
R E V I EW

Best Practices for Minimally Invasive Lumbar
Spinal Stenosis Treatment 2.0 (MIST): Consensus
Guidance from the American Society of Pain and
Neuroscience (ASPN)
Timothy R Deer1, Jay S Grider2, Jason E Pope3, Tim J Lamer 4, Sayed E Wahezi5,
Jonathan M Hagedorn 6, Steven Falowski 7, Reda Tolba8, Jay M Shah9, Natalie Strand 10,
Alex Escobar11, Mark Malinowski12, Anjum Bux13, Navdeep Jassal14, Jennifer Hah 15,
Jacqueline Weisbein16, Nestor D Tomycz17, Jessica Jameson18, Erika A Petersen 19,
Dawood Sayed 20

1Centers for Pain Relief, Charleston, WV, USA; 2UK HealthCare Pain Services, Department of Anesthesiology, University of Kentucky College of
Medicine, Lexington, KY, USA; 3Evolve Restorative Center, Santa Rosa, CA, USA; 4Division of Pain Medicine, Department of Anesthesiology, Mayo
Clinic, Rochester, MN, USA; 5Montefiore Medical Center, SUNY-Buffalo, Buffalo, NY, USA; 6Department of Anesthesiology and Perioperative
Medicine, Division of Pain Medicine, Mayo Clinic, Rochester, MN, USA; 7Director Functional Neurosurgery, Neurosurgical Associates of Lancaster,
Lancaster, PA, USA; 8Pain Management Department, Anesthesiology Institute, Cleveland Clinic, Abu Dhabi, UAE; 9SamWell Institute for Pain
Management, Colonia, NJ, USA; 10Department of Anesthesiology, Division of Pain Medicine, Mayo Clinic, Phoenix, AZ, USA; 11Department of
Anesthesiology and Pain Medicine, University of Toledo Medical Center, Toledo, OH, USA; 12OhioHealth, Neurological Physicians, Columbus, OH,
USA; 13Bux Pain Management, Lexington, KY, USA; 14Excel Pain and Spine, Lakeland, FL, USA; 15Department of Anesthesiology, Perioperative, and
Pain Medicine, Stanford University, Palo Alto, CA, USA; 16Napa Valley Orthopaedic Medical Group, Inc., Napa, CA, USA; 17Department of
Neurological Surgery, Allegheny General Hospital, Allegheny Health Network, Pittsburgh, PA, USA; 18Axis Spine Center, Coeur d’Alene, ID, USA;
19Department of Neurosurgery, University of Arkansas for Medical Sciences, Little Rock, AR, USA; 20Pain Medicine, Multidisciplinary Pain Fellowship,
The University of Kansas Health System, Kansas City, KS, USA

Correspondence: Timothy R Deer, The Spine and Nerve Centers of the Virginias, 400 Court Street, Suite 100, Charleston, WV, 25301, USA,
Tel +1 304 347-6141, Email doctdeer@aol.com

Introduction: Lumbar spinal stenosis (LSS) is a common spinal disease of aging with a growing patient population, paralleling
population growth. Minimally invasive treatments are evolving, and the use of these techniques needs guidance to provide the optimal
patient safety and efficacy outcomes.
Methods: The American Society of Pain and Neuroscience (ASPN) identified an educational need for guidance on the prudent use of
the innovative minimally invasive surgical therapies for the treatment of symptomatic LSS. The executive board nominated experts
spanning anesthesiology, physiatry, orthopedic surgery, and neurosurgery based on expertise, publications, research, diversity and field
of practice. Evidence was reviewed, graded using the United States Preventive Services Task Force (USPSTF) criteria for evidence
and recommendation strength and grade, and expert opinion was added to make consensus points for best practice.
Results: The world literature in English was searched using Medline, EMBASE, Cochrane CENTRAL, BioMed Central, Web of
Science, Google Scholar, PubMed, Current Contents Connect, Scopus, and meeting abstracts to identify and compile the evidence
(per section) for LSS-related pain. Search words were selected based upon the section represented. Identified peer-reviewed literature
was critiqued using USPSTF criteria and consensus points are presented.
Discussion: The algorithm for patient selection in the management of symptomatic spinal stenosis is evolving. Careful consideration
of patient selection and anatomic architecture variance is critical for improved outcomes and patient safety.
Conclusion: ASPN created a guidance for best practice for minimally invasive surgical treatment of symptomatic spinal stenosis.
Keywords: percutaneous image-guided lumbar decompression, interspinous spacers, intrathecal drug delivery, open decompression,
neurostimulation, epidural steroid injections
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Introduction
In 1954, the Dutch neurosurgeon Henk Verbiest provided the first clinical definition of lumbar spinal stenosis (LSS).1

Since that time, LSS has been well studied, and is recognized as a progressive clinical entity involving neurogenic
claudication (NC), expected stenotic imaging findings, and chronic nonradicular pain and weakness.2 A recently
published systematic review concluded that the pooled prevalence estimates of symptoms of LSS were 11% in the
general population and ranged from 25% to 39% in clinical settings.3 Surgical treatments were performed in 135.5 to
137.5 patients per 100,000 Medicare beneficiaries between 2002 and 2007, with estimated hospital costs of
$1.65 billion.4 When considering lost or reduced productivity from surgery, costs greater than $100 billion per year
have been estimated.5

In 2019, the first version of the minimally invasive spinal treatment (MIST) guidelines was published.6 A consensus
group of physician leaders encompassing multiple disciplines, including anesthesiology, physiatry, neurosurgery, and
orthopedic surgery, was formed and evaluated the literature regarding diagnosis and minimally invasive treatment of
LSS. The authors provided 11 wide-ranging consensus points and concluded that minimally invasive spine treatments
should be used algorithmically in a multimodal fashion.

Given the rapidly evolving LSS treatment landscape, a second expert consensus group was formed to update and
expand the 2019 MIST guidelines. The objectives of these second MIST guidelines were to review the published
literature since the first MIST guidelines, modify existing consensus points based on the latest research, describe
a treatment algorithm, and provide new consensus points where new evidence exists. Similar to the 2019 guidelines,
the Institute of Medicine (IOM) framework was used to appropriately organize the expert group, evidence, and consensus
creation.7 Consensus points were based on the literature where evidence allowed and expert agreement when the
literature was incomplete.

Literature Review and Evidence Grading
The MIST expert panel performed systematic literature searches that served as the evidence basis for the recommenda-
tions and consensus points. Subgroups were created to focus on specific topics and interventional treatments, including
epidural steroid injections (ESI), percutaneous image-guided lumbar decompression (PILD), interspinous spacers,
interspinous fusion, neurostimulation, intrathecal drug delivery systems (IDDS), and open decompression. Similar to
other consensus guidelines, the current manuscript was prepared using the United States Preventive Services Task Force
(USPSTF) criteria for evidence level and degree of recommendation, along with the strength of consensus.8 USPSTF
descriptors appear with the consensus points in this publication. In treatment areas with early or incomplete literature,
expert consensus was sought to fill gaps in knowledge.

The MIST expert panel was chosen by the executive board of the American Society of Pain and Neuroscience
(ASPN) after receiving nominations from members. Selection was based on expertise, publications, speaking engage-
ments, medical specialty, and work in the field. The panel members were also chosen to assure a diversity of practice
location, specialty, race, gender, and age. Individual invitations were sent to each of the nominated panel members.
Following invitation acceptance, specific assignments were made with multiple panelists assigned to the same topic. In
doing so, consensus could be rendered within the subgroup before presenting it to the entire expert panel. Conflict of
interest was managed to assure that members recused themselves from any section where a perceived or real conflict of
interest existed and some members of the panel with no conflicts of interest edited the paper to remove any potential
bias.

Literature Search, Evidence Ranking and Consensus Development
The world literature in English was searched using Medline, EMBASE, Cochrane CENTRAL, BioMed Central, Web of
Science, Google Scholar, PubMed, Current Contents Connect, Scopus, and meeting abstracts to identify and compile the
evidence (per section as described in the manuscript) for the treatment of LSS-related pain. Search words were selected
based upon the section represented. Identified peer-reviewed literature was critiqued using the USPSTF criteria for
quality of evidence,8 with modifications for neuromodulation studies (Table 1). After USPSTF letter grading was
assigned, the working subgroup then assigned the “level of certainty regarding benefit” as described in Table 2.
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Table 1 Quality of Evidence Ranking Using United States Preventative Services Task Force Criteria Modified for Therapy

Grade Definition Suggestions for Practice

A ASPN MIST consensus committee recommends the service.
There is high certainty that the net benefit is substantial.

Offer or provide this service.

B ASPN MIST consensus committee recommends the service.
There is high certainty that the net benefit is moderate or

there is moderate certainty that the net benefit is moderate to

substantial.

Offer or provide this service.

C ASPN MIST consensus committee recommends selectively
offering or providing this service to individual patients based

on professional judgment and patient preferences. There is at

least moderate certainty that the net benefit is small.

Offer or provide this service for selected patients depending
on individual circumstances.

D ASPN MIST consensus committee recommends against the

service. There is moderate or high certainty that the service
has no net benefit or that the harms outweigh the benefits.

Discourage the use of this service.

I (Insufficient)
Statement

ASPN MIST consensus committee concludes that the current
evidence is insufficient to assess the balance of benefits and

harms of the service. Evidence is lacking, of poor quality, or

conflicting, and the balance of benefits and harms cannot be
determined.

Read the clinical considerations section of USPSTF
Recommendation Statement. If the service is offered, patients

should understand the uncertainty about the balance of

benefits and harms.

Table 2 Levels of Certainty Regarding Net Benefit

Level of
Certainty

Description

High The available evidence includes consistent results from well-designed, well-conducted studies in representative primary care
populations. These studies assess the effects of the preventive service on health outcomes. This conclusion is therefore

unlikely to be strongly affected by the results of future studies.

Evidence Level: I-A – At least one controlled and randomized clinical trial, properly designed

Moderate The available evidence is sufficient to determine the effects of the preventive service on health outcomes, but confidence in the

estimate is constrained by such factors as:
● The number, size, or quality of individual studies.

● Inconsistency of findings across individual studies.

● Limited generalizability of findings to routine primary care practice.
● Lack of coherence in the chain of evidence.

As more information becomes available, the magnitude or direction of the observed effect could change, and this change may

be large enough to alter the conclusion.
Evidence Level I-B – Well-designed, controlled, non-randomized clinical trials (Prospective Observational studies

conforming to STROBE criteria) or

Evidence Level I-C – Retrospective cohort or large case studies (>20 subjects)

Low The available evidence is insufficient to assess effects on health outcomes. Evidence is insufficient because of:

● The limited number or size of studies.
● Important flaws in study design or methods.

● Inconsistency of findings across individual studies.

● Gaps in the chain of evidence.
● Findings not generalizable to routine primary care practice.

