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A B S T R A C T

Objective: Determine the efficacy, effectiveness, and safety of fluoroscopically- or ultrasound-guided caudal
epidural steroid injections (ESIs) with or without catheter placement for the treatment of chronic low back
(CLBP), radicular pain, and/or chronic post-surgical back pain (CPSBP).
Design: Systematic review.
Population: Adults �18 years with CLBP, radicular pain, or CPSBP �3 months.
Intervention: Fluoroscopically- or ultrasound-guided caudal ESI with or without a catheter including epidural
neuroplasty.
Comparison: Sham, placebo procedure, active standard care treatment, or none.
Outcomes: The primary outcome was the proportion of individuals with reduction of pain by � 50%. Secondary
outcomes included functional improvement, analgesic use, subsequent spinal surgery, healthcare utilization, and
mean improvement in pain. Reported adverse events were also cataloged.
Methods: Four reviewers independently assessed publications before January 2, 2022 in PubMed, Ovid MEDLINE,
and Scopus. Quality of evidence was evaluated using the Grading of Recommendation, Assessment, Development,
and Evaluation (GRADE) framework.
Results: Of 364 records screened, 23 publications met inclusion criteria. The success rates for the primary outcome
could only be extrapolated from one study. Another study used a composite improvement scale that included pain
and functional outcomes. The reported success rates in these two studies ranged from 40 to 58% at three months,
25%–67% at six months, and 58%–61% at one year. Data on secondary outcomes were limited; however, rates of
functional improvement as measured by mean improvement in Oswestry Disability Index (ODI) ranged from 2%
to 55%.
Conclusion: There is moderate-quality evidence that caudal ESIs using an in-dwelling catheter for two days is an
effective treatment for pain and dysfunction associated with disc herniation with radicular pain and for CPSBP at
three, six, and 12 months. There is low-quality evidence supporting the effectiveness of other caudal ESI tech-
niques for pain and dysfunction associated with central lumbar spinal stenosis with neurogenic claudication,
discogenic CLBP, and CLBP without disc herniation or radiculitis.
1. Introduction

Epidural steroid injections (ESIs) are commonly utilized to treat
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radicular pain syndromes throughout the spine. They have been used to
treat lumbar radiculopathy since 1953 [1]. Additionally, they have been
used in the treatment of spinal stenosis with neurogenic claudication or
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other neural involvement and axial chronic low back pain (CLBP),
including chronic post-surgical back pain (CPSBP) [2–5]. Various
methods allow for access of the epidural space. Depending on the spinal
segmental origin of the pain, epidural access routes include interlaminar,
transforaminal, and caudal approaches, with the last method used almost
solely for lumbosacral pain [2,6–8]. The present systematic review fo-
cuses on the caudal route of epidural access and steroid administration
with or without other adjunctive medications.

The caudal approach for ESI is often chosen due to perceived safety
features associated with this route of administration. In addition, the
point of entry to the caudal epidural space is almost always left intact
following spine surgeries, which is often not the case with interlaminar
access following posterior spinal decompression. Surgical hardware may
also obscure transforaminal access in some individuals. The point of
entry to the caudal epidural space is located below the vertebrae that are
commonly decompressed and fused surgically, thereby reducing the
incidence of dural puncture during epidural injection [6,9]. However,
since this point of entry is distant from affected lumbar nerve roots and
discs, interventionalists rely on higher volumes of injectate [6,7] or
catheter use to ensure medication delivery to the targeted level(s) [10].

The caudal epidural approach also allows the safe use of particulate
steroid, as this region of access contains venous plexus but no radi-
culomedullary arteries, similar to access of the interlaminar space, and in
contrast to transforaminal access [11]. While the published evidence is
mixed, use of particulate steroid for the treatment of radicular pain
syndromes has been associated with a more durable treatment response
in some studies [12–14]. As such, some physicians perceive an advantage
of the caudal epidural approach with deposition of particulate steroid
compared to transforaminal ESI with non-particulate steroid when an
interlaminar route of access is not possible due to scarring of or
obstruction of the dorsal epidural space in post-surgical patients.

In some cases, a catheter-based access method is used to deposit a low
volume of epidural injectate with a relatively high concentration of ste-
roid at the target level where lumbosacral pathology is present
(compared to the high-volume injection needed to reach various lumbar
levels using a caudal approach without a catheter) [15]. Typically, a
“soft” epidural catheter is used with this method. In other cases, the
catheter-based access method is paired with a technique initially
described as a lysis of adhesions (LOA), adhesiolysis, or percutaneous
epidural neuroplasty [16]. In this technique, the caudal epidural space is
accessed via a percutaneous approach, and a stiff catheter is advanced to
the targeted level(s) of disc herniation or scar tissue encroaching upon
the affected nerve root(s) [16]. Typically, local anesthetic, steroid, and a
substance used to “lyse” the adhesions, such as a 10% hypertonic saline
or hyaluronidase, is injected through the catheter [17]. In addition to the
injectate that provides chemical or enzymatic LOA, a balloon or other
device may be used to provide mechanical LOA [18]. The catheter may
be left in place for several days to allow repeated administration of
medications (without steroid) prior to removal [16,17], though many
studies also describe single or multiple injections in the same day fol-
lowed by immediate removal of the catheter [19–24]. In this systematic
review, all procedures in which steroids were injected via a caudal
approach were included as our primary inclusion criterion to include
single shot ESIs, ESIs with a catheter, and LOA procedures. For clarity,
procedures involving use of a catheter where the intention was to
chemically or mechanically “lyse” adhesions (LOA) or resolve a filling
defect are hereafter termed “neuroplasty”.

A large volume of literature on caudal ESI and epidural neuroplasty
has been published by a single common primary author [19–36],
including several systematic reviews [37–39]. Regarding caudal ESI,
evidence in one review was rated as “good” for disc herniation or radi-
culitis and “fair” for axial or discogenic pain without disc herniation,
radiculitis, or facet joint pain; spinal stenosis; and CPSBP. Lumbar
percutaneous adhesiolysis (neuroplasty) was rated at a “fair” level of
evidence for CLBP and lower extremity pain secondary to post-surgery
syndrome and spinal stenosis [38]. However, there is significant
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concern for bias regarding the data and conclusions in these articles,
including the reporting of primarily continuous data, poor description of
intention-to-treat analysis, the authors' methods of addressing missing
data, absent sensitivity analyses, and significant references to the au-
thors’ own work. Other reviewers noted similar concerns, stating “there
is weak positive evidence that LOA is more effective for CPSBP and spinal
stenosis, and that LOA is more effective than sham adhesiolysis and
conservative management for lumbosacral radiculopathy” [40].

Until more conclusive studies are published, this systematic review
was constructed to evaluate the quality of the existing evidence regarding
the efficacy, effectiveness, and safety of caudal access and steroid
administration in treating CLBP, radicular pain, and CPSBP. This sys-
tematic review was performed with the knowledge that studies would
likely be found that utilized steroids in the caudal space but relied upon
other injectates, catheter placement, etc. as the primary intervention
being studied. For the purpose of this review, prior to evaluating the
published literature, the authors elected to analyze any study that
included steroid as an injectate in the caudal space, regardless of whether
the steroid was the intended primary treatment of the original
researchers.

1.1. Objectives and rationale

The objective of this systematic review was to identify and evaluate
the quality of studies regarding the effectiveness and adverse events
associated with procedures that introduce steroids into the caudal space.

2. Methods

2.1. Protocol and registration

This IRB-exempt study was registered on PROSPERO (ID:
CRD42020192039, June 2020).

