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Background: Symptomatic lumbar spinal stenosis (LSS) patients often suffer from multiple etiologies,
and patient symptoms must be differentiated and identified as either neurogenic claudication, radicular
pain, or both. The most common symptom associated with LSS is neurogenic claudication, which has been
reported to occur in 91% to 100% of the LSS patient population. Neurogenic claudication symptoms are
described as pain radiating to the lower extremities that begins and worsens as the patient ambulates.
Neurogenic claudication symptoms worsen over time and can eventually result in significant life-altering
functional limitations. Symptomatic LSS patients may also suffer from radicular pain, which is a persistent
pain transmitted through neural pathways, and is associated with inflammation of the exiting nerve root.
Objective: To assess patient safety, pain reduction, and functional status of patients treated with
percutaneous lumbar decompression.
Study Design: Single-center, prospective clinical study of 46 consecutive patients with neurogenic
claudication symptoms related to lumbar spinal stenosis.
Setting: US interventional pain management practice.
Methods: From March 2010 to January 2011, 46 LSS patients suffering from neurogenic claudication
underwent mild percutaneous lumbar decompression. Of these, 12-week, 6-month and one-year followup was available for 35 patients.
Outcome Assessment: Visual Analog Scale (VAS), Oswestry Disability Index (ODI), and Zurich
Claudication Questionnaire (ZCQ). Outcomes were assessed at baseline, 12-week, 6-month and one-year
follow-up.
Results: One-year follow-up patients in this study experienced statistically and clinically significant
improvement in physical function, as well as reduction of pain intensity. The initial improvement in these
patients, which was significant, was sustained through one year, with no significant differences among
the interim follow-up visit periods. These results demonstrate early improvement following treatment with
a high degree of durability over time. There were no serious device or procedure-related complications
reported in this study.
Limitations: Single-center study with no control group.
Conclusions: In this study, the mild procedure was shown to be safe. In addition, patients experienced
significant improvement in mobility and reduction of pain one year after the procedure. One-year
outcomes were not significantly different from interim results, indicating that the significant improvement
following treatment, occurring as early as 12 weeks, was maintained through one year. This high degree
of consistency over time indicates the durability of percutaneous lumbar decompression in the treatment
of neurogenic claudication in symptomatic LSS.
Key words: Spine, lumbar, lumbar spinal stenosis, neurogenic claudication, decompression, ligamentum
flavum, mild, percutaneous.
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I

n 1976, Arnoldi and colleagues (1) defined lumbar
spinal stenosis (LSS) as any type of narrowing of the
spinal canal, nerve root canals, or intervertebral
foramina. This narrowing is caused by degenerative
changes in the lumbar spine, including hypertrophy of
the ligamentum flavum and facet joints, osteophyte
formation, and bulging or herniated discs (2-6). These
changes lead to compression of neural elements and
painful symptoms of LSS (6). The hallmark symptom
of LSS is neurogenic claudication (NC), which is
characterized as pain that worsens with axial loading
and lessens with forward flexion. LSS patients may also
suffer from radicular pain, described as radiating pain
in a dermatomal pattern that is present irrespective of
activity (7).
LSS is a common clinical condition that generally
affects men and women in their fifth to seventh decades of life. Initially, symptomatic LSS patients are
treated with conservative management, which can
include nonsteroidal anti-inflammatory drugs, analgesic medications, physical therapy, and epidural steroid
injections (8-17). While epidural steroid injections may
provide some modest relief of inflammation related to
radicular pain, they may not be effective in treating
painful NC which is not caused by inflammation, but
instead results from compression or ischemia of neural
structures (10). In the past, once conservative therapies
have failed, decompression surgery has been the next
option for these patients. Surgical management of LSS
has traditionally involved wide laminectomy or “unroofing” of the spinal canal. However, more recently,
less invasive surgical techniques have been developed,
which are intended to shorten recovery times, decrease
complication rates, and reduce tissue trauma and iatrogenic instability (18-28).
The goal of this study was to evaluate the safety
and outcome of symptomatic LSS patients treated
with mild percutaneous lumbar decompression (Vertos
Medical, Aliso Viejo, CA). Percutaneous lumbar decompression treats LSS by removing small but adequate
portions of lamina and ligamentum flavum, thereby restoring space in the spinal canal. The mild procedure is
conducted using a fluoroscopically guided, centralized
dorsal approach which significantly enhances the safety
of the procedure by virtually eliminating the possibility of certain serious complications including dural tear,
blood loss requiring transfusion, or lateral nerve damage. The procedure is performed through a 6-gauge
port under fluoroscopic guidance, with minimal tissue
disruption. This report presents comprehensive safety
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data and patient reported outcomes at 12 weeks, 6
months, and one year following treatment with mild
percutaneous lumbar decompression.