● Lack of information on important health outcome

Evidence Level II – Expert opinion based on risk:benefit or based upon case reports
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For each major section or topic, ASPN formulated consensus points. These consensus points should not be confused
with recommendations based on consensus alone, which were rendered as clinical guidance due to the lack of evidence-
based literature (such as randomized controlled trials [RCTs], prospective observational studies, and retrospective cohort/
case series). The guidance represented in this manuscript is a directive for best practice and does not necessarily define
the standard of care because of individual patient variation.

Lumbar Spinal Stenosis
Introduction
Lumbar spinal stenosis refers to a reduction in anatomical size of the spinal canal, nerve root canals, or neuroforamen
that can lead to buttock or leg pain with or without back pain. This definition aims to combine the anatomic anomaly
and clinical manifestations of LSS, which contribute to the variability in the diagnosis and management across
medical specialties. Although no broadly quantitative criteria for LSS exist, the earliest findings of Dutch neurosur-
geon Dr. Verbiest in 1954 are still generally accepted today as relative and absolute stenosis with a lumbar canal
diameter of <12 mm and <10 mm (midsagittal diameter), respectively.1 The reduction in spinal canal volume leading
to compression of neurovascular elements is further classified as primary (congenital) vs secondary (acquired). The
prevalence of acquired or degenerative LSS has been estimated to be approximately 11% in the general population,3

and as high as 47% in those over the age of 60 years.9 Lumbar spinal stenosis remains the most common reason for
spine surgery in patients over the age of 65. However, the long-term morbidity and financial burden of open surgical
decompression in an aging population provides opportunity for improved treatment approaches. Despite no universal
gold standard for the diagnosis of LSS, medical disciplines have relied on expert physician opinion that correlates
imaging studies with a detailed history and physical examination. This correlation is necessary as not all patients with
narrowing of the central canal present with NC, the most common symptom of LSS. Patients with LSS present with
a variable pattern of back, buttock, thigh, or lower leg pain associated with standing or walking. Pain may be
confined to the lower extremities or span multiple dermatomes. Patients with LSS may present with paresthesias,
numbness, or weakness. A history of leg or buttock pain while walking, lumbar flexion to relieve symptoms, relief
when using a shopping cart or bicycle, motor or sensory disturbances while walking, intact and symmetric foot
pulses, lower extremity weakness, and low back pain point to a high likelihood of LSS.

Stenosis Characterization
The most common type of LSS is secondary due to degenerative pathology and can involve the central canal, lateral
recess, neuroforamen or a combination of these locations. Depending on the anatomical structures involved, clinical
manifestations and treatment options will vary. The spinal cord and nerve roots are protected within the central canal and
are enclosed circumferentially by osseous, ligamentous, and intervertebral disc structures that all are subject to
degeneration and hypertrophy, leading to encroachment of the canal that causes compression of neurovascular tissue.
This compression can lead to mechanical and/or chemical irritation.

Central
Central canal stenosis results from a reduction in diameter and volume of the thecal sac either anteroposteriorly (AP) or
transversely at a particular intervertebral level. The ventral portion of the canal is comprised of the intervertebral disc,
posterior longitudinal ligament and vertebral body, while the dorsal area is made of the posterior vertebral arch (pedicle,
lamina, facet joint) and ligamentum flavum (LF). A spinal midsagittal AP diameter of the dural sac that is <10 mm is
considered spinal stenosis.10 Central canal stenosis can also be quantified through compression of the thecal sac (as
a percentage of the normal midsagittal diameter), and cross-sectional area of the dural sac. A number of qualitative
radiological parameters are associated with central canal stenosis, and expert consensus highlights the relationship
between fluid and the cauda equina, and compromise of the central zone as reliable parameters for the diagnosis of
LSS on imaging.10 The most common clinical phenomenon with central canal stenosis is neurogenic intermittent
claudication or pseudoclaudication. This complex clinical syndrome manifests as postural-induced back, buttock, or
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leg pain, typically bilateral, that is exacerbated by prolonged walking or standing and relieved with sitting posture or
forward flexion of the lumbar spine (ie, “shopping cart” sign).

Lateral Recess
The lateral recess (aka the subarticular zone) is the outermost region of the spinal canal that is bordered laterally by the
pedicle, posteriorly by the superior articular facet and LF, and anteriorly by the vertebral body, endplate and disc margin.
This region is considered stenotic when AP measurement is <4 mm.11 Nerve root compression in the lateral recess is also
another important qualitative parameter in the radiological assessment for lateral recess stenosis.10 Due to the close
proximity within the canal, stenosis in this region can lead to symptoms of radiculopathy due to nerve root compression
with or without NC and can have a bilateral or unilateral presentation.

Foraminal
The neuroforamen is formed by the interpedicular osseous opening in which each spinal nerve root exits the dural sac
passing through the lateral recess. The anterior anatomic boundaries of the intervertebral foramen include the adjacent
superior-inferior vertebral pedicles, posteroinferior margin of the superior vertebral body, the intervertebral disc, and the
posterosuperior margin of the inferior vertebral body, and the posterior anatomic boundaries include the LF and the
superior and inferior articular facets.11 This region has three anatomical zones: internal, intraforaminal and extrafor-
aminal. Degenerative changes such as hypertrophy and bone spurs from facet joints and bulging or herniated discs often
contribute to foraminal stenosis.12 The neuroforamen are considered stenotic based on reduced perineural fat and/or
reduced foraminal dimensions on MRI. A height less than 15 mm and a posterior disc height of 4 mm or less are
associated with significant nerve root compression.12 Lumbar foraminal stenosis has a reported prevalence of 8% to
11%.4 Symptoms of pure foraminal stenosis typically are due to neural compression or neural irritation from an
inflammatory cascade with a dermatomal distribution. Although no clinical finding is specific enough to suggest
foraminal stenosis, patients often present with radicular leg pain and limited lumbar range of motion, particularly with
extension. Low back pain, particularly in the buttock region, is often associated with foraminal stenosis.

Multistructural
Multistructural narrowing involving the central, lateral recess, and neuroforamen is the most frequently encountered LSS
in those >60 years old. The narrowing typically has a trefoil or cloverleaf appearance on axial cross-sections, in which all
three regions of the spinal canal are narrowed. Symptoms are a combination of the above with nonspecific physical
examination findings.

Work-Up
Patient-Specific History
Symptomatic LSS often manifests with NC, with people in their sixth or seventh decade of life most affected.13 The
typical manifestation of NC is progressive pain radiating to one or both lower extremities in the posterior aspect of the
thighs and legs. The pain is typically reproduced by walking, prolonged standing and lumbar spine extension, and
typically improves or resolves with sitting and lying down. Walking in a flexed position, such as pushing a shopping cart,
can also relieve the pain. Patients often complain of a sense of heaviness and numbness of the lower extremities. As the
condition progresses, patients may suffer from neurological deficits and autonomic dysfunction that may require surgical
intervention. The symptoms are typically worse when the patient walks downhill due to increased lumbar lordosis; on the
other hand, they may be less severe when the patient walks uphill or rides a bicycle due to spine flexion. We can often
observe patients stooping forward while walking, to increase the diameter of the spinal canal.14 Particularly in older
people, the clinical picture may be blurred by accompanying comorbidities, such as peripheral vascular disease, which
can present clinically as vascular claudication (VC). To differentiate between the NC and VC, VC typically does not get
better with forward flexion or walking uphill. Other comorbidities such as osteoporosis may also be present, which may
be an important consideration if open surgical procedures are being considered.

Patients with LSS can also have superimposed radicular pain or mechanical back pain, leading to a mixed clinical
picture. Lumbar radicular pain can be present unilaterally in cases of lateral recess stenosis or foraminal stenosis causing
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nerve root compression. Patients with LSS may also complain of nociceptive axial back pain due to lumbar facet
arthropathy. The Zurich Claudication Questionnaire (ZCQ), Swiss Spinal Stenosis Questionnaire (SSSQ), and the
Walking Tolerance Test (WTT) are validated instruments for assessment of spinal stenosis NC.15–20

Focused Physical Examination Findings
Building on the description of physical examination for symptomatic spinal stenosis patients outlined in the MIST 1.0,
the physical examination findings in patients with LSS can be normal or nonspecific. In 1977, Dyck and Doyle reported
the utility of Van Geldern’s bicycle test in the differentiation of VC vs NC.21 In patients who had symptoms due to LSS,
their symptoms improved while leaning forward to ride a bicycle. Katz et al discussed that patients with LSS often
demonstrated wide-based gait, abnormal Romberg testing, lower extremity pain following 30 seconds of lumbar
extension (Kemp’s test), and other neuromuscular abnormalities.17 Unfortunately, Fritz et al concluded that these
physical examination findings had a positive and negative likelihood ratio close to 1, indicating that these variables
did not help rule LSS in or out.22

On examination, patients often ambulate with a flexed posture as this creates a stretch on the LF, decreasing its
diameter and protecting it from buckling and creating increased pressure in the narrowed canal.23 Patients often develop
a “simian stance” with their hips and knees also slightly flexed.24 Iversen and Katz also found that pain and balance were
the primary limiting factors with regard to ambulation in patients with LSS.25 Patients may also exhibit limited mobility
in extension of the lumbar spine.26 The neurological examination may be normal or vague, but changes may be noted
after patients perform symptomatic exercises.27 Some patients may present with more radicular symptoms related to
lateral recess or foraminal stenosis, and may be younger26 or present with pain at night or rest, aggravated by the Valsalva
maneuver.28

Electromyogram (EMG) and nerve conduction velocity (NCV) often are normal or may demonstrate multisegmental
abnormalities in the bilateral lower extremities that do not correlate to symptoms evidenced by positive findings in
asymptomatic control subjects.29 While EMG and NCV may be useful adjunctive diagnostic tools in distinguishing
peripheral neuropathy from LSS, these tests may not be specific enough to aid in diagnosis.30–32

Radiographic Findings
The previous edition of the MIST guidelines extensively reviewed the radiographic analysis that is required to evaluate
a patient with symptoms of LSS.6 The radiographic analysis section has been cited by studies since publication,
demonstrating the need for a single repository of clinical information on this topic.33 In the time interval since
publication of the previous edition of the MIST guidelines, there have been studies that build upon the foundational
descriptive approach used in the radiographic analysis section of that manuscript. Hartman et al, in their technical review,
used the necessary interplay between the dynamic flexion/extension film and the combined axial views on CT and MRI to
determine optimal evaluation of soft tissue and ligamentous structures vs bony overgrowth in both central and lateral
canal stenosis. Their technical report suggests that measurements in the sagittal view alone underestimate lateral
stenosis.33 The authors suggest that measurement in all planes of the axial and sagittal view with both CT and MRI
may lead to better preprocedural planning, whether for direct or indirect decompression. In agreement with this approach,
a recent study suggested that sagittal radiographic analysis showed a poor correlation with postoperative outcomes.34

