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Abstract

Background: In the United States, low back pain remains a
common problem and a number one reason to see a physician in
the outpatient setting. Etiology is complex and likely multifactorial
and includes; degenerative disc disease, zygapophysial joint arthritis,
vertebral misalignment, muscle strain, ligament sprain, myofascial
pain, among others. Based on evidence of increased inflammatory
response in disc herniation and degenerative discs, epidural steroid
injections (ESI) have been used to treat lumbosacral radicular pain.

Objective: To focus on the appropriate use of lumbar ES| in
treating lumbosacral radicular pain in the United States, comparing
and contrasting transforaminal, interlaminar, and caudal approaches
for steroid delivery, as well as a comparison of commonly used steroid
preparations.

Methods: PubMED, MEDLINE, and OVID databases were reviewed
utilizing the following subject headings: low back pain, epidural steroid
injections, transforaminal epidural steroid injections (TFESI), interlaminar
epidural steroid injections (ILESI), and caudal epidural steroid injections
(CESI) dated from 2000 to 2014. The bibliographies of major articles
and reviews were also cross-referenced for additional sources.

Results: A number of articles that included randomized control
trials, comprehensive and systematic reviews, and meta-analyses
were found. These provided a broad, detailed overview of the subject,
that we used to explore the data surrounding use of ESI for treatment
of lumbosacral radicular pain.

Conclusions: Most agree that the evidence for epidural steroid
injection efficacy s strongest for short termrelief of lumbosacralradicular
pain. Most of the systemic reviews have agreed that the strongest
evidence for TFESI use is for relief of unilateral lumbosacral radicular
pain. The evidence suggests using ILESI in patients with bilateral and/
or multi-level lumbosacral radicular pain. The data correlates efficacy
of CESl in low level bilateral or multilevel lumbosacral radicular pain as
well as in patients with history of lumbar surgery.

Introduction
Epidemiology

In the United States, low back pain remains common.
Approximately two-thirds of the population has low back pain at
some time in their lives and approximately 26% of adults surveyed
admit to having low back pain within the last three months [1]. Back
pain is the fifth most common reason for all physician visits [2] and
the second most common symptom-related reason for clinician visits
[3,4]. The 2010 Global Burden of Disease (GBD) results showed
that there is a very high prevalence and burden from low back pain
throughout the world [5]. Low back pain was found to have the
sixth highest burden of the 291 conditions studied, and caused more
disability than any other condition. It is well known that back pain
accounts for a large proportion of health care expenditures and that
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these expenditures have been increasing substantially [6]. In fact,
these expenditures have been increasing more rapidly than overall
health expenditures [6]. Taken together with the lost productive time
in the workplace, estimated to cause an approximate loss of five hours
per week per worker, the over cost is estimated at $61 billion per year

[7].

The etiology of low back pain remains a complex and likely
multifactorial spectrum of degenerative diseases of the spine. Pain
generated from problems with the intervertebral discs, zygapophysial
joint arthritis, vertebral misalignment, muscles, ligaments, fascia, or
neural structures is difficult to determine. While for most, episodes
of back pain are self-limited and resolve without specific therapy,
for others it is recurrent or chronic and causes significant pain that
interferes with employment and quality of life. Treatment varies and
may include conservative management, interventional procedures,
and surgery.

Conservative management

Conservative management recommended for low back pain
includes rest, medications and therapy. Medications available include
NSAIDs, acetaminophen, centrally acting skeletal muscle relaxants,
glucocorticoids, anticonvulsants, and opioids. Therapy options may
include physical therapy, manipulation, yoga, acupuncture, massage
therapy, and modalities.

Interventional procedures

Currently there are a large variety of therapeutic interventions
available to treat low back pain. These include spinal interventions
such as Epidural Steroid Injections (ESI), zygapophysial joint intra-
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articular injections, nerve blocks, radiofrequency ablation, and spinal
cord neuromodulation [8]. The main objectives of interventional
procedures are to improve pain and function so that the patient is
able to participate in a comprehensive physical therapy program
where any biomechanical deficiencies can be addressed.

Surgical management

It is critical for the evaluating specialist to be cognizant of the
indications for surgical referral. The following are indications for
a referral to either a neurosurgeon or orthopaedic spine surgeon:
suspected spinal cord compression with myelopathy, intractable pain
refractory to medications, cauda equina syndrome, and progressive
or severe neurologic deficit [9]. The clinical red flags to be aware of
are gait ataxia/upper motor neuron changes (myelopathy), bowel/
bladder dysfunction (cauda equina syndrome), night pain/weight loss
(malignancy), and fevers/chills (infection).

The object of this evidence-based review is to focus on the
appropriate use of lumbar ESI in treating lumbosacral radicular pain
in the United States, comparing and contrasting transforaminal,
interlaminar, and caudal approaches for steroid delivery, a look
at local anesthetics and a comparison of commonly used steroid
preparations.