2.2. Eligibility criteria

2.2.1. Population
Adults 18 years or older with CLBP, radicular pain, or CPSBP (often

also referred to as “failed back surgery syndrome”) with symptoms for
greater than 3 months. This criterion was changed from “symptoms for
greater than 6 months” after the review was registered on PROSPERO
during the literature search period based upon consensus from the
research team. The intent was to capture the majority of the published
literature, for which inclusion criteria more frequently required duration
of symptoms of 3 months. Studies that did not report duration of pain or
that reported duration of pain less than 3 months were omitted from the
analysis.

2.2.2. Intervention
Fluoroscopically- or ultrasound-guided caudal ESI with or without a

catheter. For clarity, procedures involving use of catheter where the
intention was to mechanically or chemically “lyse” adhesions (LOA) or
resolve a filling defect are hereafter termed “neuroplasty”.

2.2.3. Comparison
Sham, placebo procedure, active standard care treatment, or none.

2.2.4. Outcome
The primary outcome of interest was the proportion of individuals

with �50% pain reduction as measured by a validated scale such as the
visual analog scale (VAS) or numeric rating scale (NRS). Secondary
outcomes included the proportion of individuals with �50% functional
improvement compared to baseline as measured by the Oswestry
Disability Index (ODI), mean changes in ODI and NRS/VAS scores,
analgesic medication use, patient satisfaction, subsequent lumbosacral
spinal surgery, and utilization of healthcare related to the index



Fig. 1. Prisma 2009 flow diagram.
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symptoms of interest. No restrictions were placed on the number of
procedures performed. No restrictions were imposed regarding a mini-
mum duration of outcome assessment. Outcomes were analyzed at two
timeframes: between three and six months post-procedure and greater
than six months post-procedure.

2.2.5. Studies
The present study included randomized controlled trials (RCTs), non-

randomized comparative studies, and single group observational studies.
Case reports, expert opinion, and non-English language manuscripts were
excluded. No publication date restrictions were applied. For the purpose
of this review, the authors analyzed any study that included steroid as an
injectate in the caudal space, regardless of whether the steroid was the
intended primary treatment of the original researchers.

2.3. Information sources and search

Clinical outcome studies on the effectiveness of caudal ESI for the
treatment of CLBP or radicular pain were obtained by searching PubMed,
Ovid MEDLINE, and Scopus, using the search terms “radiculopathy,”
“failed back,” “chronic low back pain,” “disc degeneration,” “caudal,”
“catheter,” and “adhesiolysis.” The searches were performed on February
1, 2022. Literature was also identified from the cited references of
retrieved publications.

2.4. Study selection

Three authors (AN, BB, TV) independently assessed a subset of ab-
stracts according to screening criteria. Two reviewers (BB, TV) assessed
each abstract for eligibility. Discrepancies were resolved by a third
reviewer (AN) not originally assigned to review those specific studies to
reach a final decision regarding study inclusion. Subsequently, the full
publications were independently reviewed by at least two authors (BB,
TV) and assessed for inclusion. Discrepancies were again resolved by a
third reviewer (AN).

Studies were included if they met the following criteria: 1) presen-
tation of clinically relevant data on efficacy or effectiveness of caudal ESI
for the treatment of CLBP or radicular pain and 2) presentation of valid
information based on appropriate procedural technique, study method-
ology, and data analyses according to principles of EBM [41] or the
ability to perform appropriate data analysis from raw published data.

2.5. Data items and collection

The following information was extracted from each study: 1) biblio-
graphic details including year of publication and authors; 2) study
design; 3) participant selection criteria; 4) technical description of the
procedure; and 5) any relevant author disclosures or study funding.
Additionally, outcome measures were recorded for pain reduction,
functional improvement, patient satisfaction, analgesic medication use,
lumbosacral spine surgery, healthcare resource utilization, and adverse
events/complications.

2.6. Risk of bias and methodologic assessment

All reviewers have successfully achieved accreditation in the Spine
Intervention Society's (SIS) Accreditation in Evidence-based Medicine
Training Program. The program consists of two courses – Accreditation
Course in Assessing Studies of Treatment (EBM I) and Accreditation
Course in Assessing Studies of Diagnostic Tests and Strategies (EBM II).
Each of these courses consist of 3–5 h of didactic presentations and
require participation in a 2-h, small group discussion session with SIS
EBM faculty. In order to attain accreditation, participants must pass all
quizzes (six for EBM I and three for EBM 2), participate in the 2-h dis-
cussion sessions, and demonstrate competency on exams demonstrating
understanding of statistical concepts and calculations and the ability to
3

rigorously critique studies.
Reviewers evaluated all studies for various methodologic qualities

known to impact study quality [41]. These considerations included a
number of factors including; 1) selection of a patient sample represen-
tative of a realistic clinical population; 2) use of validated outcome
measures; 3) <20% loss to follow-up (censoring); 4) use of controls for
co-interventions; 5) authors’ conflicts of interest; and 6) the validity of
diagnostic criteria and assessment tools.

The body of evidence was evaluated using the Grading of Recom-
mendation, Assessment, Development and Evaluation (GRADE) system of
appraisal to determine the quality of the evidence of the effectiveness of
caudal ESI [42]. In the GRADE system, reviewers analyze the body of
evidence pertaining to an intervention in domains including imprecision,
risk of bias, inconsistency, indirectness, and publication bias. GRADE
gives an initial quality rating based upon the existing evidence and allows
for upgrading or downgrading of the overall evidence quality rating (e.g.,
upgrading for large magnitude of effect, or downgrading for risk of bias).
Disagreements regarding GRADE evaluation were resolved by consensus
decision among the reviewers.
2.7. Summary measures and synthesis of results

The primary outcome of interest was the proportion of “responders”,
defined by � 50% pain reduction from baseline at three months. Sec-
ondary outcomes included the proportion of individuals with �50%
functional improvement compared to baseline as measured by the
Oswestry Disability Index (ODI), mean changes in ODI and NRS/VAS
scores, analgesic medication use, subsequent lumbosacral spinal surgery,
and utilization of healthcare related to the index symptoms of interest.
The GRADE system was applied to assess the quality of evidence related
to the effectiveness of caudal ESI [43]. A meta-analysis was not per-
formed due to significant heterogeneity of the study designs, populations
studied, and primary and secondary outcomes.

3. Results

A total of 364 records were identified from the initial search. After
abstract screening for relevant publications and removal of duplicates, 37
full text articles were assessed for eligibility and 23 were ultimately



Table 1
Study characteristics.

Study Study Design Diagnosis/Question Addressed Injectate/Catheter Duration Follow-Up
Interval

Akbas 2018 [46] Pragmatic RCT CPSBP
To compare 3 adhesiolysis* approaches
(caudal, S1 foraminal, L5-S1
transforaminal)

Caudal:
�catheter (procedure only)
�1500U hyaluronidase
�10 mL 1% lidocaine
�80 mg methylprednisolone

1 month
3 months
6 months

Chun-jing 2012
[47]

Pragmatic RCT CPSBP
To compare adhesiolysis vs caudal ESI

Adhesiolysis:
�catheter (procedure only)
�50–80 mL saline
�10 mg dexamethasone
Caudal ESI only:
�no catheter
�10 mg dexamethasone

7 days
1 month
6 months

Gerdesmeyer
2013 [44]

Explanatory RCT Radicular pain with disc herniation or
CPSBP
To compare neurolysis* vs placebo

Neurolysis:
�catheter (remained 2 days)
�10 mL 0.25% bupivacaine
�10 mL saline and 150U/mL
hyaluronidase
þ each subsequent day (2 days):

�10 mL saline
�40 mg triamcinolone
�2 mL 0.25% bupivacaine
Placebo:
�catheter in subcutaneous tissue
�10 mL saline each day

