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Fargo,	ND	58103-6781	
	
	
Dear	Drs.	Capehart,	Lurvey,	and	Moynihan:	
	
The	undersigned	medical	specialty	societies,	comprising	physicians	who	utilize	and/or	
perform	interventional	spine	procedures	to	accurately	diagnose	and	treat	patients	
suffering	from	spine	pathologies,	would	like	to	take	this	opportunity	to	express	our	strong	
support	for	coverage	of	epidural	injections	for	chronic	pain	management,	and	provide	a	
detailed	explanation	of	their	importance	to	Medicare	patients’	quality	of	life.	
	
Our	societies	have	a	strong	record	of	working	to	eliminate	fraudulent,	unproven,	and	
inappropriate	procedures.		At	the	same	time,	we	are	equally	committed	to	assuring	that	
appropriate,	effective,	and	responsible	treatments	are	preserved.			
	
Significant	relief	of	radicular	neck	and	back	pain,	improved	quality	of	life,	with	
restoration	of	function	and	return	to	work,	as	well	as	decreased	utilization	of	other	
healthcare	resources	is	an	outcome	that	should	be	readily	available	to	patients	covered	
by	Medicare.	When	epidural	injections	are	performed	in	a	disciplined,	responsible	manner,	
they	achieve	outcomes	that	are	clinically,	socially,	and	economically	worthwhile.		

	
SELECTIVE	SPINAL	NERVE	BLOCKS	
Selective	spinal	nerve	blocks	(SSNBs)	use	a	small	amount	of	anesthetic	injected	via	a	
transforaminal	approach	to	anesthetize	a	specific	spinal	nerve.	SSNBs	are	diagnostic	tools	
used	to	evaluate	a	patient’s	anatomical	level	and/or	source	of	radicular	pain.	They	are	often	
used	in	surgical	planning	and	decision-making.1		
	
EPIDURAL	STEROID	INJECTIONS	
Epidural	steroid	injections	(ESIs)	are	validated	treatments	for	radicular	pain.	Many	
recently	published,	high	profile	systematic	reviews	found	that	ESIs	may	be	more	effective	
compared	to	placebo	injections	in	reducing	leg	pain	and	disability	and	were	recommended	
for	persistent	severe	radicular	pain,	with	some	studies	questioning	the	advantage	of	adding	
steroids	to	local	anesthetic	injections.2-4	These	reviews	provide	excellent	information,	but	
have	not	separately	assessed	the	outcomes	of	ESIs	for	different	diagnoses	and	techniques,	
with	goals	of	identifying	patient	populations	and	techniques	for	which	ESIs	have	a	greater	
likelihood	of	positive	outcomes.	Several	high-quality	systematic	reviews	have	been	
published	that	address	these	issues	by	reviewing	the	body	of	evidence	related	to	cervical	
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and	lumbar	epidural	steroid	injections,5-8	with	meticulous	stratification	by	selection	
criteria	and	procedural	technique.	These	reviews	are	attached	and	present	the	outcomes	
reported	in	the	literature,	concluding	that	effectiveness	differs	according	to	how	patients	
are	selected	and	how	ESIs	are	performed.	 
	
Selection	Criteria	
In	interventional	and	surgical	spine	care,	it	is	imperative	to	secure	an	exact	diagnosis	
before	proceeding	with	a	specific	treatment.	Clinical	history-taking	and	physical	
examination	alone	have	been	proven	to	insufficiently	elicit	an	exact	diagnosis,	and	
therefore	the	proper	treatment	remains	unknown.	Advancements	in	imaging	provide	
substantial	insight	into	anatomic	pathology,	and	together	with	a	history,	examination,	and	
sound	medical	judgment,	will	lead	to	a	definitive	diagnosis.	
	
When	assessing	the	evidence,	it	is	critical	to	perform	subgroup	analyses	by	specific	
diagnoses.	For	example,	there	is	no	physiologic	process	beyond	systemic	effect	by	which	
steroids	delivered	to	the	epidural	space	would	be	expected	to	relieve	axial	back	pain	
arising	from	nociception	in	the	intervertebral	discs,	facet	joints,	sacroiliac	joints,	or	
supporting	musculature.	There	is	ample	experimental	and	clinical	evidence	that	radicular	
pain	has	an	inflammatory	basis	and	is	potentially	susceptible	to	targeted	delivery	of	an	
anti-inflammatory	agent	to	the	interface	of	neural	tissue	and	the	compressive	lesion.9		
	
Additionally,	the	identification	of	the	underlying	etiologies	of	pain	is	essential	as	different	
pathologies	not	only	have	varying	responses	to	treatment,	but	also	have	different	natural	
histories,	impacting	prognosis.	Thus,	the	time	frame	of	follow-up	to	determine	clinical	utility	
becomes	imperative.	Some	conditions,	such	as	intervertebral	disc	herniation,	can	result	in	
debilitating	pain,	but	have	an	overall	favorable	natural	history.	This	would	be	in	contrast	to	
neurogenic	 claudication	 due	 to	 central	 canal	 stenosis,	 which	 is	 less	 likely	 to	 resolve	
spontaneously	with	time.	Thus	short-term	relief	would	be	very	appropriate	and	expected	for	
pain	caused	by	a	disc	herniation.	To	evaluate	the	long-term	effects	in	this	population	would	
be	as	flawed	as	evaluating	the	long-term	effectiveness	of	antibiotics	for	pneumonia.		
	
Procedural	Technique	
	
Image	Guidance		
The	techniques	utilized	in	the	administration	of	epidural	steroids	are	also	critical.	Data	show	
that	“epidural”	injections	performed	without	image	guidance	may	not	universally	reach	the	
epidural	 space,	 even	 in	 expert	 hands.10-13	 Off-target	 medication	 delivery	 may	 not	 be	
efficacious	 and	may	be	dangerous.	 Consequently,	 the	FDA	Safe	Use	 Initiative	on	epidural	
steroid	injections	recommends	use	of	image	guidance	for	epidural	steroid	injections	if	not	
contraindicated.14	 Imaging	should	be	used	when	the	benefits	of	reducing	the	potential	for	
patient	harm	outweigh	the	risks	of	imaging	during	epidural	steroid	injections.	
	
Approach/Access/Accuracy	
While	image	guidance	is	essential,	the	technique	of	delivery	is	equally	important.	Different	
approaches	to	the	epidural	space	exist	and	data	on	the	different	approaches	should	not	be	
pooled.	 Techniques	 assessed	 in	many	 studies	 available	 for	midline	 interlaminar	 epidural	
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steroid	injection	(ILESI)	and	caudal	injections	did	not	utilize	image	guidance;	and	even	when	
performed	with	image	guidance,	these	procedures	may	deliver	medication	distant	from	the	
site	of	pathology,	without	certainty	that	the	steroid	will	reach,	or	in	what	concentration	it	
will	reach,	the	target	zone	in	the	ventral	epidural	space.		In	contrast,	transforaminal	epidural	
steroid	injection	(TFESI)	procedures	place	the	needle	in	direct	proximity	to	the	target	nerve	
and	verify	delivery	to	that	site	by	observing	contrast	media	flow.15	Lateral	parasagittal	ILESI	
have	 also	 been	 shown	 to	 preferentially	 deliver	 injectate	 to	 the	 target	 ventral	 epidural	
space.16	It	is	not	reasonable	to	combine	these	different	injection	techniques	in	any	evaluation	
of	“epidural	steroid	injections”.			
	
General	Public	Health	Concerns	
Some	 patients	 may	 have	 no	 other	 treatment	 options	 apart	 from	 ESIs.	 When	 indicated,	
conservative	care	(e.g.,	physical	therapy,	chiropractic,	medications,	etc.)	has	failed.		Surgery	
can	be	contraindicated	due	to	comorbidities	or	age,	and	some	patients	are	adamant	that	they	
want	to	avoid	surgery	at	all	costs.	Surgery	also	entails	the	very	real	risks	of	immediate	or	
delayed	 surgical	 failure,	 technical	 failure,	 serious	 infections,	 permanent	 paralysis,	 re-
herniations,	and	subsequent	segmental	instability	requiring	fusion.	Several	authors	reported	
significantly	worse	outcome	of	discectomy	in	those	with	small,	contained	disc	herniation.17-
19	 Some	 even	 excluded	 from	 surgical	 consideration	 patients	with	 small	 size	 lumbar	 disc	
herniation.20	 Thus,	 for	 patients	 with	 radicular	 pain	 because	 of	 a	 small	 disc	 herniation,	
surgery	is	far	from	a	guaranteed	solution.		These	are	relevant	considerations	in	the	broader	
scope	of	clinical	decision-making	between	a	patient	and	physician.	
	
Chronic	or	palliative	care	is	also	not	always	a	good	option.	Opioids	and	NSAIDs	can	be	
contraindicated	due	to	comorbidities,	and	both	may	have	only	short-term	and	minimal	
benefits.		A	large,	utilization	review,	conducted	in	Denmark,	of	2,000	patients	who	used	
opioids	long-term	for	chronic	pain,	found	that	opioid	therapy	failed	to	fulfill	any	of	the	
treatment	goals:	pain	relief,	improved	quality	of	life,	or	improved	functional	capacity.21	
Long-term	opioid	therapy	has	very	real	and	serious	adverse	effects,	such	as	physical	
dependence,	tolerance,	opioid-induced	pain	hyperalgesia,	addiction,	diversion,	and	abuse;	
and	side	effects	such	as	impairment	of	the	immune,	endocrine,	and	reproductive	systems.22-
25	Increasing	abuse	and	diversion	of	prescription	opioids	have	become	a	serious	problem.	
According	to	the	Centers	for	Disease	Control	and	Prevention	(CDC),	from	1999	to	2018,	
more	than	232,000	people	died	in	the	United	States	from	overdoses	involving	prescription	
opioids.	Overdose	deaths	involving	prescription	opioids	were	more	than	four	times	higher	
in	2018	than	in	1999.26	
	
Regarding	NSAIDs,	a	study	in	the	New	England	Journal	of	Medicine	estimated	that	at	 least	
103,000	patients	are	hospitalized	per	year	in	the	United	States	for	serious	gastrointestinal	
complications	 due	 to	 NSAID	 use.27	 At	 an	 estimated	 cost	 of	 $15,000	 to	 $20,000	 per	
hospitalization,	the	annual	direct	costs	of	such	complications	exceed	$2	billion.	This	study	
also	estimated	that	16,500	NSAID-related	deaths	occur	every	year	in	the	United	States.	This	
figure	is	similar	to	the	annual	number	of	deaths	from	AIDS	and	considerably	greater	than	the	
number	 of	 deaths	 from	 asthma,	 cervical	 cancer	 or	 Hodgkin's	 disease.	NSAIDs	 can	 be	
considered	to	be	the	15th	most	common	cause	of	death	in	the	US.	
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There	is	no	doubt	that	ESIs	are	not	the	panacea	for	all	spinal	conditions.		There	are	
conditions	best	treated	conservatively	and	others	best	treated	surgically.	ESIs	provide	a	
valuable	alternative	option	for	some	people.		And	unlike	some	medical	treatments,	which	
“cure”	a	problem	(e.g.,	appendectomy),	many	spinal	conditions	cannot	be	cured.		Repetitive,	
palliative	treatments	can	be	the	only	option.		The	risk-benefit	ratio	of	repeated	ESIs	can	
sometimes	be	preferable	to	perpetual	medication	use,	or	simply	living	with	pain	and	
disability.			
	
Outcomes	
A	substantial	percentage	of	carefully	selected	patients	will	obtain	intermediate-term	relief	
from	ESIs,	and	there	is	moderate	evidence	that	ESI	may	prevent	the	need	for	spine	surgery.		
Some	patients	require	multiple	ESIs.	

▪ Approximately	50%	of	patients	will	experience	50%	relief	of	cervical	radicular	pain	
at	1	month	and	up	to	3	months	after	cervical	transforaminal	injection(s)	of	steroid,	
which	may	have	surgery-sparing	effects.5		

▪ For	patients	with	lumbar	disc	herniation	treated	with	lumbar	transforaminal	
injection(s),	high-quality	evidence	supports	that	74%	experience	at	least	50%	
reduction	in	pain	at	3	months	and	64%	report	relief	at	six	months	and	one	year,	
likely	preventing	surgery	and	allowing	the	natural	history	of	disc	resorption	to	
occur	in	the	majority	of	patients.6		

▪ For	patients	with	lumbar	spinal	stenosis	treated	with	lumbar	transforaminal	
injection(s),	low	quality	evidence	finds	that	48%	experience	at	least	50%	reduction	
in	pain	at	3	months,	43%	report	relief	at	6	months,	and	59%	report	50%	relief	at	
one	year.6		

▪ For	patients	with	lumbar	radicular	pain	treated	with	midline	lumbar	interlaminar	
ESIs,	low	quality	evidence	supports	short-term	relief	of	radicular	pain	due	to	disc	
herniation	or	stenosis.7		

▪ For	patients	with	lumbar	radicular	pain	treated	with	parasagittal	interlaminar	ESIs,	
outcomes	mirror	those	seen	with	the	lumbar	transforaminal	approach.7		
	

In	patients	diagnosed	with	radicular	pain,	Medicare	Administrative	Contractors	
should	continue	to	support	use	of	ESIs	to	achieve	such	outcomes	and	ensure	that	
they	remain	available	to	Medicare	patients.		
	
The	North	American	Spine	Society’s	Epidural	Steroid	Injections	and	Selective	Spinal	Nerve	
Blocks	Coverage	Policy	Recommendations	(attached)	provides	a	comprehensive	overview	
of	the	evidence	and	recommendations	for	appropriate	use	of	both	procedures.1	Key	
recommendations	are	summarized	below:	

▪ Therapeutic	ESIs	are	indicated	for	the	treatment	of	radicular	or	referred	pain	in	
which	2	of	4	of	the	following	criteria	are	met:	

o The	pain	is	severe	enough	to	cause	a	degree	of	functional	and/or	vocational	
impairment	or	disability.	

o Pain	duration	of	at	least	4	weeks,	and/or	inability	to	tolerate	or	failure	to	
respond	to	4	weeks	of	noninvasive	care.	

o Objective	findings	of	radiculopathy	or	sclerotomal	referred	pain	patterns	are	
present	and	documented	on	examination.	
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o Advanced	imaging	(CT	or	MRI)	demonstrates	a	correlative	region	of	nerve	
involvement.		

▪ Procedures	should	be	performed	in	accordance	with	safety	guidelines	outlined	by	
the	MPW	(attached).14		

▪ For	most	patients,	no	more	than	4	ESIs	would	be	indicated	in	a	12-month	period.	
However,	there	must	be	some	flexibility	to	allow	for	special,	but	not	unique,	
circumstances	(e.g.,	patient	presenting	to	second	physician	after	technically	
inaccurate	ESIs,	wrong	levels).	Additionally,	because	the	CPT	code	for	SSNBs	and	
TFIS	is	the	same,	it	is	reasonable	in	some	cases	to	allow	for	up	to	4	injections	in	a	6-
month	period	(e.g.,	patients	with	complex	multilevel	pathology	on	MRI	who	want	a	
trial	of	injection	therapy	before	considering	surgery	may	well	end	up	with	2	ESIs	
and	2	SSNBs	during	treatment	and	work-up).			

▪ Given	the	explanation	above,	no	more	than	4	ESIs	and/or	SSNBs	should	be	
performed	in	a	6-month	period;	no	more	than	6	ESIs	and/or	SSNBs	should	be	
performed	in	a	12-month	period	of	time	regardless	of	the	number	of	levels	
involved.	However,	caution	should	be	exercised	to	limit	the	total	steroid	exposure	
in	the	specific	period.	

	
	
The	undersigned	societies	appreciate	the	opportunity	to	provide	these	comments.	The	
MPW	societies	would	welcome	the	opportunity	to	again	work	with	the	Medicare	
Administrative	Contractors	to	revise	the	coverage	criteria	included	in	the	LCDs	to	ensure	
appropriate	access	to	epidural	injections	for	Medicare	patients.		If	you	have	any	questions	
or	wish	to	discuss	any	of	our	suggestions,	please	contact	Belinda	Duszynski,	Senior	Director	
of	Policy	and	Practice	at	the	Spine	Intervention	Society,	at	
bduszynski@SpineIntervention.org.			
	
Sincerely,	

American	Academy	of	Pain	Medicine	

American	Academy	of	Physical	Medicine	and	Rehabilitation	
	
American	Society	of	Anesthesiologists	

American	Society	of	Regional	Anesthesia	and	Pain	Medicine	

North	American	Neuromodulation	Society	

North	American	Spine	Society	

Spine	Intervention	Society
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Abstract

Objective. Determine the effectiveness of fluoroscopically guided cervical transforaminal epidural steroid injection
(CTFESI) for the treatment of radicular pain. Design. Systematic review and meta-analysis. Subjects. Persons aged
�18 years with cervical radicular pain due to disc herniation or degenerative spondylosis. Comparison. Sham, pla-
cebo procedure, or active standard of care treatment, excluding alternative versions of epidural steroid injection.
Outcomes. The primary outcome measure was patient-reported improvement in pain of at least 50% from baseline,
assessed four or more weeks after the treatment intervention. Secondary outcomes included validated functional as-
sessment tools and avoidance of spinal surgery. Methods. Randomized or nonrandomized comparative studies and
nonrandomized studies without internal control were included. Three reviewers independently assessed publica-
tions in the Medline, PubMed, and Cochrane databases up to July 2018. The Grades of Recommendation,
Assessment, Development and Evaluation (GRADE) system was used to evaluate risk of bias and overall quality of
evidence. A meta-analysis was conducted for comparative measures of effect and for within-group response rates if
applicable. Results. There were no studies with an internal comparison group (control group) meeting the review’s
definition of comparison group. Therefore, comparative measures of effect were not calculated. In cohort studies,
pooled response rates were 48% (95% confidence interval [CI] ¼ 34–61%) at one month and 55% (95% CI ¼ 45–64%)
at three months. Conclusions. Approximately 50% of patients experience �50% pain reduction at short- and
intermediate-term follow-up after CTFESI. However, the literature is very low quality according the GRADE criteria,
primarily due to a lack of studies with placebo/sham or active standard of care control comparison groups.

