
INTRODUCTION 

Corticosteroids are very attractive as drugs for many 

musculoskeletal diseases because of their potent anti-in-

flammatory effect. Epidural steroid injection (ESI) is widely 

used to treat various back pain conditions such as herniat-

ed intervertebral disc and spinal stenosis. Corticosteroids 

have been used to treat spinal diseases for a long time. Ini-

tially, they were delivered into intrathecal space in 1954 [1]. 

However, because of the transient pharmacological effect, 

the injection route of corticosteroids was changed into epi-

dural space. Several studies have supported the efficacy of 

ESI in spinal disease [2–4]. Transforaminal epidural steroid 

injection (TFESI) is used to relieve pain and reduce the po-

tential need for surgery [5,6]. Radicular pain is caused not 

only by mechanical compression but also due to inflam-
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mation of the affected nerve roots because the nucleus 

pulposus of the intervertebral disc evokes an immune re-

action mediated via inflammatory molecules [7]. Thus the 

rationale for using corticosteroids in epidural block is es-

tablished [8]. 

The complications associated with corticosteroid use are 

as many as their therapeutic effects. However, most com-

plications related to ESI are not serious. Lee et al. [9] ana-

lyzed 52,935 ESI procedures performed in 22,059 patients 

and found no major adverse events. Similarly, no major 

adverse events were detected in another single-center 

study of 1,300 lumbar transforaminal epidural injections. 

Kang et al. [10] surveyed complications of 825 patients who 

were treated with dexamethasone epidurally. Forty pa-

tients (4.8%) showed systemic but minor and transient side 

effects of corticosteroids including facial flushing (1.5%), 
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urticaria (0.8%), and insomnia (0.8%). Serious complica-

tions such as adrenal insufficiency (AI), Cushing's syn-

drome, neurological accidents, and osteonecrosis have 

been reported rarely [11,12]. Because these complications 

cause irreversible sequelae, pain physicians need to be 

cognizant of the side effects of corticosteroids and their 

prevention. 

ESI is a valuable procedure used to treat spinal pain. Al-

though systemic side effects of treatment with long-term 

oral administration of steroids are well established, the 

pharmacology and side effects associated with ESI are 

poorly understood. This review summarizes the complica-

tions of epidural steroids and techniques as well as related 

mechanical injury. 

PHARMACOLOGIC PROPERTIES OF 
EPIDURAL STEROIDS 

Pathophysiology of radiculopathy 

Radiculopathy is caused by inflammation and the me-

chanical compression of the nerve root. Inflammation 

plays a major role in the evolution of radiculopathy [13]. 

Clinically, a large herniation of an intervertebral disc asso-

ciated with significant neural compression may be asymp-

tomatic, whereas severe radicular pain may exist without 

detectable root compression. Also, the size or shape of her-

niation, and eventual change in size or shape does not cor-

relate with clinical presentation or course [14,15]. This 

shows the importance of inflammation in the pathophysi-

ology of radiculopathy. The damaged structures release 

various inflammatory mediators, which trigger inflamma-

tory reaction in the spine. For instance, the damaged facet 

joints release bradykinin, serotonin, norepinephrine, and 

interleukin (IL)-1. Also, the nerve endings of the posterior 

longitudinal ligament, outer annulus, facet capsule, or 

periosteum release substance P, vasoactive intestinal pep-

tide, and calcitonin gene-related peptide. The nucleus pul-

posus generates inflammatory mediators, including phos-

pholipase A2 (PLA2), prostaglandin E2, IL-1α, IL-1β, IL-6, 

tumor necrosis factor, and nitric oxide, and it is well known 

that discogenic pain is mediated by these inflammatory 

mediators and neovascularization induced by chemical 

signaling [8,16]. PLA2 is the rate-limiting factor involved in 

the synthesis of arachidonic acid, which is the principal 

substrate in the cyclo-oxygenase and lipo-oxygenase path-

ways. Prostaglandins, along with other arachidonic acid 

byproducts, can cause or exacerbate pain mediated via in-

flammatory mechanisms and sensitization of peripheral 

nociceptors [17,18]. Among the inflamed structures, the 

dorsal root ganglion is more sensitive to mechanical pres-

sure than the nerve root [16]. 

