.11.010
https://doi.org/10.1016/j.jmpt.2008.11.010
https://doi.org/10.1503/cmaj.111271
https://doi.org/10.1007/s00586-008-0629-6
https://doi.org/10.1056/nejm200004203421606
https://doi.org/10.1056/nejm200004203421606
https://doi.org/10.1097/BRS.0b013e31816445be
https://doi.org/10.1097/BRS.0b013e31816445be
https://doi.org/10.1097/BRS.0b013e3182a7f2c3
https://doi.org/10.1097/BRS.0b013e3182a7f2c3
https://doi.org/10.1097/BRS.0b013e3181a1390d
https://doi.org/10.1097/BRS.0b013e3181a1390d
https://www.nice.org.uk/guidance/ta279
https://doi.org/10.1016/j.spinee.2010.10.023
https://doi.org/10.1016/j.spinee.2010.10.023
https://doi.org/10.1016/j.spinee.2013.08.003
https://doi.org/10.1016/j.spinee.2013.08.003
https://doi.org/10.1016/j.spinee.2012.11.059
https://doi.org/10.1016/j.spinee.2015.11.055
https://doi.org/10.1016/j.spinee.2015.11.055
https://doi.org/10.1016/j.spinee.2013.06.101
https://doi.org/10.1016/j.spinee.2013.06.101
https://doi.org/10.1016/j.pmr.2010.08.002
https://www.spine.org/Portals/0/Documents/ResearchClinicalCare/CervicalFusionAUC.pdf
https://www.spine.org/Portals/0/Documents/ResearchClinicalCare/CervicalFusionAUC.pdf
https://www.ncbi.nlm.nih.gov/books/NBK285206
https://www.ncbi.nlm.nih.gov/books/NBK285206
https://www.nice.org.uk/article/pmg6/chapter/1%20introduction%23ftn.footnote_1
https://www.nice.org.uk/article/pmg6/chapter/1%20introduction%23ftn.footnote_1

5878

European Spine Journal (2018) 27 (Suppl 6):5870-5878

23.

24.

25.

26.

217.

28.

29.

30.

for an American Pain Society Clinical Practice Guideline. Spine
34:1094-1109. https://doi.org/10.1097/BRS.0b013e3181a105fc
Hartl R, Joeris A, McGuire RA (2016) Comparison of the safety
outcomes between two surgical approaches for anterior lumbar
fusion surgery: anterior lumbar interbody fusion (ALIF) and
extreme lateral interbody fusion (ELIF). Eur Spine J 25:1484—
1521. https://doi.org/10.1007/s00586-016-4407-6

Joseph JR, Smith BW, La Marca F, Park P (2015) Comparison of
complication rates of minimally invasive transforaminal lumbar
interbody fusion and lateral lumbar interbody fusion: a systematic
review of the literature. Neurosurg Focus 39:E4. https://doi.org/1
0.3171/2015.7 focus15278

Carreon LY, Anderson PA, Traynelis VC, Mummaneni PV,
Glassman SD (2013) Cost-effectiveness of single-level ante-
rior cervical discectomy and fusion five years after surgery.
Spine (Phila Pa 1976) 38(6):471-475. https://doi.org/10.1097/
BRS.0b013e318273ace2 (PubMed PMID: 22986842)
Buttermann GR (2017) Anterior cervical discectomy and fusion
outcomes over 10 years: a prospective study. Spine (Phila Pa
1976) https://doi.org/10.1097/BRS.0000000000002273 (Epub
ahead of print, PubMed PMID: 28604488)

Rhee JM, Shamji MF, Erwin WM, Bransford RJ, Yoon ST,
Smith JS, Kim HJ, Ely CG, Dettori JR, Patel AA, Kalsi-Ryan
S (2013) Nonoperative management of cervical myelopathy: a
systematic review. Spine 38:S55-S67. https://doi.org/10.1097/
BRS.0b013e3182a7f41d

