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Role of Neuraxial Steroidsin Interventional Pain M anagement

Laxmaiah Manchikanti, MD

The clinical introduction of cortisone in 1949 revolution-
ized medical care of patients with ahost of diseases. Soon
after that, thefirst use of steroidsin epidural injectionswas
described in 1952 and 1953. A variety of corticosteroid
agents (hydrocortisone, methyl prednisolone, triamcinolone,
betamethasone) have been applied neuraxially to treat spi-
nal pain and other types of painful conditions. The utiliza-
tion of neuraxial steroids had itsempirical beginning inthe
1950s and ‘60s. When steroid administration seemingly
was effective for management of low back pain and sci-
atica, the concept was adapted for other types of neural
blockade, including facet joint injections. It is postulated
that corticosteroids reduce inflammation by inhibiting ei-
ther the synthesis or release of a number of pro-inflamma-
tory substances and by causing areversiblelocal anesthetic
effect.

Multiple complications of corticosteroid administration are

Theclinical introduction of cortisone a purified glucocor-
ticoid preparation, in 1949, revolutionized the medical care
of patients with ahost of diseases (1-3). Soon after this,
the first use of steroidsin epidural injections dating back
to 1952 and 1953 was reported (4, 5). Simultaneous with
the introduction of steroids in management of low back
pain neuraxially, case reports also started appearing with
theintroduction of chronic glucocorticoid therapy describ-
ing life-threatening adrenal crisisin patientswith medical
or surgical stresses not receiving adequate corticosteroid
supplementation (6, 7). Theinitial American report of epi-
dural steroid injections appeared in 1961, by Goebert et a
(8). Extensiveuse of neuraxial steroids has been described
in medical practices sincetheintroduction of steroidsinto
the epidural space in 1952 (4), including of not only epi-
dural steroids, but also facet joint injections (9, 10).

Sincetheintroduction of neuraxial steroids, there hasbeen
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two-fold: those resulting from withdrawal of steroids and
those resulting from continued use of large doses. These
include neural toxicity, separation of pituitary-adrenal axis,
weight gain, osteoporosis, aswell as many other complica-
tions. However, areview of the literature on epidural ste-
roids or other types of neuraxia blockade mentions very
few complications that can be directly attributed either to
the chemistry or the pharmacology of the steroids, except
for reports of adrenal suppression.

Thisreview describes various aspects of neuraxial steroids
including historical concepts, mechanism of action, phar-
macological aspects, side effects, complications and their
rolein treatment.
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controversy with regards to their pharmacology mecha-
nism of action, neural toxicity and other side effects and
complications.

HISTORY

Thefirst descriptions of the use of neural blockadein man-
aging low back and lower extremity pain date back to re-
ports of Sicard (11), and Pasquier and Leri in 1901 (12);
and Cathelin (13) in 1901 for inoperable cancer of the rec-
tum. Caussade and Queste (14) published reportson cures
of sciaticawith epidural anesthesiain 1909, even without
steroids. Many nerve block clinics were in operation by
the 1950s (15, 16). The first use of steroids in epidural
injections was reported by Robechhi and Capra in 1952
(4). However, thefirst report of the use of epidural steroid
injections has been attributed by various authorsto Lievre
etal in 1953 (5).

Neuraxial steroids have been used in medical practices
since 1952 withinternational literature describing their use
(4, 5, 8-10, 15). In 1976, Mooney and Robertson (10)
showed that the injection of local anesthetic into a facet
joint could relieve the pain provoked by injection of hy-
pertonic saline. Hypertonic saline neurolysis with injec-
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tion of corticosteroids and spinal endoscopy with
adhesiolysis were devel oped over the years (17,18).

MECHANISM OF ACTION

The utilization of steroids in neural blockade has been
empirical beginninginthe 1950sand 60s. They werefirst
used for the treatment of lumbar radiculopathy at a time
when the use of steroids by injection was becoming fash-
ionable (9). When it became apparent that the injection of
steroidsintojointscould relieve certain typesof joint pain,
investigatorsand practitionersturned their useto problems
of back pain, aswell aslumbar radiculopathy (4, 5, 9, 19).
Subsequently, when steroid administration seemingly was
effective for management of low back pain and sciatica,
othersfollowed the concept and adapted the treatment, not
only for epidural administration, but also for other types
of neural blockade including facet joint injections (8-10,
20-31). The search into rationale for the use of epidural
steroi ds began retrospectively with the focus on strong anti-
inflammatory effects of corticosteroids (9). During this
search, attractive propositions were made employing an
inflammatory component in lumbosacral radiculopathy. In
fact, variousauthorsreferred to the available literature that
indicated that sciaticamight be associated with inflamma-
tion (9, 32-48). No direct evidence supported the notion
of inflammation and the first evidence suggesting inflam-
mation in patients with radiculopathy only came in 1981
(25). Ryanand Taylor (25), by examining samplesof cere-
brospinal fluid (CSF) during administration of intrathecal
and epidural injections, observed that inflammation wasa
critical component of radicular pain, and that intraspinal
steroidswerelikely to be most effective when thisinflam-
mation wasstill acute, before the pathol ogy had progressed
to nerve root fibrosis or axonal death. These researchers
classified patients into two categories. compressive and
irritative radicul opathy.

