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Background: Since the late 1940s, corticosteroids have been a mainstay class of agents in
multiple interventional techniques and intra-articular injections. Exogenous glucocorticoids are
structurally and pharmacologically similar to the endogenous hormones. As such, multiple actions
of corticosteroids are exhibited, including those of anti-inflammatory and immunosuppressive
effects. Epidural injections, with or without steroids, have been extensively used throughout the
world. There are reports of epidural injections starting in 1901, with steroids being added to the
local anesthetic since 1952, when steroids were administered into the sacral foramen.
Purpose: Due to the extensive side effects of steroids in various injections, some have proposed
limiting their use in epidurals and intraarticular injections. With the COVID-19 pandemic, the
multiple side effects of the steroids have elevated the level of concern and recommendations
have been made to utilize local anesthetic alone or the lowest dose of steroids. Fashioned from
common expressions of the day, the term “steroid distancing” began to be used and proposed
for intraarticular injections of the knee. Consequently, we sought to evaluate the evidence and
feasibility of steroid distancing in interventional pain management.
Methods: This focused review of local anesthetics and steroids utilized in interventional pain
management for epidural injections, peripheral nerve blocks, and intraarticular injections
by multiple database searches. This is a focused narrative review and not a systematic review.
Consequently, evidence synthesis was not performed traditionally, but was based on an overview
of the available evidence.
Results: No significant difference was identified based on whether steroids are added to local
anesthetic or not for epidural as well as facet joint injections. However, there was not enough
evidence to compare these 2 groups for peripheral intraarticular injections.
Limitations: The present review is limited by the paucity of literature with bupivacaine alone or
bupivacaine with steroids local anesthetic alone or with steroids of intraarticular injections of knee,
hip, shoulder and other joints, and intraarticular facet joint injections.
Conclusion: This review shows an overall lack of significant difference between lidocaine
alone and lidocaine with steroids in epidural injections. However, available evidence is limited
for bupivacaine alone or with steroids. Evidence is also not available comparing local anesthetic
alone with steroids for facet joint or peripheral joint intraarticular injections. Thus, it is concluded
that local anesthetic with lidocaine may be utilized for epidural injections, with appropriate
patient selection and steroids reserved for non-responsive patients with local anesthetic and with
significant radiculitis.
Key words: Steroid distancing, chronic pain, steroids, epidural injections, local anesthetic alone,
local anesthetic with steroid, steroid distancing, physical distancing
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1.0 Introduction
Corticosteroids have been one of the most commonly used or mainstay classes of agents in epidural
injections, peripheral nerve blocks, and intraarticular
injections and this use started soon after their introduction into clinical medicine. Corticosteroids are
hormone mediators produced by the cortex of the adrenal glands that are further categorized into glucocorticoids (major glucocorticoid produced in the body
is cortisol), mineralocorticoid (major mineralocorticoid
produced in the body is aldosterone), and androgenic
sex hormones (1). Endogenous cortisone was first isolated in 1935 and synthesized in 1944 (1). In 1948, Philip S. Hench administered cortisone, which was called
compound E at that time, to a 29-year old woman who
was bedridden secondary to active rheumatoid arthritis and reported the ability of the patient to walk after
3 days of treatment. Hench published this case report
in 1949, and in 1950, Hench and others (2-5) were
awarded the Nobel Prize in physiology or medicine
for “their discoveries relating to the hormones of the
adrenal cortex, their structure, and biologic effects”
(2). Hench et al also published their landmark study in
1950 in JAMA (3). Following this introduction of steroids into epidural injections, in 1952 and 1953 (6,7),
they introduced it for intraarticular injections (4), and
subsequently, they published multiple manuscripts in
relation to administration of corticosteroids for inflammatory conditions (2-25).
Glucocorticoids are structurally and pharmacologically similar to the endogenous hormone, cortisol.
Like cortisol, they have immunosuppressive, anti-proliferative, vasoconstrictive anti-inflammatory effects,
which is the common denominator for utilizing them
in neural blockade (1-3,6-10). The anti-inflammatory
and immunosuppressive effects of glucocorticoids are
dose dependent, with immunosuppressive effects seen
mostly at higher doses (1). The majority of effects produced by glucocorticoids results from connecting to
intracellular receptors with subsequent translocation
to the cell nucleus leading to activation of anti-inflammatory proteins and repression of proinflammatory
proteins. The literature shows that most effects of
glucocorticoids are through the genomic mechanisms,
which is of slow onset, while immediate effects are
through non-genomic mechanisms with high doses of
glucocorticoids.
While epidural steroid injections have been
extensively used throughout the world since 1952 (610,26). The initial use and assessment of intraarticular
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steroid injections for facet joint pain was reported by
Mooney and Robertson in 1976 (8). However, their
introduction and continued utilization in spine has
been associated with discordant opinions (6-19,26-31),
along with complications (32-35). In fact, attempts
even have been made to severely restrict or remove
steroids from epidural administration (35,36). In addition, safeguards also have been described to prevent
neurological complications after epidural steroid injection with 17 items (35). The Food and Drug Administration (FDA), continued to retain the warning about
epidural steroid injections that they are associated
with significant complications. Efforts by the American Society of Interventional Pain Physicians (ASIPP)
led these safeguards (36) to remain as guidelines that
were not specifically adopted by the FDA (37).
Historically, steroids were not the first substances
to be reported as effective pain interventions in any
type of neural blockade, including epidural injections
or intraarticular injections (6-10,12). In 1901 Sicard
(38), known as the first pain doctor , and Pasquier
and Leri (39), also in 1901, for anesthetic treatment of
low back and lower extremity pain. Cathelin (40) one
week later in 1901 reported anesthesia and pain relief
of inoperable cancer of the rectum. Subsequently,
reports on cures of sciatica with epidural anesthesia
were published prior to the availability of steroids by
Caussade and Queste (41). Evans (42) in 1931 published
a successful report using procaine and saline in 22 of
40 patients. Cyriax published a series of manuscripts
(43,44) referring to safe use of caudal epidural injections using only local anesthetic in more than 20,000
cases.
Due to extensive use of steroids for multiple
ailments, the case for and against corticosteroid distancing in the management of knee osteoarthritis
published in May 2020, interestingly, without mentioning COVID-19 or social distancing (45). This publication included a survey of physicians in reference
to corticosteroid distancing and their concerns. This
article came into a substrate of rigorous research into
the effect of local anesthetic alone or local anesthetic
with steroids, specifically with lidocaine for epidural
injections, along with a few studies with bupivacaine
and bupivacaine for nerve blocks (12-25,30,31,46-48).
These manuscripts with analysis of evidence from randomized controlled trials (RCTs) have shown a lack of
significant difference between using local anesthetics
alone or in combination with steroids. Further, no
significant difference was identified between sodium
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chloride solution alone or with steroids (15).
Returning to the present situation related to COVID-19, the public is attempting to return to work and
activities with near normalcy (49-54). Emerging from
this crisis America is opening its doors for patient care.
Consequently, multiple manuscripts have been published (49-54) describing economic recovery aspects
with resumption of near normal healthcare, including
interventional pain management practices. Shah et al
(52) provided risk mitigation/stratification strategies to
return to work with recommendations to perform the
procedures with local anesthetic alone, or use the lowest dose of steroids. Logically, clinicians practicing in
the COVID era are faced with the challenge of how to
perform interventional pain procedures with sustainable effectiveness and whether a lower dose of steroid
(or avoidance of steroid altogether) is a possibility
(25,30,31,46-48,55-69). Consequently, this focused narrative review was undertaken to provide recommendations on “steroid distancing,” a term coined by Mundi
et al (45).

2.0 Methods
This focused, narrative review utilized simple
methodology with a literature search from multiple
databases. However, evidence based synthesis of the
literature was not carried out. Thus, the derived results are based on a focused, narrative review of the
literature.

3.0 Results
3.1 Neural Blockade and Injection Therapy
for Chronic Pain
The impact of chronic pain on health, health care,
and the economy (30,55,70-72) is enormous. Dieleman
et al (72) assessed US spending on person and public
health care from 1996 to 2016 showing ominous data
in reference to the expenditures increasing health
care spending from an estimated $1.4 trillion in 1996
or $5,259 per person with 13.3% gross domestic product (GDP) to an estimated $3.1 trillion in 2016 with
an estimated GDP of 17.9% and per person costs of
$9,655. Further, in 2016, a total of $264.3 billion were
spent on musculoskeletal disorders and spinal pain
with a 44.4% increase compared to 2013. Figure 1
shows prevalence of musculoskeletal pain and years
lived with disability (73), whereas Fig. 2 shows expenditures on health care secondary to various disorders
including musculoskeletal including osteoarthritis and
spinal pain (18-24,70-72).
Multiple modalities in managing chronic musculoskeletal pain, including spinal pain, have been
employed including over the counter drugs, exercise
programs, physical therapy, opioids, rehabilitation
programs, interventional techniques utilizing neural
blockade and intraarticular injections with or without steroids, and surgical interventions (70-72,74).

Fig. 1. Prevalence of musculoskeletal pain and years lived with disability.

Source: Hoy D, March L, Brooks P, et al. The global burden of low back pain: Estimates from the Global Burden of Disease 2010 study.
Ann Rheum Dis 2014; 73:968-974 (73).
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Fig. 2. Estimated health care spending by aggregated age group, type of payer, and aggregated health category in 2016.

Source: Dieleman JL, Cao J, Chapin A, et al. US health care spending by payer and health condition, 1996-2016. JAMA 2020; 323:863-884 (72).

Chronic pain involves complex biostructural and biopsychosocial mechanisms. For neuraxial pain, epidural
injections, facet joint interventions, sacroiliac joint interventions and percutaneous adhesiolysis, along with
other minimally invasive procedures and for osteoarthritis, intraarticular injections are the most commonly
utilized modalities.
The use of interventional techniques for the treatment of spinal pain and musculoskeletal disorders
escalated until 2009, at which point utilization started
decreasing from previous years (74). Overall, the tendencies are declining utilization for almost all of interventional techniques. Figure 3 shows distribution of
procedural characteristics by type of procedures from
2000 to 2018.
In addition, nerve blocks and intraarticular injections are common for knee (21-23,45,75,76), shoulder
(77-79), hip (80-83), multiple other joints (84), carpal
tunnel (85), nerve blocks for suprascapular nerve (8688), intercostal nerve block (89-91), sympathetic blocks
(92,93), tendinous and trigger point injections (94).
In neural blockade, the rationale for injecting local anesthetic is to block sensory signals. Even though
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they are often used for diagnostic purposes and believed to provide a temporary effect, due to the decrease in sensitization and various other mechanisms,
they may produce long-term relief very much beyond
its pharmacological duration of action (15-19). In
clinical practice, steroids are typically combined with
local anesthetic, with hopes of prolonging the relief
(9-19,95,96). However, with the COVID epidemic, apart
from the anti-inflammatory effects of steroids, but
also immunosuppressive effects and related complications have been brought into focus.
The rationale for neuraxial steroid use is primarily based on the benefits of neural blockade, which
include pain relief that outlasts by hours, days, and
sometimes weeks, the transient pharmacologic actions
of other adjuvant agents such as local anesthetics;
however, despite such explanations they continue to
be an enigma. Neural blockade effectiveness is based
on the postulation that it alters or interrupts nociceptive input, reflex mechanism of the afferent limb, selfsustaining activity of the neuronal pools in the neuroaxis, and the pattern of central neuronal activities
(9-19). Consequently, pharmacological and physical
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Fig. 3. Distribution of procedural characteristics (rates) by type of procedures from 2000 to 2018.

actions of corticosteroids, along with local anesthetics
have been the basis of such explanations.
Intraarticular injections have been performed for
various types of arthritis into almost all types of joints
(1-5,20-25,76). However, knee injections have been the
most commonly performed procedures. Clinical use of
intraarticular injections dates back to 1930s when formalin, glycerin, lipodil, lactic acid, and petroleum jelly
were among the first substances injected into patients
with arthritis. Now corticosteroids and hyaluronate
preparations constitute the mainstay of the FDA-approved intraarticular therapeutics (12,20,76). Multiple
RCTs, systematic reviews, and other types of reviews
have described discordant opinions for corticosteroid
injections (9-27,44,76).

