Pain Physician. 2003;6:113-118, ISSN 1533-3159

DORSAL COLUMN STIMULATION FOR LUMBAR SPINAL STENOSIS

Gilbert S. Chandler, Ill, MD-Bruce Nixon, MD, L. Todd Stewart, MD and Jennifer Love

Surgical decompression has been considered the gold stan-
dard for the symptomatic spinal stenotic patient. Thirty thousand
decompressive procedures are performed annually and this number
is expected to increase as the American population ages. Options
are limited for the stenotic patient classified as a “poor surgical risk”.
Furthermore review of the literature indicates mixed results even in
optimal populations. Nonsurgical approaches including epidural
steroids and percutaneous adhesiolysis have not been completely
evaluated.

Spinal cord stimulation has a long safe efficacious history in the
treatment of neuropathic extremity pain but has never been evalu-
ated in the treatment of spinal stenosis.

This retrospective cohort of 55 patients receiving spinal cord

stimulation was selected from a total of 72 patients presenting with
spinal stenosis over a 4 year period. Twenty-one underwent subse-
qguent permanent implantation with success rate of 67% at 1.5 years.
Twelve elected to not receive implant despite “ successful trial”. 22
had “failed trial”. Verbal pain scores, narcotic intake, and function
were monitored.

Spinal cord stimulation is a promising nondestructive alterna-
tive in the treatment of symptomatic spinal stenosis. Mild-moderate
stenosis, predominate leg pain, and “positive” exercise treadmill
appear to be positive predictors. Prospective trials with rigorous
statistical designs are needed.
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Lumbar spinal stenosis (LSS) is a
common entity in the elderly and is likely
to become more prevalent with the gray-
ing of the U.S. population. In fact, it has
been estimated that over 30,000 surgical
procedures are performed annually for
degenerative spinal stenosis (1).

Clinically LSS is characterized by
the onset of neurogenic claudication.
The pathogenesis remains controversial
and may be related to vascular insuf-
ficiency or mechanical compression (2).
Typically this pain is initiated by standing
and/or walking. The onset of leg pain
can be variable and may be described as
an “achiness” or heaviness in the calves
(3). Relief is usually obtained by forward
flexion “Simeon stance” and assuming
the seated position (4). In addition,
walking uphill tends to delay radicular
symptoms, while walking downhill tends
to extend the spine, thus hastening leg
pain (5). This positional pain syndrome,
although rarely leading to “paralysis”, can
lead to significant disability as the disease
progresses. MRI, CT, and CT/myelogram
are all utilized, but cannot predict the pain
severity or functional status of the patient
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(6-9). Classic radiographic abnormalities
are a sagittal diameter of less than 11 mm,
spinal canal area of less than 1.45 cm and
a lateral recess depth of less than 3 mm
(10, 11). Obliterated fatty tissues and hy-
pertrophic soft tissues may also be noted
by MRI scan (12). EMG abnormalities
are common, but may be less specific with
more than one involved level (13, 14).
Furthermore, the surgical approach
typically results in significant pain reduc-
tion and lifestyle restoration (15, 16).
Fluoroscopically-guided selective nerve
root injection may also be helpful in iden-
tifying the symptomatic level in cases of
multilevel disease (17). Decompressive
surgery has emerged as the benchmark of
treatment when conservative approaches
have failed or major neural deficits or
evolving neural damage is present (18).
The maturation of this surgical decom-
pression has raised several questions
regarding improved outcome. Outcome
predictors include health self-perception,
low cardiovascular co-morbidity (19),
multiple laminectomy (16), and predomi-
nant back pain component (20). In addi-
tion, the cost effectiveness of instrument-
ed fusion yields poor incremental gains in
outcome versus non-instrumented fusion
(21). This becomes particularly impor-
tant when evaluating the patient with
multilevel spondylotic pathology. A lit-
erature review also reveals persistent back

pain after surgical decompression, and
repeat operation and significant deterio-
ration in walking capacity (22). Turner et
al (23) in a large meta-analysis concluded
that a good-excellent outcome is achieved
in only 64% of stenotic patients. These
observations initially led this group to
consider a non-destructive procedure as
a precursor/alternative to decompressive
laminectomy in a select group of stenotic
patients with co-morbid cardiac and pul-
monary disease. Initially, these patients
were felt to be a significant perioperative
risk secondary to their co-morbid condi-
tions and diffuse spinal pathology.