Further, therationalefor neuraxial steroid useisprimarily
based on the benefits of neural blockade, which include
pain relief which outlasts by hours, days, and sometimes
weeks, the transient pharmacologic action of other adju-
vant agentssuch aslocal anesthetics. However, the expla-
nation for such benefits continues to be an enigma. It has
been postulated that neural blockade alters or interrupts
nociceptive input, reflex mechanism of the afferent limb,
sdlf-sustaining activity of the neuronal poolsintheneuraxis,
and the pattern of central neural activities (49). Thebasis
of these explanations, in part, includes the pharmacol ogi-
cal and physical actionsof corticosteroids, aswell aslocal
anesthetics. Itispostulated that corticosteroids reducein-
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flammation either by inhibiting the synthesis or rel ease of
anumber of pro-inflammatory substances or by causing a
reversible local anesthetic effect (50-62). Various modes
of action of corticosteroids include membrane stabiliza-
tion, inhibition of neural peptide synthesisor action, block-
ade of phospholipase A, activity, prolonged suppression
of ongoing neuronal discharge, and suppression of sensiti-
zation of dorsal horn neurons. In addition to reversible
local anesthetic effect, inflammation around the discs and
nerve roots is considered a major pain generator with or
without mechanical factors (39-48). Epidural injections
of betamethasone in a model of lumbar radicul opathy
showed asignificant effect on thermal hyperalgesia, while
administration of intravenous (1) methylprednisolonedra-
matically reduced the nerve root injury produced by epi-
dural application of autologous nucleus pulposusin apig
experimental model (55, 58). Minamide et a (60) study-
ing the effects of steroid and lipopolysaccharide on spon-
taneous resorption of herniated intervertebral discsin an
experimental study in the rabbit, concluded that li-
popolysaccharide accelerated the process of herniated in-
tervertebral disc resorption, whereas high dose steroids
suppressed the process. Johansson and Bennett (61) stud-
ied theeffect of local methylprednisoloneon paininanerve
injury model by inducing peripheral mononeuropathy and
showed that the heat hyperal gesiaand mechano-allodynia,
but not the mechano-hyperalgesia were depressed in the
animals receiving the corticosteroids, but not in those
treated with saline, with the effect remaining during the 11
day test period. Kingery et a (62) examined the effects of
systemic methyl predni solone on acute nociception and on
pain behavior in hyperalgesiain normal and neuropathic
rats and reported 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
thresholdsin normal or neuropathic hyperalgesic rats.

Some of the differences noted in the various studies of ef-
fectiveness were al so attributed to the theory of Ryan and
Taylor (25) to categories of irritative radiculopathy with
inflammatory component, and compressi ve radi cul opathy
without inflammatory component. One commonly quoted
study by Dilkeet al (27), adouble blind, randomized, pro-
spective study of methylprednisolone and saline versus
intraspinous ligament injection of saline, favored the use
of epidural steroids, showing statistically significant im-
provement in the treatment group. This study was also
duplicated with similar resultsby Ridley et al (28). How-
ever, Snoek et al (29) comparing injection of 2 cc of meth-
ylprednisolone to 2 cc of saline, showed no statistically
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significant difference between thetwo groups. Thesevaria
tionsin results may be based oninflammatory components.
Snoek et a (29) studied patientswho apparently were more
likely tofall into the category of compressiveradicul opathy,
whereas Dilke et a (27) and Ridley et al (28) included the
patients who were more likely to fall into irritative
radiculopathy. In addition, Abram and Hopwood (63),
examining the outcome following epidural steroidsin re-
lation to primary diagnosis, observed that patients with
radicul opathy were threetimes morelikely to respond than
those with anon-radicular diagnosis.

PHARMACOLOGICAL ASPECTS

Glucocorticoidsare life-sustaining cholesterol derivatives
produced in the zona fascicul ata of the adrenal cortex un-
der the negative feedback control of both the hypothala-
mus and pituitary gland, maintained by the hypothalamic-
pituitary-adrenal (HPA) axis. The hypothal amus produces
corticotropin-rel easing hormone (CRH), which stimulates
the pituitary gland to synthesize adrenocorticotropic hor-
mone (ACTH) to signal production of cortisol, the main
endogenous glucocorticoid (1, 3, 64). Hormones play a
crucia role in maintaining cell homeostasis and viability
of the organism. Thus, cellular receptors for cortisol are
ubiquitousin cell cytoplasm (1). Glucocorticoids are re-
quired to maintain normal carbohydrate, lipid, and protein
metabolism (64). Cortisol facilitates catecholamine pro-
duction and modulates beta-adrenergic receptor synthe-
sis, regulation, coupling, and responsiveness (65). Gluco-
corticoids are postulated to enhance normal immune ac-
tivity and wound healing, maintenance of cardiovascular
integrity and cardiac contractility, and various other func-
tions (64).

In contrast to glucocorticoids, mineralocorticoid synthe-
sis occurs in the adrenal zona glomerulosa when stimu-
lated by the renin-angiotensin-aldosterone system or hy-
perkalemia. Aldosterone, the main endogenous mineral o-
corticoid, facilitates sodium and potassium homeostasis
and maintenance of intravascular volume (3, 66).

Recently it has been estimated that glucocorticoid secre-
tions are approximately 5 mg/m? per day to 10 mg/m? per
day of cortisol, whichis apparently much less than previ-
ously reported (67, 68). These estimates of glucocorti-
coid secretion are equivalent to about 20 to 30 mg/day of
hydrocortisone or 5to 7 mg/day of oral prednisone. How-
ever, the synthesis of cortisol can increase 5- to 10-fold
under conditions of severe stress, to a maximal level of
approximately 100 mg/m?/day (3, 69).
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The study of the pharmacokinetics of the corticosteroids
iscomplex. Followingintramuscular (IM) administration,
absorption of the water-sol uble sodium phosphate and so-
dium succinate source is rapid; the rate of absorption of
thelipid-soluble acetate and acetonideismuch slower (70).
The role of systemic absorption of epidural steroids has
been explored inonly ahandful of reports (71-74). Janicki
et a (73) reported pharmacokinetic analysis of methylpred-
nisol one after epidural administration in rabbits, with only
traces of methylprednisolone being detected at 6 and 12
hours after the administration of highest epidural dose of
thedrug, ie, 5 mg/kg, whereas plasmamethy! prednisolone
levels were undetectable at 24 to 72 hours after 5 mg/kg
doseand at all sampling timesfor the epidural dosesof 2.5
and 1.25 mg/kg. Jacobset al (71) studied 12 patients fol-
lowing administration of asingle lumbar epidural steroid
injection of methyl predni solone acetate, 80 mg, and found
no absorption of the corticosteroid into the systemic circu-
[ation.

Corticosteroids affect amost all body systems. In phar-
macologic doses, systemically administered glucocorti-
coids suppress the release of corticotropin (ACTH) from
the pituitary; thus the adrenal cortex ceases secretion of
endogenous corti costeroids, producing asecondary adreno-
cortical insufficiency. The degree and duration of hypo-
thalamic-pituitary-adrenal (HPA) axis suppression pro-
duced by the drugs s highly variable among patients and
depends on the dose, frequency, interval's between admin-
istration, and duration of glucocorticoid therapy (70, 75-
77). Even though the duration of anti-inflammatory activ-
ity of glucocorticoids approximately equals the duration
of HPA-axis suppression, variations have been described
(70, 75-77). A descriptive profile of commonly used epi-
dura steroidsisshownin Table 1. Following either IM or
epidural administration of a single dose of triamcinolone
acetonide, triamcinol one diacetate, methylprednisolone, or
betamethasone sodium phosphate and betamethasone ac-
etate suspension, HPA suppression varied from 4 daysto 6
weeks (70, 75-77).

