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Background: Epidural injections are performed to manage lumbar central spinal
stenosis pain utilizing caudal, interlaminar, and transforaminal approaches. The
literature on the efficacy of epidural injections in managing lumbar central spinal
stenosis pain is sparse; lacking multiple, high quality randomized trials with long-term
follow-up.

Methods: Two randomized controlled trials of the caudal and lumbar interlaminar
approaches that assessed 220 patients with lumbar central spinal stenosis were
analyzed.

Results: The analysis found efficacy for both caudal and interlaminar approaches in
managing chronic pain and disability from central spinal stenosis was demonstrated.
In the patients responsive to treatment, those with at least 3 weeks of improvement
with the first 2 procedures, 51% reported significant improvement with caudal
epidural injections, whereas it was 84% with local anesthetic only with interlaminar
epidurals, 57% with caudal and 83% with lumbar interlaminar with local anesthetic
with steroid. The response rate was 38% with caudal and 72% with lumbar
interlaminar with local anesthetic only and 44% with caudal and 73% with lumbar
interlaminar with local anesthetic with steroid when all patients were considered. In
the interlaminar approach, results were superior for pain relief and functional status
with fewer nonresponsive patients compared to the caudal approach.

Limitations: The data was derived from 2 previously published randomized,
controlled trials rather than comparing 2 technigues in one randomized controlled
trial. Further, the randomized controlled trials were active control trials without a
placebo.

Conclusions: The results of this assessment showed significant improvement in
patients suffering with chronic lumbar spinal stenosis with caudal and interlaminar
epidural approaches with local anesthetic only, or with steroids in a long-term follow-
up of up to 2 years, in contemporary interventional pain management setting, with
the interlaminar approach providing significantly better results.

Key Words: Caudal epidural, lumbar interlaminar, transforaminal epidural, steroids,
local anesthetic, central spinal stenosis, radiculitis
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ow back pain is the number one cause of

disability (1) and lumbar spinal stenosis is

one of the 3 most common diagnoses of low
back and leg pain for which surgery is performed
(2). Among the multitude of modalities available in
managing patients with symptomatic lumbar central
spinal stenosis, surgery is considered as the gold
standard (2,3). However, a review of current data
demonstrates a lack of consensus and wide variability
in surgical decision-making for patients with lumbar
spinal stenosis (4-7). Despite the continuing debate
concerning outcomes, surgical interventions for
spinal stenosis are increasing (3-15). Consequently, a
multitude of new technologies have been developed
including interspinous spacers, minimally invasive
lumbar decompression (mild® (Vertos Medical, Aliso
Viejo, CA) and interventional techniques such as
epidural injections and percutaneous adhesiolysis
(7,16-29). In a survey of surgeons, (69%) considered
epidural steroid injections to be the first-line invasive
treatments for lumbar spinal stenosis after a course
of conservative management has failed to provide
significant relief among patients referred for surgical
interventions (17). Radcliff et al (7) has opined that the
high rate of epidural steroid injection use continues
despite conflicting reports regarding the efficacy of
this treatment in randomized controlled trials and a
lack of cost effectiveness. However, their subgroup
analysis provided inappropriate conclusions because
of improper inclusion of the literature and a poorly
designed retrospective analysis and large differences
in sample sizes.. Multiple systematic reviews
(14,27,28,30-32), clinical trials of caudal, interlaminar,
and transforaminal approaches of effectiveness
(33-41) and cost effectiveness studies in managing
lumbar central spinal stenosis with a caudal approach
(42) have been published. In addition, multiple
factors influence the outcomes of epidural injections
in spinal stenosis (43-49).

Debate and controversy were sensationalized
with the publication of Friedly et al’'s manuscript (39),
accompanying editorial (50), and criticism (51). Epi-
dural injections in the lumbar spine are administered
by 3 approaches, namely — caudal, lumbar interlaminar,
and lumbosacral transforaminal. Epidural injections
are administered in patients after other conservative
modalities of managing pain have failed, including an-
algesic medications, exercise, physical therapy, and/or
chiropractic. Assessments of caudal epidural injections,
interlaminar epidural injections, and transforaminal

epidural injections have shown mixed results in system-
atic reviews; however, a comparative analysis of the 3
approaches has not been performed in managing cen-
tral spinal stenosis. A randomized trial comparing lum-
bar interlaminar and transforaminal epidural injections
showed some superiority for bilateral transforaminal
epidural injections in a moderate-quality trial; however,
bilateral transforaminal epidural injections are associat-
ed with high risk and are not practical (52). Further, the
study comparing caudal and transforaminal epidural
injections is an observational study (49).

Two high-quality randomized controlled trials of
caudal and interlaminar epidural injections in lumbar
central spinal stenosis with 2-year follow-up with an
active controlled design performed in the same setting
with a similar protocol showed efficacy for both ap-
proaches with local anesthetic and steroids (34,35). In
these trials, in responsive patients with at least 3 weeks
of significant improvement with 2 procedures, signifi-
cant improvement was seen in 54% of the patients in
the caudal group compared to 84% in the interlaminar
group.

This assessment is undertaken to compare the ef-
ficacy of epidural injections provided by either a caudal
approach or lumbar interlaminar approach with or
without steroids in providing significant improvement
in patients with chronic low back and lower extremity
pain secondary to lumbar central spinal stenosis. The
data were compared from 2 randomized trials conduct-
ed by the same group utilizing very similar protocols
and published with a 2-year follow-up in both random-
ized trials (34,35).

MEeTHODS

The 2 trials included in this analysis (34,35) were
conducted with a randomized, double-blind, active-
control design based on Consolidated Standards of Re-
porting Trials (CONSORT). Both trials were performed
in a private interventional pain management practice
in the United States, which is a specialty referral center.
The study protocols were approved by the institutional
review board (IRB) and were registered with the US
Clinical Trial registry with an assigned number of
NCT00681447 for the lumbar interlaminar epidural in-
jections trial and NCT00370799 for the caudal epidural
injections trial.