Lumbar Epidural Steroid Injections

Injection of corticosteroids into the epidural space has long
been used as a treatment for lumbosacral radicular pain due to
disc herniation or degeneration. The basis for this treatment stems
from evidence that suggests there is an increased production of pro-
inflammatory mediators and cytokines because of disc herniation [10-
15]. This seems to be also the case in degenerative painful disc where
there is the presence of higher levels of interleukin-6, interleukin-8
and prostaglandin E2 [16,17]. It is therefore believed that introducing
corticosteroid into this space will inhibit the inflammatory cascade
and provide pain relief. There is reasonable data to support lumbar
epidural steroid use for acute symptoms with short term relief [18].
Young et al. highlighted a few prospective RCTs demonstrating the
efficacy of epidural steroid injections up to six months [19]. More
recently, Friedly et al. showed that for lumbar stenosis, epidural
injection of glucocorticoids with lidocaine offered minimal additional
benefit compared to injection of lidocaine alone, although some have
questioned the study design and interpretation of its data [20,21].
In the study a lidocaine only group and a glucocorticoid-lidocaine
group both showed decreased pain and improved function at 3
weeks and 6 weeks, with a small but significant difference favoring
the glucocorticoid-lidociane group at 3 weeks. Also at 6 weeks, the
glucocorticoid-lidocaine group reported more improvement in
function and higher satisfaction with their treatment. Whether both
help and it does not make a difference if glucocorticoid is used or
whether the pain improves for other reasons including natural reasons
is hard to infer as the trial lacked a sham control group. Nevertheless
the short-term relief of pain and improved function, along with
physical therapy and medications, give these patients a nonoperative
option to treat their pain. This observed short term benefit may be
the reason that despite the lack of evidence for efficacy as a long-term
efficacy for chronic back pain due to spinal spondylosis and stenosis,
the use of ESIs has increased dramatically in recently years, with an

estimated 11 million injections performed in the US annually [22].

Three routes may be used to introduce corticosteroid into
the lumbosacral epidural space: Transforaminal Epidural Steroid
Injections (TFESI), Interlaminar Epidural Steroid Injections (ILESI),
and Caudal Epidural Steroid Injections (CESI).

Transforaminal epidural steroid injections

TFESI is a procedure that is commonly used today as a treatment
for lumbosacral radicular pain. The procedure involves delivering a
quantity of a corticosteroid preparation into the immediate vicinity of
a spinal nerve and its roots. This is done by way of the intervertebral
foramen in which the target nerve lies.

Compared to ILESI and CESI, the transforaminal route is a more
recently described approach and became a more common practice
in the US at the close of the 20* century. This change was prompted
by several factors including increasing use of fluoroscopic guidance,
reports from systemic reviews that the conventional routes were not
as effective as once believed, increasing use of diagnostic selective
nerve root injections, and the suggestions that perhaps epidural
corticosteroids would be more effective if delivered more accurately
to site of pathology, often anterior structures such as the intervertebral
disc [23].

The thought that TFESI would be more effective is based on
evidence from laboratory experiments that inflammatory process
may play a major role in the genesis of symptoms when lumbar
nerve roots are affected by disc herniations [10-15,24-28]. It is
therefore believed that the advantage of a transforaminal route
of administration is that it deposits the medication near the nerve
root and in the anterior epidural space at the interface between the
herniated disc (or foraminal stenosis) and the inflamed nerve roots.

Another reason for the emergence of TFESI was that there was
concern with whether there was actual epidural distribution occurring
with ILESI and CESI. Even if an actual epidural distribution was
achieved it was still questionable if there was sufficient enough ventral
distribution to the anterior epidural region in which herniation may
be located [29].

Furthermore, these prior approaches (interlaminar and caudal)
typically needed to use excessive drug volume and increased
dose, which increased risk of potential systemic adverse effects.
Fluoroscopically guided TFESI began to be implemented as one
method to achieve a more effective treatment with lower amounts
of drug needed to be used. While in theory multilevel and bilateral
transforaminal epidural injections may deliver more volume of
medication efficiently, there are no studies to validate these techniques.
It should be noted that as a result each level performed during a
single procedure encounter multiplies the risk associated with the
single encounter [30]. Subsequent studies showed some evidence
that indeed TFESI did have a superior therapeutic effect compared to
ILESI and CESI with less medication needed for efficacy [29,31,32].
A more recent systematic review, however, showed that after 2 weeks
there is no statistically significant difference in efficacy between the
two approaches [33]. The procedure, indications, complications, and
efficacy will be discussed below.

Interlaminar epidural steroid injections
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This injection delivers medication via a loss-of-resistance
technique through the posteriorly located ligamentum flavum. ILESI
have some advantages in treating axial low back pain. One advantage
is that most contrast agent (and thus medication once it is injected)
is seen to spread bilaterally in the epidural space. The advantage is
that with just a single injection you have not just bilateral distribution
of medication but should potentially also cover more lumbar levels
and more epidural space; this non-selectivity is sometimes clinically
helpful in those individuals with multilevel pathology. Thus, in
patients with bilateral distribution of pain or multi-level involvement
an ILESI may be more appropriate. A second advantage is that there
is less extravasation of contrast agent and therapeutic medication into
the spinal nerve spaces compared to the TFESI. A third advantage
is that, in the authors experience, ILESI are usually less painful
than TFESI. A fourth advantage is that the anatomic location is less
likely to canulate radicular arterial structures that might feed spinal
cord. Furthermore, ILESI can be placed safely with loss of resistance
technique and can be safely placed without contrast in those patients
that are contrast allergic; if not contraindicated, the use of contrast
confirms definitive epidural placement. Lastly, ILESI can ensure
midline medication placement which is often desired in central
stenosis and central disc herniations.

The main disadvantage of ILESI is that the injected agent is
deposited into the posterior epidural space without a guarantee that
it will flow anteriorly where common pain generators such as the disc
are located. With addition of fluoroscopy and contrast enhancement
it became more evident that ILESI did not achieve ventral epidural
contrast spread as effectively as believed. In one study, ventral epidural
contrast spread was seen in just 36% of attempts [34], compared to
TFESI where ventral flow as achieved in 100% of injections [35].
Again, given the evidence of an inflammatory pathophysiology of
lumbosacral radicular pain, ILESI are likely at a disadvantage as a
treatment option. The procedure, indications, complications, and
efficacy will be discussed later in this review.

