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Abstract

Local glucocorticoid injections are often used to treat joint, soft tissue, or spinal pain, but the systemic side effects associated with
these injections are poorly understood and not well recognized. There are significant known risks to systemic administration of glu-
cocorticoids. However, there are no guidelines that address issues of systemic absorption, overall systemic risks, or other side effects
of locally injected glucocorticoids. For this review, a literature search was performed, and the available evidence on systemic absorp-
tion and clinical side effects of intra-articular and epidural glucocorticoids was synthesized. The goal was to improve clinical under-
standing of risks associated with these injections. Existing data suggest there is significant individual variability in the amount of
systemic absorption and clinical effects of locally injected glucocorticoids. However, it is clear that both intra-articular and epidural
injections can have systemic effects for weeks and that complications may be associated with their use, including Cushing syndrome,
loss of bone density, infection, and hyperglycemia. The concurrent use of oral steroids, the number of injections, and the type and
dose of glucocorticoids used all are important considerations in estimating risks. The total dose calculation of cumulative glucocor-
ticoid exposure should include all local injections. Caution should be exercised when local glucocorticoid injections are used in higher
risk patients, such as postmenopausal women, people with diabetes, and those considering surgery in the near term. Better provider
awareness of possible systemic risks should improve decision making and informed consent with patients when considering intra-
articular and epidural steroid injections for painful conditions.

Level of Evidence: IV

Introduction

Corticosteroids are commonly used in clinical practice
to decrease inflammation and have well-established side
effects particularly with long-term oral administration of
corticosteroids including the appearance of Cushingoid
features, osteoporosis, and immunosuppression. How-
ever, the systemic absorption and side effects associated
with local injection are often underappreciated. As local
injections may be considered simply the administration
of corticosteroid to a finite area, the systemic effects
that can arise from a local injection may be underesti-
mated. Understanding the absorption characteristics
and systemic effects of local injections is important to
determine the appropriate use of these drugs. The objec-
tive of this article is to describe the available evidence on
systemic absorption and clinical effects of locally
injected glucocorticoids in order to improve clinician
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recognition of their potential systemic risks. A PubMed/-
MEDLINE literature search was conducted to include all
articles published until December 2017. The key words
that were used to identify articles of interest included
the Boolean search string: “epidural steroid injections”
OR “intra-articular steroid injection” in combination
with any systemic absorption condition related to
systemic steroid injections such as “bone mineral
density,” “vertebral fracture,” “osteoporosis,”
“diabetes,” “glucose,” infection,” “immunosuppression,”
“Cushingoid,” “endocrine,” “psychiatric,” “cardiac,”
“myopathy,” and “avascular necrosis.” References of
all articles were also reviewed for additional relevant
studies. Articles were excluded if they were not pub-
lished in English. From January 2018 through June
2018, all articles published through PubMed including
“epidural steroid injection” in the key words were
review for inclusion.


http://www.pmrjournal.org
https://dx.doi.org/10.1002/pmrj.12042
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fpmrj.12042&domain=pdf&date_stamp=2019-03-29

410 Systemic Absorption and Side Effects of Injected Glucocorticoids

General Systemic Effects

Most exogenously administered corticosteroids are
predominantly glucocorticoids. Glucocorticoids affect
the entire endocrine system, including glucose metabo-
lism, bone metabolism, immune function, serum lipids,
adiposity, the gastrointestinal system, mood and depres-
sion, sex hormones and the cardiovascular system. In
the hypothalamic-pituitary-adrenal (HPA) axis, the pri-
mary effects of glucocorticoids are to decrease adreno-
corticotropic hormone (ACTH) and serum cortisol. They
also inhibit thyroid stimulating hormone (TSH), gonado-
tropins, testosterone, insulin-like growth factor 1 (IGF-
1), transforming growth factor beta (TGF-B), and growth
hormone." Cortisol suppression after glucocorticoid
administration is a marker of systemic absorption and
alteration of the hypothalamic-pituitary-adrenal axis.
Studies on orally administered glucocorticoids have
shown that there is not predictable HPA axis suppression
by dose or duration of treatment and that there is sub-
stantial individual variation in clinical effects.?>

Bone mineralization is the most widely studied effect
of systemic glucocorticoids (Figure 1). Glucocorticoids
lead to an increase in osteoclast activity and urinary
excretion of calcium while decreasing osteoblast activity
and gastrointestinal absorption of calcium with the net
effect of decreasing bone density.* The decrease in bone
density from orally administered glucocorticoids has
been well demonstrated even at dosages of prednisolone
or equivalent (Table 1) as low as 2.5 to 7.5 mg daily.>®
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Increased susceptibility to infection is another known
side effect of systemic glucocorticoids. Postsurgical
infection has been noted to increase in patients who have
received glucocorticoids within 30 days prior to surgery.’
One retrospective cohort of 635 235 surgical patients
demonstrated a twofold increase in wound infections
with a slightly higher incidence of deep infections in those
who were treated with glucocorticoids within 30 days
prior to surgery compared to those who were not treated
with glucocorticoids.” In addition, overall morbidity and
death were higher in the glucocorticoid group than the
patients without glucocorticoid use.