3.2 Steroids in Chronic Pain: Mechanism of
Action
Corticosteroids in neuraxial blockade have been
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postulated to reduce inflammation, either by inhibiting the synthesis or release of a number of proinflammatory substances or by causing reversible local
anesthetic effect (1,9-18). Multiple modes of action of
corticosteroids include membrane stabilization, inhibition of neural peptide synthesis or action, blockade of
phospholipase A2 activity, local anesthetic effect, prolonged suppression of ongoing neuronal discharge,
and suppression of sensitization of dorsal-horn neurons (1,7,9-18). However, there is no evidence that
steroid injections are disease-modifying agents with
direct effect on pain generation or transmission with
an exception of inflammatory conditions such as rheumatoid arthritis. Further, there are no studies demonstrating the anti-inflammatory role of steroids or
differentiation of inflammatory radiculopathies from
noninflammatory radiculopathies (7,9,10-18). During
the search for confirmation of the anti-inflammatory
effect of steroids in epidural injections, multiple
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explanations relied an inflammatory component in
lumbosacral radiculopathy. The first evidence suggesting inflammation in patients with radiculopathy was
published in 1981 (29). Ryan and Taylor (29) examined
samples of cerebral spinal fluid during administration
of intrathecal and epidural injections, and theorized
that inflammation was a critical component of radicular pain, and that intraspinal steroids were likely to
be most effective when this inflammation was still
acute, before the pathology had progressed to nerve
root fibrosus or axonal death. This led to the classification of 2 categories of radiculopathy, compressive and
irritative.
Epidural injections of betamethasone in a model
of lumbar radiculopathy showed a significant effect
on thermal hyperalgesia, while administration of intravenous methylprednisolone significantly reduced
the nerve root injury produced by epidural application
of autologous nucleus pulposus in a pig experimental model (97-101). Another study concluded that
lipopolysaccharide accelerated the process of herniated intervertebral disc resorption, whereas high-dose
steroids suppressed the process (102). A publication
studying the effect of local methylprednisolone on
pain in a nerve injury model by inducing peripheral
mononeuropathy showed that the heat hyperalgesia
and mechano-allodynia, but not mechano-hyperalgesia were depressed in the animals receiving corticosteroids; however, not in those treated with saline, with
the effect remaining during the 11 day test period
(103). The effects of systemic methylprednisolone on
acute nociception and on pain behavior in hyperalgesia were studied in normal and neuropathic rats (104).
The results showed that chronic steroid treatment
prevented the development of neuropathic edema
and completely blocked neurogenic extravasation;
however, the findings also showed that corticosteroids
did not affect nociceptive thresholds in normal or neuropathic hyperalgesic rats.
Ever since the descriptions of Hollander et al (105)
in 1951, enthusiasm erupted with temporary improvement of symptoms in many cases, but it was also tempered by warnings of the possibility of increasing the
damage in joints subjected to excessive use in periods
of freedom from symptoms. Their early publication
in 1951 (5) also noted that the results of treatment
of the knee have been more encouraging than those
of treatment of other joints, presumably because of
the ease with which injection of the knee joint can be
accomplished. Evans et al (25) described that diarthro-
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dial joints are well suited with regard to intraarticular
injection, and the local delivery of therapeutics in
this fashion brings several potential advantages to
the treatment of a wide range of arthropathies. They
described potential benefits including increased bioavailability, reduced systemic exposure, fewer adverse
events, and lower total drug costs. Prior to the advent
of TNF antagonists, intraarticular corticosteroid injections into all joints was one of the important modes of
therapy for rheumatoid arthritis (4). This importance
continues in osteoarthritis and traumatic arthritis. The
major motivation for intraarticular delivery of corticosteroids has been to increase effective dosing.

3.3 Local Anesthetics in Chronic Pain:
Mechanism of Action
Local anesthetics have been used ever since the
discovery of the medicinal properties of cocaine,
long before the compound was brought to Europe
for its local anesthetic properties to be discovered
(12,15,17,18). Based on this foundation, regional
anesthesia developed into interventional pain management. In 1899, Tuffer (106) described therapeutic
nerve blocks in pain management using spinal injections of cocaine to control pain from sarcoma of the
leg. In 1903, Cushing described pain relief with nerve
blocks (107), along with reports of trigeminal alcohol
blockade (108).
Development of caudal epidural injections for
pain management began in 1901 (38-41) and interlaminar epidural injections in 1933 by Dogliotti (109).
John Bonica vigorously nurtured interest in pain
medicine (110). Local anesthetics have been used in
many nerve block clinics in operation by the 1950’s.
Local anesthetics were used exclusively until 1951
when steroids were identified and came into use
(2-7,10,12,23).
The effectiveness of local anesthetics in
chronic pain is based on anti-inflammatory actions
(12,13,15,17,18) and the alteration of multiple pathophysiologic mechanisms including noxious peripheral
stimulation, excess nociception resulting in the sensitization of the pain pathways, and excess release of
neurotransmitters causing complex central responses
including hyperalgesia or wind-up , resulting in an
increase in nociceptive sensitization of the nervous
system, and phenotype changes which are also considered as part of the neuronal plasticity . Sato et al (111)
showed the prolonged analgesic effect of epidural
ropivacaine in a rat model of neuropathic pain. On the
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A. Change in pain level using VAS.

B. Change in functional level using ODI.

Fig. 4. Change in pain and functional status level using VAS and ODI after 3 months of epidural injections with saline or
steroids with dual arm analysis (15).

same token Tachihara et al (112) provided evidence
that there is a lack of additional benefit with nerve
root infiltration for lumbar disc herniation by the addition of steroids to lidocaine.

3.4 Evidence of Effectiveness of Local
Anesthetic and Steroids
Evidence synthesis has been carried out in multiple formats for all modalities of injection therapy
with local anesthetics, steroids, or combinations.
The comparative evidence has been extensive for
epidural injection therapy, with minimal evidence for
facet joint injection therapy (30,31). The majority of
the systematic reviews utilized lidocaine alone and
lidocaine with steroids (12-15,17), and finally bupivacaine alone and bupivacaine with steroids (17). A
systematic review (15) assessed the effectiveness of
sodium chloride solution in the epidural space along
with effectiveness of steroids administered alone or
in combination with sodium chloride solutions. Three
(15,17,18) systematic reviews utilized conventional
dual-arm and single-arm meta-analysis. There was
no significant difference either with pain level or disability status with sodium chloride solution alone or
steroids alone, lidocaine alone or with lidocaine and
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steroids and bupivacaine alone or bupivacaine with
steroids.
With analysis of the effect of sodium chloride
solution alone or steroids alone in the epidural space,
dual arm analysis, as shown in Fig. 4, showed no significant difference with incorporation of 3 studies into
the analysis at 3-month follow-up (113-115).
As shown in Fig. 5, there was improvement from
baseline at 3 months in patients treated with epidural saline utilizing a single-arm analysis. As shown
in Fig. 6, there was improvement with epidural steroids at 3-month follow-up also. The differences between pain relief and functional status improvement
between epidurally administered sodium chloride
solution alone or epidurally administered steroids, as
shown in Figs. 4 to 6, were smaller than expected. The
pooled mean difference of pain scores from baseline
to 3-month follow-up with epidural steroids was
23.17-point decrease (Fig. 6A), whereas it was 21.84
points decrease with sodium chloride solution alone
(Fig. 5A). Further, functional status improvement also
showed a 12.12 decrease with steroids at 3-month
follow-up as shown in Fig. 6B, whereas, it was 9.86
points as shown in Fig. 5B. Thus, this evidence shows
steroids administered alone or with sodium chloride
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A. Change in pain levels.

B. Change in functional level using ODI.

Fig. 5. Changes in pain and functional level using VAS and ODI from baseline at 3 months in patients treated with epidural
saline utilizing a single-arm analysis (15).

solution is similar to sodium chloride solution
alone.
Manchikanti et al (17) assessed the role of bupivacaine with or without steroids with epidural injections
in 4 manuscripts (116-119), with one lumbar interlaminar epidural injection (119) and 3 lumbar transforaminal epidural injections (116-118). This systematic review was separately performed for bupivacaine alone
as it was not shown to be as effective as its actions
are different compared to lidocaine. Bupivacaine may
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act differently and provide longer term relief based on
its pharmacological activity. With appropriate methodologic quality assessment and outcome parameters
a meta-analysis consisting of dual-arm meta-analysis
and single-arm meta-analysis was performed. As
shown in Fig. 7, while evidence appears in favor of
bupivacaine with steroids, there was no significant
difference between bupivacaine alone or bupivacaine
with steroids, using the dual-arm meta-analysis. In
contrast, with single-arm meta-analysis the pain level
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A. Change in pain levels using VAS.

B. Change in functional level using ODI.

Fig. 6. Changes in pain and functional status in patients treated with epidural steroids at 3-month follow-up with single arm
analysis (15).

decrease was 39.99 points from baseline to 12 weeks
with bupivacaine compared to 41.93 points decrease
with bupivacaine and steroids (Fig. 8). Functional level
also showed similar improvement in bupivacaine alone
and bupivacaine with steroid (Fig. 9).
Single-arm analysis results are shown in Fig. 8 with
changes in the pain, whereas, Fig. 9 shows changes in
functional level. Overall, the results are not conclusive
without further studies and the ability to assess longterm follow-up.
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In contrast, lidocaine has been extensively studied including those of equivalency or non-inferiority
trials (12,14,15,17,18). The results show a definitive
response. Knezevic et al (18) performed a systematic
review utilizing 15 RCTs with all of them utilizing
comparative active control design (120-134) and 13 of
them comparing appropriate data outcome parameters of lidocaine alone compared to lidocaine with
steroids. This analysis showed Level II or moderate evidence for short-term and long-term improvement in
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A. Change in back pain level using Visual Analogue Scale (VAS) at 3 months.

