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Abstract

Objective. Postlaminectomy syndrome diagnoses secondary to adjacent segment degeneration are a substantial and
rising cause of morbidity in the United States. Emerging spinal cord neuromodulation technologies have produced
successful outcomes for postlaminectomy neuropathic pain but are less effective in treating neurogenic claudication
secondary to recurrent lumbar stenosis. Percutaneous interspinous process decompression systems can be used as a
salvage treatment modality for persistent structural neurogenic claudication in postlaminectomy syndrome or after
spinal cord stimulator implantation. Methods. This paper is a review of emerging evidence for efficacious utilization of
percutaneous interspinous process decompression. Results. A recent pragmatic trial of subjects who underwent per-
cutaneous interspinous process decompression for lumbar stenosis with intermittent neurogenic claudication
reported that 63% (26/41) maintained minimal clinically important improvement in visual analog scale (VAS) leg
pain, 61% (25/41) in VAS back pain, 78% (32/41) in function objective values, and 88% (36/41) reported satisfaction
with treatment at 12 months postop. All subjects in a small case series of seven individuals with postlaminectomy
adjacent-segment disease reported postoperative satisfaction scores of 3 or 4 on a 0-4 scale and were also able to
decrease or wean completely off controlled pain medications. In another study, there was a significant decrease in
average leg pain (60% improvement, P<0.0001, N=25) and axial low back pain (58% improvement, P<0.0001,
N =25) in patients who underwent one- or two-level percutaneous interspinous process decompression as a rescue
treatment for reemerging neurogenic claudication after spinal cord stimulator implantation. Conclusions. The spine
often is a focus of progressive disease. Furthermore, mechanical changes associated with spinal instrumentation
can lead to additional disease at adjacent levels. Many individuals will present with symptomatic neurogenic claudi-
cation recalcitrant to multimodal management strategies, including even the most sophisticated neuromodulation
technologies. Implementation of salvage percutaneous interspinus process decompression implantation in cases of
adjacent segment degeneration or incomplete spinal cord stimulation can decompress structural causes of neuro-
genic claudication while sparing the patient from more invasive surgical reoperation techniques.

Key Words: Interspinous Process Decompression;, Adjacent Segment Degeneration; Lumbar Spinal Stenosis; Neurogenic
Claudication; Postlaminectomy Syndrome.

©The Author(s) 2019. Published by Oxford University Press on behalf of the American Academy of Pain Medicine.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com S9


http://orcid.org/0000-0003-0605-0546
http://orcid.org/0000-0001-6861-0073
https://academic.oup.com/

S10

Deer et al.

Introduction

The number of spinal arthrodesis procedures performed
within the United States increased from 174,223 to
413,171 cases per year between 1998 and 2008 [1].
Increased utilization is a result of the evolution of instru-
mentation, less invasive surgical techniques, and evolving
technologies for decompression [2-6]. In practice, lum-
bar arthrodesis techniques are implemented for a vast ar-
ray of indications once nonoperative treatment
modalities fail. However, greater improvements in func-
tion and quality of life have been reported when lumbar
arthrodesis is performed for diagnoses such as spondylo-
listhesis, scoliosis, and primary disc disease rather than
diagnoses associated with surgical revision such as adja-
cent segment degeneration and pseudarthrosis [7].

Recurrent or persistent pain after lumbar decompres-
sion is categorized into “postlaminectomy” or “failed
back” syndromes. Axial low back pain often results from
iatrogenic instability or adjacent segment breakdown,
whereas neuropathic leg pain commonly occurs second-
ary to recurrent neuroforaminal stenosis or postoperative
perineural fibrosis [8,9]. Nonoperative treatment options
for postlaminectomy syndrome include physical therapy,
interventional pain techniques, pain-relieving medica-
tions, and pain psychology. Operative options range
from spinal cord or dorsal root ganglion stimulation to
extension of fusion construct/adjacent-level decompres-
sion and adhesiolysis. The annual incidence of surgery
for adjacent-segment disease following posterior decom-
pression and fusion (or open posterior lateral interbody
fusion or circumferential fusion) has been reported to be
2.5% per year. This means that one in four individuals
will require a repeat operation within 10 years of the ini-
tial arthrodesis. There are a number of risk factors for ac-
celerated adjacent segment disease. These include age
>60, termination of the fusion construct at the L5 level,
arthrodesis of three or more levels, and stand-alone de-
compression of the segment adjacent to instrumented lev-
els [10-12].