Maximum pharmacol ogic activity lags behind peak blood
concentrations, suggesting that most effects of steroidsre-
sult from modification of enzyme activity rather than from
direct actions. This explainsin part the significant corti-
costeroid activity following the epidural administration of
steroids, even though they may or may not be detected in
the blood. In pharmacologic doses, glucocorticoids de-
crease inflammation by stabilizing leukocyte lysosomal
membranes, preventing release of destructive acid hydro-
lases from leukocytes; inhibiting macrophage accumula-
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Table 1. Profile of commonly used epidural steroids

. . Anti- Sodium Duration of Adrenal Suppression
D Equivalent Epidural . fl R .
rug Dose Dose M ammatory etent!on " Single Three

Potency  Capacity Epidural  Epidurals
Hydrocortisone 20 mg N/A 1 1 N/A N/A N/A
Depo-Methyl Prednisolone . i )
(Depo-Medrol) 4 mg 40-80 mg 5 0.5 1-6 weeks 1-3 weeks N/A
Triamcinolone diacetate
(Aristocort) 4 mg 25-50 mg 5 0 1-2 weeks 1-5 weeks N/A
Triamcinolone acetonide
(Kendlog) 4 mg 40-80 mg 5 0 2-6 weeks N/A 2-3 mornths
Betamethasone
(Cdlestone Soluspar) 06mg 6-12mg 25 0 1-2 weeks N/A N/A

N/A = Not applicable Data adapted and modified from McEvoy et a (70), Jacobs et a (71), Kay et al (72), Hsu et al (74), Mikhail et

a (75, 76), and Schimmer and Parker (77).

tion ininflamed areas; reducing leukocyte adhesion to the
capillary endothelium; reducing capillary wall permeabil-
ity and edemaformation; decreasing complement compo-
nents; antagonizing histamine activity, and release of ki-
nin from substrates; reducing fibroblast proliferation, col-
lagen deposition, and subsequent scar tissue formation; and
possibly by other mechanisms as yet unknown (70).

Even though many clinicians believe that the duration of
corticosteroid therapy, the highest corticosteroid dose, and
thetotal cumulative corticosteroid dose areimportant pre-
dictorsof HPA axissuppression, thereareinconsistent data
to accurately predict the degree of adrenal suppressionin
patients receiving exogenous glucocorticoid therapy. Fur-
ther, recent literature suggests that patients who receive
5mg/day or less of prednisone continue to have an intact
HPA axis (78). However, the recovery of the HPA axis
after the discontinuation of exogenous glucocorticoids may
take up to ayear (69). Measure of plasma cortisol levels
when patients are not receiving exogenous glucocorticoids
and judicious application of adrenal stimulation with alow-
or high-dose cosyntropin stimul ation test are recommended
on an individual basis to determine HPA axis reserve in
personswith adrenal suppression secondary to glucocorti-
coid therapy (2, 79). However, patients with adrenal sup-
pression secondary to corticosteroid drug therapy usually
haveintact mineralocorticoid function viathe renin-angio-
tensin-aldosterone system (1).

SIDE EFFECTS

The review of the literature on epidural steroids or other

typesof neural blockade mentionsvery few complications
that can bedirectly attributed either to the chemistry or the
pharmacology of the steroids (9). Numerousformulations
of injectable preparationsare availablein the United States
and other countries. The most commonly used agents for
administration in neural blockadein the United States are
methylprednisolone acetate (Depo-M edrol®), triamcino-
lone diacetate (Aristocort®), triamcinolone acetonide
(Kenal og®) and betamethasone acetate and phosphate
mixture (Cel estone® Sol uspan®). These formulations
availablefor injectable steroids contain various chemicals,
which include buffers, polyethylene glycol, benzyl aco-
hol, and benzalkonium chloride (Table 2).

Nelson (80) spearheaded a crusade against intraspinal
therapy using steroids and argued that methyl prednisolone
acetate was neurotoxic. The controversy prompted a re-
view of theliterature concerning epidural steroids (81-83).
These reviews found that epidural steroids had been used
extensively throughout theworld, with the majority of pub-
lished medical opinions supporting their use. However,
although two of the reviewers (82, 83) recognized that in-
trathecal injections of steroids could result in nerve dam-
age, but both reviewers referred to the available literature
attesting to the chemical safety of corticosteroid prepara-
tionsused inthe epidural space. Subsequently, Bogduk et
al (9) in a 1994 review concluded that there was no evi-
dence of any deleterious effect of steroid preparations pro-
vided they wereinjected accurately into the epidural space,
but also that none of the commercially available formula-
tions of steroidswasfree of at least some potential risk of
deleterious effects if it was to be injected deliberately or
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Table 2. Formulations of commonly used epidural steroids

Depo-M edrol Aristpcort .Kenglog Celestone
M ethylpredisolone T”m’ nelens e nc_)I ON€ " Betamethasone
Diacetate Acetonide

Amount of steroid 20 my/mL 40 mg/mL 80 mg/mL 40mg/mL 40 mg/mL 6 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 -- -- 34
Benzyl alcohol 9.3 9.16 8.8 9 9 --
Diabasic sodium phospate -- -- - -- 7.1
Edetate disodium -- -- -- -- 0.1
Benzalkonium chloride -- -- -- -- 0.2

inadvertently into theintrathecal space. Thisreport, how-
ever, cautioned that the use of any steroid preparation in-
tended for epidural injection should be accompanied by
the utmost precautions to ensure accurate epidural injec-
tion and to preclude intrathecal injection. Wilkinson (81)
in 1992 reviewed theliterature onintrathecal Depomedrol
and concluded that there was as yet no scientifically valid
proof that intrathecal Depomedrol, in doses of 40 mg/mL
or 80 mg/mL administered at widely spaced intervals,
caused clinically significant lumbar adhesive arachnoidi-
tis.