Both trials and the present comparative assess-
ment were conducted with the internal resources of
the practice.

The patient recruitment, pre-enrollment evalua-
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tion, inclusion criteria, primary interventions, additional
interventions, co-interventions, objectives, outcomes,
sample size determination, randomization sequence
generation, allocation concealment, blinding and mask-
ing along with statistical methods and intent-to-treat
analysis were described in detail in the protocols as well
as the published manuscripts (34,35).

Patients

All patients were drawn from a single pain man-
agement practice for both trials. A total of 220 patients,
100 in the caudal epidural trial and 120 in the lumbar
interlaminar trial, were recruited. All patients were
provided with the IRB-approved protocol and informed
consent.

Inclusion/Exclusion Criteria

Only patients with central spinal stenosis with
lower extremity pain of at least 6 months duration were
included in both studies. Patients with foraminal ste-
nosis without central spinal stenosis, a previous history
of surgery, uncontrollable medical disorders, or opioid
issues were excluded.

Interventions

Of the 100 patients in the caudal trial, 50 were as-
signed to each group; and of the 120 patients in the
lumbar interlaminar trial, 60 were assigned into each
group. . Group | patients received a preservative-free
local anesthetic, 0.5%, 10 mL in the caudal group and
6 mL in interlaminar group. The majority of patients
randomized to included steroids were treated with non-
particulate preservative-free betamethasone (6 mg in 1
mL) mixed with either 5 mL or 9 mL of 0.5% preservative
free lidocaine. The solutions were indistinguishable in
both groups.

All the procedures were performed under fluoros-
copy by a single physician in a sterile operating room
in an ambulatory surgery center with appropriate se-
dation. The loss of resistance technique was utilized in
the lumbar interlaminar group. Contrast medium was
injected in all patients.

Outcomes

Multiple outcomes were measured in both studies.
These included the Numeric Rating Scale (NRS) pain
scale and the Oswestry Disability Index (ODI), and other
assessments. Progress was measured in all patients at 3,
6, 12, 18, and 24 months posttreatment. The NRS repre-
sents no pain with 0 and worst pain imaginable with 10

(53,54). The ODI was utilized for functional assessment
on a scale of 0 — 50. The ODI represents disability as
0% to 20%: minimal disability; 20% to 40%: moderate
disability; 40% to 60%: severe disability; 60% to 80%:
crippled; 80% to 100%: bedbound or exaggerating
their symptoms (54).

Both trials utilized significant improvement as at
least 50% based on NRS and ODI scores. This is consid-
ered a robust measure compared to previous measures
of a minimum clinically important difference (MCID) of
20% to 30%.

In both trials, patients responding positively with
at least 3 weeks of significant improvement with the
first 2 procedures were considered as successful or re-
sponsive. All others were considered as nonresponsive.
Opioid intake was determined by converting to mor-
phine equivalence.

Employment was also assessed based on vari-
ous categories and employability as described in the
manuscripts.

Sample Size

Sample size determination was made based on the
previous assessments with the requirement of 40 pa-
tients in each group in both trials considering a power
of 80%, with an allocation ratio of 1:1, and with a 10%
attrition/noncompliance rate (55).

Statistical Analysis

For the present analysis, the Statistical Package for
Social Sciences version 9.01 (SPSS Inc, Chicago, IL) was
utilized. For categorical and continuous data compari-
son, Chi-square (Fisher's exact test where necessary)
and t test were used, respectively. Because the outcome
measures of the patients were measured at 6 points
in time, the repeated measures analysis of variance
(ANOVA) were performed with a post hoc analysis with
Bonferroni correction. A P value of less than 0.05 was
considered significant.

An intent-to-treat analysis, which was performed
after a sensitivity analysis in the original trials, was car-
ried forward.

REesuLTs

Patient flow of 220 selected patients is shown
in Fig. 1 for both trials (34,35). As described in these
manuscripts, follow-up was available for 81% and
93%, in caudal and lumbar interlaminar epidural
injection groups at one year and 71% and 88% at 2
years.

www.painphysicianjournal.com
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Fig 1. Illustration of average Numeric Rating Scale for Pain (NRS) at different follow-up points by type of epidural.

Table 1. Baseline demographic and clinical characteristics.

Interlaminar Caudal P Val
alue
120) (100)
Male 43% (52) 41% (41)
Gender 0.416
Female 47% (68) 59% (59)
Age Mean + SD 52.3 £ 14.6 56.3 £15.1 0.046
Weight Mean + SD 194.0 + 48.1 191.0 +£49.8 0.652
Height Mean + SD 66.9 + 3.8 66.7 + 3.8 0.729
Body Mass Index Mean + SD 304+7.1 302+7.7 0.811
Duration of Pain (months) Mean + SD 114.9 £92.7 99.5 +75.0 0.183
Gradual 80% (96) 75% (75)
Onset of Pain 0.234
Injury 20% (24) 25% (25)
Numeric Pain Rating Scores Mean + SD 8.0+0.9 7.8%0.9 0.047
Oswestry Disability Index Mean + SD 30.7 7.4 29.0+4.5 0.036

Recruitment

Baseline Characteristics
There was no significant difference between the

The trial recruitment period lasted from January
2007 through October 2009 for caudal epidural injec-
tions and January 2008 through May 2010 for lumbar
interlaminar epidural injections.

2 groups: local anesthetic only or local anesthetic with
steroid. Baseline demographic and clinical characteris-
tics, as shown in Table 1, showed patients in the inter-
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Table 2. Spinal stenosis (primary) severity and involved level(s) as classified by radiologist(s) (MRI or CT scan)

Spinal Stenosis Inte(ria;:)l)inar C(Eil:)(::)ll P Value
Mild 47% (56) 30% (30)
Severity* Moderate 36% (43) 45% (45) 0.039
Severe 17% (25) 25% (25)
L3/4 11% (13) 15% (15)
Levels# L4/5 72% (87) 54% (54) 0.014
L5/S1 17% (20) 31% (51)

*Primary: Indicates worst level of stenosis or same type of stenosis at multiple levels in patients with multiple level stenosis and all patients with

single level stenosis.