Caudal epidural steroid injections

CESI is performed by placing a spinal needle into the sacral
epidural space by way of the sacral hiatus. The main advantage of this
approach is thatit is relatively easy to perform, especially in individuals
with a thin body habitus. CESI is commonly preferred in treating
patients with lower lumbar and sacral involvement, in postsurgical
patients, and in patients with bilateral or multilevel involvement. The
main disadvantage is that it requires larger volumes in order to fill
the sacral epidural space before the injected medication can reach
the lumber region, which dilutes the medication. CESI rarely reach
higher than the L5-S1 segmental level [36]. In addition, there seems
to be considerably more discomfort during CESI compared to the
other routes of ESI administration [37]. The procedure, indications,
complications, and efficacy will be discussed below.

Complications of epidural steroid injections

All epidural steroid injections share risk of major and minor
complications. The major complications include infection, bleeding,
permanent skin changes, allergic or unexpected drug reaction with
minor or major consequences, intravascular injection, air embolism,
epidural hematoma, dural puncture, intrathecal injection, nerve

injury, paralysis, chemical meningitis, and discitis [29,36]. Minor
complications include injection site soreness, new pain, worsening
of pain, spinal headache, transient non-spinal headache, transient
hypotension, vasovagal syncope, allergic reaction, nausea, and
vomiting.

Specifically for vasovagal episodes, Kennedy et al. studied the
incidence broken down by variables over 8000 fluoroscopically-
guided injections [38]. The authors found that male sex, age under 65,
and pre-procedure pain less than 5/10 were significantly associated
with vasovagal events.

Use of Flouroscopy

For a long time ESIs were done blindly and until the introduction
of fluoroscopically guided ESIs there was no objective way to confirm
that the medication was delivered to the targeted area. The evidence
for blind ESI has been highly variable and consistently inferior
compared to fluoroscopically-guided injections [39]. There are
clear disadvantages and risks of performing injections without use
of fluoroscopy. Blind ESI have a much higher risk of intravascular
placement of the needle, extra-epidural placement of the needle,
dural puncture and trauma to spinal cord [42]. The miss rate for
blind injections can be as high as 40% even in experienced hands [40].
Aspiration alone is not sensitive enough to detect intravascular needle
placement [41]. Blind injection also require larger volumes which
dilutes the injectate, have preferential cranial and posterior flows of
the solution, and can be difficult to place especially in postsurgical
patients and below the L4-L5 level [39]. These disadvantages and risks
may be avoided or reduced with use of contrast with intermittent live
fluoroscopy. The risk of intravascular injection can be further reduced
by use of digital subtraction angiography, which allows improved
visualization of vascular structures [42,43].

Frequency of Injections

There has been no overall consensus as to the timing and
frequency of lumber ESI needed for effective treatment of lumbosacral
radicular pain. Although a series of three injections was fairly
common practice, a 2008 review found no basis for a series of three,
nor could it conclude what an appropriate frequency of injections
is due to lack of research [44]. A single well placed fluoroscopically
guided injection may be adequate, and an alternative approach may
be considered if it is not. Average of one to three injections is needed
to achieve significant improvement [36,45-52]. However, given the
small but real chances of significant complications, if the first two
injections were technically placed correctly with appropriate flow of
medication based on contrast flow pattern still afforded no significant
pain relief, increased scrutiny should be applied before considering
a third injection as the risk-benefit ratio may no longer be favorable.
The American Society of Interventional Pain Physicians (ASIPP)
guidelines also mention the lack of data for an effective number of
injection and recommend frequency should be two months or longer
between each injection and no more than four injections per year
[53]. The International Spine Intervention Society (ISIS) guidelines
recommend no more than four injections in a 6 month period [54].

Corticosteroids

Some of the most commonly used corticosteroids in ESI
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include dexamethasone, betamethasone, methylprednisolone,
and triamcinolone [55-60]. Dexamethasone aside, these are all
particulate steroids. In terms of metabolic activity, dexamethasone
has a faster onset but shorter duration of action when compared with
particulate preparations [61]. Given the short duration of action of
dexamethasone, some clinicians view particulate corticosteroids as
more appropriate therapeutic choices. Yet there are multiple studies
that have shown evidence of no clinically or statistically significant
difference in efficacy of particulate and nonparticulate steroids [62-
65]. In one of these studies, Kennedy et al. compared triamcinolone
and dexamethasone, both with statistically significant improvements
in pain and function at 2 weeks, 3 months, and 6 months. The
dexamethasone group did receive slightly more injections than the
triamcinolone group with 1 or 2 injections required for symptomatic
relief. This comparison of a nonparticulate vs particulate steroids is the
most recent data with very little published on this type of comparison
in the past. This paucity of evidence along with the chance of fewer
injections required for symptomatic relief might be the reason for
continued particulate steroid use.

Safety and risk

While allergic reaction to steroid is a rare complication [66],
the epidural injection of steroids can suppress the secretion of
glucocorticoids by the adrenal gland for about two to three weeks
[67,68]. True steroid side-effects such as a Cushingoid syndrome
or hypercorticalism have been recorded, but only following
administration of either large or frequent doses of steroid [69-72].
More commonly patients may experience facial flushing, anxiety,
sleeplessness, and high blood sugar [73,74].