Various arguments of steroid toxicity to the nerves stem
from potential toxicity of multiple chemical entities used
in the formulations of epidura steroids, namely, benzyl
alcohal, polyethylene glycol, polysorbate, monobasic and
dibasic sodium phosphate, and benzalkonium chloride.
Polyethylene glycol 3350 is used with Depomedrol, and
Aristocort. However, it appears that various impressions
of neurotoxicity of polyethyleneglycol stem fromthemis-
interpretation of studies of propyleneglycol (84-88). With
the use of 3% polyethylene glycol, no impairment of neu-
ral function was seen after 30 minute applications to rab-
bit vagus nerves (88). Benzon et a (88) also showed that
only the higher concentrations altered compound action
potentials or delayed conduction velocities, and those ef-
fectswererapidly reversible. They concluded thatin clini-
cally used concentrations, polyethylene glycol “does not
cause neurolysis.”

The ingredient with substantial controversy is benzyl al-
cohol which is used in vials of Depomedrol, Aristocort
and Kenalog; however, not with Celestone Soluspan. On

intrathecal administration of benzyl alcohol, flaccid
paraplegia, leg paralysis, and neural degeneration, aswell
as demyelination were reported with 5 mL of bacterio-
static water, 40 mL of normal saline containing 1.5% ben-
zyl alcohol, and 20 mL of methotrexate injection contain-
ing 0.9% benzyl alcohol (89-93). However, no studieshave
been reported with epidural usage of lessthan 1% of ben-
zyl acohol. Polysorbates were reported to have no ad-
verse effects when given intrathecally (9). Edetate diso-
dium (EDTA), whichisused in extremely small doses (0.1
mg/ml) with Celestone Soluspan has been shown to in-
duce convulsive activity in higher doses in mice when
given by spinal injection (94). Benzakonium chloride used
in Celestone Soluspan formulations (0.2 mg/mL ), hasbeen
used experimentally asaneurotoxinin the alimentary tract
in much higher concentrations than used in Celestone
(95, 96). However, there are no reports showing the ef-
fectsof benzalkonium chloride either on peripheral nerves,
nerveroots, or spinal cord. Latham et al (97) assessed the
pathological effects of intrathecal betamethasone and re-
ported that, when injected deliberately into the subarach-
noid space in sheep, Celestone caused no reaction in the
meninges or neural structures when small doses of 1 mL
were used, even on repeated occasions.

Abram et al (98) studied the analgesic neurotoxic effects
of either methyl prednisol one sodium succinate or triamci-
nolone diacetate with asingle dose or with chronic admin-
istration with multipleinjections. They concluded that in-
trathecal steroid injectionshave no analgesic effect and do
not suppress spinal sensitization when administered acutely.
In addition, they noted that repeated intrathecal adminis-
tration of triamcinolone diacetate (0.5 mg/kg) is not asso-
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ciated with spinal neurotoxic effectsduring thetime period
studied in rats. Delaney et al (99) studied the effects of
epidural steroids on nerves and meningesin cats, utilizing
triamcinolone diacetate, and concluded that all histologic
findings were found to be mild and that local anesthetic-
steroid combinations did not cause significant damage to
neural tissues. Cicalaet a (100) also reported that methyl-
prednisolone acetate failed to cause inflammatory changes
in the epidural space, in adult white rabbits. They also
reported that all animals that received epidural injections
of normal saline containing talc had marked infiltration of
tissue macrophages in the epidural space, while the ani-
mals that received either lactated Ringers solution or
lidocaine with methylprednisolone acetate, revealed no
white cell infiltrates and no fibroblastic activity. Conse-
quently, they concluded that the complete lack of inflam-
matory changes and meningeal thickening helped to con-
firm the safety of the methylprednisolone acetate when
injected into the epidural space. MacKinnon et al (101)
investigated the effect of various types of steroidsin rats
by injecting either into the sciatic nerve or near the sciatic
nerve. Theresultsof thisstudy suggested that steroidsdo,
indeed, have neurotoxic effects, with the caveat that the
site of injection is critical. The agent must be delivered
directly into the nerve fasciclein order to exert any neural
toxic effects. Injections of steroid agents made into the
extrafascicular epidural tissue caused no nerve damage.
The degree of injury also varied considerably depending
on the agent used. While those nerves injected with dex-
amethasone (Decadron®) showed minimal damage, those
nerves injected with triamcinolone hexacetonide
(Aristospan®) and hydrocortisone (Solu-Cortef®) showed
severe widespread axonal degeneration affecting both the
large and small fiber populations. In contrast, triamcino-
lone acetonide (Kenalog) and methylprednisolone
(DepoMedral) presented a histologic pictureintermediary
between the injury patterns described above. In addition,
the damage with these two agents was often focal, with
only part of the nerve fascicle demonstrating nerve fiber
injury. The smaller fiberswererelatively spared by these
agents. Electron microscopic observations also revealed
the most severe damage with triamcinolone acetonide
(Aristospan) and hydrocortisone (Solu-Cortef). Hence, the
mechanism of injury has been attributed to direct neuro-
toxic effect on the peripheral nerve tissue of the steroid
agents, aswell asdirect needleinjury tothe nerve, ischemia,
scarring, and allergic phenomenon (101).

Abramand O’ Connor (102), inreviewing therisks of com-
plicationsfrom epidural steroid injectionsin approximately
7,000 patients, were unableto find asingle report of arach-
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noiditis. Following the extensivereview, Bogduk et a (9)
concluded that, despite what has been published, none of
the literature provides direct evidence of neurotoxicity of
steroids or their preservatives when injected intrathecally
in the lumbar region away from the brain. In addition, it
was al so shown that epidural phenol, aswell asintrathecal
lidocaine, was neurotoxic (103, 104). Hashimoto et a (103)
evaluated the comparativetoxicity of 10% glucose and 5%
lidocaine administered intrathecally intherat, with acon-
trol group receiving infusion of normal saline. Theresults
showed that the lidocaine-treated animals exhibited per-
sistent sensory impairment, whereas glucose and saline-
treated animals did not; and that the histologic changesin
glucose and saline-treated animalswere minimal. Katz et
al (104) studied histopathol ogic changesin the primate spi-
nal cord after single and repeated epidural phenol admin-
istration with injection of 0.5 mL of either 3% phenol in
saline or 6% phenol in saline via lumbar epidural injec-
tion. They also studied some primates receiving three con-
secutive daily epidural doses of 0.5 mL of 3% phenol in
saline and concluded that motor weakness, anterior root
damage, and direct cord injury were noted in primatesfol-
lowing epidural administration of phenol in concentrations
of 3%.