Key Words: Cervical; Transforaminal; Epidural; Steroid; Radiculopathy; Injection

Introduction

Neck pain is the fourth leading cause of disability, after

back pain, depression, and arthralgias [1]. Cervical radi-

culopathy, a common cause of neck and radiating arm

pain, is estimated to affect 83:100 000 individuals annu-

ally [2]. Disc herniation and age-related cervical spondy-

losis are the most common causes of cervical

radiculopathy, with the C7, C6, and C8 nerve roots being

most commonly affected, in descending order of fre-

quency [3]. In patients with cervical disc herniations,

improvements in pain and function tend to occur within

four to six months, and complete recovery occurs in

83% of patients within 24–36 months [4]. Although

most cases of cervical radiculopathy eventually

resolve, severe pain often prompts physician-directed

interventions.
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Treatments typically employed to reduce pain associ-

ated with cervical radiculopathy include physical ther-

apy, spinal manipulation, spinal traction, anti-

inflammatory and neuropathic pain medications, acu-

puncture, epidural steroid injections, and surgical decom-

pression. Cervical transforaminal epidural steroid

injection (CTFESI) is a target-specific treatment for re-

fractory radicular pain. Analgesic mechanisms for epidu-

ral steroid administration are hypothesized to include

reduction of inflammation at the nerve root, reduction of

nociceptive signal transmission from somatic nerves, sta-

bilization of neural membranes, and blockade of C-fiber

activity in the dorsal root ganglion [5–7].

CTFESI differs from other routes of epidural access

in that corticosteroid is placed directly into the inter-

vertebral foramen, near the cervical nerve root.

The theory underpinning this approach is that steroid

deposited directly at the location of neural

tissue compression or irritation allows for a high

concentration (low volume) of corticosteroid to be ad-

ministered where it will provide the greatest therapeu-

tic effect [8].

Objectives and Rationale
The present review was performed to systematically

review, appraise, and provide a meta-analysis of the

published literature on the effectiveness of fluoroscop-

ically guided CTFESI for the treatment of radicular

pain compared with sham, placebo, other active treat-

ments, or no treatment, in terms of pain reduction,

surgery rates, or disability. The treatment of radicular

pain by CTFESI is distinct from the treatment of axial

neck pain, which may or may not involve the cervical

nerve root(s). Previous rigorous systematic review is

limited to literature dated before June 2013, and sev-

eral new studies have been published since that time

[9]. This review is intended to serve as a resource for

patients, physicians, regulatory agencies, and third-

party payers in order to inform appropriate patient se-

lection and the expected therapeutic value of CTFESI

in the management of cervical radicular pain.

Methods

Protocol and Registration
This institutional review board–exempt study was regis-

tered on PROSPERO (ID: CRD42018106452, 09/19/

2018).

Eligibility Criteria

Population

Adults age 18 or older with cervical radicular pain due to

disc herniation or degenerative spondylosis were

included.

Intervention

Fluoroscopy guided cervical transforaminal steroid injec-

tions. Minimum technical standards for inclusion in this

review were taken from recommendations from the

Practice Guidelines for Spinal Diagnostic and Treatment

Procedures [8] and included 1) oblique approach with

needle placement parallel to the long access of the inter-

vertebral foramen, targeting the anterior aspect the of su-

perior articular process; 2) utilization of multiplanar

fluoroscopy to confirm appropriate needle placement

within the foramen; 3) contrast injection and real-time or

digital subtraction imaging to exclude intravascular in-

jection. No exclusions were made for needle size, con-

trast flow patterns, or use of anesthetic test dose. Studies

that did not publish at least two fluoroscopic views dem-

onstrating needle placement were only included if the

technique was thoroughly described and met the mini-

mum standards above.

Comparison

Sham, placebo, active treatment, or none. Interlaminar

and other routes of epidural entry/methods for epidural

steroid administration (such as those not including fluo-

roscopic guidance) were excluded.

Outcome

The primary outcome was pain reduction compared with

baseline of at least 50% using a validated self-report

scale such as the numeric rating scale (NRS). Secondary

outcomes were validated functional assessment tools and

avoidance of cervical spinal surgery.

Studies

We included randomized trials and nonrandomized stud-

ies including those without an internal control group

(single-group studies or case series) with outcomes

reported at least four weeks after the treatment interven-

tion. If a study was designed as a randomized trial or

nonrandomized comparative study but the comparison

group did not meet the definition of a comparison group,

the arm or arms meeting this review’s intervention crite-

ria were included and considered single-group studies.

For example, a randomized trial of fluoroscopic guidance

vs computed tomography (CT) guidance during the per-

formance of a CTFESI was treated as a single-arm study,

as the CT arm would not meet study inclusion criteria.

Case reports, expert opinion, and unpublished data were

excluded. No publication date or language restrictions

were imposed.

Information Sources and Search
Clinical outcome studies on the effectiveness of CTFESI

specifically for the treatment of radicular pain were

obtained by searching the PubMed and Medline data-

bases, using the following search terms: (Radicul*) AND

(cervic* OR neck OR upper extrem* OR arm) AND
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(transforam* OR TFESI OR TF). Additionally, the

Cochrane databases were searched using the following

terms: (epidural OR transforaminal) AND (cerv*). The

searches were designed by DC and performed by AC on

July 20, 2018. Literature was also identified from the

bibliographies of retrieved publications.

Study Selection
Two authors (AC and ZM) with formal training in as-

sessment of the medical literature according to principles

of evidence-based medicine independently assessed each

paper meeting abstract screening criteria. Discrepancies

were resolved by consensus discussion in order to reach a

final decision regarding study inclusion. Studies were or-

ganized by etiology of radicular pain. Etiologic groups in-

cluded cervical radicular pain due to herniated disc,

“spondylotic stenosis” (best interpreted as degenerative

foraminal or lateral recess stenosis), or “other” mixed

causes of radicular pain. The terms “disc herniation” and

“spondylosis” were often used but seldom defined. When

described, the term disc herniation mostly commonly re-

ferred to displaced disc material impinging on cervical

nerve roots. The term “spondylosis” most often referred

to degenerative changes causing bony neuroforaminal

(NF) or lateral recess stenosis, apart from disc herniation.

Data Items and Collection
The following information was extracted from each

study: 1) bibliographic details including author, year of

publication, and location; 2) study inclusion and exclu-

sion criteria; 3) participant characteristics including du-

ration of pain, age, method of diagnosis; 4) etiology of

nerve root compression; 5) procedural details (guidance

method and technique); 6) injectate composition; and 7)

frequency of injection. Additionally, outcome measures

were recorded for pain reduction, disability, and surgical

rates. Four weeks from the time of the treatment, inter-

vention was considered the minimum duration for clin-

ically meaningful pain relief. Therefore, studies following

patients for less than four weeks were excluded from the

tabulated sections and figures.

Risk of Bias and Methodologic Assessment
Three of the four physician authors with formal training

in assessment of the medical literature according to prin-

ciples of evidence-based medicine (AC, RS, and ZM)

assessed the risk of bias of the included studies using the

GRADE criteria [10]. Discrepancies were resolved by

consensus discussion in order to reach a final decision.

All included studies were evaluated for appropriate study

methodology, procedure techniques, data analysis, and

outcome measurement according to the Guidelines for
Composing and Assessing a Paper on Treatment of Pain

[11,12]. Studies were charted according to these method-

ological characteristics based on an adapted tool from

the Spine Intervention Society’s Evidence-Based

Medicine Accreditation Course [13].

Summary Measures
The principal summary measures were comparative

measures of effect (proportion ratio, proportion differ-

ence, or number needed to treat) using comparisons of

the within-group response rate (proportion of patients

reporting �50% reduction in pain). The secondary sum-

mary measure was the within-group response rate.

Recent guidelines have highlighted the benefit of ana-

lyzing categorical data to determine the proportion of

patients who stand to benefit from an intervention (i.e.,

responder analysis); in the case of CTFESI, the most com-

monly used prespecified outcome is �50% pain relief

[9,12,14]. Studies providing categorical data or raw data,

allowing for calculations of success rates (defined as the

proportion of patients with a self-reported improvement

in pain of at least 50%), were included in tabulated com-

parisons, whereas studies providing only group mean

data were excluded from that portion of the review.

Synthesis of Results
The data were assessed independent of the conclusions

stated by authors of the primary studies with regard to

both internal and external validity. Additionally, the qual-

ity of evidence relating to the effectiveness of fluoroscopi-

cally guided CTFESI was assessed using the Grades of

Recommendation, Assessment, Development and

Evaluation (GRADE) system [15]. A meta-analysis was

then conducted to calculate the proportion of patients

achieving �50% pain reduction at one month and three

months post-treatment, as well as at the two time points

combined, separately for groups that received CTFESI with

particulate and nonparticulate steroids. Specifically, these

proportions were meta-analyzed by calculating the pooled

estimate via Freeman-Tukey double arcsine transformation

[16] along with an exact confidence interval [17]. The

heterogeneity of the studies was observed when analyzing

the studies using particulate steroids and all the studies

combined, but was not present when analyzing those using

nonparticulate steroids, as evaluated by Cochran’s Q and

the I2 statistic [18,19]. Hence, a random-effects model was

used for the meta-analysis on the studies using particulate

steroids and all the studies combined, whereas a fixed-

effects model was used for those using nonparticulate ste-

roids [20,21]. If relative measures of effect could be calcu-

lated, inconsistency across studies was evaluated by

comparing the direction of effect estimates and the overlap

of confidence intervals [22].

Results

Study Selection
One hundred seventy-nine publications were identified

from the initial query after removal of duplicates. After
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screening of abstracts for relevant publications, 25

articles were selected for potential inclusion based on

population, intervention, comparison, outcome and

study design criteria. The full text of these 25 studies was

examined in detail; 17 articles were ultimately deemed

suitable for inclusion, as shown in the Preferred

Reporting in Systematic Reviews and Meta-analysis flow

diagram (Figure 1).

The literature search yielded 11 nonrandomized,

noncomparative studies (i.e., single-group studies) and

six randomized trials that met established inclusion crite-

ria. As none of the trials included a comparison group

meeting the review question definition, randomized trial

arms meeting the intervention criteria were included and

treated as single-group studies. Studies were stratified by

etiology of neural compression and are additionally de-

scribed in Tables 1 and 2.

Population: Radicular Pain due to Disc Herniation
In 2011, Lee and Lee [23] published an unblinded, sin-

gle-center randomized controlled trial evaluating out-

comes of fluoroscopically guided vs CT-guided CTFESI

in patients suffering from cervical radicular pain second-

ary to single-level paramedian/foraminal disc herniation

evident on magnetic resonance imaging (MRI). The study

population included persons with pain persisting for at

least three months that was unrelieved with oral anal-

gesics and excluded patients with spinal canal stenosis.

For this review, the fluoroscopically guided CTFESI

treatment arm was included as a single-group study; the

data for the CT group were not included in the tabulated

section of this review or in the meta-analysis. Sixty-five

patients were randomized to fluoroscopic guidance

and received an injectate consisting of 5 mg of dexameth-

asone and 2 mL of 0.5% lidocaine. The primary outcome
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Figure 1. Flow diagram of identified and included studies.
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was the proportion of patients achieving �50% NRS

pain reduction at eight weeks. At this time point, 73%

(95% confidence interval [CI] ¼ 60–85%) of the CT arm

reported �50% improvement in NRS, whereas in the

fluoroscopy group 55% (95% CI ¼ 43–67%) of patients

reported �50% improvement. Regarding function, 58%

(95% CI ¼ 46–70%) of patients in the fluoroscopy arm

reported �40% improvement in Neck Disability Index

(NDI), whereas 76% (95% CI ¼ 65–88%) of patients in

the CT group reported �40% improvement. No infor-

mation was provided regarding co-interventions.

Population: Radicular Pain due to Spondylosis
In 2012, Persson and Anderberg [27] published a pro-

spective single-arm cohort study investigating the effect

of a series of three CTFESIs (injectate unspecified) in 145

consecutive patients with cervical radicular pain due to

“spondylosis” on MRI who were selected for treatment

based on �50% reduction in arm pain after a diagnostic

selective nerve root block. Seventeen percent of the

patients included had prior cervical spine surgery and re-

currence of symptoms. Five patients dropped out and

were not analyzed by the authors; in accordance with

worst-case analysis, these were calculated as treatment

failures for the purposes of this review. The primary out-

come was the proportion of patients experiencing �50%

visual analog scale (VAS) reduction in arm pain at

12 weeks. At follow-up, 48% (95% CI ¼ 39–56%) of

patients reported �50% VAS reduction in arm pain.

Ninety-one patients had improved NDI scores, and

among responders, NDI scores decreased from an aver-

age of 44 6 18.0 to 30 6 18.3. Pain intensity, sleep, and

headache improved by the greatest magnitude. No infor-

mation was provided regarding co-interventions.

In 2018, Kim et al. [26] published a retrospective

single-group cohort study of 53 patients with cervical

radicular pain due to foraminal stenosis who received a

CTFESI with 20 mg of dexamethasone and 1.5 mL of

normal saline. The authors specifically selected patients

with “pure foraminal stenosis due to cervical degenera-

tive changes” confirmed by MRI. Twenty-two patients

had “nonsevere” NF stenosis (narrowest width of the

neural foramen >50% width of extraforaminal nerve

root), whereas 31 patients had “severe” NF stenosis (nar-

rowest width of the neural foramen <50%). At three

months, 70% (95% CI ¼ 57–82%) of patients reported

�50% NRS reduction. Notably, there were no signifi-

cant differences in pain reduction (P¼ 0.409) or treat-

ment satisfaction (P¼ 0.573) between the severe and

nonsevere NF stenosis groups. No information was pro-

vided regarding co-interventions.

Population: Neural Compression, Mixed

Etiologies
In 2006, Dreyfuss et al. [28] conducted a randomized

controlled trial of CTFESI with 1 mL of 12.5-mg dexa-

methasone or 60 mg of triamcinolone diluted with 4%

lidocaine for the treatment of cervical radicular pain

due to single-level nerve root compression confirmed by

MRI or CT scan. Stratification of the etiology of neural

compression was not reported. Patients with central ste-

nosis <8 mm were excluded. As each intervention arm

met the review criteria for intervention, each arm was

treated as a single-group study for the purposes of this

review. At four weeks, 60% (95% CI ¼ 35–85%) of the

patients in the dexamethasone group reported >50%

improvement in pain, whereas 67% (95% CI ¼ 43–

91%) of patients in the triamcinolone group reported

>50% improvement in pain. Function was measured

with the Patient-Specific Functional Scale [34]: 73%

(95% CI ¼ 51–96%) of the particulate group regained

at least three out of four desired activities of daily living

Table 1. Treatment success rates reported in individual studies; the studies are grouped by inclusion criteria of intervertebral disc
herniation vs spondylosis or heterogenous studies including diagnosis as the etiology of radicular pain

Reference Definition of Success
Time of Follow-up
Assessment

Total
No.

Success Rate
(95% CI), %

Radicular pain due to cervical disc herniation

Lee and Lee 2011 [23] �50% reduction in NRS

�50% improvement in NDI

2 mo

2 mo

65 55 (43–67)

58 (46–70)

Kolstad et al. 2005 [24] �50% VAS improvement

Surgical avoidance

6 wk

4 mo

21 29 (9–48)

24 (6–42)

Costandi et al. 2015 [25] Surgical avoidance 36 mo 64 70 (57.6–81)

Radicular pain due to spondylosis

Kim et al. 2018 [26] �50% NRS improvement 3 mo 53 70 (57–82)

Persson and Anderberg 2012 [27] �50% VAS improvement 3 mo 145 48 (39–56)

Radicular pain of heterogeneous etiology (i.e., herniated discs, “spondylosis,” neuroforaminal stenosis)

Dreyfuss et al. 2006 [28] �50% VAS improvement 1 mo 30 63 (46–81)

Woo and Park 2015 [29] �50% NRS improvement 3 mo 30 70 (54–86)

Choi et al. 2015 [30] �50% NRS improvement 3 mo 31 65 (49–81)

Klessinger et al. 2014 [31] �50% NRS improvement

Surgical avoidance

1 mo

1 mo

48

26

35 (22–49)

58 (39–77)

CI ¼ confidence interval; NDI ¼ Neck Disability Index; NRS ¼ numeric rating scale; VAS ¼ visual analog scale.
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compared with 53% (95% CI ¼ 28–79%) in the

nonparticulate group. No information was provided re-

garding co-interventions.