Spinal cord stimulation (SCS) has
a long history of efficacy regarding pain-
ful radiculopathy in the “failed back
syndrome” (24-26). The capability to
perform a percutaneous lead placement
further allowed assessment prior to
consideration of permanent implant.
This “trial” can be performed with low
morbidity and emulates the permanent
procedure (27). SCS therapy carries a
favorable cost-effectiveness profile in pa-
tients with persistent pain and failed back
surgery syndrome (28, 29). A 3-5 day trial
with the percutaneous leads placement as
an outpatient is a routine at our station.
Efficacy is monitored by the patient’s pain
report, analgesic use, and activity level. If
the intensity of pain reported is improved
by at least 50%, analgesic use is decreased
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and the patient describes an increased
activity level, then permanent implanta-
tion is offered. We utilize a three week
follow-up after the trial to eliminate or
“wash-out” placebo impact. During this
visit all data is reviewed and the decision
whether to offer a permanent implant is
made. After 2.5 years into data collection,
an exercise treadmill was incorporated 1-2
days pre-and-post trial lead placement to
quantify impact of SCS. Further “a disin-
terested third party observer” (treadmill
operator), observation is added. This adds
a reproducible, and a quantifiable means
of assessing the SCS’s functional impact
on the physiologic detriment imposed by
spinal stenosis (8, 30). Despite an approxi-
mately 30-year history of SCS, continued
refinement of patient selection, and
advances in implantable hardware, this
series represents the first-reported specific
role of SCS for lumbar spinal stenosis.

MEeTHODS

Seventy-two consecutive patients
referred to our multi-specialty clinic for
management of spinal stenosis after failure
of conservative care. Each participant un-
derwent evaluation by interventional pain
management and neurosurgery. All had
been diagnosed as having spinal stenosis
with CT, CT/myelogram, or MRI. This
retrospective study examined the out-
come of SCS to all patients referred to our
facility for the management of LSS over a
four year period. Chart review, office visit,
and phone follow-up were performed by
the principal investigators. Patients were
advised to return as needed after the ini-
tial post-op visit. Routine follow-up visits
were not scheduled, therefore data was
collected by office visits, phone contact
and chart review. Seventy-two consecu-
tive patients had LSS confirmed by CT
scan (with or without myelogram) or
MRI. All patients received fluoroscopic-
guided transforaminal steroid injections
with highly variable degrees of benefit.
Statistical analysis of response to trans-
foraminal injections was not performed.
Once therapeutic benefit was no longer
demonstrated SCS was offered to those
who met inclusion criteria. Inclusion cri-
teria included; consent to treatment and
some component of leg pain. Exclusion
criteria was; failure to consent, pure axial
back pain and anticoagulant therapy. After
thorough discussion of the rational, risks,
and expected benefits trial leads were
placed. This was accomplished in the
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operating room with strict sterile condi-
tions and fluoroscopic guidance. All were
placed with local anesthesia and minimal
sedation. A single lead “Quad Plus” was
utilized in all cases, analgesic coverage was
achieved with placement in the vertebral
mid-Thoracic-9 vicinity for most cases.
Patients were discharged that day and
followed up 4 -5 days later. At that time,
temporary lead was removed and SCS
efficacy was evaluated by the physician.
Repeat evaluation was then performed 14
— 21 days later in the “successful trials” to
diminish any placebo and, if still deemed
beneficial referral to neurosurgeon for
permanent implant was made. Perma-
nent implants were then placed in the
operating room with monitor anesthesia
care anesthesia as 23-hour admissions.
The “Resume” Medtronic paddle lead was
inserted with a mini-laminotomy in all
cases. Post-operative follow up was at one
week by the neurosurgeon or as needed by
the pain management team. Patient fol-
lowup and chart review examined charac-
teristics such as patient age, radiographic
characteristics, subjective  descriptors
and response to selective nerve blockade.
Subjective pain relief, functional improve-
ment, and changes in medications were
reviewed at trial completion, and 1.5
years. Any complications were recorded.
Pain relief of greater than 50 % and/or
improvement of functional status with
decrease in medications was considered
significant.

Extensive statistical analysis was not
performed secondary to retrospective de-
sign, small sample population, and lack of
suitable control.