Other glucocorticoid systemic effects are also well
established. Neuropsychiatric effects from systemically
administered glucocorticoids include depression, bipo-
lar/manic state, and psychosis.®® Additionally, neuron
loss and atrophy in the hippocampus are documented in
stressed or glucocorticoid treated animals.®'® Chronic
systemic glucocorticoids are also associated with multiple
adverse effects on the cardiovascular system including
hypertension, hypercholesterolemia, hypertriglyceride-
mia, endothelial damage, and hypercoagulability.'
Other known effects from systemically administered glu-
cocorticoids include hyperglycemia, avascular necrosis,
sex hormone changes, Cushing syndrome, myopathy, and
muscle wasting. Because of these known side effects,
there have been long-standing efforts to minimize the
use of long-term systemic glucocorticoids.” A direct com-
parison of HPA axis suppression after epidural steroid
injection (ESI) or intra-articular injection compared to
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Figure 1. Glucocorticoid effects on bone metabolism (University of Washington®).
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orally administered glucocorticoids has
been made.

not yet

Local Injection

Although the amount of systemic absorption and the
side effects associated with local injections are not well
understood, all of the effects associated with systemic
use can also occur with locally injected glucocorticoids.
This raises a number of clinical considerations for local
injections, particularly because a given patient may often
receive injections into multiple different sites by different
providers in routine practice. Quantifying systemic dose
and risk is challenging, beginning with the idea of identify-
ing a maximum safe number of injections or total milli-
grams of glucocorticoid injected per year. Although there
are wide variations in clinical practice, some publications
have recommended the maximum dose of epidural gluco-
corticoid injections be limited to 3 mg/kg (triamcinolone
equivalents [Table 1]) per year.'? However, there is ambi-
guity in this recommendation, and posing this limit raises
many more questions. For example, is it the total dose that
is most important or are the effects related to the number
of injections performed and the structures or regions
injected? Can this maximum dose be safely repeated year
after year indefinitely? How do we factor in ongoing
peripheral injections in multiple sites and oral steroid
therapy? Clinical recommendations on the frequency of
injections varies, and many providers base their limits on
coverage policies rather than on systemic effects of gluco-
corticoids. Payer coverage determinations are not neces-
sarily based on risk of systemic effects, such as in
Washington State where a maximum of three epidural
injections (total in any body region) in 6 months are cov-
ered." Providers may not understand the limitations of
these coverage recommendations, and this speaks to the
need for better understanding of the data on systemic
effects and safety associated with these procedures.

Systemic Absorption

Intra-Articular Glucocorticoids

HPA axis suppression lasting for weeks after intra-
articular injection has been documented since the early
1960s."* This prolonged suppression mirrors the duration
of widespread decreases in generalized joint inflamma-
tion after a local intra-articular injection. ' It has also
been demonstrated that glucocorticoid is absorbed from
the joint more slowly than the identical oral dose.'® This
absorption can lead to HPA axis suppression for several
weeks after intra-articular injection. Cook noted detect-
able levels of triamcinolone in the serum with associated
HPA axis suppression up to 4 weeks after a single intra-
articular injection.’” A recent review of HPA axis suppres-
sion after intra-articular glucocorticoid injection echoed
similar findings with recovery to baseline depending on
medication, dose, and frequency of injections.” In

addition, the duration of HPA axis suppression after
intra-articular glucocorticoid injection also has individual
patient variability for which specific risk factors have not
been identified.'®

Regarding dose effects, one study of 21 patients with
methylprednisolone 40 or 80 mg injected into one or both
knees found that serum glucocorticoid levels were depen-
dent on the number of joints injected, rather than on the
total amount of glucocorticoid injected.'® In this study by
Armstrong et al, an injection of 40 mg methylpredniso-
lone into each knee (80 mg total) resulted in greater
serum glucocorticoid levels than 80 mg injected into a
single knee. For doses of 40 mg or greater, all caused near
complete cortisol suppression for several days, and in all
but 3 of 21 participants, cortisol levels returned to within
normal range after 1 week.' The authors concluded that
the magnitude and duration of HPA axis suppression were
not related to the systemic levels of prednisolone nor to
the amount of glucocorticoid or number of joints injected
(in doses >40 mg of methylprednisolone). Rather, any
dose of 40 mg of methylprednisolone or more resulted in
complete HPA suppression for up to 1 week."® Although
just a single study, it is plausible that injection of multiple
joints increases systemic glucocorticoid absorption, but
that the amount of absorption from a single injection at
current standard doses is enough to cause complete HPA
axis suppression in most patients.