Spinal cord stimulation has been an indicated treat-
ment modality for postlaminectomy syndrome since gain-
ing approval from the US Food and Drug Administration
(FDA) in 1989 [13]. North et al. published a randomized
controlled trial (RCT) comparing outcomes in subjects
with postlaminectomy syndrome who were assigned to
either undergo implantation of an early-generation con-
ventional stimulation system or proceed with repeat
decompressive spine surgery. In this study, nine of 19
(47%) individuals with successful stimulator trials and
subsequent permanent implantation reported >50% im-
provement in pain and high levels of satisfaction at the
24-month follow-up, whereas only three of 26 (12%)
individuals who underwent repeat spine surgery achieved
successful outcomes [14]. North et al. later published a
cost-utility comparison of treating postlaminectomy syn-
drome with either early generations of spinal cord

stimulation technology or reoperation. They reported
that spinal cord stimulation was both more clinically ef-
fective and significantly less expensive than reoperation
procedures (mean cost per patient success was $117,901
for spinal cord stimulation; no reported cases of success
for reoperation despite mean per-patient expenditure of
$260,584) [15]. The authors of these studies concluded
that conventional spinal cord stimulator implantation
should be offered early for individuals with postlaminec-
tomy syndrome as an alternative to repeat decompressive
spine surgery.

Recent advances in spinal cord stimulation technology
include novel waveforms that provide paresthesia-
independent or improved paresthesia-based therapeutic
options to the patient [16,17]. Kapural and colleagues
published high-level evidence in the SENZA RCT study.
This study followed 198 subjects randomized to receive
either a high-frequency paresthesia-independent implant
(87% postlaminectomy syndrome) or conventional stim-
ulation system (86% postlaminectomy syndrome). The
authors reported that 71/90 subjects (78.7%) in the high-
frequency stimulation (10kHz) group, as opposed to 41/
81 subjects (51%) in the control group (conventional
tonic stimulation), reported >50% improvement in back
and leg pain sustained up to one year after implantation
[17]. These subjects have been followed out to two years
with sustained reduction in symptoms [18]. In contrast, a
Spanish RCT by DeAndres showed results that were sig-
nificantly worse for both high frequency - 10 kHz (HF-
10) and tonic stimulation in equally matched groups over
one year [19]. Deer and colleagues, in an FDA pivotal in-
vestigational device exemption, showed that a novel
burst waveform was statistically superior to tonic stimu-
lation over 12months [16]. These mixed results are
somewhat indicative of the duality of the therapy, with
outcomes ranging from a substantial percentage of sub-
jects reporting 100% pain relief in the SENZA trial to
approximately 23% of patients failing treatment and
requiring explantation in another study [17,20].

In spite of strong data in support of spinal cord stimu-
lation for the treatment of postlaminectomy syndrome,
some implanted patients fail to meet clinical success crite-
ria. The rate of unanticipated spinal cord stimulator ex-
plantation, inclusive of all types of conventional and
high-frequency neurostimulation devices, has been
reported to be approximately 7.9% per year [21].
Incomplete pain relief has been cited as the primary indi-
cation for device explantation in approximately half of
all cases [21,22]. Although technical factors that may
contribute to incomplete pain relief are well documented
(lead migration, incomplete paresthesia coverage), persis-
tent neurogenic claudication secondary to lumbar steno-
sis is the leading cause of spinal cord stimulation
treatment failure [23].