3 months
6 months
12 months

Gerdesmeyer
2021 [45]

Explanatory RCT Radicular pain with disc herniation or
CPSBP
To compare neurolysis vs placebo

Neurolysis:
�catheter (remained 3 days)
�10 mL 0.25% bupivacaine
�10 mL saline and 150U/mL
hyaluronidase
þ Post-neurolysis:

�10 mL saline
�40 mg triamcinolone
�2 mL 0.25% bupivacaine
þ each subsequent day (2 days):

�10 mL 0.25% bupivacaine
�10 mL saline
�2 mL 0.25% bupivacaine
Placebo:
�catheter in subcutaneous tissue
�10 mL saline each day

12 months
120
months

Karm 2018 [18] Pragmatic RCT Central lumbar spinal stenosis with
neurogenic claudication
To compare inflatable catheter (ZiNeu) to
balloon-less catheter (Racz) adhesiolysis

ZiNeu:
�catheter (remained 2 days)
�4 mL 1% lidocaine
�1500 IU hyaluronidase
�5 mg dexamethasone and 1% lidocaine
�4 mL 10% hypertonic saline
After 2 days:
�5 mg dexamethasone
�2 mL 1% lidocaine
�4 mL 10% hypertonic saline
Racz:
�catheter (remained 2 days)
�1500 IU hyaluronidase
�5 mg dexamethasone and 1% lidocaine
�4 mL 10% hypertonic saline
After 2 days:
�5 mg dexamethasone
�2 mL 1% lidocaine
�4 mL 10% hypertonic saline

1 month
3 months
6 months

Manchikanti
2008 [25]

Pragmatic RCT Radicular pain and disc herniation
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
�2 mL 0.9% sodium chloride solution
Group 2:
�9 mL 0.5% lidocaine
�1 mL 6 mg betamethasone or 40 mg
methylprednisolone

�2 mL 0.9% sodium chloride solution

3 months
6 months
12 months

Manchikanti
2008 [26]

Pragmatic RCT CLBP and radicular pain
CPSBP
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
�2 mL 0.9% sodium chloride solution
Group 2:

3 months
6 months
12 months

(continued on next page)
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Table 1 (continued )

Study Study Design Diagnosis/Question Addressed Injectate/Catheter Duration Follow-Up
Interval

�9 mL 0.5% lidocaine
�1 mL 6 mg betamethasone
�2 mL 0.9% sodium chloride solution

Manchikanti
2008 [27]

Pragmatic RCT CLBP and radicular pain
Stenosis
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
�2 mL 0.9% sodium chloride solution
Group 2:
�9 mL 0.5% lidocaine
�1 mL 6 mg betamethasone
�2 mL 0.9% sodium chloride solution

3 months
6 months
12 months

Manchikanti
2008 [28]

Pragmatic RCT CLBP, discogenic pain without disc
herniation or radiculitis
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
�2 mL 0.9% sodium chloride solution
Group 2:
�9 mL 0.5% lidocaine
�1 mL 6 mg betamethasone or 40 mg
methylprednisolone

�2 mL 0.9% sodium chloride solution

3 months
6 months
12 months

Manchikanti
2009 [24]

Pragmatic RCT CLBP and radicular pain
CPSBP
To evaluate caudal epidural steroid versus
epidural adhesiolysis

Caudal ESI:
�catheter (procedure only)
�5 mL 2% lidocaine
�6 mL saline
�1 mL 6 mg betamethasone
�1 mL normal saline
Adhesiolysis:
�Racz catheter (procedure only,
adhesiolysis performed)

�5 mL 2% lidocaine
�6 mL 10% sodium chloride
�1 mL 6 mg betamethasone
�1 mL normal saline

3 months
6 months
12 months

Manchikanti
2009 [20]

Pragmatic RCT CLBP and radicular pain
Stenosis
To evaluate caudal epidural steroid versus
epidural adhesiolysis

Caudal ESI:
�catheter (procedure only)
�5 mL 2% lidocaine
�6 mL saline
�1 mL 6 mg betamethasone
�1 mL normal saline
Adhesiolysis:
�Racz catheter (procedure only,
adhesiolysis performed)

�5 mL 2% lidocaine
�6 mL 10% sodium chloride
�1 mL 6 mg betamethasone
�1 mL normal saline

3 months
6 months
12 months

Manchikanti
2010 [29]

Pragmatic RCT CLBP and radicular pain
CPSBP
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
Group 2:
�9 mL 0.5% lidocaine
�6 mg betamethasone
�2 mL 0.9% sodium chloride solution

3 months
6 months
12 months

Manchikanti
2011 [30]

Pragmatic RCT Radiculitis, disc herniation
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
�2 mL 0.9% sodium chloride solution
Group 2:
�9 mL 0.5% lidocaine
�1 mL 6 mg betamethasone or 40 mg methylprednisolone
�2 mL 0.9% sodium chloride solution

3 months
6 months
12 months

Manchikanti
2011 [31]

Pragmatic RCT CLBP without herniation or radiculitis
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
�2 mL 0.9% sodium chloride solution
Group 2:
�9 mL 0.5% lidocaine
�1 mL 6 mg betamethasone or 40 mg
methylprednisolone

�2 mL 0.9% sodium chloride solution

3 months
6 months
12 months

Manchikanti
2012 [32]

Pragmatic RCT CLBP and radicular pain
Stenosis
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
�2 mL 0.9% sodium chloride solution
Group 2:
�9 mL 0.5% lidocaine

3 months
6 months
12 months
18 months
24 months

(continued on next page)
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Table 1 (continued )

Study Study Design Diagnosis/Question Addressed Injectate/Catheter Duration Follow-Up
Interval

�1 mL 6 mg betamethasone
�2 mL 0.9% sodium chloride solution

Manchikanti
2012 [33]

Pragmatic RCT CLBP and radicular pain
CPSBP
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
�2 mL 0.9% sodium chloride solution
Group 2:
�9 mL 0.5% lidocaine
�1 mL 6 mg betamethasone
�2 mL 0.9% sodium chloride solution

3 months
6 months
12 months
18 months
24 months

Manchikanti
2012 [23]

Pragmatic RCT CLBP and radicular pain
CPSBP
To compare caudal epidural steroid
injections with epidural adhesiolysis

Caudal ESI:
�catheter (procedure only)
�5 mL 2% lidocaine
�6 mL 0.9% saline
�1 mL 6 mg betamethasone
�1 mL sodium chloride solution
�6 mL 0.9% saline
Neuroplasty:
�Racz catheter (procedure only,
adhesiolysis performed)

�5 mL 2% lidocaine
�6 mL 10% sodium chloride
�1 mL 6 mg betamethasone
�1 mL sodium chloride solution

3 months
6 months
12 months
18 months
24 months

Manchikanti
2012 [34]

Pragmatic RCT CLBP and radicular pain
Stenosis
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
�2 mL 0.9% sodium chloride solution
Group 2:
�9 mL 0.5% lidocaine
�1 mL 6 mg betamethasone
�2 mL 0.9% sodium chloride solution

3 months
6 months
12 months

Manchikanti
2012 [35]

Pragmatic RCT Radiculitis, disc herniation
To compare caudal epidural injections with
and without steroids

Group 1:
�10 mL 0.5% lidocaine
�2 mL 0.9% sodium chloride solution
Group 2:
�9 mL 0.5% lidocaine
�1 mL 6 mg betamethasone or 40 mg methylprednisolone
�2 mL 0.9% sodium chloride solution

3 months
6 months
12 months
18 months
24 months

Manchikanti
2013 [19]

Pragmatic RCT CLBP and radicular pain
Stenosis
To evaluate percutaneous adhesiolysis

�Racz catheter (procedure only,
adhesiolysis performed in all)

