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Background/Importance: Lumbar spinal stenosis (LSS) remains one of the most common causes of pain and functional disability
in patients with chronic pain. Minimally invasive lumbar decompression (MILD) has been shown to reduce pain and improve function
with lumbar spinal stenosis. However, very few large studies have evaluated the short- and long-term effects of MILD on functional
improvement and pain reduction.

Purpose: To evaluate the evidence on the MILD procedure for chronic pain patients with LSS.

Methods: A systematic review of randomized and prospective trials investigating the effectiveness of the MILD procedure in
managing low back pain and lower extremity pain was performed using PubMed, Medline, Embase, Google Scholar, clinical trial.gov,
and Cochrane. We utilized the Cochrane review methodologic quality assessment, GRADE and Interventional Pain Management
Techniques — Quality Appraisal of Reliability and Risk of Bias Assessment (IPM-QRB) and IPM-QRB for Nonrandomized Studies
(IPM-QRBNR) to guide our data extraction and assessment of study quality methods. Our study summarized and presented the
evidence quality on a scale of 1 to 5.

Results: Fifteen MILD studies met our inclusion criteria. There were 8 studies that were multicenter prospective trials, and 7 studies
were single centers prospective trials. The evidence based on a systematic review of prospective trials investigating the efficacy of the
MILD procedure showed a median level 2b evidence with several level 1b studies available. Pain and functional outcome GRADE
assessment of studies was high quality.

Conclusion: This systematic review suggests that the MILD procedure can be effective in managing chronic pain patients with
lumbar spinal stenosis.
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Introduction

Chronic low back pain (LBP) is a major cause of morbidity and healthcare expenditure in the United States. Lumbar

spinal stenosis (LSS) is a common degenerative spine disease that results in chronic LBP and functional impairment.'

LSS occurs in 2-11% of the general population in the US and is most common among people 50-60 years of age.> ™

Over 200,000 Americans are impacted by LSS, making it the leading cause of spinal surgery in those over 65.
Anatomically, LSS is characterized by narrowing of the central canal, intervertebral foramen, or lateral recess and

may be caused by disc protrusion, foraminal stenosis, facet hypertrophy, facet joint cartilage degeneration, ligamentum
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flavum hypertrophy, spondylolisthesis, or osteophyte formation.®’ Hypertrophic ligamentum flavum (HLF) contributes to
85% of cases.® However, the narrowing of any of these structures may compress neural elements and lead to limited
mobility and pain, as well as symptomatic neurogenic claudication.”'®

Neurogenic claudication manifests as gluteal and leg pain, numbness, weakness, or fatigue that worsens with extension,
walking or standing and improves when sitting or bending forward.'"'? Patients with LSS are typically first treated with
conservative measures including physical therapy and home exercise programs, as well as medications such as oral
analgesics.'® Conservative treatments, however, can have limited long-term efficacy in a subset of patients with LSS.'
Patients with LSS may also choose to undergo interventional pain interventions including epidural steroid injections (ESIs),
which have been shown to provide significant short-term relief.'>'” However, studies have questioned the efficacy of ESIs in
LSS patients with concomitant neurogenic claudication.'® Thus, if patients do not experience improvement in pain, they may
elect to undergo more invasive procedures, such as decompressive surgery with or without of interspinous spacer, with or
without fusion. However, these procedures are associated with higher complication rates.'®!”

Minimally invasive lumbar decompression (MILD) has been developed as an alternative to decompression surgery to
increase the dimensions of the vertebral canal and achieve nerve decompression.>'' Recent advances in minimally
invasive techniques for this procedure have gained traction primarily related to their supposed reduction in post-operative
complications and hospital length of stay.'® However, a comprehensive review and meta-analysis of the literature are

necessary to further elucidate the overall efficacy and proper indications for MILD.

Methods

This systematic review was conducted according to the recommendations of the Cochrane Collaboration,**'

and it is
reported per the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.”* No
a priori protocol was published in a peer-reviewed journal. Registration registered with the International Prospective
Register of Systematic Reviews (PROSPERO) was completed in November 2023 (ID: CRD42023477410).

The review focuses on the effectiveness of MILD procedure in the management of chronic pain related to lumbar
spinal stenosis.