Interspinous process decompression (IPD) devices
were designed to provide a stand-alone method of
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treating neurogenic claudication secondary to lumbar ste-
nosis without disrupting the anterior and middle spinal
column elements. Systems such as the original Wallis sys-
tem (Abbott) and X-STOP (Medtronic) function through
two key mechanisms. First, longitudinal distraction be-
tween posterior spinal elements is created at the symp-
tomatic level to relieve neuroforaminal stenosis. Second,
these devices generate a relative focal kyphosis between
the two segments that reduces ligamentum flavum pro-
jection into the central canal [24-26]. Together, these
mechanisms work to increase central canal and neurofor-
aminal diameter while decreasing impingement on the
traversing nerve roots by hypertrophied soft tissue
structures.

The Superion device (Vertiflex, Inc., San Clemente,
CA; percutaneous IPD) is a low-profile evolution of pre-
vious IPD systems that can be implanted percutaneously
between symptomatic vertebral levels on an outpatient
basis. This technique has a number of potential advan-
tages and imparts results that parallel the open technique.
First, percutaneous IPD implantation has received ap-
proval from the FDA to be performed under monitored
anesthesia care. As a result, percutaneous IPD implanta-
tion can be performed with a reduced total operative
time and decreased risk of perioperative complications
compared with interspinous spacers implanted by an
open technique. In addition, indirect decompression has
been shown to produce similar improvements in quality
of life measures compared with open-procedure IPD
devices [27]. One major concern with open-procedure
IPD systems is the long-term durability of clinical im-
provement. Studies have reported the rate of revision de-
compression at the index level to be as high as 58%
within two years of open-procedure X-STOP implanta-
tion [28]. However, percutaneous IPD devices preserve
posterior stabilizing elements of the spine, which pre-
vents excessive physiological motion at the implanted
level, theoretically lowering the risk of future segmental
instability [29].

There is emerging clinical evidence that percutaneous
IPD systems are effective in treating lumbar spinal steno-
sis—associated sequela (Table 1). A prospective, multi-
center randomized controlled trial reported that
treatment with percutaneous interspinous process de-
compression (N =190) was noninferior to a control
group treated with an X-STOP interspinous process
spacer (N =201) when used to address moderate lumbar
spinal stenosis with intermittent neurogenic claudication.
At two years postop, both groups demonstrated similar
improvement in leg pain clinical success (76% [percuta-
neous IPD], 77% X-STOP, P < 0.05), back pain clinical
success (67% [percutaneous IPD], 68% X-stop,
P=0.90), Oswestry Disability Index clinical success
(63% [percutaneous IPD], 67% X-STOP, P=0.61), and
similar ZCQ patient satisfaction scores (1.66 [percutane-
ous IPD], 1.52 X-STOP, P < 0.05) [30]. Secondary analy-
sis of the interspinous process decompression treatment

arm of this trial determined that ~50% (94/190) of sub-
jects were using opioid medications at baseline, which
decreased to 13% (20/150) at 24 months and 7.5% (8/
107) at 60 months postop [31]. Furthermore, a recent
pragmatic trial of subjects that underwent percutaneous
interspinous process decompression for lumbar stenosis
with intermittent neurogenic claudication reported that
63% (26/41) maintained minimal clinically important
improvement in VAS leg pain, 61% (25/41) in VAS back
pain, 78% (32/41) in function objective values, and 88%
(36/41) reported satisfaction with treatment at 12 months
postop [32].