Other complications of corticosteroid administration are
two-fold: those resulting from withdrawal and those re-
sulting from continued use of large doses. Theseinclude
suppression of the pituitary-adrenal axis, weight gain, os-
teoporosis, and multiple other complications as listed in
Table 3. Most of these complications are related to oral,
IM, and IV adminstration of corticosteroids, even though
some of these complications have been reported following
utilization of steroidsin neural blockade.

Side effects and complications related to the endocrine
system with adrenal suppression and subseguent compli-
cations have been the major focus of neuraxial steroids.
The use of corticosteroids repeatedly for days or even a
few weeks does not lead to adrenal insufficiency upon ces-
sation of treatment, but prolonged therapy with corticos-
teroidsmay result in suppression of pituitary-adrenal func-
tionthat can be slow inreturning to normal. The HPA axis
suppression during corticosteroid therapy and after itswith-
drawal hasbeen extensively studied (70, 75-77, 105-111).
Knight and Burnell (106) reported the appearance of sys-
temic side effectsin four cases after each had received an
injection of atotal of 80 mg to 600 mg of methylpredniso-
lone over a 2- or 3- day period. They reported this as a
2.2% incidence with 4 cases out of 181 lumbar extradural
injectionswith symptoms of malaise, facial swelling, flat-
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Table 3. Potential side effects or complications of epidural steroid administration

i Endocrine

Adrenal suppression
Hypercorticism

Cushingoid syndrome
Hyperglycemia

Precipitation of diabetes mellitus
Immunosuppression
Hypokalemia

Amenorrhea

Menstrua disturbances
Retardation of growth

ii. Cardiovascular

Hypertension

Fluid retention
Congestive heart failure
Deep vein thrombosis

iii. Musculoskeletal

Osteopenia/osteoporosis
Avascular necrosis of bone
Pathologic fracture

Muscle wasting and atrophy
Muscle pain

Joint pain

iv. Psychological

Mood swings
Insomnia
Psychosis
Anxiety
Euphoria
Depression

V. Gastrointestinal

Ul cerative esophagitis
Hyperacidity

Peptic ulceration
Gastric hemorrhage
Diarrhea
Constipation

Vi. Ocular

Retinal hemorrhage

Posterior subscapular cataracts
Increased intraocular pressure
Exophthalmus

Glaucoma

Damage to optic nerve

Secondary fungal and viral infection

Vii. Dermatologic

Facial flushing
Impaired wound healing
Hirsutism
Petechiae
Ecchymosis

Hives

Dermatitis
Hyperpigmentation
Hypopigmentation
Cutaneous atrophy
Sterile abscess

viii. Metabolic

Hyperglycemia

Glycosuria

Redistribution of fat
Negative nitrogen balance
Sodium and water retention

iX. Nervous system effects

Headache

Vertigo

Insomnia

Restlessness

Increased motor activity
Ischemic neuropathy
Seizures

X. Other adverse effects

Epidural lipomatosis
Fever

tening of face, scaly lesions of scalp, and ahump between
the shoulder blades. Stambough et al (107) reported acase
of transient hypercorticism after epidural steroid injection
of 80 mg of methylprednisolone acetate with two doses 1
week apart, which resolved in 6 weeks. Tuel et al (108)

also reported Cushing’s syndrome from 60 mg of cervical
epidural methylprednisolone, which reversed to baseline
by 4 months. Edmondset al (109) reported Cushing’ssyn-
drome with adrenal suppression in three patients follow-
ing paraspinal depo-corticosteroid injections. Thesereports
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indicated that pharmacologic doses of exogenous corti-
costeroids suppressed the HPA axis by inhibiting ACTH
secretion.

Adrenal insufficiency may be an acute or chronic primary,
secondary totertiary process(1, 3,112, 113). Amongthese,
tertiary adrenal insufficiency secondary to corticosteroid
drug therapy is the most common type. Primary adrenal
suppression isrelatively rare but developsin patientswho
have greater than 90% destruction or replacement of the
adrenal glandswith inflammation, tumor, infection, or hem-
orrhage (1, 3,112). Secondary adrenal suppressionisalso
uncommon and is secondary to pituitary dysfunction or
failure with insufficient ACTZ production (1). Patients
with primary adrenal suppression are both glucocorticoid
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and mineralocorticoid deficient. Autoimmune diseasesare
themaost common etiology of primary adrenal insufficiency.
However, therapeutic glucocorticoid administration isthe
most common cause of adrenal suppression (Table4). The
mechanism is that the CRH and ACTH stimulation of the
adrenal gland issuppressed by an ample quantity of gluco-
corticoid administered for a sufficient period (1, 3, 112).
Thus, tertiary iatrogenic adrenal suppression resultsasthe
adrenal gland atrophieswithtime. A reduced responseto
exogenous ACTH has been reported by someto last for 5
daysafter discontinuation of oral prednisone of 25 mg twice
aday for as brief aperiod as 5 days (113). However, re-
cent literature reveals that patients who receive 5 mg/day
or less of prednisone continue to have an intact HPA axis
(78). Recovery of the HPA axis after the discontinuation

Table 4. Characteristics of adrenal insufficiency

Type Etiologies Features
Tertiary Usually from iatrogenic corticosteroid therapy and Hypothalamic/pituitary suppression or
Most common suppression of the hypothalamic- pituitary- absence
form adrenal
axis
Secondary Decreased or absent ACTH (may be ACTH dependent
Uncommon panhypopituitary or anterior pituitary
dysfunction)
Pituitary depression, dysfunction/damage Signs and symptoms usually due to
loss of glucocorticoid function
Tumor, postpartum Usually have intact mineralocorticoid
function
Renal hypovolemic, more commonly
hypoglycemic
Primary Autoimmune (70% -90% of cases in United ACTH independent
Rare States), Adrenal gland dysfunction, destruction, or

frequently associated with a polyglandular

deficiency syndrome
Prevalence:
40-110 cases/million

Infection

replacement; requires >90% loss of adrenal
tissue

Loss of mineralocorticoid and glucocorticoid
production

Increased ACTH production

HIV is the most common infectious cause in the

United States.

Al develops in 30% of patients with advanced

AIDS.