ResuLTs

Fifty-five patients with the diagnosis
of LSS received a spinal cord stimulation
trial from December 1997 to December
2001.. The average age was 77 years, and
the range was 58 — 88. All had predomi-
nately leg pain (neurogenic claudication),
and none had axial pain only. The degree
of spinal stenosis was not quantified on all
patients. The degree of impairment was
variable ranging from mild to wheel chair
dependency. Pre-op medications ranged
from NSAIDS only to methadone with
the majority on some form of schedule
IT or III narcotics. Visual analogue scores
(VAS) were tracked — ranging from 4-10,
average 8. Psychological evaluations were
not performed as overt psychopathology
nor obvious secondary gain issues were

evident. No complications were noted.
Twenty-one were deemed “successful”
(successful trial-permanent implant or
STPI) thus receiving implants. Twenty-
two were labeled “failed trial — no im-
plant” (FTNI). Twelve had positive trials,
but did not progress to permanent im-
plant status (successful trial-no implant,
STNI).  Analgesia, medication intake,
and change in activities of daily living
(ADLs) were considered in the stimula-
tor evaluation. A reduction of pain by
50% or greater was considered significant.
This combined with an improvement
of ADLs usually warranted permanent
implant status even if medications were
unchanged. Later the exercise treadmill
was also utilized to measure the impact of
stimulation on ADLs, specifically neuro-
genic claudication. There were no statisti-
cally significant differences in age between
the three groups (average age 73). The
STPI group demonstrated improved an-
algesia (20/21), improved ADLs (13/14)
and reduced medication requirements
(17/21) at trial completion. 14/21 expe-
rienced persistent analgesia (67%) at 1.5
years. This was defined as; greater than
50% subjective relief and/or decrease in
medication or improvement in function.
Two were lost to follow-up and five were
classified as failures. One of the “failures”
deemed a nonsurgical candidate had un-
dergone permanent implantation without
a trial secondary to inability to place a
percutaneous lead.

The STNI group (n = 12) also had
significant analgesia, and improved ADL’s
with stimulation. Reasons for implant re-
fusal were as follows: three expired prior
to implant, spouse death (one), one could
not recall trial, three “changed their mind”,
one underwent hip surgery, and three la-
beled the stimulation as dysesthetic.

DiscussioN

Spinal stenosis is a progressive dis-
ease and is not static. Furthermore, this
progression is affirmed in the literature
by the need for additional operations
and a deteriorating surgical result (22).
Johnsson et al (31) noted that in surgical
patients 60% improved, while 25% dete-
riorated compared to the conservatively
treated patients, 30% improved and 60%
remained unchanged. Johnsson et al (32)
in examining the natural course of spinal
stenosis concluded that in 70% symptoms
were unchanged, worse in 15%, and im-
proved in 15% over an approximate 4 year
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period. Initially our decision to utilize
SCS for this clinical entity was restricted
to patients whom were declared “poor”
surgical risk by their primary physician.
However, as our experience grew, the
inclusion criteria began to expand as an
alternative to decompressive surgery.
This study may be criticized for its ret-
rospective nature, but this was the logical
starting point because there are no large
stenosis-specific studies. There was no at-
tempt to perform psychologic evaluation
as a precursor to stimulator trial, possibly
allowing psychological co-variables to in-
crease the failure rate. Multiple variables
were examined in an attempt to predict
outcome including age, pain location,
subjective pain descriptors, response to
fluoro-guided, injections, stenosis severity
(radiologic) and treadmill performance.
Pain location was divided into three cate-
gories; predominately leg or back, or back
equal leg pain. In our series, radicular
pain appeared to be a positive predictor
comprising the majority of the successful
trials (Fig. 1). All trials utilized a single 4-
channel lead, which is consistent with the
historical “best” stimulator candidate (33-
35). Future studies might consider the
impact of “dual-lead” or multi-channel
stimulation to obtain wider pain coverage
and possibly reduce coverage decay as the
disease progresses.

Several studies have investigated the
role of epidural steroids in spinal stenosis
with mixed results. Fukusaki et al (36)

showed no benefit for neuro-claudication
comparing interlaminar steroid versus
placebo. However, Ciocon et al (37)
demonstrated a significant reduction of
pain with caudal epidural steroids. Fur-
thermore Manchikanti et al (38) showed
promise with percutaneous adhesiolysis
in a cohort of 18. In this group between
1 and 10 adhesiolysis procedures were
performed over 3 years. 56% received
4 injections and there appeared to be a
cumulative benefit with each injection.