Rationale for the use of epidural corticosteroids 
in radiculopathy 

The therapeutic effects of corticosteroids in radiculopa-

thy are yet to be fully understood. Until now, several mech-

anisms have been proposed: inhibition of leukocyte func-

tion; alleviation of inflammatory events such as edema, fi-

brin deposition, capillary dilatation, leukocyte aggregation, 

phagocytosis, capillary and fibroblast proliferation, colla-

gen deposition and cicatrization; inhibition of the synthe-

sis of pro-inflammatory substances like PLA2; inhibition of 

the activity of lymphokines; inhibition of the display of 

chemotactic molecules on the surface of the endothelial 

cells; and minimization of endothelial injury [16]. In addi-

tion to their anti-inflammatory effects, corticosteroids may 

inhibit pain via suppression of ectopic discharges from in-

jured nerves and decreased conduction in normal unmy-

elinated C fibers [19]. 

Pharmacokinetics of epidural steroids 

The elimination half-life of triamcinolone acetonide 80 

mg following interlaminar epidural injection is 506 ±  255 

h, and the time to maximum concentration (Tmax) is 37.5 ±  

37.5 h [20]. These pharmacokinetic properties of epidural 

steroids vary depending on the route of administration. 

The elimination half-life after oral, intravenous, intraartic-

ular, and intravitreal injection of triamcinolone varies: oral, 

2.6 h [21]; intravenous, 2.0 h [21]; intraarticular knee injec-

tion, 77–154 h [22]; and intravitreal, 446 h [23]. The differ-

ences between oral/intravenous and intraarticular/intrav-

itreal/epidural administration of triamcinolone appear to 

be due to its particulate form. Interestingly, in the case of 

cervical interlaminar epidural injection with triamcinolone 

acetonide 80 mg, the elimination half-life was 310 ±  212 h 

and Tmax was 22.8 ±  13.1 h, which was shorter than that of 

lumbar ESI due to the cervical epidural vasculature [24]. 

Current evidence suggests that more soluble glucocorti-

coids have shorter duration of systemic effect than less sol-

uble glucocorticoids [25]. Intramuscular administration of 

dexamethasone is followed by partial absorption into the 
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systemic circulation and the biological half-life of dexa-

methasone is 5.2 ±  0.4 h [26]. Unfortunately, there has 

been no study on the pharmacokinetic features of epidural 

dexamethasone, and further research is required. 

ENDOCRINOLOGICAL COMPLICATIONS 

HPA axis suppression, AI, and iatrogenic Cushing’s 
syndrome 

Glucocorticoids are synthesized in the adrenal cortex 

under the regulation of the HPA axis. They are produced on 

demand and not stored in body. The glucocorticoid syn-

thesis is inhibited by three mechanisms. First, the rapid 

feedback (less than 10 min) is sensitive to changes in circu-

lating glucocorticoids and not to the absolute levels of ste-

roid. Second, early delayed feedback (30 min to 2 h) is as-

sociated with the suppression of adrenocorticotropic hor-

mone (ACTH) synthesis, which is affected by the concen-

tration of circulating glucocorticoids. Third, late delayed 

feedback (about a day) is related to high concentration of 

glucocorticoids, persisting for days or weeks [27]. 

HPA axis suppression occurs in most of the patients who 

receive ESI, and most of them recover within 2–4 weeks 

[28–32]. This complication is likely to be asymptomatic and 

does not require treatment in most cases. Studies involving 

orally administered corticosteroids have shown that the 

treatment dose or duration is not correlated with the sever-

ity of HPA axis suppression and reported substantial indi-

vidual variation in clinical effects depending on age and 

co-existing disease [33]. However, the results of ESI differed 

from the effects of oral corticosteroid intake. Sim et al. [30] 

conducted a randomized controlled trial comparing the 

HPA axis suppression under different dosages of epidural 

triamcinolone (40 mg vs. 20 mg) and showed that the HPA 

suppression in the triamcinolone 40 mg group (19.7 ±  3.1 

days) was longer than in the group treated with triamcino-

lone 20 mg (8.0 ±  2.4 days), and the recovery rate of the tri-

amcinolone 40 mg group was lower than in the triamcino-

lone 20 mg group (P =  0.015). However, the extent of HPA 

axis reduction, i.e., the difference between salivary cortisol 

(SC) concentration before ESI and SC concentration on 

day 1 after ESI was not affected by the dosage of corticoste-

roid [30]. The type of corticosteroid also affects the HPA 

axis suppression. Friedly et al. [25] reported that HPA axis 

suppression was more likely with longer-acting insoluble 

corticosteroid formulations such as methylprednisolone or 

triamcinolone than betamethasone and dexamethasone. 