Table 3. Comparative results of Numeric Rating Scale for Pain and Oswestry Disability Index for 2 years (Mean £ SD) of
lumbar interlaminar and caudal epidural injections.

Numeric Rating Scale for Pain Oswestry Disability Index
Interlaminar Caudal Interlaminar Caudal
(120) (100) (120) (100)
Baseline 8.0x£0.9 7809 30.7+7.4 29.0 £ 4.5
3 months 3.7+ 1.4 4.1*+1.9 15.2*# £ 5.7 17.0¥+7.3
6 months 3.8*#+ 1.7 4.2%+1.8 14.9%# + 6.1 17.0* £ 7.7
12 months 3.7%% + 1.8 44*+19 14.7*# + 6.4 17.2*+7.7
18 months 3.7°# £ 1.8 4.4*+19 14.7*#+ 6.9 17.2%+ 75
24 months 3.7°#+ 1.8 4.5*+1.9 14.4*#+ 6.9 173+ 74
Group Difference 0.001 0.001
Time Difference 0.001 0.001

A lower value indicates a better condition
* significant difference with baseline values within the group (P < 0.001)
# significant difference with caudal epidural group (P < 0.01)

laminar group were younger with high numeric NRS
and ODI scores. Analysis showed that these differences,
though significant, were mild and did not make any sig-
nificant difference in the outcomes. Further, assessment
of the proportion of patients with significant improve-
ment also prevented any influence of these factors on
outcome parameters.

Table 2 shows stenosis severity and levels in both
trials. The prevalence of stenosis at the L4/5 levels was
in more patients in the interlaminar group (72%) than
the caudal group (54%).

Pain Relief and Functional Assessment

Table 3 and Figures 1 and 2 show combined results
of local anesthetic only and local anesthetic with steroid
in interlaminar and caudal epidural trials. Repeated
measures of ANOVA revealed time x factor (P < 0.001
for both NRS and ODI), and between groups effect
was significant (P <0.001 for NRS and ODI). Follow-up

within group pair-wise analysis revealed that NRS and
ODI decreased significantly at all time intervals com-
pared with baseline (Table 3). Between-group analysis
revealed that NRS and ODI scores were superior in the
interlaminar trial compared to the caudal trial at all
time intervals.

Significant improvement was defined as 50% or
more improvement in pain relief and functional status
assessment is shown in Figs. 3 — 6. As shown in Fig. 5,
significant pain relief at 12 months was 73% and 45%
(P < 0.001), and at 24 months was 73% and 41% (P <
0.001) for interlaminar and caudal epidurals, respec-
tively. These results indicate the interlaminar approach
to be superior to the caudal approach at all follow-up
points. Figure 6 shows significant improvement for only
responsive patients with 84% and 54% (P < 0.001) at
24 months for interlaminar and caudal epidurals. There
was a significant difference between groups at all
follow-up points.

www.painphysicianjournal.com
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Fig 2. Illustration of average Oswestry Disability Index (ODI) at different follow-up points by type of epidural.

B Interlaminar B Caudal

T7T%
p = 0.004 —p < 0.003 Ta%Pfﬂ.Oﬂﬁ I?S%p < 0.003

1 44%

G months 12 months 24 months - & months 12 months 24 months

With local anesthetic With local anesthetic and steroid

Fig. 3. Illustration of reduction (at least 50% ) in Oswestry Disability Index from baseline (all participants).

Therapeutic Procedural Characteristics per procedure and average total relief in weeks. These
Table 4 shows therapeutic procedural characteris-  results show a significant difference for interlaminar
tics with the frequency over 2 years of average relief  epidural injections compared to caudal epidural injec-
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patients).
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tions in responsive patients as well as all patients. How-
ever, the number of procedures in the interlaminar ap-
proach was higher compared to the caudal approach.

Nonresponsive patients were higher in the caudal
group compared to the interlaminar group (26 vs. 16):
26% with a caudal approach and 13% with an inter-
laminar approach.

Adverse Events
There were no major adverse events in any trial.

Discussion

This assessment of 2 randomized, double-blind,
active-controlled trials (34,35) of local anesthetic with
or without steroids in managing central spinal stenosis
in 100 and 120 patients either with a caudal approach
or a lumbar interlaminar approach showed the efficacy
for epidural injections with both approaches at the end
of one and 2 years. However, the lumbar interlaminar
group response rate was significantly greater at one
year (73% vs. 45%) and 2 years (73% vs. 41%). In the
responsive patients, those with at least 3 weeks of
significant improvement with the initial 2 procedures,
60% responded with a caudal approach whereas 84%
responded with an interlaminar approach at the end
of one-year and 84% versus 54% with the interlaminar
approach versus the caudal approach with a significant
difference in the outcomes at the end of 2 years. Both
studies were performed in a contemporary interven-
tional pain management setting. The interventions
were provided as deemed medically necessary for

patients suffering with persistent, severe, chronic low
back and lower extremity pain. Both trials showed
significantly better improvement in the responsive cat-
egory of patients compared to the nonresponsive cate-
gory of patients. However, the nonresponsive category
of patients, those with a lack of response of at least 3
weeks with the 2 initial procedures, was significantly
higher in the caudal epidural group (29%) compared to
the lumbar interlaminar epidural group (13%). There
were no differences in outcomes based on the severity
or level of stenosis.

These results of caudal epidural injections may not
be compared with any other trial as there are no other
randomized trials assessing the role of caudal epidural
injections in central spinal stenosis of the lumbar spine.
Further, the trial describing the caudal approach is a
high-quality trial with long-term follow-up.