There is also evidence that suggests that the added exposure
to glucocorticoids resulting from ESI may lead to increased bone
fragility and therefore ESI should be approached cautiously in patients
at risk for osteoporotic fractures [75]. Also rare, but of significant
concern, is the inadvertent injection of particulate corticosteroids
into a vertebral or foraminal artery which may cause brain and spinal
cord embolic infarcts. If intravascular injection were to happen, the
steroid particle size could be directly related to the probability that a
clinically significant infarct would occur. Houten and Errico reported
paraplegia in three patients after lumbosacral nerve root block using
either betamethasone or methylprednisolone [76], while Kennedy et
al. reported paraplegia in two patients following lumbar TFESI with
betamethasone and methylprednisolone respectively [77].

If these cases of paraplegia are due to spinal cord embolic infarcts
then it is possible that corticosteroids with particles significantly
smaller than red blood cells (average size 6-8 pm) might be safer.
Derby et al. studied and documented particulate size in commonly
used corticosteroid preparations using light microscopy [56]. The
largest measured dexamethasone particles were much smaller than
median sized red blood cells (5-10 times smaller), while the smallest
were too small to be measured. There was no aggregation observed. The
size of triamcinolone particles varied, with the largest particles found
to be more than 12 times greater than median-sized red blood cells,
and extensive aggregation was observed. Betamethasone particles,
although small in size, were densely packed and there was extensive
aggregation, with some large aggregates being more than 12 times
greater than the size of red blood cells. As for methylprednisolone,

the particles were uniform and smaller than red blood cells. They
were densely packed, yet few aggregations were observed, and most
particles and aggregations were smaller than red blood cells [78].

Benzonetal. also compared particulate and nonparticulate steroids
for size and found similar results. They studied dexamethasone,
betamethasone, triamcinolone, and methylprednisolone [60].
Dexamethasone and betamethasone solutions were both described as
pure liquid with no identifiable particles, while a methylprednisolone
and triamcinolone were opaque and amorphous in appearance. They
measured and found that commercial betamethasone had no particles
larger than 500 pm, while 3% of particles in triamcinolone were found
to be larger than 500 um and 1% measured to be larger than 1000 pm.

A no particulate steroid such as dexamethasone is likely safer
and in theory should not result in embolic infarction of the spinal
cord. Yet being a soluble steroid it is more rapidly cleared from
the spinal canal, resulting in a shorter duration of effect, and thus
theoretically less effective than a particulate steroid. Park et al.
conducted a randomized, controlled trial comparing effectiveness
of no particulate steroid (dexamethasone) with particulate steroid
(triamcinolone) in treating lumbar back and lumbar radicular pain
[59]. In this study, 106 patients were randomized into equal groups of
53 and the primary outcomes were improvement in pain on the VAS
as well as improvements on McGill Pain Questionnaire and Revised
Oswestry Low Back Pain Disability Index. The results showed that
while after one month both groups had significant improvements in
outcomes, the patients who were injected with triamcinolone had
significantly lower VAS pain scores. The results on the McGill and
Oswestry questionnaires were not significantly different.

Another randomized study of corticosteroids compared the
efficacy and side-effects of dexamethasone to methylprednisolone
[58]. Their results showed a slight trend toward dexamethasone being
slightly less effective and of shorter duration than methylprednisolone
but this were not found to be statistically significant.

A 2011 prospective randomized, double-blind study by Ahadian
et al. investigated the efficacy dose-response profile, and safety of 3
doses of dexamethasone (4 mg, 8 mg, 12 mg) in a total of 98 subjects
[55]. Their results showed a statistically significant improvement in
radicular pain at 12 weeks. Their results also showed no difference in
efficacy among the 3 different doses. This is significant as it means a
lower dose can be delivered to achieve the same effect while reducing
the risk and side effects of the medication.

The authors of a retrospective observational study assessed the
non-inferiority of dexamethasone compared to particulate steroids
[57]. They retrospectively assessed the results of using dexamethasone
(10 mg) compared to triamcinolone (80 mg) and betamethasone (12
mg) in TFESI to treat patients with radicular pain. In looking at pain
relief and functional recovery at 2 months post injection they report
that the results demonstrated no evidence that dexamethasone is less
effective than particulate steroids.

Local Anesthetics

Local anesthetics work by interrupting neural conduction
via inhibiting the influx of sodium ions through channels within
neuronal membranes [79-81]. In general, smaller fibers (autonomic,
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small unmyelinated C fibers, and small myelinated fibers) are more
susceptible to local anesthetics [80]. They differ in their potency as
well as onset and duration of anesthesia on account of their molecular
structures. The three components that make up the molecular
structure of all local anesthetics are: 1) tertiary amine, 2) intermediate
ester or amide linkage, and 3) a lipophilic aromatic ring. The
lipophilic aromatic ring and its substitutes as well as the tertiary state
of the amine result in differences in lipid solubility which determines
anesthetic potencies of various local anesthetics as well as their time
for onset [81]. The differences in local anesthetic duration of action
has to do with their affinity for plasma proteins and also on how long
a local anesthetic remains in close proximity to neural fibers.

Based on these properties, local anesthetics are most often used
to provide temporary anesthesia. However, epidural administration
of local anesthetics has sometimes ameliorated pain for periods of
time that outlasts Na-channel blockade [80], although the underlying
mechanism of this prolonged effect is still largely unknown. Epidural
injection of steroids is what has been recommended to be effective
in disc herniations and radiculitis given their anti-inflammatory
properties. However there is evidence, particularly in cases of lumbar
spinal stenosis, that local anesthetics either alone or in combination
with steroids are just as effective as steroids [20,80,82-85]; although,
steroids seem to be superior initially [84]. In addition some data
suggests that local anesthetics have anti-inflammatory properties
[86].