However, patient demographics did not influence the du-

ration of HPA axis suppression [25]. 

Secondary AI is known as a rare disease (0.00015–

0.00028%) [34]. Its mortality is two-fold higher than in gen-

eral population, which is associated with infection or adre-

nal crisis [34]. The common symptoms of AI are fatigue, 

loss of appetite, weight loss, nausea, vomiting, abdominal 

pain, and muscle and joint pain, which are nonspecific and 

therefore do not facilitate easy diagnosis. Moreover, specif-

ic symptoms such as hyperpigmentation, salt craving, and 

postural hypotension are uncommon in AI induced with 

exogenous glucocorticoids because of intact mineralocor-

ticoid axis [35]. Therefore, an early diagnosis of iatrogenic 

AI is challenging for physicians. Park et al. reported that 

11.8% of patients who were treated with long-term ESI be-

yond 6 months developed secondary AI, although they did 

not show AI symptoms [28]. The average number of ESIs 

per year in the AI group was 7.7 ±  1.3/yr and in the Non-AI 

group was 7.4 ±  3.3/yr. 

The risk of iatrogenic Cushing's syndrome after ESI is 

unknown. No well-controlled study about its incidence af-

ter ESI is available, and only several cases have been re-

ported [36–38]. Interestingly, a few cases were associated 

with ritonavir treatment of patients with human immuno-

deficiency virus [37,38]. Park et al. [28] reported that none 

of the 18 subjects who were treated long-term with ESI be-

yond 6 months manifested iatrogenic Cushing's syndrome. 

The authors used the late-night salivary cortisol (LNSC) 

test, which is usually performed between 23:00 and 24:00, 

and is known to be very sensitive and specific for the diag-

nosis of Cushing's syndrome [39]. Sim et al. [30] also con-

ducted an LNSC test in 30 subjects who received triamcin-

olone acetate 40 mg or 20 mg and showed the absence of 

iatrogenic Cushing's syndrome in either group. 

Effects on glucose metabolism & hyperglycemia 

Glucocorticoids decrease insulin sensitivity and periph-

eral glucose uptake as well as hepatic gluconeogenesis. 

Hyperglycemia may be one of the annoying side effects af-

ter ESI, especially in patients with diabetes. 

In a study by Ward et al. [40], 10 healthy volunteers were 

administered 80 mg of triamcinolone (equivalent to dexa-

methasone 16 mg) via caudal ESI. Fasting insulin and glu-

cose levels rose significantly one day after ESI and returned 

to normal by 1 week. In a study of patients receiving ESI or 
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glenohumeral joint injection, serum glucose was elevated 

for approximately 1 day [41]. Maillefert et al. [42] followed 

nine healthy subjects for 21 days after a single epidural in-

jection of dexamethasone 15 mg and found no changes in 

fasting glucose. These studies dispute the hypoglycemic ef-

fect of ESIs in healthy individuals. 

ESIs appear to have a greater effect on glucose control in 

diabetics. Diabetic patients may have significantly reduced 

cytochrome p450 3A4 expression and activity [43]. There-

by, a decreased clearance of glucocorticoids and increased 

duration of systemic side effects are observed. Gonzalez et 

al. [44] followed 12 patients with diabetes after epidural in-

jection of betamethasone 12–18 mg via transforaminal and 

caudal route and reported statistically significant eleva-

tions in blood glucose levels in diabetic subjects. This ef-

fect peaked on the day of the injection and lasted approxi-

mately 2 days. A study of 100 patients with pre-existing dia-

betes by Kim et al. [45] reported that ESIs were associated 

with significant elevations in postprandial blood glucose in 

diabetic patients for up to 4 days after the procedure. The 

higher dose of triamcinolone increased the glucose levels 

greater than the lower dose regardless of pain control, em-

ployment status, or clinical outcome. Thus, they recom-

mended lower doses in patients with diabetes [45]. Based 

on the above studies, the elevation in blood glucose among 

diabetic subjects was observed for two to three days fol-

lowing ESI, and therefore diabetic patients are advised to 

control their blood sugar levels tightly until three days after 

the procedure. 

