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Background and Purpose: Minimally invasive lumbar decompression (mild™) is an
effective long-term therapy for patients with symptomatic lumbar spinal stenosis (LSS)
resulting primarily from hypertrophic ligamentum flavum (HLF). Most subjects in clinical
studies of the mild procedure have been older adults (age>65). While the incidence of LSS
increases with age, a substantial number of adults (age<65) also suffer from neurogenic
claudication secondary to HLF. In this report, outcomes of mild were compared between
adults and older adults.

Patients and Methods: All prospective studies of the mild procedure with a 1-year follow-up
completed since the beginning of 2012 that allowed the inclusion of adult patients of all ages
were reviewed. Outcomes of visual analog scale (VAS), Oswestry Disability Index (ODI), Pain
Disability Index (PDI), Roland Morris Low Back Pain and Disability Questionnaire (RMQ),
standing time and walking distance were compared for adults and older adults.

Results: Four studies met the inclusion criteria, resulting in an analysis of 49 adults and 160
older adults. Patients in both age groups experienced significant mean improvements in all
but one outcome measure at 6- and 12-month follow-up. Differences between the two age
groups in all scores at 6 and 12 months were not statistically significant.

Conclusion: Analysis of the four studies indicated that symptom improvements for adults
and older adults were significant from baseline, and no statistically significant difference was
observed between the two age groups. These results illustrate that mild can be an effective
treatment for LSS due primarily to HLF, regardless of the adult patient age.

Keywords: mild, neurogenic claudication, ligamentum flavum, LSS

Introduction

Lumbar spinal stenosis (LSS) is a narrowing of the spinal canal, which may compress
neural elements and impede their blood supply leading to ischemia of the cauda equina,
manifesting as low back and leg pain. Since the size of the spinal canal decreases with the
extension of the lumbar spine,' this pain, commonly referred to as neurogenic claudica-
tion, worsens with standing or walking (lumbar spine extension), and is relieved with
sitting or leaning forward (lumbar spine flexion). LSS generally occurs from
a combination of degenerative changes including hypertrophic ligamentum flavum
(HLF), facet arthropathy, and bulging disc, each of which may contribute to a decrease
in spinal canal diameters.” LSS is most commonly found in the elderly, and is one of the
most frequent indications for spine surgery in patients older than 65 years.” However,
while the prevalence of symptomatic LSS has been measured at 12-14% in the
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6079 year age group, it also affects 2% of 40-49 year-olds
and 6-7% of 5059 year-olds.** This suggests that estimated
seven million adults in the US between the ages of 40 and 65
are currently experiencing symptomatic LSS (US Census
Bureau, https://data.census.gov/cedsci/all?q=
age&hidePreview=false&tid=ACSST1Y2018.S0101&t=Age
%20and%20Sex). Further, nearly all of those affected (94—
100%) will suffer from neurogenic claudication.”

Treatment options for LSS begin with conservative
management, which has the potential to reduce pain
using analgesics, to reduce inflammation through rest and
use of NSAID medications or epidural steroid injections,
and to improve core muscle strength using physical ther-
apy and extension exercises. These treatments do not
address the exact pathology and often fail to provide long-
term relief. A percutaneous decompression method (mild®™;
Vertos Medical, Aliso Viejo, CA, USA) offers a minimally
invasive alternative for LSS patients. Optimal candidates
for mild present with neurogenic claudication and narrow-
ing of the spinal canal due to HLF, as confirmed on lumbar
MRI scans. In addition, MR scans commonly show multi-
ple other spinal pathology/comorbidities including foram-
inal stenosis, facet hypertrophy, and lateral recess stenosis.
The mild procedure uses a percutaneous dorsal approach to
preferentially resect small pieces of lamina and debulk
thickened ligamentum flavum to increase space in the
spinal canal without impacting the integrity of the bony
spines. This procedure has previously been described.®