Eligibility Criteria

Double blind randomized prospective trials, prospective nonrandomized trials, and prospective case series of patients with
lumbar spinal stenosis and neurogenic claudication symptoms treated with the MILD procedure were included in this study.
Only studies in which lumbar spinal stenosis was evaluated based on buckling or thickening (>2.5mm) of the ligamentum
flavum were synthesized in this review. The primary outcome was defined as pain relief in NRS or VAS scale. Intensity scores
reported on a 0 to 100 VAS were transformed to a 0 to 10 NRS, as these scales have a high correlation.”*** The secondary
outcome was defined as improvement of functional status. Functional outcome was based on the Oswestry Disability Index
(ODI). Studies with malignancies, traumatic fractures, or surgical decompressions were excluded from our analysis. Our study
also excluded studied book chapters, review studies, retrospective studies and case reports.

Search Strategy
We systematically searched and screened all titles and abstracts from MEDLINE, Embase, and Google Scholar, as well
as a clinical trials website (http://www.clinicaltrials.com) from the year 2000 to December 30, 2023. Our search strategy

was extensive without language restrictions. This included several nomenclatures for MILD, lumbar spinal stenosis, and
leg pain. Our search strategy was as follows: ((“minimally invasive lumbar decompression”’[MeSH Terms] OR
“MILD”[All Fields]) OR (“minimally invasive”’[Supplementary Concept] OR “Decompression”[All Fields] OR “Spine
Decompression”[All Fields]) OR Lumbar Decompression[All Fields] OR ((“ligamentum flavum remodeling”’[MeSH
Terms] OR “spine decompression”[All Fields] OR “spine surgery”’[All Fields]) AND ligamentum flavum remodeling
[All Fields])) AND (low back pain[All Fields] OR (“lumbar spinal stenosis”’[MeSH Terms] OR (“lumbar”[All Fields]
AND “spinal stenosis”[All Fields] AND “pain”[All Fields] AND “syndromes”[All Fields]) OR “LSS” [All Fields] OR
(“Stenosis”[All Fields] AND “lumbar”’[All Fields] AND “pain”[All Fields]) OR (“Claudication”[MeSH Terms] OR
“claudication”[All Fields]) OR (“chronic pain”’[MeSH Terms] OR (“chronic”[All Fields] AND “pain”[All Fields]) OR
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“chronic pain”[All Fields]) OR (“Neurogenic Claudication”[MeSH Terms] OR “neurogenic claudication”[All Fields])
OR (“leg pain”’[MeSH Terms] OR “leg pain”[All Fields]) OR (“radiculopathy”’[MeSH Terms] OR “Radiculopathy”’[All
Fields] OR (“neuropathic”’[All Fields] AND “pain”[All Fields]) OR “neuropathic pain”[All Fields])) AND (Clinical
Trial[ptyp] AND “loattrfull text”[sb] AND “humans”[MeSH Terms]).

Study Selection

Two of four authors (S.B., S.S., E.M., B.L.) independently evaluated titles, abstracts, and full texts. After applying our
established inclusion and exclusion criteria, full texts of selected articles were reviewed. All instances of discordance
were discussed between the investigators and the senior author (T.E.) to reach a consensus. Two additional authors (V.
O. and D.Z.) later confirmed and reviewed studies for final inclusion. One additional study of 2-year follow-up data
published in 2024 was added post hoc.?

Data Collection Process

The reference data, populations, and outcomes were extracted from the articles into pre-specified tables using
a standardized data extraction form by multiple authors (S.B., S.S., EM., B.L., D.J., S.S.). Our investigation extracted
information on studies’ general characteristics (including first author’s last name, publication year, design, number of
arms, and primary outcomes), participants (demographic characteristics of the populations, sample size), clinical
information (diagnosis, duration and intensity of pain), and trial setting (ie, single center vs multicenter). For continuous
data (eg, pain scores), we extracted means and standard deviations (SDs) from tables or graphs. Our investigation also
contacted authors of studies when information required about their analysis or results was not reported. In situations
where numeric pain scores were not reported in the text of the manuscript, we obtained their estimated values from
published graphs and figures.

Data Synthesis and Analysis
Data synthesis and analysis were performed, including assessment of the risk of bias or quality of individual studies,
outcomes assessment, and qualitative analysis.