Effects on bone metabolism & osteoporosis 

In general, corticosteroid therapy results in bone loss 

and osteoporosis, which could be a challenge, especially in 

postmenopausal women. Corticosteroids affect bone re-

modeling by increasing bone resorption via apoptosis of 

osteocytes and enhanced osteoclast activity. Many studies 

have investigated bone mineral density (BMD) in patients 

taking oral corticosteroids. However, orally administered 

corticosteroids exhibit different absorption characteristics 

and effects compared with those associated with epidural 

injections. Therefore, a direct comparison between the two 

is difficult. 

Dubois et al. [46] reported the absence of a relationship 

between cumulative epidural steroid dose and BMD in 

healthy men and women pretreated with at least 3 g of 

methylprednisolone. However, in postmenopausal wom-

en, an ESI with triamcinolone 80 mg induced a significant 

decrease in hip BMD at 6 months compared with baseline 

(P =  0.002) and an age-matched control group (P =  0.007) 

[47]. Similarly, Kim and Hwang [48] reported a retrospec-

tive study in which multiple ESIs with an approximate cu-

mulative dose of triamcinolone 400 mg reduced hip BMD 

in postmenopausal women. The average duration between 

the first and last ESIs was 34.4 ±  2.6 months. The risk of os-

teoporotic fracture appears to increase due to ESI. Mandel 

et al. [49] conducted a large retrospective cohort study 

comparing 3,415 patients who received at least one ESI 

with 3,000 patients who did not receive any ESI. ESI in-

creased the risk of fractures by a factor of 1.21 (95% confi-

dence interval, 1.08–1.30) after adjustment for covariates (P 

=  0.003). Therefore, physicians should keep in mind that 

ESI increases the risk of osteoporosis and fracture in post-

menopausal women. 

Abnormal uterine bleeding 

Abnormal uterine bleeding (AUB) is not infrequent in 

women treated with ESI. The incidence of AUB in women 

(70% premenopausal and 30% postmenopausal) who re-

ceived ESI was 2.5% of 8,166 ESIs [50]. However, the exact 

relationship between AUB and ESI was not revealed exactly 

and sex hormone levels after ESI have yet to be measured. 

In the case of intra-articular injection, corticosteroid thera-

py induces a temporary, but considerable suppression of 

sex hormone secretion [51]. 

IMMUNOLOGICAL/INFECTIOUS 
COMPLICATIONS 

Immunosuppression and infection 

Immunosuppression is one of the most serious side ef-

fects associated with iatrogenic corticosteroid use. Cortico-

steroids suppress inflammatory genes, upregulate anti-in-

flammatory genes, decrease the production of proinflam-

matory cytokines, and inhibit phagocyte function [52]. Pre-

operative intra-articular corticosteroid injection is associ-

ated with an increased risk of postoperative periprosthetic 

infection [53]. Preoperative ESI also appears to be related 

to infection after spine surgery. The overall rate of postop-

erative infection related to single-level lumbar decompres-

sion after ESI was reported to vary between 0.8% and 1.7%, 

which was more common within 1 month and 1–3 months 
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before surgery than within 3–6 months and 6–12 months 

before surgery [54]. Therefore, the optimal interval be-

tween the last preoperative ESI and surgery should be at 

least 3 months to prevent postoperative infection. Singla et 

al. [55] also reported similar results suggesting that preop-

erative ESI within 3 months of lumbar fusion was associat-

ed with an increased rate (1.6%) of postoperative infection 

in a retrospective cohort of 88,540 patients. 