Methods
Study Design
This is a prospective, single-center study of LSS
patients presenting with symptoms of NC and treated
with mild percutaneous lumbar decompression. Fortysix patients were enrolled in this study from March 2010
toJanuary 2011 at The Center for Pain Relief in Charleston, West Virginia. Informed consent was obtained
from all patients, and the study protocol was approved
by an institutional review board and was registered
with the US Clinical Trial Registry (NCT01076244).

Inclusion and Exclusion Criteria
Study inclusion criteria required enrollment of
adult LSS patients suffering from NC primarily caused
by ligamentum flavum (LF) hypertrophy, although the
presence of other less predominant contributing factors was not exclusionary. Preoperative magnetic resonance imaging (MRI) or computed tomography (CT)
provided radiologic evidence of hypertrophic LF > 2.5
mm, as well as a clearly reduced central canal crosssectional area. Patients were required to walk a minimum of 10 feet unaided before being limited by pain,
and must have failed prior conservative therapy. Patients were excluded if they suffered from severe back
or leg pain from causes other than LSS, had experienced a recent spinal fracture, or had undergone prior
surgery at the intended treatment level. Patients were
also excluded if disc protrusion or facet hypertrophy
were deemed severe enough to potentially confound
study outcomes. Further, patients who had used nonsteroidal anti-inflammatory drugs within 5 days or had
been administered epidural steroid injections within
3 weeks prior to the study procedure were excluded.
Patients with bleeding disorders and current users of
anticoagulants were also excluded.

Procedure
The mild procedure is performed percutaneously
using disposable instruments provided in one kit that
are specifically designed for the procedure. The procedure is typically performed in an outpatient setting
using monitored anesthesia care. This procedure has
been previously described in detail (18-25), therefore a
limited review follows.

www.painphysicianjournal.com

Percutaneous Lumbar Decompression and Treatment Algorithm

With the patient prone and abdominal boost positioned, the skin is marked to indicate target treatment
level(s). An epidurogram is performed at the level and
side to be decompressed. A small incision is made approximately one-and-a-half levels below the treatment
level to accommodate introduction of the 6-gauge
portal/trocar assembly. Use of contralateral oblique
fluoroscopy provides optimal visualization. The trocar
is removed and the portal is stabilized using a portal
stabilizer. In addition, a depth guide is attached to assist
the user in controlling instrument depth. Using a bone
rongeur, small bits of laminar bone are removed to gain
access to the ligamentum flavum, which is subsequently
debulked using the tissue sculpter. Once it has been determined that resection is sufficient and contrast medium flow indicates acceptable restoration of space in the
canal, the instruments are removed and a sterile strip
applied to close the wound.

Outcomes Assessments
The Visual Analog Scale (VAS), Oswestry Disability Index (ODI), and Zurich Claudication Questionnaire
(ZCQ) patient assessment scales were used to evaluate
percutaneous decompression outcomes in this study.
These assessments are reported for baseline and at
12-weeks, 6-months, and one-year follow-up.
The VAS provides a numerical measurement of back
and leg pain intensity on a ten-point continuum, with
one denoting no pain and ten indicating the worst pain
possible. The ODI provides a measurement of functional
disability resulting from chronic back pain. ODI scores
range from zero to 100, with higher scores signifying
greater disability. The ZCQ is a validated patient-reported outcomes tool ZCQ consists of Symptom Severity and
Physical Function domains that are recorded at baseline
and at each follow-up interval. The Symptom Severity
domain has been subdivided into 2 subsets—the Pain
domain and the Neuro-ischemic domain. In addition,
ZCQ also contains a Patient Satisfaction Domain that
is completed only at follow-up. For each ZCQ domain,
higher scores indicate worse patient condition. As a
validated patient outcome tool specific to LSS, ZCQ provides information specifically related to spinal disability
(29-31).
Safety was monitored throughout the study, and
all device or procedure-related serious adverse events
were recorded. Serious adverse events were defined as
significant blood loss requiring blood transfusion, nerve
injury, epidural bleeding or hematoma, dural puncture
or tear, or any other device or procedure-related signifi-
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cant complications.