Bias Evaluation
The present investigation used the Interventional Pain Management Techniques — Quality Appraisal of Reliability and Risk of
Bias Assessment Tool (IPM — QRB) for randomized controlled trials (Supplementary Table 1) and Interventional Pain

Management Techniques — Quality Appraisal of Reliability and Risk of Bias Assessment for nonrandomized or observational
studies (IPM-QRBNR) to evaluate the quality of individual articles included in this study (Supplementary Table 2).2%%’
Studies were subsequently assessed using the GRADE system as a framework for rating the quality of evidence.

Based on the IPM-QRB and IPM-QRBNR criteria, studies meeting the inclusion criteria but scoring less than 16 were
considered low quality and were excluded, studies scoring from 16 to 31 were considered moderate quality; and studies

scoring from 32 to 48 were considered high quality and were included.

Two authors were responsible for the methodologic quality assessment of each manuscript. The assessment was carried
out independently in an unblinded, standardized manner to assess the methodologic quality and internal validity of all the
studies considered for inclusion. A third reviewer was used to resolve discrepancies until a consensus was reached.

Further remaining issues were discussed by all reviewers and were then resolved.

Definitions of Outcome and Follow-Up Period

For the present analysis, a change of at least 3 points on an 11-point pain scale of 0 to 10 was considered clinically significant.

Though a 30% improvement is often used as the clinically important difference in functional scores, some papers have used

thresholds as low as 10% to reflect that even the slightest difference in function may drastically impact quality of life.”®
Pain scores defined by visual analogue scale (0—100) or numeric pain rating scale (0—10) were evaluated at different

time points. Functional outcomes defined by Oswestry Disability Index were evaluated at different time points. A study

was judged to be positive if the relevance and effectiveness of the MILD procedure was demonstrated upon comparison
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from baseline to follow-up. Safety evaluated by adverse events within the study period were also recorded as a secondary
outcome. Studies within 6 months were considered short-term, while those above 6 months were considered long-term.

Level of Evidence Analysis
The evidence levels were assessed using a modified version of the Oxford Centre for Evidence-Based Medicine
hierarchy, as outlined in the American Medical Association’s Journal of Ethics.?’

The analysis was conducted using 10 levels of evidence (1a, 1b, 1c, 2a, 2b, 2¢c, 3a, 3b, 4, 5) that correlate to one of
four grades of recommendation (A, B, C, D). At least 2 of the review authors independently, in an unblinded,
standardized manner, analyzed the evidence. Any disagreements between reviewers were resolved by a third author
and consensus was attained.

Results

Search Results

From the initial 2112 records identified through searching databases and other sources, we removed duplicate records and
then screened the remaining 2105 relevant publications. Among the initial records screened, 1995 were excluded because
the publications lacked clinical relevance to our topic. Upon review of the 93 remaining publications, full-text articles
were assessed for eligibility, and 78 were excluded because the study settings did not meet our inclusion criteria
(Figure 1). Fifteen prospective trials were included for the systematic review (Table 1).

Study Characteristics
The included prospective studies described patients with LSS treated with the MILD procedure. The median final follow-
up was 1 year, with a range of 6 weeks to 2 years. Table 1 provides individual study details.

Level of Evidence, Methodologic Quality, and Risk of Bias

Seven randomized control trial (RCT) papers and eight non-randomized prospective trials met the inclusion criteria.>>**30 42

The seven RCTs were classified as level 1b evidence (grade A recommendation). Supplementary Tables 3 shows the

methodologic quality assessment and risk of bias in each of these trials utilizing the IPM-QRB criteria. Assessment [PM-
QRB showed that all seven trials were high-quality.
Supplementary Table 4 shows the assessment of the included nonrandomized or observational studies, utilizing IPM-

QRBNR criteria. Eight non-randomized prospective studies were included in this category and classified as level 2b

30,35-38

evidence (grade B recommendation). Five of these studies were considered high quality, and three of the

studies®>>3+40

were considered moderate quality.
Assessment with the GRADE framework can be found in Table 2. Pain and functional outcomes at follow-up
assessed by VAS or NPRS and ODI, respectively, were of high quality per GRADE assessment. GRADE assessment of

adverse events in the included studied were deemed low quality.