Allergic reaction & anaphylaxis 

Despite the anti-inflammatory and anti-allergic effects of 

corticosteroids, no systemic hypersensitivity was detected, 

paradoxically [56]. The allergic reactions or hypersensitivi-

ty usually occur due to exposure to preservatives or ste-

roids. The incidence of anaphylaxis was 0.5% in the study 

of patients injected with intravenous corticosteroids [57]. 

However, no study analyzed the incidence of anaphylaxis 

in patients using epidural corticosteroids except in a few 

cases. Most of the cases are associated with triamcinolone 

or methylprednisolone treatment and symptoms include 

sneezing, angioedema, tachycardia, marked hypotension, 

itching, redness, and peri-orbital edema [58–60]. 

Facial flushing is a common side effect of ESI, and is as-

sociated immunoglobulin E and histamine-mediated reac-

tion [61]. Most types of corticosteroids used in ESI cause 

facial flushing. Cicala et al. [61] reported that 9.3% of pa-

tients who received cervical ESI with methylprednisolone 

acetate manifested facial flushing. In the retrospective co-

hort study of Kim et al. [62], the overall incidence of facial 

flushing was 28% among 150 subjects who received ESI 

with 16 mg of dexamethasone. In this study, the female 

subjects were vulnerable to facial flushing (64%) and all 

cases of flushing were resolved within 48 h. 

MISCELLANEOUS COMPLICATIONS 

Psychiatric complications 

Corticosteroid-induced psychiatric complications are 

not infrequent. Wada et al. [63] reported that corticoste-

roid-induced psychiatric syndrome including depression, 

mania, psychosis, and delirium occurred in 0.87% of 2,069 

patients (15 patients with a mood disorder and 3 patients 

with a psychotic disorder), who showed a relatively good 

outcome with full remission within 1–3 months. However, 

the pathophysiology of this complication was not clear. 

Corticosteroid is suggested to affect dopaminergic or cho-

linergic systems, reduce serotonin release, and induce tox-

ic effects in the hippocampus or other brain regions [64]. 

Most of the studies involved oral or intravenous adminis-

tration of corticosteroid, but not ESI. Benyamin et al re-

ported a case of a 67-year-old male who received multiple 

corticosteroid injections including ESI, and developed psy-

chotic symptoms such as racing thoughts, anger, agitation, 

pressured hyper-verbal speech, and paranoia, which spon-

taneously resolved in 7–10 days [65]. 

Ocular complications 

Corticosteroid therapy can increase intraocular pressure 

(IOP), which is known as steroid-induced ocular hyperten-

sion, steroid-induced glaucoma (SIG), and at worst blind-

ness. The prevalence of SIG is not reported yet, but non-re-

sponders to corticosteroid was accounted for 61–63% (IOP 

elevation <  5 mmHg), moderate responders 33% (IOP ele-

vation ranging 6 to 15 mmHg), and high responders consti-

tuted 4–6% (IOP elevation >  15 mmHg) [66]. However, 

these results are based on corticosteroid administration 

through the topical, intraocular, periocular, oral, intrave-

nous, inhaled, nasal, and transcutaneous routes. A single 

case report involved a patient who experienced sudden bi-

lateral blurred vision due to increased IOP after ESI, war-

ranting immediate ophthalmic intervention. The symptom 

resolved within three and one half months [67]. In addi-

tion, a few case reports involved other ophthalmological 

complications such as retinal venous hemorrhage, ambly-

opia, transient bilateral vision defect, central serous cho-

rioretinopathy, and subcapsular cataracts after ESI [68,69]. 

Steroid-induced myopathy 

Steroid-induced myopathy is a rare complication charac-

terized clinically by proximal lower extremity weakness, 

normal creatine kinase, normal electromyogram, and loss 

of type IIa fibers [52]. There is no research or case report on 

steroid-induced myopathy associated with ESI. Therefore, 

further research is needed to address this problem. 

Epidural lipomatosis 

A few case reports suggest epidural lipomatosis, which is 

characterized by excessive accumulation of unencapsulat-

ed fat in the spinal canal [70–72]. This complication is usu-
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ally associated with long-term ESI and can cause symp-

toms of spinal cord or nerve root compression. The prog-

nosis of epidural lipomatosis is not good. Two of the cases 

required spine surgery [71,72]. 