Transforaminal Epidural Steroid Injections
Indications and contraindications

Based on the latest guidelines [53,87], the indication for TFESI
is lumbosacral radicular pain in patients: who require relief of their
pain and who have not improved with non-operative treatments,
whose pain is likely to have an inflammatory basis, and for whom
non-operative interventions are not indicated.

The following are considered to be absolute contraindications
to TFESI: evidence of an untreated localized infection in the field of
the procedure, known anaphylactic reaction to contrast medium, a
patient who is unable to cooperate during the procedure, a patient
who is unable or unwilling to consent to the procedure. Relative
contraindications include: allergy to any of the drugs that are to
be administered, pregnancy, concurrent use of anticoagulants,
anatomical derangements that compromise the safe and successful
conduct of the procedure, known systemic infection, coexisting
disease producing
compromise, and immunosuppression.

significant respiratory or cardiovascular

Procedure

The patient is positioned prone. The skin is then prepped in
sterile manner. The fluoroscope is positioned to provide an oblique
view. The injection then begins by anesthetizing the skin and soft
tissues with a local anesthetic (e.g. 2 mL of 1% lidocaine). Using
fluoroscopic guidance, a sterile spinal needle (e.g. 22 gauge, 3.5 or 5
inch) is then positioned at the foramen in the superior aspect above
the exiting spinal nerve. Precise needle placement is then confirmed
by fluoroscopy. Contrast dye (e.g. Omnipaque 300) is then injected
through microbore tubing under live fluoroscopy. Ideally medial

and superior epidural flow pattern are observed. Once there is no
evidence observed of intravascular uptake or intrathecal flow the
injectate solution is then administered (e.g. 2 mL of 1% lidocaine as a
test dose followed by 1.6 mL of dexamethasone solution (10 mg/mL)).

Complications

As with other epidural injections, complications include
vasovagal response, injection site soreness, new pain, worsening
of pain, infection, bleeding, permanent skin changes, allergic or
unexpected drug reaction with minor or major consequences, nerve
injury, paralysis, dural puncture, and headache. A complication more
specific for TFESI has to do with the radicular artery and the fact
that it travels within the foramen where the nerve root is targeted
in this intervention. If the radicular artery is penetrated by needle
tip and there is administration of steroid preparation into the artery,
the steroid preparation may act as an embolus. This may result in
ischemia of the spinal cord if the artery happens to be a reinforcing
artery, especially if the artery of Adamkiewicz is penetrated, which is
most commonly found on the left side and between T9 and L3 [88].
Although extremely rare, there are known cases of paraplegia after
TFESI [76,77]. It is therefore crucial that following transforaminal
access, injected contrast medium shows no intra-arterial injection.
Other major complications include air embolism, dural sac puncture,
intrathecal injection, nerve injury, and discitis [29].

In 2000, Botwin et al. wrote that that they observed no major
complications and a minor complications rate of 9.6% in TFESI
[89]. Huston et al. prospective study of 151 patients did not have
any major complications, and their side effects were as follows:
increased pain at the injection site (17.1%), increased radicular pain
(8.8%), lightheadedness (6.5%), increased spine pain (5.1%), nausea
(3.7%), nonspecific headache (1.4%), and vomiting (0.5%). In a
retrospective study published in 2006, Stalcup et al. also reported
no major complication and an incidence rate of 5.5% for overall
minor complications in TFESI [90,91]. In a prospective study
published in 2011, Karaman et al. evaluated the complications of
1305 implementations of lumbar TFESI in 562 patients in the period
of more than 5 years [29]. They reported no major complications
and a minor complications rate of 11.5%. They found that the most
frequent minor complication was vasovagal reaction (8.7%). Other
studies corroborated that the most frequent adverse event was
vasovagal response [73].

Efficacy

A systematic review by Boswel et al. published in 2003 analyzed
randomized and nonrandomized clinical trials of patients with low
back pain with and without leg pain of at least 3 month duration
treated with ESI for primary outcome of pain [92]. Using 5 levels
of evidence criteria for effectiveness (conclusive, strong, moderate,
limited and indeterminate) they found strong evidence for short-
term and long-term relief in managing lumbosacral radicular pain,
and inconclusive evidence of effectiveness in post lumbar surgery
syndromes.

A systematic review by Abdi et al. published in 2005 evaluated
interlaminar, transforaminal, and caudal epidural injections for
managing chronic (>3 mo duration) axial and radicular pain and
found that the evidence for TFESI in managing radicular pain was
strong for short-term relief and moderate for long-term relief [93].
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Their review also found that the evidence for managing axial pain
with TFESI was indeterminate, and for spinal stenosis as well as
post lumbar surgery back pain were limited. Two years later another
systematic review by Abdi et al. found same results [94].

In a systematic review by Buenaventura et al. in 2009, 4
randomized trials evaluating lumbar TFESI were included [95]. They
found that for short-term relief, all 4 studies showed positive results.
As for long term relief, two studies had positive results, one study had
negative results, and the fourth study results were not available. They
evaluated the level of evidence of these trials and have determined
that the indicated evidence for lumbar TFESI is Level II-1 for short-
term relief and Level II-2 for long-term relief in managing chronic
low back and radicular pain based on the US Preventative Services
Task Force (USPSTF) criteria.