There is growing evidence suggesting that conventional MRI evaluation may overestimate the lateral recess dimen-
sions in patients with LSS. A small study recently demonstrated that in LSS subjects mean foraminal area decreased by
13% when moving from supine to upright imaging and was further impacted by hyperlordotic positioning (21%
reduction in area from supine to hyperlordosis), suggesting that the positioning of maximal symptoms (hyperlordosis)
is poorly evaluated by traditional imaging positioning.35 The superiority of MRI to CT as stand-alone modalities has also
been suggested.36,37 The concomitant application of standing flexion-extension films in combination with supine MRI
evaluation as a predictor of instability is further demonstrated in the study by Lee et al.38

As the tools of artificial intelligence (AI) and machine learning continue to rapidly evolve, imaging analysis and
disease detection with imaging hold great promise in the comprehensive evaluation of patients with LSS. A recent study
suggested that a deep learning model detected central canal and lateral recess stenosis at a rate comparable to
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subspecialist radiology evaluation.39 This technique did have slightly lower detection agreement for foraminal stenosis.
This study and others like it suggest that we are nearing an inflection point that may revolutionize the clinical imaging
evaluation process. It may be possible to consider the axial/sagittal planes simultaneously across several modalities to
determine the true presence of clinically meaningful stenosis.10

Consensus Point 1: The diagnosis of LSS with neurogenic claudication should be made based on a combination of
imaging and history. Grade A; Level of certainty high; Level of evidence I-A

Consensus Point 2: MRI and/or CT evaluation in the axial and sagittal planes should be evaluated to enhance
detection of lateral recess and central canal stenosis. Grade A; Level of certainty moderate; Level of evidence 1-A

Consensus Point 3: Upright hyperlordotic positioning may have a higher detection yield vs conventional supine MRI
imaging and could be considered in select symptomatic individuals. Grade C; Level of certainty low; Level of evidence II

Consensus Point 4: Standing flexion-extension films, with care to evaluate the index level of stenosis detected on
advanced imaging, are recommended for dynamic instability evaluation. Grade B; Level of certainty moderate; Level of
evidence 1-C

Differential Diagnosis
Peripheral Neuropathies
One of the most challenging aspects of determining the appropriate treatment for patients with pain is accurately
diagnosing the patient’s pain etiology. In the setting of lumbar stenosis, a patient with pain in the distal “stocking”
distribution or with a mononeuropathy presentation can present a conundrum for even seasoned physicians. Thus,
physicians must have a thorough understanding of the similarities and differences of peripheral neuropathies and NC
and/or lumbar radiculopathies.

Peripheral neuropathy is exceedingly common, with about 8% of adults over age 55 being affected.40,41 Clinical
history alone is not enough to screen for peripheral neuropathy, and pain physicians should consider physical examina-
tion techniques such as monofilament testing, vibration testing with a tuning fork, light tough for sensory disturbances
(both pinprick and soft), and evaluation of deep tendon reflexes.42 A length-dependent presentation of peripheral
neuropathy is the most common;43 this is the so-called “stocking and glove” distribution.

One of the most important differentiating factors with peripheral neuropathy vs intermittent NC in the setting of
lumbar stenosis is how the pain manifests. Peripheral neuropathy is often painful at rest and can cause problems for
patients at night when they are trying to sleep. As described, with intermittent NC, the symptoms are typically markedly
reduced when seated, improved with bending forward, and worsened with ambulation.44

Another clue in the patient’s history that helps to differentiate NC symptoms from neuropathy is the involvement of
the proximal limbs–a change from the length-dependent nature of peripheral neuropathies. In addition, diagnostic testing
like EMG and nerve conduction studies (NCS) can help differentiate very similar clinical pictures, such as S1
radiculopathy compared to peripheral neuropathy.45

Neurogenic Claudication
Claudication refers to intermittent pain in the lower extremities that is exacerbated by activity and relieved with rest.
Neurogenic claudication must be differentiated from other mimickers, most significantly VC. NC is a pain syndrome
whose etiology is LSS, which is a reduction in the cross-sectional area of the lumbar spinal canal. The symptoms of NC
are thought to arise from a combination of mechanical compression and circulatory dysfunction within the cauda equina
nerve roots. In addition to pain, patients with NC may complain of leg heaviness, numbness, tingling, and weakness. The
pain from NC is classically worsened by lumbar extension and alleviated with lumbar flexion.45 The improvement in pain
and facilitating of ambulation with forward flexion is sometimes called the positive shopping cart sign. The diagnosis of
NC is made from the history and involves pain in the low back, buttocks, thighs, and/or legs that develops with prolonged
standing and walking and is relieved when the patient sits down. The symptoms of NC are generally bilateral.

CT and MRI images of LSS have been shown to sometimes correlate poorly with lower extremity symptoms, and
therefore, the history and examination remain important.46 A study of the reliability of differentiating NC from VC based
on symptomatology has shown that the most sensitive symptom (sensitivity 0.97) to rule out NC was the absence of
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“triggering of pain with standing alone.”47 This same study found that there was a strong likelihood of NC if patients
showed a constellation of positive “shopping cart sign,” symptoms above the knees, symptoms triggered with standing
alone and symptoms relieved with sitting. Patients with symptoms in the calf relieved with standing alone had a strong
likelihood of VC.

There is no gold standard diagnostic tool for NC and patients with radiographically severe LSS may be
asymptomatic.3 In some settings, the diagnosis of NC is supported by a positive response to intralaminar lumbar epidural
injection with steroid and local anesthetic or with local anesthetic alone. The published evidence has shown that such
epidural injections provide both short- and long-term relief for patients with NC and can improve gait function.48 Thus, it
is the opinion of the authors that a response to such injections can be helpful in making a diagnosis of NC.

Vascular Claudication
Vascular claudication is a disease of supply vs demand as it relates to oxygen consumption during muscular activity;49

VC is a resistance imbalance as blood is delivered to the extremities during activity that creates an oxygen delivery
deficit. Patients who suffer from VC describe symptoms that worsen after walking a distance and resolve when at rest and
sitting. Identification of risk factors associated with peripheral atherosclerotic disease include, but are not limited to,
tobacco use history, diabetes mellitus, hyperlipidemia, hypertension and strong family history.49 A distinguishing feature
of VC is that truncal position, such as forward flexion, has no impact on pain relief in the lower extremities, whereas
posture and truncal position (forward flexion) does alleviate the symptoms of NC. Relief from exercise-induced
symptoms of VC appears to be within 1 to 2 minutes as opposed to relief from NC that may take more than 10 minutes.
A diagnostic quandary exists for those patients with mild-to-moderate spinal stenosis and a history of claudication
complaints. Clinicians should maintain a high index of clinical suspicion for peripheral arterial disease (PAD) in the
presence of MRI evidence of mild-to-moderate lumbar disc disease and associated mild-to-moderate stenosis through the
proper use of validated screening tools.50 Furthermore, some patients may temporarily relieve the lower extremity pain
from PAD by hanging the affected extremity off the side of a bed.

Early detection of risk factors and formal diagnosis of PAD or deep venous thrombosis (DVT) is paramount to early
interventions and recovery. Life-threatening outcomes may exist when lumbar decompression operations are pursued in
lieu of ruling out vascular conditions.51 Whether DVT prophylaxis or early limb ischemia are misdiagnosed, elevated
morbidity and mortality risk is present either through pursuant chronic limb-threatening ischemia (CLTI) or life-
threatening pulmonary embolism. Bedside diagnostic testing early is of paramount importance, and this includes the
use of skin perfusion pressure, toe pressures, transcutaneous oxygen pressures, and more advanced measures such as
ankle-brachial index and exercise arteriograms. While there is no gold standard for the treatment of PAD, less invasive
options such as cilostazol, lifestyle changes and exercise headline early conservative measures, with surgical revascular-
ization or amputation as more aggressive measures.51

Lumbar Radiculopathies
Radiculopathy is related to inflammation or compression of a nerve root with treatment focused on reducing edema and/
or inflammation.52,53 Lumbosacral radiculopathy has a constellation of symptoms secondary to mechanical and/or
inflammatory involvement of at least one of the lumbosacral nerve roots.54 These symptoms include radiating pain,
numbness, tingling, weakness and possible gait abnormalities of the lower extremities in a particular dermatome or
myotome, depending on the nerve root(s) affected.55

The incidence of radicular symptoms in patients presenting with low back pain ranges from 12% to 40%.54 Any
process that causes irritation or compression of the spinal nerves can cause radicular symptoms, with the most common
etiology being degenerative changes of the spine, followed by trauma and benign or malignant tumors. Evaluation of
a patient with radiculopathy starts with a history and physical examination with incorporation of the straight leg test or
Lasègue test. A positive test with reproduction of the patient’s symptoms during passive movement between 30 and 60
degrees is suggestive of L4 to S1 nerve root involvement. A reverse straight leg test or Ely test will stretch the femoral
nerve, with a positive result indicating involvement of the L2 to L4 nerve roots. In cases of radiculopathy symptoms that
fail to resolve within 1 to 2 months, MRI is considered the gold standard in evaluation. For patients unable to undergo an
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MRI, CT scan is an acceptable alternative. In those patients where it is difficult to clinically distinguish lumbosacral
radiculopathy from peripheral neuropathy or plexopathy, EMG and NC studies can be utilized to localize a lesion with
relatively high diagnostic specificity.56

Treatment varies depending on the etiology and severity of symptoms, but usually begins with conservative manage-
ment of symptoms. Oral medications including nonsteroidal anti-inflammatory drugs (NSAIDS), acetaminophen, and
neuropathic agents, such as gabapentin and pregabalin, are often used first to treat radicular symptoms, and in severe
cases opiates may be used sparingly. Nonpharmacologic interventions, including physical therapy, acupuncture, chir-
opractic manipulation and traction are often utilized in conjunction with oral medications to treat lumbosacral radiculo-
pathy. Of note, the data supporting the use of these conservative treatment modalities is equivocal.54 After failure of
conservative treatment modalities, interventional techniques, including ESIs and percutaneous disc decompression, are
also commonly used. In refractory cases, where patients fail conservative interventional techniques, surgical decompres-
sion and spinal fusion may be needed.57

Consensus Point 5: The differential diagnosis of symptomatic LSS may include a variety of pathologies, and accurate
diagnosis and dynamic stability assessment are essential for long-term treatment benefit. Grade A; Level of certainty
high; Level of evidence II; Consensus strong

Percutaneous Image-Guided Lumbar Decompression (PILD)
Percutaneous image-guided lumbar decompression, as defined by the Centers for Medicare and Medicaid Services
(CMS), involves minimally invasive techniques using instrumentation and image guidance to debulk the posterior
elements of the spine (lamina and LF).58 PILD is an efficient, low risk, minimally invasive lumbar decompression
procedure that removes a common cause of central stenosis to significantly improve mobility and reduce pain.59 Patients
who are candidates for PILD have hypertrophied ligamentum flavum (HLF) of 2.5 mm or greater within the lumbar
spinal canal, contributing to 50% to 85% central canal narrowing.60 This outpatient posterior lumbar procedure is
designed to debulk a HLF, with the aim of alleviating NC in the presence of central canal narrowing. PILD was
developed in 2005 as an alternative for cancer patients considered too high risk for open surgical decompression, and has
evolved to label indications for direct decompression at spinal levels L1-S1 for symptomatic LSS with two level 1
RCTs,61,62 several level II prospective controlled studies,63–66 and a 5-year retrospective longitudinal observational
durability study demonstrating statistically significant improvement in pain and mobility.67

The technique is performed percutaneously via a 5.1 mm port specifically designed for minimally invasive instru-
ments used to debulk lamina and small portions of ligament. The patient is placed in a prone position with positioning
aids to reduce lumbar lordosis and help gain access to the treatment levels. The technique has evolved from routine use of
an epidurogram to define the anterior border of the LF to the use of bony anatomy, with support from a large single-
center retrospective study.68 In a contralateral oblique fluoroscopic view, a bone rongeur is used to perform selective
laminotomies of superior and inferior lamina to gain access to the interlaminar space. This is followed by a tissue
sculptor via the same trochar to debulk sections of the LF. When there is no longer material to debulk and the instrument
falls into the space created by the decompression of lamina and ligament, then the procedure is complete. This procedure
can be performed unilaterally or bilaterally, and at multiple symptomatic levels through a single midline stab incision,
and requires no general anesthesia, large incision, extensive surgical dissection, or surgical implants. The risk profile is
identical to that of an epidural injection.