In 2007, Anderberg et al. [35] conducted a random-

ized trial comparing CTFESI with 40 mg of methylpred-

nisolone acetate plus 0.5 mL of mepivicaine vs 1 mL of

saline and 0.5 mL of mepivicaine for the treatment of

painful cervical radiculopathy in 40 patients. All patients

had unilateral radicular pain due to “significant degener-

ative pathology” confirmed by MRI. The cohort had an

average symptom duration of 31 months; 7.5% of

patients had symptoms for less than six months. Only

patients with 50% pain relief from diagnostic selective

nerve root block at clinically and radiographically indi-

cated levels were included. At three-week follow-up, a

novel questionnaire was utilized to measure pain and

function at one, two, and three weeks postinjection. In

both the steroid and saline groups (N¼ 20 each), short-

term pain relief was reported by seven patients (35%,

95% CI ¼ 14–56%), but the magnitude of pain reduc-

tion was not reported. The authors reported no signifi-

cant outcome differences between groups. No

information was provided regarding possible co-

interventions. No results were captured after three

weeks; therefore, the data were not included in the tabu-

lated section of this review or in the meta-analysis.

In 2013, Jee et al. [36] conducted a randomized con-

trolled trial of fluoroscopically guided vs ultrasound

(US)-guided CTFESI with 10 mg of dexamethasone and

3 mL of 0.5% lidocaine for the treatment of cervical ra-

dicular pain due to disc herniation or spinal stenosis.

Patients were selected for treatment by “clinical profiles,

medical examinations, electromyography tests, or confir-

mation of herniated disk or spinal stenosis via cervical

CT or MRI,” which suggests that advanced imaging may

not have been obtained for all patients. The fluoroscopy

arm (N¼ 55) met this review’s definition of intervention

and thus was considered a single-group study for the pur-

poses of this review. The visual numeric scale (VNS) for

pain and Neck Disability Index (NDI) were the outcomes

of interest. Only group mean data were provided. At two

weeks, the average baseline VNS of 6.06 6 0.82 de-

creased to 3.17 6 0.52 (P< 0.05), and further to

2.61 6 0.42 (P< 0.05) at 12 weeks. At two weeks, the av-

erage baseline NDI of 24.62 6 5.77 decreased to

17.06 6 3.25, and further to 12.40 6 2.99 (P< 0.05) at

12 weeks. No information was provided regarding co-

interventions. As the proportion of responders could not

be calculated (only mean data were provided), the results

of this study were not included in the summary tables of

this review or in the meta-analysis.

In 2015, Woo and Park [29] conducted a randomized,

double-blind controlled trial of CTFESI with 2.5 mg of

dexamethasone and 1 mL of 1% lidocaine vs 2.5 mg of

dexamethasone and 1 mL of 0.125% lidocaine for the

treatment of cervical radicular pain due to foraminal ste-

nosis and/or disc pathology confirmed by MRI. All

patients had failed to respond to “conservative care”

(undefined). Fifteen patients were enrolled in each treat-

ment arm and were followed for between six and

12 weeks. After the first injection, patients were followed

at two-week intervals for six weeks; those who reported

an NRS score >3 following the index CTFESI received a

series of three injections at two-week intervals.

Categorical data were provided only for the 12-week

follow-up. Each intervention arm met criteria for inclu-

sion as a single-group study for the purposes of this re-

view. Together, 70% (95% CI ¼ 54–86%) of patients

reported a �50% reduction in NRS score.

In 2015, Choi et al. [30] conducted a randomized trial

comparing cervical epidural injections with 5 mg of dexa-

methasone and 2 mL of 0.18% ropivacaine utilizing ei-

ther a transforaminal route or a modified paramedian

interlaminar technique for the treatment of cervical ra-

dicular pain due to disc herniation or foraminal stenosis,

confirmed by MRI. Notably, patients with moderate or

greater neuroforaminal or central stenosis on MRI were

excluded. For the purposes of this review, the CTFESI

group was considered a single-group study; the data for

the modified paramedian interlaminar group were not in-

cluded in the tabulated section of this review or in the

meta-analysis. Of the 31 patients in the CTFESI group,

64.5% (95% CI ¼ 47.8–81.4%) achieved �50% NRS

reduction at 12 weeks; no other time points were

reported. Contrast spread into the anterior epidural space

was comparable between groups; vascular contrast pat-

terns occurred less frequency in the modified paramedian

interlaminar group. No information was provided re-

garding possible co-interventions.

In 2008, Kumar and Gowda retrospectively analyzed

the outcomes of 33 patients who received CTFESI with

40 mg of triamcinolone and a 1.5-mL mixture of 0.25–

0.5% bupivacaine in the treatment of cervical radicular

pain due to “cervical disc disease” and/or foraminal ste-

nosis confirmed by MRI [37]. Three patients were lost to

follow-up. Only group means were reported. The average

preprocedural VAS score (range) was 7.4 (5–10), which

decreased to 2.2 (0–7) at six weeks and 2.0 (0–4) at one

year. The average NDI score before intervention (range)

was 66.9 (44–84), which improved to 31.7 (18–66) at six

weeks and 31.1 (16–48) at one year. The reduction at six

weeks in VAS scores (95% CI ¼ 4.5–5.8) and the im-

provement in NDI scores (95% CI ¼ 30.4–40.0) were

statistically significant. Outcomes were stratified by disc

herniation (N¼ 12) and cervical spondylosis (N¼ 21),

but no clinically significant differences were demon-

strated between these subgroups. No information was

provided regarding co-interventions. As only group

means were reported, results were not included in the

tabulated summary or the meta-analysis.

In 2009, Lee et al. [33] conducted a retrospective

single-group cohort study of 159 patients who received

either CTFESI with undiluted dexamethasone 10 mg or

undiluted triamcinolone 40 mg in the treatment of
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cervical radicular pain secondary to disc herniation or

NF stenosis due to spondylosis confirmed by MRI or CT

scan. The primary outcome was the proportion of

patients in whom the treatment was considered

“effective.” If the descriptions were “no pain or much

improved,” the outcome was classified as “effective,” as

opposed to reporting of “slightly improved, same as be-

fore, or aggravated.” At an average follow-up (SD) of

15.8 (5) days, 80.4% (95% CI ¼ 73–88%) of patients

who received triamcinolone achieved the primary end

point of “much improved or absent” pain compared with

the 69.4% (95% CI ¼ 58–81%) of patients who received

dexamethasone (P¼ 0.129). Together, 76% (95% CI ¼
69–83%) of patients met the authors’ definition of suc-

cess. No information was provided regarding co-

interventions.

In 2012, Chung et al. [38] conducted a retrospective

single-group cohort study of 28 consecutive patients who

received a CTFESI with 20 mg of triamcinolone with

2 mL of saline and 2 mL of bupivacaine for the treatment

of cervical radicular pain due to disc herniation (N¼ 9)

or spondylosis (N¼ 19) confirmed by MRI. After failing

to respond to at least two months of “conservative care”

(undefined), patients received up to three injections

(mean ¼ 2.8) and were assessed at one week and three,

six, and 12 months after the final injection. Only group

mean data were reported. The average pretreatment VAS

score was 7.8. At one week, the average pain score was

3.6, followed by 2.9 at three months and 4.6 at

12 months. Because only group mean data were pro-

vided, results were not included in the summary tables of

this review or in the meta-analysis.

In 2013, Shakir et al. [39] reported a retrospective co-

hort study of 441 patients who received CTFESI with

1 mL of 1% lidocaine and either 15 mg dexamethasone

or 40 mg triamcinolone for the treatment of cervical ra-

dicular pain secondary to a herniated disc or stenosis

confirmed by MRI. At four weeks, after an average of

1.91 injections, the mean NRS reduction for the triam-

cinolone group (N¼ 220) was 2.33 þ/-2.24 vs 2.38 þ/-

2.16 in the dexamethasone group (N¼ 221, P¼ 0.80).

Only group mean data were provided. Thirteen percent

of records were incomplete, and the authors did not per-

form a worst-case-scenario analysis. No information was

provided regarding co-interventions. As the proportion

of responders could not be calculated, results were not in-

cluded in the summary tables of this review or in the

meta-analysis.

In 2013, Ma and Shakir conducted a retrospective

single-group study in diabetic and nondiabetic patients

who received a CTFESI for cervical radicular pain due to

disc herniation or spondylosis confirmed by MRI [40].

Patients received between one and three injections of

1 mL of 1% lidocaine and either 40 mg of triamcinolone

or 15 mg of dexamethasone. Only group mean data were

reported, with no description of follow-up timeline. No

significant differences were observed between the 35

diabetic patients with a mean NRS score (SD) of 6.7

(2.4), who achieved a mean NRS reduction of 2.5 (2.4),

and the 294 nondiabetic patients with a baseline NRS of

6.7 (1.8) who achieved a mean NRS reduction of 2.4

(2.2). Fifteen percent of patients were excluded from the

analysis. Due to lack of categorical data and a lack of a

clear timeline of follow-up, this study was not included

in the summary tables of this review or in the meta-

analysis.

In 2000 and 2004, Slipman et al. [41,42] published

retrospective single-group studies on outcomes after

CTFESI performed for patients with atraumatic and trau-

matic spondylotic cervical radicular pain. In the 2004

study, the authors omitted 40% of the cohort who ulti-

mately underwent surgery as “treatment failures.” At an

average follow-up time of 20.7 months, only 20% of

patients (95% CI ¼ 0–40%) met the authors’ definition

of success (a composite of NRS, employment, medication

utilization, and patient satisfaction). Similar issues exist

with the 2000 study, so neither could be included for full

review.

Several other studies could not be included for the fol-

lowing reasons: inadequate description or nonstandard

technique [43–45], lack of contrast imaging [43,45],

mixed routes of epidural access [46,47], and a retrospec-

tive study investigating electrodiagnostic predictors of

epidural success that included CTFESI but did not report

outcomes separately from lumbar data [48].

Secondary Outcome: Spinal Surgery
In addition to improvement in pain and function,

CTFESI may reduce the rate of surgical treatment.

Literature query reviewed four primary studies that in-

cluded data describing surgical rates after CTFESI; all

were noncomparative studies.

Population: Neural Compression, Mixed

Etiologies
In 2005, Kolstad et al. [24] reported outcomes from a

prospective noncomparative study examining 21 patients

receiving CTFESI with triamcinolone 20 mg (without an-

esthetic) for the treatment of cervical radicular pain sec-

ondary to disc herniation or spondylosis. Cervical

spondylosis (N¼ 14) or disc herniation (N¼ 7) was con-

firmed with MRI or myelography. All patients had uni-

lateral C6 or C7 radiculopathy, were on a surgical

waiting list for planned ACDF, and received two injec-

tions spaced apart by two weeks. VAS, Odom’s criteria,

and surgical completion were measured at six weeks and

four months postinjection. Although only group means

were reported, the authors included a table with all data

points for participants, allowing for calculation of cate-

gorical response rates. At six weeks, 29% (95% CI ¼ 9–

48%) experienced a �50% reduction in VAS scores for

both arm and neck pain. At four months, these same res-

ponders (except one) graded their relief of symptoms and
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satisfaction with treatment as “excellent.” Five of the

original 21 participants (24%, 95% CI ¼ 6–42%)

canceled their surgeries. Only six participants had symp-

toms for less than six months, and >50% of participants’

symptom duration exceeded one year. No information

was provided regarding possible co-interventions.

In 2014, Klessinger et al. [31] retrospectively analyzed

the outcomes and radiographic features of 48 consecutive

patients who received CTFESI with 2.5 mg of triamcino-

lone and bupivacaine for the treatment of cervical radicu-

lar pain due to disc herniation or spondylosis confirmed

by MRI. At one month, 35.4% (95% CI ¼ 22–49%) of

the cohort achieved �50% NRS reduction. No clinical or

radiologic feature was associated with a successful out-

come. Of the 26 patients who were deemed operative

candidates, 58% (95% CI ¼ 39–77%) avoided surgery,

with no specific timeline provided. Notably, the dose of

triamcinolone utilized was unusually low, 6–12% of

what has been used in all other published studies utilizing

particulate steroid. No information was provided regard-

ing possible co-interventions.

Population: Radicular Pain due to Disc Herniation
In 2006, Lin et al. [32] retrospectively analyzed the out-

comes of 70 surgical candidates with cervical radicular

pain due to disc herniation who received CTFESI (injec-

tate unspecified). Disc herniation was confirmed on

MRI. All patients had failed to improve with physical

therapy and nonsteroidal anti-inflammatory medications

and were offered CTFESI while on a surgical waiting list.

The primary outcome, surgery avoidance at follow-up

(average ¼ 13 months), was achieved in 63% (95% CI ¼
52–74%) of the cohort, utilizing an average of 1.46

injections. In addition to not specifying the injectate, the

authors did not describe the procedural technique, but in-

stead cited a national survey of interventionalists in

which multiple approaches were used [49]. Due to these

limitations, the study was excluded from the summary

tables and meta-analysis.

In 2015, Costandi et al. [25] retrospectively analyzed

the outcomes of 64 patients with cervical radicular pain

due to disc herniation who received CTFESI with 10 mg

of dexamethasone and 1 mL of 0.5% bupivacaine. All

patients had failed to respond to oral anti-inflammatories

and physical therapy for at least eight weeks. At three

years, surgery was avoided in 70.3% of the cohort (95%

CI ¼ 57.6–81%) utilizing an unspecified number of injec-

tions. NRS was measured at undefined time periods; the

mean NRS difference before and after injection was 4.4

(95% CI ¼ 3.75–5.10). The mean percent pain reduction

was observed at 66% (95% CI ¼ 58%–73%). As only

group mean NRS scores were reported, these pain reduc-

tion data were not included in the tabulated section of

this review or in the meta-analysis.

Synthesis of Results
As no studies had an internal comparison group meeting

review criteria, a meta-analysis of comparative measures

of effect such as a proportion ratio or proportion differ-

ence was not possible. A meta-analysis was then con-

ducted in order to calculate the proportion of patients

achieving �50% pain reduction at short and intermedi-

ate time points, as well as at the two time points com-

bined, for groups that received CTFESI with particulate

and nonparticulate steroids. Eight studies reported

within-group response rates; forest plots describe the

Figure 2. Forest plot of the success rates of CTFESI using particulate steroid at one and three months.
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results for studies utilizing particulate steroids (Figure 2),

nonparticulate steroids (Figure 3), and all studies com-

bined (Figure 4). For particulate studies, the reduction in

pain scores by �50% after CTFESI at one month was es-

timated at 41% (95% CI ¼ 23–61%), at three months it

was 48% (95% CI ¼ 39–56%), and combined it was

43% (95% CI ¼ 31–56%). For nonparticulate studies,

reduction in pain scores by �50% after CTFESI at one

month was estimated at 56% (95% CI ¼ 45–67%), at

three months it was 68% (95% CI ¼ 59–77%), and com-

bined it was 64% (95% CI ¼ 57–70%). Together (partic-

ulate and nonparticulate studies), reduction in pain

Figure 3. Forest plot of the success rates of CTFESI using non-particulate steroid at one and three months.

Figure 4. Forest plot of the success rates of CTFESI using both particulate and non-particulate steroid at one and three months.
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scores by �50% after CTFESI at one month was esti-

mated at 48% (95% CI ¼ 34–61%), at three months it

was 62% (95% CI ¼ 49–75%), and combined it was

55% (95% CI ¼ 45–64%).

Adverse Events
No serious adverse events were reported in any study

reviewed. Minor side effects included cases of syncope

and transient vertigo (N¼ 3) [35,47], transient dizziness,

headache, or facial flushing (N¼ 14) [23,50], transient

dizziness or nystagmus (N¼ 3) [37], increased pain in the

arm or neck (N¼ 3) [27], and transient Horner syndrome

(N¼ 2) [38].

Discussion

We report a systematic review of the effectiveness of

CTFESI for the treatment of cervical radicular pain, with

the first meta-analysis of the responder rate captured in

the published literature to date. Although 25 studies have

been published involving CTFESI, only 17 of these met

inclusion standards for this systematic review. Several

studies could not be included due to inadequate descrip-

tion or nonstandard technique [43–45], no utilization of

contrast imaging [43,45], mixed routes of epidural access

[46,47], and excessive loss to follow-up [41,42]. Of these

17, only 10 utilized validated measurements and pro-

vided categorical (or raw) outcome data at or beyond

one month. Of these 10 studies, there were no studies

with an internal comparison group meeting this review’s

clinical question. Therefore, no study was able to provide

an estimate of a comparative measure of effect such as

risk ratio, risk difference, or number needed to treat. No

studies meeting inclusion reported the primary outcome

beyond three months. Studies have reported outcomes at

six and 12 months, but due to inadequate technique de-

scription, nonstandard technique, or failure to utilize

contrast imaging, these results cannot be generalized to

current practice [43–45] but nonetheless have shown suc-

cess rates of 56% (95% CI ¼ 39–73%) at six months

and 38% (95% CI ¼ 21–55%) at one year [43].

Function was inconsistently measured with validated

tools in reviewed studies. NDI may improve in up to

58% (95% CI ¼ 46–70%) of patients at two months but

was reported categorically only in one study [23].

Although a subgroup analysis of large, well-designed

randomized controlled trials (RCTs) involving lumbar

transforaminal steroid injections has shown that less

severe nerve compression is associated with improved

outcomes [51], this pattern has not been established in

the cervical spine. In patients with cervical radicular pain

due to spondylosis vs disc herniation, no differences in

outcomes were noted, either when comparing cohorts

targeting just one of these diagnoses or in mixed etiologic

studies where outcomes were reported separately

(Table 1). Studies stratifying different degrees of NF

stenosis have also shown no differences in outcomes re-

gardless of severity; this may due to poor interrater agree-

ment in rating foraminal stenosis severity [31].

