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ABSTRACT

Background: The combination of the percutaneous transforaminal endoscopic decompression (PTED) with an
interspinous process distraction system (IPS) may offer additional benefit in the treatment of spinal stenosis in patients
who have failed nonsurgical treatment.

Methods: We retrospectively reviewed the medical records of 33 patients diagnosed with lumbar stenosis and
radiculopathy and treated them with transforaminal endoscopic lumbar decompression between 2013 and 2017.
Primary outcome measures were modified Macnab as well as preoperative and postoperative visual analog scale (VAS)
criteria and the Oswestry Disability Index (ODI). Only patients with a minimum follow-up of 2 years were included.

Results: A total of 28 patients were treated with a combination of PTED and percutaneous IPS (group A), and 5
patients were treated with PTED and mini—open IPS (group B). In group A patients, there was a 4.48 reduction in the
VAS score. The ODI changed from 50.25 preoperatively to 18.2 postoperatively, and excellent and good Macnab
outcomes were obtained in 78% of patients. In group B patients, the mean VAS reduction was 5.2 points. The ODI
changed from 44.34 preoperatively to 14.62 postoperatively, and 80% of group B patients achieved excellent and good

Macnab outcomes. No complications related to PTED or IPS were observed throughout the 2-year follow-up.

Conclusions:

The addition of IPS to the PTED procedure in select patients may offer additional benefits to

patients being treated for lumbar lateral stenosis and foraminal stenosis with low-grade spondylolisthesis.

Level of Evidence: 3.
Clinical Relevance: Feasibility study.

Special Issue

Keywords: lumbar lateral recess and foraminal stenosis, endoscopic spine surgery, interspinous process distraction

INTRODUCTION

Population growth and increased longevity have
created significant challenges in spine care. Lumbar
spinal stenosis (LSS) occurs at a high incidence.'
Symptoms of LSS are numerous, including radicu-
lopathy and low back pain with neurogenic
claudication, and commonly occur in patients over
50 years old.> Management options for LSS include
nonsurgical therapy including epidural steroid
injections, minimally invasive spine surgery, percu-
taneous endoscopic lumbar discectomy (PTED),
and conventional open decompressive surgery.’
Although the “gold standard” operation for LLS
is open decompression by laminectomy, it can be

associated with increased complications, especially
in elderly patients with significant comorbidities.”
Interspinous process distraction systems (IPSs)
have been developed to treat patients in this
category, with simplified small-incision lumbar
procedures addressing the claudication symptoms
by implanting IPSs under regional anesthesia in
combination with local anesthesia. The treating
principle behind IPSs is simple: achieve segmental
distraction and volumetric increase of the stenotic
lumbar lateral recess or foraminal space by placing
the device between 2 adjacent spinous processes.'
For LSS, IPS has been used to aid in lumbar
intervertebral disc height restoration and to increase
spinal canal volume at the symptomatic level by
decreasing mechanical compression of neural ele-
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Figure 1. The 2 types of IPS are shown: (Left) Cylindrical IPS that was
implanted percutaneously. (Right) Wallis-type modular IPS consisting of 2
winglets that are placed and assembled between 2 adjacent spinous processes
through a mini-open approach. The integrated Dacron band was used to
stabilize the IPS and maintain a constant distraction, producing the indirect
decompression effect at the symptomatic claudication level, and thus, stabilizing
the symptomatic unstable lumbar motion segment in extension and flexion. IPS,
interspinous process distraction system.

ments via indirect decompression while maintaining
segmental stability. One example of these first-
generation stabilizing devices is the Wallis IPS
system introduced by Sénégas, which limits both
hyperextension and flexion due to the simultaneous
tightening of Dacron and maintains a constant
grade of distraction.” Second- and third-generation
devices have been developed on the basis of this
basic IPS concept and are now commercially
available.* Their routine clinical use varies from
country to country, depending on the medical
necessity and benefit-coverage guidelines imple-
mented by the local health insurance system.