B. Change in functional level using Oswestry Disability Index (ODI) at 3 months.

Fig. 7. Results of conventional meta-analysis of effectiveness of bupivacaine alone compared to bupivacaine with steroids at
12-week follow-up (17).

pain and function with the application of epidural injections with local anesthetic with or without steroid
in managing spinal pain of multiple origins. As shown
in Fig. 10, with inclusion of 15 studies (120-134), utilizing a single-arm analysis local anesthetic alone or
local anesthetic with steroids were shown to be effective from baseline to 12-month follow-up period with
no significant difference identified. The proportion
of patients responding with significant improvement
of 50% pain relief and functional status improvement as shown in Table 1 was evaluated in 13 studies.
Overall, patients who are judged to be responsive
with first 2 procedures, showed a higher proportion
responding at end of the year with a pooled response
of 63% when all patients are included with all 12
studies which met inclusion criteria, whereas the significant improvement response was seen in 75% with
the lidocaine only group and 78% in the lidocaine
with steroid group. Single-arm analysis of lidocaine
alone, or with lidocaine with steroids, showed no
significant difference as shown in Fig. 11. They also
analyzed the data for 24-month follow-up with no
significant difference noted between local anesthetic
and local anesthetic with steroids as shown in Fig. 12
with pain and function. With single-arm analysis as
shown in Fig. 13, both lidocaine alone compared to
lidocaine with steroids showed significant improve-
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ment with no significant difference between the
groups with lidocaine or lidocaine with steroids. Only
11 studies met the inclusion criteria to be included
for 24-month analysis. Further, as shown in Table 2
significant improvement was also shown to be present at 24 months in 57% of the pooled data with
the lidocaine only group, whereas it was 63% when
all patients were considered; however, the data improved at 2 years to 68% in the lidocaine only group
compared to 74% in the lidocaine and steroids group
with no significant difference in any of the data. Only
the studies with 2-year follow-up with all the data
available were utilized excluding 2 studies.
Multiple facet joint nerve blocks were also assessed using local anesthetic alone or local anesthetic
with steroids with no significant difference, either
with diagnostic facet joint nerve blocks or therapeutic
facet joint nerve blocks (46-48). The evidence for neural blockade with or without steroid with local anesthetic with or without steroids has not been assessed.
There is no significant data evaluating the role of local
anesthetic alone with joint injections, even though
anecdotal experience shows that in the majority of the
patients, local anesthetics alone are equally as effective, as local anesthetic with steroids. The majority of
the studies have been utilizing non-steroidal solutions
with hyaluronic acid, as well as platelet rich plasma
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A. Change in back pain levels using Visual Analogue Scale (VAS) from baseline at 12 weeks in patients treated with epidural bupivacaine.

B. Change in back pain levels using Visual Analogue Scale (VAS) from baseline at 12 weeks in patients treated with epidural Bupivacaine + Steroids.

Fig. 8. Changes in back pain levels with epidural bupivacaine alone or with steroids (17).

(PRP), and stem cells (6,18-23,45,76). The principles of
regenerative medicine have been extensively applied
in managing spinal pain along with the development
of guidelines (70,).
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3.5 Side Effects of Steroids
The pharmacokinetics of corticosteroids continues
to be complex. With intramuscular administration,
absorption of the water-soluble sodium phosphate
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A. Change in functional level using Oswestry Disability Index (ODI) from baseline at 12 weeks in patients treated with Bupivacaine.

B. Change in functional level using Oswestry Disability Index (ODI) from baseline at 12 weeks in patients treated with Bupivacaine + Steroids.

Fig. 9. Functional level assessment with epidural bupivacaine with or without steroids (17).

and sodium succinate source is rapid, whereas the rate
of absorption of lipid soluble acetate and acetonide
is much slower (135-139). The subject of interest for
this discussion is the role of systematic absorption of
epidural steroids which has been explored in a few reports. In one of the reports, Janicki et al (138) reported
pharmacokinetic analysis of methylprednisolone after
epidural administration in rabbits, with only traces of
methylprednisolone being detected at 6 and 12 hours
after administration of the highest epidural dose of
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the drug (5 mg/kg). Further, plasma methylprednisolone doses at all sampling times for the epidural doses
of 2.5 and 1.25 mg/kg were also not detectable. Others
have also reported being unable to detect methylprednisolone in blood samples (136). However, Friedly et
al (139) in a study of the systemic effects of epidural
steroid injections for spinal stenosis showed that of
the 200 patients receiving corticosteroid, 32 patients
or 20.3% experienced cortisol reduction at 3 weeks of
≥ 50% compared with 10 patients (6.7%) treated with
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A. Change in pain level using Numeric Rating Scale (NRS) at 12 months.

B. Change in functionality using Disability Index at 12 months.

Fig. 10. Changes in spinal pain levels using numeric pain rating scales (NRS) and disability scales from baseline at 12-month
follow-up of pain and function in patients treated with lidocaine or lidocaine with steroids utilizing dual-arm analysis (18).

lidocaine only. The effect on 3-week cortisol changes
did not differ by patient level characteristics. They also
showed that those treated with methylprednisolone or
triamcinolone had an average 3-week cortisol reduction
of 41% and 41.6% from baseline, respectively. Further
comparison with patients treated with betamethasone
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or dexamethasone, found no significant changes with
cortisol and they were similar to lidocaine alone. They
concluded that the higher rates of cortisol suppression
at 3 weeks in those receiving epidural corticosteroid
injections, particularly with longer acting insoluble
corticosteroid formulations, are consistent with sus-
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Table 1. Significant improvement at 12 months – significant improvement (≥ 50%) of pain and function.

All patients
Study

Responsive Patients

Lidocaine
Only

Lidocaine +
Steroids

Difference
(p value)

Lidocaine
Only

Lidocaine +
Steroids

Difference

Manchikanti et al (125)

67% (40/60)

72% (43/60)

0.5536

85% (40/47)

84% (42/50)

0.8924

Manchikanti et al (131)

67% (40/60)

85% (51/60)

0.0215

80% (40/50)

86% (51/59)

0.4050

Manchikanti et al (121)

72% (43/60)

68% (41/60)

0.6340

77% (41/53)

82% (41/50)

0.5324

Manchikanti et al (122)

71% (39/55)

84% (46/55)

0.1041

80% (39/49)

90% (46/51)

0.1625

Manchikanti et al (123)

75% (45/60)

57% (34/60)

0.0382

92% (45/49)

73% (33/45)

0.0150

70% (207/295)

73% (215/295)

0.4260

83% (205/248)

84% (213/255)

0.7628

Manchikanti et al (124)

56% (34/60)

68% (41/60)

0.1775

84% (28/33)

85% (35/41)

0.9064

Manchikanti et al (125)

77% (46/60)

67% (40/60)

0.2244

84% (45/54)

71% (38/54)

0.1074

Manchikanti et al (126)

72% (43/60)

68% (41/60)

0.6340

78% (43/55)

73% (41/56)

0.5432

68% (123/180)

67% (121/180)

0.8397

82% (116/142)

75% (114/151)

0.1464

Manchikanti et al (127)

44% (22/50)

46% (23/50)

0.5466

60% (22/37)

60% (22/37)

1.000

Manchikanti et al (128)

73% (44/60)

73% (44/60)

1.000

86% (44/51)

83% (44/53)

0.6743

Manchikanti et al (129)

73% (22/30)

70% (21/30)

0.7985

76% (22/29)

77% (20/26)

0.9311

Pooled

63% (88/140)

63% (88/140)

1.000

75% (88/117)

74% (86/116)

0.8613

Manchikanti et al (130)

53% (37/70)

59% (41/70)

0.4761

70% (37/53)

52% (42/56)

0.0555

Manchikanti et al (131)

74% (43/58)

69% (40/58)

0.5526

79% (42/53)

81% (38/47)

0.8041

Pooled

63% (80/128)

63% (81/128)

0.9340

75% (79/106)

78% (80/103)

0.6100

Disc herniation

Pooled#

Discogenic pain

Pooled

Spinal stenosis

Post-surgery syndrome

tained systemic absorption of corticosteroid. Hooten
et al (140) showed that terminal elimination half-life
of lumbar epidurally administered triamcinolone in
a non-compartmental analysis was 523 hours (almost
22 days), and the peak triamcinolone concentration
of 4.1 ng/mL was detected within 24 hours after administration. This elimination half-life after lumbar
epidural administration is much longer than the elimination half-life of intravenous administration and is
likely explained by the suspension and re-distribution
of the depo preparation within the epidural fat and
the epidural anatomy (141).
Risk of reductions in bone density have been reported in high dose steroids (142), though lower doses
were potentially safe. Symptomatic HPA suppression
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has been reported rarely to occasionally. Abdul et al
(143) in 2017 reported that, after one epidural injection of 80 mg of methylprednisolone, 87% of patients
exhibited hypothalamic-pituitary-adrenal axis suppression at day 7 post-injection, 43% at day 14, and
7% at day 28. Habib et al (144) in 2013, found a dosedependent effect in a study examining the magnitude
and duration of this suppression after a single epidural
injection of methylprednisolone. 86% of patients
who received an 80 mg dose were reported to have
laboratory-confirmed hypothalamic-pituitary-adrenal
axis suppression one week post-injection compared
to 53% of those receiving a 40 mg dose; 20% of all
participants had continued suppression at 4 weeks
post-injection. Steroid solubility is a factor in endo-
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A. Change in pain score level using Numeric Rating Scale (NRS) from baseline at 12 months in patients treated with lidocaine.

B. Change in pain score level using Numeric Rating Scale (NRS) from baseline at 12 months in patients treated with lidocaine + steroids.
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C. Change in functional level using Disability Index from baseline at 12 months in patients treated with lidocaine.

D. Change in functional level using Disability Index from baseline at 12 months in patients treated with lidocaine + steroids.

Fig. 11. Changes in spinal pain levels and functionality using numeric pain rating scales (NRS) and disability scales from
baseline at 12-month follow-up of pain and function in patients treated with lidocaine or lidocaine with steroids utilizing
single-arm analysis (18).
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A. Change in pain level using Numeric Rating Scale (NRS) at 24 months.

B. Change in functionality using Disability Index at 24 months.

Fig. 12. Changes in spinal pain levels and functionality using Numeric Pain Rating scales (NRS) and disability scales from
baseline at 24-month follow-up of pain and function in patients treated with lidocaine or lidocaine with steroids with dual-arm
analysis (18).
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A. Change in pain score level using Numeric Rating Scale (NRS) from baseline at 24 months in patients treated with lidocaine.

B. Change in pain score level using Numeric Rating Scale (NRS) from baseline at 24 months in patients treated with lidocaine + steroids.
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C. Change in functional level using Disability Index from baseline at 24 months in patients treated with lidocaine.

D. Change in functional level using Disability Index from baseline at 24 months in patients treated with lidocaine + steroids.

Fig. 13. Changes in spinal pain levels and functionality using numeric pain rating scales (NRS) and disability scales
from baseline at 24-month follow-up of pain and function in patients treated with lidocaine or lidocaine with steroids with
single-arm analysis (18).
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Table 2. Significant improvement at 24 months – significant improvement (≥ 50%) of pain and function.

All patients
Study

Responsive Patients

Lidocaine
Only

Lidocaine +
Steroids

Difference

Lidocaine
Only

Lidocaine +
Steroids

Difference

Manchikanti et al (125)

60% (36/60)

65% (39/60)

0.5732

77% (36/47)

76% (38/50)

0.9081

Manchikanti et al (131)

60% (36/60)

70% (42/60)

0.2528

72% (36/50)

71% (42/59)

0.9087

Manchikanti et al (121)

72% (43/60)

68% (41/60)

0.6340

77% (41/53)

80% (40/50)

0.7126

Manchikanti et al (122)

71% (39/55)

80% (44/55)

0.2747

80% (39/49)

86% (44/51)

0.4263

Manchikanti et al (123)

65% (39/60)

57% (34/60)

0.3710

80% (39/45)

73% (33/45)

0.4361

Disc herniation

Pooled#

65% (193/295) 68% (200/295)

0.4405

77% (191/248) 77% (197/255)

1.0000

Discogenic pain
Manchikanti et al (124)

54% (32/60)

60% (36/60)

0.5086

84% (28/33)

73% (30/41)

0.4856

Manchikanti et al (125)

72% (43/60)

67% (40/60)

0.5536

78% (42/54)

70% (38/54)

0.3455

73% (44/60)

70% (42/60)

0.7170

78% (43/55)

75% (42/56)

0.7107

Manchikanti et al (126)
Pooled

66% (119/180) 66% (118/180)

0.9204

80% (113/142) 73% (110/151)

0.1592

Spinal stenosis
Manchikanti et al (127)

38% (19/50)

44% (22/50)

0.5439

51% (19/37)

57% (21/37)

0.6071

Manchikanti et al (128)

72% (43/60)

73% (44/60)

0.9028

84% (43/51)