Indications
Lumbar spinal stenosis that is degenerative in nature can be caused from thickening of the LF, disc disease, osteoarthritic
facet hypertrophy or a combination of all three.69 This pathology leads to the development of NC. PILD, by definition,
treats LSS secondary to LFH with ligamentum thickness of ≥2.5 mm on MRI evaluation.70 While disc disease and facet
hypertrophy can also contribute to LSS, PILD is not designed to address these pathologies; however, in clinical settings
the reduction in spinal canal pressure from debulking the ligament has been shown to treat these multifactorial etiologies.
The primary indication for PILD is central stenosis due to HLF and NC symptoms as a presenting complaint. Candidates
for PILD must meet the following criteria:70
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● Symptomatic LSS with the presence of NC
● Confirmation of stenosis on imaging
● Ligamentum flavum hypertrophy (LF greater than or equal to 2.5 mm).

Contraindications
Patients who have had prior instrumented spine surgery at the index level of treatment or disruption of the lamina are not
candidates for PILD. These patients do not usually have lamina or ligament that can be debulked. Even though prior
surgery at the level of treatment is a contraindication for PILD, there can be significant stenosis with LFH above or below
the level of surgery. So PILD can be performed above or below the level of surgery if there is significant stenosis with
LFH. Any localized infection at the site of the treatment area is an absolute contraindication. However, after infection has
cleared the procedure can be performed. PILD is indicated for patients with less than a grade 2 spondylolisthesis.
Anything greater than a grade 2 spondylolisthesis is a relative contraindication. Furthermore, patients with any
coagulopathies should be evaluated for risk and benefit because of the increased risk of bleeding. Finally, the presence
of a systemic infection is a relative contraindication and any systemic infection should be adequately treated before
proceeding with the procedure.

Absolute contraindications for the procedure include:70

● Prior spine surgery at the index level of treatment.
● Presence of localized infection at the site of the procedure.

Relative contraindications include:70

● Presence of a higher than grade 2 spondylolisthesis.
● Presence of a bleeding diathesis/coagulation disorder.
● Presence of systemic infection.

Literature Review
To date there have been two level 1 RCTs, five prospective studies, two meta-analyses, four retrospective studies and
three case series published, all demonstrating efficacy of PILD in decreasing the symptoms of NC with significant
improvements in physical functionality, with an unparalleled safety profile.71

The first RCT involving PILD, conducted by Brown in 2012, was a double-blinded study with 38 subjects
randomized to either PILD or lumbar epidural steroid injection (LESI) and followed for 12 weeks.61 Primary outcome
measures were the Oswestry Disability Index (ODI), ZCQ, and VAS showing higher patient satisfaction with PILD vs
LESI and sustained improvement for PILD throughout the 12-week duration of the study. This was the first RCT to show
that the PILD procedure was more effective than ESI in providing symptomatic relief for patients with LSS.61

More recently, the level 1 ENCORE RCT involving over 300 patients randomized to PILD or ESI showed PILD to be
statistically and significantly superior to ESI in the treatment of patients with NC central stenosis due to LFH at 1- and
2-year follow-up.62 Most patients enrolled in this study did have comorbid foraminal stenosis, facet hypertrophy, and/or
disc bulging, which were found to be positive predictors of success with percutaneous decompression.6 There were no
serious device- or procedure-related adverse events and there was no difference in safety between PILD and ESI, thereby
providing level I evidence that PILD is as safe as ESI.62

Prior to these RCTs, an earlier prospective study by Deer and Kapural first described the technique of PILD and
evaluated the safety of the procedure.63 This prospective study from 2010 involved 90 subjects and found the procedure
to be a safe treatment option for patients with complication rates lower than those reported for minimally invasive LSS
surgery. This was quickly followed by a second prospective study by Chopko and Caraway demonstrating clinical
improvement in LSS patients as measured by the VAS, ODI, ZCQ and 12-item short form health survey (SF-12).64 The
study included 78 subjects who were enrolled to undergo PILD, with statistically significant improvement across all
outcome measures at 6 weeks. Also, in 2010, a two-site retrospective evaluation by Lingreen and Grider looked at 42
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consecutive patients with significant improvement in VAS scores at 6 weeks and reduction by 40% to 86%.72 There was
significant patient satisfaction with this procedure and patients felt that PILD was a viable option for the treatment of LSS
prior to considering open surgical decompression.

Between 2011 and 2013 there were several studies that continued to demonstrate the safety and efficacy of PILD,
including a prospective single-site study by Chopko with 14 subjects followed for 23 weeks that demonstrated 53%
improvement in pain scores.65 This was followed shortly by a case series by Wong, who followed 17 patients over 1 year
and demonstrated significant improvements in VAS and ODI similar to those in previous studies.73 Mekhail et al
similarly followed 58 patients at 11 clinical sites retrospectively for 1 year and demonstrated significant improvements
in VAS, ODI, ZCQ and SF-12 scores.74 Finally, Basu studied 27 subjects in a prospective study evaluating ODI, VAS,
and ZCQ scores and reported similar results with improved scores and improved patient satisfaction.66 Therefore, as
demonstrated by the numerous studies from level 1 RCTs to case studies, there is significant efficacy with PILD with
respect to symptoms of NC and improvement in functionality, and a safety profile comparable to ESI.

A recent retrospective follow-up of the study by Mekhail et al analysed 75 patients treated at the Cleveland Clinic 5
years after their minimally invasive decompression procedure. Nine subjects had progressed to require open decompres-
sion. The study further evaluated opioid use and pain relief, finding that the initial results reported were durable
throughout the 5-year period.67

Preliminary results of a prospective RCT comparing PILD to conventional medical management (CMM) for patients
with LSS were recently released;75 CMM consisted of measures commonly prescribed for LSS, such as physical therapy,
pain medications, ESI, facet joint blocks and ablations, back braces, walking aids and chiropractic care. At 6 months
follow-up, PILD combined with CMM was superior statistically to CMM alone, with no adverse events reported in 181
patients.75

As the PILD therapy evolves so too have studies evolved from proof of efficacy to other subjects, such as patient
selection or technical advances, which naturally arise as a therapy gains broader acceptance. With regard to patient
selection and PILD, a recent study determined that subjects respond to PILD regardless of age.76 This manuscript
describes the pooled statistical analysis from four high-quality studies selected from the 149 available studies evaluating
PILD. There was no correlation between age and responsiveness to PILD as measured by VAS, ODI, standing time or
walking distance.

A recent technical manuscript asked the question: “Is the epidurogram critical to safety of the procedure?”68 This
question is particularly germane since, on occasion, the spinal degradation present in a patient does not lend itself to
placing an epidural needle in the suggested cephalad-central position of the interlaminar space. On occasion, epidural
access at the worst levels of spinal stenosis may be difficult to achieve at all. Pope et al address the issue of necessity and
safety in this retrospective review of 147 subjects. There were no adverse events noted despite absence of a contrast layer
in the epidural space at the operative site. This finding allows the experienced practitioner to proceed with some degree
of confidence to continue the procedure despite difficulty or inability to obtain a working epidurogram.68

Consensus Point 6: PILD should be considered for the treatment of mild-to-moderate LSS in the presence of NC, with
less than or equal to a grade 2 spondylolisthesis, and with a contribution of spinal narrowing with at least 2.5 mm of
LFH. Grade A; Level of certainty high; Level of evidence 1-A

Interspinous Spacers
Designed as an alternative to lumbar fusion and/or decompression, interspinous spacers were developed to provide
a less invasive surgical treatment for LSS with intermittent NC.77 These devices do not alter the bony anatomy of the
spinal column, yet via indirect methods they can both stabilize and decompress the local anatomy and offer treatment
for lumbar stenosis. As the name suggests, interspinous spacers are positioned between the spinous processes. This
reduces lumbar extension at treated levels, but allows preserved lateral and rotational movement.78 By fixing the
stenotic segment in a slightly flexed position, the interspinous spacer decreases the symptoms of NC. The first of these
devices was given US Food and Drug Administration (FDA) approval in 2005.79 Since that time, several similar
devices have been developed sharing the common goal of distracting the lumbar spinous processes to provide improved
function for patients with symptomatic spinal stenosis who experience relief in the flexed position. Interspinous spacers
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can be used alone or in conjunction with a decompressive surgical procedure. One of the greatest benefits of this
technology is that an interspinous spacer has a lower rate of complications compared to lumbar decompression or fusion
for treatment of spinal stenosis.79 In addition, spacers can provide a more cost-effective treatment option for patients
with symptomatic lumbar stenosis.80 Additionally, these devices can be placed using local anesthesia with sedation in
an outpatient setting.

Indications
Interspinous spacers are approved by the FDA to treat skeletally mature patients suffering from pain, numbness, and/or
cramping in the legs (intermittent NC) secondary to a diagnosis of moderate degenerative LSS, with or without grade 1
spondylolisthesis. Spinal stenosis is confirmed by x-ray, MRI and/or CT evidence of thickened LF, narrowed lateral
recess, and/or central canal or foraminal narrowing. Interspinous spacers are indicated for patients with impaired physical
function who experience relief of their symptoms in flexion. These patients must have undergone at least 6 months of
nonoperative treatment.81 Spacers are approved for one or two adjacent lumbar levels from L1 to L5.82

Clear indications exist for the therapy and are supported by the literature. Identifying correct patients for the therapy
is paramount to its success and to ensuring positive patient outcomes. Moderate degenerative LSS is defined in the
literature as follows:

- 25% to 50% reduction in central canal and/or nerve root canal (subarticular, neuroforaminal) compared to the
adjacent levels on radiographic studies, with radiographic confirmation of any one of the following:

- Evidence of thecal sac and/or cauda equina compression
- Evidence of nerve root impingement (displacement or compression) by either osseous or non-osseous elements
- Evidence of hypertrophic facets with canal encroachment

AND associated with the following clinical signs:

- Moderately impaired physical function (PF) defined as a score of ≥2.0 on the ZCQ
- Ability to sit for 50 minutes without pain and to walk 50 feet or more.