Tuberculosis is the most common infectious

cause
worldwide

Inflammation

Cancer (breast, lung, melanoma most common)

Acute addisonian crisis
Incidence:
6 cases/million per year

May be hyperpigmented
Requires lifetime therapy

Data adapted and modified from Coursin and Wood (1)

Al=adrenal insufficiency
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of exogenous glucocorticoids may take as long as a year
(69). Even though many clinicians believe that the dura-
tion of corticosteroid therapy, the highest corticosteroid
dosage, and the total cumulative corticosteroid dose are
important predictors of HPA axis suppression, there are
inconsistent data to accurately predict the degree of adre-
nal suppression in patientsreceiving exogenous glucocor-
ticoid therapy (1).

Kay et al (72) studied 14 patients by measurement of plasma
ACTH and evaluation of the additional impact of sedation
with midazolam before the epidural steroid injection on
the degree of suppression of the hypothalamic-pituitary
adrenal (HPA) axis. They concluded that weekly epidural
steroid injections over a 3 week period caused adramatic,
acute, and chronic suppression of the HPA axis, with me-
dian suppression of lessthan 1 month and al patients re-
covering by 3 months. They also concluded that sedation
with midazolam accentuated the suppression of the HPA
axis. Hsu et al (74) also compared plasma cortisol and
ACTH profiles, concluding that asingle epidural injection
of 40 mg of triamcinolone markedly decreased plasma
cortisol for only 24 hours; whereas 80 mg of triamcino-
lone showed decreases up to 14 days post treatment, with
HPA axis function returning to normal at 35 daysin both
groups.

Findingssimilar to those of epidural steroid injectionshave
been reported after singledoseintra-articular and multiple
IM injections of methylprednisolone acetate, triamcino-
lone acetonide, and dexamethasone acetate (110, 111).
Armstrong et a (110) showed that a single intraarticular
injection of methylprednisol one acetate into the knee sup-
pressed plasma cortisol levels for one week. Others (75,
76, 111) have shown that a single injection of 40 mg of
triamcinol one acetonide and multiple IM injections total-
ing 56 mg of dexamethazone acetate suppressed plasma
cortisol levels for approximately 4 weeks. Mikahail et a
(75, 76) reported that maintenance of adequate endogenous
adrenal function was influenced by the length of interval
between steroid injections at more frequent intervals than
once in 6 weeks with triamcinolone acetonide (Kenal og),
while suppression with 50 mg of triamcinolone diacetate
(Aristocort), or 9 mg of betamethasone acetate— phosphate
mixture (Cel estone Soluspan) lasted only 1 week. The com-
monly administered depo-preparations for facet joint
blocks, epidural injections, and other nerve blocksinclude
triamcinolone diacetate and acetonide (Aristocort and
Kenalog), methylprednisolone (Depomedrol), and
betamethasone acetate — phosphate mixture (Celestone
Soluspan). Discussions about these procedures empha-
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sizes the individual preference for therapeutic regimens.
Saberski et al (114) examined the practice patternsin the
use of epidural corticosteroid injections and showed that
steroid usage varied with preference for methylpredniso-
lone by 82% of practitioners, triamcinolone by 13% of the
practitioners, and betamethasone by 5% of the practitio-
ners. Thirteen different maximum steroid doses per year
were offered ranging from 150 mg to 960 mg using con-
version to methylprednisolone. Other reports indicated
administration of 10 mg of methylprednisolone acetate per
level for facet joint injectionsand 80 to 120 mg of methyl-
prednisolone acetate or 80 mg of triamcinolone diacetate
each week for epidural injections (30, 31, 115). Itisalso
believed that triamcinolone acetonide (Kenalog) istheleast
water soluble and, therefore possesses the longest dura-
tion of anti-inflammatory effect and greatest suppression
of the HPA axis (109, 116). However, review of pharma-
cology indicates that there is no difference between the
anti-inflammatory potency of either Depomedrol, Kenal og,
or Aristocort (70, 75-77, 105). Pharmacological review
also shows that betamethasone acetate — phosphate mix-
ture (Celestone Soluspan) hasfive times more anti-inflam-
matory potency (70, 75-77, 105). Hence, “equivalent dos-
ages’ are only general approximations, and the duration
of HPA-axis suppression and degree of mineralocorticoid
activities differ substantially at equivalent dosages. Tri-
amcinolone, either in the form of diacetate or acetonide,
also contains benzyl alcohol, which may be blamed for
adverse reactions. Single dose vials of Depomedrol and
single and multidose vials of Celestone Soluspan do not
contain benzy! alcohol. Benzyl alcohol may becomeama-
jor concern considering the unintended possibilities of in-
trathecal injections (though extremely rare) following epi-
dura injections. It was also shown by Mikhail et a (75,
76) that adrenal suppression developed in patients receiv-
ing IM triamcinolone acetonide either every 2 or 4 weeks,
whereas this did not occur in patients receiving injections
every 6 weeks. In studies of methylprednisolone acetate,
40 mg injected into two knees produced higher levels of
prednisolone than 80 mg injected into asinglejoint (110).