MISCELLANEOUS ISSUES FOR SAFE ESI 

Corticosteroids: particulate vs. nonparticulate 
steroids 

The corticosteroids for ESI are divided into particulate 

(triamcinolone and methylprednisolone) and nonparticu-

late (dexamethasone and betamethasone) formulations. 

Several cases of spinal cord ischemia after ESI have been 

reported since they were first described in 2002 by Houten 

and Errico [73]. Reports of spinal cord ischemia, paralysis, 

permanent blindness, and death after ESI have raised con-

cerns about the potential embolization of particulate corti-

costeroids. Proposed mechanisms include direct injury to 

the spinal arteries and embolization. Specifically, the 

transforaminal approach entails needle insertion in close 

proximity to the spinal cord arteries. Inadvertent arterial 

injection of a particulate corticosteroid may result in em-

bolic infarction and subsequent permanent neurologic 

compromise. Recent investigations demonstrate an alter-

native mechanism of injury. Several particulate steroids 

have been shown to exert immediate and massive effect on 

microvascular perfusion in a mouse model via formation 

of red blood cell (RBC) aggregates associated with the 

transformation of RBCs into spiculated RBCs [74,75]. 

However, dexamethasone does not form particles or ag-

gregates large enough to cause an embolism, based on 

published case reports of paraplegia, quadriplegia, or 

stroke following ESI [74]. However, a mixture of dexameth-

asone or betamethasone and ropivacaine induced a 

pH-dependent crystallization in vitro [76,77]. In 2011, the 

Food and Drug Administration (FDA) required a label 

change for triamcinolone, stating that it should not be used 

for ESI. Nonetheless, particulate steroids continue to be 

used because of a theoretical advantage of pain relief sec-

ondary to delayed clearance from the spinal canal [78]. 

Three randomized studies investigated the effectiveness of 

different steroid preparations. Two studies reported no evi-

dence that nonparticulate steroids such as dexamethasone 

at 10 mg were less effective than particulate steroids such 

as methylprednisolone, triamcinolone, or betamethasone 

in lumbar TFESI [79,80]. Conversely, Park et al. [81] report-

ed that the nonparticulate steroid dexamethasone was sta-

tistically less effective than the particulate steroid in terms 

of pain relief. In 2020, Donohue et al. [82] reported that 

there was no significant difference in pain relief at any 

point between nonparticulate and particulate steroids and 

recommended the use of nonparticulate corticosteroids in 

ESI given the safety concerns associated with particulate 

corticosteroids. Considering the potential risk of cata-

strophic complications, nonparticulate steroid prepara-

tions should be considered as first-line agents when per-

forming ESI. Further studies are necessary to compare cor-

ticosteroid preparations. 

Optimal interval and dosage of ESI 

Unfortunately, there is no definite consensus on what 

constitutes the appropriate regimen of ESIs, and little in-

formation concerning recommendations or practice guide-

lines is available to date. A significant variation in dose, fre-

quency, and ESI interval was attributed to physician pref-

erence. In a survey conducted by Vydra et al. [2], most phy-

sicians (56.0%) preferred 10 mg of dexamethasone for ESI, 

followed by 8 mg (12%), 4 mg (9%), 15 mg (8%), 20 mg 

(6%), 6 mg (6%), and 12 mg (3%). Also, many of the doctors 

(40%) allowed 4 ESIs annually, followed by 3 (29%), 6 

(17%), 5 (6%), 2 (3%), 8 (2%), 10 (2%), 9 (1%), and >  10 in-

jections (1%) [2]. Kim et al. [83] published a survey of 122 

pain centers adopting the current ESI regimen. More than 

half (55%) of Korean pain physicians used dexamethasone 

for ESIs. The minimum interval of subsequent ESIs is 3.1 

weeks at academic institutions and 2.1 weeks at private 

pain clinics [83]. 