The mild procedure is well established as a viable long-
term option for patients with moderate-to-severe LSS.
Numerous studies to investigate the long-term effectiveness
of the mild therapy have been performed, and all studies
reported statistically significant and clinically meaningful
improvement in function and reduction in pain.” '* A recent
report of a 2-year follow-up of 99 mild patients enrolled in the
ENCORE randomized controlled clinical trial described clini-
cally meaningful and statistically significant improvement of
all outcome measures through 6-month, 1-year, and 2-year
follow-up."" A cross-disciplinary consensus group using the
US Preventive Services Task Force (USPSTF) criteria for
evidence level and degree of recommendation performed
a systematic review of all published studies of the mild proce-
dure, which resulted in a strong consensus for the highest
recommendation of the procedure for the treatment of LSS
secondary to HLF."? The present study analysis retrospectively
compared clinical outcomes of the mild procedure in two age
groups: adults (age<65) and older adults (age>65).

Patients and Methods

An analysis was undertaken to compare the 1-year outcomes of
adults versus older adults. This analysis included all mild
patients in prospective, IRB-approved studies with a 1-year
the beginning of 2012.
A comprehensive literature search performed in PubMed and
Cochrane CENTRAL databases included all current relevant
publications through July 2019. The following keywords were
used: “mild + Lumbar Spinal Stenosis,” “mild + LSS,” “mild +

neurogenic claudication,” and “mild + ligamentum flavum.”

follow-up completed since

The search was limited to clinical references published in
English. The rationale for omission included reports of cost-
effectiveness, general reviews, study designs, and letters to the
editor. In order to conduct this analysis, it was also
a requirement that the studies allowed the inclusion of adult
patients of all ages, thereby enabling an age group comparison
between adults and older adults. Selected studies are summar-
ized in Table 1.

Outcome Measures

Each study recorded patient-reported outcomes as primary
and/or secondary endpoints. The visual analog scale (VAS)
measures back and leg pain using a numeric scale, with
zero representing no pain and 10 indicating the worst pain.
Each study recorded VAS scores at baseline and at 6- and
12-month follow-up visits. The scores from each of the
four studies were stratified into two groups: adults and
older adults. VAS scores at 6- and 12-month follow-up

were compared to baseline scores in each age group to

Table | Summary of Included Studies

Study US Clinical Study Design Total
Trials mild
Registry/IRB Patients
Approval

Brown’ NCT00995371 Prospective, single 21

center, randomized
controlled study (mild vs
ESI)

Deer® NCT01076244 | Prospective, single 46

center case series

Mekhail'® | IRB approved Prospective, single 40

center case series

MiDAS Il | NCTOI1315145 Prospective, multicenter, | 122

two-arm observational
study (mild vs ESI)
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determine the magnitude of improvement and its statistical
significance following the mild procedure.

The Oswestry Disability Index (ODI) evaluates the
degree of disability to perform the activities of daily living
due to pain. ODI is based on a 100-point scale, with lower
scores indicating better health status. Brown, Deer and the
MiDAS III study recorded ODI scores at baseline and at 6-
and 12-month follow-up. The ODI scores from each of
these three studies were stratified into the same two groups
based on patient age and analyzed to provide for compar-
ison of results within and between the age groups.

In addition to VAS, Mekhail recorded patient-reported out-
come scores from the Pain Disability Index (PDI) and the
Roland Morris Low Back Pain and Disability Questionnaire
(RMQ), as well as standing time and walking distance at
baseline and at 6- and 12-month follow-up. The PDI is
a validated, self-reported questionnaire that measures the
degree to which neurogenic claudication pain interferes with
the patient’s ability to perform seven activities of daily
living."*"'® Patients rate their level of pain disability for each
activity from 0 to 10, with lower scores signifying less dis-
ability; overall PDI scores range from 0 to 70. RMQ is
a validated, self-assessment tool that measures functional dis-
ability on a 24-point scale, with lower scores indicating less
severe symptoms.'” Standing time is a measure of how long
a patient can stand unassisted before being limited by neuro-
genic claudication. Walking distance is a measure in feet of
how far a patient can walk unassisted before being limited by
neurogenic claudication. Both of these measures were patient
self-reported. However, data were verified in clinic with
a member of the research team who was not involved in the
study. Patients chosen at random were allowed to walk or stand
in the clinic until they felt the symptoms of neurogenic clau-
dication in order to verify the self-reported data.