Osteoporosis and vertebral compression fractures are fre-
guent serious complications of corticosteroid therapy in
patients of all ages. Ribsand vertebrae, and boneswith a
high degree of trabecular structure are generally the most
severely affected. The physiology of glucocorticoid-in-
duced osteoporosis is explained by disruption of calcium
balance, and decrease in calcium supply by reducing in-
testinal and renal tubular absorption (117). While most
steroid effects on cal cium absorption are dose dependent,
multiple other factors subject to broader influences also
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influence calcium metabolism in osteoporosis. Ho (118)
reported that corticosteroid therapy is associated with bone
loss and an increased risk for fractures. However, not al
patients receiving corticosteroid therapy have low bone
mineral density (BMD). Thus, it ispossiblethat there may
be genetic factors placing some individuals at reduced or
increased risk for bone loss following exposure to corti-
costeroid therapy. Associations between polymorphisms
of thevitamin D receptor gene, bone mass density and in-
testinal calcium absorption have been reported in some
studies (119-128), whereas others have reported lack of
such correlation (118, 129-133). Since chronic glucocor-
ticoid therapy iswidely prescribed for patientswith chronic
noninfectious inflammatory diseases such as asthma,
chronic lung disease, rheumatoid arthritis, and other con-
nective tissue diseases, apart from neuraxial steroids, the
issue has become an important aspect in glucocorticoid
therapy. Secondary osteoporosis due to glucocorticoid
therapy has been reported consistently following oral pred-
nisone, and high doses of inhaled glucocorticoids, even
though therisk appearsto be lower with inhaled glucocor-
ticoidsthan that associated with oral glucocorticoids. Glu-
cocorticoid therapy induces bone loss by stimulating os-
teoclast-mediated bone resorption and reducing osteobl ast-
mediated bone formation, and through direct effects on
cal cium metabolism and sex hormones. Therisk of gluco-
corticoid-induced bone loss shows correlation to dosage
and duration of treatment, with the greatest rate of bone
lossin thefirst 6 months. Further, it has been postulated
that the total lifetime cumulative dose may also affect the
extent of bonedemineralization. Of asthma patientstreated
with oral glucocorticoids for more than 1 year, 86% dem-
onstrated a decrease in BMD at the hip or lumbar spine;
decreasesin BM D were dose-rel ated and observed in 80%
of high dose, 71% of medium-dose, and 33% of the low-
dose patients (134). Glucocorticoid-induced bonelossin
chronic destructive pulmonary disease has also been re-
ported as quite high. The evaluation of bone loss among
long-term corticosteroid users, involving 147 patients re-
ceiving amean prednisone dose of 10 mg/day for an aver-
age of 1to 2 years showed that only 29% reported having
abone density test, 29% were taking cal cium supplements
and 45% werereceiving vitamin D (135). It wasalso shown
that therewasatwo-fold increased frequency of osteoporo-
sisinall age groups of rheumatoid arthritis patients (136).
Among the various predictors of reduced bone mass den-
sity were current use of corticosteroids, along with other
factors, which included older age, low body weight, and
greater physical disability.

Osteoporosis following steroids in neural blockade used
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in management of chronic pain, even though afrequently
discussed problem, is uncommon. Major risk factors for
glucocorticoid induced osteoporosisincludetotal cumula-
tive dose of glucocorticoid, ages less than 15 years or
greater than 65 years and post-menopausal status (117).
Aseptic necrosis of the bone (osteonecrosis) may aso com-
plicatelong-term therapy with glucocorticoidsand hasalso
been reported following short courseswith high doses. The
femoral head is most often involved, but other largejoints
may be affected (137, 138). However, at thistime, no stud-
ies show such a relationship between steroids utilized in
neural blockade and osteoporosis or avascular necrosis.
Preventive measures of steroid induced osteoporosisor os-
teonecrosis include: dose minimization, utilization of a-
ternative therapeutic modalities and drugs, and aggressive
monitoring and management (117). However, once evi-
dence of osteoporosis has been established, the steroids
should be stopped unlessthe benefitsenormously outweigh
therisks. Manchikanti et a (139) evaluated the effect of
neuraxial steroidsonweight and bone mass density (BMD)
prospectively. They concluded that low-dose neuraxial
steroids are safe in patients with chronic pain who have
failed to respond to conservative modalities of treatments
with afavorablerisk-benefit ratio, without any deleterious
effects, either on body weight or BMD.

Cousins (140) reported that an additional potential com-
plication of administration of depo-corticosteroidsrelated
toinadvertent intravascular administration, producing oc-
clusion of small end arteries which resulted in visual de-
fects in one case (141) and hearing loss in another case
involving suboccipital nerve block. Abram (142) also ac-
knowledged the potential for harm from occlusion of small-
end arteries by steroid suspensions. Abram (142) felt that
prednisolone acetate tends to form aggregates of the ste-
roid material when mixed with local anesthetic and may
pose more of arisk for this problem than other depo-ste-
roids. However, preparation of either methylprednisolone
or triamcinolone could produce devastating consequences
if injectedinto aspinal artery. Inthisaspect, betamethasone
appears to be the safest, as it is most soluble with local
anesthetic.

Fluid retention leading to congestive cardiac failure has
been noted in the literature, but appears to be extremely
rare. Sodium retention is more commonly seen with meth-
ylprednisolonerather than triamcinolone or betamethasone.

Adverse gastrointestinal effects of corticosteroidsinclude

nausea; vomiting; and anorexiawhich may result in weight
loss; or increased appetite which may resultinweight gain;
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diarrheaor constipation; abdominal distention; pancreati-
tis; gastric irritation; and ulcerative esophagitis. In addi-
tion, corticosteroids have been implicated in the devel op-
ment, reactivation, perforation, hemorrhage, and delayed
healing of peptic ulcers. However, only minor digestive
disturbanceswere reported following epidural administra-
tion of steroids (30, 31).

Muscle wasting, muscle pain or weakness, and delayed
wound healing have been reported, manifestations of pro-
tein catabolism that may occur during prolonged therapy
with glucocorticoids (143-147). These adverseeffectsmay
be especially seriousin debilitated geriatric patients. Ste-
roid induced myopathy and articular tenderness were re-
ported in patients on long term steroid therapy (145, 146).
However, only asingle case of steroid myopathy follow-
ing a single dose epidural injection of triamcinolone has
been reported thus far (147).

Symptomatic spinal epidural lipomatosisinduced by long-
term steroid treatment causing dural or cauda equinacom-
pression has been reported (148-151). Roy-Camille et al
(148) reported two cases of symptomatic epidural lipoma-
tosisfollowing 103 epidural injections of 40 mg of meth-
ylprednisolone acetate in a paraplegic and after oral ste-
roid treatment in another patient. Other cases of epidural
lipomatosis include reports of five cases by Fesder et a
(150) which were related to long term corticosteroid ad-
ministration and by Rawlins and Di Giacinto (151) with
one patient with cauda equinacompression caused by epi-
dural adiposetissue, with no history of steroid use or obvi-
ousevidence of an underlying endocrinopathy. Rare cases
of congenital lipomatosis have been reported (149).