Currently, the debate about the appropriate clinical
use of IPSs and the best clinical indications in the
elderly continues.® ' There is good evidence support-
ive of the use of IPS for simplified spine care in elderly
people suffering from the sciatica-type back and leg
pain with some studies showing excellent outcomes in
more than 80% of treated patients.'®> Conversely,
some studies report relatively high reoperation rates.”
We hypothesized that the advantages of lumbar IPSs
can be enhanced and made more reliable with long-
term pain relief if combined with additional trans-
foraminal endoscopic decompression, using just
regional anesthesia in the outpatient setting.

MATERIALS AND METHODS
Study Design and Patients Selection Criteria

We performed a retrospective study on 33 patients
treated for symptomatic LSS and concomitant grade
1 or 2 spondylolisthesis between 2013 and 2017 who
presented with radiating lumbar pain refractory to
medical treatment for at least 6 months. Patients were
treated with percutaneous transforaminal endoscopic
lumbar discectomy (PTED) in conjunction with 1 of 2

IPS devices and implantation methods. Three patients
had a two-level decompression but a single IPS
surgery. A cylindrical IPS was placed between 2
adjacent spinous processes in patients with a rigid
grade I spondylolisthesis without any discernable
anterolateral translational motion on lateral exten-
sion-flexion views (Figure 1, left). In patients with the
translational and angular grade I or II motion on
preoperative lateral extension-flexion views, a Wallis-
type device was placed through a mini—open incision.
This implant consisted of a modular IPS with a
Dacron (INVISTA, Kennesaw, GA) tension band
designed to maintain a constant distraction between
the spinous processes of an overtly unstable lumbar
motion segment (Figure 1, right).

Inclusion Exclusion Criteria

Included in this study were patients with sciatica-
type back and leg pain due to bony and soft tissue
spinal stenosis in the central canal, lateral recess,
and neuroforamina confirmed on advanced cross-
sectional imaging studies including MRI and
computed tomography (CT) and concomitant spon-
dylolisthesis grade I or Il on dynamic extension-
flexion views. These criteria have been used by
several authors.'*'® In addition, patients were
stratified concerning the type of IPS implant used;
this was based on findings on plain film radiogra-
phy. Patients with rigid grade I spondylolisthesis
received a cylindrical distraction implant, and
patients with flexion instability with discernable
anterolateral or angular motion on forwarding
flexion views received a modular IPS implant with
Dacron compression band. Exclusion criteria were
metastatic disease, isolated axial back pain, an
extruded or migrated disc herniation, or spondylo-
listhesis higher than grade II. These inclusion and
exclusion criteria resulted in the percutaneous
implantation of the cylindrical IPS in 28 patients
and the mini—open implantation of the modular
dual winglet IPS in the remaining 5 patients.

Positioning and Access Planning

All patients were treated with regional anesthesia
and outpatient procedure in a prone position on a
radiolucent operating room table equipped with an
Andrews frame. Patients were positioned with their
hips and knees flexed at 90°. In the posterior-anterior
plane, a sagittal midline along the spinous processes
was drawn using a guide wire. The surgical
intervertebral level was also marked by drawing a
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Figure 2. Side-by-side demonstration of surgical steps (left panel) and fluoroscopic view (right panel) of guide wire (top panel) and dilator (bottom panel) placement
at L4-L5 after the endoscopic discectomy had been completed at L3-L4 and L4-L5. The fluoroscopic images show residual radiographic dye (Isovue-300) at the L3-L4
and L4-L5 levels in a patient who underwent 2-level endoscopic decompression but single-level concomitant percutaneous placement of a cylindrical IPS. We routinely
injected indigo carmine (diluted 1:10) mixed with ISOvue-300 for intraoperative chromodiscography to aid in the removal of herniated disc tissue. IPS, interspinous

process distraction system.

perpendicular line centered between the inferior and
superior endplates of the vertebral body above and
below, respectively. In the lateral plane, the entry
point for the transforaminal endoscopic decompres-
sion procedure was also marked by lining up the
guide wire parallel to the intervertebral space,
centering its tip at the posterior annulus. These 2
lines marked the skin entry point for the endoscopic
working cannula, typically at a distance between 8
and 12 cm from the midline. A spinal needle was then
directed into the middle one third of the annulus.