Statistical Methods

Data from all studies were pooled prior to analysis. A paired
t-test was used to determine if improvements in scores
between baseline and 6 months as well as between baseline
and 12 months for all participants were significant. In addition,
a post hoc analysis using an unpaired #-test was used to assess
whether the mean score for each of the outcomes between
each age group was significantly different at baseline, 6, and
12 months. P-values were adjusted for false discovery rate.
Hypothesis testing was performed at a 5% level of significance
(P = 0.05). Analyses were performed using R Package (ver-
sion 3.5.2; R Studio, Boston, MA, USA).

Descriptive analysis was performed using mean + standard
deviation (SD) for continuous variables and count (percent) for
categorical variables. Linear mixed modelling (LMM) was
used to assess whether the change in various outcomes with
time was significantly different between adult and older adult
participants, ie statistically significant interaction between age
and time for each of the outcomes. Results are based on Type
II sum of squares ANOVA with P-values computed using
Satterthwaite approximation to account for differences in sam-
ple variances. F values, which represent the ratio between the
variance explained by group means and the mean of the within-
group variances, were also calculated.

Pearson’s correlation was used to assess the association
between the percent change in VAS score (at 6 and 12 months)
and age (as a continuous variable), as the VAS score is the
single outcome common to all four studies. Simple linear
regression was also used to assess whether age was
a significant predictor of percent change in VAS scores at 6
and 12 months.

Results

Included Studies

The keyword search of the literature and clinical study data-
base identified 149 publications. Of these, 122 were not reports
of the mild procedure and were excluded. Of the remaining 27
articles, 22 were excluded because they were review articles,
reports of cost-effectiveness, letters to the editor, a description
of study design, or did not include a 1-year follow-up com-
pleted since 2012. Five publications met these initial criteria
(Staats,"! Benyamin,18 Brown,” Deer,® and Mekhaillo). The
papers by Staats and Benyamin were eliminated because they
were both reports of the ENCORE study which included
patients aged 65 and older only (Figure 1).

The remaining three studies were included together
with the previously unreported IRB-approved MiDAS III
study. Descriptions of each of the four studies are pre-
sented in Table 1. Each of these studies utilized similar
patient selection criteria allowing for pooling of data, and
all studies also reported a 1-year follow-up.

The studies by Brown,” Deer® and Mekhail'® have each
been previously reported. The MiDAS 1II study, previously
unreported, was a two-arm observational study comparing the
treatment of symptomatic LSS using the mild system to epi-
dural steroid injections (ESIs) for symptom relief. Patient
reluctance to forego the potential long-term relief from the
mild treatment, by being selected for the ESI arm, prevented
the planned randomization of the two study arms of this study
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Records identified through
database search
n =149

Excluded

Reports not involving the mild

v

Reports that include discussion
of the mild procedure
n=27

Excluded

\ 4

procedure
n=122

Articles excluded

v

Reports of prospective, IRB-
approved studies with one-
year follow-up completed since
the beginning of 2012
n=5

Excluded

v

n=22
Review articles =10
One-year follow-up not
available, or study was
completed before 2012 =6

Cost effectiveness reports =3
Letters to the Editor =2
Study design only =]

Reports of studies that did not
allow inclusion of adult

\ 4

Published studies included in
the analysis
n=3

v

Figure | Flow diagram of study identification, exclusion and inclusion in the analysis.