Prolonged use of glucocorticoids may result in posterior
subcapsular cataracts (particularly in children), exophthal -
mus, or increased intraocular pressure, which may result
in glaucoma or may occasionally damage the optic nerve
(70, 152-162). Enhancement or establishment of second-
ary fungal and viral infections of the eye along with rare
blindness following intralesional injection of glucocorti-
coids around the face and head is a possibility. The clini-
cal reports showed that corticosteroid use may cause cata-
ractsin approximately 5% to 60% of patients, particularly
bilateral posterior subcapsular cataracts (154, 155). How-
ever, most of the studies involved patients with asthma,
rheumatoid arthritis, or systemic lupus erythematosus, or
those who had undergonerenal transplantation (156, 157).
Even though systemic corticosteroid use is most oftenim-
plicated, there also have been other reports involving the
topical, articular, and inhal ed routes of administration (158,
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159). Variousrisk factors for cataract formation include
diabetes, myopathy, glaucoma, alcohol consumption, heavy
cigarette smoking, low nutrition levels of protein, low in-
take of antioxidant vitamins, exposureto ultraviol et radia-
tion, family history of cataracts, female gender, dark brown
or hazel eyes, and prolonged or long term administration
of various drugsincluding corticosteroids, nifedipine, and
spironolactone (160-162). Some studies have reported
highly significant correlation between cataract formation
and long-term high dose administration of steroids, whereas
other studiesfailed to demonstrate such aconclusiverela-
tionship, indicating that individual variability and suscep-
tibility may play a more important role than total dosage
or duration of administration (157, 163-166). Vision loss
following epidural injections either with or without ste-
roid has been reported (167). Kushner and Olsen (168)
evaluated patients who complained of visual field defects
or blurred vision after receiving the epidural steroidinjec-
tion and concluded that retinal hemorrhage is an uncom-
mon, but significant and previously unemphasized com-
plication of epidural steroidinjection. Retina hemorrhages
mainly have been attributed to rapid epidural injections of
high volumes, causing a sudden increase in intracranial
pressure resulting in the increase of retinal venous pres-
sure (167-173). Based on the available literature, it ap-
pears that this complication has no relation to the steroid
administration, which infact may result with the adminis-
tration of normal saline, local anesthetic, or any other type
of drug. Other complications of steroidsin neural block-
adeinclude: facial flushing (174), Kaposi'ssarcoma(175),
subdural intracranial air with headache (176), and chemi-
cal meningism (177). Methylprednisolone acetate was
shown to cause degeneration and primary calcificationin
discs of rabbits following intradiscal steroid injection of
methylprednisolone acetate and its vehicle polyethylene
glycol (178).

Paradoxical reports of the development of Guillain-Barré
syndrome (GBS) have been reported in patients being
treated with corticosteroids (179). In published cases (179,
180), the onset of GBS was associated with rapid tapering
of corticosteroid regimens. However, treatment with hy-
drocortisone (400 mg per day) resulted in great improve-
ment. GBS was also reported in a patient with hereditary
angioedema and a wire-loop lesion of the kidney (which
was suggestive of lupus) who was receiving danazol in con-
junction with corticosteroid therapy. This patient experi-
enced full recovery after stopping danazol in conjunction
with the discontinuation of prednisone.

Other complications of steroid injectionswhich are rather
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worrisome are related to dural puncture, infection, dam-
age to the spinal cord, or intrafascicular injection. Dural
puncture has been reported following epidural injection,
adhesiolysis, paravertebral nerve blocks, lumbar paraver-
tebral sympathetic blocks, and facet joint nerve blocks (9,
102, 181-200). Slucky et al (201) studied the effects of
seria epidural injections on the material properties of the
[umbar duramater, as steroids apart from their anti-inflam-
matory effect also are known to affect collagen synthesis,
material strength, and tissue healing. They concluded that
seria epidural injections of saline or methylprednisolone
at 2-week intervals of threeinjections produced no signifi-
cant material or matrix changesin the lumbar durain ca-
nines.

ADMINISTRATION OF STEROIDS

Thereisno consensus among interventional pain manage-
ment specialists or anesthesiol ogists with regardsto either
the type and dosage or frequency and total number of in-
jections (9, 24, 26). The significant attention focused in
the literature on the complications attributed to the use of
epidural steroidsin neural blockade arises from false im-
pressions. Based on the available literature and scientific
application, al four formulations of long-acting steroids
appear to be safe and effective (Table 2). Consistent with
the present literature of pharmacology of steroids, it ap-
pearsthat if repeated within 2 weeks, betamethasone prob-
ably would be the best in avoiding side effects, whereas if
one treatment is carried out at at least 6 week intervals or
longer, any of the four formulations may be used.

Frequency and total number of injections are key issues,
although controversial and poorly addressed. Some au-
thors recommend one injection for diagnostic as well as
therapeutic purposes; others preach three injectionsin a
seriesirrespective of patient’sprogressor lack thereof; still
otherssuggest threeinjectionsfollowed by arepeat course
of threeinjectionsafter 3; 6; or 12- monthintervals; whereas
others propose an unlimited number of injectionswith no
established goals or parameters. A limitation of 3 mg/kg
of body weight of steroid or 210 mg/year in an average
person and a lifetime dose of 420 mg of steroid also has
been advocated. While someinvestigators recommend one
injection and do not repeat if there has been no responseto
the first, others recommend one or two more injectionsin
the absence of response to the first injection. Warr et al
(202) reported that 84 of 144 previously unresponsive pa-
tientsimproved after an additional 1 or 2injections. Brown
(203) believed that more than 3 injections do not result in
additional improvement. However, Jurmand (204) reported
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useof upto 6injectionsif they are of benefit, however not
to exceed 3 if they are not beneficial. 1to (205) described
the use of up to 10 injections. Hickey (206) showed that
only 17% of 250 patients noted benefit with the first epi-
dural steroid injection consisting of 120 mg of methylpred-
nisolone and 7 mL of saline at the level of spinal pathol-
ogy and yet a second injection 2 weeks later added 44%
more patients to the improved category, and with a third
epidural steroid injection, the remaining 39%. The con-
cept of additive benefit from seria epidural steroid injec-
tions is supported by both Warr et a (202) and Hickey
(206).

There are no such descriptions for blocks other than epi-
dural steroids. However, the extrapolation of the limita-
tions described for epidural steroids injections to nerve
blocks has been carried out.

CONCLUSION

Chronic painisamajor health care and social problem. It
is no secret that chronic pain is misunderstood by physi-
cians and insurers alike. Neuraxia blockade is an effec-
tivemodality of treatment in managing chronic pain. Much
of the confusion surrounding neural blockade and its side
effectsin managing chronic pain resultsfrom overempha-
sis on the biopsychosocial model, inappropriate selection
of patientsfor thistreatment modality, lack of understand-
ing of the pathophysiology of pain, and inappropriate ap-
plication of neural blockade in this condition. Corticos-
teroids in neuraxial blockade are an important adjuvant.
These drugs have been proven to be safe when adminis-
tered carefully.
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