Primary Outcome: Pain Scores

All included prospective studies revealed statistically significant improvement of pain scores following MILD procedure.
Nine studies used VAS (60.0%) and five utilized NPRS (33.3%). The 6-month interim report of the Motion study did not
report pain outcomes. Nine of fourteen studies (64.3%) that reported pain outcomes demonstrated a clinically significant
difference in pain outcome at final follow-up. Notably, three studies decreased by 2.9 points on the pain scale at follow-
up, just short of the 3-point clinically significant definition.*****” The Motion study demonstrated clinically significant
improvement in leg pain, but not back pain, compared to baseline pain at one- and two-year follow-up.?>** Main findings

of the pain outcome assessments are summarized in Table 1.
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Potentially relevant

Additional relevant
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database search non-database search
2000 - 2023 (n=0)
(n=2112) B

[ Identification ]

Records after duplicates removed
(n=2105)

Studies excluded for lack of
clinical relevance to designed
topic
(n =1995)

Total publications screened
(n=93)

Full-text articles excluded
(n=78)
Reasons for exclusion:

Reasons for exclusion:

Meta Analysis (n = 2)
Review Article (n = 22)
Full-text articles assessed for eligibility Wrong intervention (n = 50)

(n=15) Wrong study design (n = 2)
Letter to the Editor (n = 1)
Poster/Abstract only (n = 1)

[ Eligibility ] [Screening ]

Randomized Controlled Trials (n = 7)

Prospective Non-randomized
Trials (n = 8)

15 studies included in review

Figure | Flow chart reviewing MILD studies included in our systematic review.

Secondary Outcome: Functional Scores

The included prospective studies all revealed some level of improvement of functional scores following MILD, though
not all achieved statistical significance. One study (6.7%) did not achieve statistical significance at final follow-up.>* All
studies except two utilized the ODI. Eleven of the thirteen studies (84.6%) that utilized ODI met criteria for a clinically
significant change in ODIL.?® Findings of the functional outcome assessments are summarized in Table 1.

Secondary Outcome: Safety

Two studies (13.3%) reported adverse events after MILD procedure for LSS with NC, as detailed in Table 1. Chopko
et al reported one participant with deep vein thrombus and PE on post-operative day 1 and another participant with
incarcerated small bowel hernia through a pre-existing abdominal wall defect.** Wilkinson et al reported cases of post-
operative headache (n=1) and transient worsening of hip pain (n=1).*" Six participants in this study presented with

recurrent claudication requiring subsequent laminectomy.
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Table | Outcomes From Included Double-Blind Randomized Prospective Trials, Nonrandomized Prospective Trials, and Prospective Case Series Involving Patients with Lumbar Spinal
Stenosis and Neurogenic Claudication Treated with the MILD Procedure