85% (45/53)

0.8885

Pooled

56% (62/110)

60% (66/110)

0.5487

70% (62/88)

73% (66/90)

0.6584

Manchikanti et al (130)

47% (33/70)

58% (39/70)

0.1941

62% (33/53)

69% (39/56)

0.4440

Manchikanti et al (131)

69% (40/58)

71% (41/58)

0.8150

74% (39/53)

79% (37/47)

0.5590

Pooled

57% (73/128)

63% (80/128)

0.3281

68% (72/106)

74% (76/103)

0.3406

Post-surgery syndrome

crine influence; longer-acting agents (triamcinolone
and methylprednisolone) have been found to suppress
cortisol production for a longer duration than more
soluble agents (dexamethasone and betamethasone)
(139).
Corticosteroids have anti-inflammatory effects;
they reduce pain related to inflammation by downregulation of the immune function as well as reduction
of inflammatory cells and mediators (lymphocytes,
macrophages, and mast cells) (145,146). Although it
has not been directly studied, the endocrine disruption from a single epidural steroid injection suggests
similar systemic effects on immune response. The use
of systemic corticosteroids can adversely affect the
innate (immediate) immune response by impairing
the ability of neutrophils to migrate to infection sites

S338

as well as macrophage and monocyte function. The
adaptive immune response (leads to immunological
memory) is also negatively affected by corticosteroids,
as the capability of plasma cells to produce immunoglobulins IgG and IgA is reduced by 10-20% after exposure. Injection therapy plausibly has similar effects
to the oral administration effects described in the
literature (147).
Consequently, adverse immune influences of corticosteroids during influenza infection is of increased
concern for those prescribed or injected with corticosteroids, with specific concern during the current
COVID-19 pandemic. Meta-analysis of orally-administered corticosteroid versus placebo demonstrates
an increased risk of influenza infection within the
steroid group. One study found a dose-dependent
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relationship for infection risk, showing a relative risk
of 1.5 with low doses of steroids and a relative risk
greater than 8 with doses above 40 mg/day (148). In
another study, rheumatoid arthritis patients taking
oral prednisone had relative risks ranging from 1.4 (<
5 mg/day dose) to 2.3 (> 10 mg/day dose) for hospitalization due to pneumonia compared to rheumatoid
arthritis patients not taking oral prednisone (149).
Although data for single-dose exposure to corticosteroids is limited, early evidence is provided in a report
on an observational cohort from the Mayo Clinic.
Over five influenza seasons, an increased incidence of
influenza infection was associated with steroid injection compared to no injection (150). There are currently no studies specifically examining the relationship between corticosteroid injections and COVID-19,
however, the findings presented here raise concern
for a potential relationship.
Thus, the literature surrounding infrequent adverse effects of epidural corticosteroids continues to
accumulate (151-153), with alterations in blood glucose levels among patients with diabetes (154,155),
and prolonged effects on the hypothalamic-pituitaryadrenal (HPA) axis (156). Further, it has also been
reported that systemic side effects are common with
long-term administration of steroids (157,158). Lamer
et al (151) in a study of 8 patients also assessed serum
triamcinolone levels following cervical interlaminar
epidural injection. Data of the pharmacokinetics
showed peak triamcinolone concentration (C max) of
5.4 ng/mL median value within 22.1 hours (T max) of
administration. The terminal elimination half-life was
219 hours, the median value. They also compared the
results of this study with the previous study of lumbar
interlaminar epidural injections (140) and showed similar patterns. This comparison also showed that while
the pharmacokinetic profile is similar, the T max is earlier and T ½ is shorter for the cervical compared to the
lumbar epidural steroid injection. In similar lines with
other investigators, recently, Sim et al (59) assessed
the relationship between epidural steroid dose and
separation of HPA access. In the analysis of 30 patients
with administration of triamcinolone, either 40 mg or
20 mg, they showed that triamcinolone group showed
longer HPA separation, 19.7 ± 3.1 days compared to
triamcinolone 20 mg group (8.0 ± 2.4 days) and the
recovery rate of triamcinolone 40 mg group was lower
than that of 20 mg group with a significant difference
(P value > 0.015) as shown in Fig. 14.
In another manuscript, Chon and Moon (60)
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reported that in all subjects who received epidural
steroid injections with triamcinolone acetate, 40 mg
were suppressed temporarily and was restored after a
mean of 19.9 ± 6.8 days.
The data also shows that intravenous triamcinolone acetonide pharmacokinetics using the soluble
form have been previously determined, demonstrating
a half-life of approximately 1.5 to 2 hours (159,160).
However, in contrast to intravenous administration,
intraarticular knee injection of a suspension of acetonide showed vastly different results wherein triamcinolone acetonide was detected in serum for more
than 2 weeks and the half-life ranged from 77 to 446
hours (161). Thus, it is crucial to understand the different mechanisms of short-acting and long-acting drugs,
along with particulate sizes. It is also hypothesized
that there is less sequestration of particulate steroids
in the cervical epidural space, consequently with faster
absorption. Table 3 shows the profile of commonly
used epidural steroids based on the data derived from
multiple sources (64,135-137,157,162,163). Table 4
shows formulations of commonly used epidural steroids. Dexamethasone is not being discussed since it
is a non-particulate and short-acting steroid with the
least side effects, but it is associated with some side
effects.
Overall, systemic side effects are significant with
the influence of corticosteroids on metabolism of
carbohydrates, fats, proteins, and purine. They can
also affect electrolyte and water balance and may
affect the functions of the central nervous system
(CNS) and of the cardiovascular, renal, endocrine, reproductive, and immune systems, as well as the bones
and muscles (158). Long-term effects may be caused
directly by excess glucocorticoid in the circulation or
indirectly through suppression of the HPA. It is also
common that patients presenting to interventional
pain management may be taking long-term steroids
for multiple medical problems and also may be receiving intraarticular steroid injections.
The specific effects on the immune system are
worrisome during the COVID-19 pandemic. While
there are no data available in regards to the effects
of epidural administration of glucocorticoids on the
immune system, there are data available regarding
systemic administration with high dose glucocorticoid
therapy, equivalent to doses of 40 mg or more of prednisone per day. With high doses, there is an immediate
risk of infection due to inhibition of phagocyte cell
function, which abates after completion of therapy
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A. The HPA suppression periods, days.

B. The extent salivary cortisol reduction.

Fig. 14. Changes with HPA separation and SC duration with lumbar epidural triamcinolone, either 40 mg or 20 mg.

Table 3. Profile of commonly used epidural steroids.

Drug
Hydrocortisone

Equivalent Epidural
Dose
Dose
20 mg

Antiinflammatory
Potency

Sodium
Retention
Capacity

1

NA

Duration of Adrenal Suppression
IM

Single
Epidural

Three
Epidurals

1

NA

NA

NA

1-3 weeks

NA

Depomethylprednisolone
(Depo-Medrol)

4 mg

40-80 mg

5

0.5

1-6
weeks

Triamcinolone acetonide (Kenalog)

4 mg

40-80 mg

5

0

2-6
weeks

3-5 weeks

2-3 months

0.6 mg

6-12 mg

25

0

1-2
weeks

NA

NA

Betamethasone (Celestone
Soluspan)

NA=not applicable
Data adapted and modified from McEvoy et al (135), Jacobs et al (136), Kay et al (137), Hsu et al (157), Mikhail et al (162,163), and Schimmer
and Parker (64).

(65). In patients with rheumatoid arthritis, acute effects of 1 gm of intravenous methylprednisolone
showed development of leukopenia within 2 hours of
the dose, which peaked at 6 hours, and resolved by 24
hours. In addition, doses of less than 40 mg, considered as low to moderate, have been shown to reduce T
lymphocytes with delayed hypersensitivity responses.
With long-term low dose usage, some inhibition of
immune responses may increase with duration of therapy (66). Multiple issues related to vaccination have
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been discussed in the past (67-69); however, not with
COVID-19 virus. Considering the literature, short-term
therapy with low dose within appropriate duration of
6 to 13 weeks may not have any significant effect. The
Advisory Committee on Immunization Practices (ACIP)
(62) and the Centers for Disease Control and Prevention (CDC) (63) to defer live vaccination at least one
month after discontinuation of high dose systemically
absorbed glucocorticoid therapy administered for 14
days.
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Table 4. Formulations of commonly used epidural steroids.

Depo-Medrol
Methylprednisolone
Amount of steroid

Aristocort
Triamcinolone
Diacetate

Kenalog
Triamcinolone
Acetonide

Celestone
Betamethasone

40 mg/mL

6 mg/ mL

20 mg/mL

40 mg/mL

80 mg/mL

40 mg/mL

Polyethylene glycol 3350

29.5

29.1

28.2

30

--

--

Polysorbate 80

1.97

1.94

1.88

2

0.4

--

Monobasic sodium phosphate

6.9

6.8

6.59

--

--

3.4

Benzyl alcohol

9.3

9.16

8.8

9

9

--

Dibasic sodium phosphate

--

--

--

--

--

7.1

Edetate disodium

--

--

--

--

--

0.1

Benzalkonium chloride

--

--

--

--

--

0.2

3.6 Side Effects of Local Anesthetics
Historically, the use of procaine was extensively
utilized following cocaine; however, the introduction
of lidocaine in 1948 and bupivacaine, which was introduced in 1963, has been extensively used outside
of the epidural space with lidocaine also used for
intraarticular injections in chronic pain management.
The mechanism of action of intravenous lidocaine in
neuropathic pain cannot be explained by blockade of
voltage-gated Na+ channels alone. The clinical effects
include reduction of spontaneous pain, allodynia, and
hyperalgesia. Further, local anesthetic infusions have
been utilized in various types of pain providing longer
term relief than the expected duration of the local
anesthetic (164). Local anesthetics also have systemic
and local toxic effects. Systemic toxicity relates to the
relatively narrow difference between therapeutic
plasma levels and toxic levels (165). Peak plasma levels are determined by the dose and rate of systemic
absorption. The genes controlling the subunit of Na+
channels give rise to different pharmacological and
biophysiological profiles of Na+ channels through
the body (164). Overall, levobupivacaine has lower
systemic toxicity than other amides because of its
lower affinity for cardiac channels (166). Intraarticular
local anesthetics may cause chondrotoxicity; however,
chondrotoxicity is worse with bupivacaine or mepivacaine. While Methemoglobinemia is a major issue with
prilocaine, benzocaine and lidocaine can also cause
methemoglobinemia (167,168).
Local anesthetic toxicity affects 2 organs that
inherently are less tolerant of anaerobic metabolism, the heart and brain. Cardiac toxicity is mostly