Several studies challenged traditionally utilized injec-

tates. As seen in Figures 2 and 3, studies utilizing

nonparticulate steroids observed higher success rates

(�50% pain reduction) than those using particulate

steroids: 41% and 48% vs 56% and 68% at one and

three months, for particulate vs nonparticulate cohorts,

respectively. This difference appears to be largely driven

by the relatively poor results seen in the presurgical

cohorts studied by Klessinger and Kolstad, both of which

utilized particulate steroid [24,31]. Dreyfuss et al. [28]

published the only head-to-head comparison showing

similar effectiveness between nonparticulate and particu-

late corticosteroid. Although limited literature in the

lumbar spine has suggested that low-dose corticosteroids

may perform similarly to higher doses [52], no studies

have been designed to test this hypothesis, and the differ-

ences seen in better performing studies (dexamethasone

2.5 mg and 5 mg) [23,29,30] compared with poorly per-

forming studies (triamcinolone 2.5 mg, 16–24 times

lower than doses typically utilized) [24] could also be re-

lated patient selection or other factors. One RCT that in-

cluded patients selected by diagnostic selective nerve root

blocks found no intergroup differences at three weeks be-

tween local anesthetic plus saline vs local anesthetic and

corticosteroid, raising doubts about the short-term bene-

fits of corticosteroid, albeit with substantial methodo-

logic limitations [35]. Determining the ideal

concentration and volume of injectate for CTFESI will re-

quire high-quality head-to-head RCTs, as single-group

observational studies cannot provide these answers.

Surgical avoidance rates were lower in surgery-

waitlisted patients (29% at four months, 95% CI ¼ 9–

48%) [24] than in patients not yet committed to a sur-

gery waitlist (58%, 95% CI ¼ 39–77%) [31]. The inabil-

ity of CTFESI to dissuade patients with chronic

radiculopathy from an already agreed-upon anterior cer-

vical discectomy and fusion (ACDF) is perhaps unsurpris-

ing and may be influenced by factors other than the pain-

relieving effects of CTFESI. The ideal study design to

conservatively estimate the surgery-sparing value of

CTFESI would require all patients to be surgical candi-

dates and to consent to surgery but would provide

patients with ongoing management and facilitation of

surgical vs nonsurgical decision-making by a clinician

who would not perform any procedures, so as to reduce

bias to complete or abort surgery after CTFESI.

Additionally, issues related to patient expectations and

preferences have been observed in large RCTs investigat-

ing outcomes of conservative vs operative management

of lumbar disc herniation where patients who believed

they would have better outcomes with surgery did indeed

have better surgical outcomes [53]. Although lower-level

evidence, the best-quality study addressing surgical rates

after CTFESI was a retrospective cohort study that
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reported 70% avoidance at three years (95% CI ¼ 57.6–

81%) among patients with cervical radicular pain due to

disc herniation [25]. These results approximate the natu-

ral history of cervical radiculopathy seen in population-

based epidemiologic studies. In a heterogenous popula-

tion (22% disc etiology, 68% mixed), Radhakrishnan

et al. reported 74% surgery avoidance at a median time

of 4.9 years, a strikingly similar rate to that of Costandi

et al. at three years and within the 95% confidence inter-

val of Klessinger’s study in 2014 [2,25,31]. Interestingly,

a recurrence of cervical radiculopathy occurred in 32%

of the Radhakrishnan cohort, but only 6% of surgeries

occurred after three months, which suggests a more

favorable natural history beyond that time point and per-

haps strengthens the validity of studies following surgical

candidates for shorter durations. Other studies looking

specifically at disc herniation reported surgery avoidance

around one year in 63% of patients (95% CI ¼ 52–74%)

but with unreported injectate or technique [32].

Quality of Evidence
The GRADE system was used to rate the overall quality

of evidence. The evidence relating to both the radicular

pain-relieving and surgery-sparing effects of CTFESI was

overall rated as very low quality, as it is derived from ob-

servational studies or RCTs, which for the purposes of

this review’s research question were considered observa-

tional, single-group studies. In other words, no study had

an internal control group meeting this review’s definition

of a comparison group. This determination suggests that

the true treatment effect of CTFESI may differ from the

current estimate of effect, and future research may

change our current understanding. It is important to un-

derstand that although the quality of evidence is very

low, this does not imply that CTFESI is ineffective, but

rather that the current body of evidence is insufficient to

draw strong, precise conclusions, and further study is

needed.

Limitations
There are limitations to the included studies and this re-

view. Individual studies meeting inclusion criteria have

been thoroughly reviewed and critically appraised for

methodologic rigor and clinical significance. To portray

the available data, comparable outcomes have been

pooled (Figures 2–4) and relative methodologic quality

detailed (Table 2). As can be seen from the latter, the

studies reviewed had varying degrees of methodologic

rigor irrespective of study design, though there was a

trend toward better quality in more recent prospective

publications. Notably, no single study reported on co-

interventions, and the minority utilized validated func-

tional scales as secondary outcomes. All the observa-

tional studies reviewed lacked an internal control. The

published RCTs have not used a true placebo/sham or

non-CTFESI standard-of-care comparison group.

Instead, all have used an alternative form of cervical epi-

dural steroid injection (such as particulate vs

nonparticulate steroid in the injectate or fluoroscopic vs

CT guidance). As such, it is not possible to define the

treatment effective attributable to steroid injection be-

yond that of placebo or non-CTFESI standard-of-care

treatments. Although these trials offer valuable evidence

relating to image guidance and injectate efficacy, com-

parative effectiveness research is needed to determine

how CTFESI compares to other possible interventions,

including surgery. In addition to these methodologic limi-

tations, nearly every study reviewed suffers from a small

sample size, variably limiting the confidence of treatment

effects observed. In the absence of well-designed RCTs,

future high-quality observational studies may offer a

cost-effective approach to better estimate pain reduction,

functional improvement, and surgical avoidance after

CTFESI.

The strengths of this review include its narrow re-

search question, thorough literature search, and the indi-

vidual critical appraisal of all studies meeting inclusion.

However, as only one author designed the search terms

and only one author extracted the data, relevant articles

might have been missed and errors in data collection may

have transpired. Readers may consider the a priori exclu-

sion of the RCT control arms to be a limitation of this re-

view. We would like to emphasize that different RCT

designs answer different clinical questions, and none has

yet provided guidance on the comparative effectiveness

of cervical TFFESI. This latter problem reflects the cur-

rent state of the literature.

Conclusions

The published evidence suggests that approximately half

of patients with cervical radicular pain experience at least

50% pain reduction after CTFESI for up to three months.

The evidence for the effectiveness of CTFESI is very low

quality according to GRADE criteria, both for pain relief

and surgery avoidance. Randomized trials with placebo/

sham or non-CTFESI comparison groups are needed to

determine the effectiveness and efficacy of CTFESI.
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Abstract

Objective. To determine the effectiveness of lumbar transforaminal injection of steroid for the treatment of radicular
pain. Design. Comprehensive systematic review. Outcome Measures. The primary outcome of interest was the propor-
tion of individuals with reduction of pain by �50%. Additional outcomes of interest were a more-than-two-point re-
duction in pain score, patient satisfaction, functional improvement, decreased use of pain medication, and avoid-
ance of spinal surgery. Results. For patients with disc herniations, using the criterion of �50% reduction in pain,
success rates across included studies (range) were 63% (58–68%) at one month, 74% (68–80%) at three months, 64%
(59–69%) at six months, and 64% (57–71%) at one year. For patients with lumbar spinal stenosis, success rates
across included studies (range) were 49% (43–55%) at one month, 48% (35–61%) at three months, 43% (33–53%) at
six months, and 59% (45–73%) at one year, but there was a lack of corroboration from appropriately controlled stud-
ies. Conclusions. There is strong evidence that lumbar transforaminal injection of steroids is an effective treatment
for radicular pain due to disc herniation. There is a lack of high-quality evidence demonstrating their effectiveness
for the treatment of radicular pain due to spinal stenosis, though small studies suggest a possible benefit. Lumbar
transforaminal injection of nonparticulate steroids is as effective as injections with particulate steroids.

Key Words: Lumbar; Radicular pain; Transforaminal; Epidural; Steroid; Injection

Introduction

Lumbar transforaminal injection of steroid (LTFIS) is a

treatment for radicular pain. Steroids are believed to have

a therapeutic effect due to their anti-inflammatory proper-

ties. This belief is supported by evidence from in vitro

studies that show that steroids have a role in decreasing in-

flammatory mediators such as cytokines and chemokines

[1,2]; another study suggests that steroids may provide a

stabilizing effect on nociceptive signaling in C-fibers and

suppression of ectopic neural discharges [3]. Research has

demonstrated that patients with radicular pain exhibit ele-

vated levels of the neuro-inflammation marker 18 kDa

translocator protein in both the neuroforamina (contain-

ing dorsal root ganglion and nerve roots) and the spinal

cord [4], and that epidural injection of steroid may help re-

duce levels of this neuroinflammatory protein [4].

LTFIS is distinguished from other forms of epidural

injections by precise injection of corticosteroid in close

proximity to the dorsal root ganglion (DRG) and nerve

root using radiographic guidance [5]. The presumption
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with this targeted delivery technique is that by placing

the steroid in close proximity to the affected nerve root

and DRG, the therapeutic effect of this agent will be

optimized [5].

The present review was undertaken to provide an up-

date of a 2013 systematic review by MacVicar et al.,

which evaluated published data through 2012 [6], and to

provide practicing physicians with information critical to

understanding the appropriate indications, risks, safety

precautions, and expected benefits of LTFIS in the man-

agement of lumbar radicular pain.

Methods

The objective of the literature search was to identify data

concerning the effectiveness or complications of LTFIS

for the treatment of radicular pain. Relevant studies on

LTFIS were obtained by searching the PubMed and

EMBASE Drugs and Pharmacology databases, using the

following terms: lumbar, lumbosacral, transforaminal,

epidural, steroids, and injection. Literature was also iden-

tified from the bibliographies of retrieved publications.

Publications that were not available in English were elim-

inated, as were articles that did not provide information

relevant to the effectiveness or safety of LTFIS.

Etiology of Radicular Pain
Theoretically, the effectiveness of LTFIS might differ based

on the etiologic condition and mechanism(s) causing pain.

Studies on the effectiveness of LTFIS were categorized by

the diagnosis for which LTFIS was indicated. These diag-

nostic groups were radicular pain due to disc herniation,

radicular pain due to spinal stenosis (including fixed

lesions, resulting in central canal, subarticular zone, lateral

recess, and neuroforaminal stenosis), and radicular pain

due to other diagnoses. The diagnoses were verified by

both the descriptions provided by the study authors and

the various imaging studies reported in the articles.

Study Design
For evidence of effectiveness, observational, pragmatic,

and explanatory studies were included for review. High-

quality observational cohort studies were accepted for

review on the grounds that such studies provide prima fa-

cie evidence of effectiveness. Pragmatic studies were ac-

cepted because they 1) demonstrate whether an

intervention is more effective than an alternative

treatment and 2) provide important information about

the effectiveness of the intervention in the same manner

as a prospective cohort study. Explanatory trials compare

LTFIS with a treatment not expected to have a therapeu-

tic effect; like a cohort study, they provide a measure of

the success rate of the index treatment. Explanatory stud-

ies also reveal the attributable effect of LTFIS. The attrib-

utable effect is the difference in success rates between the

index treatment and a sham treatment, which

distinguishes the extent to which the index treatment has

a therapeutic effect beyond the nonspecific effects of a

sham treatment. Commentaries, essays, editorials, sys-

tematic reviews, and other publications that did not pro-

vide original data were excluded from success rate

calculations.

Publications of original data concerning complications

were included regardless of study type. Case reports and

studies of treatment were included in order to establish

the spectrum, nature, and prevalence of possible compli-

cations of LTFIS. Articles that reported complications

were analyzed to determine if the complication could

plausibly be attributed to LTFIS, and thereafter if it was

attributable to technical aspects of the injection or to one

of the agents injected. Technical complications were also

assessed on whether the procedure had been conducted

according to guidelines [5,7].

Assessment of Methodological Rigor and

Appropriateness of Data Analysis
Four reviewers independently assessed publications on

the effectiveness of LTFIS for radicular pain. The

reviewers were practicing interventional pain physicians

who regularly perform LTFIS. Each holds postgraduate

qualifications in interventional pain management and has

successfully completed formal certificate courses in

evidence-based medicine. Studies were included if they

met the following criteria: 1) presentation of clinically

relevant data on the efficacy or effectiveness of LTFIS for

the treatment of radicular pain and 2) presentation of

valid information based on appropriate procedural tech-

nique, study methodology, and data analyses according

to the principles of evidence-based medicine [8] or the

ability to perform appropriate data analyses from raw

published data; or 3) report of a complication associated

with LTFIS. Studies that did not contain categorical data

or the ability to extract categorical data were excluded.

Categorical data analysis defines proportions of patients

in which prespecified outcomes (e.g., �50% pain relief)

are achieved—indicating the success rates of the given

treatment. Although group data analysis might suggest

that a treatment is statistically effective, it does not re-

veal how frequently the treatment is successful or the

degree to which it is expected to be effective for a given

patient [8].

Reviewers also evaluated studies for their intrinsic

methodological rigor, assessing various factors critical in

the assessment of the quality of studies of pain [8],

including whether the study used an acceptable technique

for LTFIS, if the sample was representative of a realistic

clinical population, if validated outcome measures were

used, if <20% of patients were lost to follow-up, if the

study was controlled for co-interventions, whether there

were any conflicts of interest, and whether the diagnostic

criteria and assessment tools were valid. Four weeks was

considered a minimum threshold for clinically significant
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duration of therapeutic effect; studies following patients

for less than four weeks postinjection were excluded.

Each reviewer provided an appraisal of each paper and

discussed conclusions. Elements of data collection meth-

odology were also considered. Prospective studies were

considered to be inherently higher quality than retrospec-

tive studies with regard to retrieval bias (not all patients

are identified and reported). Studies with independent

observers were considered to be inherently of higher

quality than those without, due to reduced observer and

response bias. The results of studies including measures

of pain, function, or disability and the use of other health

care were considered more convincing than studies

reporting only success rates for pain relief. The body of

evidence was evaluated using the Grades of

Recommendation, Assessment, Development and

Evaluation (GRADE) system of appraisal to determine

the quality of the evidence of the effectiveness of LTFIS

[9]. In essence, the GRADE system asks reviewers to

evaluate the body of evidence transparently with consid-

eration not only to study design, but also to attributes

that would strengthen or weaken confidence in the esti-

mate of effect. GRADE provides an initial rating of qual-

ity based upon the best available evidence that comprises

the body of knowledge, then further requires consider-

ation of weaknesses (e.g., risk of bias, indirectness) that

merit downgrading and strengths (e.g., large magnitude

of effect, dose-response gradient) that would justify

upgrading the rating of the quality of the body of evi-

dence. The published data on the effectiveness and safety

of LTFIS were taken into account, and overall conclu-

sions were drawn in accordance with the GRADE sys-

tem. With regard to both study inclusion and GRADE

evaluation, disagreements were resolved by consensus de-

cision among the reviewers. For acceptable studies that

provided categorical data, the success rates and confi-

dence intervals were calculated.

Results

Table 1 shows treatment success rates reported in indi-

vidual explanatory, pragmatic, and observational studies;

the studies are grouped by etiology of radicular pain.

Table 2 presents study-defined definitions of treatment

success compared with 50% pain reduction as the defini-

tion of treatment success, stratified by study design. The

literature search yielded 32 observational cohort studies,

nine pragmatic trials, and two explanatory trials that met

established inclusion criteria for our review.

Radicular Pain Due to Disc Herniation
The majority of studies reported on the clinical outcomes

of LTFIS for the treatment of radicular pain due to inter-

vertebral disc herniation. The results are grouped by the

type of study.

Observational Cohort Studies

Observational cohort studies that met criteria for inclu-

sion in this review provided evidence on the effectiveness

of LTFIS in the treatment of radicular pain caused by

lumbar intervertebral disc herniation. Several studies

were excluded due to unacceptable study methodology,

including inadequate description of LTFIS technique

[10], inadequate follow-up [11], or >20% of subjects

lost to follow-up [10,12]. One study used a more-than-

two-point numeric rating scale (NRS) pain reduction and

“at least satisfied with treatment” to define success and

reported a success rate of 75% (95% confidence interval

[CI] ¼ 64–86%) at two months and 66% (95% CI ¼ 54–

78%) at four months [13].

Success, defined as a 50% reduction in radicular pain,

was assessed at different time points. As shown in

Table 1, observational studies have reported statistically

similar success rates at given follow-up periods. At one

month, success was 60% (95% CI ¼ 48–72%) [32] in

one study and 79% (95% CI ¼ 66–92%) in another

(Table 1) [33]. A different study used an 80% reduction

in pain to define success and reported a success rate of

67% (95% CI ¼ 55–79%) at one month [37].

At two months, one study defined success as either a

50% reduction in pain or >40% improvement in

Oswestry Disability Index (ODI) score. It reported success

in 58% of subjects (95% CI ¼ 54–62%) at two months

[39]. Other studies, which defined success as >50% NRS

reduction, reported success rates of 57% (95% CI ¼ 50–

64%) [38] and 66% (95% CI ¼ 51–81%) [13]. The study

by Maus et al. included a large number of subjects and

reported a success rate at two months that was consistent

with those found in controlled trials [38]. Another study

reported success rates of 68% (95% CI ¼ 52–84%), 56%

(95% CI ¼ 39–73%), and 59% (95% CI ¼ 42–76%) at

two, six, and 12 months, respectively [27].