A prospective randomized study by Ghahreman et al. showed
that transforaminal injection of steroid with local anesthetic was
superior to transforaminal injection of anesthetic alone, normal
saline, intramuscular steroid, or intramuscular saline. The same study
also found that over time the number of patients who maintained
relief diminished [96]. There is also evidence that TFESI are more
often successful in patients who do not have significant compression
of the nerve root and thus are more likely to have an inflammatory
basis for radicular pain [97].

In a 2011 literature review by Rho et al. using evidence criteria by
Wright [98], they found that evidence supporting use of TFESI was
strongest for patients who have acute to sub-acute unilateral radicular
pain caused by lumbar disc herniation or lumbar spinal stenosis [99].
They also found that there was insufficient evidence to support use
of TFESI for axial low back, and no evidence for chronic failed back
surgery syndrome.

A 2012 systematic review by Manchikanti et al. evaluated the effect
of therapeutic TFESI in managing low back pain and lower extremity
pain [100]. They searched relevant literature from 1966 to 2011 and
included 27 studies in their analysis with primary outcome measure
of short term (up to 6 months) and long term (> 6 months) pain relief.
They found the evidence for efficacy of TFESI was good for lumbar
disc herniations, fair for spinal stenosis, and poor for axial low back
pain as well as post lumbar surgery syndrome. Their classification for
level of evidence was based on USPSTF criteria.

In 2013, members of the ISIS Standards Committee performed
a comprehensive review of the literature with systematic analysis
of all published data to determine the effectiveness of lumbar
TFESI in the treatment of radicular pain [101]. They reported that
while TFESI is not universally effective in treating radicular pain in
setting of disc herniation, there is sufficient evidence showing that a
substantial proportion of patients with radicular pain do benefit from
these injections and that the improvement is not a placebo effect.
Their review cited outcome studies that show up to 70% of patients
achieving at least 50% relief of pain at 1-2 months after treatment and
about 30% achieving complete relief. They also argue that TFESI is not
a placebo and statistically is more often effective than transforaminal
normal saline, intramuscular normal saline or intramuscular steroids.

A 2013 randomized prospective study of 64 patients showed that
both ILESI and TFESI were effective in treating chronic radicular

pain based on PD-Q scores [49]. The results showed a faster drop in
pain after TFESI compared to ILESI. Recent results by van Helvoirt
et al. indicate that a course of TFESIs followed by physical therapy
(mechanical diagnosis and treatment) may help a substantial
proportion of candidates avoid surgical intervention [102]. Another
more recent prospective study of 31 patients compared TFESI to
CESI and found TFESI to be superior at 6 month follow up [103].

Interlaminal Epidural Steroid Injections
Indications and contraindications

Indications for ILESI are similar to the ones discussed above for
TFESI and include disc herniation, spinal stenosis, and radiculopathy.
ILESI are particularly indicated for spinal stenosis and in cases of
bilateral and/or multi-level radiculopathy. For example, ILESI can be
considered in a patient who has central canal stenosis with diffuse
bilateral symptoms of neurogenic claudication, especially at higher
lumbar levels not reachable with CESI. ILESI can also be considered
in patients with radiculopathy where TFESI approach would be
limiting and difficult such as in patients with severe multilevel
foraminal stenosis.

Contraindications are the same as discussed above for TFESI.
ILESI should be avoided in patients with a history of posterior
spinal surgery or severe central stenosis that obliterates the posterior
epidural space, due to increased risk of intrathecal penetration [36].

Procedure

The patient is positioned prone. The skin is then prepped in
sterile manner. The fluoroscope is positioned to provide an anterior-
posterior view to expose interlaminar space. The interlaminar epidural
injection then begins by anesthetizing the skin and soft tissues with
a local anesthetic (e.g. 2 mL of 1% lidocaine). Using fluoroscopic
guidance, a sterile spinal needle (e.g. 18 gauge 3.5 inch Touhy needle)
is then positioned at the interlaminar space using loss of resistance
syringe with saline technique. Precise needle placement is confirmed
by fluoroscopy. Thencontrast dye (e.g. Omnipaque 300) is injected
through microbore tubing under live fluoroscopy. Ideally a superior
epidural flow pattern is observed. Once there is no evidence observed
of intravascular uptake or intrathecal flow the injectate solution is then
administered (e.g. 2 mL of 1% lidocaineas a test dose without adverse
effect followed by 1-2 mL of corticosteroid such as DepoMedrol (40
mg/ml), betamethasone (6 mg/mL) or dexamethasone (10 mg/mL).

Complications

As with other epidural injections, complications include
vasovagal response, injection site soreness, new pain, worsening
of pain, infection, bleeding, permanent skin changes, allergic or
unexpected drug reaction with minor or major consequences, nerve
injury, paralysis, dural puncture, and headache. The risk of dural sac
puncture is higher in ILESI compared to TFESI and CESI [31,36].
Another complication that patients who receive ILESI are at risk for is
trauma to the spinal cord [104-106]. It has been reported that in 2.5%
of patients who underwent lumbar epidural steroid injections there
was hypotension due to sympathetic efferent blockade [107,108]. An
interesting known complication is worsening of pain, a mysterious
side effect that may have to do with injection of large volumes of fluid
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into epidural space and may be avoided by injecting slowly [109,110].
Although relatively more commonly reported in TFESI, there is one
case report of radicular artery injection and paralysis with ILESI
[111].