With the knowledge that neurogenic claudication
symptoms are a significant cause of spinal cord stimula-
tion failure, the advent of novel percutaneous IPD sys-
tems has the potential to allow patients minimally
invasive treatment of adjacent segment degeneration in
the form of lumbar spinal stenosis. In this way, percuta-
neous interspinous process spacers have been studied as a
salvage therapy in subjects with adjacent segment degen-
eration after lumbar fusion or incomplete relief from spi-
nal cord stimulation (Figure 1). All subjects in a small
case series of seven individuals with postlaminectomy ad-
jacent-segment disease reported postoperative satisfac-
tion scores of 3 or 4 on a 0—4 scale (0 least, 4 most) and
that patients were also able to decrease or wean
completely off opioid/opiate pain medications [33].
Another study presented at the 2019 North American
Neuromodulation Society Annual Meeting followed 25
patients who underwent one- or two-level percutaneous
interspinous process decompression as a rescue treatment
for recurrent neurogenic claudication after spinal cord
stimulator implantation. In this case series, there was a
significant decrease in average leg pain (60% improve-
ment, P <0.0001) and axial low back pain (58% im-
provement, P <0.0001). Opioid utilization was also
significantly decreased in the study group, with 17 of 19
individuals completely tapering off opioids at the time of
final follow-up (median=42days after IPD implanta-
tion) [34].

The prevalence of individuals who are >10years
post—lumbar arthrodesis with concomitant adjacent seg-
ment degeneration continues to rise every year. Many of
these individuals will present with symptomatic neuro-
genic claudication recalcitrant to multimodal manage-
ment strategies, including even the most sophisticated
neuromodulation technologies. Implementation of sal-
vage percutaneous IPD implantation can decompress
structural causes of claudication while sparing the patient
from more invasive surgical treatment options, such as
fusion construct extension, that have been shown to re-
sult in only modest clinical improvement.

Conclusions

The spine is vulnerable to progressive disease. Furthermore,
mechanical changes associated with spinal instrumentation
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Table 1. Emerging evidence of IPD treatment outcomes

Study Study Type No. of Patients Follow-up Period Criteria Outcomes Measured

Patel et al. (Spine 2015) Multicenter ran- 391 24 mo LSS with intermittent VAS (leg and back), ODI,
domized con- neurogenic patient satisfaction
trolled study claudication

Nunley et al. (JPR 2018) Post hoc analysis 190 24 mo, 60 mo LSS with intermittent Long-term narcotic use
of randomized neurogenic
controlled claudication
study

Deer et al. (ASRA 2018) Multicenter pro- 578 3 wk, 6 mo, 12 LSS with intermittent VAS (leg and back),

spective registry

Mehta and Misercola
(ASRA 2018)

Single site retro- 7
spective case
series

Multicenter retro- 32
spective review

Deer et al. (NANS 2019)

<ly

mo neurogenic blood loss, procedure
claudication time, patient
satisfaction
LSS adjacent to a VAS (leg, back, and over-

postprocedure prior lumbar fusion all), narcotic use, pa-

tient satisfaction

Median follow-up LSS treated following VAS (leg and back), nar-
length ineffective spinal cotic use, duration of
(range) was 42 cord stimulation previous SCS use
(21-240) d

Abbreviations: IPD, interspinous process decompression; LSS, Lumbar Spinal Stenosis; SCS, spinal cord stimulation; VAS, visual analog scale.
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Figure 1. A and B) Lateral and anteroposterior image of percu-
taneous interspinous process decompression implanted as a
salvage device after ineffective spinal cord stimulation therapy.

can lead to additional disease at adjacent levels. Many indi-
viduals will present with symptomatic neurogenic claudica-
tion recalcitrant to multimodal management strategies,
including even the most sophisticated neuromodulation
technologies. This has led to extension of the instrumenta-
tion in many cases. The possibility of less invasive therapies
should be considered in this patient group. Indirect lumbar
decompression via interspinous spacer is an emerging mini-
mally invasive technique for patients with a history of
implanted spinal cord stimulators or spinal instrumentation
who continue to experience symptoms due to progressive
neurogenic claudication.

References

1. Rajaee SS, Bae HW, Kanim LE, Delamarter
RB. Spinal fusion in the United States: Analysis
of trends from 1998 to 2008. Spine 2012;37
(1):67-76.