www.painphysicianjournal.com

related to accidental intravascular injection, leading
to the conduction disturbances, contractile dysfunction, and ventricular arrhythmias that are seen in
local anesthetic induced cardiac toxicity (169). More
importantly, for interventional pain physicians, the
incidence of cardiac toxicity increases with bupivacaine, a longer acting anesthetic. Bupivacaine blocks
inactive sodium channels during the cardiac potential
at a concentration of 0.2 mcg. Bupivacaine binding
is described as “fast-in, slow-out” fashion as it binds
very quickly to large portion of sodium channels during the cardiac action potential, but releases from
the channel slowly during diastole, resulting in a
large proportion of medication accumulating at 60
to 150 beats per minute. Local anesthetic toxicity may
become a serious issue, even though adverse effects
are rare. From minor symptoms to major cardiac or
CNS effects, local anesthetic system toxicity is an important consequence in interventional pain management. The epidemiology of local anesthetic toxicity
has been reported from zero events to 25 per 10,000
nerve blocks. One study reported seizures of 79 of
10,000 brachial plexus block procedures (170,171).
Lidocaine at 5 to 10 mcg/mL will also result in
substantial sodium channel blockade during a cardiac
action potential. However, in contrast to bupivacaine,
lidocaine follows the “fast-in, fast-out” principle,
meaning it releases from sodium channels rapidly
during diastole. This allows for a quick recovery, and
reduced incidence of cardiac toxicity even compared
to bupivacaine. Consequently, during a cardiac arrest,
it may be crucial to continue resuscitation measures
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until bupivacaine is completely released. CNS changes
include agitation, confusion, dizziness, drowsiness,
dysphoria, auditory changes, tinnitus, perioral numbness, metallic taste, and dysarthria. Without adequate
recognition and treatment, these signs as symptoms
can progress to seizures, respiratory arrest, and/or
coma.
Historically, local anesthetic literature suggests
that cardiac toxicity often presented after antecedent
CNS toxicity (169). However, with more potent local
anesthetics, cardiac toxicity may precede CNS toxicity.
Lidocaine was utilized far more frequently than bupivacaine. Subarachnoid blockade with bupivacaine may
turn out to be a disaster, specifically in cervical spine.
Consequently, injections of bupivacaine in cervical or
thoracic spine is contraindicated. Even then, lidocaine
is also injected in extremely low concentrations of
0.5%. In the cervical spine, one must still be careful
with appropriate visualization of the epidural space
without any subdural or subarachnoid filling. Failure
to follow basic principles can result in respiratory arrest, as well as cardiac arrest.
Apart from COVID-19 issues, steroids continue
to present with multiple problems including vascular
embolism related to particulate steroids with transforaminal epidural injections. These are most commonly
seen with particulate steroids with triamcinolone or
depomethylprednisolone. In contrast, betamethasone,
which is also considered as a particulate steroid, shows
less prevalence of the side effects and lesser suppression of glucocorticoid synthesis, leading to fewer
complications.

alone showed equivocal results with equal effectiveness even though bupivacaine with steroids appear
somewhat superior (17). Finally, in this review we also
illustrated that sodium chloride solution in itself has
similar effects as steroid, however, much less than
bupivacaine alone or bupivacaine with steroids and finally lidocaine alone or lidocaine with steroids. There
was no significant evidence available for intraarticular
injections of the spine or extremities. Consequently,
there is significant evidence from other reviews and
precedents to recommend the use of local anesthetic
alone in epidural injections.
Side effects are also of paramount importance.
There have been numerous reports of side effects with
steroids; however, utilizing lower dosages may avert
this problem, specifically with duration of side effects.
The literature is replete with case studies and retrospective reports; however, there is no evidence derived
from randomized controlled trials. Side effects may be
more significant with peripheral joint injections, not
only with increased blood glucose levels and immunosuppression, etc, not only with systemic side effects,
but, related to local side effects with damage to the
joint tissues.
Multiple limitations include lack of evidence with
multiple modes of treatment with steroids, except for
epidural injections with lidocaine alone compared to
lidocaine with steroids. While steroid distancing may
be a temporary measure, it is crucial that the interventional pain management community study the
effectiveness of various solutions including those of
biologics (70).

4.0 Discussion

5.0 Conclusion

The present focused narrative review shows
evidence for safe and effective use of lidocaine in epidural injections and potentially bupivacaine with lack
of evidence with intraarticular injections of spinal and
peripheral joints. Thus, steroid distancing may be managed with regard to appropriate consideration of each
patient, with lidocaine with steroids being reserved
for patients with significant radiculitis and also failure
to respond to lidocaine alone. This is demonstrated
with multiple randomized controlled trials and also
systematic reviews. Of all the systematic reviews, the
most significant is the systematic review by Knezevic
et al (18) with inclusion of 15 randomized controlled
trials utilizing dual-arm and single-arm analysis. Multiple other systematic reviews also showed similar
findings of Knezevic et al (13-15,17,18) Bupivacaine

This present manuscript about steroid distancing
in interventional pain management practices during
COVID-19 and beyond describes an understanding
of interventional pain management literature with
local anesthetics alone or with steroids. The results
show lack of significant difference between local
anesthetic alone compared to local anesthetic with
steroids. There may be a few instances where steroids
are required. With nerve blocks, it appears that there
is no significant improvement with the addition of
steroids. Consequently, these can be omitted. With
intraarticular steroids, there are no studies using local anesthetic alone; however, this is something that
needs to be looked at and most likely, local anesthetics alone will provide significant improvement in these
patients.

S342

www.painphysicianjournal.com

Steroid Distancing In Interventional Pain Management

Acknowledgments
The authors wish to thank Bert Fellows, MA, Director Emeritus of Psychological Services at Pain Management Centers of America, for manuscript review, and
Tonie M. Hatton and Diane E. Neihoff, transcriptionists,
for their assistance in preparation of this manuscript.
We would like to thank the editorial board of Pain
Physician for review and criticism in improving the
manuscript.

Author Contributions
This review manuscript was conceptualized and
designed by LM and AS.
All authors contributed to preparation to the
manuscript, reviewed, and approved the content with
final version.

Author Affiliations
Dr. Manchikanti is Co-Director, Pain Management
Centers of America, Paducah, KY, Clinical Professor,
Anesthesiology and Perioperative Medicine, University
of Louisville, Louisville, KY, and Professor of Anesthesiology-Research, Department of Anesthesiology, School
of Medicine, LSU Health Sciences Center, New Orleans
and Shreveport, LA, USA
Dr. Kosanovic is an Interventional Pain Physician
at the Pain Management Centers of America, Paducah,
KY, USA.
Dr. Vanaparthy is a Research Assistant, Oregon
Health and Science University, Portland, OR.

www.painphysicianjournal.com

Dr. Vangala is a Consultant Neurosurgeon at Apollo
Hospitals, Secunderabad, India
Dr. Soin is Medical Director, Ohio Pain Clinic, and
Clinical Assistant Professor of Surgery at Wright State
University, Dayton, OH, USA.
Dr. Sachdeva is Associate Professor of Anesthesiology and Pain Medicine, Vice-Chair, Pain Medicine Director, Pain Division and Fellowship Program, University of
Cincinnati College of Medicine, Cincinnati, OH, USA
Dr. Shah is Vice-Chair and Enterprise Director Pain
Services, Department of Anesthesiology & Perioperative
Care, University of California Irvine, Orange, CA
Dr. Knezevic is Vice Chair for Research and Education; Department of Anesthesiology; Advocate Illinois
Masonic Medical Center, Chicago, IL and Clinical Associate Professor, Department of Anesthesiology, and Clinical Associate Professor Department of Surgery, College
of Medicine, University of Illinois, Chicago, IL, USA
Dr. Hirsch is Vice Chair and Service Line Chief of
Neurointerventional Radiology, Chief of Neurointerventional Spine, Massachusetts General Hospital and
Harvard Medical School, Boston, MA.
Disclaimer: There was no external funding in preparation of this manuscript.
Conflict of Interest: Dr. Hirsch is a consultant for
Medtronic and Senior Affiliate Research Fellow at the
Neiman Policy Institute.

S343

Pain Physician: August 2020 COVID-19 Special Issue 23:S319-S350

References
1.

2.

3.

4.

5.

6.

7.

8.
9.

10.

11.

12.

Yasir M, Goyal A, Bansal P, Sonthalia
S. Corticosteroid adverse effects. In:
StatPearls.
StatPearls
Publishing,
Treasure Island, FL, 2020.
Hench, Kendall EC. The effect of
a hormone of the adrenal cortex
(17-hydroxy-11-dehydrocorticosterone;
compound E) and of pituitary
adrenocorticotropic
hormone
on
rheumatoid arthritis. Proc Staff Meet
Mayo Clin 1949; 24:181-197.
Hench PS, Slocum CH, Polley HF, et
al. Effect of cortisone and pituitary
adrenocorticotrophic hormone (ACTH)
on rheumatic diseases. JAMA 1950;
144:1327-1335.
Hollander JL, Brown EM Jr, Jessar
RA, Brown CY. Hydrocortisone and
cortisone injected into arthritic
joints; comparative effects of and
use of hydrocortisone as a local
antiarthritic agent. J Am Med Assoc 1951;
147:1629-1635.
Hollander JL, Moore R. Studies in
osteo-arthritis using intra-articular
temperature response to injection of
hydrocortisone acetate and prednisone.
Ann Rheum Dis 1956; 15:320-326.
Robechhi A, Capra R. L’idrocortisone
(composto F). Prime esperienze cliniche
in campo reumatologico. Minerva Med
1952; 98:1259-1263.
Lievre JA, Bloch-Mechel H, Pean G.
L’hydrocortisone en injection locale.
Rev Rhum 1953; 20:310-311.
Mooney V, Robertson J. The facet
syndrome. Clin Orthop 1976; 115:149-156.
Manchikanti L. Role of neuraxial
steroids
in
interventional
pain
management. Pain Physician 2002;
5:182-199.
Bogduk N, Christophidis N, Cherry D,
et al. Epidural Use of Steroids in the
Management of Back Pain. Report
of Working Party on Epidural Use of
Steroids in the Management of Back
Pain. National Health and Medical
Research Council Commonwealth of
Australia, Canberra 1994, pp 1-76.
Kaye AD, Manchikanti L, Abdi S, et
al. Efficacy of epidural injections in
managing chronic spinal pain: A best
evidence synthesis. Pain Physician
2015; 18:E939-E1004.
Shanthanna H, Busse J, Wang L, et
al. Addition of corticosteroids to local
anaesthetics for chronic non-cancer
pain injections: A systematic review and

S344

meta-analysis of randomised controlled
trials. Br J Anaesth 2020 Aug 12 [Online
ahead of print].
13. Lee JH, Kim DH, Kim DH, et al.
Comparison of clinical efficacy of
epidural injection with or without
steroid in lumbosacral disc herniation:
A systematic review and meta-analysis.
Pain Physician 2018; 21:449-468.
14. Lee JH, Shin KH, Park SJ, et al.
Comparison of clinical efficacy between
transforaminal
and
interlaminar
epidural injections in lumbosacral disc
herniation: A systematic review and
meta-analysis. Pain Physician 2018;
21:433-448.
15. Manchikanti L, Knezevic NN, Sanapati
J, Kaye AD, Sanapati M, Hirsch JA. Is
epidural injection of sodium chloride
solution a true placebo or an active
control agent? A systematic review and
meta-analysis. Curr Pain Headache Rep
2020; in press.
16. Bogduk N. Epidural steroids. Spine
(Phila Pa 1976) 1995; 20:845-848.
17. Manchikanti L, Knezevic NN, Parr A,
Kaye AD, Sanapati M, Hirsch JA. Does
epidural bupivacaine with or without
steroids provide long-term relief? A
systematic review and meta-analysis.
Curr Pain Headache Rep 2020; 24:26.
18. Knezevic NN, Manchikanti L, Vanparthy
R, et al. Lack of superiority of epidural
injections with lidocaine with steroids
compared to without steroids in
spinal pain: A systematic review and
meta-analysis. Pain Physician 2020;
23:S239-S270.
19. Brusich KT. Corticosteroids as adjuvants
for peripheral nerve blocks: A mini
review. Int J Anaesth Res 2018; 1:14-17.
20. Billesberger LM, Fisher KM, Qadri YJ,
Boortz-Marx RL. Procedural treatments
for knee osteoarthritis: A review of
current injectable therapies. Pain Res
Manag 2020; 2020:3873098. Published
2020 Feb 18.
21. McCabe PS, Maricar N, Parkes MJ, Felson
DT, O’Neill TW. The efficacy of intraarticular steroids in hip osteoarthritis:
A systematic review. Osteoarthritis
Cartilage 2016; 24:1509-1517.
22. Zhong HM, Zhao GF, Lin T, et al. Intraarticular steroid injection for patients
with hip osteoarthritis: A systematic
review and meta-analysis. Biomed Res
Int 2020; 2020:6320154.
23. McAlindon TE, LaValley MP, Harvey