Epidural Glucocorticoids

In the 1970s, spinal injections with glucocorticoids were
noted to have systemic absorption with potential HPA axis
suppression. In 1974, a study of 72 patients receiving lum-
bar ESI with 80 to 120 mg methylprednisolone demon-
strated that about 50% had cortisol levels below their
baseline at 3 weeks post injection.?° In dogs, an epidural
dose of 2 mg/kg of triamcinolone resulted in failure of
cortisol response to insulin-induced hypoglycemia for
4 weeks, returning to normal at 5 weeks post injection.?'

In order to determine the amount and duration of adre-
nal suppression with “standard” doses of epidural steroids,
Kay and colleagues prospectively studied 14 patients
receiving three nonfluoroscopically guided ESIs with
80 mg of triamcinolone at weekly intervals with or without
midazolam for sedation. Mean cortisol and ACTH levels
were decreased at 1 month after the last ESI, but this
was statistically significant only in those who had received
midazolam. Cortisol and ACTH were not measured beyond
1 month after the last ESI. Cortisol response to ACTH chal-
lenge was measured preinjection and at 1 and 3 months
after the last ESI. Five of 14 patients had an abnormal
response at the 1-month follow-up (three had received
midazolam and two had not). At 3 months, a normal
response was obtained in all patients. The authors recom-
mended that patients who have had ESIs within the previ-
ous 3 months have supplemental glucocorticoid therapy
for surgical stress as their adrenal system may still be
unable to respond appropriately.?? The authors did not
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discuss the potential of other deleterious systemic effects
and it is unknown whether any of these patients had symp-
toms relevant to HPA axis suppression.

Areport from 2003 measured cortisol measured cortisol
levels in two nondiabetic, glucocorticoid naive individuals
after a single ESI with 160 mg of methylprednisolone.?® In
these two patients, there was complete adrenal suppres-
sion for 6 days and incomplete suppression for at least
4 weeks with detectable levels of serum methylpredniso-
lone also present during this period. It is unknown when
cortisol levels returned to normal or when serum methyl-
prednisolone became undetectable. Although the techni-
cal details of the procedures were not included, which
may have introduced confounders, these findings are con-
sistent with the prior studies.

A recent study measuring serum triamcinolone levels
of eight patients undergoing fluoroscopically guided cer-
vical interlaminar ESIs injected with 80 mg triamcinolone
showed a median terminal elimination half-life of
219 hours (range 121-681).%* They noted that the median
elimination half-life after lumbar ESI in their earlier study
was much longer (523 hours).?> The small number of par-
ticipants in each study limits conclusions, but ESI sys-
temic absorption may vary between spinal regions.

Recently, a randomized trial of 400 patients aged
50 years and older receiving epidural injections with either
local anesthetic only or local anesthetic plus glucocorticoid
demonstrated that 20.3% of those given glucocorticoid
(dexamethasone, betamethasone, methylprednisolone,
or triamcinolone) had >50% cortisol reduction at 3 weeks
compared to 6.7% in the lidocaine alone group.?® In this
study, no baseline patient or procedural characteristics
were associated with the degree of cortisol suppression
with the exception of the type of glucocorticoid adminis-
tered. Those receiving methylprednisolone or triamcino-
lone were more affected and had an average cortisol
reduction of 41% at 3 weeks. Time to normalization of cor-
tisol was not able to be determined by the data. There was
an unclear association between cortisol suppression and
patient self-reported adverse events, so the clinical impact
of this cortisol suppression is still unknown. However, in this
study, one patient with underlying chronic obstructive pul-
monary disease on inhaled glucocorticoids with nearly
complete cortisol suppression up to 3 weeks developed
pneumonia that required hospitalization 1 week after the
epidural injection. Overall, the available evidence sug-
gests that there is significant systemic absorption of gluco-
corticoid after ESI. However, the effect on HPA axis
suppression is variable and there is only one large prospec-
tive study that addresses this issue.