Contraindications
Contraindications to these devices are often rooted in the degree of pathology. If a patient has more than two levels of
moderate stenosis, or severe stenosis at even one level, these devices should not be considered for treatment. In addition,
advanced osteoporosis may present problems as the strength of the spinous processes may be compromised, putting the
patient at risk for fracture at the location of the spacer. These devices are not able to be placed at levels that have been
previously decompressed due to changes in anatomy at those levels.

According to the summary of safety and effectiveness data, one interspinous spacer has the following
contraindications:83

• An allergy to titanium or titanium alloy;
• Spinal anatomy or disease that would prevent implantation of the device or cause the device to be unstable in situ,

such as:
- Instability of the lumbar spine, e.g., isthmic spondylolisthesis or degenerative spondylolisthesis greater than grade 1

(on a scale of 1 to 4);
- An ankylosed segment at the affected level(s);
- Fracture of the spinous process, pars interarticularis, or laminae (unilateral or bilateral);
- Scoliosis (Cobb angle >10 degrees);
• Cauda equina syndrome defined as neural compression causing neurogenic bladder or bowel dysfunction;
• Diagnosis of severe osteoporosis, defined as bone mineral density (from DEXA scan or equivalent method) in the

spine or hip that is more than 2.5 SD below the mean of adult normals;
• Active systemic infection, or infection localized to the site of implantation;
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• Prior fusion or decompression procedure at the index level;
• Morbid obesity defined as a body mass index (BMI) greater than 40.

Literature Review/Grading of Evidence
The use of interspinous spacers for the treatment of LSS has become a very important area for scientific and clinical
exploration. A PubMed search using lumbar stenosis and interspinous spacer as keywords yielded 109 results, most of
which were commentaries and reviews. The authors selected systematic reviews, meta-analyses, RCTs, and real-world
studies to create our recommendations for the use of interspinous spacers in the treatment of LSS.

In 2014, Wu et al published a systematic review and meta-analysis on dynamic interspinous spacers comparatively
evaluated against traditional decompressive surgery.84 Analysis showed no difference between the interspinous spacers and
decompression for low back pain (WMD: 1.2; 95% CI: −10.12, 12.53; P = 0.03; I2 = 66%), leg pain (WMD: 7.12; 95% CI:
−3.88, 18.12; P = 0.02; I2 = 70%), ODI (WMD: 6.88; 95% CI: −14.92, 28.68; P = 0.03; I2 = 79%), Roland Disability
Questionnaire (WMD: −1.30, 95% CI: −3.07, 0.47; P = 0.00; I2 = 0%), or complications (RR: 1.39; 95% CI: 0.61, 3.14; P =
0.23; I2 = 28%). However, the decompression cohort had a significantly lower incidence of reoperation (RR: 3.34; 95% CI:
1.77, 6.31; P = 0.60; I2 = 0%).84 The authors concluded that though no statistically significant differences were found in the
percutaneous vs open surgery cohort, there is a greater cost for performing the intraspinous spacer technique vs open
decompression for patients who have LSS. In 2016, Phan et al confirmed the earlier findings in another systematic review
and meta-analysis using similar criteria.85 However, in 2019, Cairns et al performed an EMBASE and PubMed search to
conclude that interspinous spacers were more cost effective compared to conservative medical management.86

Patel et al performed a multicenter RCT evaluating 391 patients who were treated with two different interspinous
spacers for moderate LSS after failure of 6 months of CMM.87 Leg pain improved by 77%, and back pain improved by
68% at 2-year follow-up. ODI improved to study success parameters (minimum 15% improvement) in 65% of patients.
The authors concluded that both devices achieved clinical success and one was not inferior to the other.87

In 2017, Nunley et al published 5-year retrospective data on patients implanted with an interspinous spacer and
reported that 84% of patients demonstrated clinical improvement in the ZCQ; improvement in leg and back pain was
seen in 80% of patients, and the success rate for the ODI was 65%.88 Furthermore, 75% of patients implanted with
interspinous spacers did not require reoperation at the index level at 5 years.

In conclusion, there are many studies in the literature supporting the use of interspinous spacers for pain relief,
improved mobility, and decreased opiate utilization.84–89 However, most of the studies are retrospective, albeit some have
protracted follow-up of 5 years. There is a void of prospective RCTs comparing the efficacy of interspinous spacers to
CMM or open surgery.

Consensus Point 7: Interspinous spacers should be considered for treatment of symptomatic spinal stenosis at the
index level with mild-to-moderate spinal stenosis, with less than or equal to grade 1 spondylolistheses, in the absence of
dynamic instability or micro-instability represented as fluid in the facets on advanced imaging. Grade A; Level of
certainty high; Quality of Evidence 1-A

Interspinous Fusion
Introduction
Degenerative LSS is commonly of a multifactorial etiology, with contributions of varying degrees, from HLF, osteo-
phytes, facet joint hypertrophy and degeneration of the disc space.90 This is often seen in conjunction with LSS, whether
secondary to these degenerative factors or from congenital spinal stenosis.91 This cascade of degenerative changes and
stenosis is largely the result of aging, with contributions from the aforementioned factors.

Several treatment options exist for those with spinal stenosis, as well as degenerative changes, ranging from
conservative measures to surgical treatments. Conservative measures, or nonsurgical treatments generally include
physical therapy, medications, and ESIs.92 These are generally reserved for those with mild or moderate symptoms
but can also be performed for patients who demonstrate further disease progression. Open laminectomy or decompres-
sion of the neural structures, with or without transpedicular screw fixation, has been the most frequently used treatment
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for patients who fail conservative measures.93 However, spinal surgery may not be appropriate for all patients and has
several drawbacks, including extended recovery periods from extensive muscle dissection and chronic back pain
associated with postlaminectomy syndrome and persistent spinal pain syndrome. In addition, spinal surgery may be
associated with adverse events such as cerebrospinal fluid leak, nerve injury, deep wound infections, misplaced hardware,
and hardware failures.94,95 It is also well known that posterior lateral fusion is associated with altered spinal dynamics,
which can lead to adjacent segment disease and degeneration.96 These drawbacks and limitations with more invasive
open spinal procedures may limit the patients who can benefit, especially for those with medical comorbidities who may
be deemed poor surgical candidates. Other patients are not considered candidates for an open surgical procedure because
they may have mild or moderate findings on imaging or less severe symptoms. Hence, there is a group of patients suited
to benefit from minimally invasive options with reduced procedural risks.

Definitions, Indications, and Contraindications
Indirect decompression with the use of interspinous process spacers (IPS) has shown positive outcomes and a favorable
risk profile in the treatment of LSS. These devices are designed for use in patients with stenosis who display symptoms of
NC that is relieved in spinal flexion as a means of limiting spinal extension.88 However, IPS use is limited in patients
with flexion-associated pseudoclaudication who oftentimes also have findings of degenerative changes, spondylolisthesis,
and multiple pain generators such as disc degeneration and facet joint hypertrophy, none of which are treated by indirect
decompression. This has led to the development of minimally invasive devices for interspinous fixation (ISF) that can
address both stenosis and degeneration. An ISF device stabilizes adjacent spinous processes, decompresses neural
structures by blocking extension, and minimizes overload on adjacent spinal levels. Compared with open surgical
decompression with or without fusion, ISF has the potential to offer a lower morbidity option to patients while addressing
the same findings that would be treated during open spinal surgery.

Biomechanically, ISF gives immediate flexion-extension balance and provides effective stabilization for arthrodesis
while preserving motion.97,98 ISF is a viable minimally invasive treatment option for those patients not suited for pedicle
screw fixation or needing consideration earlier in the treatment algorithm. ISF can be used in combination with anterior
column instrumentation, and in this setting, ISF augmenting anterior interbody placement has several advantages over
pedicle screw fixation in terms of skin incisions, invasiveness, muscle dissection, operative times, perioperative out-
comes, and favorable efficacy in reference to VAS and ODI in 1-year follow-ups,99 with preservation of the posterior
elements, minimizing adjacent level disease. This has also held true in an elderly cohort demonstrating significant
improvement in VAS with reliable fusion rates.100

Despite these findings, it has been unclear whether improvement would be obtained without anterior interbody fusion,
that is, with ISF being used as a stand-alone device. The use of an IPS without fusion has proved efficacious and safe,
and capable of maintaining sagittal alignment biomechanically within a cohort of those with LSS.88,101 However, an IPS
did not directly address the degenerative process commonly found in those patients, as well as those unable to be treated
with an IPS alone. Postacchini et al demonstrated in a prospective study that a stand-alone ISF combined with minimally
invasive decompression in stenotic patients showing degenerative spondylolisthesis provided fusion in most patients.102

More importantly, at the 2-year follow-up patients had a highly significant improvement in all outcome measures,
indicating a satisfactory clinical result, and none developed instability.

Several devices on the market have been in the surgeon’s treatment paradigm for use as ISF devices. These devices
vary in their application and patient selection. They may be used with or without a decompression, as well as with or
without anterior spinal fusion. The use of bone graft material is a defining factor in the labeling of ISF.

Literature Review
A PubMed literature search was performed that included the keywords lumbar stenosis and interspinous fusion. This
yielded 127 results; all were reviewed and the most applicable studies for this manuscript included for assessment and
grading.

The aforementioned 2016 Postacchini et al study evaluated 25 patients with degenerative lumbar stenosis and
degenerative listhesis.102 Patients either underwent bilateral laminotomy or unilateral laminotomy with ISF and the
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two groups were compared. Unilateral laminotomy was performed to preserve the spinous processes and ISFs were then
added to the procedure for fusion and to potentially mitigate postoperative worsening of the listhesis. Fusion occurred in
21/25 patients. Mean follow-up time was 34.4 months. The investigators reported a mean ODI decrease of 52%. The
mean SF–36 bodily pain and physical function scores increased by 53% and 50%, respectively.

In 2020, Chin et al published a retrospective case series of 122 cases of lumbar decompression with interspinous
fixation using a novel device.103 Two-year VAS and ODI showed improvement from 8.1±1.2 to 1.5±1.1 and 42.9±14.3 to
14.8±5.1, respectively.

Cuellar et al performed a prospective multicenter study evaluating interlaminar lumbar instrumented fusion, which is
a subtype of ISF.104 Thirty-seven patients with single level degenerative lumbar stenosis were treated with lumbar
decompression using a laminoplasty procedure followed by insertion of an allograft bone block and interspinous
stabilization/fixation device. Follow-up was up to 24 months; 33 patients met the endpoint criteria (ODI and ZCQ) at
2 years. Sixty-seven percent of subjects had a 2 cm improvement on VAS and 94% of patients were off all narcotics and
reported satisfaction with the procedure.