�5 mL 2% lidocaine
�6 mL 10% sodium chloride
�1 mL 6 mg betamethasone
�1 mL sodium chloride solution

3 months
6 months
12 months
18 months
24 months

Manchikanti
2015 [36]

Retrospective comparison
of results of 2 Pragmatic RCTs

CLBP, discogenic pain
To compare caudal and lumbar
interlaminar approaches of epidural
injections with and without steroids

Caudal, anesthetic only
�10 mL 0.5% lidocaine
Caudal, steroid
�9 mL 0.5% lidocaine
�1 mL “steroid”
Lumbar interlaminar, anesthetic only
�6 mL 0.5% lidocaine
Lumbar interlaminar, steroid
�5 mL 0.5% lidocaine
�1 mL “steroid"

3 months
6 months
12 months
18 months
24 months

Park 2013 [48] Pragmatic RCT Disc herniation or stenosis and radicular
pain
To compare ultrasound vs fluoroscopy
guided caudal ESI

Both groups:
�1 mL 1% lidocaine
�13 mL 0.5% lidocaine
�2 mL 10 mg dexamethasone

2 weeks
12 weeks

Yousef 2010
[49]

Pragmatic RCT CPSBP
To compare caudal ESI with and without
hyaluronidase

Group 1:
�10 mL 0.25% bupivacaine
�80 mg methylprednisolone
�30 mL 3% hypertonic saline
Group 2:
�10 mL 0.25% bupivacaine
�80 mg methylprednisolone
�30 mL 3% hypertonic saline
�1500 IU hyaluronidase

6 weeks
3 months
6 months
12 months

RCT- “randomized controlled trial”; ESI- epidural steroid injection; CPSBP- chronic post-surgical back pain; CLBP- chronic low back pain. *The term neuroplasty is used
throughout the manuscript to describe procedures involving the use of a catheter where the intention was to chemically or mechanically “lyse” adhesions or resolve a
filling defect. In this table the authors' preferred term is used.
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included (Fig. 1). Studies that met the inclusion criteria consisted of two
explanatory trials, 20 pragmatic trials, and one retrospective comparison
of two pragmatic RCTs. Results were organized by study design and
characteristics of individual studies and are summarized in Table 1.
Categorical outcomes are reported in Table 2. Continuous outcomes for
improvement in pain are reported in Table 3, and continuous outcomes
for secondary outcomes are reported in Table 4. Adverse events are listed
in Table 5. Because none of the included studies reported data on sub-
sequent lumbosacral spinal surgery or utilization of healthcare related to
the index symptoms of interest, these secondary outcomes are not rep-
resented in the tables.

3.1. Explanatory studies

One explanatory study that generated two articles met criteria for
inclusion [44,45]. These two articles assess the efficacy of treatment for
the same group of subjects; the 2013 manuscript presents three-month,
six-month, and one-year follow-up data, and the 2021 manuscript pre-
sents one-year and 10-year follow-up data. Subjects with radiculopathy
from disc herniation or CPSBP were randomized in a 1:1 ratio to receive
either fluoroscopically-guided caudal epidural neuroplasty (n ¼ 46)
(defined as a two-day in-dwelling catheter with solution injected as a
slow bolus as described in Table 1) or a fluoroscopically-guided subcu-
taneous catheter placement with daily slow bolus of normal saline only
(n ¼ 44). Subjects and assessing physicians were both blinded to group
assignment. In a worst-case analysis, greater than 50% improvement in
VAS was observed in 67% (95% Confidence Interval [CI]: 54%–81%),
70% (95% CI: 56%–83%), and 63% (95% CI: 49%–72%) of subjects at
three, six, and 12 months, respectively. Greater than 50% improvement
in ODI was reported by 57% (95% CI: 42%–71%), 67% (95% CI: 54%–

81%), and 61% (95% CI: 47%–75%) of subjects at three, six, and 12
months, respectively, which was significantly higher than in the saline
group [16% (95% CI: 5%–27%), 9% (95% CI: 1%–18%), and 20% (95%
CI: 9%–32%) respectively]. These improvements in VAS and ODI were
statistically significant and superior to placebo at all three timepoints (p
< 0.05). The mean VAS scores in the neuroplasty group improved from
6.7 � 1.1 at baseline to 2.9 � 1.9, 1.4 � 0.9, and 1.2 � 1.0 at 3-, 6-, and
12-months post-procedure [44]. Thirty-eight percent and 31% of subjects
were lost to follow up by one-year post-intervention in the neuroplasty
and placebo groups, respectively.

Gerdesmeyer et al. additionally provided 10-year data from this study
cohort [45]. At this time point, greater than 50% improvement in VAS
was observed in 54% (95% CI: 40%–69%) of subjects who received the
intervention and 34% (95% CI: 28%–48%) of subjects who received
placebo. Also at this time point, greater than 50% improvement in ODI
was reported by 54% (95% CI: 40%–69%) of subjects who received the
intervention and 36% (95% CI: 28%–51%) of subjects who received
placebo. In the neuroplasty group, mean VAS scores decreased from a
baseline of 6.7� 1.1 to 1.2� 1.1 at one year and to 1.5� 1.4 at 10 years.
The differences in VAS and ODI score improvements between the two
groups at the 10-year threshold were not statistically significant [45].

3.2. Pragmatic studies

One pragmatic study was identified that provided acceptable data on
success rates for pain relief and functional improvement [18]. In this
study, an inflatable catheter was compared to a balloon-less catheter
introduced by caudal epidural access for subjects with central lumbar
spinal stenosis with neurogenic claudication. Because both groups
received steroid injections, data from each are reported. This study used a
composite categorical score as the criterion for success (see Table 2 for
the description of this composite score). In the balloon-less group, 40%
(95% CI: 19%–61%), 40% (95% CI: 19%–61%), and 25% (95% CI: 6%–

44%) of subjects met the composite categorical definition of treatment
success at three, six, and 12 months, respectively. In the balloon group,
58% (95% CI: 39%–78%) met the composite categorical definition of
7

treatment success at all three time points.
None of the other pragmatic studies that met the established inclusion

criteria of the present systematic review reported categorical data that
could be effectively extrapolated. Fifteen studies reported categorical
data and success rates, but these data could not be validly interpreted due
to use of the “last data point carried forward” methodology, which rep-
resents a misutilization of the intention to treat analysis; allowance for
repeat interventions within the study timeframe; unblinding of subjects
during the study timeframe; absence of raw data to allow for independent
calculations of success rates; and reporting results graphically without
numerical representation in the text of the manuscript [19,20,23–35].

Improvement in pain using continuous data was reported in 21
pragmatic studies [18–20,23–36,46–49]. Various time points were
evaluated in these studies. The range of mean improvement in pain
scores for three- to six-month post-procedure time points in these studies
was 12%–79% (Table 3). While differences exist between how individual
studies defined specific diagnoses, and several studies combined di-
agnoses without separating them for interpretation, there were several
identifiable diagnoses that could be grouped for interpretation of
continuous data. These included CPSBP, disc herniation with radicular
pain, central stenosis with radicular pain, and low back pain without disc
herniation or radiculitis. For CPSBP, the range of mean improvement in
pain scores at three- to six-months after caudal ESI was 12–79%
(Table 3). For disc herniation with radicular pain, the range of mean
improvement in pain score at three- to six-month time points after caudal
ESI was 57–79% (Table 3). For central stenosis with radicular pain, the
range of mean improvement in pain score at three- to six-month time
points after caudal ESI was 13–61% (Table 3). For non-radicular LBP, the
range of mean improvement in pain scores at three- to six-month time
points after caudal ESI was 48–55% (Table 3).