Caudal epidural injections may be limited with
spread of injectate above S1 in some patients. In these
trials (34,35) stenosis was present at L4/L5 levels in
86 of 120 patients or 72% in the interlaminar group
and 54 of 100 patients or 54% in the caudal epidural
group. Radcliff et al (7) also showed L4/L5 involvement
in over 90% of patients. Thus, it appears that because
of the restricted flow patterns in caudal epidural injec-
tions, which may not reach the target level, thus if the
stenosis is at L4/L5 a lumbar interlaminar epidural may
be more effective since the injection is being provided
close to the pathology.

In reference to interlaminar epidural injections,
there are multiple moderate- or low-quality trials sup-

Table 4. Therapeutic procedural characteristics with procedural frequency, average relief per procedure, and average total relief in

weeks over a period of 2-years.

Responsive Patients Non-responsive Patients All Patients
Interlaminar Caudal Interlaminar | Caudal | Interlaminar | Caudal
(104) (74) (16) (26) (120) 100)
Average Number of Procedures for One Year 3.7+1.0 35+1.1 1.9+ 0.7 1.5+ 0.6 3.5%+£1.2 3014
Average Number of Procedures for 2 Years 5.9%£2.4 48+24 1.9+0.7 1.7+1.1 54*£2.6 4.0£26
Average Relief for First Procedure 6.6 +10.5 7.1+12.7 09+1.1 1.2+2.0 59+9.9 55+11.3
Average Relief for Second Procedure 12.1+15.9 11.1 +14.9 0.6+0.8 0.8+1.7 10.9 +15.5 9.7+14.3
(103) (73) (12) (12) (115) (85)
After initial 2 Procedures 15.6 £ 12.5 13.7 £ 8.9 0.5%0.5 10.2 +5.8 15.4 £ 12.5 13.6 + 8.8
(406) (210) 3) (5) (409) (215)
Average Relief per Procedure 13.5% +13.2 11.8 £11.5 0.7£0.9 2.1£3.9 12.8* +13.2 10.8 +11.3
(613) (357) (31) (43) (644) (400)
Average Total Relief for One Year (Weeks) 40.4* +12.1 32,9 +16.8 14+13 2.0+3.6 352%+17.4 24.8 £19.9
Average Total Relief for 2 Years (Weeks) 77.4% + 289 56.9 +39.3 14+13 35+11.1 67.3* +37.4 43.1 +41.5

*Significant difference with caudal epidurals
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porting the efficacy of interlaminar epidural injections
in managing central spinal stenosis (35,37-41), whereas
one recent high profile trial by Friedly et al (39) and
accompanying editorial contradict the results of the in-
terlaminar trials. However, the trial by Friedly et al (39)
and the editorial by Andersson (50) have been criticized
extensively for their design, quality of literature search,
omission of multiple randomized trials including the
randomized trial included in this analysis, the mode of
outcomes assessment, outcomes assessments param-
eters, inclusion of acute pain patients, performance of
procedures with variable volumes of injectate, and the
conclusion that there is a lack of efficacy even though
the results clearly show that both approaches, inter-
laminar and transforaminal, were effective with local
anesthetic only or with local anesthetic with steroids,
with the interlaminar approach showing potential
superiority. Similar issues prevailed with the other trial
by Radcliff et al (7) with poor subgroup analysis and
reporting. The systematic reviews by Kovacs et al (18),
Ammendolia et al (27), and Bresnahan et al (28) also
faced significant criticism for poor search criteria and
inappropriate analysis leading to conclusions not based
on evidence (56). However, systematic reviews utilizing
appropriate methodology and evidence synthesis have
arrived at appropriate conclusions showing moderate
efficacy for caudal and lumbar interlaminar epidural in-
jections in managing central spinal stenosis (16,30,32).
Thus far there has not been any comparative analysis
performed in a single study or comparison of multiple
randomized trials comparing various approaches in
managing central spinal stenosis. Considering the mul-
tiple risks associated with multilevel, bilateral transfo-
raminal epidural injections, it appears that caudal and
interlaminar approaches are appropriate.

This assessment may be criticized for the inclu-
sion of 2 separate randomized trials in analyzing the
data with both of them being active-controlled trials
rather than placebo-controlled trials. In the era of
evidence-based medicine and comparative effective-
ness research, practical clinical trials with a pragmatic
approach are considered to be clinically applicable and
valid (57-59). Placebo controlled trials, the definition
of true placebo, the influence of placebo and nocebo,
and the design of true placebo controlled trials in in-
terventional pain management have been extensively
discussed (60-63). Thus, the trials utilized in this as-
sessment met the essential criteria for practical clinical
trials, with measurement of effectiveness, rather than
efficacy, which is considered as more clinically appli-

cable in interventional pain management (57-59,63-
65). The deficiency of this assessment of including 2
separate trials may be appropriate at this time as there
have not been any randomized trials comparing caudal
and interlaminar epidural injections. Further, a widely
publicized trial from the New England Journal of
Medicine by Friedly et al (39), even though it included
a large proportion of patients and compared lumbar
interlaminar and transforaminal epidural injections,
was unable to provide any practical information as the
assessments were completed at 6 weeks which is inap-
propriate for interventional techniques which require
at least 6 to 24 months of follow-up and was associated
with inappropriate conclusions which were not based
on the reported results. Further, blinding would be
extremely difficult if a trial were performed comparing
caudal and interlaminar approaches. Finally, multiple
systematic reviews which have equated local anesthetic
with placebo have reached inappropriate conclusions
(29,66-68).Properly conducted trials have shown the
appropriate effect of sodium chloride solution with
injection into an inactive structure(s) (64,65). There has
been ample evidence demonstrating the various clinical
effects produced by injecting inactive substances into
active structures (62,69-73).