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

WF, et al. Effect of intra-articular
triamcinolone vs saline on knee
cartilage volume and pain in patients
with knee osteoarthritis: A randomized
clinical trial. JAMA 2017; 317:1967-1975.
Raff H, Sharma ST, Nieman LK.
Physiological basis for the etiology,
diagnosis, and treatment of adrenal
disorders:
Cushing’s
syndrome,
adrenal insufficiency, and congenital
adrenal hyperplasia. Compr Physiol
2014; 4:739-769.
Evans CH, Kraus VB, Setton LA.
Progress in intra-articular therapy. Nat
Rev Rheumatol 2014; 10:11-22.
Goebert HW, Jallo SJ, Gardner WJ, et
al. Painful radiculopathy treated with
epidural injections of procaine and
hydrocortisone acetate results in 113
patients. Anesth Analg 1961; 140:130-134.
McLain RF. Epidural corticosteroid
therapy for back and leg pain:
Questions of efficacy and action. Pain
Digest 1996; 6:153-160.
Barry PJC, Kendall PH. Corticosteroid
infiltration of the extradural space. Ann
Phys Med 1962; 6:267-273.
Ryan MD, Taylor TKF. Management
of lumbar nerve root pain. Med J Aust
1981; 2:532-534.
Manchikanti L, Hirsch JA, Falco FJE,
Boswell MF. Management of lumbar
zygapophysial (facet) joint pain. World
J Orthop 2016; 7:315-337.
Manchikanti L, Hirsch JA, Kaye AD,
Boswell MV. Cervical zygapophysial
(facet) joint pain: Effectiveness of
interventional management strategies.
Postgrad Med 2016; 128:54-68.
Fraser CG, Preuss FS, Bigford WD.
Adrenal atrophy and irreversible shock
associated with cortisone therapy.
JAMA 1952; 149:1542-1543.
Lewis L, Robinson RF, Yee J, et al.
Fatal adrenal cortical insufficiency
precipitated by surgery during
prolonged
continuous
cortisone
infusion. Ann Intern Med 1953;
39:116-125.
Manchikanti L, Pampati V, Beyer C,
Damron K, Cash K, Moss T. The effect of
neuraxial steroids on weight and bone
mass density: A prospective evaluation.
Pain Physician 2000; 3:357-366.
Rathmell JP, Benzon HT, Dreyfuss P,
et al. Safeguards to prevent neurologic
complications after epidural steroid
injections: Consensus opinions from

www.painphysicianjournal.com

Steroid Distancing In Interventional Pain Management

a multidisciplinary working group and
national organizations. Anesthesiology
2015; 122:974-984.
36. U.S. Food and Drug Administration.
Drug Safety Communications. FDA
Drug Safety Communication: FDA
requires label changes to warn of rare
but serious neurologic problems after
epidural corticosteroid injections for
pain, April 23, 2014.
www.fda.gov/downloads/Drugs/DrugSafety/
UCM394286.pdf Accessed 6/3/2020
37. Racoosin JA, Seymour SM, Cascio L,
Gill R. Serious neurologic events after
epidural glucocorticoid injection--the
FDA’s risk assessment. N Engl J Med
2015; 373:2299-2301.
38. Sicard
MA.
Les
injections
medicamenteuse extraduraqles per
voie saracoccygiene. Comptes Renues
des Senances de la Societe de Biolgie et de
ses Filliales 1901; 53:396-398.
39. Pasquier NM, Leri D. Injection intra-et
extradurales de cocaine a dose minime
daus le traitment de la sciatique. Bull
Gen Ther 1901; 142:196.
40. Cathelin F. Mode d’action de a cocaine
injete daus l’escapte epidural par le
procede du canal sacre. Comptes Rendies
des Senaces de la Societe de Biologic et de
ses Filliales 1901; 53:452-453.
41. Caussade G, Queste P. Traitement de
al neuralgie sciatique par la mèthode
de Sicard. Rèsultats favorables même
dans les cas chroniues par la cocaïne à
doses élevées et répétées à intervalles
raproches. Bull Soc Med Hosp Paris
1909; 28:865.
42. Evans W. Intrasacral epidural injection
in the treatment of sciatica. The Lancet
1930; 216:1225-1229.
43. Cyriax JH. Epidural anesthesia and
bedrest in sciatica. Br Med J 1961; 1:428.
44. Ombregt L, Ter Veer HJ. Treatment
of the lumbar spine. In Ombregt L,
Bisschop P, Ter Veer HJ, et al (eds). A
System of Orthopaedic Medicine. WB
Saunders, London, 1995, pp 633-688.
45. Mundi R, Chaudhry H, Bhandari M.
The case for, and against “corticosteroid
distancing” in the management of
knee osteoarthritis: A quiet discomfort
revealed. Orthoevidence, May 14, 2020;
Article No.5.
46. Manchikanti L, Singh V, Falco FJE, Cash
KA, Pampati V. Evaluation of lumbar
facet joint nerve blocks in managing
chronic low back pain: A randomized,
double-blind, controlled trial with a

www.painphysicianjournal.com

47.

48.

49.

50.

51.

52.

53.

54.

55.

2-year follow-up. Int J Med Sci 2010;
7:124-135.
Manchikanti L, Singh V, Falco FJE, Cash
KA, Fellows B. Comparative outcomes
of a 2-year follow-up of cervical medial
branch blocks in management of
chronic neck pain: A randomized,
double-blind controlled trial. Pain
Physician 2010; 13:437-450.
Manchikanti L, Singh V, Falco FJE,
Cash KA, Pampati V, Fellows B. The
role of thoracic medial branch blocks
in managing chronic mid and upper
back pain: A randomized, doubleblind, active-control trial with a 2-year
follow-up. Anesthesiol Res Pract 2012;
2012:585806.
Centers for Disease Control and
Prevention, Office of the White House.
Guidelines: Opening Up America
Again.
h t t p s : / / w w w. w h i t e h o u s e. g o v/
openingamerica Accessed 6/1/2020
Mouton C, Hirschmann MT, Ollivier M,
Seil R, Menetrey J. COVID-19 - ESSKA
guidelines and recommendations for
resuming elective surgery. J Exp Orthop
2020; 7:28.
Shanthanna H, Strand NH, Provenzano
DA, et al. Caring for patients with
pain during the COVID-19 pandemic:
Consensus recommendations from an
international expert panel. Anaesthesia
2020; 75:935-944.
Shah S, Diwan S, Soin A, et al.
Evidence-informed risk mitigation
and stratification during COVID-19 for
return to interventional pain practice:
American Society of Interventional Pain
Physician guidelines. Pain Physician
2020; 23:S161-S182.
Gharibo C, Sharma A, Soin A, et
al. Triaging interventional pain
procedures during COVID-19 or
related elective surgery restrictions:
Evidence-informed guidance from the
American Society of Interventional
Pain Physicians (ASIPP). Pain Physician
2020; 23:______.
Jha S, Shah S, Calderon MD, Soin A,
Manchikanti L. The effect of COVID-19
on interventional pain management
practices: A physician burnout survey.
Pain Physician 2020; 23:S271-S282.
Manchikanti L, Abdi S, Atluri S, et al.
An update of comprehensive evidencebased guidelines for interventional
techniques of chronic spinal pain: Part
II: Guidance and recommendations.

Pain Physician 2013; 16:S49-S283.
Güven
A.
Different
potent
glucocorticoids,
different
routes
of exposure but the same result:
Iatrogenic Cushing’s syndrome and
adrenal insufficiency. J Clin Res Pediatr
Endocrinol 2020; 10.4274.
57. Kaiser UB, Mirmira RG, Stewart
PM. Our response to COVID-19 as
endocrinologists and diabetologists.
J Clin Endocrinol Metab 2020;
105:1299-1301.
58. Nah SY, Lee JH, Lee JH. Effects of
Epidural Steroid Injections on Bone
Mineral Density and Bone Turnover
Markers in Patients Taking AntiOsteoporotic
Medications.
Pain
Physician 2018; 21:E435-E447.
59. Sim S, Hong HJ, Roh K, Seo J, Moon HS.
Relationship between epidural steroid
dose suppression of hypothalamuspituitary-adrenal axis. Pain Physician
2020; 23:S283-S294.
60. Chon JY, Moon HS. Salivary cortisol
concentration changes after epidural
steroid injection. Pain Physician 2012;
15:461-466.
61. Bernstein DI, Allen DB. Evaluation of
tests of hypothalamic-pituitary-adrenal
axis function used to measure effects
of inhaled corticosteroids. Ann Allergy
Asthma Immunol 2007; 98:118-127.
62. General
recommendations
on
immunization.
Recommendations
of the Advisory Committee on
Immunization
Practices
(ACIP).
MMWR/January 28,2011/Vol. 60/No.2
63. U.S. Vaccines, December 2019.
http://www.cdc.gov/vaccines/pubs/
pinkbook/downloads/appendices/B/usvaccines.pdf Accessed 6/3/2020
64. Schimmer
BP,
Parker
KL.
Adrenocorticotropic
hormone;
adrenocortical steroids and their
synthetic analogs; inhibitors of the
synthesis and actions of adrenocortical
hormones. In: Brunton LL, Lazo JS,
Parker KL (eds). The Pharmacological
Basis of Therapeutics, 11th ed, McGraw
Hill, New York p 1587-1612.
65. Haynes BF, Fauci AS. The differential
effect of in vivo hydrocortisone on
the kinetics of subpopulations of
human peripheral blood thymusderived lymphocytes. J Clin Invest 1978;
61:703-707.
66. Dixon
WG,
Abrahamowicz
M,
Beauchamp ME, et al. Immediate and
delayed impact of oral glucocorticoid
56.

S345

Pain Physician: August 2020 COVID-19 Special Issue 23:S319-S350

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

therapy on risk of serious infection
in older patients with rheumatoid
arthritis: A nested case-control analysis.
Ann Rheum Dis 2012; 71:1128-1133.
Lahood N, Emerson SS, Kumar P,
Sorensen RU. Antibody levels and
response to pneumococcal vaccine in
steroid-dependent asthma. Ann Allergy
1993; 70:289-294.
Kubiet MA, Gonzalez-Rothi RJ, Cottey
R, Bender BS. Serum antibody response
to influenza vaccine in pulmonary
patients receiving corticosteroids.
Chest 1996; 110:367-370.
Herron A, Dettleff G, Hixon B, et al.
Influenza vaccination in patients with
rheumatic diseases. Safety and efficacy.
JAMA 1979; 242:53-56.
Navani A, Manchikanti L, Albers SL,
et al. Responsible, safe, and effective
use of biologics in the management
of low back pain: American Society
of Interventional Pain Physicians
(ASIPP) guidelines. Pain Physician 2019;
22:S1-S74.
Manchikanti L, Kaye AD, Soin A, et
al. Comprehensive evidence-based
guidelines for facet joint interventions
in the management of chronic spinal
pain: American Society of Interventional
Pain Physicians (ASIPP) guidelines.
Pain Physician 2020; 23:S1-S127.
Dieleman JL, Cao J, Chapin A, et al.
US health care spending by payer and
health condition, 1996-2016. JAMA
2020; 323:863-884.
Hoy D, March L, Brooks P, et al.
The global burden of low back pain:
Estimates from the Global Burden of
Disease 2010 study. Ann Rheum Dis
2014; 73:968-974.
Manchikanti L, Sanapati MR, Pampati
V, Boswell MV, Kaye AD, Hirsch JA.
Update on reversal and decline of
growth of utilization of interventional
techniques in managing chronic pain
in the Medicare population from 2000
to 2018. Pain Physician 2019; 22:521-536.
Arroll
B,
Goodyear-Smith
F.
Corticosteroid
injections
for
osteoarthritis of the knee: metaanalysis. BMJ (Clinical research ed) 2004;
328:869.
Wijn SRW, Rovers MM, van Tienen
TG, Hannink G. Intra-articular
corticosteroid injections increase the
risk of requiring knee arthroplasty.
Bone Joint J 2020; 102-B:586-592.
Buchbinder R, Green S, Youd JM.