Endoscopic Decompression

The endoscopic working channel was placed over
the guide wire after serial dilation into the safe zone,
defined as the Kambin triangle.'”° We routinely
performed bony and soft tissue removal and injected
indigo carmine (diluted 1:10) mixed with Isovue-300
(Bracco Diagnostics, Milan, Italy) for intraoperative
chromodiscography to aid in the removal of disc
tissue.”! The details of the outside-in endoscopic
decompression have been published elsewhere.** >
We used the Vertebris Endoscopic System (RIWO-
spine, GmbH, Knittlingen, Germany). Whenever

needed, the discectomy was facilitated by performing
a foraminoplasty with trephines, motorized burrs,
and Kerrison rongeurs. Once complete access to the
herniated disc was achieved, the decompression was
completed with forceps and radiofrequency. The
Elliquence Trigger Flex Radiofrequency System
(Elliquence LLC, Baldwin, NY) was used for thermal
annuloplasty and nucleoplasty in an attempt to
further complete the discectomy by shrinking frayed
annular and disc tissue.

Percutaneous IPS Placement

The cylindrical IPS was deployed between the
adjacent superior and inferior spinous processes of
the surgical level using the same posterolateral skin
incision and access portal. It was procured from a
local company of orthopedic devices (Ortomac SA,
Bogota, Colombia). Under fluoroscopic guidance, a
guide wire was passed into the interspinous space,
which was then bluntly dissected with serial dilators
and sizers. This instrument set provided with the
implant was used to establish the appropriate
implant size (Figure 2). Typically, the surgeon
authors (C.R.M., G.R.O., J.F.R.) deployed an
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Figure 3. Side-by-side demonstration of surgical steps (left panel) and fluoroscopic view (right panel) of the introduction of the IPS into the interspinous space over
the guide wire (top panel) and final deployment (bottom panels). Final implant position is checked intraoperatively in the posteroanterior and lateral fluoroscopic views

prior to closing the wound. IPS, interspinous process distraction system.

implant from 9 to 14 mm in size measured at the
center portion of the implant. To achieve a snug fit,
the final implant size was chosen by oversizing the
implant 1 mm larger than the last dilator that could
just barely be passed between the 2 adjacent spinous
processes. The IPS placement was finalized by
gently turning it into the interspinous space under
fluoroscopic image intensification in the posteroan-
terior and lateral plane to avoid postsurgical
migration (Figure 3). A representative case with
percutaneous placement of a cylindrical IPS at the
L5-S1 level is shown in Figures 4 and 5.

Mini—Open IPS Placement

After fluoroscopic verification of the surgical
level, the posterior elements were exposed through a
less than 4-cm midline after gentle dissection of the
paraspinal muscles without periosteal stripping,
disruption of the multifidus attachments, or viola-
tion of the facet-joint capsule. Then, the interspi-
nous ligament spanning the 2 adjacent spinous
processes was resected to assess the maximum

distraction possible to size the IPS implant. After
implantation of the 2 opposing IPS winglets, the
implant was assembled in the midline and stabilized
by introducing and tightening a Dacron band
around the 2 spinous processes at the surgical level
(Figure 6). The final implant position was verified
(Figure 7). A representative case is shown in Figure
8.