Solubility of Glucocorticoids

Systemic absorption and availability may differ based
on the solubility of glucocorticoids. For intra-articular
injections, the duration of local and systemic effect is
greater for less soluble glucocorticoids as demonstrated
in patients after a single knee injection with different

formulations of prednisolone.?” In contrast to some of the
studies discussed previously, a cohort study of 20 patients
receiving a single knee injection with 6 mg of betametha-
sone (dose equivalent to triamcinolone 40 mg [Table 1]),
which is more soluble than triamcinolone and methylpred-
nisolone, did not demonstrate HPA-axis suppression. 22

There has been some investigation of HPA axis suppres-
sion based on glucocorticoid solubility in ESIs as well. In
the large clinical trial on ESIs noted above, Friedly et al
demonstrated that after dexamethasone or betametha-
sone injection, cortisol suppression was comparable to
the lidocaine only arm.2® However, one cohort study of
nine patients following a single ESI with 15 mg of dexa-
methasone describes profound HPA axis suppression at
7 days with normal cortisol levels at 3 weeks.?® There-
fore, current evidence suggests that more soluble gluco-
corticoids have a shorter duration of systemic effect
than is associated with less soluble glucocorticoids.

Drug-Drug Interactions

The case reports of severe and prolonged systemic
effects of spinal glucocorticoids raise concern about pre-
disposing individual factors. Medication interactions is
one primary suspect. There have been several studies on
the potent cytochrome P450 3A4 inhibitor ritonavir in
combination with glucocorticoids. Several case reports
demonstrate that a single intra-articular injection can
result in iatrogenic Cushing’s and adrenal failure with
adrenal suppression lasting up to 8 months®® and case
reports of Cushing’s after ESI have also been pub-
lished.3"32 In patients with HIV on ritonavir, even inhaled
glucocorticoids have caused iatrogenic Cushing’s and sec-
ondary adrenal insufficiency.3® Ritonavir is one of the
most potent inhibitors of the P450 3A4 pathway, and as
glucocorticoids are metabolized by the same cytochrome
pathway, ritonavir administration can significantly
decrease or block the clearance of glucocorticoids.

Other medications also inhibit the P450 3A4 pathway
and could also lead to decreased clearance of glucocorti-
coids (Table 2).3*3> The vast number of medications
involved in the pathway precludes individualized discus-
sion of all of them. However, midazolam, often given dur-
ing spinal injections, could further predispose patients to
systemic effects of spinal glucocorticoids due to this cyto-
chrome inhibition. It is both a substrate and a competitive
inhibitor of the P450 3A4 pathway and has been shown to
decrease fentanyl degradation in the liver.** This theory
is supported by the study of Kay et al?? showing that ACTH
suppression after ESI was greater if participants had
received preinjection midazolam.

Clinical Effects
Cushing Syndrome

Cushing syndrome arises from excessive production of
cortisol and is associated with a number of physiological
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Table 1
Commonly injected glucocorticoids dose equivalent

Glucocorticoid Approximate equivalent dose (mg)

Triamcinolone 4
Methylprednisolone 4
Dexamethasone 0.75
Betamethasone 0.6-0.75

changes including facial and trunk obesity, hypertension,
stretch marks, weakness, facial hair growth in females,
and osteoporosis. Exogenous Cushing syndrome can occur
from locally injected glucocorticoids. Multiple intra-
articular glucocorticoid injections performed over time
can have clinically significant endocrine effects. As an
example, one case was reported of a 49-year-old woman
initially thought to have a pituitary cause of growth hor-
mone deficiency.3® She had Cushingoid features but
decreased ACTH and cortisol. Further testing revealed
triamcinolone in her urine. She recalled having several
injections but reported being unaware that they con-
tained glucocorticoids. She had been injected with a total
of 510 mg of triamcinolone and 40 mg of methylpredniso-
lone into the vertebral and costochondral joints over
28 months. Nine months after her last injection, urine tri-
amcinolone was still detectable.

Case reports of exogenous Cushing syndrome after epi-
dural and other spine injections began to emerge in the
1990s. One case report described Cushing syndrome after
a single ESI with HPA axis suppression lasting 6 months>’
and another lasting 8 months.®2 In a case series, Edmonds
et al described prolonged cortisol suppression and symp-
tomatic Cushingoid features in three patients after
receiving (1) a single set of zygapophysial injections
(150 mg triamcinolone over four lumbar joints); (2) a
series of two interspinous ligament injections 1 month
apart (150 mg triamcinolone with each); and (3) a series
of eight cervical paraspinal steroid injections followed
by a single epidural injection over 3 months (total dose
of 286 mg methylprednisolone).3 The authors postulated
that to avoid these side effects, the minimum number of
locations with the minimum amount of steroid should be
used. They also recommended that injections be per-
formed more than 6 weeks apart and to consider periop-
erative stress dose glucocorticoids in patients
undergoing surgery after recent spinal steroid injections.
However, these recommendations were based on their
small case series with no prospective data.