S346

Corticosteroid injections for shoulder
pain. Cochrane Database Syst Rev 2003;
1:CD004016.
78. Sun Y, Liu S, Chen S, Chen J. The effect
of corticosteroid injection into rotator
interval for early frozen shoulder:
A randomized controlled trial. Am J
Sports Med 2018; 46:663-670.
79. Koh KH. Corticosteroid injection for
adhesive capsulitis in primary care:
A systematic review of randomised
clinical trials. Singapore Med J 2016;
57:646-657.
80. Lai WC, Arshi A, Wang D, et al. Efficacy
of intraarticular corticosteroid hip
injections for osteoarthritis and
subsequent surgery. Skeletal Radiol
2018; 47:1635-1640.
81. Paskins Z, Hughes G, Myers H, et
al. A randomised controlled trial of
the clinical and cost-effectiveness
of ultrasound-guided intra-articular
corticosteroid and local anaesthetic
injections: The hip injection trial (HIT)
protocol. BMC Musculoskelet Disord
2018; 19:218.
82. Pereira LC, Kerr J, Jolles BM. Intraarticular
steroid
injection
for
osteoarthritis of the hip prior to
total hip arthroplasty: Is it safe? A
systematic review. Bone Joint J 2016;
98-B:1027-1035.
83. Kompel AJ, Roemer FW, Murakami AM,
Diaz LE, Crema MD, Guermazi A. Intraarticular corticosteroid injections in the
hip and knee: Perhaps not as safe as we
thought? Radiology 2019; 293:656-663.
84. Urits I, Hasegawa M, Orhurhu V, et al.
Minimally invasive treatment of chronic
ankle instability: A comprehensive
review. Curr Pain Headache Rep 2020;
24:8.
85. Marshall S, Tardif G, Ashworth N.
Local corticosteroid injection for carpal
tunnel syndrome. Cochrane Database
Syst Rev 2007; 2:CD001554.
86. Shanahan EM, Ahern M, Smith M,
Wetherall M, Bresnihan B, FitzGerald
O. Suprascapular nerve block (using
bupivacaine and methylprednisolone
acetate) in chronic shoulder pain. Ann
Rheum Dis 2003; 62:400-406.
87. Terlemez R, Çiftçi S, Topaloglu M, Dogu
B, Yilmaz F, Kuran B. Suprascapular
nerve block in hemiplegic shoulder
pain: comparison of the effectiveness
of placebo, local anesthetic, and
corticosteroid injections-a randomized
controlled study. Neurol Sci 2020; May

10 [Epub ahead of print].
Chang KV, Hung CY, Wu WT, Han
DS, Yang RS, Lin CP. Comparison of
the effectiveness of suprascapular
nerve block with physical therapy,
placebo, and intra-articular injection
in management of chronic shoulder
pain: A meta-analysis of randomized
controlled trials. Arch Phys Med Rehabil
2016; 97:1366-1380.
89. Shah A, Rowlands M, Krishnan
N, Patel A, Ott-Young A. Thoracic
intercostal nerve blocks reduce opioid
consumption and length of stay in
patients undergoing implant-based
breast reconstruction. Plast Reconstr
Surg 2015; 136:584e-591e.
90. Burlison S, Doulatram GR. Chest wall
blocks and neurolysis. In: Manchikanti
L, Kaye AD, Falco FJE, Hirsch JA (eds).
Essentials of Interventional Techniques in
Managing Chronic Spinal Pain. Springer,
New York, NY, 2018, pp 481-488.
91. Mehran RJ, Walsh GL, Zalpour A, et al.
Intercostal nerve blocks with liposomal
bupivacaine: demonstration of safety,
and potential benefits. Semin Thorac
Cardiovasc Surg 2017; 29:531-537.
92. Cheng J, Salmasi V, You J, et al.
Outcomes of sympathetic blocks in
the management of complex regional
pain syndrome: A retrospective cohort
study. Anesthesiology 2019; 131:883-893.
93. Stevens T, Costanzo A, Lopez R,
Kapural L, Parsi MA, Vargo JJ.
Adding triamcinolone to endoscopic
ultrasound-guided
celiac
plexus
blockade does not reduce pain in
patients with chronic pancreatitis. Clin
Gastroenterol Hepatol 2012; 10:186-191.
94. Coombes BK, Bisset L, Vicenzino B.
Efficacy and safety of corticosteroid
injections and other injections for
management of tendinopathy: A
systematic review of randomised
controlled
trials.
Lancet
2010;
376:1751-1767.
95. Rijsdijk M, van Wijck AJ, Kalkman
CJ, Yaksh TL. The effects of
glucocorticoids on neuropathic pain:
A review with emphasis on intrathecal
methylprednisolone acetate delivery.
Anesth Analg 2014; 118:1097-1112.
96. Wong SH, Wong CS, Li TT. Steroids
in regional analgesia. Expert Opin
Pharmacother 2010; 11:2839-2848.
97. Olmarker K, Byrod G, Cornefijord M,
et al. Effects of methylprednisolone
on nucleus pulposus-induced nerve
88.

www.painphysicianjournal.com

Steroid Distancing In Interventional Pain Management

98.

root injury. Spine (Phila PA 1976) 1994;
19:1803-1808.
Nicol GD, Klingberg DK, Vasko MR.

www.painphysicianjournal.com

Prostaglandin E2 enhances calcium
conductance and stimulates release of
substance P in avian sensory neurons. J
Neurosci 1992; 12:1917-1927.

S347

Pain Physician: August 2020 COVID-19 Special Issue 23:S319-S350

Appendix 1
Web Only References
99. Coderre T. Contribution of protein
kinase C to central sensitization and
persistent pain following tissue injury.
Neurosci Lett 1992; 140:181-184.
100. Hayashi N, Weinstein JN, Meller ST, et
al. The effect of epidural injection of
betamethasone or bupivacaine in a rat
model of lumbar radiculopathy. Spine
(Phila PA 1976)1998; 23:877-885.
101. Lee HM, Weinstein JN, Meller ST, et al.
The role of steroids and their effects on
phospholipase A2. An animal model of
radiculopathy. Spine (Phila Pa 1976) 1998;
23:11911196.
102. Minamide A, Tamaki T, Hashizume
H, et al.
Effects of steroids and
lipopolysaccharide on spontaneous
resorption of herniated intervertebral
discs. An experience study in the rabbit.
Spine (Phila Pa 1976) 1998; 23:870-876.
103. Johansson A, Bennett GJ. Effect of local
methylprednisolone on pain in a nerve
injury model. A pilot study. Reg Anesth
1997; 22:59-65.
104. Kingery WS, Castellote JM, Maze
M.
Methylprednisolone
prevents
the development of autotomy and
neuropathic edema in rats, but has no
effect on nociceptive thresholds. Pain
1999; 80:555-566.
105. Hollander JL, Stoner EK, Brown EM
Jr, DeMoor P. Joint temperature
measurement in the evaluation of
anti-arthritic agents. J Clin Invest 1951;
30:701‐706.
106. Tuffer
T.
Anesthésie
medullaire
chirurgicale
par
injection
sousarachnoidienne
lombiare
de
cocaine; technique et resultats. Semaine
Medicale 1900; 20:167.
107. Cushing H. On the avoidance of shock
in major amputations by cocainization of
large nerve-trunks preliminary to their
division. Ann Surg 1902; 36:321.
108. Schloesser H. Heilung periphärfer
Reizzustände sensibler und motorischer
Nerven. Klin Monatsbl Augenheilkd 1903;
41:255.
109. Dogliotti AM. Segmental peridural
anesthesia. Am J Surg 1933; 20:107-118.
110. Bonica JJ. The management of pain. Lea
& Febiger, Philadelphia, 1953.
111. Sato C, Sakai A, Ikeda Y, Suzuki H,
Sakamoto A. The prolonged analgesic
effect of epidural ropivacaine in a rat
model of neuropathic pain. Anesth Analg
2008; 106:313-320.

S348

112. Tachihara H, Sekiguchi M, Kikuchi S,
Konno S. Do corticosteroids produce
additional benefit in nerve root
infiltration for lumbar disc herniation.
Spine (Phila Pa 1976) 2008; 33:743-747.
113. Carette S, Leclaire R, Marcoux S, Morin
F, Blaise GA, St-Pierre A, Truchon
R, Parent F, Levesque J, Bergeron V,
Montminy P, Blanchette C. Epidural
corticosteroid injections for sciatica due
to herniated nucleus pulposus. N Engl J
Med 1997;336:1634-1640.
114. Iversen T, Solberg TK, Romner
B, Wilsgaard T, Twisk J, Anke A,
Nygaard O, Hasvold T, Ingebrigtsen
T. Effect of caudal epidural steroid
or saline injection in chronic lumbar
radiculopathy: multicentre, blinded,
randomised controlled trial. BMJ.
2011;343:d5278.
115. Nandi J, Chowdhery A. A randomized
controlled clinical trial to determine the
effectiveness of caudal epidural steroid
injection in lumbosacral sciatica. J Clin
Diagn Res 2017; 11:RC04-RC08.
116. Riew KD, Yin Y, Gilula L, et al. The effect
of nerve-root injections on the need for
operative treatment of lumbar radicular
pain: A prospective, randomized,
controlled, double-blind study. J Bone
Joint Surg Am 2000; 82:1589-1593.
117. Tafazal S, Ng L, Chaudhary N, Sell
P. Corticosteroids in peri-radicular
infiltration for radicular pain: A
randomized double blind controlled
trial: One year results and subgroup
analysis. Eur Spine J 2009; 18:1220-1225.
118. Ng L, Chaudhary N, Sell P. The efficacy
of corticosteroids in periradicular
infiltration for chronic radicular pain: a
randomized, double-blind, controlled
trial. Spine (Phila Pa 1976) 2005;
30:857-862.
119. Ökmen K, Ökmen BM. The efficacy
of interlaminar epidural steroid
administration
in
multilevel
intervertebral disc disease with chronic
low back pain: A randomized, blinded,
prospective study. Spine J 2017;
17:168-174.
120. Manchikanti L, Singh V, Cash KA,
Pampati V, Damron KS, Boswell MV.
Effect of fluoroscopically guided caudal
epidural steroid or local anesthetic
injections in the treatment of lumbar
disc herniation and radiculitis: A
randomized, controlled, double blind
trial with a two-year follow-up. Pain