Seventeen studies reported improvement in mean pain score at an
endpoint greater than six months post-procedure [19,20,23–36,49].
Endpoints included 12 months, 18 months, and 24 months
post-procedure. The range of mean improvement in pain score
post-procedure in these studies at these endpoints was 45–56% (Table 3).
As above, identifiable diagnoses that could be grouped for interpretation
of continuous data included CPSBP, disc herniation with radicular pain,
central stenosis with radicular pain, and non-radicular LBP. The range of
mean improvement in pain scores after six month following caudal ESI
was 46–56% for CPSBP, 54–56% for disc herniation with radicular pain,
38–51% for central stenosis with radicular pain, and 51–53% for
non-radicular LBP (Table 3).

Nineteen pragmatic studies evaluated functional improvement
(Table 4) [18–20,23–36,46,48]. All 19 described a mean improvement in
ODI. The range of improvement in ODI at three- to six-month time points
post-procedure was 14–54%. The range of mean improvement in ODI for
the endpoints beyond six months post-procedure was 17–53%.

Fifteen studies assessed change in opioid consumption (see Table 4)
[19,20,23–32,34,35,47]. All 15 studies described a mean reduction in
morphine equivalents (MME). The range of improvement in reduction of
MME at three- to six-month time points post-procedure was 14–51%. The
range of improvement in reduction of MME for greater than six-month
post-procedure endpoints was 15–41%.

3.3. Adverse events

Adverse events data were collected and assessed from each of the
included studies. No serious adverse events were identified in any of the
studies. Subarachnoid needle or catheter placement was identified in 9%
(14/155) [95% CI: 5–14%] of subjects treated with epidural neuroplasty
across three studies [19,20,23], while subdural needle placement was
noted in 5% (1/20) (95% CI: 0–15%) of subjects treated with a caudal ESI
in one study [46]. No other identifiable patterns of adverse events were
noted (Table 5).



Table 2
Categorical data on pain and functional improvement.

Study Determinant of Successful Treatment - Pain Categorical Pain
Improvement at Each
Interval

Determinant of Successful Treatment - Function Categorical Functional
Improvement at Each
Interval

Gerdesmeyer
2013 [44]

�50% improvement VAS Neurolysis* (n ¼ 46)
3 m: 31/46, 67%
(95% CI: 54–81%)
6 m: 32/46, 70%
(95%CI: 56–83%)
12 m: 29/46, 63%
(95%CI: 49–72%)

�50% improvement ODI Neurolysis (n ¼ 46)
3 m: 26/46, 57% (95%
CI: 42–71%)
6 m: 31/46, 67% (95%
CI: 54–81%)
12 m: 28/46, 61%
(95%CI: 47–75%)

Gerdesmeyer
2021 [45]

�50% improvement VAS Neurolysis (n ¼ 46)
12 m: 29/46, 63%
(95%CI: 49–77%)
120 m: 25/46, 54%
(95%CI: 40–69%)

�50% improvement ODI Neurolysis (n ¼ 46)
12 m: 28/46, 61%
(95%CI: 47–75%)
120 m: 25/46, 54%
(95%CI: 40–69%)

Karm 2018 [18] (1) � 50% (or � 4-point) reduction from baseline leg
or lower back NRS-11, and no increase from baseline
ODI and MQS, and �4 points on the GPES scale, or
(2) � 30% (or � 2-point) reduction from baseline
NRS with any one of the following criteria:
simultaneous�30% (or� 10-point) reduction in ODI
from baseline, � 6 points on the GPES scale, or �
25% reduction in MQS from baseline

LOA* Racz (n ¼ 20)
1 m: 8/20, 40% (95%
CI: 19%–61%)
3 m: 8/20, 40% (95%
CI: 19%–61%)
6 m: 5/20, 25% (95%
CI: 6%–44%)
LOA Zineu (n ¼ 24)
3 m: 14/24, 58%
(95%CI: 39%–78%)
6 m: 14/24, 58%
(95%CI: 39%–78%)
12 m: 14/24, 58%
(95%CI: 39%–78%)

(1) � 50% (or � 4-point) reduction from baseline leg
or lower back NRS-11, and no increase from baseline
ODI and MQS, and �4 points on the GPES scale, or
(2) � 30% (or � 2-point) reduction from baseline
NRS with any one of the following criteria:
simultaneous�30% (or� 10-point) reduction in ODI
from baseline, � 6 points on the GPES scale, or �
25% reduction in MQS from baseline
______
�30% Improvement in ODI

LOA Racz (n ¼ 20)
1 m: 8/20, 40% (95%
CI: 19%–61%)
3 m: 8/20, 40% (95%
CI: 19%–61%)
6 m: 5/20, 25% (95%
CI: 6%–44%)
LOA ZiNeu (n ¼ 24)
3 m: 14/24, 58% (95%
CI: 39%–78%)
6 m: 14/24, 58% (95%
CI: 39%–78%)
12 m: 14/24, 58%
(95%CI: 39%–78%)
_______
LOA Racz (n ¼ 20)
1 m: 6/20, 30% (95%
CI: 10%–50%)
3 m: 7/20, 35% (95%
CI: 14%–56%)
6 m: 4/20, 20% (95%
CI: 2%–38%)
LOA ZiNeu (n ¼ 24)
1 m: 13/24, 54% (95%
CI: 34%–74%)
3 m: 15/24, 63% (95%
CI: 43%–82%)
6 m: 13/24, 54% (95%
CI: 34%–74%)

VAS- Visual Analog Scale; ODI- Oswestry Disability Index; NRS- Numeric Rating Scale; 95%CI: 95% Confidence Interval; MQS- Medication Quantification Scale; GPES-
Global Perceived Effect Scale; LOA- Lysis of adhesions; *The term neuroplasty is used throughout the manuscript to describe procedures involving the use of a catheter
where the intention was to chemically or mechanically “lyse” adhesions or resolve a filling defect. In this table the authors' preferred term is used.

A.S. Nagpal et al. Interventional Pain Medicine 1 (2022) 100149
3.4. GRADE assessment of the evidence

There is only one explanatory randomized controlled trial with valid,
interpretable success rates published on the use of caudal ESIs, and data
are reported in two separate articles from this trial [44,45]. The second of
these studies reports 10-year follow-up data that are unlikely to be
related to the original intervention. There is a wide variety of hetero-
geneity of study design, injectate, and diagnosis inclusions for the
remaining pragmatic studies. Gerdesmeyer et al. performed epidural
neuroplasty by placing a catheter in the caudal epidural space for two
days with a specific injectate (Table 1). With RCT evidence available for
this particular form of intervention, the resulting body of evidence is
initially assigned a “high” GRADE quality of evidence rating. However,
this body of evidence is downgraded due to imprecision of results, which
represents a serious risk of bias. This is based upon a small sample of
available explanatory data that have not been replicated, leading to large
confidence intervals and uncertainty regarding the findings. Therefore,
the GRADE level for the quality of evidence for epidural neuroplasty to
improve pain and function associated with radiculopathy from disc
herniation or CPSBP is moderate at three, six, and 12 months. The quality
of evidence for the use of caudal ESI for the treatment of pain and
dysfunction associated with radiculopathy in disc herniation or CPSBP
8

using any technique other than the epidural neuroplasty technique
described by Gerdesmeyer et al. is low. While there are pragmatic RCTs,
which confer an initial GRADE assignment of high quality to the evi-
dence, the quality of the body of evidence is downgraded because the
studies are biased by imprecise effect size (small sample sizes and un-
reliable categorical and continuous data), indirectness (substantial dif-
ferences in the methodology of caudal ESI technique as well as
substantial population differences), and inconsistency in results (large
differences in effect between studies).