Case reports of symptomatic exogenous Cushing syn-
drome specifically after ESIs have been published as
well.*® A 54-year-old woman who had had 15 ESls (up to
40 mg of triamcinolone each) over 3 years did not present
with any Cushingoid features but had severe weakness
and loss of appetite. She was found to have decreased
ACTH, cortisol, and IGF-1 levels. Sixty-two days after
her last ESI, she still had triamcinolone in her urine and
decreased cortisol, finally returning to normal at
9 months. In this case report, the lag time to diagnosis

Table 2

113

Familiar cytochrome P450 3A4 drugs with potential to interact with glu-
cocorticoids (does not represent a complete list)

CYP3A4 substrates

CYP3A4 inhibitors

ANTIHISTAMINES: Astemizole,
chlorpheniramine

ANTIEMETIC: Ondansetron

ANESTHESIA/PAIN: Fentanyl,
lidocaine, methadone

ANTIBIOTIC/ANTIVIRAL:
Clarithromycin, efavirenz,
erythromycin (not CYP3A5),
protease inhibitors, nevirapine,
quinine

CARDIOVASCULAR: Amlodipine,
diltiazem, eplerenone,
nifedipine, propranolol,
quinidine, verapamil

HMG COA REDUCTASE
INHIBITORS: Atorvastatin,
lovastatin

IMMUNE MODULATORS:
Cyclosporine, tacrolimus

STRONG INHIBITORS:

Clarithromycin, indinavir,
itraconazole, ketoconazole,
nefazodone, ritonavir,
saquinavir, buprenorphine/
naloxone (Suboxone)

INTERMEDIATE INHIBITORS:

Aprepitant, erythromycin,
fluconazole, grapefruit juice,
verapamil, diltiazem

WEAK INHIBITORS:
Cimetidine

OTHER POSSIBLE INHIBITORS:
Amiodarone, chloramphenicol,
ciprofloxacin, delavirdine,
fluvoxamine, other protease
inhibitors, norfloxacin,
norfluoxetine, starfruit,

voriconazole

NEUROPSYCHIATRIC: Alprazolam,

diazepam, midazolam,

haloperidol, aripiprazole,

buspirone, carbamazepine,

pimozide, quetiapine,

risperidone, trazadone,

zaleplon, ziprasidone, zolpidem

ONCOLOGY: Docetaxel, imatinib
mesylate (Gleevec), irinotecan,
paclitaxel, romidepsin,
sorafenib, sunitinib,
temsirolimus (Torisel),
vemurafenib, vincristine

PULMONARY: Salmeterol,
sildenafil

STEROID: Dexamethasone,
estradiol, hydrocortisone,
progesterone, testosterone

OTHER: Cocaine, dapsone,
dextromethorphan, finasteride,
nateglinide

was partially attributed to the underappreciation of the
systemic effects of injected glucocorticoids by the physi-
cians performing the injections and the resultant lack of
information given to the patient.?® Another case demon-
strated Cushingoid features in a 53-year-old woman with
“borderline diabetes” who had three caudal ESIs with
80 mg of triamcinolone each over 4 months. It took
6 months for adrenal function to return to normal.*
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Glucose Metabolism

Hyperglycemia after intra-articular injection or ESI has
been demonstrated in patients with and without diabe-
tes. For nondiabetic patients, a study of patients receiv-
ing ESI or glenohumeral joint injection, serum glucose
was elevated for approximately 1 day.*' Another study
of 10 healthy volunteers receiving a single caudal ESI with
80 mg of triamcinolone demonstrated significantly
increased fasting insulin and glucose with decreased glu-
cose clearance at 24 hours, returning to normal at
1 week.*? It should be noted that the authors embarked
on this study after a 65-year-old patient with diabetes
mellitus with a hemoglobin A1c of 7.5 developed hyperos-
molar nonketotic hyperglycemic coma 24 hours after a
single ESI with 80 mg of triamcinolone. This single pub-
lished case report demonstrates that profound hypergly-
cemia after a single ESI is possible in diabetic patients.

Two studies on diabetic patients have demonstrated
serum glucose elevations on average of 106 mg/dL and
126 mg/dL for 2 and 3 days respectively after a single
ESL.*** In a study of 18 patients receiving ESls and
11 patients receiving a glenohumeral injection, serum
glucose remained elevated for 7 to 14 days in diabetic
patients.*! The authors of this study could not determine
if ESI or intra-articular injection caused more significant
hyperglycemia.

Diabetic patients may have additional risk of systemic
effects from locally injected glucocorticoids because of
significantly reduced cytochrome p450 3A4 expression
and activity.*> This would further decrease clearance of
glucocorticoids in this population, thereby increasing
the duration of systemic side effects.