Efficacy

The literature on the efficacy of fluoroscopically guided lumbar
ILESI is not as abundant as on blind injections and overall is rather
lacking for both. As far as blind ILESI, multiple control trials have
shown that they are no more effective than sham injections [112].
In a single-blinded investigation of 39 patients with low back and
radicular pain Helliwel et al. treated 20 subjects with ILESI of 80
mg of methylprednisolone in 10 ml normal saline and compared
those patients to 19 control patients who underwent an interspinous
injection of 5 ml normal saline [113]. The patients who received an
ILESI reported statistically significant reduction in pain levels at 1
and 3 months compared to the control patients. The 2003 systematic
review by Boswell et al. concluded that the evidence of ILESI
effectiveness is moderate for short-term relief and limited for long-
term relief in managing lumbar radicular pain [92].

The systematic reviews by Abdi et al. in 2005 and 2007 found
strong evidence for short-term relief of lumbar radicular pain with
ILESI, while the evidence for long-term relief was limited [93,94].
They found that the evidence for managing axial low back pain
and spinal stenosis pain with ILESI was inconclusive for both. In
a systemic review published in 2012, Benyamin et al. analyzed 15
randomized and 11 non-randomized studies, and concluded that the
evidence supporting ILESI was good for radicular pain secondary to
disc herniation and fair for axial pain without disc herniation [39].

There were two studies in 2010 that compared fluoroscopically
guided interlaminar epidural injections of steroid and local anesthetic
versus local anesthetic alone[114,115]. Each study evenly divided 70
patients into two groups to receive either local anesthetic alone or
local anesthetic and steroid. Comparing success rates (at least 50%
improvement in pain and disability scores), post injection opioid
use, and post injection employment status, there was no significant
difference seen between two treatments in both studies.

The results from an observational study that was published in
2010 were that ILESI was effective in four-fifths of patients treated
for axial low back pain, recurrence was observed in 54% of those
patients, with an approximate symptom free interval of 5 months
[116]. There is also some evidence that parasagittal interlaminar
approach of epidural steroid injection is more effective for pain relief
and improvement in disability than midline interlaminar approach
for 6 months in management of low back pain with radicular pain
[117]. Finally, as mentioned earlier, the 2014 study by Manchikanti
also found the interlaminar approach to be effective, either with
steroid or anesthetic alone as the injectate [87].

In regards to superior efficacy of an interlaminar approach versus
a transforaminal approach of medication delivery, there remains a
paucity of clear evidence favoring one technique versus the other.
There have been many attempts to validate each technique as better
approach in terms of long term efficacy, however a clear and data
driven conclusion is yet to be had [118,119]. In some studies, when

compared to TFESI, the ILESI provided less pain relief and needed
greater number of injections [120,121]. There is at least one study
that did not find a significant difference in outcomes when comparing
fluoroscopically-guided TFESI with ILESI, however in this study all
subjects were limited to a single injection [122].

Caudal Epidural Steroid Injections
Indications and contraindications

CESI is commonly preferred in treating patients with lower
lumbar and sacral involvement, in postsurgical patients, and in
patients with bilateral or multilevel involvement [123]. CESI are best
used at L4-L5 or L5-S1 levels since the needle is directed to the sacral
hiatus, and the injectate is unlikely to reach above the L4-L5 level. It
is therefore not recommended to treat more cephalad pathology with
CESL. The reason that CESI are preferred in postsurgical patients is
due to concern of epidural scarring and if another approach such as
ILESI is used there is a higher risk of dural puncture [36].

Procedure

The patient is positioned prone. The skin is then prepped in sterile
manner. The fluoroscope is then positioned to provide a lateral view
of the inferior sacrum. The caudal epidural injection then begins by
anesthetizing the skin and soft tissues with local anesthetic (e.g. 2 mL
of 1% lidocaine). Using fluoroscopic guidance, a sterile spinal needle
(e.g. 22 gauge 3.5 inch) is then positioned at the sacral hiatus with
needle tip below the S2 level. Precise needle placement is confirmed
by fluoroscopy. Next, contrast dye (e.g. Omnipaque 300) is injected
through microbore tubing under live fluoroscopy. Ideally, a superior
epidural flow pattern is observed. Once there is no evidence observed
of intravascular uptake or intrathecal flow the injectate solution is
then administered (e.g. corticosteroid, lidocaine, and saline).

Complications

As with TFESI and ILESE, CESI complications include vasovagal
response, injection site soreness, new pain, worsening of pain,
infection, bleeding, permanent skin changes, allergic or unexpected
drug reaction with minor or major consequences, nerve injury,
paralysis, dural puncture, and headache. In 139 patients who received
257 fluoroscopically guided CESI, Botwin et al. reported an incidence
of 15.6% of minor complications per injection [124,125]. These
complications included vasovagal reaction (0.8%), nausea (0.8%),
facial flushing (2.3%), increased back pain (3.1%), transient non-
positional headaches (3.5%), and insomnia the night of injection
(4.7%).

Efficacy

There is evidence that CESI are effective for management
of chronic low back pain of discogenic origin. Mathews et al.
randomized 57 patients who had chronic low back and radicular pain
to get either CESI or local injection of lidocaine over the sacral hiatus
[126]. Each group received three injections, and at 1 month 67% of
CESI patient and 56% of control patients had effective reduction of
painful symptoms. At one year follow up the improvement remained
greater in the CESI group. The systematic review by Boswel et al. of
randomized and nonrandomized trials found that the overall evidence
of CESI was strong for short-term relief and moderate for long-term
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relief [92]. They also found that the evidence for chronic low back
pain and spinal stenosis was limited due to lack of randomized or
double-blind trials evaluating this effect. The systematic reviews by
Abdi et al. in 2005 and 2007 found that the evidence for managing
chronic lumbar radiculopathy pain with caudal ESI was strong for
short-term relief and moderate for long-term relief [93,94]. They
found similar level of evidence for managing post-lumbar surgery
pain as well. They found the evidence for managing axial low back
pain with CESI was moderate.