First Study Level of Patient Population Treatment Control Outcomes Pain Outcomes Adverse
Author, Design and | Evidence Group Group Assessed Assessment Effects
Year Setting Time-Points
Basu® 2012 | Prospective 2b 27 subjects with MILD (n=27) | No Mild ® VAS ® Baseline At 6 months follow up, VAS, ODI, and None
cohort, single symptomatic neurogenic Levels: L3- (Baseline) ® ODI ® 6 months ZCQ all showed statistically significant
site; claudication refractory to L4, L4-L5, ® 7CQ improvement. Average ZCQ patient
Outpatient conservative therapy L5-S1 satisfaction score at 6 month follow up
indicated “satisfied” to “very satisfied”
with MILD procedure
Benyamin®' Prospective, Ib 302 subjects with symptoms | MILD Lumbar ® ODI ® Baseline At | year follow up, ODI, NPRS, and all 3 | None
2016 (MIDAS | multi-center, of neurogenic claudication (n=149) interlaminar | ® NPRS ® 6 months ZCQ domains were significantly superior
ENCORE randomized >3 months refractory to PT, | Levels: L2- ESI (n=153) ® 3 ZCQ | year in MILD versus the active control
Study, | year) | controlled HEP, oral analgesics L3, L3-L4, domains
trial; L4-L5, L5-SI
Outpatient
Brown’? Double blind, | Ib 38 subjects with MILD (n=21) | Lumbar ESI ® VAS ® Baseline At both 6 and 12 week follow ups, all None
2012 randomized, symptomatic lumbar spinal Levels: L2- (n=17) ® ODI ® 6 weeks measured outcomes were significantly
prospective, stenosis L3, L3-L4, ® 7CQ 12 weeks superior in MILD versus Lumbar ESI
single site; L4-L5
Outpatient
Chopko™ Prospective 2b 78 subjects with MILD (dorsal | No Mild ® VAS ® Baseline At 6 weeks, MILD procedure showed None
2010 (MiDAS | cohort, symptomatic lumbar spinal approach) (Baseline) ® ODI ® 6 weeks statistically and clinically significant
| Study) multi-center; stenosis with prior failure of | (n=78) ® 7CQ reduction in pain and improvement in
Outpatient conservative therapy Levels: LI- ® SF-12 12v2 function and mobility as measured by
L2, L2-L3, Health Survey VAS, ODI, ZCQ, and SF-12v2
L3-L4, L4-L5,
L5-SI
Chopko** Prospective, 2b 14 subjects with lumbar PRLL (n=14) | No Mild ® VAS ® Baseline Statistically significant improvement in ® Calf DVT and
2011 cohort, single spinal stenosis with high risk | Levels: LI- (Baseline) ® ODI ® 4 to | VAS post-procedure, no significant change PE (n=1)
site; of complication related to L2, L2-L3, 72 week in ODI post-procedure ® Incarcerated
Outpatient open spine surgery and L3-L4, L4-L5, follow-up, small bowel
general anesthesia L5-SI with aver- herniation
age follow- (n=1)
up duration
of
23.5 weeks
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Chopko* Prospective 2b 45 subjects treated with MILD (n=45) | No Mild ® VAS ® Baseline At 2 years, patients reported statistically | None
2013 cohort, single MILD 2 years prior to Levels: LI- (Baseline) ® ODI ® | week and statistically significant reduction in
site; address symptomatic lumbar | L2, L2-L3, ® 7CQ ® 6 months pain and improvement in physical function
Outpatient spinal stenosis with failed L3-L4, L4-L5, ® | year and mobility
prior therapy L5-S1 ® 2 years
Deer®® 2012 | Prospective, 2b 46 subjects with MILD (n=46) | No Mild ® VAS ® Baseline One-year follow up patients experienced | None
single-center; symptomatic neurogenic Levels: LI- (Baseline) ® ODI ® |2 weeks statistically and clinically significant
Outpatient claudication related to L2, L2-L3, ® 7CQ ® 6 months improvement in physical function, as well
lumbar spinal stenosis L3-L4, L4-L5, ® | year as reduction of pain intensity, which was
L5-SI sustained among the interim follow-up
visit periods
Mekhail®’ Prospective 2b 40 subjects with MILD (n=40) | No Mild PDI Baseline At 12 months follow up, all measured None
2012 case series, symptomatic neurogenic Levels: LI- (Baseline) RMQ | year outcomes were statistically significantly
single-center; claudication L2, L2-L3, ® Standing superior from baseline
Outpatient L3-L4, L4-L5, time
L5-SI ® Walking
distance
® VAS
Mekhail*® Prospective 2b 40 subjects with MILD (n=40) | No Mild ® VAS ® Baseline | year follow up showed statistically None
2012 cohort, symptomatic lumbar spinal Levels: L2- (Baseline) ® PDI ® 3 months significant reduction in pain, physical
multi-center; stenosis L3, L3-L4, ® RMDQ ® 6 months functionality, and mobility
Outpatient L4-L5, L5-SI ® Standing ® 9 months
time ® | year
® Walking
time
Staats®’ Prospective, Ib 302 subjects with symptoms | MILD Lumbar ® ODI Baseline At 6 months follow up, ODI, NPRS, and None
2016 multi-center, of neurogenic claudication (n=149) interlaminar | ® NPRS 6 months all 3 ZCQ domains were significantly
randomized >3 months refractory to PT, | Levels: L2- ESI (n=153) ® 3 ZCQ superior in MILD versus the active
controlled HEP, oral analgesics L3, L3-L4, domains control
trial; L4-L5, L5-SI
Outpatient
Staats®® Prospective, Ib 149 subjects with symptoms | MILD No Mild ® ODI ® Baseline MILD procedure showed significant None
2018 (MIDAS | multi-center, of neurogenic claudication (n=149) (Baseline) ® NPRS ® 6 months improvement from baseline in all
ENCORE randomized >3 months refractory to PT, Levels: L2- ® 3 ZCQ | ® | year measured outcomes and did not show
Study, 2 year) | controlled HEP, oral analgesics, treated L3, L3-L4, domains ® 2 years any evidence of spinal instability at 2 year
trial; with MILD 2 years prior L4-L5, L5-SI follow up
Outpatient
(Continued)

[e 39 NYINYyIQO



PESE

:sdyyy

81:5707 Yo-easay uied jo [euanof

Table | (Continued).