2. Schwender JD, Holly LT, Rouben DP, Foley KT.
Minimally invasive transforaminal lumbar interbody
fusion (TLIF): Technical feasibility and initial results.
Clin Spine Surg 2005;18:51-6.

3. Guiot BH, Khoo LT, Fessler RG. A minimally inva-
sive technique for decompression of the lumbar spine.
Spine 2002;27(4):432-8.

4. Kim CW. Scientific basis of minimally invasive spine
surgery: Prevention of multifidus muscle injury
during posterior lumbar surgery. Spine 2010;
35(Suppl):5281-S286.

5. Ozgur BM, Aryan HE, Pimenta L, Taylor WR.
Extreme lateral interbody fusion (XLIF): A novel sur-
gical technique for anterior lumbar interbody fusion.
Spine ] 2006;6(4):435-43.

6. Mayer MH. A new microsurgical technique for mini-
mally invasive anterior lumbar interbody fusion.
Spine 1997;22(6):691-9.

7. Glassman SD, Carreon LY, Djurasovic M, et al.
Lumbar fusion outcomes stratified by specific diag-
nostic indication. Spine J 2009;9(1):13-21.

8. Lee Y-P, Sclafani J. Lumbar iatrogenic spinal instabil-
ity. Semin Spine Surg 2013;25(2):131-7.

9. Suk K-S, Lee H-M, Moon S-H, Kim N-H. Recurrent
lumbar disc herniation: Results of operative manage-
ment. Spine 2001;26(6):672-6.

10. Sears WR, Sergides IG, Kazemi N, Smith M, White
GJ, Osburg B. Incidence and prevalence of surgery at
segments adjacent to a previous posterior lumbar ar-
throdesis. Spine J 2011;11(1):11-20.


Deleted Text: that

Percutaneous Interspinous Process Decompression for Symptomatic Lumbar Adjacent-Segment Degeneration

S13

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

Cheh G, Bridwell KH, Lenke LG, et al. Adjacent seg-
ment disease following lumbar/thoracolumbar fusion
with pedicle screw instrumentation: A minimum 5-
year follow-up. Spine 2007;32(20):2253-7.

Ghiselli G, Wang JC, Bhatia NN, Hsu WK, Dawson
EG. Adjacent segment degeneration in the lumbar
spine. JBJS 2004;86(7):1497-503.

Devulder J, De Laat M, Van Bastelaere M, Rolly G.
Spinal cord stimulation: A valuable treatment for
chronic failed back surgery patients. J Pain Symptom
Manag 1997;13(5):296-301.

North RB, Kidd DH, Farrokhi F, Piantadosi SA.
Spinal cord stimulation versus repeated lumbosacral
spine surgery for chronic pain: A randomized, con-
trolled trial. Neurosurgery 2005;56(1):98-107.
North RB, Kidd D, Shipley J, Taylor RS. Spinal cord
stimulation versus reoperation for failed back surgery
syndrome: A cost effectiveness and cost utility analy-
sis based on a randomized, controlled trial.
Neurosurgery 2007;61(2):361-9.

Deer T, Slavin KV, Amirdelfan K, et al. Success Using
Neuromodulation with BURST (SUNBURST) study:
Results from a prospective, randomized controlled
trial using a novel burst waveform. Neuromodulation
2018;21(1):56-66.

Kapural L, Yu C, Doust MW, et al. Novel 10-kHz
high-frequency therapy (HF10 therapy) is superior to
traditional low-frequency spinal cord stimulation for
the treatment of chronic back and leg pain the
SENZA-RCT  randomized  controlled  trial.
Anesthesiology 2015;123(4):851-60.

Kapural L, Yu C, Doust MW, et al. Comparison of
10-kHz  high-frequency and traditional low-
frequency spinal cord stimulation for the treatment of
chronic back and leg pain: 24-month results from a
multicenter, randomized, controlled pivotal trial.
Neurosurgery 2016;79(5):667-77.