Determining the optimal steroid dose, duration, and in-

terval for ESIs is essential to develop a treatment protocol 

with minimal complications without compromising the 

treatment effectiveness. Above all, a consensus is needed 

to determine the major complications associated with ste-

roids indicating limited corticosteroid use. Rare complica-

tions, such as epidural lipomatosis, steroid-induced myop-

athy, and iatrogenic Cushing’s syndrome or complications 

that are patient-specific such as allergic reactions cannot 

be used as a criterion for limited ESI use. Most epidural 

steroid complications are associated with systemic absorp-

tion of corticosteroids, which is reflected by HPA axis sup-

pression. The HPA axis suppression as an indicator of a ESI 

limitation has several advantages. First, it is observed in all 

patients who receive ESI [28,30–32]. Second, the recovery 
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curve of HPA function after ESI is similar to that of the 

elimination of epidurally injected steroid [20,24]. Third, it 

represents a dose-response relationship, which provides 

important information about minimal dosage of epidural 

steroids [30]. Finally, the recovery of HPA axis function is 

closely related to AI, one of the serious complications of 

ESI [28]. 

Before discussing appropriate ESI interval, physicians 

should consider the need to repeat ESI multiple times. Re-

peated ESIs within 3 months provide cumulative benefit 

[84]. If multiple ESIs are considered, an appropriate inter-

val between ESIs should be decided based on the average 

duration of HPA axis suppression after ESI without affect-

ing the physiological restoration. Another rationale for an 

appropriate interval is to wait until the peak effects of epi-

dural steroid treatment are detected to avoid needless ad-

ditional ESI [85]. Chon and Moon [31] reported that the 

HPA axis suppression period after ESI with triamcinolone 

40 mg was 19.9 ±  6.8 days, which was similar to that of Sim 

et al. [30] (19.7 ±  3.1 days). Accordingly, the minimum rec-

ommended interval between ESIs using triamcinolone 40 

mg might be 3 to 4 weeks for safety. The HPA axis suppres-

sion period is affected by the dose of epidural steroid ad-

ministered. In the study of Sim et al. [30], the HPA suppres-

sion period after the epidural injection of triamcinolone 20 

mg was 8.0 ±  2.4 days. Therefore, the smaller the dose of 

epidural steroid, the closer is the ESI minimum interval. 

The type of corticosteroid also affects the duration of HPA 

axis suppression. Friedly et al. [25] reported that particu-

late corticosteroids such as methylprednisolone and triam-

cinolone showed relatively longer HPA axis suppression 

than the non-particulate forms like betamethasone and 

dexamethasone. In the case of methylprednisolone and 

triamcinolone, the HPA suppression lasted an average of 3 

weeks; however, the serum cortisol concentrations follow-

ing 3-week treatment with betamethasone and dexameth-

asone was not significantly different from the control 

group. Similarly, Chutatape et al. [86] reported that epidur-

al dexamethasone 8 mg decreased both ACTH and serum 

cortisol concentrations below 7 days. These results may be 

associated with the characteristics of the particulate steroid 

formulations, suggesting that long-acting and insoluble 

types can cause sustained systemic absorption of the corti-

costeroid. In summary, multiple ESIs using particulate ste-

roid require sufficient interval of about 3–4 weeks because 

of long-lasting HPA axis suppression, while non-particulate 

steroids require shorter periods. 

The types of corticosteroids, treatment effectiveness and 

duration, and the incidence of complications should be 

considered to determine the optimal dosage of ESI. In the 

case of oral corticosteroid intake, a multidisciplinary Euro-

pean League Against Rheumatism (EULAR) task force 

group of experts recommended that the risk of long-term 

corticosteroid therapy depended on dosage: treatment 

with less than 5 mg prednisone equivalent per day had low 

risk, whereas patient-specific characteristics should be 

considered between 5 mg and 10 mg/day, and levels great-

er than 10 mg/day could increase the risk of harm [87]. 

However, in the case of ESI, it is controversial whether 

there is a relationship between systemic complications and 

the dosage of corticosteroids. Habib et al. [88] conducted a 

randomized, single-blind, controlled trial that showed no 

significant difference between the two ESI doses of methyl-

prednisolone (80 mg and 40 mg) in terms of the rate of sec-

ondary AI (P =  0.715) at 3 weeks, except for the visual ana-

log scale (VAS) (P =  0.049) at 3 weeks. However, in the 

double-blind, randomized controlled trial of Sim et al. [30], 

there was a significant difference between ESIs with 40 mg 

and 20 mg doses of triamcinolone in terms of HPA sup-

pression period (19.7 ±  3.1 days vs. 8.0 ±  2.4 days, P =  

0.0005) and the slope in the linear mixed-effects model de-

noting the recovery rate of HPA axis (0.00431 ±  0.00043 vs. 