In 2011, Li et al reported on 18 patients who were treated with spinal fusion and dynamic interspinous fixation with
a novel system.105 At 12 months, follow-up leg VAS, back VAS, and ODI functional scores were significantly
improved over the preoperative baseline [back VAS: 1.50 ± 0.90 vs 7.20 ± 0.90; leg VAS: 1.10 ± 0.80 vs 5.20 ±
0.90; ODI functional score: (15.90 ± 5.80)% vs (52.50 ± 5.90)%]. The authors concluded that stabilization/fusion with
this system provided improvement of pain and function. However, the authors also indicated that there was insufficient
evidence in this study to conclude that this treatment is better than traditional fusion at the time the manuscript was
published.

While not discriminating between fusion and nonfusion devices, a 2017 systematic review by Li et al assessing ISP
devices concluded that there was a significant improvement in function and pain scores.106 Furthermore, the review
suggested that interspinous device implantation is more effective than other conservative methods, but not superior to
laminectomy in treating NC.

A multicenter RCTwith 122 patients compared ISF with decompression to decompression alone.103 Two-year follow-
up was performed for patients with moderate-to-severe spinal stenosis. The primary endpoint included a composite of
four measures: ODI, secondary surgery or injections, neurological status, and adverse events related to the procedure or
device. The primary endpoint was superior for the ISF with decompression group. Patients in the decompression-alone
group were more likely to undergo a secondary intervention or injections. Another multicenter, RCT compared ISF with
decompression to decompression with pedicle screw fusion.104 Subjects with moderate-to-severe lumbar stenosis were
included and followed for 5 years. Composite endpoints included ODI, repeat surgery, further lumbar injections, or
adverse events. When comparing both groups, the ISF with decompression group had 50.3% of the patients meeting all
four endpoints, while only 44% did so in the pedicle screw fusion group. The two groups were similar in reoperation
rates, as well as improvement in ODI and VAS. This further demonstrates the utility of ISF.

More recently, a retrospective review of safety and efficacy of ISF using a novel device was performed by Falowski
et al, who studied 32 patients.107 The consecutive patient case series demonstrated the experience of four implanting
interventional pain physicians who performed minimally invasive ISF in an outpatient ambulatory surgical center (ASC)
for patients demonstrating low back pain and NC symptoms with imaging findings consistent with moderate-severe
degenerative LSS at one or two levels. This was a retrospective review noting a significant reduction in VAS from 8.1 to
2.65 at 3-month follow-up, indicating a 67% reduction in overall pain. Furthermore, the safety review noted no
significant adverse effects at 90 days and no reoperations or revisions.

Conclusion
There were no prospective RCTs evaluating the efficacy of ISF alone during the development of this manuscript. Some
moderate-to-large scale retrospective reviews evaluated the efficacy of interspinous spacers with lumbar
decompression;106,107 however, evidence supporting the use of ISF as a stand-alone procedure to benefit patients with
lumbar stenosis remains limited. A multicenter single-arm prospective study is currently enrolling patients with
degenerative disc disease in the presence of NC and spinal stenosis. The modest literature demonstrating lower
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intraoperative risk compared to other fusion techniques suggests that ISF devices should be considered in the treatment
paradigm for LSS, especially in patients with significant medical comorbidities. Given that studies evaluating ISF alone
are limited to retrospective work, the grading is commensurate with evidence while acknowledging that ISF in
combination with other surgical interventions has shown promise.

Consensus Point 8: The MIST recommends consideration of ISF in patients with lumbar degenerative spine disease,
in the presence of degenerative disc disease, with symptomatic mild-to-moderate LSS, with or without instability, with
a grade 2 spondylolisthesis or less. Grade C; Level of certainty moderate; Level of evidence I-C

Intrathecal Drug Delivery Systems
Definitions
Intrathecal drug delivery systems are approved for treatment of patients with moderate-to-severe trunk and limb pain.
With the discovery of opioid receptors in the dorsal horn of the spinal cord in 1976, intrathecal administration of
medication allowed for bypassing the first-pass metabolism, facilitating more efficacious treatment at lower doses.108

These devices consist of a catheter that is implanted in the intrathecal space and connected to either a fixed-rate or
programmable pump reservoir implanted in the subcutaneous tissue. The reservoir is then filled with single or multiple
agents and delivery is programmed by the clinician to dispense medication.109

Indications
IDDS is currently a viable option for patients who have chronic pain and have failed both pharmaceutical management
and appropriate interventions.110 Similar to spinal cord stimulation, IDDS is specifically recommended for patients who
are experiencing moderate-to-severe pain of the trunk and limbs after other modalities of pain treatment have failed.111

While neuromodulation has replaced IDDS in the algorithm for the treatment of many complex pain conditions, the
following disease conditions are currently recognized as indications: nonsurgical axial spine pain, postlaminectomy
syndrome, abdominal/pelvic pain, extremity pain, complex regional pain syndrome type I and II, thoracic neuropathic/
trunk pain, cancer pain, and pain where successful treatment by systemic opioids is limited by side effects.109 While
patients with chronic malignant pain have been more extensively studied, recent evidence demonstrates efficacy for
patients with nonmalignant pain conditions.110 There is currently a randomized multicenter prospective study investigat-
ing noncancer-related pain comparing intrathecal therapy to CMM, including spinal stenosis treatments. The study is
currently enrolling patients, with a target completion date in 2021.

Currently, the on-label medications for intrathecal therapy are morphine and ziconotide. Despite this, over 80% of the
pumps managed in the United States use off-label medications. The reader is advised to review the previous
Polyanalgesic Appropriateness Consensus Conference (PACC) guidance regarding off-label intrathecal medications.109

Contraindications
Absolute contraindications to the implantation of an IDDS include active systemic infection, local infection at the site of
proposed implantation, anatomic barrier for catheter placement, allergy to implant materials, and untreated opioid use
disorder.112 Inability to stop anticoagulation, active bleeding disorder, inability to access medical care/follow-up, and
inability to safely undergo general anesthesiology are often quoted as relative contraindications. While there are many
other relative contraindications quoted in the literature, a true risk/benefit analysis should be conducted by an experienced
physician. Further, reliable follow-up is necessary, as the pump needs to be maintained and therapy titrated with in-
person appointments.

Literature Review
Although multiple studies have examined the use of IDDS for low back pain, there have been no studies specifically
examining the modality in the treatment of back and leg pain resulting from spinal stenosis in a target, homogeneous
population. Given the lack of studies dedicated to LSS and IDDS alone, the consensus committee determined to make
inferences from the available data. To date, there have been studies of treatment of postlaminectomy syndrome and
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nonsurgical back and leg pain, many of which were likely secondary to LSS. Tomycz et al performed a retrospective
analysis of 11 patients who were simultaneously implanted with IDDS and spinal cord stimulators (SCS).113 While all 11
patients (100%) stated that the dual system improved their quality of life, six patients (55%) felt that their relief from the
IDDS was superior to SCS.113 Hayek et al performed a retrospective analysis of 57 patients with IDDS administration of
hydromorphone and bupivacaine for postlaminectomy syndrome.114 At 24 months, pain scores had decreased from 8.42
to 4.3 (P<0.001). In patients with previous fusion, adjacent level disease and spinal stenosis are common, affecting the
majority with posterior fusion at some interval after surgical treatment. As intrathecal therapy is commonly employed in
this population, it follows that these patients can be managed well with intrathecal therapy, although no clinical studies
address this specific spinal stenosis population.

Deer et al followed 166 patients with chronic low back pain who were trialed for IDDS.115 There was a 93% success rate
and 136 (82%) of those patients were implanted. At 12 months 80% of patients implanted with IDDS for low back pain were
satisfied with their therapy. While many of the foundational studies using IDDS for treatment of chronic pain do not subdivide
lumbar spine pathologies in a fashion that would allow further investigation of the outcomes, one relatively recent prospective
observational study did suggest that a subgrouping of patients with LSS were responsive to IDDS using opioid therapy.
Grider et al reported that 12 of 58 subjects enrolled in the study carried the diagnosis of LSS based upon symptomatology and
imaging.116 The LSS subjects did not differ from other spinal pathologies with regard to daily intrathecal opioid requirement,
suggesting similar response to LSS vs lumbar degenerative disc disease or failed back surgery syndrome. While not
conclusive, this study does offer directional outcomes specifically for patients with LSS when treated with IDD.

Evidence Ranking
Consensus Point 9: The MIST recommends IDDS be used in the treatment of LSS after anatomic considerations at the
index level of treatment for minimally invasive decompressive options, and can be employed when more direct methods
fail or are not suitable. Grade B; Level of certainty moderate; Level of evidence I-B

Open Decompression
Open decompression for LSS involves the resection of impinging bone, ligaments, and disc materials and traditionally
has referred to laminectomy, which is often combined with medial facetectomy and foraminotomy.117 Open laminect-
omy has been modified in numerous ways over the past years to involve open decompression via smaller incisions;
however, it remains unknown if such micro-decompressions are equivalent to open laminectomy.118 Laminectomy
remains the gold standard, open decompression technique against which other open decompressions, such as percuta-
neous, microscopic, or endoscopic, are compared. Open decompression may be better defined as direct decompression
and must be differentiated from indirect decompression, which involves enlarging the spinal canal and foramina by
distraction and correction of global spinal alignment without removal of compressing tissues.119 Open and direct
decompression can be accompanied by fixation or instrumented fusion when there is concern of instability.
Complications of open decompression include cerebral spinal fluid leak, nerve root injury, epidural hematoma, epidural
fibrosis, and iatrogenic instability.

Indications
Lumbar laminectomy alone or with fusion is one of most common operations performed by spinal surgeons. The primary
indication for open decompression via lumbar laminectomy or via a less invasive approach is degenerative lumbar
stenosis, especially central or lateral recess stenosis when NC and/or lower extremity radiculopathy symptoms do not
respond to conservative treatments including epidural injections. Other indications for open decompression outside of
degenerative stenosis include primary or secondary tumors, infection, trauma, and stenosis related to deformity.120

Contraindications
Contraindications for open decompression without associated fusion include spinal instability and coagulopathy. Relative
contraindications for open decompression without associated fusion include coronal deformity (scoliosis), sagittal
deformity (kyphosis), and spondylolisthesis, especially grade 2 or higher.
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Literature Review
An analysis of five RCTs (643 participants) comparing surgical to nonsurgical care concluded that the evidence could not
support that surgery was superior to nonoperative care.90 However, this study included a mix of both open decompression
surgeries as well as indirect decompression surgery with spinous process spacers. In a randomized trial of lumbar
laminectomy with or without fusion compared to nonsurgical management for LSS with degenerative spondylolisthesis,
Weinstein et al showed that surgically treated patients had greater pain relief and functional improvement for 4 years.121

Athiviraham and Yen reported on a nonrandomized cohort of 125 consecutive patients with lumbar stenosis followed for
2 years.122 Most patients undergoing open decompression with or without fusion reported that they were better after
surgery; however, residual symptoms were common. The majority of patients who declined surgery had persistent
symptoms and 12.5% reported worsening of symptoms at 2 years.122 Most of the debate has focused on whether open
decompression should be augmented with fusion. The remaining RCTs have compared open decompression alone to
decompression with fusion to assess safety and efficacy.