The GRADE assessment for the use of caudal ESI for pain and
dysfunction associated with the following diagnoses at all included time
points is low: central lumbar spinal stenosis with neurogenic claudica-
tion, discogenic CLBP, and CLBP without disc herniation/radiculitis.
While there are pragmatic RCTs, which confer an initial GRADE assign-
ment of high quality to the evidence, the quality of the body of evidence
is downgraded because the studies are biased by imprecise effect size,
indirectness, and inconsistency.

4. Discussion

The primary focus of the present review was to rigorously and
comprehensively analyze the published literature on the efficacy and



Table 3
Continuous data - pain relief.

Study Follow-Up
Interval

Pain Outcome Measure % Mean Improvement in Remaining
Subjects at Each Interval

Diagnosis/Question Addressed

Akbas 2018 [46] 1 month
3 months
6 months

VAS Caudal
69%
59%
53%
S1 transforaminal
71%
64%
56%
L5-S1 transforaminal
67%
56%
51%

CPSBP
To compare 3 adhesiolysis* approaches (caudal, S1
transforaminal, L5-S1 transforaminal)

Chun-jing 2012
[47]

7 days
1 month
6 months

VAS Adhesiolysis
50%
49%
47%
Caudal ESI only
22%
15%
12%

CPSBP
To compare adhesiolysis vs caudal ESI

Gerdesmeyer 2013
[44]

3 months
6 months
12 months

VAS Neurolysis*
57%
79%
82%

Radicular pain w/disc herniation or CPSBP
To compare neurolysis* vs placebo

Gerdesmeyer 2021
[45]

12 months
120 months

VAS Neurolysis
82%
78%

Radicular pain w/disc herniation or CPSBP
To compare neurolysis vs placebo

Karm 2018 [18] 1 month
3 months
6 months

NRS leg
NRS back

LOA Racz (NRS leg)
34%
25%
13%
LOA Racz (NRS back)
34%
30%
22%
LOA ZiNeu (NRS leg)
27%
40%
47%
LOA ZiNeu (NRS back)
29%
38%
46%

Central lumbar spinal stenosis w/neurogenic claudication
To compare inflatable catheter (ZiNeu) to balloon-less catheter
(Racz) LOA

Manchikanti 2008
[25]

3 months
6 months
12 months

NRS Caudal, No Steroid
53%
55%
54%
Caudal ESI
57%
56%
56%

Radicular pain and disc herniation
To compare caudal epidural injections with and without steroids

Manchikanti 2008
[26]

3 months
6 months
12 months

NRS Caudal, No Steroid
53%
55%
54%
Caudal ESI
57%
56%
56%

Chronic LBP and radicular pain
CPSBP
To compare caudal epidural injections with and without steroids

Manchikanti 2008
[27]

3 months
6 months
12 months

NRS Caudal, No Steroid
48%
51%
53%
Caudal ESI
44%
45%
45%

CLBP and radicular pain
Stenosis
To compare caudal epidural injections with and without steroids

(continued on next page)
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Table 3 (continued )

Study Follow-Up
Interval

Pain Outcome Measure % Mean Improvement in Remaining
Subjects at Each Interval

Diagnosis/Question Addressed

Manchikanti 2008
[28]

3 months
6 months
12 months

NRS Caudal, No Steroid
53%
54%
53%
Caudal ESI
53%
52%
51%

CLBP, discogenic pain without disc herniation or radiculitis
To compare caudal epidural injections with and without steroids

Manchikanti 2009
[24]

3 months
6 months
12 months

NRS Caudal ESI
38%
27%
23%
Adhesiolysis
58%
54%
51%

Chronic LBP and radicular pain
CPSBP
To evaluate caudal epidural steroid versus epidural adhesiolysis

Manchikanti 2009
[20]

3 months
6 months
12 months

NRS Caudal ESI
33%
25%
23%
Adhesiolysis
54%
51%
50%

CLBP and radicular pain
Stenosis
To evaluate caudal epidural steroid versus epidural adhesiolysis

Manchikanti 2010
[29]

3 months
6 months
12 months

NRS Caudal, No Steroid
47%
44%
43%
Caudal ESI
47%
47%
46%

CLBP and radicular pain
CPSBP
To compare caudal epidural injections with and without steroids

Manchikanti 2011
[30]

3 months
6 months
12 months

NRS Caudal, No Steroid
49%
52%
49%
Caudal ESI
56%
55%
55%

Radiculitis, disc herniation
To compare caudal epidural injections with and without steroids

Manchikanti 2011
[31]

3 months
6 months
12 months

NRS Caudal, No Steroid
48%
49%
46%
Caudal ESI
54%
53%
52%

CLBP without herniation or radiculitis
To compare caudal epidural injections with and without steroids

Manchikanti 2012
[32]

3 months
6 months
12 months
18 months
24 months

NRS Caudal, No Steroid
48%
48%
44%
43%
42%
Caudal ESI
46%
45%
43%
42%
38%

CLBP and radicular pain
Stenosis
To compare caudal epidural injections with and without steroids

Manchikanti 2012
[33]

3 months
6 months
12 months
18 months
24 months

NRS Caudal, No Steroid
46%
45%
42%
41%
44%
Caudal ESI
47%
47%
46%
47%
46%

CLBP and radicular pain
CPSBP
To compare caudal epidural injections with and without steroids

(continued on next page)
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Table 3 (continued )

Study Follow-Up
Interval

Pain Outcome Measure % Mean Improvement in Remaining
Subjects at Each Interval

Diagnosis/Question Addressed

Manchikanti 2012
[23]

3 months
6 months
12 months
18 months
24 months

NRS Caudal ESI
38%
27%
23%
23%
22%
Adhesiolysis
58%
54%
51%
56%
56%

CLBP and radicular pain
CPSBP
To compare caudal epidural steroid injections with epidural
adhesiolysis

Manchikanti 2012
[34]

3 months
6 months
12 months

NRS Caudal, No Steroid
48%
48%
44%
Caudal ESI
46%
45%
43%

CLBP and radicular pain
Stenosis

To compare caudal epidural injections with and without steroids

Manchikanti 2012
[35]

3 months
6 months
12 months
18 months
24 months

NRS Caudal, No Steroid
49%
52%
49%
49%
48%
Caudal ESI
56%
55%
55%
55%
54%

Radiculitis, disc herniation
To compare caudal epidural injections with and without steroids

Manchikanti 2013
[19]

3 months
6 months
12 months
18 months
24 months

NRS Adhesiolysis
55%
53%
50%
51%
48%

CLBP and radicular pain
Stenosis
To evaluate epidural adhesiolysis

Manchikanti 2015
[36]

3 months
6 months
12 months
18 months
24 months

NRS Caudal, No Steroid
51%
51%
49%
48%
48%
Caudal ESI
55%
53%
53%
50%
53%

CLBP, discogenic pain
To compare caudal and lumbar interlaminar approaches of
epidural injections with and without steroids

Park 2013 [48] 2 weeks
12 weeks

VAS Ultrasound
51%
61%
Fluoroscopy
51%
59%

Disc herniation or stenosis and radicular pain
To compare ultrasound vs fluoroscopy guided caudal ESI

Yousef 2010 [49] 6 weeks
3 months
6 months
12 months

Verbal Scale (0–4, 4
“extremely severe")

Caudal ESI
54%
49%
28%
15%
Caudal ESI þ Hyaluronidase
55%
52%
56%
50%

CPSBP
To compare caudal ESI with and without hyaluronidase

ESI- Epidural Steroid Injection; CLBP- Chronic low back pain; CPSBP- Chronic post-surgical back pain; LOA- Lysis of adhesions; VAS- Visual Analog Scale; NRS- Numeric
Rating Scale; *The term neuroplasty is used throughout the manuscript to describe procedures involving the use of a catheter where the intention was to chemically or
mechanically “lyse” adhesions or resolve a filling defect. In this table the authors' preferred term is used.
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Table 4
Continuous data - functional improvement and analgesic use.