First Study Level of Patient Population Treatment Control Outcomes Pain Outcomes Adverse
Author, Design and | Evidence Group Group Assessed Assessment Effects
Year Setting Time-Points
Wilkinson® | Prospective, 2b 10 subjects with intermittent | MILD (n=10) | No Mild ® ODI ® Baseline Post procedural average pain and disability | ® Recurrent
2012 single-center; claudication because of Levels: L2- (Baseline) ® SF-12v2 ® | week scores were statistically significantly claudication
Outpatient lumbar spinal stenosis caused | L3, L3-L4, ® VAS ® 6 weeks decreased from baseline. requiring lami-
mainly by buckling or L4-L5, L5-SI ®  Analgesic ® |2 weeks nectomy (n=6)
thickening of the ligamentum use ® 26 weeks ® Postoperative
flavum headache (n=1)
® Transient wor-
sening of left
hip pain (n=1)
Deer®' 2021 | Prospective, Ib 155 subjects aged 50-80 MILD + CMM alone ® Walking tol- Baseline At 6 months, MILD+CMM significantly None
(The multicenter, years with >3 months of CMM (n=71) | (n=70) erance test ® 6 months improved walking tolerance and reduced
MOTION randomized lumbar spinal stenosis with Levels: L2- ® [ncidence of treatment failures as measured by
Study: 6mo controlled symptomatic neurogenic L3, L3-L4, subsequent subsequent lumbar interventions
results) trial; claudication L4-L5, L5-SI lumbar spine compared to CMM alone.
Outpatient interventions
or ASC
Deer*? 2022 | Prospective, Ib 138 subjects aged 50-80 MILD + CMM alone ® ODI Baseline At | year follow-up, statistically significant | None
(The multicenter, years with >3 months of CMM (n=69) | (n=69) ® 7CQ 6 months improvements were observed in both
MOTION randomized lumbar spinal stenosis with Levels: L2- ® NPRS | year subjective and objective measures of pain
Study: 1Y controlled symptomatic neurogenic L3, L3-L4, ® Walking tol- and function in favor of the MILD + CMM
results) trial; claudication L4-L5, L5-SI erance test group.
Outpatient ® |ncidence of
or ASC subsequent
lumbar spine
interventions
Deer”® 2024 | Prospective, Ib 131 subjects aged 50-80 MILD + CMM alone ® ODI ® Baseline At 2 year follow-up, statistically significant | None
(The multicenter, years with >3 months of CMM (n=64) | (n=67) ® 7CQ ® | year improvements were observed in all pain
MOTION randomized lumbar spinal stenosis with Levels: L2- ® NPRS ® 2 years and functional outcome measures for the
Study: 2Y controlled symptomatic neurogenic L3, L3-L4, ® Walking tol- CMM+MILD group. Substantial crossover
results) trial; claudication L4-L5, L5-SI erance test to CMM+MILD hindered between-group
Outpatient ® Incidence of comparisons
or ASC subsequent

lumbar spine

interventions
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Table 2 Evidence Profile — MILD Procedures for Patients with Lumbar Spinal Stenosis

reporting,
underreporting likely

introduces potential
bias

Outcomes Limitations Inconsistency/ Indirectness | Imprecision Publication Bias Mean Number Quality or
Heterogeneity difference of Certainty of the
Studies Evidence
(GRADE)
Back/leg pain at follow-up | No serious limitations — Not detected Not detected | Not detected | Potential for N/Aa VAS: 9 CODD
after MILD, assessed with | prospective design and 14 of |5 using publication bias but NPRS: 5 HIGH
VAS or NPRS (0-10) these validated pain scores. Self- it is not strongly
reporting can introduce some bias evident.
Functional outcomes at No serious limitations — Not detected Not detected | Not detected | Potential for N/Aa 12 OODD
follow-up after MILD, ODI is well validated functional publication bias but HIGH
assessed with ODI outcome and studies are prospectively it is not strongly
(0-100) designed evident.
Serious Adverse Events Variability in reporting and definitions | High reporting Not detected | Not detected | Likely N/Aa 15 dpO0O
of adverse events heterogeneity underreporting LOW