Inarandomized, double-blind, active-control trial by Manchikanti
et al. published in 2011, 120 chronic low back pain patients were
randomly assigned into two groups [127]. One group received caudal
epidural injection of local anesthetic, while a second group received
injection of local anesthetic and steroid. Both groups were followed
for 12 months. At the end of 12 months both groups saw significant
improvement with more improvement seen in Group II participants.
In Group II, 72% of participants showed significant pain relief and
72% showed significant improvement in functional assessment. In
Group I, 63% of participants showed significant pain relief and 55%
showed significant improvement in functional assessment. This study
was limited by not having a placebo group.

A blinded randomized control trial by Iversen et al. published in
2011 found CESI to not be effective in treating chronic (>12 weeks)
lumbar radicular pain with their results showing no statistical or
clinical difference between sham groups and groups who received
CESI [128]. Their study was slightly underpowered.

A 2012 systematic review by Manchikanti et al. reviewed 11
randomized and 5 nonrandomized studies of low back pain with
and without radicular pain treated with CESI [129]. Using USPSTF
criteria they concluded that the evidence for short and long term
relief of chronic pain secondary to disc herniation or radiculitis with
CESI was good. For treating chronic axial or discogenic pain, spinal
stenosis, and post-lumbar surgery pain, the evidence was fair.

Conclusion

In the United States, lumbosacral radicular pain remains a
common ailment. Although it naturally resolves for majority of
patients; this complex and likely multifactorial problem remains
difficult to treat for some. The purpose of this paper was to discuss the
appropriate use of ESI as a treatment for lumbosacral radicular pain
in the US based on present knowledge of their indications, safety,
and efficacy. Based on evidence of increased inflammatory response
in disc herniation and degenerative discs, epidural injections of
corticosteroids have been used to treat lumbosacral radicular pain.
TFESI began to be favored as it introduced steroids nearest to the
nerve root, had better epidural and ventral distribution, and required
less drug volume and dose compared to ILESI and CESI. ILESI
and CESI on the other hand do have the advantage of bilateral as
well as multi-level distribution and could be of greater benefit for
patients with diffuse, bilateral, or multi-level involvement. CESI have
additional advantages of being easier to perform, not necessarily
requiring use of fluoroscopy, and potentially better for post-surgical
patients with extensive scarring where ILESI or TFESI would prove
more difficulty and less effective.

Concerning safety, ESIs are generally well tolerated, all sharing

similar major and minor complications, and most complications
are related to technical problems during the procedure or reaction
to steroid. The most worrisome complications are the few reported
cases of paraplegia post TFESI and one case after ILESI. However
these cases are extremely rare, and with proper technique and
fluoroscopic guidance can be avoided. Today fluoroscopically-guided
injections are becoming more common, due to concern for major
complications and evidence that blind injections have been highly
variable and consistently inferior. There is still no consensus as to
frequency and timing of ESI except that most patients will require
more than one injection. The most commonly used corticosteroids
include dexamethasone, betamethasone, methylprednisolone, and
triamcinolone, with dexamethasone the only nonparticulate steroid.
A nonparticulate steroid such as dexamethasone is likely safer and
theoretically should not result in embolic infarction of the spinal cord.
Yet being a soluble steroid it is more rapidly cleared from the spinal
canal, resulting in a shorter duration of effect, and thus theoretically
less effective than a particulate steroid. There is evidence that both
confirms and refutes this concern [57,61-63,77].

Most of the systemic reviews have agreed that the strongest
evidence for TFESI use is for short-term relief of lumbosacral radicular
pain [49,92-95,99-101]. There are many examples in medicine
where such short term treatments are justified, such as in treating
acute infectious COPD exacerbations with oral corticosteroids
and antibiotics or using diuretics for acute CHF overload, neither
of which will prevent next exacerbation or provide any long term
benefit, but in both cases appropriate and is current standard of care.
The evidence for long-term relief with TFESI is at best moderate, and
is indeterminate to limiting for axial low back pain, spinal stenosis,
and post lumbar surgery syndromes. Most recommend the use of
TFESI in patients with unilateral radicular pain. The evidence for
efficacy of ILESI in treating lumbosacral radicular pain is moderate
to strong for short term, limited for long-term relief, and fair for axial
low back pain [39,92]. The evidence suggests using ILESI in patients
with bilateral and/or multi-level lumbosacral radicular pain. As far as
CESI, the evidence appears moderate to strong for both short term
and long term pain relief in patients with lumbosacral radicular pain
[92,126,129], fair to moderate for axial low back pain, spinal stenosis,
and post lumbar surgery syndromes [93,94,129]. The data correlates
efficacy of CESI in low level bilateral or multilevel radicular pain as
well as in patients with history of lumbar surgery.

In summary it is clear that while the evidence has varied and is
lacking for long term efficacy, there is sufficient evidence for short
term benefit that has made ESI an appropriate option for short term
relief of lumbosacral radicular pain. Evidence for ESI used for long
term efficacy or prevention of recurrence of lumbosacral radicular
pain is lacking. The main objective to justify short term relief of
symptoms would be to improve pain and function so that the patient
is able to participate in a comprehensive physical therapy program
where any biomechanical deficiencies can be addressed. This gives
an important window of opportunity to make gains in conservative
treatment of lumbosacral radicular pain without the need for surgical
care.
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