Successful outcomes (defined by either 50% improve-

ment or >30-mm improvement in visual analog scale

[VAS] score) were reported in 56% (95% CI ¼ 43–69%)

of subjects at three months [40]. Yet another study,

which also followed patients for three months, reported

that 53% (95% CI ¼ 38–68%) of patients had a >50%

reduction in pain [26].

By the same definition of success, another study found

a success rate of 75% (95% CI ¼ 65–85%) at six months

[25]. When pain relief was maximally defined as 100%

relief at six months, 30% (95% CI ¼ 14–46%) of sub-

jects met success criteria [31].

Observational cohort studies demonstrate that symp-

toms continue to be improved at the one-year mark.

There has been speculation that this may represent re-

gression to the mean or be attributable to a favorable nat-

ural history of the disease. An older study that defined

success as “at least moderate relief of symptoms” demon-

strated a success rate of 73% (95% CI ¼ 57–89%) [24].

Another study reported similar success rates of 73%
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Table 1. Treatment success rates reported in individual explanatory, pragmatic, and observational studies; the studies are grouped
by etiology of radicular pain

References Definition of Success
Time of Follow-up
Assessment

Total No., Success Rate (95%
CI)

Radicular pain due to lumbar disc herniation

Explanatory studies

Vad et al. 2002 [14]† Patient satisfaction score of “good” or “very

good,” �5-point RMDQ improvement,

and >50% NRS improvement

1 y Treatment group: 25, 84%

(70–98%)

Placebo group – saline trigger

point injection: 23, 48%

(28–68%)

Ghahreman et al. 2010 [15]† �50% pain reduction on NRS 1 mo 28, 54% (36–72%)

3 mo 28, 39% (21–57%)

6 mo 28, 32% (15–49%)

1 y 28, 25% (9–41%)

Placebo group – intramuscular

injection of normal saline: 26,

15% (1–29%)

Pragmatic studies

Karppinen et al. 2001 [16] >75% relief of leg pain 1 mo 80, 41% (29–53%)

3 mo 80, 38% (26–50%)

6 mo 80, 30% (20–40%)

1 y 80, 38% (26–50%)

Jeong et al. 2007 [17] ‡ >50% VAS improvement 6 mo 193, 61% (54–68%)

Rados et al. 2011 [18]† >50% VAS improvement 6 mo 32, 63% (46–80%)

Ghai et al. 2014 [19]† �50% VAS improvement 1 mo 30, 63% (46–80%)

3 mo 30, 77% (62–92%)

6 mo 30, 77% (62–92%)

1 y 30, 77% (62–92%)

Gupta et al. 2014 [20]‡ �50% VAS improvement 1 mo 20, 80% (62–98%)

3 mo 20, 90% (77–100%)

Kennedy et al. 2014 [21]† �50% NRS improvement 3 mo 78, 73% (63–83%)

6 mo 78, 74% (64–84%)

Manchikanti et al. 2014 [22]† �50% NRS improvement and �50% ODI

improvement

3 mo 60, 82% (72–92%)

6 mo 60, 87% (78–96%)

1 y 60, 73% (62–84%)

2 y 60, 73% (62–84%)

Pandey et al. 2016 [54]† �50% improvement of JOA score 1 y 40, 90% (81–99%)

Observational studies

Weiner and Fraser 1997 [24]‡ At least “moderate” relief of symptoms 1 y 30, 73% (57–89%)

Lutz et al. 1998 [25]† >50% NRS improvement 6 mo 69, 75% (65%–85%)

Viton et al. 1998 [26]† >50% VAS improvement 3 mo 40, 53% (38–68%)

Rosenberg et al. 2002 [27]† >50% NRS improvement 2 mo 34, 68% (52–84%)

6 mo 34, 56% (39–73%)

12 mo 34, 59% (42–76%)

Wang et al. 2002 [28]† Avoidance of surgery 1 y 69, 77% (67–87%)

Schaufele et al. 2006 [29]† Avoidance of surgery 1 y 20, 90% (77–100%)

Yang et al. 2006 [30]† Avoidance of surgery 2 y 21, 67% (47–87%)

Ackerman and Ahmad 2007 [31]† 100% pain relief 6 mo 30, 30% (14–46%)

Choi et al. 2007 [32]† >50% VAS improvement and satisfaction

score of at least “improved”

1 mo 68, 60% (48–72%)

Lee et al. 2009 [13]† �2-point NRS improvement and at least

“satisfied” with treatment

2 mo 59, 75% (64–86%)

4 mo 59, 66% (54–78%)

Lee et al. 2009 [33]† >50% VAS improvement 1 mo 38, 79% (66–92%)*

2 mo 38, 66% (51–81%)*

Mendoza-Lattes et al. 2009 [34]† Avoidance of surgery 1 y 54, 56% (43–69%)

Manson et al. 2013 [35]† Avoidance of surgery 6 mo 91, 56% (46–66%)

Van Helvoirt et al. 2014 [36]† At least “significantly reduced pain” and

avoidance of surgery

1 y 71, 76% (66–86%)

Joswig et al. 2016 [37] >80% VAS reduction 1 mo 57, 67% (55–79%)

Maus et al. 2016 [38] �50 NRS improvement 2 mo 175, 57% (50–64%)

Singh et al. 2016 [39]‡ >50% NRS improvement or >40% ODI

improvement

2 mo 721, 58% (54–62%)

(continued)
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(95% CI ¼ 63–83%) [42], defined by 50% reduction in

VAS at one year.

Pragmatic Studies

There were several studies that did not meet criteria for

inclusion in the review. Some studies were excluded be-

cause they did not include any categorical data or raw

data to allow for calculation of success rates [23,34,50].

Others were excluded due to inadequate description of

LTFIS technique [51,52] or inadequate duration of

follow-up [53].

There were eight pragmatic studies that provided ac-

ceptable data on success rates of LTFIS for disc herniation.

Most studies used pain relief as the primary outcome. One

study defined success as a 50% improvement in Japanese

Orthopedic Association score and reported a success rate

of 90% (95% CI ¼ 81–99%) at one year [54].

Several studies used �50% VAS improvement as the

definition of success. Studies variously demonstrated suc-

cess rates at one month of 63% (95% CI ¼ 46–80%)

[19] and 80% (95% CI ¼ 62–98%) [20]. At three

months, success rates were 77% (95% CI ¼ 62–92%)

[19], 73% (95% CI ¼ 63–83%) [21], and 90% (95% CI

¼ 77–100%) [20]. At six months, success rates were

63% (95% CI ¼ 46–80%) [18] and 74% (95% CI ¼ 64–

84%) [21].

One study that compared LTFIS with transforaminal

epidural injection of saline defined success as 75% relief

of leg pain [16,55]. This study has been categorized as a

pragmatic study, as epidural injection of any substance

Table 1. continued

References Definition of Success
Time of Follow-up
Assessment

Total No., Success Rate (95%
CI)

Tecer et al. 2016 [40]‡ >50% or >30-mm VAS improvement 3 mo 59, 56% (43–69%)

van Helvoirt et al. 2016 [41]† Avoidance of surgery, �50% VAS improve-

ment, �50% RMDQ improvement, GPE

of at least “satisfaction”

1 y 79, 76% (67–85%)

Sariyildiz et al. 2017 [42] �50% VAS improvement 1 y 75, 73% (63–83%)

Radicular pain due to spinal stenosis

Explanatory studies

None N/A N/A N/A

Pragmatic studies

Jeong et al. 2007 [17]‡ >50% VAS improvement 6 mo 46, 57% (43–71%)

Observational studies

Botwin et al. 2002 [43]† �50% VAS improvement 1 y 34, 75% (60–90%)

Rosenberg et al. 2002 [27]† >50% NRS improvement 2 mo 26, 54% (35–73%)

6 mo 26, 19% (4–34%)

12 mo 26, 35% (17–53%)

Lee et al. 2009 [13]† �2-point NRS improvement and at least

“satisfied” with treatment

2 mo 57, 67% (55–79%)

4 mo 57, 51% (38–64%)

Lee et al. 2009 [33]† >50% VAS improvement 1 mo 49, 63% (49–77%)*

2 mo 49, 53% (39–67%)*

Smith et al. 2010 [44]† �50% VAS improvement 1 mo 19, 32% (11–53%)

Ploumis et al. 2014 [45]† �50% VAS improvement 6 mo 20, 90% (77–100%)

Park et al. 2015 [46]† >50% NRS improvement 1 mo; 3 mo 30, 70% (54–86%); 30, 43%

(25–61%)

Davis et al. 2016 [47]† Avoidance of surgery 2 y 68, 68% (57–79%)

Farooque et al. 2016 [48] �50% NRS improvement 1 mo 26, 30% (12–48%)

3 mo 26, 53% (34–72%)

6 mo 26, 44% (25–63%)

Maus et al. 2016 [38] �50 NRS improvement 2 mo 188, 47% (40–54%)

Radicular pain due to failed back surgery syndrome

Explanatory studies

None N/A N/A N/A

Pragmatic studies

None N/A

Observational studies

Rosenberg et al. 2002 [27]† >50% NRS improvement 2 mo 13, 23% (0–46%)

6 mo 13, 23% (0–46%)

12 mo 13, 23% (0–46%)

Rahimzadeh et al. 2014 [49]‡ >50 NRS improvement 1 mo 13, 46% (19–73%)

CI ¼ confidence interval; GPE ¼ global perceived effect; JOA ¼ Japanese Orthopedic Association; LTFIS ¼ lumbar transforaminal injection of steroid; NRS ¼
numeric rating scale; ODI ¼ Oswestry Disability Index; RMDQ ¼ Roland Morris Disability Questionnaire; VAS ¼ visual analog scale.

*“Small” LTFIS group: 3 mL of injectate.
†Multiple LTFIS were allowed.
‡Unclear if multiple LTFIS were allowed.
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(i.e., steroid, local anesthetic, saline) has the potential to

have a therapeutic effect and therefore cannot be consid-

ered a placebo. Success rates of 41% (95% CI ¼ 29–

53%) at one month, 38% (95% CI ¼ 26–50%) at three

months, 30% (95% CI ¼ 20–40%) at six months, and

38% (95% CI¼ 26–50%) at one year were observed [16].

Other studies incorporated validated functional as-

sessment tools in defining success. One pragmatic study

randomized patients to lumbar transforaminal injection

of lidocaine and saline or lumbar transforaminal injec-

tion of lidocaine and betamethasone (LTFIS) [22]. The

study defined success as �50% reduction in pain and

�50% improvement in ODI. For the LTFIS group, suc-

cess rates were 82% (95% CI ¼ 72–92%) at three

months, 87% (95% CI ¼ 78–96%) at six months, 73%

(95% CI ¼ 62–84%) at one year, and 73% (95% CI ¼
62–84%) at two years. The success rates of the LTFIS

group were higher than the lidocaine and saline group,

though they failed to reach statistical significance [22].

One high-quality pragmatic study on LTFIS for radic-

ular pain due to disc herniation met inclusion criteria and

included patients with both LSS and disc herniation, with

data stratified by diagnosis [17]. However, because the

study did not compare LTFIS with a conventional control

treatment, but compared the outcomes of two different

techniques of LTFIS, the study is being categorized as

providing observational data for the purposes of this re-

view. At six months, 61% (95% CI ¼ 54–68%) experi-

enced a �50% reduction in pain on the VAS [17].

Explanatory Studies

Two explanatory studies met criteria for inclusion

[14,15]. Both showed clinically and statistically signifi-

cant improvement in pain in the LTFIS groups compared

with other treatments. A well-designed prospective

double-blind randomized controlled trial (RCT) [15]

compared the outcomes of 1) transforaminal injection of

steroid and local anesthetic (LTFIS), 2) transforaminal

injection of local anesthetic alone, 3) transforaminal in-

jection of normal saline, 4) intramuscular injection of ste-

roid, and 5) intramuscular injection of normal saline.

Success was defined as �50% NRS improvement at one

month. A significantly greater proportion of patients

treated with LTFIS reported treatment success compared

with transforaminal injection of local anesthetic, trans-

foraminal injection of saline, intramuscular steroid injec-

tion, or intramuscular saline injection. For the LTFIS

group, success rates were 54% (95% CI ¼ 36–72%) at

one month, 39% (95% CI ¼ 21–57%) at three months,

32% (95% CI ¼ 15–49%) at six months, and 25% (95%

CI ¼ 9–41%) at one year. Significant improvements in

function, disability, and reductions in use of other health

care were observed in the LTFIS group compared with

the other groups (Table 1).

Another RCT compared LTFIS with intramuscular in-

jection of saline [14]. This study used strict criteria ofT
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Table 3. Comparative success rates in studies of particulate vs nonparticulate transforaminal injection of steroids

References Indication

Definition of

Success

Time
of
Follow-up

Assessment Corticosteroids Success Rate

Park et al. 2010

[107]†
Lumbar radicular pain >50% relief of pain 1 mo Dexamethasone

(7.5 mg)

Triamcinolone

(40 mg)

36% (23–49%)

100% (93–100%)

No significant differences in

disability scores

El-Yahchouchi

et al. 2013

[106]*

Radicular pain with or

without radiculopathy

�50% relief of pain

�40% RMDQ

improvement

2 mo Dexamethasone

(10 mg)

Triamcinolone

(80 mg)

Bethamethasone

(12 mg)

Pain: 52.3% (45.9–58.8%)

Function: 46.4% (39.9–52.8%)

Pain: 45.0% (41.5–48.5%)

Function: 41.5% (38.0–45.0%)

Pain: 43.6% (40.6–46.6%)

Function: 37.2% (34.3–40.1%)

Success rates were not signifi-

cantly different between

groups

Kennedy et al.

2014 [21]*

Lumbar radicular pain

for disc herniation

�50% reduction in

NRS

>50% reduction in

ODI

3 mo

6 mo

Dexamethasone

(10 mg)

Triamcinolone

(40 mg)

3 mo

Pain: 73% (59–87%)

ODI: 68% (54–82%)

6 mo

Pain: 73% (59–87%)

ODI: 71% (57–85%)

3 mo

Pain: 73% (59–87%)

ODI: 68% (53–83%)

6 mo

Pain: 76% (62–90%)

ODI: 65% (50–80%)

No significant differences be-

tween groups found for relief

of pain, functional improve-

ment, or rates of surgery

Denis et al. 2015

[68]*

Lumbosacral radicular

pain

�50% pain relief 3 mo Dexamethasone

(7.5 mg)

Betamethasone

(6 mg)

59% (41–77%)

33% (15–51%)

No significant differences be-

tween mean pain scores at all

follow-up points (P ¼ 0.058)

Kim et al. 2016

[108]*

Excluded from success

rate analysis due to

grouped diagnoses and

inclusion of data from

interlaminar injections

not separated from

LTFIS data

Relative satisfaction 6-mo phone

follow-up

Triamcinolone

(40 mg)

Dexamethasone

(10 mg)

Relative satisfaction was signif-

icantly better with triamcin-

olone than with

dexamethasone, and the in-

jection-free interval after in-

jection was significantly

longer with triamcinolone

than with dexamethasone

Bensler et al. 2018

[109]†
“Lumbar radiculopathy”

without diagnostic

criteria

“Better” or “much

better” on Patients’

Global Impression

of Change scale

1 mo

questionnaire

Dexamethasone

(4 mg)

Triamcinolone

(40 mg)

33% (26–40%)

44% (39–49%)

Significantly greater improve-

ment in the triamcinolone

group (P ¼ 0.019)

More patients reported they

were “better” or “much

better” in the triamcinolone

group

LTFIS ¼ lumbar transforaminal injection of steroid; NRS ¼ numeric rating scale; ODI ¼ Oswestry Disability Index; RMDQ ¼ Roland Morris Disability

Questionnaire.
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success, including a patient satisfaction score of “good”

or “very good,” a five-or-more-point Roland Morris

Disability Questionnaire (RMDQ) improvement, and

�50% NRS improvement. The responder rate was signif-

icantly higher in the LTFIS group compared with the in-

tramuscular saline injection group (P< 0.005). At one

year, the success rate in the LTFIS group was 84% (95%

CI ¼ 70–98%). The shortcomings of this study included

lack of blinding.

GRADE Assessment of the Evidence: High Quality

Multiple randomized controlled trials and high-quality

observational studies have provided high-quality evi-

dence supporting the effectiveness of LTFIS in reducing

pain, improving function, and reducing reliance on other

health care in patients with radicular pain due to disc

herniation.

Radicular Pain Due to Spinal Stenosis
Few high-quality studies evaluating LTFIS specifically for

radicular pain due to lumbar spinal stenosis (LSS) were

encountered; however, a number of cohort and prag-

matic studies met criteria for inclusion in this review.

Observational Cohort Studies

Several studies used pain relief as their primary outcome

measure (Table 1). Less convincing definitions of success

were used in some studies. These definitions of success in-

cluded more-than-two-point NRS improvement and a

patient satisfaction rating of “at least satisfied.” Using

these criteria, success rates were 67% (95% CI ¼ 55–

79%) and 51% (95% CI ¼ 38–64%) [13] at two and

four months, respectively.