Bone Metabolism

Given the known effects of glucocorticoids on bone
density, there is concern for deleterious changes from
local injections. However, there are no studies that
establish the extent of systemic bone demineralization
after intra-articular glucocorticoid injections. For intra-
articular glucocorticoid injection, it has been shown that
serum osteocalcin is markedly decreased at 1 day but
normal at 14 days.“® For ESls, Kerezoudis et al recently
reviewed eight studies that assessed the effect of ESI on
bone mineral density (BMD) and vertebral fracture risk.*’
They noted that four out of six studies on BMD found that
ESIs were associated with decreased BMD and that one
out of two relevant studies demonstrated increased ver-
tebral fracture risk. An additional study published since
the time of that review also suggests that ESls are associ-
ated with decreased BMD in a dose-dependent fashion in
postmenopausal women in South Korea.*®

The negative effect of ESIs on BMD has been most stud-
ied in postmenopausal women. A single ESI with 80 mg of
triamcinolone can decrease BMD of the hip in this popula-
tion.*’ Kim et al also identified decreased BMD in a group

of postmenopausal women undergoing multiple ESIs over
an average of 34.4 months with cumulative mean dose of
400 mg.>° A study from the same center found that serial
ESlIs using less than a total of 200 mg of triamcinolone in
postmenopausal women over 1 year did not significantly
affect BMD, but that doses over 200 mg per year should
be avoided.’" These findings together suggest that less
than 200 mg within 1 year may be safe in postmenopausal
women, but continuing this practice over successive
years increases BMD loss. However, a separate study of
126 postmenopausal women receiving a mean of 3.6 ESlIs
with mean cumulative dose of 9 mg dexamethasone
(48 mg triamcinolone equivalent [Table 1]) demonstrated
decreased BMD except in those taking antiosteoporotic
medications (excluding calcium and vitamin D).>? This
suggests that doses of epidural steroid less than 200 mg
triamcinolone equivalents could result in decreased
BMD. They went on to recommend prophylactic antios-
teoporotic treatment be considered in postmenopausal
women receiving ESIs.

For vertebral fracture, a large retrospective cohort
study of 3415 patients demonstrated that ESIs increase
the likelihood of vertebral fracture (relative risk of
1.21) for each successive injection.> In contrast, a retro-
spective cohort study by Yi et al concluded that ESIs were
not associated with fractures or low BMD.>* This study
examined 352 postmenopausal women who received ESls
and divided them into those who sustained a fracture and
those who did not. They found that the fracture group had
significantly higher age, lower BMD, and weight and felt
that this accounted for the higher risk of fracture. How-
ever, they evaluated only mean data and did not control
for the number of injections or dose of steroid. They also
found the prevalence rate of vertebral fractures was 22%
in their population of Korean women undergoing a mean
of 4.1 ESlIs, which is quite similar to the 20.9% prevalence
rate for vertebral fractures that they cite for Korean
women with glucocorticoid induced osteoporosis.>> Given
this, their data could suggest that, in Korean women,
multiple ESIs may be associated with a vertebral fracture
rate similar to that occurring in those with glucocorticoid
induced osteoporosis and that postmenopausal women
who already have a higher risk for fracture may be more
affected.

The two studies discussed in the review of Kerezoudis
et al*’ that did not find decreased BMD associated with
ESIs both had significant methodologic limitations. One
of these was a small study in which the rates of osteope-
nia and osteoporosis were much higher than seen in the
general population.??> The other study included
204 patients and found no change in BMD after standard
doses of spinal steroids.>® However, this study included a
range of injections (including some in which steroids are
not typically used), had insufficient data on concurrent
treatments for osteoporosis, and assessed BMD at the
forearm, which has questionable validity. Overall, the
predominance of evidence supports the idea that
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epidural steroids have deleterious effects on BMD and
may increase the risk of vertebral fracture, particularly
in postmenopausal women. Additional data are needed
to fully understand the effects on BMD in premenopausal
women and in men; however, the studies that have
included these populations suggest similar concerns with
decreased BMD.>*7

Immunosuppression

Immunosuppression does seem to occur after local or
epidural injection of steroids. There have been two case
reports documenting herpes zoster flares remote from
the site of ESI but immediately following ESI.*®>° In two
other cases, devastating avascular retinal necrosis due
to the reactivation of herpes zoster following ESI has been
cited.®® These patients had permanent visual changes
despite treatment. These cases suggest that ESI causes
decreased efficacy of the immune system; however, the
extent of this effect is largely unknown.