Epidural injections with steroids have been used
to treat central spinal stenosis as well as disc hernia-
tion and radiculitis and foraminal stenosis based on the
pathophysiologic mechanism of inflammation (16).
Epidural steroids have been shown to be effective in
disc herniation and radiculitis, as well as spinal stenosis
secondary to their antiinflammatory properties (42,74).
In recent years, emerging evidence also has shown that
local anesthetics without steroids are equally effective
as local anesthetics with steroids in many settings (73).
This analysis shows no significant difference between
local anesthetic only or local anesthetics with steroids
with caudal and interlaminar approaches.

In summary, this analysis comparing 2 high-quality
randomized trials shows the effectiveness for both local
anesthetics only or local anesthetics with steroids with
caudal and lumbar interlaminar approaches; however,
this analysis also shows the superiority of interlaminar
epidural injections with local anesthetic only or local an-
esthetic with steroids compared to a caudal approach.

ConcLusION

The results of a 2 year follow-up of 2 randomized,
double-blind, active-controlled trials, with 220 patients
with chronic persistent pain of central spinal stenosis
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receiving either caudal epidural or lumbar interlaminar

ACKNOWLEDGMENTS

epidural injections with local anesthetic only or local

anesthetic with steroids showed efficacy for both tech-
niques and superiority for lumbar interlaminar epidural

injections.

The authors wish to thank Tom Prigge, MA, and
Laurie Swick, BS for manuscript review, and Tonie M.

Hatton and Diane E. Neihoff, transcriptionists, for their
assistance in preparation of this manuscript. We would
like to thank the editorial board of Pain Physician for
review and criticism in improving the manuscript.

REFERENCES

1.

US Burden of Disease Collaborators.
The state of US health, 1999—2010: Bur-
den of diseases, injuries, and risk fac-
tors. JAMA 2013; 310:591-608.

Weinstein JN, Tosteson TD, Lurie ]D,
Tosteson A, Blood E, Herkowitz H,
Cammisa F, Albert T, Boden SD, Hili-
brand A, Goldberg H, Berven S, An H.
Surgical versus nonoperative treatment
for lumbar spinal stenosis four-year re-
sults of the Spine Patient Outcomes Re-
search Trial. Spine (Phila Pa 1976) 2010;
35:1329-1338.

Bae HW, Rajaee SS, Kanim LE. Nation-
wide trends in the surgical management
of lumbar spinal stenosis. Spine (Phila Pa
1976) 2013; 38:916-926.

Deyo RA, Mirza SK, Martin B, Kreuter
W, Goodman DG, Jarvik JG. Trends, ma-
jor medical complications, and charges
associated with surgery for lumbar spi-
nal stenosis in older adults. JAMA 2010;
303:1259-1265.

Tosteson AN, Tosteson TD, Lurie JD,
Abdu W, Herkowitz H, Andersson G, Al-
bert T, Bridwell K, Zhao W, Grove MR,
Weinstein MC, Weinstein JN. Com-
parative effectiveness evidence from
the spine patient outcomes research
trial: Surgical versus nonoperative care
for spinal stenosis, degenerative spon-
dylolisthesis, and intervertebral disc
herniation. Spine (Phila Pa 1976) 2011;
36:2061-2068.

Tosteson AN, Lurie JD, Tosteson TD,
Skinner JS, Herkowitz H, Albert T, Boden
SD, Bridwell K, Longley M, Andersson
GB, Blood EA, Grove MR, Weinstein JN;
SPORT Investigators. Surgical treatment
of spinal stenosis with and without de-
generative spondylolisthesis: Cost-ef-
fectiveness after 2 years. Ann Intern Med
2008; 149:845-853.

Radcliff K, Kepler C, Hilibrand A, Rihn J,
Zhao W, Lurie J, Tosteson T, Vaccaro A,
Albert T, Weinstein ). Epidural steroid
injections are associated with less im-

10.

11.

12.

13.

14.

provement in patients with lumbar spi-
nal stenosis: a subgroup analysis of the
Spine Patient Outcomes Research Trial.
Spine (Phila Pa 1976) 2013; 38:279-291.
Modhia U, Takemoto S, Braid-Forbes M),
Weber M, Berven SH. Readmission rates
after decompression surgery in patients
with lumbar spinal stenosis among
Medicare beneficiaries. Spine (Phila Pa
1976) 2013; 38:591-596.

Kim CH, Chung CK, Park CS, Choi B,
Hahn S, Kim M, Lee KS, Park BJ. Reop-
eration rate after surgery for lumbar spi-
nal stenosis without spondylolisthesis:
a nationwide cohort study. Spine ] 2013;
1311230-1237.

Skolasky RL, Maggard AM, Thorpe R} Jr,
Wegener ST, Riley LH 3rd. United States
hospital admissions for lumbar spinal
stenosis: racial and ethnic differences,
2000 through 2009. Spine (Phila Pa 1976)
2013; 38:2272-2278.

Desai A, Bekelis K, Ball PA, Lurie J, Mirza
SK, Tosteson TD, Zhao W, Weinstein JN.
Variation in outcomes across centers af-
ter surgery for lumbar stenosis and de-
generative spondylolisthesis in the spine
patient outcomes research trial. Spine
(Phila Pa 1976) 2013; 38:678-691.

Atlas SJ, Keller RB, Wu YA, Deyo RA, Sing-
er DE. Long-term outcomes of surgical
and nonsurgical management of lumbar
spinal stenosis: 8 to 10 year results from
the Maine lumbar spine study. Spine (Ph-
ila Pa 1976) 2005; 30:936-943.

Lad SP, Babu R, Baker AA, Ugiliweneza B,
Kong M, Bagley CA, Gottfried ON, Isaacs
RE, Patil CG, Boakye M. Complications,
reoperation rates, and health-care cost
following surgical treatment of lumbar
spondylolisthesis. ] Bone Joint Surg Am
2013; 95:E1621-E1710.

Epstein NE. Are recommended spine
operations either unnecessary or too
complex? Evidence from second opin-
ions. Surg Neurol Int 2014; 4:5353-5358.

15.

16.

17.

18.

19.

20.