The proportion of patients with a successful outcome,

defined as �50% reduction in VAS or NRS, was used in

several studies. At one month, success rates were

reported as 30% (95% CI ¼ 12–48%) [48], 32% (95%

CI ¼ 11–53%) [44], 63% (95% CI ¼ 49–77%) [33], and

70% (95% CI ¼ 54–86) [46]. Two-month success rates

were reported as 47% (95% CI ¼ 40–54%) [38], 53%

(95% CI ¼ 39–67%) [33], and 54% (95% CI ¼ 35–

73%) [27]. At three months, success rates were reported

as 43% (95% CI ¼ 25–61%) [46] and 53% (95% CI ¼
34–72%) [48]. At six months, reported success rates

were highly variable, reported as 19% (95% CI ¼ 4–

34%) [27], 44% (95% CI ¼ 25–63%) [48], and 90%

(77–100%) [45]. Although studies that reported success

rates at one year showed a high proportion of successful

outcomes, these outcomes are inconsistent and may have

been related to other factors such as natural history.

Defined as �50% NRS improvement, successful out-

comes at one year were reported as 35% (95% CI ¼ 17–

53%) [27], 75% (95% CI ¼ 60–90%) [43], and 90%

(95% CI ¼ 77–100%) [45].

Pragmatic Studies

Several studies were excluded due to unacceptable study

methodology. Two studies were excluded due to lack of

categorical data [56,57]. A large pragmatic study con-

cluded that epidural steroids were ineffective for spinal

stenosis, but the study failed to control for or provide

subgroup analysis of dose or technique (i.e., interlaminar

epidural steroid injection or LTFIS) [58]. It is also unclear

which patients had radicular pain symptoms vs neuro-

genic claudication alone, two conditions that likely re-

spond differently to LTFIS.

One high-quality pragmatic study on LTFIS for radic-

ular pain due to LSS met inclusion criteria and included

patients with both LSS and disc herniation, with data

stratified by diagnosis. However, because the study did

not compare LTFIS with a conventional control treat-

ment, but compared the outcomes of two different tech-

niques of LTFIS, the study is being categorized as

providing observational data for the purposes of this re-

view. Defining success as a �50% VAS reduction in

pain, the study demonstrated a success rate of 57% (95%

CI ¼ 43–71%) at six months [17].

GRADE Assessment of the Evidence: Low Quality

With an evidence base consisting of studies with conflict-

ing results related to the effectiveness of LTFIS in the

treatment of LSS, the quality of evidence is low in accor-

dance with the GRADE system. Additional studies, con-

trolled for technique and dose and with appropriate

subgroup analysis by specific type of stenosis (subarticu-

lar, central, foraminal), would assist in determining

whether LTFIS is an effective treatment for patients with

radicular pain due to lumbar spinal stenosis.

Other Diagnoses
Some studies evaluated mixed diagnostic categories or

evaluated miscellaneous conditions such as radicular

pain due to failed back surgery syndrome or epidural

lipomatosis.

Observational Cohort Studies

LTFIS has been used to treat radicular pain in patients

with epidural lipomatosis, “mixed radicular pain,” and

failed back surgery syndrome, among other etiologies,

but evidence on effectiveness is less than convincing be-

cause of small sample sizes, short follow-up, or low suc-

cess rates. Several studies were excluded due to unclear

diagnosis or for reporting outcomes of LTFIS for mixed

diagnoses. When results were not separated by diagnosis,

the studies were omitted from this review [23,59–61].

Others were excluded for not adequately describing tech-

nique [62] or for inconsistent follow-up [60]. One study

suggested a potential benefit of LTFIS for radicular pain

resulting from degenerative lumbar spondylolisthesis, but

it was excluded due to the absence of categorical data

[63]. Small case series have reported successful relief of
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radicular pain from epidural lipomatosis [64,65]. A case

series of patients who had persistent radicular pain six

months after lumbar discectomy and fusion reported

improvement after LTFIS [33]; however, the diagnosis

that precipitated the surgery was unclear. One study ex-

amined the impact of adding hyaluronidase or saline to

LTFIS for patients with the vague diagnosis of “failed

back surgery syndrome” [49]. The LTFIS outcomes in

this study showed success rates of 46% (95% CI ¼ 19–

73%) at four weeks. Another study defined success as a

>50% improvement in NRS and reported a success rate

of 23% (95% CI ¼ 0–46%), which remained consistent

at two, six, and 12 months [27].

Pragmatic Studies. No pragmatic studies met inclusion

criteria. Several studies were excluded due to unclear di-

agnoses [66–71]. One study compared response rates to

LTFIS among various diagnostic groups (LSS, lumbar

disc herniation, postsurgery) and reported that there was

no significant difference in response [72]. However, cate-

gorical data were not presented separately for each diag-

nosis; therefore, the study was excluded. Another study

evaluating dexamethasone vs betamethasone for mixed

diagnoses (LSS and disc herniation) found no difference

between the two drugs but was excluded because data

were not stratified by diagnosis [68].

GRADE Assessment of the Evidence: Low Quality. With

low-quality and very limited evidence regarding the effec-

tiveness of LTFIS for radicular pain due to diagnoses

other than disc herniation or LSS, the quality of evidence

is low in accordance with the GRADE system.

Additional studies with appropriate subgroup analysis by

specific diagnosis would assist in determining whether

LTFIS is an effective treatment for patients with radicular

pain due to other diagnoses.

Dose
Studies have attempted to identify the lowest effective

dose of steroid to use in LTFIS. One study, which showed

that at one week responses to LTFIS with 10 mg, 20 mg,

and 40 mg of triamcinolone were superior to a 5-mg

dose, was excluded from analysis due to inadequate du-

ration of follow-up [73]. Another study examined dexa-

methasone injections of 4 mg, 8 mg, and 12 mg for mixed

diagnoses causing “radicular pain” [74]. This study

showed no difference among the different doses at

12 weeks; however, accurate conclusions about success

rates cannot be drawn due to the diagnostic heterogene-

ity within the groups of patients. As such, there is cur-

rently a lack of high-quality data comparing the relative

effectiveness of different steroid doses for LTFIS.

Predictors of Success
Response rates to LTFIS are variable. Many authors have

sought to identify patient characteristics that may

correlate with the success or failure of the procedure.

One study suggested that longer duration of pain symp-

toms before LTFIS for disc herniation may be associated

with poorer outcomes, but more evidence is needed to

confirm this observation [25]. Another study showed

that pain sensitivity questionnaires did not predict out-

comes of LTFIS in patients with radicular pain due to

LSS, but it was excluded due to the absence of categorical

data [75]. Similarly, a study suggests that early response

to LTFIS may predict longer duration of effect, but it was

also excluded from the review due to lack of categorical

data [23]. With regard to radiographic predictors of suc-

cess, no study followed patients long enough to define

the relationship between magnetic resonance imaging

(MRI) characteristics of lumbar disc herniations and

long-term LTFIS outcomes [32,38,76]. One study

reported that the group with the highest proportion of

responders at two weeks included those patients whose

imaging exhibited grade 3 nerve compression, followed

by grade 2, grade 4, and grade 1 [18]. Another study ex-

amined whether MRI features (including segmental level,

location, and morphological features of disc herniation,

cross-sectional area of disc herniation, and grade of nerve

root compression) were predictors of success from LTFIS

[76]. This study found that the only clinical feature that

predicted a successful outcome after LTFIS was low

grade of nerve root compression, which predicted a

higher rate of success than high-grade nerve root com-

pression. One study correlated positive findings of lum-

bar radiculopathy on electrodiagnostic studies, with or

without active denervation, with a more favorable out-

come from LTFIS [77]. The drawbacks of this study in-

clude the fact that electrodiagnostic testing may confirm

a diagnosis of radiculopathy, but this test is not sensitive

to changes in small nerve fibers that mediate nociception

in the case of radicular pain without radiculopathy. At

this time, available evidence does not support the use of

electrodiagnostic testing to select patients for LTFIS.

Radicular pain is primarily evaluated by history, physical

examination, and diagnostic imaging.

Surgery-Sparing Effects of LTFIS
Several studies have reported reduced rates of surgery fol-

lowing LTFIS, and several studies have reported success-

ful outcomes from LTFIS when performed on patients

who were selected from surgical waiting lists, for whom

surgery would have been performed if the procedure was

unsuccessful. One well-designed randomized controlled

study showed no difference in surgery rates between

patients treated with intramuscular steroids and LTFIS,

though a higher percentage of patients treated with

LTFIS who canceled their surgery reported that they did

so because of the beneficial effect of the injection [15].

One study compared transforaminal bupivacaine with

LTFIS. At follow-up times of 13 to 24 months, the LTFIS

group underwent surgery at a significantly lower rate
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[72]. Another study strictly defined success as avoidance

of surgery, �50% VAS improvement, �50% RMDQ im-

provement, and a patient satisfaction score of at least

“satisfaction” [41]. This study reported a success rate of

76% (95% CI ¼ 67–85%) at one year. At six months,

one study reported a 56% (95% CI ¼ 46–66%) rate of

surgery avoidance [35]. At one year, avoidance of surgery

has been reported to vary between 56% and 90%

[28,29,36,50]. At two years, 67% (95% CI ¼ 47–87%)

[30] and 68% (95% CI ¼ 57–79%) [47] surgery avoid-

ance rates have been reported. The effect of disc mor-

phology on surgery avoidance is unclear, though one

study demonstrated a higher rate of surgical avoidance in

cases of contained but not extruded disc herniations [16].

Complications
Reports of unusual transient effects postprocedure in-

clude singultus (hiccups) [78], oculomotor nerve palsy

[79], and perineal pruritis [80]. Technical problems have

also been reported, including dural puncture [81] and

unintended injection into a vein [82] or disc [83–86].

None of these cases resulted in permanent effects. The

risk of epidural hematoma after LTFIS remains low.

There is a report of epidural hematoma secondary to a

hemorrhagic facet cyst after LTFIS in a patient who had

stopped Plavix and aspirin seven days prior [87]. The

implications of this case are unclear.

The most significant complication that has been asso-

ciated with LTFIS is spinal cord infarction, which has

been reported in a total of at least 14 cases [88–94]. All

of these cases except one [88] involved the use of particu-

late steroid. The circumstances of that case of spinal cord

injury after LTFIS with preservative-free dexamethasone

are vague, and without intraoperative images confirming

needle placement, the complication cannot be attributed

to the injectate [88]. One theory on the etiology of spinal

cord infarction after LTFIS with particulate steroids is

that spinal cord infarction may arise when particulate

steroids are unintentionally injected into an artery that

partially supplies the distal spinal cord, leading to em-

bolic infarction either related to the particulate steroid

matter itself or agglutination of red blood cells due to

speculation caused by the particulate steroid [95–99].

Animal studies demonstrate that nonparticulate steroid

injected directly into the vertebral artery causes no mea-

surable neurologic injury [100]. One caveat is that dexa-

methasone sodium phosphate combined with ropivicaine

may result in crystallization of the solution [101]; there-

fore, that particular combination of medications should

be avoided. Several measures, which are outlined in the

2013 Spine Intervention Society Practice Guidelines, can

be adopted to reduce the risk of spinal cord infarction

[5]. Injection of contrast medium under real-time fluoros-

copy should be performed before injection of steroid in

order to detect inadvertent vascular injection and reduce

the risk of spinal cord infarction. Other measures that

can be adopted include digital subtraction angiography

and a test dose of a rapidly acting local anesthetic [5].

Large studies have continued to support the safety of

LTFIS. A study of >14,000 procedures showed no neuro-

logic, hemorrhagic, or infection-related complications,

with vasovagal reactions (1.2% of cases) being the most

common “side effect” [102]. Other, mostly minor, tran-

sient symptoms after LTFIS have included headache,

postprocedure pain, facial flushing, rash, leg weakness,

erectile dysfunction, dizziness, increased blood sugar,

and hypertensive episodes [103–105]. These are tempo-

rary phenomena that might be encountered with any in-

jection involving corticosteroids.

GRADE Assessment of the Evidence of Risks with

LTFIS: Very Low Quality

When attempting to apply GRADE to assess the quality

of the evidence regarding the risks of LTFIS, it is noted

that the published evidence consists of case reports.

Accordingly, the body of evidence is of very low quality.

With a large study of >14,000 procedures documenting

no neurologic, hemorrhagic, or infection-related compli-

cations, we have some confidence that the prevalence of

complications is very low; however, when they do occur,

they can be catastrophic.

Efficacy of Particulate vs Nonparticulate Steroid
One of the most significant areas of new research

addresses the comparative effectiveness of particulate vs

nonparticulate steroids used in LTFIS. Interest in this

area of study is due to the association between LTFIS and

ischemic spinal cord infarction, thought to result from

embolization of particulate steroid and/or agglutination

of red blood cells in the presence of particulate steroid,

with subsequent interruption of arterial supply to the spi-

nal cord.

Given the superior safety profile of nonparticulate ste-

roids, many studies have sought to determine whether

LTFIS with nonparticulate steroids is inferior to LTFIS

with particulate steroids. Four studies have established

that nonparticulate steroids are not inferior to particulate

steroids for the treatment of pain attributed to disc herni-

ation [21,68,106,107] (Table 3). One study showed no

significant difference in the categorical response rate be-

tween LTFIS with triamcinolone (particulate steroid) vs

dexamethasone (nonparticulate steroid); at six months,

>70% of subjects in both groups achieved �50% pain

reduction [21]. In that study, a greater number of LTFIS

procedures were required in the dexamethasone group

compared with the triamcinolone group in order to main-

tain adequate pain relief during the study period

(P< 0.05) [21]. A fifth study on radicular pain due to

heterogeneous etiologies of LSS and disc herniation also

showed noninferiority of nonparticulate steroids, but it

was excluded from analysis of success rates due to lack of

stratification by diagnosis (Table 3) [108]. There was
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only one study that demonstrated superiority of particu-

late compared with nonparticulate steroid [109]. This

study, which used subjective “improvement” as the pri-

mary outcome measure, reported a greater-frequency

“improvement” in the particulate group at one week and

one month following LTFIS. The quality of this study

was downgraded due to the imprecision of the diagnostic

inclusion parameters.

Discussion

The focus of the present review was to analyze the pub-

lished literature on the effectiveness and safety of LTFIS

for the treatment of radicular pain in a rigorous and com-

prehensive manner. To achieve this goal, studies were an-

alyzed only by researchers fully trained and certified in

the application of principles of evidence-based medicine.

Studies were selected for inclusion using criteria recom-

mended by established guidelines [8,110].

The recommendations for importance of categorical

data analyses have been well documented in medical lit-

erature. A panel of leading authorities in pain medicine

published their recommendations, known as the

“Initiative on Methods, Measurement, and Pain

Assessment in Clinical Trials” (IMMPACT) guidelines,

recommending categorical data analysis (anchor-based

methods) over group (mean) data analysis (distribution-

based methods) [110]. Although group data may provide

a statistical indication that a treatment is effective, they

do not provide any information on the proportion of

patients in which the treatment is effective, the number

of patients for which it is effective, or the degree of effec-

tiveness in a particular patient.

When assessing the level of evidence in accordance

with GRADE and stratifying by underlying pathology,

trends do emerge. In this review, the authors encountered

observational cohort studies, pragmatic RCTs, and ex-

planatory RCTs. The two high-quality explanatory

RCTs that examined LTFIS demonstrated that LTFIS is

not a placebo and had a significant lasting benefit over

sham treatments. Substantial high-quality observational

studies further strengthen the conviction that this treat-

ment has an important role in the treatment of radicular

pain. The available data establish LTFIS as an effective

treatment for radicular pain. Because there is strong evi-

dence from explanatory studies, the quality of evidence is

rated as “high” for the effectiveness of LTFIS for the

treatment of radicular pain due to intervertebral disc her-

niation. Without explanatory studies or appropriate jus-

tifications to upgrade the level of evidence due to the

magnitude of health effect or dose-response gradient, the

quality of evidence is rated as “low” for the effectiveness

of LTFIS for the treatment of lumbar radicular pain due

to spinal stenosis and other diagnoses such as epidural

lipomatosis. Some outcome studies suggest that there is a

benefit, but there are no corroborating studies or appro-

priately controlled studies at this time. Although the

quality of evidence is low, this does not indicate that the

treatment is ineffective, only that the quality of available

evidence in support of LTFIS for these indications is low.

The current body of literature does support the conclu-

sion that LTFIS may provide short-term relief of radicu-

lar pain related to these diagnoses. An important

limitation of the majority of the literature pertaining to

spinal stenosis is that the exact nature of “spinal sten-

osis” was not defined (i.e., central canal, subarticular

zone, or neuroforamen). Future studies would be im-

proved by delineating the exact type of stenosis (central,

subarticular, or neuroforaminal) and clarifying the dis-

tinction between fixed stenosis vs intermittent neurogenic

claudication.

The reported surgery-sparing effect of LTFIS is sug-

gested by the evidence, but further study is needed. To

confirm that a treatment eliminates the need for surgery,

it requires that all patients were destined for surgery and

would have had surgery if LTFIS did not work.

LTFIS success rates were higher in patients with a

shorter duration of pain, an early positive response to in-

jection, and positive findings of radiculopathy on electro-

myogram. In terms of radiographic findings, there is little

convincing evidence as to whether any MRI disc charac-

teristics predict LTFIS outcomes, though there is some

evidence that patients with a low degree of nerve root

compression may respond more quickly than patients

with a high degree of compression.

The duration of relief after LTFIS is variable. In most

of the cases reported in the literature, only one LTFIS

treatment was needed for a successful outcome. If the

patient’s pain is relieved but returns after a period of

time, relief can be achieved again by repeat treatment.