Note: *Mean difference unable to be calculated given that meta-analysis was not performed.
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Discussion
The MILD procedure has been successfully used in clinical practice for over a decade. As with other operative treatments
for LSS, MILD is indicated only after conservative treatment with physical therapy and analgesic medications have failed
to provide adequate pain relief.*> Accordingly, the studies examined in this review recruited patients who had failed
conservative medical management (CMM) such as physical therapy, analgesics, and epidural steroid injections (ESI).
Three studies explicitly defined a period of failed medical treatment for greater than three months as an inclusion
criterion for their study, emphasizing the importance of CMM within a comprehensive management plan. However, it
should be noted that little consensus exists regarding strategies for optimizing nonsurgical management for these patients,
and there is poor evidence to definitively conclude that medication, physiotherapy, or epidural injections significantly
and/or consistently relieve pain from LSS.>#4 46

The main indication for MILD in the studies examined was symptomatic neurogenic claudication related to LSS. This
diagnosis can be associated with various comorbidities, including, but not limited to, ligamentum flavum hypertrophy,
osteophytes, disc herniation, or facet joint hypertrophy; however, of these pathologies, MILD only directly addresses
hypertrophied ligamentum flavum.*” Thirteen studies in our analysis specified a minimum degree of ligamentum flavum
hypertrophy to meet inclusion criteria for the study, while seven specifically identified significant osteophytes, disc
protrusion, or facet joint hypertrophy as an exclusion criterion.

Patient Selection and Consideration
Minimally invasive lumbar decompression is generally contraindicated in patients with conditions that increase spinal
instability such as severe herniations, spinal osteomyelitis, or spondylolisthesis greater than grade 1 (>25%). In addition,
patients with increased bleeding risk such as coagulopathy or current anticoagulation therapy are not recommended for
the procedure related to possible risk of creating an epidural hematoma, which may cause permanent nerve damage.*

Proper pre-operative preparation before MILD, as with any other surgery, can have a large effect on the procedure
outcome. Increasing patients’ active role in managing their care by asking questions and sharing the decision making
with their physician has been shown to improve post-operative functional outcomes.*® Furthermore, along with good
communication, physicians should manage patient expectations appropriately when discussing the procedure and
potential benefits. One study found that while increased expectations for physical function following LSS surgery
were associated with increased physical function six months post-surgery, increased expectations for pain relief were
in fact associated with poorer pain relief. The authors hypothesized that this discrepancy could be due to the feasibility of
improving physical function (aided by active patient participation in physical therapy and exercise programs) versus
improving pain (which is largely outside of the patient’s volitional control).*’ As with other pain syndromes, outcomes in
LSS are also influenced by individual patient psychiatric factors. Disorders such as depression, schizophrenia, and
dementia have been shown to be associated with poorer outcomes and higher adverse events rates in spinal surgeries.’*>!
In LSS specifically, disability scores post-operatively increased with decreased cognitive status and widespread pain pre-
operatively, and patient satisfaction increased with greater levels of optimistic personality trait.”*>>

Patient education is also a critical function of the physician during the pre-operative period. Related to the specialized
nature of the procedure, existing patient education literature on minimally invasive spine surgery often requires at least
a high school, sometimes undergraduate, level reading comprehension, yet, the reading difficulty of education material
for minimally invasive procedures is more complex than for the open counterparts.’® Physicians should therefore be
cautious when using written materials to educate patients about MILD and other minimally invasive spine procedures;
supplementation with video media may aid in patient comprehension, especially among patients with low literacy,

furthermore, there has been a recent push for artificial intelligence and extended reality-based tools.>>*>®

Operative Planning

Preoperative imaging for LSS is most commonly and accurately performed using MRI and is necessary for localizing the
area of pathology.>’ Notably, in this review, the included studies performed the MILD procedure at all lumbar levels from
L1-L2 to L5-S1. However, it should be noted that MRI findings do not always correlate to the clinical symptomatology
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of the patient. In fact, one study found no significant association between the degree of stenosis observed on MRI
imaging and ODI scores.”® As LSS is a dynamic pathology that is exacerbated or relieved with certain movements of the
spine, static MR images may not fully represent the day-to-day severity of the patient’s spinal canal occlusion.