involving 22 centers; once converted to an observational study,
122 patients chose the mild procedure while 16 patients opted
for ESI. Inclusion criteria common to all studies were diagnosis
of symptomatic LSS with neurogenic claudication due to HLF
via preoperative MRI or CT scan at the appropriate spinal
level(s). In all four studies, patients with mild to moderate
comorbid conditions commonly associated with spinal steno-
sis, such as foraminal stenosis, lateral recess stenosis, facet
hypertrophy, minor spondylolisthesis, and/or disk protrusion
were included. In addition, each patient failed prior conserva-
tive therapy and was able to walk only a short distance or stand
for a few minutes unaided before being limited by pain. All
studies used the mild system with the same general procedure,’

were prospective, and used similar selection criteria.

patients of all ages
n=2

Descriptive Statistics

The analysis included 209 participants (58.4% females,
and 41.6% males). Adults represented 23.4% (n = 49) of
the study sample while older adults represented 76.6% (n
= 160). (See Table 2).

Within-Group Improvements at
Follow-Up

The mean score for all outcomes for adults was signifi-
cantly different (P < 0.05) at both 6- and 12-month follow-
up visits compared to baseline, with the exception of RMQ
at 12 months which showed improvement but did not
reach the statistical significance of P < 0.05 (Figure 2).
Similarly, the mean score for all outcomes for older adults
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Table 2 Descriptive Statistics for Included Studies

Combined n = 209 Brown’ n= 17 Deer® n = 44 Mekhail'® n = 39 MiDAS Il n = 109
Age
Adults 49 (23.4%) 4 (23.5%) 17 (38.6%) 8 (20.5%) 20 (18.3%)
Older adults 160 (76.6%) 13 (76.5%) 27 (61.4%) 31 (79.5%) 89 (81.7%)
Gender
Female 122 (58.4%) 7 (41.2%) 28 (63.6%) 20 (51.3%) 67 (61.5%)
Male 87 (41.6%) 10 (58.8%) 16 (36.4%) 19 (48.7%) 42 (38.5%)

was significantly different (P < 0.05) at both 6- and 12-
month follow-up visits compared to baseline (Figure 3).

Between-Group Comparison of
Improvements at Follow-Up: Adults

versus Older Adults

Results from the linear mixed model analysis (ANOVA)
showed that the interaction between age and time was not
statistically significant at the 5% level for any of the outcomes.
The changes in VAS, ODI, PDI and RMQ scores, standing
time and walking distance were not significantly different

between adult and older adult participants as indicated by the
Fin-values and P-values shown in Table 3. Figure 4 shows the
results for the post hoc pairwise comparisons between groups
at each of the time points. There was no statistically significant
difference in the mean scores between both groups and any of
the time points.

Correlation Between Age and Percent
Change in VAS

Pearson’s correlation between age and percent change in VAS
at 6-month follow-up was not statistically significant (R =
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Figure 2 Change in outcomes with time within the adult group for (A) VAS, (B) ODI, (C) PDI, (D) Standing time, (E) RMQ, and (F) Walking distance.
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Figure 3 Change in outcomes with time within the older adult group for (A) VAS, (B) ODI, (C) PDI, (D) Standing time, (E) RMQ, and (F) Walking distance.

0.07, P = 0.33), indicating that age is not significantly asso-
ciated with the percent change in VAS at 6 months. Similarly,
the percent change in VAS at 12 months was not significantly
associated with age (R = —0.0031, P = 0.97). The results for
both follow-up time periods are shown in Figure 5.

The analysis found that the slope coefficients were not
significantly different from 0 at 6-month follow-up (B =
0.9, P = 0.62) and at 12-month follow-up ( = —0.06, P =
0.97), indicating that the percent reduction in pain does not
appear to be related to participant age (Table 4).

Complications

No major device- or procedure-related complications or
serious adverse events were reported in any of the four
studies included in the analysis, precluding comparative
analysis between age groups.