Evidence Ranking
Consensus Point 10: The MIST recommends open decompression with or without fusion when the physician feels the
risk:benefit ratio is favorable, and in the setting of a rapidly progressive neurological decline. Grade A; Level of certainty
high; Level of evidence 1-A

Neurostimulation
Spinal cord stimulation is the delivery of electrical impulses to the dorsal column of the spinal cord to modulate the pain
signal from traveling to the brain. This is proposed to occur through several mechanisms, and it is likely that the pain-
relieving effects are a combination of these mechanisms.123 The procedure is typically performed in a two-step process.
The first step is a trial, in which one or two temporary stimulation leads are placed percutaneously into the epidural space
during an outpatient procedure. The leads are secured to the skin and left in place for 3 to 10 days, depending on
physician preference. At the conclusion of the trial, the leads are removed and the patient reports about final pain and
functional improvement. In most cases, success is defined as 50% or greater pain relief along with functional improve-
ments. If the trial is successful and the patient desires implantation, the leads and implantable pulse generator (IPG) are
implanted under the skin in a separate open surgical procedure.

Indications
The SCS procedure is FDA approved to treat intractable pain of the trunk and/or limbs. In the United States, the most
common indications for SCS include chronic back and leg pain after spine surgery (FBSS), complex regional pain
syndrome (CRPS) types I and II (causalgia), chronic radiculopathy, and peripheral neuropathy of multiple etiologies.124

However, SCS has been described in the treatment of other refractory painful conditions, including LSS.

Contraindications
Contraindication for SCS include uncontrolled psychiatric disorder, inability to comply with therapy, active local or
systemic infection, immunosuppression, and anticoagulant use that cannot be temporarily halted for the trial or implant
procedures.125

Literature Review
There is a relative paucity of data regarding the use of SCS for LSS related to back and leg pain. Chandler et al reported
results from a retrospective cohort of 55 patients undergoing a SCS trial for LSS and associated leg pain.126 Twenty-one
patients underwent permanent implantation via mini-laminotomy with a single paddle lead, with 67% reporting continued
analgesia (greater than 50% subjective relief and/or decrease in medication or improvement in function) at 1.5 years.
Twelve patients had a successful trial but choose not to proceed with permanent implant. These promising results warrant
further research regarding the utility of SCS for certain patients with LSS.
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Costantini et al performed a retrospective case series review of 69 patients with symptomatic back and leg pains
attributed to LSS, all treated with paresthesia-based SCS.69 Data were collected from three independent registries at
European sites. All patients had failed conservative management, including ESIs, and had declined or were refused
for surgery. The diagnosis of LSS was made based on either MRI evidence of spinal canal narrowing, a history of
NC, or both. Data were collected at baseline with a median follow-up of 2 years. The majority of patients had back
and radicular pain (77%) and claudication (64%). The median follow-up was 24±17.8 months (range 1 to 72
months, mean 27 months). Visual analog scale improved from baseline 7.4±2.3 to 2.8±2.4 (P<0.05). Opioid use
decreased from 29% of patients to 13%, NSAIDS from 75% to 49%, antidepressants from 33% to 20%, and
antiepileptics from 32% to 9% (P<0.05). Oswestry disability index was not recorded for all patients (n = 28), but
decreased from 34.3±7.6 to 15.7±13.1 at follow-up in this smaller cohort (P<0.05). There were six adverse events,
including five lead migrations and one infection. The authors concluded that SCS appears effective in the treatment
of LSS and should be considered before surgical decompression in high-risk patients.

Similar positive results were published by Kamihara et al.70 The authors described a retrospective case series
of 91 patients who underwent a paresthesia-based SCS trial for LSS-associated leg pain. A total of 59 patients
reported at least 50% pain relief during the trial (64.8%), and 41 patients desired permanent placement and were
implanted (45.1%). The mean follow-up was 34.5±22.5 months. The authors defined success as a “good response
group” defined as “SCS continued for 1 year or more after implantation” and this result was reported in 39 of 41
patients (95.1%). The significant limitation of this study is the lack of valid pain and/or functional outcome
measures, which makes it difficult to assess whether the 95.1% success rate is valid.

Rare complications of spinal cord compression after SCS placement have been reported. A patient with known
lumbar radiculopathy and spinal stenosis developed lower extremity weakness and absent toe proprioception after
permanent SCS lead placement at the T8 level with insertion at the L1-L2 level.127 MRI after lead removal
demonstrated severe stenosis at the T12-L1 level, and the patient regained neurologic function. This case highlights
the importance of monitoring for asymptomatic thoracic spinal stenosis which can co-occur with lumbar stenosis in
up to 30% of patients.128

Evidence Ranking
Consensus Point 11: The MIST recommends SCS be used in the treatment of LSS after anatomic considerations at the
index level of treatment for minimally invasive decompressive options, and can be employed when more direct methods
fail or are not suitable. Grade B; Level of certainty moderate; Level of evidence I-C

Epidural Steroid Injections
Definitions and Literature Search
The first descriptions of epidural injections for the treatment of lumbar spine-related pain appeared in the early 1900ʹs.129

Over the ensuing 100-plus years, lumbar epidural injection therapy has evolved to the current practice of image-guided
(usually fluoroscopic) interlaminar or transforaminal ESIs. Lumbar epidural steroid injections (LESI) are commonly
prescribed in the treatment algorithm for LSS. In most cases, they are considered as an option if a symptomatic patient
fails to improve with conservative and noninvasive therapies such as oral medications, physical therapy, and activity
modification.6

Multiple systematic reviews have been published regarding the use of LESI to treat LSS.48,130–132 The majority of
these systematic reviews suggest at least short- to intermediate-term symptom improvement for patients with LSS.
Similarly, many prospective clinical trials have been published on this subject. Most trials have demonstrated efficacy but
there is considerable variability regarding epidural technique, medication, dosage, and duration of improvement. As
a result, treatment efficacy for the modality has been difficult to determine, as foundational studies in support of the
procedure come from different eras representing the evolution of evidence-based medicine and evidence-based study
standards.
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This section will outline the evidence to date in the literature with regard to treatment effect of application of
medications delivered via the single-dose epidural route in the treatment of LSS. Studies from 1980 to present were
considered. PubMed, Cochrane, EMBASE and Google Scholar databases were utilized and yielded 398 potential
studies (60 manuscripts reviewed) of which nine studies met inclusion criteria of RCTs with homogenous popula-
tions for LSS. When study inclusion criteria were expanded to RCTs with a predominance of LSS subjects, an
additional five studies were identified. Taken together, these studies represent the basis for the evaluation and
subsequent recommendations.

Indications
When pain from clinically significant LSS and NC fails to be managed with noninterventional methods of pain relief,
image-guided ESIs are commonly utilized as a safe and effective method of providing diagnostic and therapeutic benefit,
which can last from 1 to 6 months. The institution of ESI in the modern treatment algorithm for LSS should be
considered carefully for appropriately selected patients. In addition, while advocating for an ESI as an initial form of
potentially therapeutic treatment, it is prudent to set patient expectations, and also be mindful to provide further insight
into future minimally invasive treatment options from which the patient may benefit long term, based on their individual
diagnostic work-up.6,22,48,62,90,91,130,133–136

Indications for ESI include confirmation of diagnosis with an accurate and positive history and physical examination
findings, MRI and dynamic (flexion, extension, and oblique) x-ray imaging, and possible electrodiagnostic testing, all
consistent with clinically significant LSS and NC. Patients should have demonstrated failure of more conservative forms
of management. While traditionally ESIs have been studied and utilized predominantly for their therapeutic benefit, with
recent advances in minimally invasive spine procedures, there has also been added utility of ESIs to provide diagnostic
value in assessing candidacy for more advanced procedural options.61,131,132,135,137–143

Given the robust advancement in minimally invasive spine technology and evidence-based clinical efficacy with
these options for treating LSS, repetitive ESIs for patients with clinically significant NC should be reserved for those
patients who have a robust clinical response and/or are not candidates for higher level interventions or surgical
decompression.

Contraindications
An ESI should give at least 3 months of adequate relief between therapeutic injections, depending on the degree of pain
and dysfunction, where repeated use of ESIs in this population may be appropriately considered. Although it is
reasonable to repeat ESI when patients have sustained pain relief with eventual recurrence of pain, it is important to
understand that some payer guidelines (including CMS58) now stipulate that patients should have obtained a minimum of
3 months of pain relief with eventual recurrence of pain before it is reasonable to proceed with additional injection
therapy. For patients exhibiting shorter-term relief of less than 3 months, the clinician may wish to consider other
treatment options.6,22,48,57,61,62,74,90,91,130–135,137–146

Severe and uncontrolled comorbid factors may contraindicate the use of epidural steroids, particularly with
uncontrolled diabetes or cardiovascular issues negating the use of corticosteroids, as well as active spinal or
systemic infections and coagulopathies or patients on anticoagulants. In these instances, ESI without the use of
steroids may be considered, as well as more advanced decompressive therapies within the treatment algorithm. In
a double-blinded randomized prospective multicenter trial performed in 2014 with over 400 patients who had central
spinal stenosis and moderate-to-severe leg pain and disability, scores to receive epidural injections using lidocaine
with and without glucocorticoids revealed that after 6 weeks there was no improvement between interlaminar vs
transforaminal, nor between glucocorticoid or not, to treat spinal stenosis, in patients who received one or two
injections prior to the 6-week assessment. Similarly, the outcome was likely maintained at 12 months if relief
occurred, suggesting that if it was achieved, it should be identified at 6 weeks.134 If no benefit was achieved, more
mechanical therapy options may be needed.
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Literature Review
As discussed already, we identified randomized comparative trials of epidural steroids to treat LSS. Methodology varied
widely as did outcome measures, length of follow-up, and comparators.

Transforaminal ESI vs Interlaminar ESI
Lee et al compared interlaminar LESI to transforaminal ESI using 40 mg of triamcinolone in a 99-patient
randomized comparative trial without a placebo control.138 Both treatment groups had significant improvement in
the Roland 5-point pain scale, with the transforaminal group showing greater overall improvement than the
interlaminar group at 2 weeks, 2 months, and 4 months. Problematically with this trial, only patients with axial
back pain (no leg pain or NC symptoms) were included: accordingly, the patients in this trial did not have typical
lumbar stenosis symptomatology.