Mannion AF, Porchet F, Kleinstuck FS, Lattig F, Jeszenszky
D, Bartanusz V, Dvorak J, Grob D (2009) The quality of spine
surgery from the patient’s perspective. Part 1: the core outcome
measures index in clinical practice. Eur Spine J 18(Suppl 3):367-
373. https://doi.org/10.1007/s00586-009-0942-8

Chou R, Hashimoto R, Friedly J, Fu R, Bougatsos C, Dana T,
Sullivan SD, Jarvik J (2015) Epidural corticosteroid injections for
radiculopathy and spinal stenosis: a systematic review and meta-
analysis. Ann Intern Med 163:373-381. https://doi.org/10.7326/
m15-0934

Buchbinder R, Golmohammadi K, Johnston RV, Owen RJ,
Homik J, Jones A, Dhillon SS, Kallmes DF, Lambert RG
(2015) Percutaneous vertebroplasty for osteoporotic vertebral
compression fracture. Cochrane Database Syst Rev. https://doi.
org/10.1002/14651858.CD006349.pub2

Affiliations

Emre Acaroglu’
Tiro Mmopelwa® - Scott Haldeman

>4

- Margareta Nordin*3
9,10,11

Emre Acaroglu
acaroglue @gmail.com

ARTES Spine Center, Ankara, Turkey

Departments of Orthopedic Surgery and Environmental
Medicine, New York University, New York, NY, USA

World Spine Care Europe, Holmfirth, UK

Faculty of Health Sciences, University of Ontario Institute
of Technology, Oshawa, Canada

UOIT-CMCC Centre for Disability Prevention
and Rehabilitation, Toronto, Canada

Department of Medical Informatics and Clinical
Epidemiology, Oregon Health and Science University,
Portland, OR, USA

@ Springer

31.

32.

33.

34.

35.

36.

37.

38.

- Kristi Randhawa*”

Anderson PA, Froyshteter AB, Tontz WL Jr (2013) Meta-analysis
of vertebral augmentation compared with conservative treatment
for osteoporotic spinal fractures. ] Bone Miner Res 28:372-382.
https://doi.org/10.1002/jbmr.1762

Klazen CA, Lohle PN, de Vries J, Jansen FH, Tielbeek AV, Blonk
MC, Venmans A, van Rooij WJ, Schoemaker MC, Juttmann JR,
Lo TH, Verhaar HJ, van der Graaf Y, van Everdingen KJ, Muller
AF, Elgersma OE, Halkema DR, Fransen H, Janssens X, Buskens
E, Mali WP (2010) Vertebroplasty versus conservative treatment
in acute osteoporotic vertebral compression fractures (Vertos
II): an open-label randomised trial. Lancet (London, England)
376:1085-1092. https://doi.org/10.1016/s0140-6736(10)60954-3
Cedraschi C, Nordin M, Haldeman S, Radhawa K, Kopansky-
Giles D, Johnson CD et al (2017) The Global Spine Care Ini-
tiative: a narrative literature review and analysis of psychosocial
issues in spine related disability in low- and middle-income com-
munities. Eur Spine J (in press)

Ronnberg K, Lind B, Zoega B, Halldin K, Gellerstedt M, Brisby
H (2007) Patients’ satisfaction with provided care/information
and expectations on clinical outcome after lumbar disc her-
niation surgery. Spine 32:256-261. https://doi.org/10.1097/01.
brs.0000251876.98496.52

Yee A, Adjei N, Do J, Ford M, Finkelstein J (2008) Do patient
expectations of spinal surgery relate to functional outcome?
Clin Orthop Relat Res 466:1154-1161. https://doi.org/10.1007/
$11999-008-0194-7

Graz B, Wietlisbach V, Porchet F, Vader JP (2005) Prognosis or
“curabo effect?”: physician prediction and patient outcome of sur-
gery for low back pain and sciatica. Spine 30:1448-1452 (discus-
sion 1453)