Simmonds MC, Brown JV, Heirs MK,
Higgins JP, Mannion RJ, Rodgers MA,
Stewart LA. Safety and effectiveness of
recombinant human bone morpho-
genetic protein-2 for spinal fusion: A
meta-analysis of individual-participant
data. Ann Intern Med 2013; 158:877-889.
Manchikanti L, Abdi S, Atluri S, Benya-
min RM, Boswell MV, Buenaventura
RM, Bryce DA, Burks PA, Caraway DL,
Calodney AK, Cash KA, Christo P, Co-
hen SP, Colson J, Conn A, Cordner Hj,
Coubarous S, Datta S, Deer TR, Diwan
SA, Falco FJE, Fellows B, Geffert SC,
Grider JS, Gupta S, Hameed H, Hameed
M, Hansen H, Helm Il S, Janata JW,
Justiz R, Kaye AD, Lee M, Manchikanti
KN, McManus CD, Onyewu O, Parr AT,
Patel VB, Racz GB, Sehgal N, Sharma
M, Simopoulos TT, Singh V, Smith HS,
Snook LT, Swicegood |, Vallejo R, Ward
SP, Wargo BW, Zhu J, Hirsch JA. An up-
date of comprehensive evidence-based
guidelines for interventional techniques
of chronic spinal pain: Part II: Guidance
and recommendations. Pain Physician
2013; 16:549-5283.

Lebude B, Wang D, Harrop JS, Malten-
fort M, Anderson DG, Vaccaro AR, Ratliff
JK. Clinical survey: Patterns of utilization
of lumbar epidural steroid injections by
a cohort of spinal surgeons. PM R 2009;
1:329-334.

Kovacs FM, Urrdtia G, Alarcén JD. Sur-
gery versus conservative treatment for
symptomatic lumbar spinal stenosis: A
systematic review of randomized con-
trolled trials. Spine (Phila Pa 1976) 2011;
36:E1335-E1351.

Manchikanti L, Falco FJE, Singh V, Pam-
pati V, Parr AT, Benyamin RM, Fellows
B, Hirsch JA. Utilization of intervention-
al techniques in managing chronic pain
in the Medicare population: Analysis of
growth patterns from 2000 to 2011. Pain
Physician 2012; 15:E969-E982.
Manchikanti L, Pampati V, Falco FJE,

E700

www.painphysicianjournal.com



Lumbar Interlaminar Epidural Injections in Managing Lumbar Central Spinal Stenosis

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

Hirsch JA. Assessment of the growth of
epidural injections in the Medicare pop-
ulation from 2000 to 2011. Pain Physi-
cian 2013; 16:E349-E364.

Manchikanti L, Helm Il S, Singh V,
Hirsch JA. Accountable intervention-
al pain management: A collaboration
among practitioners, patients, payers,
and government. Pain Physician 2013;
16:E635-E670.

Gupta S, Gupta M, Nath S, Hess GM.
Survey of European pain medicine prac-
tice. Pain Physician 2012; 15:E983-Eg94.
Abbott ZI, Nair KV, Allen RR, Akuthota
VR. Utilization characteristics of spinal
interventions. Spine J 2012; 1:35-43.
Deyo RA, Martin Bl, Ching A, Tosteson
AN, Jarvik JG, Kreuter W, Mirza SK. In-
terspinous spacers compared with de-
compression or fusion for lumbar ste-
nosis: complications and repeat opera-
tions in the Medicare population. Spine
(Phila Pa 1976) 2013; 38:865-872.

Chen H, Kelling J. Mild procedure for
lumbar decompression: A review. Pain
Pract 2013; 13:146-153.

Strémqvist BH, Berg S, Gerdhem P,
Johnsson R, Méller A, Sahlstrand T, Soli-
man A, Tullberg T. X-stop versus decom-
pressive surgery for lumbar neurogenic
intermittent claudication: Randomized
controlled trial with 2-year follow-up.
Spine (Phila Pa 1976) 2013; 38:1436-1442.
Ammendolia C, Stuber K, de Bruin LK,
Furlan AD, Kennedy CA, Rampersaud
YR, Steenstra IA, Pennick V. Nonopera-
tive treatment of lumbar spinal stenosis
with neurogenic claudication: a system-
atic review. Spine (Phila Pa 1976) 2012;
37:E609-E616.

Bresnahan BW, Rundell SD, Dagadakis
MC, Sullivan SD, Jarvik JG, Nguyen H,
Friedly JL. A systematic review to assess
comparative effectiveness studies in epi-
dural steroid injections for lumbar spi-
nal stenosis and to estimate reimburse-
ment amounts. PM R 2013; 5:705-714.
Chou R, Huffman L. Guideline for the
Evaluation and Management of Low Back
Pain: Evidence Review. American Pain So-
ciety, Glenview, IL, 2009.

Parr AT, Manchikanti L, Hameed H,
Conn A, Manchikanti KN, Benyamin
RM, Diwan S, Singh V, Abdi S. Caudal
epidural injections in the management
of chronic low back pain: A systematic
appraisal of the literature. Pain Physician
2012; 15:E159-E198.

Manchikanti L, Buenaventura RM,
Manchikanti KN, Ruan X, Gupta S,

32.

33.

34.

35

36.

37

38.

39-

Smith HS, Christo PJ, Ward SP. Effec-
tiveness of therapeutic lumbar trans-
foraminal epidural steroid injections in
managing lumbar spinal pain. Pain Phy-
sician 2012; 15:E199-E245.

Benyamin RM, Manchikanti L, Parr AT,
Diwan SA, Singh V, Falco FJE, Datta S,
Abdi S, Hirsch JA. The effectiveness of
lumbar interlaminar epidural injections
in managing chronic low back and low-
er extremity pain. Pain Physician 2012;
15:E363-E404.