Sencan et al performed a randomized comparative trial of intralaminar LESI (ILESI) vs bilateral transforaminal
epidural steroid injection (TFESI) for 67 patients with NC in the setting of central canal lumbar stenosis.147 Each group
received either fluoroscopic guided TFESI or ILESI with 80 mg of methylprednisolone plus bupivacaine and were
followed for 3 months. Both groups had significant improvement in pain (NRS) and function (ODI) at all time points. In
contrast to the trial by Lee et al,138 in this trial by Sencan et al,147 the ILESI group had overall greater pain and functional
improvement compared to the TFESI group at the final 3-month follow-up. There was an overall progressive increase in
NRS pain scores over the 3-month period.

Epidural vs No-Injection Control Group
Koc et al performed a small randomized trial of 29 patients with LSS, comparing no active treatment (control) to
physical therapy and to ESI.137 The epidural technique was fluoroscopic guided interlaminar using 60 mg of
triamcinolone plus local anesthetic. Patients in both the therapy and epidural groups had significant pain and
functional improvement at all time points up to the final 6-month follow-up. At short-term follow-up (2 weeks),
the epidural group had greater improvement than the therapy group and the control group. Each treatment group had
only 10 patients. It is notable in this trial that even the control group with no active treatment had some
improvement over time.

Epidural Local Anesthetic vs Epidural Glucocorticoid
Cuckler et al performed a randomized trial comparing non-image guided interlaminar epidural procaine vs 80 mg
methylprednisolone in a mixed group of patients with pain from either lumbar disc herniation or LSS.148 There was no
significant difference in the patients with LSS between the two treatment groups achieving the primary outcome of “75%
improvement” at short-term follow-up (24 hours) or long-term follow-up (mean approximately 20 months). At long-term
follow-up 22% of the steroid group were improved vs 14% of the local anesthetic group. The mixed patient populations,
the use of non-image guided injections, and the lack of a standardized outcome measure significantly limits the
generalizability of this trial.

Nam and Park in a small randomized comparative trial without a placebo control group compared transfor-
aminal epidural lidocaine vs epidural triamcinolone 20 mg in patients with lumbar scoliosis plus symptomatic
LSS.143 Both groups had improvements in VAS pain scores and ODI functional improvement at all follow-up
points up to the final 3-month visit. The steroid group had significantly greater improvement than the local
anesthetic group. Manchikanti et al, in a series of randomized double-blind controlled trials, examined the effect
of fluoroscopic guided caudal ESI and LESI for the treatment of LSS in a total of 220 patients.135 In summary, the
trials demonstrated that both caudal and lumbar ESI with local anesthetic only and with steroid showed significant
pain improvement, with the interlaminar technique showing overall greater improvement than the caudal
approach. The primary outcome was 50% or greater improvement in pain (NRS) and disability scores (ODI).
Patients were allowed repeat injections if the effects of a prior successful injection waned, and each of the caudal
or lumber ESI local or steroid group patients received an average of approximately 5 to 6 injections over the
course of the study period.
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Friedly et al performed a 400-patient, multicenter double-blind randomized trial comparing epidural local anes-
thetic plus steroid injection to epidural local anesthetic injection.134 The ESI technique (transforaminal vs interlami-
nar) was at the discretion of the procedural physician, as was the choice of steroid and dose (betamethasone,
triamcinolone, dexamethasone, or methylprednisolone). At the 6-week follow-up, both groups had significant
improvement in the primary outcome of Roland-Morris Disability Questionnaire score, but there was no significant
difference between the two groups. At the 3-week time point, the steroid group had significantly greater improvement
compared to the local anesthetic-alone group. Patients in the steroid group reported significantly greater satisfaction on
the Swiss Spinal Stenosis Questionnaire compared to the local only group (67% of patients vs 54% of patients,
respectively).

Fukusaki et al performed a comparative trial of non-image guided interlaminar epidural saline vs local
anesthetic, vs local anesthetic plus 40 mg of methylprednisolone in 53 patients with NC in the setting of lumbar
stenosis.142 All patients received a series of three injections over the first week of the trial. At 1-week follow-up,
the local anesthetic group and the steroid group had a significant increase in the primary outcome of improved
walking distance; however, by 1 month and 3 months, there was no significant improvement in any of the three
groups.

Finally, Wei et al performed a randomized trial of 90 patients with unilateral leg pain in the setting of low-grade
mild-to-moderate LSS.149 Subjects were randomized into one of three fluoroscopic guided transforaminal epidural
groups: lidocaine only, lidocaine plus 10 mg etanercept (a TNF-alpha inhibitor drug), or lidocaine plus steroid (2 mL
diprospan). All three groups had significant short-term improvement in VAS and ODI at 1-month follow-up. At 3
months, there was an increase in VAS and ODI and by 6 months these measures returned to baseline in the local-
only group and the local-plus-steroid group. The local plus TNF-alpha group had greater improvement than the other
two groups at 1 month follow-up and that improvement in VAS and ODI was sustained at the 3- and 6-month
follow-up period.

Epidural Steroid Injection vs PILD
Brown performed a small randomized double-blind prospective trial comparing LESI with 80 mg triamcinolone to
minimally invasive PILD in 38 patients.61 Sixteen of 21 patients in the minimally invasive group (76.2%) experienced
the primary efficacy endpoint pain improvement outcome of a 2-point or greater improvement in VAS at 6-week follow-
up relative to baseline vs only 6 of 17 ESI patients (35.3%). Six-week overall mean VAS did not show any significant
improvement in the ESI group.

The MiDAS ENCORE trial, a multicenter prospective RCT, compared LESI to minimally invasive percutaneous
image-guided lumbar decompression in 302 patients.139 The epidural group could receive up to four injections per year
of 40 to 80 mg of triamcinolone or methylprednisolone. At 6 months, 62% of the minimally invasive group achieved the
primary outcome endpoint of a 10-point or greater ODI improvement vs 35.7% in the ESI group. Similarly, 56% of the
minimally invasive group achieved the secondary outcome endpoint of a 2-point or greater improvement in the numerical
pain rating score vs 33.3% in the ESI group.

What can we conclude from the results of these investigations? It appears that ESIs can lead to temporary symptom
improvement in patients with LSS, and that epidural local anesthetic injection without steroid may have a therapeutic
effect as well. Beyond that, there remain many questions. Does the degree and/or severity of the stenosis affect the
response? Does the location of the stenosis (central vs foramen vs lateral recess vs combinations) affect the response?
Does the duration of symptoms affect the response? Given that many patients with LSS are elderly and have other
medical comorbidities, do other medical problems such as diabetes mellitus affect the response? What is the optimal
steroid dose? Can the injections be repeated and, if so, how often and at what interval? These are important questions that
can be addressed in future studies on this topic. Many of the trials discussed here allowed repeat injections for patients
who had initial temporary improvement. This would seem like a reasonable approach for most patients. On the other
hand, repeat injections for patients who experience only short-term improvement should be discouraged. It is important
to note that many payers and insurance providers now have limits on the number and frequency of repeat ESIs that are
covered.
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On the topic of stenosis severity, two trials suggest that more severe stenosis may be associated with a poorer
response. Ghahreman and Bogduk, in a subgroup analysis of a RCT of TFESI, reported that patients with low grade nerve
root compression responded more favorably to ESI compared to patients with high grade compression (75% of patients
responding vs 26%, respectively).150 Similarly, another trial compared outcomes of ILESI in patients with moderate vs
severe LSS, and both the number of patients responding to treatment as well as the percentage of overall pain relief was
lower in patients with severe stenosis.151

A persistent question among practitioners concerns whether there is, in fact, benefit to proceeding directly to a more
invasive treatment and bypassing the step of ESI for LSS. While this question has not been addressed with a RCT,
a recent retrospective study evaluated the results of a treatment algorithm offering PILD upon presentation with LSS
symptoms and LFH in 145 subjects.150 Seventy-five subjects had zero or one ESI, whereas 79 subjects had two or more
ESIs. The authors of the six-center study concluded that multiple ESIs demonstrated no benefit and suggested that
moving directly to PILD upon presentation with diagnostic criteria should be considered.

Consensus Point 12: Epidural steroid injections are recommended in the algorithm for the treatment of symptomatic
lumbar spinal stenosis. Grade B; Level of certainty high; Level of evidence I-A

Consensus Point 13: Epidural steroid injection may be repeated when a patient has significant temporary improve-
ment in symptoms. Be aware that the number and frequency of injections may be limited by insurance and payer rules
and regulations. Grade B; Level of certainty moderate; Level of evidence I-B

Lumbar Spinal Stenosis Treatment Algorithm: A Comparison of MIST 1.0
and MIST 2.0
The MIST 1.0 served as the first guidance in identifying patients for treatment with both direct and indirect
minimally invasive techniques to decompress spinal stenosis in the absence of surgical indications, such as motor
weakness, multilevel disease, and translational instability. The MIST 1.0 focused on the architecture of the spinal
stenosis as a pathway to determine the treatment algorithm, and since that publication, more data have been
published on the multidimensional causative features of spinal stenosis and the treatment with percutaneous direct
decompression. This has shifted the MIST 2.0 algorithm (Figure 1) to a more complete determination of the
presence of spondylolisthesis and micro-instability (fluid in the facet joints). For indirect decompression with
interspinous spacers, the presence of micro-instability or greater than a grade 1 spondylolisthesis at the index
level is prohibitive, along with previous decompression at the adjacent levels from the index level, as removal of
the spinous process prevents anchoring of the device. For direct percutaneous decompressive procedures, surgery
at adjacent levels from the index level allows for treatment at the index level, as does the presence of anything
less than a grade 2 spondylolisthesis. Furthermore, since MIST 1.0 there are new decompressive devices that
allow for fusion. One has limited data as a stand-alone device in the presence of degenerative disc disease,107

which represents a minimally invasive open approach, and the other represents a lateral percutaneous approach
with no published safety or efficacy data yet. Therefore, for the purposes of this algorithm, only the posterior
approach is identified. Regarding the degree of spinal stenosis, there are numerous studies that demonstrate no
correlation between the severity of spinal stenosis radiographically and the clinical presentation. It should be
noted that these minimally invasive options, however, are for mild-to-moderate spinal stenosis. For severe spinal
stenosis, referral is recommended, and minimally invasive approaches may be considered for appropriate candi-
dates if they are not candidates for an open technique, with or without fusion.

Conclusions
The treatment of LSS is evolving and new options have been brought to clinical practice in recent years that have
facilitated less invasive and potentially lower risk treatments. The judicious use of both open surgery and minimally
invasive pain treatments requires careful attention to evidence, and in the lack of evidence to consensus opinion of an
informed group. The MIST group has examined the peer-reviewed literature and given consensus guidance to best
practices. As the literature for minimally invasive procedures for LSS continues to develop and techniques such as spinal
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endoscopy continue to become more widely available, the MIST group intends to include them in future editions. This
process is intended to create a living document and future versions of guidance will follow as additional studies are
completed.
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