However, significant therapeutic decay
was still observed over time. We elected
to proceed directly to spinal cord stimu-
lation if minimal therapeutic benefit was
demonstrated with transforaminal epi-
dural steroid injections. This was based
upon lack of literature-based efficacy for
any non-surgical modalities including hy-
pertonic saline adhesiolysis at the time of
this study. Furthermore, the risk/ benefit-
ratio of spinal cord stimulation was very
appealing. In our experience of 55 pa-
tients, all have failed between one to three
fluoro-guided transforaminal injections
prior to consideration for SCS.  Derby
et al (39) have examined the predictive
value of steroid response to surgical out-
come and we extrapolated that would be
similar for spinal stenosis. However, there
was no predictive value in the steroid re-
sponse for SCS outcome (Fig. 2). In fact,
the “failed trial” had the best response to
the transforaminal blocks. Perhaps in this
group (prolonged steroid effect) multiple
injections should be considered as per
Manchikanti’s protocol. In addition, this
may imply more of a nociceptive compo-
nent to the stenosis, thus predictive of a
poor outcome with stimulation (40).
Numerous studies have examined
the relationship between the degree of
radiologic pathology, symptomology and
outcome with variable results. Amundsen
et al (41) failed to demonstrate any asso-
ciation between pain severity and degree
of stenosis. Katz et al (42) concluded that
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radiographic variables are not associ-
ated with outcome in a prospective 2-year
postoperative study of stenotic patients.
Our data, on the other hand, suggests
that patients with severe stenosis are more
likely to have a “failed trial”. Those with
mild-to-moderate stenosis seem to expe-
rience a “positive trial” proceeding to full
implant (Fig. 3A & 3B). The GTNI group
had an almost equal number of severely
and mild-moderate stenotic patients.
This “ambivalent” group may indeed be
Katz’s group with poor health perception;
therefore future trials should emphasize
health perceptions and expectations, as he
suggested (42).

The role of the exercise treadmill
test (ETT) in assessing the impact of de-
compressive laminectomy has been well
described (8) and was eventually incorpo-
rated into our evaluation. We evaluated
the impact of SCS on walking distance
(minutes), speed, heart rate, verbal pain
scores every 30 sec, and time to maxi-
mum VPS. Positive ETT was defined as
improved walking distance or decreased
work load (heart rate decreased) and/or
decreased verbal pain score. Although
the ETT sample size was too small for
bold conclusions, the ability to quantify
walking distance, VAS scores, and hemo-
dynamic variables pre- and post-SCS lead
insertion was intriguing (Table 1). In fact,
in most cases the ETT showed improve-
ment of VAS scores and hemodynamic
measures. Potentially, as our knowledge
of ETT improves, it may become a very
“sensitive” tool for SCS screening. Deen et
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al (8) suggests ETT can be effectively uti-
lized preoperatively to defer surgery if an
unexpectedly positive trial occurs. Tread-
mill testing may assist in distinguishing
between  generalized  deconditioning
(fatigue without leg pain) versus true
neurogenic claudication (leg pain). The
deconditioned group therefore may con-
sider reconditioning prior to a SCS trial.
Subjective pain descriptors were also
examined with respect to outcome. Pain

described as “all the time” or made worse
“by everything” were felt to be harbingers
of a psychological component and not
characteristic of classic neurogenic clau-
dication, thus precluding a successful trial.
While psychological distress can impact
pain perceptors its role in determining out-
come is less clear (43). The combination
of the primary author’s 9 year experience
with SCS and the obvious spine pathology
is this cohort lulled us into the abandon-