The MILD procedure involves posterolateral access to the interlaminar space through a small trocar portal. The
approach is conducted under fluoroscopic epidurographic guidance to ensure accurate trajectory.”® Although none of the
trials included in this study noted the administration of prophylactic antibiotics, a single dose of preoperative antibiotics
(usually cefazolin) is standard in minimally invasive spine surgery.®® An important advantage of MILD is that it does not
require general anesthesia; local anesthetic at the incision site and moderate sedation are sufficient.®’ No implants are left
at the site, which makes reoperation simpler, and no sutures are needed—the incision is usually closed with a sterile
adhesive strip. The procedure can usually be performed in 30 to 40 minutes.’® After a two-hour observation period,
patients can almost universally be discharged without an overnight stay in the hospital and can rapidly resume daily
activities, including a return to walking within 24 hours.’*-¢*

Patients receiving MILD also require opioids for postoperative pain control at lower rates (12%) compared to open
laminectomy, where opioid usage rates can exceed 50%.°*%* Notable complications of MILD identified by previous
studies include hematoma (rate identified in one study to be 4.5%), wound infection (0—1.4%), postoperative urinary
retention (2.7—13.0%), and CSF leak (4.3-7.7%).5>° Minimally invasive strategies for LSS have been identified to result
in lower complication rates and shorter hospital stay lengths compared to open decompression procedures.®> ¢’
Minimally invasive procedures also avoid complications of open laminectomy associated with weakening of the
intraspinous and supraspinous ligaments, which may lead to spinal instability and spondylolisthesis.®”*® However, in
the studies we identified, the most common adverse effects included recurrence of the claudication requiring laminect-
omy (6 patients in one study), as well as DVT/PE, small bowel herniation, headache, and hip pain (1 patient each).
Thirteen of the 15 included trials did not report any major adverse events among their patient populations. These results
demonstrate that MILD is a safe procedure with a favorable side effect profile compared to open procedures. This notion
is further supported by recent evidence from Medicare claims data, which demonstrated significantly lower rates of
harms following the MILD when compared to interspinous spacers and outpatient laminectomy.®””°

Given its recent development, there is little literature regarding long-term follow-up for patients receiving MILD.
Advantages of MILD in the long-term include the absence of permanent implants inside the patient’s body, as well as the
aforementioned favorable side effect profile. Patients who undergo decompression for lumbar spinal stenosis are at risk
of restenosis requiring reoperation, which has been observed in anywhere from 0% to 23% of patients.”' It is yet to be
seen what effect, if any, MILD has on restenosis risk compared to more traditional decompression procedures.
Theoretically, determining the risk of restenosis is of increased importance in MILD because the procedure only involves
removing fragments of the hypertrophied ligamentum flavum, leaving more tissue intact.”? In addition, traditional
surgery was shown in the Spine Patient Outcomes Research Trial (SPORT) to have diminished efficacy with increasing
preoperative duration of symptoms; it is unknown whether MILD efficacy decreases over time in a similar fashion.’

The presented review also has some limitations. Perhaps, the most apparent is the lack of double-blind randomized
clinical trials to date investigating MILD; only one study in our analysis met these criteria. There were only six
randomized control trials, often the same clinical trial with multiple publications at different follow-up times. Placebo
effects, especially in trials of treatment for chronic pain, are large and often underestimated by clinicians and
researchers.”® Although sham procedures are an often-used and necessary component of blinded trials of surgical
procedures, questions have been raised over their ethical implementation due to potential risks to patients receiving
the sham treatment, which are greater when compared to placebo medications.”* In addition, all but three trials compared
MILD to other procedural interventions, while the remainder of trials compared MILD to baseline medical management.
Furthermore, the overlap in populations from ongoing trials prevented us from performing a robust statistical analysis. It
is also worth noting that improvements in pain and functional scores vary widely. Consequently, the thresholds for
clinical significance cited in the literature also vary, and our review selected one of these reported thresholds as
a reference. Given the promising initial results elucidated herein, though, further research on the MILD procedure
compared to current standards will be crucial to guide best practice strategies, especially in different populations.
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Conclusion
Through thorough review of the published literature, we found that MILD proved to be a safe and efficacious treatment
for LSS. Compared to conservative methods, MILD had improved pain and disability scores that lasted up to two years in
prospective trials.
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