Ohtori S, Miyagi M, Eguchi Y, Inoue G,
Orita S, Ochiai N, Kishida S, Kuniyoshi
K, Nakamura J, Aoki Y, Ishikawa T, Arai
G, Kamoda H, Suzuki M, Takaso M, Fu-
ruya T, Toyone T, Takahashi K. Epidural
administration of spinal nerves with the
tumor necrosis factor-alpha inhibitor,
etanercept, compared with dexametha-
sone for treatment of sciatica in patients
with lumbar spinal stenosis: A prospec-
tive randomized study. Spine (Phila Pa
1976) 2012; 37:439-444.

Manchikanti L, Cash KA, McManus CD,
Pampati V, Fellows B. Results of 2-year
follow-up of a randomized, double-
blind, controlled trial of fluoroscopic
caudal epidural injections in central
spinal stenosis. Pain Physician 2012; 15:
371-384.

Manchikanti L, Cash KA, McManus CD,
Damron KS, Pampati V, Falco FJE. A ran-
domized, double-blind controlled trial
of lumbar interlaminar epidural injec-
tions in central spinal stenosis: 2-year
follow-up. Pain Physician 2015; 18:79-92.

Nam HS, Park YB. Effects of transfo-
raminal injection for degenerative lum-
bar scoliosis combined with spinal ste-
nosis. Ann Rehabil Med 2011; 35:514-523.

Wilson-MacDonald ), Burt G, Griffin
D, Glynn C. Epidural steroid injection
for nerve root compression: A random-
ized, controlled trial. J Bone joint Surg Br
2005; 87-B:352-355.

Lee JH, An JH, Lee SH. Comparison of
the effectiveness of interlaminar and bi-
lateral transforaminal epidural steroid
injections in treatment of patients with
lumbosacral disc herniation and spinal
stenosis. Clin ] Pain 2009; 25;: 206-210.
Friedly JL, Comstock BA, Turner JA, Hea-
gerty PJ, Deyo RA, Sullivan SD, Bauer Z,
Bresnahan BW, Avins AL, Nedeljkovic
SS, Nerenz DR, Standaert C, Kessler
L, Akuthota V, Annaswamy T, Chen A,
Diehn F, Firtch W, Gerges FJ, Gilligan
C, Goldberg H, Kennedy DJ, Mandel S,
Tyburski M, Sanders W, Sibell D, Smuck

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

M, Wasan A, Won L, Jarvik JG. A ran-
domized trial of epidural glucocorticoid
injections for spinal stenosis. N Engl ]
Med 2014; 371:11-21.

Fukusaki M, Kobayashi I, Hara T, Sumi-
kawa K. Symptoms of spinal stenosis do
not improve after epidural steroid injec-
tion. Clin ] Pain 1998; 14:148-151.

Koc Z, Ozcakir S, Sivrioglu K, Gurbet A,
Kucukoglu S. Effectiveness of physical
therapy and epidural steroid injections
in lumbar spinal stenosis. Spine (Phila Pa
1976) 2009; 34:985-989.

Manchikanti L, Falco FJE, Pampati V,
Cash KA, Benyamin RM, Hirsch JA. Cost
utility analysis of caudal epidural injec-
tions in the treatment of lumbar disc
herniation, axial or discogenic low back
pain, central spinal stenosis, and post
lumbar surgery syndrome. Pain Physi-
cian 2013; 16:E129-E143.

Choi E, Nahm FS, Lee PB. Evaluation
of prognostic predictors of percutane-
ous adhesiolysis using a Racz catheter
for post lumbar surgery syndrome or
spinal stenosis. Pain Physician 2013;
16:E531-E536.

Kim HJ, Suh BG, Lee DB, Lee GW, Kim
DW, Kang KT, Chang BS, Lee CK, Yeom
JS. The influence of pain sensitivity on
the symptom severity in patients with
lumbar spinal stenosis. Pain Physician
2013; 16:135-144.

Kim HJ, Yeom JS, Lee )W, Chang BS,
Lee CK, Lee GW, Im SB, Kim H). The in-
fluence of pain sensitivity on the treat-
ment outcome of transforaminal epi-
dural steroid injection in patients with
lumbar spinal stenosis. Pain Pract 2014;
14:405-412.

Cosgrove JL, Bertolet M, Chase SL, Cos-
grove GK. Epidural steroid injections in
the treatment of lumbar spinal stenosis
efficacy and predictability of successful
response. Am ] Phys Med Rehabil 2011;
90: 1050-1055.

Park CH, Lee SH, Lee SC. Preliminary
results of the clinical effectiveness of
percutaneous adhesiolysis using a Racz
catheter in the management of chron-
ic pain due to cervical central stenosis.
Pain Physician 2013; 16:353-358.
Milburn J, Freeman J, Steven A, Altmeyer
W, Kay D.Interlaminar epidural steroid
injection for degenerative lumbar spinal
canal stenosis: Does the intervertebral
level of performance matter? Ochsner ]
2014; 14:62-66.

Ploumis A, Christodoulou P, Wood KB,
Varvarousis D, Sarni JL, Beris A. Caudal

www.painphysicianjournal.com

E701



Pain Physician: November/December 2014; 17:E691-E702

50.

51.

52.

53

54.

55-

56.

57

58.

vs transforaminal epidural steroid in-
jections as short-term (6 months) pain
relief in lumbar spinal stenosis patients
with sciatica. Pain Med 2014; 15:379-385.
Andersson GB. Epidural glucocorticoid
injections in patients with lumbar spinal
stenosis. N Engl ] Med 2014; 371:75-76.
Manchikanti L, Candido KD, Kaye AD,
Boswell MV, Benyamin RM, Falco FJE,
Gharibo CG, Hirsch JA. Randomized
trial of epidural injections for spinal
stenosis published in the New England
Journal of Medicine: Further confu-
sion without clarification. Pain Physician
2014; 17:E475-E487.

Atluri S, Glaser SE, Shah RV, Sudarsha
G. Needle position analysis in cases of
paralysis from transforaminal epidurals:
Consider alternative approaches to tra-
ditional techniques. Pain Physician 2013;
16:321-334.