0.00647 ±  0.00069, P =  0.015) at 4 weeks. However, there 

were no differences in VAS (P >  0.99) and AI incidence (P 

=  0.220) at 4 weeks between the two groups in Sim's study. 

The World Institute of Pain (WIP) Benelux working group 

recommended that the number of ESIs should be adjusted 

according to the clinical response, suggesting that a 2-week 

interval for additional ESI may be appropriate for proper 

evaluation and minimization of endocrine side effects, and 

the lowest effective dose should be used for ESI (40 mg for 

methylprednisolone, 10 to 20 mg for triamcinolone acetate, 

and 10 mg for dexamethasone phosphate) [68]. 

ESI for a pregnant or breastfeeding patient 

Approximately 50% of pregnant women experience low 

back pain. Despite its prevalence, low-back pain (LBP) in 

pregnancy is considered normal by many patients and 

physicians. Also, safe treatment options in pregnancy are 

still disputed. Concerns regarding maternal and fetal 

well-being restrict the use of interventional treatment regi-

mens by pain physicians, resulting in a higher incidence of 

obstetric complications. 
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Sehmbi et al. [89] reviewed 56 studies investigating man-

agement strategies for LBP in pregnancy. According to this 

review, three case reports involved ESI to alleviate symp-

toms of LBP, but all pregnant patients eventually required 

operative intervention due to recurrence or progression of 

neurological symptoms. In brief, there is weak evidence 

supporting the analgesic and surgery-delaying effect of ESI 

in pregnant patients with LBP, which is consistent with ob-

servations involving non-pregnant patients. Although a 

single dose of epidural steroid appears to be associated 

with a low risk to the fetus, it is recommended that ESI 

should be reserved for pregnant patients with new onset of 

signs or severe symptoms of lumbar nerve root compres-

sion before surgery. 

The use of ESI during breastfeeding has yet to be investi-

gated comprehensively. The secretory function of prolactin 

in humans is sensitive to changes in the activity of the HPA 

axis in a dose-dependent manner [90]. McGuire reported a 

case of 35-year-old mother treated with ESI and facet joint 

injection with triamcinolone 80–120 mg resulting in tem-

porary reduction of lactation [91]. Although a detailed 

study is needed, patients should be informed that the 

amount of breast milk may decrease from day 3 to day 9 af-

ter ESI. Karahan et al. [92] reported that methylpredniso-

lone concentrations in breast milk and maternal serum fol-

lowing high-dose (1,000 mg) methylprednisolone IV pulse 

therapy showed a similar trend at all time points. Eight 

hours after the injection, the concentrations of methyl-

prednisolone in the milk and maternal serum were low; the 

transfer of methylprednisolone into breast milk is low. 

They recommended that mothers need to wait for 2–4 h to 

further limit the level of exposure although the risk to the 

infant seems low. Currently, no information on the effect of 

epidural steroids on breast milk or breastfed infants is 

available. 

CONCLUSIONS 

The complications caused by epidural corticosteroids 

are relatively rare and rarely serious. However, pain physi-

cians should be aware of the complications because a 

growing number of patients with various diseases are treat-

ed with ESI. Although the relationship between the degree 

of systemic absorption and the side effects of ESI are not 

well known, and most ESI-related complications appear to 

be associated with systemic absorption of corticosteroids. 

Thus, the complications of ESI differ from those adminis-

tered via oral or venous routes and depend on the type of 

steroids used. The duration of HPA axis suppression ade-

quately reflects the systemic absorption of epidural corti-

costeroids. In terms of safety, non-particulate steroids are 

preferred over particulate steroids. The ESI interval should 

be at least 3–4 weeks for a particulate steroid, but non-par-

ticulate steroids may be administered more frequently. The 

ESI dosage is controversial and should be designed to min-

imize HPA axis suppression for each drug. 
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