Discussion
This comparison of 49 adults to 160 older adults, each treated
with the mild procedure, determined that at 6- and 12-month

follow-up, both groups experienced statistically significant
mean improvement of all outcome measures (P < 0.05)
compared to baseline, with the one exception being an
improvement in RMQ for the adult group at 12 months.
Although RMQ showed marked improvement, it did not
reach statistical significance at P value <0.05 which may be
due to the small number of subjects. There were no statisti-
cally significant differences between the two age groups at 6-
and 12-month follow-up for any of the outcome measures.
Specifically, for the most commonly used measures,
the mild procedure achieved statistically significant mean
improvements at 12 months in VAS and ODI of 2.8 and
17.2, respectively, compared to baseline for adult patients.
The older adult group also experienced statistically sig-
nificant mean improvements at 12 months in VAS and ODI
measures compared to baseline, with improvements of 3.0
and 18.4, respectively. Importantly, these improvements
for VAS and ODI in both groups were also clinically
meaningful in that they exceeded the validated clinical
minimally important-change thresholds of a >10 point
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Table 3 Descriptive Analysis and LMM Interaction Results

Measure Age Baseline | 6M 12M Fine | P
Group
VAS Adult 6.8 (2.0) 4.5 4.0 1.00 | 0.37
2.7) 2.7)
Older 7.3 (1.8) 4.3 43
adult (3.0 (3.1
ODI Adult 48.4 339 31.2 035 | 0.70
(11.3) (17.8) | (21.0)
Older 48.3 31.1 29.9
adult (2.1 (18.5) | (19.0)
PDI Adult 47.6 20.9 15.0 2.71 | 0.07
(14.8) (12.7) | (10.7)
Older 38.6 20.2 20.1
adult (12.1) (15.2) | (14.3)
RMQ Adult 134 (39) | 63 7.0 0.08 | 0.92
(5.6) (6.9)
Older 144 (6.7) | 7.0 6.7
adult (5.1) (5.8)
Standing Adult 7.9 (6.6) 48.1 80.0 1.88 | 0.16
time (55.3) | (102.7)
(minutes)
Older 82 (5.2) 28.9 43.2
adult (173) | (48.2)
Walking Adult 473 7552 5293 0.03 | 0.98
distance (269) (9076) | (6095)
(feet)
Older 206 2502 3610
adult (214) (3045) | (3868)

Abbreviation: F,, F value for interaction between age and time.

improvement in ODI and a >2 point improvement in
VAS."”?* The regression analysis showed that while
pain was reduced in most patients following percutaneous
decompression, there was little or no relationship between
the amount of improvement and age, especially at 12-
month follow-up. The results between the two groups at
12 months were not statistically significantly different. It is
also notable that mean standing time increased by over 10
times for patients in the adult group, and mean walking
distance increased by over 11 times from less than 500 feet
to over a mile. This change in walking distance represents
an important improvement in the quality of life for these
younger patients.

While LSS can be congenital, the acquired form result-
ing from a degenerative spine is considered to be the most

common and is most likely due to aging. Loss of disc

height from degeneration of the intervertebral disc can
shift axial stress toward the posterior elements of the
spine, including the facet joints and ligamentum flavum,
which may lead to arthritic changes of the facet joints as
well as deformation and thickening of the ligamentum
flavum and resulting narrowing of the spinal canal.>** In
a report by Hansson et al, the ligamentum flavum was
found to contribute up to 85% of load-induced narrowing
of the spinal canal, confirming hypertrophic ligamentum
flavum as the problem causing compression of intraspinal
blood supply and nerve roots.*> The compression of blood
vessels, nerve roots and associated tissues in central canal

thought to
26-28

stenosis  is induce painful neurogenic
claudication.