Study Follow-Up
Interval

Functional Outcome
Measure

% Mean Improvement in Remaining
Subjects at Each Interval

Analgesic Improvement
Outcome Measure

% Mean Improvement in Remaining
Subjects at Each Interval

Akbas 2018 [46] 1 month
3 months
6 months

ODI Caudal
52%
46%
44%
S1 Transforaminal
71%
64%
56%
L5-S1 Transforaminal
67%
56%
51%

Chun-jing 2012
[47]

7 days
1 month
6 months

MME reduction Adhesiolysis:
50%
50%
51%
Caudal ESI only:
33%
21%
20%

Gerdesmeyer 2013
[44]

3 months
6 months
12 months

ODI Neurolysis
52%
78%
83%

Gerdesmeyer 2021
[45]

12 months
120 months

ODI Neurolysis
83%
79%

Karm 2018 [18] 1 month
3 months
6 months

ODI Racz
21%
23%
14%
ZiNeu
29%
33%
42%

Manchikanti 2008
[25]

3 months
6 months
12 months

ODI Caudal, No Steroid
46%
50%
51%
Caudal ESI
52%
53%
56%

MME reduction Caudal, No Steroid
41%
41%
41%
Caudal ESI
40%
41%
40%

Manchikanti 2008
[26]

3 months
6 months
12 months

ODI Caudal, No Steroid
45%
44%
45%
Caudal ESI
43%
44%
42%

MME reduction Caudal, No Steroid
31%
16%
30%
Caudal ESI
32%
33%
34%

Manchikanti 2008
[27]

3 months
6 months
12 months

ODI Caudal, No Steroid
42%
46%
50%
CESI
37%
41%
39%

MME reduction Caudal, No Steroid
22%
24%
24%
Caudal ESI
36%
38%
38%

Manchikanti 2008
[28]

3 months
6 months
12 months

ODI Caudal, No Steroid
49%
51%
51%
Caudal ESI
49%
51%
51%

MME reduction Caudal, No Steroid
25%
25%
25%
Caudal ESI
25%
17%
24%

(continued on next page)
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Table 4 (continued )

Study Follow-Up
Interval

Functional Outcome
Measure

% Mean Improvement in Remaining
Subjects at Each Interval

Analgesic Improvement
Outcome Measure

% Mean Improvement in Remaining
Subjects at Each Interval

Manchikanti 2009
[24]

3 months
6 months
12 months

ODI Caudal ESI
29%
22%
19%
Adhesiolysis
51%
51%
49%

MME reduction Caudal ESI
2%
15%
2%
Adhesiolysis
34%
23%
36%

Manchikanti 2009
[20]

3 months
6 months
12 months

ODI Caudal ESI
23%
17%
16%
Adhesiolysis
49%
48%
49%

MME reduction Caudal ESI
17%
17%
17%
Adhesiolysis
16%
16%
16%

Manchikanti 2010
[29]

3 months
6 months
12 months

ODI Caudal, No Steroid
42%
42%
42%
Caudal ESI
42%
44%
43%

MME reduction Caudal, No Steroid
18%
22%
22%
Caudal ESI
17%
17%
15%

Manchikanti 2011
[30]

3 months
6 months
12 months

ODI Caudal, No Steroid
43%
47%
47%
Caudal ESI
51%
51%
53%

MME reduction Caudal, No Steroid
12%
13%
12%
Caudal ESI
33%
31%
31%

Manchikanti 2011
[31]

3 months
6 months
12 months

ODI Caudal, No Steroid
42%
43%
46%
Caudal ESI
49%
50%
49%

MME reduction Caudal, No Steroid
17%
9%
9%
Caudal ESI
17%
14%
17%

Manchikanti 2012
[32]

3 months
6 months
12 months
18 months
24 months

ODI Caudal, No Steroid
42%
42%
41%
41%
41%
Caudal ESI
40%
40%
40%
41%
37%

MME reduction Caudal, No Steroid
27%
25%
21%
22%
22%
Caudal ESI
33%
32%
32%
32%
34%

Manchikanti 2012
[33]

3 months
6 months
12 months
18 months
24 months

ODI Caudal, No Steroid
42%
42%
42%
41%
41%
Caudal ESI
42%
44%
43%
43%
43%

(continued on next page)
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Table 4 (continued )

Study Follow-Up
Interval

Functional Outcome
Measure

% Mean Improvement in Remaining
Subjects at Each Interval

Analgesic Improvement
Outcome Measure

% Mean Improvement in Remaining
Subjects at Each Interval

Manchikanti 2012
[23]

3 months
6 months
12 months
18 months
24 months

ODI Caudal ESI
29%
22%
19%
19%
19%
Adhesiolysis
51%
51%
49%
53%
55%

MME reduction Caudal ESI
2%
2%
2%
2%
2%
Adhesiolysis
23%
24%
21%
23%
23%

Manchikanti 2012
[34]

3 months
6 months
12 months

ODI Caudal, No Steroid
42%
42%
41%
Caudal ESI
40%
40%
40%

MME reduction Caudal, No Steroid
28%
25%
21%
Caudal ESI
33%
32%
32%

Manchikanti 2012
[35]

3 months
6 months
12 months
18 months
24 months

ODI Caudal, No Steroid
43%
47%
47%
47%
47%
Caudal ESI
51%
51%
53%
53%
52%

MME reduction Caudal, No Steroid
37%
36%
37%
37%
37%
Caudal ESI
33%
31%
31%
31%
31%

Manchikanti 2013
[19]

3 months
6 months
12 months
18 months
24 months

ODI Adhesiolysis*
51%
50%
49%
50%
51%

MME reduction Adhesiolysis
31%
31%
27%
29%
27%

Manchikanti 2015
[36]

3 months
6 months
12 months
18 months
24 months

ODI Caudal, No Steroid
46%
46%
46%
45%
45%
Caudal ESI
51%
50%
50%
50%
51%

Park 2013 [48] 2 weeks
12 weeks

ODI Ultrasound Caudal ESI
35%
43%
Fluoroscopic Caudal ESI
41%
44%

ESI- Epidural Steroid Injection; ODI-Oswestry Disability Index; MME- Morphine Milligram Equivalent; *The term neuroplasty is used throughout the manuscript to
describe procedures involving the use of a catheter where the intention was to chemically or mechanically “lyse” adhesions or resolve a filling defect. In this table the
authors' preferred term is used.

A.S. Nagpal et al. Interventional Pain Medicine 1 (2022) 100149
effectiveness of caudal ESI for the treatment of chronic back and/or lower
extremity pain due to a variety of diagnoses. Relevant studies were
selected for inclusion using criteria from established guidelines [41,50].

The recommendations for the importance of categorical data analyses
have been well-documented in the medical literature. A panel of leading
authorities in the field of Pain Medicine published recommendations
known as “Initiative on Methods, Measurement, and Pain Assessment in
Clinical Trials” (IMMPACT) guidelines. These authors emphasized the
importance of reporting categorical data analysis (Anchor-Based
Methods) over group (mean) data analysis (Distribution-Based Methods)
14
[50]. While group data may provide a statistical indication that a treat-
ment is effective, it does not provide any information on the proportion
of patients in which the treatment is effective, the number of patients for
which it is effective, or the magnitude of effectiveness in a particular
patient [51].