Systemic and locally injected steroids have been
directly implicated in infection after joint replacement.
A study of infection rates after hip or knee arthroplasty
found a twofold increase in the risk of prosthetic infection
in those that received systemic glucocorticoids for more
than 1 week within 1 year prior to surgery.®’ Kaspar
et al examined infection rates in 40 patients undergoing
hip arthroplasty who had received prior intra-articular
steroid injection compared to 40 who did not previously
receive injections.®? Ten percent who had received prior
steroid injections developed postarthroplasty deep infec-
tion compared to none in the control group.®? A review of
144 patients who had undergone total hip arthroplasty
identified deep infections in three patients, all of whom
had prior intra-articular steroid injections.® The largest
database study of patients undergoing total hip arthro-
plasty on 173 958 participants found a 40% increase in risk
for postoperative periprosthetic infection in those
injected within 3 months prior to surgery.® In a separate
matched cohort study, 106 patients who had more than
two glucocorticoid injections in the 12 months prior to
total hip arthroplasty showed a threefold risk of postop-
erative infection (6.6%) compared to a matched group
of 350 patients who received a single hip injection in
the year before hip replacement (2.0%).6°

The risk of postoperative infection associated with ESI,
from either systemic or local effects, has recently been
studied, as well. In 18 931 patients aged 65 years old
and older who underwent a single-level lumbar decom-
pression surgery within 1 year of ESI, the incidence of
postoperative infection was significantly greater in those
receiving an ESI within 1 to 3 months prior to surgery
(1 month OR = 3.2, 1 to 3 months OR = 1.3).¢ A study
of 847 patients in the military health system who received
ESI within 90 days of surgery demonstrated an increased
odds ratio of 1.57 for injected patients compared to con-
trols.®” A study of surgery with or without the use of

epidural steroid paste to control pain during lumbar
decompression surgery in 283 patients documented that
there was an increased incidence of infections in the
patients receiving paste compared to the nonpaste group
(odds ratio 6.4).°® The risk of postoperative infection in
lumbar fusion after preoperative ESI has also been retro-
spectively evaluated in 88 540 patients.®’ It demon-
strated that lumbar ESI within 3 months of lumbar
fusion is associated with an increased rate of postopera-
tive infection. The combined data supports the idea that
ESI within 3 months of lumbar decompression or fusion
surgery may increase postoperative infection risk, espe-
cially in patients over 65 years of age. When considered
with the data on the effect of ESI on BMD, ESI could theo-
retically pose an additional risk of nonunion in patients
undergoing fusion after ESI, but this has not been clini-
cally evaluated.

Neuropsychiatric Changes

Injected glucocorticoids can lead to temporary mania
and psychosis in some patients. There are multiple case
reports but no known incidence or dose correlation.”®”3
Some of these cases involve patients with preexisting psy-
chiatric conditions, but many do not.

Patients with major depression also show resistance to
glucocorticoid at target tissues.”* It is also notable that
stress actually increases functional resistance to gluco-
corticoids in the absence of increased cortisol.® Given this
resistance, it is possible that patients with major depres-
sion or extreme stress could have less benefit from local
glucocorticoid injection. This would seem to correlate
with data suggesting worse outcomes for ESI in those with
depressed affect’®; however, this relationship has not
been directly studied.

Other Clinical Effects

There are various other systemic clinical effects that
are even less understood. Osteonecrosis of the femoral
head and glenohumeral joints has been documented after
intra-articular glucocorticoid injection.”® However,
osteonecrosis of the femoral head after ESI has not been
reported in the scientific literature.

Sex hormones are affected by glucocorticoid injection.
Glucocorticoids given intra-articularly are known to
decrease estrogen and androgens. In one study of
18 women with rheumatoid arthritis, sex hormones were
monitored for 2 weeks following intra-articular injection
of 20 mg triamcinolone. At 2 weeks post injection, both
estrogen and androgen levels were decreased but were
returning toward baseline, though testosterone levels
remained significantly decreased from baseline levels.
In this study, participants were followed for only 2 weeks;
therefore, the total duration of testosterone suppression
is unknown.”” Sex hormone levels after ESI have not been
measured. Although physicians have noted patient
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complaints of menstrual abnormalities after ESI, dysfunc-
tional uterine bleeding after ESI has been described in
only one case report.”®

Short-term cardiovascular changes are likely due to
locally injected glucocorticoids. Increased blood pressure
does occur after ESI.*" It is not known if other effects such
as hypercoagulability also occur.

Additional clinical effects have also been published in
case reports including symptomatic  epidural
lipomatosis,”*®" steroid myopathy after a single ESI,%?
and subcapsular cataracts after multiple ESls.33

Discussion

The local injection of steroids is clearly associated
with a number of systemic effects that are inadequately
studied and underappreciated. Although the evidence
regarding the systemic effects of local glucocorticoid
injections is variable, there is sufficient direct and indi-
rect evidence that can reasonably be applied in order to
develop preventative strategies until further direct evi-
dence is published.