Clinical Outcomes Evaluation & Statistical Analysis

The preoperative baseline and postoperative
functioning data were recorded for all patients by
using a visual analog scale (VAS) for leg pain,® the
Oswestry Disability Index (ODI) score,”” ° and the
modified Macnab criteria.>® The descriptive statis-
tics (mean and standard deviation), cross-tabulation
statistics, and measures of association computed for
2-way tables using SPSS Statistics software, Version
26.0 (IBM Corp, Armonk, NY) were based on 2-
year follow-up data. The Pearson y°> and the
likelihood-ratio %> tests were used as statistical
measures of association. For the detailed outcome
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Figure 4. Representative intraoperative posteroanterior and lateral projections (top panels) taken during percutaneous endoscopic transforaminal decompression
and stabilization by percutaneous placement of a cylindrical IPS placed between the spinous processes of the symptomatic L5-S1 level. Postoperative images are

shown in the bottom 2 panels. IPS, interspinous process distraction system.

analysis, a 2-tailed ¢ test, analysis of variance
testing, and cross-tabulation statistics and measures
of association were computed for 2-way tables using
IBM SPSS Statistics software, Version 26.0. De-
scriptive statistic measures were used to calculate
the mean, range, and standard deviation as well as
percentage. Cross-tabulation methods were used to
assess for any statistically significant association
between stenosis type and clinical outcome data.
Pearson x> and Fisher exact test were used as
statistical measures of association. Expected cell
counts, continuity corrections, and likelihood ratios
were calculated for some analyses.

RESULTS

There was a total of 33 study patients. The
sample consisted of 19 men (55%) and 14 women
(45%) with an average age of 58.6 years (range, 30
to 91 years; SD = 16.57 years), who underwent
operations on 36 lumbar levels. The most treated
lumbar level was L4-L5 (n = 20), followed by L5-S1
(n=9), L2-L3 (n=15), and L3-L4 (n=2). For the 28

patients who received the percutaneous cylindrical
IPS, the clinical outcome analysis at a minimum 2-
year follow-up showed a significant reduction (P
<.001) of 4.48 points for the VAS for leg pain, from
8.60 (SD = 1.619) preoperatively to 4.12 (SD =
3.169). The average ODI reduction was 34.99, from
50.25 (SD = 15.26) preoperatively to 18.2 (SD =
16.47) postoperatively, which was also statistically
significant (P < .001). Macnab outcome analysis
showed high satisfaction with the combined PTED
IPS procedure. Excellent and good Macnab out-
comes were obtained in 78% of patients, with a total
of 81% reporting improvement of pain symptoms if
the fair outcomes were included. Six patients with
multi-level degenerative disc disease reported poor
Macnab outcomes and required additional surgery
at the index and other adjacent levels. There was no
infection, dural tear, vascular injury, or any other
intraoperative or postoperative complication.

In the 5 patients who received the mini—open
double winglet IPS with Dacron stabilization
between the 2 adjacent spinous processes, the
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Figure 5. Preoperative posteroanterior and lateral projections (left panels) of an 85-year-old woman with claudication symptoms who underwent 2-level
percutaneous endoscopic transforaminal decompression and stabilization by percutaneous placement of a cylindrical IPS placed between the spinous processes of
the symptomatic L4-L5 and L5-S1 levels with good Macnab outcome at final follow-up. Two-year postoperative images are shown in the right top panels. The standing
forward-flexion radiograph in the right bottom panel shows no instability. IPS, interspinous process distraction system.

Figure 6. After implantation of the 2 opposing IPS winglets, the implant is
assembled in the midline and stabilized by introducing and tightening a Dacron
band around the 2 spinous processes at the surgical level. IPS, interspinous
process distraction system.

clinical outcome analysis at a minimum 2-year
follow-up showed a significant reduction (P <
.001) of 5.2 points in the VAS for leg pain, from
9.0 (SD =0.707) preoperatively to 3.8 (SD = 3.563).
The average ODI reduction was 29.72, from 44.34
(SD = 3.563) preoperatively to 14.62 (SD = 6.976)
postoperatively, which was also statistically signif-
icant (P < .001). Macnab outcome analysis showed
high satisfaction with the combined PTED IPS
procedure. Excellent and good Macnab outcomes
were also obtained in 80% of patients, with all 5
patients reporting improvement of pain symptoms.
There were also no complications in this group of
patients.