Trends emerge when assessing the level of evidence in accordance
with GRADE. In this review, the authors encountered both explanatory
and pragmatic RCTs. There are many studies in which caudal access is
obtained and steroids are injected. There is a finite number of diagnoses
for which caudal ESIs are generally used. Each of these diagnoses is



Table 5
Adverse events.

Study Adverse Events

Akbas 2018 [46] No serious adverse events
L5-S1 TFESI: 1 headache, 1 post-operative paresthesia
S1 TFESI: 1 subdural contrast spread, 1 hypotension, 1 dural puncture
Caudal ESI: 1 subdural contrast spread, 1 infection

Chun-jing 2012 [47] No serious adverse events
Adhesiolysis* failed in 6 cases without any significant change in epidural anterior space angiography or any nerve injury complication

Gerdesmeyer 2013 [44] No serious adverse events
54 patients (34 lysis, 20 placebo) reported intra-procedural pain
5 patients (3 lysis, 2 control) reported swelling without clinical evidence
48 (42 lysis, 6 control) transient neurological deficits following intervention
2 (1 lysis, 1 control) dural punctures with shearing of external catheter coating

Gerdesmeyer 2021 [45] None reported

Karm 2018 [18] No serious adverse events
Transient minor events (not tabulated):
Pain after adhesiolysis (2–3 days)
Paresthesia during adhesiolysis
Pain with needle insertion

Manchikanti 2008 [25] No serious adverse events

Manchikanti 2008 [26] No serious adverse events

Manchikanti 2008 [27] No serious adverse events

Manchikanti 2008 [28] No serious adverse events

Manchikanti 2009 [24] No adverse events noted

Manchikanti 2009 [20] 1 subarachnoid placement of the catheter identified in the adhesiolysis group

Manchikanti 2010 [29] No serious adverse events

Manchikanti 2011 [30] No serious adverse events

Manchikanti 2011 [31] No serious adverse events

Manchikanti 2012 [32] No serious adverse events

Manchikanti 2012 [33] No serious adverse events

Manchikanti 2012 [23] No serious adverse events
7 subarachnoid entries in adhesiolysis group
2 patients developed transient postoperative weakness

Manchikanti 2012 [34] No serious adverse events

Manchikanti 2012 [35] No serious adverse events

Manchikanti 2013 [19] No serious adverse events
6 subarachnoid punctures
2 patients developed transient postoperative weakness

Manchikanti 2015 [36] No serious adverse events

Park 2013 [48] No serious adverse events
5 vasovagal (2 ultrasound, 3 fluoro)
3 transient headache (2 ultrasound, 1 fluoro)
9 transient pain (5 ultrasound, 4 fluoro)

Yousef 2010 [49] No serious adverse events
4 minor complications (e.g., rash and itching)

TFESI- Transforaminal Epidural Steroid Injection; *The term neuroplasty is used throughout the manuscript to describe procedures involving the use of a catheter where
the intention was to chemically or mechanically “lyse” adhesions or resolve a filling defect. In this table the authors' preferred term is used.
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represented in studies in this systematic review: 1) radiculopathy with
disc herniation, 2) CPSBP, 3) central lumbar spinal stenosis with
neurogenic claudication, 4) discogenic CLBP, and 5) CLBP without disc
herniation/radiculitis. However, the similarities of the studies addressed
herein end there.

A variety of techniques and injected medications have been studied
for caudal ESIs, more so than interlaminar ESIs or transforaminal ESIs.
However, the associated body of literature has not been developed
enough to establish a definitive superiority of a specific procedural
technique or epidural injectate. This leads to ambiguity when
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interpreting the available literature. Table 1 describes the 23 different
studies that were included in this review, the majority of which include
entirely different methods for performing this procedure. For this reason,
the authors were unable to perform a meta-analysis. Because of the
heterogeneity in the technique for caudal ESI, it is possible that the subtle
differences may have contributed to increased or decreased benefit as
compared to steroid in isolation. Additionally, 16/23 (70%) of the
studies had the same first author, which limits generalizability of find-
ings. Many of the included studies used the “last data point carried for-
ward” method to complete an intention-to-treat analysis, wherein a
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dropout's score was carried forward throughout the duration of the study,
as opposed to accounting for the dropout as a failure. The categorical
data within these studies therefore cannot be fairly evaluated, which left
only three articles with interpretable categorical data [18,44,45].

Of the three articles with interpretable categorical data, data from the
two articles describing the same population support the notion that
caudal ESIs may be a viable option for the treatment of radiculopathy
with disc herniation, CPSBP, and lumbar spinal stenosis with claudica-
tion [44,45]. In Gerdesmeyer et al., the only explanatory RCT with viable
categorical data, there was a statistically and clinically meaningful
improvement in pain and function at three, six, and 12 months. If a
similar study demonstrates comparable results, the reproducibility of
findings would likely increase confidence in the results and justify a
GRADE quality of evidence rating of “high”. Of note, it is unclear what
the role of the included injectates other than steroid may have played in
the outcomes in this study. Perhaps most importantly, Gerdesmeyer et al.
implemented a two-day in-dwelling catheter neuroplasty technique,
which is not commonly used due to the necessity of inpatient
hospitalization.

In the one other available article with interpretable categorical data,
because the main difference between the two groups in Karm et al. was
the use of a catheter with a balloon versus a catheter without a balloon,
this study amounts to two separate cohort studies of two distinct types of
epidural neuroplasty [18]. Therefore, the findings are less meaningful
relative to a prospective trial comparing caudal ESI or epidural neuro-
plasty to a sham procedure or any type of standard care for the condition
of interest.

Given the noted heterogeneity and lack of conclusive results relative
to the various diagnoses studied, it is clear that more research is needed
to understand the utility of caudal ESI and epidural neuroplasty in the
treatment of painful conditions of the lumbosacral spine. This research
should include, but is not limited to, appropriate diagnosis/diagnoses for
the procedure, optimal timeframe of intervention, precise location(s) of
injectate delivery, injectate type(s), catheter use, catheter type, and
optimal duration of use of the catheter (if any).

There are several limitations to the present review. It is possible that
all relevant data were not captured. Useful data may have been rejected if
unavailable in English. Reviewers are also susceptible to confirmation
bias and their assessments can be influenced by their previous experience
and knowledge of a procedure and its effects. With access to raw data, the
possibility exists that several of the studies with published categorical
data may have been interpretable and thus added to the body of out-
comes for explanatory studies. We did not contact authors to request raw
data. Lastly, our review was not exhaustive regarding a review of retro-
spective case studies, case series, and case studies to assess for other
adverse events associated with caudal ESIs and epidural neuroplasty.
Rare complications, by definition, are not captured in cohort studies
aside from very large registries, which do not exist for these procedures.

5. Conclusion

The published evidence establishes that when the inclusion criteria
utilized for this systematic review are applied, caudal epidural neuro-
plasty performed using an indwelling catheter for two days with a spe-
cific epidural injectate described by Gerdesmeyer et al. are effective
treatments for lumbosacral radiculopathy with disc herniation and for
CPSBP, though the GRADE level of certainty is moderate only for this
variant of the procedure. For all other methods of performing caudal ESIs
described in the present literature, the level of evidence is low for the
treatment of pain and dysfunction associated with central lumbar spinal
stenosis with neurogenic claudication, discogenic CLBP, and CLBP
without disc herniation/radiculitis, and the available evidence supports a
possible benefit. More research is needed to understand the utility of
caudal ESI/neuroplasty in the treatment of painful conditions of the
lumbosacral spine. This research should include, but is not limited to,
appropriate diagnosis/diagnoses for the procedure, optimal timeframe of
16
intervention, location(s) of injectate delivery, injectate type(s), injectate
volume, catheter use, catheter type, and optimal duration of use of a
catheter (if any).
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