Guidelines regarding the maximum dose of locally
injected glucocorticoid administered per year have yet
to be clearly established. It is clear that both intra-
articular and epidural injections can cause several weeks
of systemic effect, and the total dose calculation should
include all local injections. The concurrent use of oral
steroids, the number of injections, the steroids used,
and the timing of any major surgical procedures may all
be important considerations.

From available data on systemic absorption and BMD
loss, providers should consider that local glucocorticoid
injection could result in loss of BMD, especially in suscep-
tible populations such as postmenopausal women or those
already with osteoporosis. Given the available evidence,
postmenopausal women and potentially men over age
50, a maximum cumulative whole body triamcinolone/-
methylprednisolone dose of 200 mg per year and 400 mg
per 3 years should be considered. These relative limits,
however, should be weighed against functional benefits.
In those with osteoporosis, and especially in those already
with a fragility fracture, treatment with bisphosphonates
could be considered if receiving multiple injections. At a
minimum, providers should discuss the potential of BMD
loss after glucocorticoid injections with patients, espe-
cially when receiving multiple injections.

Authors have advocated to refrain from using ESI
within 4 weeks of planned surgery because of the sup-
pression of stress response.>° Based on the available liter-
ature on large populations and glucocorticoid injection
and postoperative infection, patients should be coun-
seled that local glucocorticoid injection within 1 to
3 months prior to surgery may increase the risk of postop-
erative infection, especially in older patients or
those with comorbidities. In addition, patients with
underlying chronic conditions that predispose them to

the development of infection (such as chronic obstructive
pulmonary disease) and those who chronically use oral,
inhaled, or intranasal glucocorticoids, may be at higher
risk of developing infection related to ESI.

For patients with diabetes, it is difficult to ascertain a
day of injection serum glucose or recent hemoglobin A1-c
“cutoff” or limit for the safe administration of glucocorti-
coids. Nonetheless, patients with chronic inflammation
have decreased response to the anti-inflammatory effect
of glucocorticoids at target tissues and patients with dia-
betes have significantly reduced cytochrome p450 3A4
expression and activity.®“® These factors, combined with
the isolated case of hyperglycemic coma in a patient with
noninsulin dependent diabetes and a Hgb A1c of 7.5,%
suggest that patients with poorly controlled diabetes
have a less desirable risk-to-benefit ratio for glucocorti-
coid injection. Some institutions use a fasting glucose
cutoff of 200 to 250 for ESI and intra-articular injection
in most cases. There are no absolute cutoffs to prevent
complication, but physicians should take into consider-
ation the ability of the patient to monitor and manage
their serum glucose levels after injection.

Understanding that locally injected glucocorticoid
may also affect the central nervous system, mood, sex
hormones, muscle tissue, and the cardiovascular system
is key to fully understanding the risks incurred with
repeated glucocorticoid injections. The systemic side
effects of glucocorticoids injected for pain are mostly
overlooked by the providers who perform these injec-
tions. Given the wide range of potential symptoms of
HPA axis suppression, providers must consider the side
effects of locally injected glucocorticoids when other-
wise unexplained systemic symptoms present in patients.

All patients undergoing glucocorticoid injection should
have a review of their medications, including recent glu-
cocorticoid injections in other locations, for possible
interactions. Patients on ritonavir should not be adminis-
tered glucocorticoids. Further, the practice of sedation
with midazolam during ESI should be reserved for patients
with significant procedure-related anxiety and/or the
need for relaxation in order to safely perform the proce-
dure and discouraged in those at high risk of clinical side
effects from glucocorticoids, such as those with osteopo-
rosis. The use of concomitant oral, inhaled, intranasal,
and even topical glucocorticoids could also potentiate
systemic side effects and providers should take an inven-
tory of other forms of glucocorticoids that patients may
be using. Studies also suggest that injection of more solu-
ble glucocorticoids may have a shorter duration of sys-
temic effects.?*%°

Conclusion

Although the data are varied, the general recommen-
dation is that the total glucocorticoid dose should by con-
sidered and caution employed when using glucocorticoid
injections, especially for postmenopausal women, people
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with diabetes, and people considering surgery in the near
future. Each patient’s individual comorbidities and total
glucocorticoid exposures need to be evaluated when con-
sidering the risk versus benefit of performing local gluco-
corticoid injections. Physicians may also need to include
potential systemic effects in the differential diagnosis
when addressing any postinjection symptoms in patients.
All patients receiving glucocorticoid injections should be
clearly educated about the potential systemic effects
and counseled that these effects are variable between
individuals during the process of informed consent and
shared decision making.
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