Table 1. Exercise Treadmill Results: SCS Implanted

Patient #1 Pre 2 1/2 Minutes 1.5 mph VPS=9 HR- 110
Post 4 Minutes 2.5 mph VPS=o0 HR- 106
Patient #2 Pre 5 Minutes 1.5 mph VPS=8 HR- 138
Post 10 Minutes 1.5 mph VPS=7 HR- 137
Patient #3 Pre 30 Seconds o mph VPS=3 HR- 68
Post 1 1/2 Minutes .5 mph VPS= 4 HR- 106
Patient #4 Pre 10 Minutes 2.0 mph VPS=6 HR- 106
Post 12 Minutes 2.0 mph VPS= 2.5 HR- 98
Patient #5 Pre 2 Minutes 1.0 mph VPS=9 HR- 77
Post 12 Minutes 1.2 mph VPS=2 HR- 74
Patient #6 Pre 8 1/2 Minutes .9 mph VPS= 10 HR- 110
Post 9 Minutes 1.0 mph VPS=8 HR- 112
Patient #7 Pre 3 1/2 Minutes .5 mph VPS=8 HR- 83
Post 3 Minutes .5 mph VPS= 5 HR- 96
Patient #8 Pre 8 1/2 Minutes 1.0 mph VPS= 8.5 HR- 80
Post 1 1/2 Minutes 1.0 mph VPS= 2 HR- 95
Patient #9 Pre 11/2 Minutes .5 mph VPS=8 HR- 75
No Post
Patient #10 Pre 2 Minutes 1.0 mph VPS=8 HR- 64
Post 3 Minutes 1.0 mph VPS=o0 HR- 93
Patient #11 Pre 10 Minutes 3.0 mph VPS= 2 HR- 120
Post 10 Minutes 3.3 mph VPS=g HR- 113

VPS= Verbal Pain Score

HR= Heart Rate

SCS= Spinal Cord Stimulator
MPH= Miles Per Hour
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Table 2. Exercise Treadmill Results: Non Implant

Patient #12 Pre 3 Minutes 2.0 mph VPS= 10 HR- 118
Post 2 1/2 Minutes 2.0 mph VPS=6 HR- 83

Patient #13 Pre 16 Minutes 2.5 mph VPS=2 HR- 87
Post 17 Minutes 2.5 mph VPS= 2 HR- 123

Patient #14 Pre 6 Seconds 1.8 mph VPS= 4 HR- 120
Post 10 Minutes 2.0 mph VPS= o0 HR- 120

Patient #15 Pre 6 Minutes 1.5 mph VPS=8 HR- 140
Post 5 1/2 Minutes 2.5 mph VPS=g5 HR- 81

Failed Trial

Patient #16 Pre 5 Steps VPS= 10 HR- 94
Post 37 Steps VPS= 10 HR- 84

VPS= Verbal Pain Score
HR= Heart Rate
MPH= Miles Per Hour

...

STNI 83%

FT 68%

o) 5 10

FT= Failed Trials

STPI= Successful Trial, Permanent Implant
STNI= Successful Trial, No Implant

15 20 25

Fig. 4  Subjective Descriptors. Proportion of patients describing that
“everything hurts all the time” (HATT)

ment of our usual psychological screening.
Interestingly, in isolating these subjective
variables the STNI had the highest preva-
lence (Fig. 4). Future recommendations
might be a limited psychological assess-
ment (age-specific) that evaluates cognitive
function along with standard psychological
variables.

CoNCLUSION

In summary, while limited by its
retrospective nature, this represents the
largest reported number of cases of spinal
stenosis undergoing SCS. Many questions
arose in attempting to identify the “ideal”
patient and similar to a traditional surgi-
cal approach success is multi-factorial.
“Overall success rates for SCS trials in
patients with spinal stenosis were 60%
and for permanent SCS implants were
67%. Their success rates were similar

to previously published success rates for
other SCS indications such as Failed Back
Surgery Syndrome” (33). It is possible that
if patients were screened for significant
co-morbid disease, the success rates may
have been higher. Earlier studies show a
wide degree of “success” with SCS (44,
45). The “failed trials” are not factored
in long-term follow up (46). This is com-
mon in evaluating procedures for chronic
pain where a screening test is utilized and
would affect the outcome for our study
population. This study suggests SCS war-
rants future investigation especially when
compared to a non-reversible, destruc-
tive approach with its own wide range
of reported success (23). Although our
numbers are small, it appears that pre-
dominate “leg pain”, mild-to-moderate
stenosis and a positive treadmill test are
the best predictors for a sustained benefit.

Future considerations would include cog-
nitive and psychological testing, pre-trial
“TENS” application (screening for tech-
nical overload), and utilization of multi-
channel leads. Ultimately, prospective
trials are needed to determine the role of
SCS in treating lumbar spinal stenosis.
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