Statistical Analysis
All patients treated with the mild procedure after
providing informed consent serve as the comprehensive safety population, and their functional and patient-reported outcomes are analyzed and presented
by postoperative follow-up period. Patient characteristics are reported using descriptive statistics. Means,
standard deviations, and confidence intervals are reported for continuous variables. Where appropriate,
the 95% 2-sided exact confidence intervals (upper and
lower) were computed.
Primary efficacy endpoints are the absolute change
in VAS, ODI and ZCQ between the preoperative value
and one-year. For the VAS and ODI, an Analysis of Variance (ANOVA) with Repeated Measures and post hoc
Tukey HSD Test were employed to assess the change
over time from baseline, through 12 weeks, 6 months
and one year (alpha level = 0.05). For ZCQ, a 2-sided ttest for correlated values was used to assess the change
over time from baseline to one year (alpha = 0.05).
Missing value imputations were performed using the
Last-Observation-Carried-Forward method. Both imputed and nonimputed samples were analyzed.

Results
Forty-six patients were treated with mild percutaneous lumbar decompression at The Center for Pain
Relief in Charleston, West Virginia, from March 2010
to January 2011. This patient series included 17 men
(37%) and 29 women (63%), with a mean age of 66.1
years (range 46 to 80). Thirty-four patients (74%) had
been under medical management for over 6 months; 3
patients (7%) for 3 to 6 months; and 9 patients (20%)
had been under medical management for less than 3
months.
In addition to ligamentum flavum hypertrophy,
which was a requirement for study inclusion, a number
of other patient etiologies that can lead to symptoms
of LSS were reported. While 100% of patients experienced ligament flavum hypertrophy, 43 patients (93%)
suffered from facet hypertrophy, and 41 patients (89%)
suffered from a bulging disc.
Study patients underwent a total of 112 procedures, including decompression of 44 levels bilaterally
and 24 levels unilaterally. One-level decompression was
performed on 24 patients (52%); 2-level decompression on 22 patients (48%). The majority of decompressions (89%) were performed at L3-L4 or L4-L5. Figure 1
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presents treatment levels for these procedures.
Mean treatment time was 41 minutes from patient
entry to departure from the operating room. Fluoroscopy time ranged from 38 to 279 seconds, with a mean
of 104 seconds and median of 98 seconds. All patients
underwent mild percutaneous lumbar decompression
with monitored anesthesia care/light sedation, and all
patients were discharged on the same day as the procedure. There were no major device or procedure-related
complications reported in this study.
VAS and ODI outcome data were available at all
follow-up periods for 35 of the 46 patients. For 8 of
11 patients with missing data at one or more followup periods, supplementary analyses imputed missing
VAS or ODI post-baseline data with last-observationcarried-forward (LOCF). All of these 8 patients were
missing data for only one follow-up visit: one was
missing 12-week follow-up, one was missing six-month
follow-up, and 6 patients were missing one-year follow-up. These analyses are presented below. Of the 3
patients that are not included in these analyses, one
patient withdrew consent, and 2 patients underwent
back surgery and were discontinued from the study.
The patient who withdrew consent had reported a 4