However, there are known possible systemic side effects

of epidural corticosteroid injections, so injections should

be limited to the lowest effective dose and number of

injections with an appropriate time interval between

injections. Most studies included in our review showed a

treatment benefit lasting three to six months, with some

studies suggesting a benefit at one or even two years post-

injection. The rationale for a one- to two-year benefit

from LTFIS is likely related to the favorable natural his-

tory of lumbar radicular pain, rather than a one- to two-

year effect directly related to the corticosteroid. In

addition, many studies were not fully controlled for co-

interventions. This includes a possibly significant meth-

odological limitation in studies where several LTFIS pro-

cedures were performed in the same patient in between

follow-up intervals. Although repeated LTFIS procedures

may be justified in some cases for added benefit, perform-

ing an additional LTFIS procedure without discrete

reporting of when the injection(s) occurred creates a chal-

lenge in interpreting the true durability of effect of an in-

dividual LTFIS. For patients with disc herniation, LTFIS

with nonparticulate steroids are as effective as LTFIS

with particulate steroids. Five studies demonstrated that

nonparticulate steroids are not inferior to particulate
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steroids for treatment of radicular pain attributed to in-

tervertebral disc herniation [21,68,106–108].

In addition, data suggest that LTFIS is a safe proce-

dure. Large studies have continued to support the safety

of this procedure, with vasovagal reactions as the most

common “complication.” Prior reports of spinal cord

infarctions were associated with use of particulate ste-

roid, which is no longer recommended as a firstline medi-

cation. Precautions to improve safety have been

documented in the literature [5,7,111]. Particulate ste-

roids were most strongly associated with a risk of spinal

cord infarction, thought to be the result of arterial embo-

lization by steroid particles. Particles may also form due

to crystallization with combinations of ropivacaine and

dexamethasone sodium phosphate, so this particular

combination should be avoided [101]. Nonparticulate

steroids (not mixed with ropivicaine) should be the first-

line choice of medication due to their enhanced safety

profile, particularly given the fact that multiple studies

have shown nonparticulate steroids to be noninferior to

particulate steroids.

There are several general limitations to the present re-

view. It is possible that we did not capture all relevant

data. Useful data may have been rejected on the basis of

not being available in English. Reviewers are also suscep-

tible to confirmation bias, and their assessments can be

influenced by their previous experience with and knowl-

edge of a procedure and its effects.

Conclusions

The published evidence establishes that when appropriate

inclusion criteria are applied, LTFIS is an effective treat-

ment for radicular pain due to intervertebral disc hernia-

tion. Strong evidence supports this statement. There

remains a lack of high-quality evidence demonstrating

the effectiveness of LTFIS for the treatment of radicular

pain due to spinal stenosis, though the available low-

quality data support a possible benefit. There is a paucity

of data for miscellaneous conditions such as epidural lip-

omatosis and failed back surgery syndrome. Published

data demonstrate that LTFIS with nonparticulate steroids

are not inferior to LTFIS with particulate steroids.

Nonparticulate steroids should be the firstline choice of

medication due to their enhanced safety profile. More re-

search is needed to identify patient-specific factors that

predict the likelihood of a positive response to LTFIS.
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Abstract

Objective. To determine the effectiveness and risks
of fluoroscopically guided lumbar interlaminar epi-
dural steroid injections.

Design. Systematic review of the literature with
comprehensive analysis of the published data.

Interventions. Three reviewers with formal training
in evidence-based medicine searched the literature
on fluoroscopically guided lumbar interlaminar epi-
dural steroid injections. A larger team consisting of
five reviewers independently assessed the

methodology of studies found and appraised the
quality of the evidence presented.

Outcome Measures. The primary outcome assessed
was pain relief. Other outcomes such as functional
improvement, reduction in surgery rate, decreased
use of opioids/medications, and complications
were noted, if reported. The evidence on each out-
come was appraised in accordance with the Grades
of Recommendation, Assessment, Development
and Evaluation (GRADE) system of evaluating
evidence.

Results. The search yielded 71 primary publications
addressing fluoroscopically guided lumbar inter-
laminar epidural steroid injections. There were no
explanatory studies and all pragmatic studies iden-
tified were of low quality, yielding evidence compa-
rable to observational studies.

Conclusions. The body of evidence regarding effec-
tiveness of fluoroscopically guided interlaminar
epidural steroid injection is of low quality according
to GRADE. Studies suggest a lack of effectiveness
of fluoroscopically guided lumbar interlaminar epi-
dural steroid injections in treating primarily axial
pain regardless of etiology. Most studies on radicu-
lar pain due to lumbar disc herniation and stenosis
do, however, report statistically significant short-
term improvement in pain.

Key Words. Image-Guided; Lumbar; Interlaminar;
Steroid; Injection

Introduction

The use of epidural injections for the treatment of spine
pathology was described by Evans in 1930 [1].
Traditionally, this procedure was performed using an an-
atomic landmark-guided, or “blind” technique without
fluoroscopic guidance, as described by Barry and
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Kendal [2]. However, the lack of image guidance intro-
duces the potential for inaccurate needle placement.
Inaccuracy may result in the injectate failing to reach
the right level or side, or possibly even worse, the injec-
tate going to undesired locations such as a blood ves-
sel or the subarachnoid space. White et al. found that
inaccurate needle placement occurred in 25% to 30%
of injections even in the hands of experienced physi-
cians [3,4]. Given that the goal of a spine injection is to
deliver an aliquot of medicine to a specific target, the
efficacy and safety of this procedure may be contingent
upon the accurate delivery of the proposed injectate.
The potential complications of intrathecal steroid injec-
tions, such as adhesive arachnoiditis, have been well
described [5,6]. In addition, despite negative needle as-
piration, a significant number of injections following
blind needle placement have been proven to be intra-
vascular [4,7].

Once the high rate of inaccurate needle placement as-
sociated with blind techniques was elucidated, investi-
gators began exploring use of fluoroscopically guided
injections and epidurography to document accurate
needle placement before injection of therapeutic sub-
stances [8–13]. The first fluoroscopically guided epidural
injection was reported in the early 1980s [4]. Today,
interlaminar epidural steroid injections are one of the
most commonly performed interventions in managing
spine pain in the United States [14–23]. The purpose of
this review was to identify all publications on fluoroscop-
ically guided lumbar interlaminar epidural steroid injec-
tions (L-ILESI) and to assess the data with regard to
effectiveness based on the underlying pathology, as well
as the risks of the procedure so that appropriate use
criteria can be developed.

Most reviews to date have indiscriminately combined
fluoroscopically guided and non-image-guided L-ILESI.
Therefore, the purpose of this review was to focus
solely on the outcomes and complications reported
from fluoroscopically guided L-ILESI. Additionally this
review attempted to further stratify outcomes based on
underlying pathology. The information from this review
can be compared to the effectiveness and efficacy
data outlined in reviews of other procedures to guide
appropriate evidence-based medical decision-making
[24].

Methods

Three investigators, who all have formal training in
evidence-based medicine and are members of the
Standards Division of the Spine Intervention Society,
searched the scientific literature independently for publi-
cations on the effectiveness and for any unwanted ef-
fects of fluoroscopically guided L-ILESI. The literature
search was conducted in PubMed using the keywords
lumbar, epidural, steroid, injection, radicular pain, radi-
culopathy, radiculitis, stenosis, and back pain. The
searches encompassed all scientific papers published
until March 2016. Studies were excluded for the

following reasons: non-English language papers, non-
human studies, conference abstracts, case reports (un-
less they were reports of complications), less than 2
weeks follow-up, and technical considerations as out-
lined in Table 1. When suitable papers were retrieved,
the references of each were perused for relevant cita-
tions that had not been identified by the database
searches.

Similar to previous systematic reviews done by the
Standards Division, studies were sorted based upon
their contents, methodology, and study type [24–27].
The papers retrieved by the searches were sorted by
each of the investigators into two groups: primary publi-
cations (reports of studies that produced original data)
and secondary publications (those not producing origi-
nal data, such as literature reviews, editorials, and let-
ters). The primary publications on the effectiveness of
fluoroscopically guided L-ILESI were then classified by
each of the investigators into three categories termed:
observational studies, pragmatic studies, and explana-
tory studies. Observational studies were defined as
those that simply described the outcomes observed af-
ter the use of an intervention; note was taken of
whether the observational study design was prospective
or retrospective, and whether patients were consecu-
tively enrolled. Pragmatic studies were defined as those
in which the outcomes of one intervention were com-
pared with those of another intervention expected to
have a therapeutic effect. Explanatory studies were de-
fined as those in which the outcomes of an intervention
were compared with those of an intervention not ex-
pected to have a therapeutic effect. Of special note—
many researchers have designed their randomized con-
trolled trials (RCTs) using local anesthetic as a placebo
control. However, because there are some data to sug-
gest that local anesthetic may have some therapeutic
effect, those studies that compared fluoroscopically
guided L-ILESI to local anesthetic were considered
pragmatic studies in this review [28,29].

The primary papers on effectiveness of fluoroscopically
guided L-ILESI were then appraised by each of the in-
vestigators independently, using an instrument devel-
oped by the Society’s Standards Division to facilitate
reliable assessment of studies of therapeutic effective-
ness. The instrument assesses study design and objec-
tive; the study population; the intervention under study
and any other intervention used for comparison; the
outcomes considered and the instruments used to eval-
uate them; the results reported and the times they were
observed after the intervention; any apparent methodo-
logical limitations, including non-blinded observers;
losses to follow-up; non-consecutive patients; etc. It
also records the reviewer’s assessment of the paper
and the data it reported, with specific attention to any
apparent biases or inconsistencies, the precision of esti-
mates of effect (including confidence intervals of data),
and any confounding factors. Each reviewer then made
a general comment led by the question: “Irrespective of
what the authors may or may not have written, does the

Sharma et al.

240

Downloaded from https://academic.oup.com/painmedicine/article-abstract/18/2/239/2924707
by SIS Member Access user
on 10 April 2018



study provide valid data on the effectiveness of fluoro-
scopically guided L-ILESI, and if so, how compelling are
those data?”

When the investigators had each completed their inde-
pendent appraisals of the effectiveness papers, they
shared the results of their assessments and discussed
any differences of opinion on particular papers until they
reached consensus on the value of each paper’s contri-
bution to the published evidence of the effectiveness of
fluoroscopically guided L-ILESI. The assessments were
then appraised by other members of the Society’s
Standards Division (all also trained in evidence-based
medicine).

The resultant body of evidence was analyzed to deter-
mine whether it provided evidence of effectiveness using
the Grades of Recommendation, Assessment,
Development and Evaluation (GRADE) system of evalu-
ating evidence to determine the quality of the evidence.
In essence, the GRADE system asks reviewers to trans-
parently evaluate the body of evidence with consider-
ation not only to study design, but attributes that would
strengthen or weaken confidence in the estimate of ef-
fect. GRADE provides for an initial rating of quality
based upon the best available evidence that comprises
the evidence base, then further requires consideration
of weaknesses (e.g., risk of bias, indirectness) that merit
downgrading and strengths (e.g., magnitude of effect,
dose response gradient) that would justify upgrading the
rating of the quality of the body of evidence.

Since lumbar radicular pain and low back pain are
merely symptoms of a variety of conditions that clearly
have different natural histories and possibly different re-
sponses to interventional therapy, when possible the
data were grouped by the underlying spinal pathology

with the focus being intervertebral disc displacement
and lumbar spinal stenosis.

Using the same search strategies, the investigators also
reviewed studies and reports on the risks of fluoroscopi-
cally guided L-ILESI. The information provided in the re-
ports of complications was collated and the resultant
body of evidence was evaluated using the GRADE sys-
tem of appraisal to determine the quality of the evidence
for the risks of fluoroscopically guided L-ILESI. The pub-
lished data on the effectiveness and risks of this proce-
dure were both taken into account, and overall
conclusions were drawn in accordance with the GRADE
system.

Results

A literature search yielded 71 articles on fluoroscopically
guided L-ILESI for treatment of lower extremity and/or
low back pain due to a variety of etiologies. These
articles were assigned into the categories noted in
Figure 1. Of the 71 articles, 41 met the established
inclusion criteria. There were 27 papers addressing the
effectiveness of fluoroscopically guided L-ILESI and 14
publications that discussed aspects of the safety of the
procedure and its associated risks.

Effectiveness

Radicular Pain Due to Lumbar Disc Herniation

Observational Studies.
Three small observational studies provide conflicting evi-
dence regarding the effectiveness of fluoroscopically
guided L-ILESI in the treatment of radicular pain due to
lumbar disc herniation. One study by Ghai et al. was
conducted as an RCT, but both treatments studied

Table 1 Excluded studies

Rationale References

Technique description; no outcomes assessed Mehta and Salmon (1985), Fredman et al. (1999),

Johnson et al. (1999), Liu et al. (2001), Bartynski

et al. (2005), Hameed et al. (2012), Huang and Palmer (2012)

Multiple independent interventions Gelalis et al. (2009), Dougherty et al.(2004)

Used computed tomography (CT) guidance only Wagner (2004)

Lack of subgroup analysis (i.e., multiple

techniques/approaches, some use of imaging)

Arnhoff et al. (1977), White et al. (1980), Schmid et al. (1999),

Simotas et al. (2000), Butterman (2004 - LDH), Butterman

(2004 - DDD), Kapural et al. (2007), Friedly et al. (2008),

Briggs et al. (2010), Tomkins-Lane et al. (2012), Krych

et al. (2012), Mandel et al. (2013), Radcliff et al. (2013)

Less than 2 weeks follow-up Bartynski et al. (2013)

Case Reports (not related to complications) Aydin et al. (2005), White and Cohen (2007), Shanthanna

and Park (2011)

Preliminary results with subsequent

publication of complete results

Manchikanti et al. (2010 – Discogenic Pain), Manchikanti

et al. (2010 – LDH/radiculitis) Manchikanti et al. (2012 – Stenosis)
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were fluoroscopically guided L-ILESI, and differed only
with respect to placing the needle midline or parasagit-
tal. Therefore, for present purposes, each arm was con-
sidered as an observational study [30].

The study by Furman et al. [31] reported that 23% [1–
45%] of 21 patients obtained complete relief of pain at
3 months, and a further 38% [11–64%] obtained at least
50% relief. Ghai et al. reported that 43% [8–67%] of pa-
tients achieved at least 50% relief at 6 months [30].
Schaufele et al. did not report success rates, but the
mean improvement in leg pain was only 1.4/10 on a vi-
sual analog scale (VAS) [32], which is less than half of
the minimal clinically important change for lumbar radic-
ular pain in pain for patients with sciatica [33].

Pragmatic Studies.
Twelve pragmatic studies investigating efficacy of fluoro-
scopically guided L-ILESI in patients with radicular pain
were published between 2007 and 2016. Seven studies
compared the effectiveness of the interlaminar approach
with either the transforaminal route [34–38] or with both
transforaminal and caudal routes [39,40]. Rados et al.
[37,38] and Ghai et al. [34] reported improvement in all
the outcomes in both groups without a statistically sig-
nificant difference between them. However, the other
studies all demonstrated better effectiveness of the
transforaminal route [35,36,39,40].

One RCT compared the effectiveness of L-ILESI with
two different steroid preparations (dexamethasone and
methylprednisone) and failed to demonstrate a signifi-
cant difference in outcomes between the two [41].
Another study found similar outcomes of aggregated
(both interlaminar and transforaminal) lumbar epidural
steroid injections done based on clinical picture com-
pared with one performed based on clinical picture and
magnetic resonance imaging (MRI) results [42]. Since all
of the above-mentioned pragmatic RCTs failed to dem-
onstrate superiority of L-ILESI over other treatments, the
body of evidence provided by these studies in address-
ing the effectiveness of L-ILESI in treating radicular pain
is of low quality, and therefore, comparable to observa-
tional studies.

One double-blind pragmatic RCT compared the effec-
tiveness of L-ILESI of local anesthetic with and without
steroid in patients with lumbar radicular pain caused by
disc herniation and found “potential superiority of ste-
roids” in improving the outcomes at 1-year follow-up
[43]. The inclusion/exclusion criteria in this study were
well defined. One hundred and twenty patients were
randomly assigned to two groups. The subjects were
randomized to L-ILESI with 6 ml of 0.5% lidocaine or an
L-ILESI of 5 ml of 0.5% lidocaine and 1 ml of betame-
thasone. The interventional technique was adequately
described and the outcome measures included numeric
rating scale (NRS), Oswestry Disability Index (ODI), em-
ployment status, and reduction in opioid intake. The pri-
mary outcome was “significant” improvement defined as

50% or more reduction in pain scores and ODI at 3-
month, 6-month, and 12-month follow-ups. Most pa-
tients had several (up to five) procedures during the
study. Loss to follow-up was 10%. Successful out-
comes for those receiving lidocaine only were reported
in: 72% [95% (CI): 61–83%] at 3 months, 63% [95%
(CI): 51–75%] at 6 months, and 67% (95% CI: 55–79%)
at 12 months. For those receiving lidocaine and beta-
methasone, successful outcomes were reported in:
82% (95% CI: 72–92%) at 3 months, 85% (95% CI: 76–
94%) at 6 months, and 85% (95% CI: 76–94%) at 12
months. With overlapping confidence intervals at 3
months and 12 months, the success rates are not sta-
tistically significantly different. The NRS scores de-
creased more in those receiving a corticosteroid
compared to the local anesthetic only group (P¼0.02),
and so did the ODI scores (P¼ 0.026). Overall, this was
a well-designed study with proper randomization and al-
location concealment. Intent–to-treat analysis was ap-
plied and co-interventions were controlled for. The
outcome measures reached minimal clinically important
change as demonstrated by categorical data. One po-
tential flaw of this study is that numerous L-ILESI were
performed on the same patients and, therefore, the ef-
fectiveness of a single procedure remains unknown. The
counterargument to that is that many patients, outside
of the strictly controlled research settings, often receive
more than one L-ILESI a year. Thus, this study may be
considered as better representing “the real world”.
Another drawback is the choice of a steroid used for
epidural injection. Betamethasone is rarely used by pain
practitioners because of its high cost and inferior effec-
tiveness as compared with the other steroids commonly
used for this intervention [44]. The more egregious flaw,
however, concerns the most important categorical out-
come of the trial – the success rate of the treatment.
Surprisingly, it is not even reported in the article’s ab-
stract but rather mentioned in the results section only.
While the 6-month data demonstrate decreased pain
and functional improvement with inclusion of steroid,
the overlapping 95% confidence intervals at 3 and 12
months suggest the two treatments are equivalent at
those timeframes, failing to support the authors’ conclu-
sion of “potential superiority of steroids compared with
local anesthetic alone at 1-year follow-up.” However, it
is difficult to interpret the data accurately because the
authors performed several ESIs on each patient in a
rather haphazard fashion. It is possible that before the
6-month follow-up data collection, a greater proportion
of patients received the injection more recently com-
pared with the 3- and the 12-month data collection pe-
riods. If so, that may explain the inconsistency of the
results.