DISCUSSION

LSS is defined as a spinal canal narrowing by
bone and soft tissues. This pathology is highly
related to aging and with degenerative changes in
facet joints, ligamentum flavum, posterior longitu-
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Figure 7. Representative intraoperative posteroanterior and lateral projections
are shown routinely used to verify the final IPS position. In this case, a 62-year-
old patient suffering from sciatica-type back and leg claudication symptoms due
to spondylolisthesis with associated foraminal stenosis underwent
percutaneous endoscopic transforaminal foraminotomy and discectomy and
stabilization by mini—open placement of a modular IPS placed between the
spinous processes of the symptomatic L5-S1 level. IPS, interspinous process
distraction system.

dinal ligament, and intervertebral disc. More than
80% of patients with LSS present with symptoms of
radicular pain.? It is clear that although degenera-
tive diseases of the spine (eg, disc disease, stenosis,
facet arthrosis) do not have high mortality rates,
they may generate significant discomfort and lower
quality of life. For the health care system, they
create extra costs related to the high number of
patients who need to undergo surgical treatment.
Current evidence shows that when nonsurgical care
with medical and interventional treatment has
failed, surgery is the best alternative.*'**? Surgical
care may be focused by limiting the operation to
pain generators that have been validated preopera-
tively. This selective and staged management
approach with endoscopic lumbar decompression
proposed by Yeung et al*® has been demonstrated to
be reliable and cost-effective. Another recent study>*
showed that the interspinous distraction systems are
also a reasonable, cost-effective alternative for open
LSS treatment.

The outcomes of the current feasibility study of
performing PTED in conjunction with simultaneous
IPS implantation at the same surgical level suggest

that there may be merit to further studying the
individual contributions from either the endoscopic
decompression or the stabilizing and distracting
effect of the IPS. The assumption is that clinical
outcomes were improved as a result of the
combination of these 2 procedures. At a minimum,
this argument is not contradicted by the lack of any
significant implant-related problems, such as dislo-
cation or migration of the IPS device within the
minimum 2-year follow-up period. Conversely, we
recognize the limitations of the current study,
including the fact that it is a retrospective case
series without a control group.

There have been several attempts at adding
stabilizing implants to the PTED procedure with
the declared goal of making it more reliable.
Because patients are searching for minimally inva-
sive outpatient procedures that are less disruptive to
their lives, this strategy of broadening the indica-
tions of endoscopic surgery with the addition of
implants or additional procedural steps to add
stability seems intuitive. This combination of PTED
with IPS is motivated by the desire to avoid some of
common complications associated with decompres-
sive laminectomy alone including failed back
syndrome and, ultimately, the need for salvage
fusion surgery. This concept needs to be further
investigated with a larger, prospective, and con-
trolled study.

The relatively high reoperation rates reported
with IPS surgery has been viewed as a weakness of
this procedure.’>* A recent systematic review™
shows that a common mode of failure of IPSs was
the loss of distraction due to erosion of the implant
into the adjacent spinous processes or mechanical
failure resulting in loosening. The lack of implant
failure and reoperation in the present study suggest
that there may be an added benefit to combining the
PTED with the IPS procedure, perhaps making
both methods more reliable. Despite the present
study’s limitations, we conclude that the addition of
IPS to the PTED has merit in select patients. The
indications and contraindications need to be studied
further in the short- and long-term.

CONCLUSION

The combination of PTED and interspinous
devices in an outpatient setting could be a viable
alternative to open LSS management. The low rate
of complications suggests that there is limited added
risk from combining these 2 procedures when
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Figure 8. Preoperative posteroanterior and lateral projections (left panels) of an 85-year-old woman with claudication symptoms who underwent 2-level
percutaneous endoscopic transforaminal decompression and stabilization by percutaneous placement of a cylindrical IPS placed between the spinous processes of
the symptomatic L4-L5 and L5-S1 levels with good Macnab outcome at final follow-up. Two-year postoperative images are shown in the right top panels. The standing
forward-flexion radiograph in the right bottom panel shows no instability. IPS, interspinous process distraction system.

performed by surgeons well-trained in each respec-
tive technique.
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