point improvement in VAS, and a 20 point improvement in ODI following the mild procedure, but opted
to not continue with study assessments. Both patients
who underwent back surgery presented with high
levels of baseline pain and functional disability. One
patient had a history of ligamentum flavum hypertrophy, disc bulge, facet hypertrophy, foraminal stenosis,
Grade I anterolisthesis of L4-L5, and disc osteophyte
formation, and had been under LSS medical management for more than 6 months. At 171 days post-mild,
this patient underwent lumbar fusion at L3-L4 and L4L5. The medical history of the other patient included
ligamentum flavum hypertrophy, disc bulge, facet hypertrophy, foraminal narrowing, osteophytes, and severe scoliosis, with LSS medical management duration
greater than 6 months. On the 69th day post-mild, an
L5-S1 laminectomy was performed. These 2 patients
experienced improvement in both pain intensity and
physical function following percutaneous lumbar decompression and, although improved at the time of
discontinuation, given their severe baseline condition,
required more invasive treatment.
In the 35-patient cohort, pain intensity as measured by VAS improved significantly from a mean of 6.9
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Fig. 1. Percutaneous lumbar decompression procedures performed at each level.
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(95% confidence interval [CI] ± 0.6) at baseline to an
average of 4.0 (95% CI ± 1.0) at one-year follow-up, a
2.9 point improvement. The interim mean VAS values
were 4.2 (95% CI ± 1.0) at 12-week follow-up and 4.4
(95% CI ± 1.0) at 6-month follow-up, demonstrating improvements of 2.7 and 2.5 points, respectively (Fig. 2).
Improvement from baseline through one year followup was statistically significant (ANOVA for repeated
measures, P < 0.0001). Interestingly, the Tukey HSD Test
found the improvement at each postbaseline period (12
weeks, 6 months, and one year) to be significantly different from baseline (P < 0.01); however, no significant
difference was seen between the postbaseline periods.
These results demonstrated the improvement following
treatment occurred as early as 12 weeks and was maintained through one-year—indicating a high degree of
consistency over time.
When the LOCF was imputed for the 8 patients
with missing VAS data postbaseline, 5 of whom showed
no improvement following treatment, the overall improvement described above was still observed (ANOVA
for repeated measures, P < 0.0001). Similarly, the Tukey
HSD Test found the same VAS improvement at 12-week,

6-month, and one-year follow-ups relative to baseline
as described above.
Also, patients experienced a statistically significant
mobility improvement from baseline to one-year follow-up. Their ODI improved from a mean of 49.4 (95%
CI ± 2.5) at baseline to 32.0 (95% CI ± 5.8) at one-year
follow-up, a 17.4 point improvement. The interim mean
ODI values were 35.1 (95% CI ± 5.6) at 12-week followup and 35.0 (95% CI ± 5.5) at 6-month follow-up, an improvement of 14.3 and 14.4 points, respectively (Fig. 3).
Improvement from baseline through one-year followup was statistically significant (ANOVA for repeated
measures, P < 0.0001). Similar to VAS, the Tukey HSD
Test found the improvement at each postbaseline period (12 weeks, 6 months, and one year) to be significantly different from baseline (P < 0.01); however, no significant difference was seen between the postbaseline
periods. These results demonstrated the improvement
following treatment occurred as early as 12 weeks and
was maintained through one year—indicating a high
degree of consistency over time.
When the LOCF was imputed for the 8 patients
with missing ODI data postbaseline, the overall im-
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Fig. 2. Visual Analog Scale mean values (n = 35).
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Fig. 3. Oswestry Disability Index mean values (n = 35).

provement described above was still observed (ANOVA for repeated measures, P < 0.0001). Similarly, the
Tukey HSD Test found the same ODI improvement at
12 weeks, 6 months, and one year follow-up relative to
baseline as described above.
At one-year follow-up, 34 patients of the 35-patient cohort responded to the ZCQ. Statistically significant improvements were achieved in all ZCQ domains,
including Symptom Severity, both Symptom Severity
sub-domains (Pain and Neuro-Ischemic) and Physical
Function (paired t-test; P < 0.0001). Overall Symptom
Severity improved from a mean of 3.5 at baseline to
2.3 at one-year follow-up, a decrease of 1.2 points. The
Pain Sub-Domain of Symptom Severity improved from
a baseline average of 3.9 to 2.7 at one-year follow-up, a
decrease of 1.2 points. The Neuro-Ischemic Sub-Domain
of Symptom Severity decreased from 3.0 to 1.9 over the
same period, demonstrating an improvement of 1.1
points. Physical Function improved from an average of
2.7 at baseline to 1.9 at one-year follow-up, a decrease
of 0.8 points. These values, together with interim 12week and 6-month scores for each of the ZCQ Domains
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are presented in Fig. 4.
The average score on the ZCQ Satisfaction Scale at
one year was 1.86, indicating that patients were satisfied with their overall outcomes after percutaneous
lumbar decompression. On the 4-point patient Satisfaction Scale, a rating of “1” indicates that the patient
is Very Satisfied and a rating of “2” indicates that the
patient is Satisfied. With a 95% Confidence Interval of
1.86 ± 0.24, lower and upper limits are 1.61 and 2.10, respectively. Further, 88% of patients reported that they
were satisfied with the outcome of mild percutaneous
lumbar decompression.