National Institutes of Health. Warren
Grant Magnuson Clinical Center. Pain
Intensity Instruments, Numeric Rating
Scale, July 2003.

Fairbank JC, Pynsent PB. The Oswestry
Disability Index. Spine (Phila Pa 1976)
2000; 25:2940- 2952.

Browner WS, Newman TB, Cummings
SR, Hulley SB. Estimating sample size
and power. In Hulley SB, Cummings
SR, Browner WS, Grady D, Hearst N,
Newman TB (eds). Designing Clinical Re-
search: An Epidemiologic Approach, 2nd
ed. Lippincott, Williams & Wilkins, Phil-
adelphia, 2001, pp 65-84.

Manchikanti L, Datta S, Hirsch JA. Letter
to the editor RE: Bresnahan BW, et al.
A systematic review to assess compara-
tive effectiveness studies in epidural
steroid injections for lumbar spinal ste-
nosis and to estimate reimbursement
amounts. PM R 2013; 5:705-14. PM R
2014; 6:463-464.

Tunis SR, Stryer DB, Clancy CM. Prac-
tical clinical trials. Increasing the value
of clinical research for decision making
in clinical and health policy. JAMA 2003;
290:1624-1632.

International Conference on Harmoni-
sation of Technical Requirements for

59-

60.

61.

62.

63.

64.

65.

66.

67.

Registration of Pharmaceuticals for Hu-
man Use. ICH Harmonised Tripartite
Guideline. Choice of Control Group and
Related Issues in Clinical Trials Exo. July
20, 2000.

Hirsch JA, Schaefer PW, Romero M,
Rabinov JD, Sanelli PC, Manchikanti
L. Comparative effectiveness research.
AJNR Am ] Neuroradiol 2014 May 29
[Epub ahead of print].

Hrébjartsson A, Ggtzsche PC. Place-
bo interventions for all clinical condi-
tions. Cochrane Database Syst Rev 2010;
1:CD003974.

Howick J, Bishop FL, Heneghan, Wol-
stenholme J, Stevens S, Hobbs FDR,
Lewith G. Placebo use in the United
Kingdom: Results from a national sur-
vey of primary care practitioners. PLOS
One 2013; 8:e58247.

Manchikanti L, Giordano J, Fellows B,
Hirsch JA. Placebo and nocebo in inter-
ventional pain management: A friend
or a foe — or simply foes? Pain Physician
2011; 14:E157-E175.

Manchikanti L, Benyamin RM, Falco
FJE, Caraway DL, Datta S, Hirsch JA.
Guidelines warfare over interventional
techniques: Is there a lack of discourse
or straw man? Pain Physician 2012;
15:E1-E26.

Ghahreman A, Ferch R, Bogduk N.
The efficacy of transforaminal injec-
tion of steroids for the treatment of
lumbar radicular pain. Pain Med 2010;
11:1149-1168.

Gerdesmeyer L, Wagenpfeil S, Birken-
maier C, Veihelmann A, Hauschild M,
Wagner K, Al Muderis M, Gollwitzer H,
Diehl P, Toepfer A. Percutaneous epi-
dural lysis of adhesions in chronic lum-
bar radicular pain: A randomized dou-
ble-blind placebo controlled trial. Pain
Physician 2013; 16:185-196.

Pinto RZ, Maher CG, Ferreira ML, Han-
cock M, Oliveira VC, McLachlan AJ, Koes
B, Ferreira PH. Epidural corticosteroid
injections in the management of sciat-
ica: A systematic review and meta-analy-
sis. Ann Intern Med 2012; 157:865-877.

Manchikanti L, Falco FJE, Hirsch JA.

68.

69.

70.

71.

72.

73.

74.

Epidural corticosteroid injections in the
management of sciatica. Ann Intern Med
2012; 157:865-877; online comment post-
ed March 29, 2013.

Manchikanti L, Datta S, Gupta S, Mung-
lani R, Bryce DA, Ward SP, Benyamin
RM, Sharma ML, Helm II S, Fellows B,
Hirsch JA. A critical review of the Ameri-
can Pain Society clinical practice guide-
lines for interventional techniques: Part
2. Therapeutic interventions. Pain Physi-
cian 2010; 13:E215-E264.

Indahl A, Kaigle AM, Reikerds O, Holm
SH. Interaction between the porcine
lumbar intervertebral disc, zygapophy-
sial joints, and paraspinal muscles. Spine
(Phila Pa 1976) 1997; 22:2834-2840.
Indahl A, Kaigle A, Reikeras O, Holm S.
Electromyographic response of the por-
cine multifidus musculature after nerve
stimulation. Spine (Phila Pa 1976) 199s;
20:2652-2658.

Pham Dang C, Lelong A, Guilley J,
Nguyen JM, Volteau C, Venet G, Perrier
C, Lejus C, Blanloeil Y. Effect on neuro-
stimulation of injectates used for peri-
neural space expansion before place-
ment of a stimulating catheter: Normal
saline versus dextrose 5% in water. Reg
Anesth Pain Med 2009; 34:398-403.

Tsui BC, Kropelin B, Ganapathy S, Finu-
cane B. Dextrose 5% in water: Fluid me-
dium maintaining electrical stimulation
of peripheral nerve during stimulating
catheter placement. Acta Anaesthesiol
Scand 2005; 49:1562-1565.

Bicket M, Gupta A, Brown CH, Cohen
SP. Epidural injections for spinal pain:
A systematic review and meta-analysis
evaluating the “control” injections in
randomized controlled trials. Anesthesi-
ology 2013; 119:907-931.

Manchikanti L, Benyamin RM, Falco FJ,
Kaye AD, Hirsch JA. Do epidural injec-
tions provide short- and long-term re-
lief for lumbar disc herniation? A sys-
tematic review. Clin Orthop Relat Res
2014 Feb 11. [Epub ahead of print].

E702

www.painphysicianjournal.com