Physician 2012; 15:273-286.
121. Manchikanti L, Singh V, Cash KA,
Pampati V, Falco FJE. A randomized,
double-blind, active-control trial of the
effectiveness of lumbar interlaminar
epidural injections in disc herniation.
Pain Physician 2014; 17:E61-E74.
122. Ghai B, Kumar K, Bansal D, Dhatt SS,
Kanukula R, Batra YK. Effectiveness
of parasagittal interlaminar epidural
local anesthetic with or without
steroid in chronic lumbosacral pain: A
randomized, double-blind clinical trial.
Pain Physician 2015; 18:237-248.
123. Manchikanti L, Cash KA, Pampati V,
Wargo BW, Malla Y. A randomized,
double-blind, active control trial of
fluoroscopic
cervical
interlaminar
epidural injections in chronic pain of
cervical disc herniation: Results of a
2-year follow-up. Pain Physician 2013;
16:465-478.
124. Manchikanti L, Cash KA, McManus CD,
Pampati V, Benyamin RM. Thoracic
interlaminar epidural injections in
managing chronic thoracic pain: A
randomized, double-blind, controlled
trial with a 2-year follow-up. Pain
Physician 2014; 17:E327-E338.
125. Manchikanti L, Cash KA, Pampati V,
Falco FJE. Transforaminal epidural
injections in chronic lumbar disc
herniation: A randomized, doubleblind, active-control trial. Pain Physician
2014; 17:E489-E501.
126. Manchikanti L, Cash KA, McManus CD,
Pampati V. Fluoroscopic caudal epidural
injections in managing chronic axial
low back pain without disc herniation,
radiculitis or facet joint pain. J Pain Res
2012; 5:381-390.
127. Manchikanti L, Cash KA, McManus
CD, Pampati V, Benyamin RM. A
randomized, double-blind, activecontrolled trial of fluoroscopic lumbar
interlaminar epidural injections in
chronic axial or discogenic low back
pain: Results of a 2-year follow-up. Pain
Physician 2013; 16:E491-E504.
128. Manchikanti L, Cash KA, Pampati V,
Malla Y. Two-year follow-up results of
fluoroscopic cervical epidural injections
in chronic axial or discogenic neck pain:
A randomized, double-blind, controlled
trial. Int J Med Sci 2014; 11:309-320.
129. Manchikanti L, Cash KA, McManus CD,
Pampati V, Fellows B. Results of 2-year
follow-up of a randomized, double-

www.painphysicianjournal.com

Steroid Distancing In Interventional Pain Management

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

blind, controlled trial of fluoroscopic
caudal epidural injections in central
spinal stenosis. Pain Physician 2012;
15:371-384.
Manchikanti L, Cash KA, McManus
CD, Damron KS, Pampati V, Falco FJE.
A randomized, double-blind controlled
trial of lumbar interlaminar epidural
injections in central spinal stenosis:
2-year follow-up. Pain Physician 2015;
18:79-92.
Manchikanti L, Malla Y, Cash KA,
McManus CD, Pampati V. Fluoroscopic
epidural injections in cervical spinal
stenosis: Preliminary results of a
randomized,
double-blind,
active
control trial. Pain Physician 2012;
15:E59-E70.
Manchikanti L, Singh V, Cash KA,
Pampati V, Datta S. Fluoroscopic caudal
epidural injections in managing post
lumbar surgery syndrome: Two-year
results of a randomized, double-blind,
active-control trial. Int J Med Sci 2012;
9:582-591.
Manchikanti L, Malla Y, Cash KA,
Pampati V, Hirsch JA. Comparison of
effectiveness for fluoroscopic cervical
interlaminar epidural injections with
or without steroid in cervical postsurgery syndrome. Korean J Pain 2018;
31:277-288.
Friedly JL, Comstock BA, Turner JA,
et al. Long-term effects of repeated
injections of local anesthetic with or
without corticosteroid for lumbar spinal
stenosis: A randomized trial. Arch Phys
Med Rehabil 2017; 98:1499-1507.
McEvoy GK, Litvak K, Welsh OH, et al.
AHFS 99 Drug Information. Bethesda,
American Society of Health-System
Pharmacists, 1999, pp 2636-2662.
Jacobs A, Pullan PT, Potter JM, et
al. Adrenal suppression following
extradural steroids. Anaesthesia 1983;
38:953-956.
Kay JK, Findling JW, Raff H. Epidural
triamcinolone suppresses the pituitaryadrenal axis in human subjects. Anesth
Analg 1994; 79:501-505.
Janicki PK, Johnson B, Parris
WC. Pharmacokinetic analysis of
plasma
methylprednisolone
after
administration in rabbits. Proceedings
of the American Society of Regional
Anesthesia, Annual Meeting, 1995, p 7.
Friedly JL, Comstock BA, Heagerty PJ, et
al. Systemic effects of epidural steroid
injections for spinal stenosis. Pain 2018;

www.painphysicianjournal.com

159:876-883.
140. Hooten WM, Nicholson WT, Gazelka
HM, Reid JM, Moeschler SM, Lamer TJ.
Serum Triamcinolone Levels Following
Interlaminar Epidural Injection. Reg
Anesth Pain Med 2016; 41:75-79.
141. Yanez JA, Remsberg CM, Sayre
CL, Forrest ML, Davies NM. Flipflop pharmacokinetics–delivering a
reversal of disposition: challenges
and opportunities during drug
development. Ther Deliv 2011; 2:643-672.
142. Kang SS, Hwang B, Son H, Cheong
IY, Lee SJ, Chung TY. Changes in bone
mineral density in postmenopausal
women treated with epidural steroid
injections for lower back pain. Pain
Physician 2012; 15:229-236.
143. Abdul AJ, Ghai B, Bansal D, Sachdeva
N, Bhansali A, Dhatt SS. Hypothalamic
pituitary adrenocortical axis suppression
following a single epidural injection
of methylprednisolone acetate. Pain
Physician 2017; 20:E991-E1001.
144. Habib G, Jabbour A, Salman J, Hakim
G, Haddad H. The effect of epidural
methylprednisolone acetate injection on
the hypothalamic-pituitary-adrenal axis.
J Clin Anesth 2013; 25:629-633.
145. Barnett J, Bernacki MN, Kainer JL,
Smith HN, Zaharoff AM, Subramanian
SK. The effects of regenerative injection
therapy compared to corticosteroids for
the treatment of lateral epicondylitis:
A systematic review and meta-analysis.
Arch Physiother 2019; 9:12.
146. MacMahon PJ, Eustace SJ, Kavanagh
EC. Injectable corticosteroid and local
anesthetic preparations: A review
for radiologists. Radiology 2009;
252:647-661.
147. Miller DC, Patel J, Gill J, et al.
Corticosteroid injections and COVID-19
infection risk. Spine Intervention
Society. Factfinders for Patient Safety.
h t t p s : / / c d n . y m a w s. c o m / w w w.
spineintervention.org/resource/resmgr/
factfinder/2020/sis_factfinder_20_05_
covid19.pdf
148. Ginzler E, Diamond H, Kaplan D,
Weiner M, Schlesinger M, Seleznick M.
Computer analysis of factors influencing
frequency of infection in systemic lupus
erythematosus. Arthritis Rheum 1978;
21:37-44.
149. Wolfe F, Caplan L, Michaud K. Treatment
for rheumatoid arthritis and the risk
of hospitalization for pneumonia:
Associations with prednisone, disease-

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

modifying antirheumatic drugs, and
anti–tumor necrosis factor therapy.
Arthritis Rheum 2006; 54:628-634.
Sytsma TT, Greenlund LK, Greenlund
LS. Joint corticosteroid injection
associated with increased influenza risk.
Mayo Clin Proc Innov Qual Outcomes
2018; 2:194-198.
Lamer TJ, Dickson RR, Gazelka HM, et
al. Serum triamcinolone levels following
cervical interlaminar epidural injection.
Pain Res Manag 2018; 2018:8474127.
Hagan JB, Erickson D, Singh RJ.
Triamcinolone
acetonide
induced
secondary adrenal insufficiency related
to impaired CYP3A4 metabolism by
coadministration of nefazodone. Pain
Med 2010; 11:1132-1135.
Song Y, Schroeder JR, Bush LM.
Iatrogenicushing
syndrome
and
secondary adrenal insufficiency related
to concomitant triamcinolone and
ritonavir administration: A case report
and review. J Int Assoc Provid AIDS Care
2013; 13:511-514.
Even JL, Crosby CG, Song Y, McGirt
MJ, Devin CJ. Effects of epidural steroid
injections on blood glucose levels in
patients with diabetes mellitus. Spine
(Phila Pa 1976) 2012; 37:E46-E50.
Zufferey P, Bulliard C, Gremion G,
Saugy M, So A. Systemic effects of
epidural methylprednisolone injection
on glucose tolerance in diabetic
patients. BMC Res Notes 2011; 4:552.
Elston MS, Conaglen HM, Hughes
C, Meyer-Rochow GY, Conaglen JV.
Duration of cortisol suppression
following
a
single
dose
of
dexamethasone in healthy volunteers:
A randomised double-blind placebocontrolled trial. Anaesth Intensive Care
2013; 41:596-601.
Hsu D, Fu P, Gyermek L, Tan C.
Comparison of plasma cortisol and
ACTH profile after a single lumbar
epidural dose of triamcinolone 40 mg,
80 mg respectively in low back pain
patients. Anesth Analg 1996; 82:S191.
King W, Miller DC, Smith CC; Spine
Intervention Society’s Patient Safety
Committee. Systemic effects of epidural
corticosteroid injection. Pain Med 2018;
19:404-405.
Derendorf H, Hochhaus G, Rohatagi S,
et al. Pharmacokinetics of triamcinolone
acetonide after intravenous, oral, and
inhaled administration. J Clin Pharmacol
1995; 35:302-305.

S349

Pain Physician: August 2020 COVID-19 Special Issue 23:S319-S350

160. Mollmann H, Rohdewald P, Schmidt
EW, Salomon V, Derendorf H.
Pharmacokinetics of triamcinolone
acetonide and its phosphate ester. Eur J
Clin Pharmacol 1985; 29:85-89.
161. Beer PM, Bakri SJ, Singh RJ, Liu W,
Peters GB, Miller M. Intraocular
concentration and pharmacokinetics of
triamcinolone acetonide after a single
intravitreal injection. Ophthalmology
2003; 110:681-686.
162. Mikhail GR, Sweet LC, Mellinger RC.
Parenteral long-acting corticosteroid
effect on hypothalamic pituitary adrenal
function. Ann Allergy 1973; 31:337-343.
163. Mikhail GR, Livingood CS, Mellinger
RC, et al. Effect of long-acting parenteral
corticosteroids on adrenal function.
Arch Dermatol 1969; 100:263-268.

S350

164. Hermanns H, Hollmann MW, Stevens
MF, et al. Molecular mechanisms of
action of systemic lidocaine in acute
and chronic pain: A narrative review. Br J
Anaesth 2019; 123:335-349.
165. Taylor A, McLeod G. Basic pharmacology
of local anesthetics. BJA Education 2020;
20:34-41.
166. El-Boghdadly K, Pawa A, Chin KJ. Local
anesthetic systemic toxicity: current
perspectives. Local Reg Anesth 2018;
11:35-44.
167. Christie LE, Picard J, Weinberg GL.
Local anaesthetic systemic toxicity.
Continuing education in anaesthesia.
Crit Car Pain 2015; 15:136-142.
168. Guay J. Methemoglobinemia related
to local anesthetics: A summary of
242 episodes. Anesth Analg 2009;

108:837-845.
169. Mahajan A, Derian A. Local anesthetic
toxicity. In: StatPearls. StatPearls
Publishing, Treasure Island, FL, 2020.
170. Neal JM, Woodward CM, Harrison
TK. The American Society of Regional
Anesthesia and Pain Medicine checklist
for managing local anesthetic systemic
toxicity: 2017 version. Reg Anesth Pain
Med 2018; 43:150-153.
171. Neal JM, Barrington MJ, Fettiplace MR,
et al. The Third American Society of
Regional Anesthesia and Pain Medicine
Practice Advisory on Local Anesthetic
Systemic Toxicity: Executive Summary
2017. Reg Anesth Pain Med 2018;
43:113-123.

www.painphysicianjournal.com