Discussion
Proper diagnosis of LSS requires both clinical and
radiologic patient assessments. However, it should be
noted that the association between the degree of spinal canal narrowing and clinical symptoms is uncertain.
In some cases, radiologic findings have been reported
to be divergent from clinical symptoms, both in demonstrating false positive central canal narrowing in
patients without symptoms, as well as indicating false
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Fig. 4. Zurich Claudication Questionnaire mean values (n = 34).

negative normal canal appearance in patients with
symptoms (7,32-35). While baseline MRI or CT providing radiologic evidence of clearly reduced central canal
cross sectional area was required for inclusion in this
study, these findings are considered to be only ancillary
to the more crucial reports of pain intensity and functional disability experienced by these patients.
The most common symptom associated with LSS is
NC which has been reported to occur in 91% to 100% of
the LSS patient population (32,34-39). NC was first described by Verbiest in 1954 (40) as structural narrowing
of the vertebral canal that compresses the cauda equina. Narrowing of the central vertebral canal is thought
to cause venous hypertension resulting in nerve root
ischemia, and NC symptoms (41-43). NC symptoms are
described as pain radiating to the lower extremities
that begins and worsens as the patient ambulates. The
pain often resolves as the patient bends forward or sits
down (44-45). NC symptoms worsen over time and can
eventually result in significant life-altering functional
limitations.
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Conversely, radicular pain is persistent pain transmitted through neural pathways. Severe foraminal and/
or sub-articular stenosis can compromise the lateral recess leading to radiculopathy--described as inflammation of the exiting nerve root. Most often this presents
as “sciatica,” and is described as persistent pain in the
lower back, buttocks and legs. This pain can be unilateral or bilateral, and range from dull and aching to
dysesthetic or sharp (6). Radicular pain is diagnosed
through identification of a dermatomal pain pattern.
Since radicular pain is associated with inflammation,
some success has been reported with the administration of repeated epidural steroid injections (9,46,47).
Symptomatic LSS patients often suffer from multiple
etiologies, and patient symptoms must be differentiated
and identified as either NC, radicular pain, or both. Importantly, when evaluating proper treatment of symptomatic LSS, addressing all identifiable etiologies may
not be required. In formulating a treatment plan, it is
important to consider that hypertrophic LF has been reported to contribute to between 50 and 85% of spinal