Porchet F, Lattig F, Grob D, Kleinstueck FS, Jeszenszky D, Paus
C, O’Riordan D, Mannion AF (2010) Comparison of patient and
surgeon ratings of outcome 12 months after spine surgery: pre-
sented at the 2009 joint spine section meeting. J Neurosurg Spine
12:447-455. https://doi.org/10.3171/2009.11.spine09526

Knop C, Bastian L, Lange U, Oeser M, Zdichavsky M, Blauth
M (2002) Complications in surgical treatment of thoracolum-
bar injuries. Eur Spine J 11:214-226. https://doi.org/10.1007/
500586-001-0382-6

- Roger Chou®’® . Pierre Coté*>

Department of Medicine, Oregon Health and Science
University, Portland, OR, USA

ARTES Ankara Spine Centre, Life Gaborone Hospital,
Gaborone, Botswana

Department of Epidemiology, School of Public Health,
University of California Los Angeles, Los Angeles, USA

Department of Neurology, University of California, Irvine,
Irvine, USA

World Spine Care, Santa Ana, CA, USA


https://doi.org/10.1097/BRS.0b013e3181a105fc
https://doi.org/10.1007/s00586-016-4407-6
https://doi.org/10.3171/2015.7.focus15278
https://doi.org/10.3171/2015.7.focus15278
https://doi.org/10.1097/BRS.0b013e318273aee2
https://doi.org/10.1097/BRS.0b013e318273aee2
https://doi.org/10.1097/BRS.0000000000002273
https://doi.org/10.1097/BRS.0b013e3182a7f41d
https://doi.org/10.1097/BRS.0b013e3182a7f41d
https://doi.org/10.1007/s00586-009-0942-8
https://doi.org/10.7326/m15-0934
https://doi.org/10.7326/m15-0934
https://doi.org/10.1002/14651858.CD006349.pub2
https://doi.org/10.1002/14651858.CD006349.pub2
https://doi.org/10.1002/jbmr.1762
https://doi.org/10.1016/s0140-6736(10)60954-3
https://doi.org/10.1097/01.brs.0000251876.98496.52
https://doi.org/10.1097/01.brs.0000251876.98496.52
https://doi.org/10.1007/s11999-008-0194-7
https://doi.org/10.1007/s11999-008-0194-7
https://doi.org/10.3171/2009.11.spine09526
https://doi.org/10.1007/s00586-001-0382-6
https://doi.org/10.1007/s00586-001-0382-6
http://orcid.org/0000-0002-8163-2944
http://orcid.org/0000-0003-0356-8665
http://orcid.org/0000-0001-6563-7203
http://orcid.org/0000-0001-9889-8610
http://orcid.org/0000-0001-7227-6485
http://orcid.org/0000-0002-8688-9562

	The Global Spine Care Initiative: a summary of guidelines on invasive interventions for the management of persistent and disabling spinal pain in low- and middle-income communities
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Graphical abstract 

	Introduction
	Methods
	Development of recommendations
	Synthesis of recommendations

	Summary of recommendations
	Potential harms due to surgical and interventional procedures for spinal disorders
	General considerations


	Cervical spine
	Management of cervical axial pain
	Management of cervical radiculopathy from degenerative disorders
	Discectomy
	Disc arthroplasty

	Management of cervical stenosis due to spondylosis or disc herniation with myelopathy
	Fusion surgery


	Lumbar spine
	Management of non-radicular low back pain with common degenerative changes
	Fusion surgery
	Disc arthroplasty

	Management of persistent radiculopathy due to prolapsedherniated lumbar disc
	Epidural steroid injection
	Discectomy

	Management of lumbar spinal stenosis and degenerative spondylolisthesis
	Decompression and fusion

	Management of osteoporotic fracture
	Balloon kyphoplasty and vertebroplasty


	Discussion
	Limitations
	Conclusion
	References