It is widely accepted that the most important risk factor
for the onset of LSS is age;29 however, an estimated
seven million people in the US between the ages of 40
and 65 suffer from symptomatic LSS and neurogenic
claudication. The results of the current analysis of percu-
taneous decompression studies mirror those seen with
investigations of the effectiveness of open surgical decom-
pression in different age groups. Hansraj et al studied 77
patients with an average age of 65 years who underwent
laminectomy with partial facetectomy for LSS and com-
pleted a self-reported questionnaire (Zurich Claudication
Questionnaire). The authors found that adult patients had
a greater improvement in function and a greater reduction
in severity scores than older adults, although satisfaction
was similar in both groups, and that comorbidities did not
influence the outcome.>® Hee and Wong treated 68 patients
with ages ranging from 60 to 82 years with either lami-
nectomy alone (84%) or together with posterolateral
arthrodesis (16%), and by use of a patient-reported ques-
tionnaire found that surgical outcomes were not influenced
by age or comorbidities.’! Athiviraham et al treated 88
patients with an average age of 66 years with either
decompression alone (56%) or decompression and poster-
olateral fusion (44%). Using the Roland-Morris question-
naire, the authors found no relationship between outcomes
and patient age.>*>* While each of these studies utilized
different outcome measures, they are consistent in their
findings that patient age does not appear to influence
procedure outcomes.

The results of this analysis may encourage practitioners
to use percutaneous decompression for adult patients to
provide the same improvements in pain and function that
have been demonstrated for older adult patients. Equally
important, since percutaneous decompression has been
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Figure 4 Change in outcomes across adult and older adult groups for (A) VAS, (B) ODI, (C) PDI, (D) Standing time, (E) RMQ, and (F) Walking distance.

demonstrated as a cost-effective procedure for appropriate
older adult patients when compared to continuation of
conservative treatment and repeated serial ESIs, or to
proceeding to laminectomy surgery,”* the cost savings of
this procedure is expected to be at least as great for adult
patients faced with the same treatment options. Since this
is a one-time procedure in the vast majority of patients,
percutaneous decompression has the potential to amplify
these cost savings and provide adult patients with the
benefits of this procedure over an even longer period of
time compared with older adults.

Limitations
Limitations of this study include the relatively small
number of patients treated with the mild procedure and
the smaller number of patients in the two age groups
subject to comparison, which allows for evaluation of
differences between groups but is underpowered to pro-
vide predictive conclusions. One of the studies was
randomized while the other three were not; however,
the performance of the

mild procedure appears

consistent across all four studies. Only one measurement
outcome, the VAS scoring system, was common to all
four of the studies, but each measurement outcome was
analyzed independently of the others to allow for valid
comparisons of each measure between age groups. The
MiDAS 1II study is not published. It was designed as
a randomized study comparing the mild procedure to
a series of epidural steroid injections as the control
arm. However, poor recruitment was encountered as
patients were reluctant to forego the potential long-
term relief from the mild treatment and be enrolled in
the ESI arm to receive a treatment that they had already
failed. Therefore, a decision was made to continue pro-
spective observational data collection in this study
involving 22 centers. Additional studies comparing
mild outcomes of adults versus older adults would be
of value to support these findings.

Conclusion
The relationship between the onset of LSS and age has
been the

subject of much research and is well
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documented. The analysis of four studies using the mild
percutaneous approach to LSS decompression indicated
that symptom improvements for adult mild patients were
statistically significant, and were not statistically differ-
ent from the improvements for older adults. These
results illustrate that percutaneous decompression is an
effective treatment for symptomatic LSS due primarily
to hypertrophic ligamentum flavum, regardless of patient
age. Therefore, the mild procedure presents a viable
option for not only older adults but also for the esti-
mated seven million patients in the US below the age of
65 who suffer from symptomatic LSS and may not want
to undergo open spine surgery. Earlier usage of mild
may also decrease healthcare resource utilization of
less beneficial and more costly options like ESIs.>*

Since mild in the vast majority of patients is a one-
time procedure, the results of this analysis may encou-
rage practitioners to utilize the mild procedure in the
younger adult age group, thereby allowing these patients
to enjoy the benefits of this procedure for a larger num-

ber of years.
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