457

Pain Physician: November/December 2012; 15:451-460

canal narrowing (48). In the case of mild percutaneous
lumbar decompression, debulking the hypertrophic LF as
a predominant causal factor can provide adequate overall decompression within the central spinal canal, even in
cases of multiple other contributing etiologies.
At one-year follow-up, pain intensity for study cohort patients as measured by VAS showed a statistically
significant improvement of 2.9 points from baseline
to one-year follow-up. A drop of 2 or more points is
considered to be a clinically important change (49,50).
This level of clinically important improvement was also
demonstrated at 12-week and 6-month follow-up intervals, where mean improvement was 2.7 and 2.5 points,
respectively. This significant change at 12 weeks, followed by consistency over time, demonstrates the durability of percutaneous lumbar decompression in the
reduction of pain (Fig. 2).
Study cohort patients also demonstrated a significant improvement in physical function as measured by
both ODI and all ZCQ domains and sub-domains at oneyear follow-up. ODI scores decreased from a mean of
49.4 at baseline to 32.0 at one-year follow-up, an average change of 17.4 points. Published reports of clinically important change in ODI range from 4 to 18.4 points
(50-53). Specifically, an ODI validation study by Fritz et
al (53) suggests that clinical relevance is established
with approximately 6 points of improvement from
baseline. It is also of interest that at an FDA panel meeting, a suggestion was made that a minimum 15-point
change in ODI was clinically significant (54). As with
pain reduction, in addition to the relevant 17.4 point
ODI improvement achieved at one year, mean scores
for these patients demonstrated a statistically significant improvement at interim 12-week and 6-month visits, with mean improvements of 14.3 and 14.4 points,
respectively. Again, this demonstration of statistically
significant improvement at 12 weeks, followed by no
significant difference between the 12-week, 26-week
and one-year postbaseline periods, shows the durability of mild percutaneous decompression in improving
physical function (Fig. 3).
The ZCQ Symptom Severity domain score decreased from 3.5 to 2.3 over one year, an improvement of 1.2 (34.3%), and the Physical Function domain
score decreased from 2.7 to 1.9, an improvement of 0.8
(29.6%). Further analysis of the Symptom Severity subdomains show a decrease in the Pain sub-domain from
3.9 at baseline to 2.7 at one year, an improvement of
1.2 (30.8%), and a decrease in the Neuro-Ischemic subdomain from 3.0 to 1.9, an improvement of 1.1 (36.7%).
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Validation studies have reported that ZCQ domain improvements of at least 0.5 indicate a clinically relevant
change (24,36,55). Importantly, all ZCQ domains at 12week, six-month and one-year follow-up periods demonstrated improvement greater than 0.5, showing remarkable stability through one-year follow-up (Fig. 4).
The mean Patient Satisfaction score of 1.86 at oneyear follow-up indicated that patients were satisfied
with their overall outcomes after percutaneous lumbar decompression. Also importantly, 30 of 34 patients
(88%) reported a Patient Satisfaction score of 2.5 or
better, indicating that they were satisfied with the mild
procedure (24,36,55).
There were no reports of serious complications
in this study, which is in line with other published reports of mild lumbar decompression safety results (1823,25,28,56). This can be compared to the safety profile of decompression surgery as reported by the Spine
Patient Outcomes Research Trial (SPORT) investigators
(57). In the surgical arm of SPORT, 9.9% of patients experienced complications, including dural tear in 9.2%
of patients. Mean blood loss for SPORT surgical patients was 314 mL, and 9.5% of SPORT surgical patients
required intraoperative blood transfusion. This can
be compared to negligible blood loss for patients undergoing percutaneous lumbar decompression in this
study, and no blood transfusions.
In addition to enhanced safety and significant
improvements in mobility and pain reduction, consideration must also be given to other mild procedure
characteristics that provide important patient and cost
benefits. Average procedure time in this study was 41
minutes and all patients were discharged on the same
day as the procedure. This can be compared to surgical
procedure times reported in SPORT of 128 minutes, and
an average hospital stay of more than 3 days. Percutaneous lumbar decompression requires only light sedation, as compared to decompression surgery which
requires the use of general anesthesia.
The author acknowledges the limitations of this
study. There was no control group and the patients
were treated at a single center. Although randomization was considered, due to the complexity of randomizing patients to a decompression procedure requiring
general anesthesia, a longer hospital stay, potentially
higher expenses and greater complication risks, the
low likelihood of timely enrollment and the potential
ethical considerations caused the concept to be abandoned. The strengths of this study include its prospective design and the use of validated patient outcome
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assessment tools for evaluation of pain intensity and
functional disability. Specifically, VAS, ODI and ZCQ
have been verified as reproducible, internally consistent, valid, and highly responsive outcome assessment
measures of patients with LSS (24,30,50-53).

Conclusion
In this study, the mild procedure was shown to be
safe, with properly diagnosed patients experiencing
significant improvement in mobility and significant reduction of pain at one year after the procedure. Oneyear follow-up was not statistically different than interim follow-ups, indicating that improvement following
treatment occurred as early as 12 weeks and was main-

tained through one year. This high degree of consistency over time indicates the durability of percutaneous
lumbar decompression in the treatment of neurogenic
claudication in patients with symptomatic LSS.
mild percutaneous lumbar decompression provides
an early alternative for LSS patients following failure of
conservative therapy, and before more invasive surgical
decompression. Percutaneous lumbar decompression
offers shorter procedure times, the use of less sedation,
and shorter hospital stays. Further, there is less risk of
iatrogenic spinal instability versus more invasive surgeries, and this procedure involves no implants.
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