De Andres J, Monsalve-Dolz V, Fabregat-Cid G, et al.
Prospective, randomized blind effect-on-outcome
study of conventional vs high-frequency spinal cord
stimulation in patients with pain and disability due to
failed back surgery syndrome. Pain Med 2017;18
(12):2401-21.

Hayek SM, Veizi E, Hanes M. Treatment-limiting
complications of percutaneous spinal cord stimulator
implants: A review of eight years of experience from
an academic center database. Neuromodulation
2015;18(7):603-9.

. Van Buyten JP, Wille F, Smet L, et al. Therapy-related

explants after spinal cord stimulation: Results of an
international retrospective chart study.
Neuromodulation 2017;20(7):642-9.

Pope JE, Deer TR, Falowski S, et al. Multicenter ret-
rospective study of neurostimulation with exit of ther-
apy by explant. Neuromodulation 2017;20
(6):543-52.

review

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Son B-C, Kim D-R, Lee S-W, Chough C-K. Factors as-
sociated with the success of trial spinal cord stimula-
tion in patients with chronic pain from failed back
surgery syndrome. J Korean Neurosurg Soc 2013;54
(6):501-6.

Bono CM, Vaccaro AR. Interspinous process devices
in the lumbar spine. Contemp Spine Surg 2007;20
(3):255-61.

Lee J, Hida K, Seki T, Iwasaki Y, Minoru A. An inter-
spinous process distractor (X STOP) for lumbar spi-
nal stenosis in elderly patients: Preliminary
experiences in 10 consecutive cases. Clin Spine Surg
2004;17:72-7.

Siddiqui M, Nicol M, Karadimas E, Smith F,
Wardlaw D. The positional magnetic resonance imag-
ing changes in the lumbar spine following insertion of
a novel interspinous process distraction device. Spine
2005;30(23):2677-82.

Bini W, Miller LE, Block JE. Minimally invasive
treatment of moderate lumbar spinal stenosis with
the Superion® interspinous spacer. Open Orthop J
2011;5(1):361-7.

Verhoof O], Bron JL, Wapstra FH, Van Royen BJ.
High failure rate of the interspinous distraction device
(X-Stop) for the treatment of lumbar spinal stenosis
caused by degenerative spondylolisthesis. Eur Spine J
2008;17(2):188-92.

Goyal A, Goel VK, Mehta A, Dick D, Chinthakunta
SR, Ferrara L. Cyclic loads do not compromise func-
tionality of the interspinous spacer or cause damage
to the spinal segment: An in vitro analysis. Crit Rev
Neurobiol 2008;18:289-302.

Patel VV, Whang PG, Haley TR, et al. Superion inter-
spinous process spacer for intermittent neurogenic
claudication secondary to moderate lumbar spinal ste-
nosis: Two-year results from a randomized controlled
FDA-IDE pivotal trial. Spine 2015;40(5):275-82.
Nunley PD, Deer TR, Benyamin RM, Staats PS, Block
JE. Interspinous process decompression is
associated with a reduction in opioid analgesia in
patients with lumbar spinal stenosis. ] Pain Res 2018;
11:2943-8.

Deer T, Sayed D, Cairns K. Interspinous Process
Decompression for Lumbar Spinal Stenosis: Real
World Experience from a Device Registry. San
Antonio, TX: ASRA; 2018.

Mehta P, Britteny M. Interspinous Spacer (Superion)
in the Treatment of Adjacent Segment Disease After
Lumbar Fusion. San Antonio, TX: ASRA;2018.

Deer T, Mehta P, Bownlow R, Bovinet C, Li S.
Interspinous process decompression provides effec-
tive treatment for lumbar spinal stenosis following
spinal cord stimulation inefficacy. Paper presented at:
North American Neuromodulation Society Annual
Meeting; January 17 — January 20, 2019; Las Vegas,
NV.



	pnz247-TF1