Two pragmatic studies assessed the effectiveness of a
parasagittal lumbar interlaminar approach. In 2015, Ghai
et al. performed a pragmatic RCT assessing the effec-
tiveness of fluoroscopically guided parasagittal interlami-
nar injections of local anesthetic with and without
steroid for patients with chronic low back pain and
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uniradicular pain [45]. At 3 months, 86% of patients in
the steroid group reported greater than 50% improve-
ment (90% CI: 73–93%) as compared to 50% in the lo-
cal anesthetic group (90%: CI 36–64%). Similar results
were obtained at 6, 9, and 12 months. This study
seems to provide some evidence of greater effective-
ness of parasagittal interlaminar epidural steroid injec-
tions compared to epidural injections of a local
anesthetic. An important confounding factor is the un-
known timing of additional injections in relation to the
fixed in time follow-up appointments. If some patients
received these additional injections close to the follow-
up dates they might show much better results skewing
the data. Also, the authors chose the unusually broad
exclusion criteria, not only excluding patients with large
disc herniation but also those with any signs of radicul-
opathy, thereby rendering the criteria much different
from those used in the vast majority of other studies.
Hashemi et al. conducted a pragmatic RCT comparing
transforaminal and parasagittal injections in patients with
radicular pain and found that the success rate, defined
as NRS< 3, was not different between the groups [46].
The authors concluded that both techniques were
equally effective with 77.3% of parasagittal LESI patients
(95% CI: 67–90.5%) and 74.2% of transforaminal LESI
patients (95% CI: 62.4–89.4%) gaining success at 2 to
4 weeks. However, a short follow-up in this study tem-
pers the optimism inspired by these positive results.

Radicular Pain Due to Lumbar Spinal Stenosis

Four observational studies have addressed the effective-
ness of fluoroscopically guided L-ILESI for spinal steno-
sis. Three suggested that short-term improvement could
occur, but provide no data on success rates [47–49].
The fourth study found no improvements [50].

In 2014, a pragmatic multicenter, double-blind RCT was
published comparing the effectiveness of epidural injec-
tions (both transforaminal and interlaminar) containing li-
docaine with and without steroids in patients with spinal
stenosis [51]. The primary outcome measures were
Roland-Morris Disability Questionnaire (RMDQ) and NRS
for leg pain at 3 and 6 weeks. The inclusion/exclusion
criteria in this study were well-defined and focused on
central spinal stenosis. Patients were randomized to two
groups: lidocaine 0.25–1%, 1–3mls; and lidocaine 0.25–
1%, 1–3mls and 1–3mls of steroid (60–120 mg of triam-
cinolone or methylprednisonole, 6–12 mg of betametha-
sone, 8–10 mg dexamethasone). It was a double-
blinded study carried out by 26 different physicians. Of
the 200 patients in the lidocaine only group, 139 had an
interlaminar injection, while 61 received a transforaminal
injection, all under fluoroscopic guidance. Of the 200
patients in the lidocaine and steroid group, 143 had an
interlaminar injection and 57 had a transforaminal injec-
tion, under fluoroscopic guidance. Outcomes were as-
sessed at 3 and 6 weeks. The data were presented as
the mean of continuous data for each group. Patients

who received interlaminar injections assigned to gluco-
corticoids plus lidocaine compared to those assigned to
lidocaine alone reported better physical function on the
RMDQ and less leg pain at 3 weeks which were statisti-
cally significant, but there were no significant differences
between the two treatment groups at 6 weeks. The au-
thors concluded that in the treatment of lumbar spinal
stenosis, epidural injection of glucocorticoids plus lido-
caine offered minimal or no short-term benefit as com-
pared with epidural injection of lidocaine alone. To
facilitate recruitment, the study allowed blinded cross
over between treatment arms. Of the 200 subjects that
initially received steroid and lidocaine, only 60 or 30%
(95% CI 24–37%) crossed over; while 90 or 45%(95%
CI 38-51%) of the 200 patients treated initially with lido-
caine crossed over. It is interesting that there was a sta-
tistically significant difference, with more people that
only received lidocaine crossing over than those that ini-
tially received steroids [52].

This is considered an important study as it mimics clini-
cal practice; however, there are a number of limitations.
The inclusion criteria were loose and many patients’
pain and disability may not be the result of stenosis. In
addition, the variability in both volume (1–6 mls) lido-
caine dose and steroid dose and type injected could im-
pact the results and this was not accounted for. No
images were included to assess placement or contrast
flow patterns. There were multiple physicians involved in
performing the procedures. They did not control for or
even mention confounding factors such as medication
use. Categorical data were not provided, nor were data
on some of the more salient outcome measures such
as the Swiss Spinal Stenosis Questionnaire. They did
not present baseline and post-injection data for each
group; rather they provided results only on the
between-group differences without adequate subgroup
analysis. Therefore, in academic terms, this study might
be criticized for not applying uniform, rigorous selection
criteria, for not standardizing dosages, for using multiple
treating physicians, and for not controlling for co-
interventions. However, the practices of the physicians
and the patients enrolled reflect what happens in actual
clinical practice. So despite the significant limitations
mentioned above, this study may be representative of
normal clinical practice and appears to support the con-
clusion that steroids are only minimally more effective
than local anesthetic at 3 weeks.

In 2015, another double blind pragmatic RCT was pub-
lished that compared the effectiveness of an L-ILESI
with local anesthetic only to an L-ILESI with local anes-
thetic and corticosteroid in patients with lumbar radicu-
lar pain caused by central spinal stenosis [53]. This
study was completed by the same authors as the previ-
ously detailed manuscript comparing L-ILESI of lido-
caine only to lidocaine and corticosteroid for disc
herniations [43]. Outcomes were assessed at baseline
and at 3, 6, 12, 18, and 24 months post-treatment, and
included NRS and ODI, with success defined as a de-
crease in either measure by� 50%. The authors found
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that 72% (95% CI: 61–83%) of patients receiving lido-
caine and corticosteroid and 73% (95% CI: 62–85%) of
patients that received lidocaine only had significant pain
relief at 24 months. ODI scores decreased by 75% in
both groups at 24 months. The authors concluded that
epidural injection of glucocorticoids plus lidocaine offers
no benefit as compared with epidural injection of lido-
caine alone. However, this study had the same method-
ological flaws outlined above that permeated the
authors’ other study [43].

Staats et al. performed a pragmatic RCT comparing the
effectiveness of fluoroscopically guided L-ILESI to the
MILD (minimally invasive lumbar decompression) proce-
dure in the treatment of spinal stenosis and reported
greater improvements in patients’ symptoms with the
latter treatment [54]. However, the lack of blinding and
some other notable shortcomings of this study cast
doubts on the relevancy and validity of the presented
data. Because the first follow-up in the study was not
conducted until after 6 months after each procedure the
shorter lasting positive effects of epidural steroid injec-
tions might not be registered.

Radicular Pain of Unclear Etiology

Two studies were identified that evaluated the effective-
ness of fluoroscopically guided L-ILESI in patients with
radicular pain of uncertain etiology. A prospective obser-
vational study by Burn et al. evaluated 6-month out-
comes following L-ILESI or caudal epidural steroid
injections in 56 patients with radicular pain resulting
from uncertain etiology [55]. Of the 29 patients in the L-
ILESI subgroup that received 20 ml of 0.75% lidocaine
mixed with 20 mg hydrocortisone and 80 mg of methyl-
prednisolone, 18 [62% [(95% CI: 44–80%)] reported re-
lief of pain from radicular symptoms at 6 months;
however, the authors do not quantify the degree or per-
centage of pain relief. No conclusion can be drawn from
this study as the technique is not consistent with stan-
dards: large volume was injected at the L3-4 level, two
different steroids were used, and some cases were per-
formed using a catheter.

Annaswamy et al. evaluated whether an abnormal nee-
dle electromyography (NEE) would predict positive out-
comes after L-ILESI [56]. Patients with abnormal NEE
experienced better outcomes; however, both groups
failed to achieve a minimal clinically important change,
reporting less than 2-point reduction on the VAS.

Back and/or Leg Pain Due to Unclear or Multiple
Etiologies

A 2003 study by Noe and Haynsworth compared the ef-
fects of fluoroscopically guided L-ILESI with methlypred-
nisone to betamethasone in patients with low back pain
with or without radiculopathy [57]. The 23% loss to

follow-up, absence of categorical data, and results re-
ported only at 4 weeks, limits the obtainable insight into
the effectiveness of L-ILESI in treating patients with
back and/or leg pain of uncertain etiology.

A pragmatic RCT compared the effectiveness of inter-
laminar with bilateral transforaminal epidural steroid in-
jections in the treatment of spine pain and pathology in
patients with lumbosacral disc herniation or spinal ste-
nosis [58]. Of the patients with stenosis treated with an
interlaminar injection, 36% (95% CI: 21–50%), com-
pared with 61% (95% CI: 49–74%) for the transforami-
nal group, experienced a successful outcome at 2
months, defined as at least a 2-point reduction on the
NRS pain scale. For patients with disc herniation, no dif-
ferences between groups were noted at up to 4
months.

In 2012, Manchikanti et al. performed a pragmatic RCT
of 120 patients to assess the effectiveness of fluoro-
scopically guided lumbar interlaminar injection of local
anesthetic with and without steroid in managing chronic
low back pain of discogenic origin [59]. Discogenic pain
was diagnosed by absence of relief from medial branch
blocks or SI joint injection. This is clearly not a validated
means of diagnosing “discogenic pain,” which resulted
in the study being categorized for purposes of this re-
view as providing evidence relative to use of L-ILESI in
treating back and/or leg pain of uncertain etiology. In
this study, the subjects received either local anesthetic
only or a mixture of local anesthetics. Similar to this re-
search groups other studies comparing interlaminar an-
esthetic to interlaminar anesthetic and corticosteroid in
spinal stenosis [49] and disc herniations [42], all sub-
jects improved and no differences were found between
the groups in NRS and ODI at 3, 6, and 12-months
post enrollment. Unfortunately this paper also contained
significant flaws, such as allowing multiple injections for
which timing and exact numbers were not adequately
controlled, thus limiting the ability to draw real insights
and conclusions.

Complications and Adverse Effects

In order to accurately report on complications due to
fluoroscopically guided L-ILESI, it is imperative to differ-
entiate true reported complications from minor adverse
effects. Additionally it is useful to stratify the adverse ef-
fects into: generic effects expected of any invasive pro-
cedure, those attributable to the agents injected, and
technical mishaps peculiar to epidural placement of
needles.

True complications following fluoroscopically guided L-
ILESI appears to be limited to mostly case reports (see
Table 2). In fact a large cohort of over 1,500 consecu-
tive injections revealed no major complications [60].
Further review of the case reports on complications due
to fluoroscopically guided L-ILESI revealed several po-
tentially clinically significant complications including:
chemical meningitis following inadvertent dural
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puncture/intrathecal steroid administration [61], “tran-
sient” blindness with retinal hemorrhages on ophthalmo-
logic examination but with permanent vision changes
[62], paraplegia [63], soft tissue abscess associated with
osteomyelitis [64], epidural abscess [65], and epidural
hematoma [66,67].

The case report by Young et al. describes a patient that
developed transient blindness (20/400 vision bilaterally)
with eventual vision improvement to 20/40 (B/L), but
who also developed diabetes mellitus, previously not di-
agnosed, with requirement of insulin on a temporary ba-
sis [62]. In regards to the transient blindness, there have
been nine previously reported cases with retinal hemor-
rhages seen on fundoscopic examination [62].
Permanent paraplegia following L1-2 ILESI in a patient
with prior L3-4 posterior fusion has been described by
Lenoir et al. due to unknown mechanism, possibly
through an embolic event due to a variation in the arte-
rial blood supply to the spinal cord, as seen in the trans-
foraminal route [63].

Hooten et al. reported on a patient with L5-S1 discitis
with Coagulase negative Staphylococcus post L5-S1
ILEI, requiring complete L5 laminectomy, L5-S1 discec-
tomy, and bilateral medial facetectomies in a 64-year-
old with a history of recurrent pulmonary infections [68].
The patient was treated with 6 weeks of IV antibiotics.
At 3 months follow-up, the patient reported no lumbo-
sacral spine, radicular lower limb pain, and the patient’s
weakness in the lower limbs had improved.

Simopoulos et al. described a soft tissue abscess with
osteomyelitis with methicillin-resistant Staphylococcus
Aureus (MRSA) in an immunocompromised (diabetes
mellitus) patient following a second injection in a series
of L-ILESIs for radicular pain due to lumbar stenosis
[64]. This patient had proper aseptic techniques, but
was immunocompromised, and therefore at higher risk
of developing an abscess/osteomyelitis. The authors
recommended using Chlorhexidine-based solutions
when possible, as they may be associated with better
skin disinfection for pain procedures in patients with risk
factors for immunosuppression.

Linn et al. described an 81-year-old patient who had a
history of AFib with previous neuraxial procedures while
Coumadin was held per guidelines [69], who developed
non-reversible, permanent aphasia and left hemiparesis
due to a right middle cerebral artery cerebrovascular ac-
cident [70]. While not directly due to the procedure, this
complication may have been caused by holding of the
anticoagulants in preparation for the procedure. Epidural
hematoma has been described in a patient bridged with
enoxaparin [66] and in a patient with undiagnosed
Idiopathic Thrombocytopenic Purpura [67].

Minor adverse events that are transient in nature and
not true complications have also been reported follow-
ing fluoroscopically guided L-ILESIs. These include: in-
advertent disc entry without discitis, flushing, increased
or new pain, bleeding, post-injection headache, chest
pain, itching/pruritis, weakness, leg cramps, abnormal

Table 2 Adverse effects and complications associated with fluoroscopically guided L-ILESI

Adverse Effects and Complications

Cause Complication Reference

Technique Dural puncture Gutknecht (1987)

Dural puncture El-Yahchouchi et al. (2015)

Discitis Hooten et al. (2006)

Discitis Schultz (2008)

Increase in index pain McGrath et al. (2011)

Increase in index pain El-Yahchouchi et al. (2015)

Epidural hematoma Xu et al. (2009)

Epidural hematoma Yoo et al. (2009)

Infection/Inflammation Chemical meningitis Gutknecht (1987)

Epidural abscess Gotz et al. (2009)

Soft tissue abscess and osteomyelitis Simopoulos et al. (2008)

Steroid Transient blindness with permanent vision changes Young (2002)

Diabetes mellitus Young (2002)

Flushing Kim et al. (2010)

Non-positional headache El-Yahchouchi et al. (2015)

Sleeplessness El-Yahchouchi et al. (2015)

Discontinuation of Coumadin Thromboembolic stroke Linn et al. (2009)

Unknown mechanism Paraplegia Lenoir et al. (2008)

Vasovagal syncope Kennedy et al. (2013)

Vasovagal syncope El-Yahchouchi et al. (2015)
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limb movement, swelling, heart palpitations, diarrhea,
night sweats/fevers/chills, muscle spasm, pressure,
other back pain, stiffness, numbness, or transient bowel
incontinence [60,61,71,72]. Some of these adverse
events are due to the mere act of placing a needle and
clearly not unique to fluoroscopically guided L-ILESIs.
This would include adverse events such as increased
pain and vasovagal syncope, both of which have been
reported on from large cohorts. Increased pain is one of
the most commonly reported adverse events, but in
large studies has been found to occur less than 2% of
the time [60]. Vasovagal syncope is another well-studied
adverse event due to needle placement. One study of
279 consecutive subjects reported 20 [0.7% [(95% CI:
0.5–0.1%)] with transient vasovagal syncope [73], while
another larger multi-site study of 1,412 consecutive sub-
jects noted only 3 [0.02% [(95% CI: 0.007–0.06%)] epi-
sodes of transient vasovagal syncope [60].

There are also reported effects that are felt to be sec-
ondary to the injection of a corticosteroid or other medi-
cations. These would therefore not be unique to L-
ILESIs and would include: sleeplessness, non-positional
headaches, increased blood glucose, facial flushing,
adrenal suppression, and allergic reactions [74–78].
Central steroid effects, defined as sleeplessness, flush-
ing and a non-positional headache, have been shown
to occur in 2.6% (95% CI: 1.9–3.4%) of patients [60].

Lastly adverse events can also occur due to technical
mishaps. In a large cohort, dural punctures have been
reported at low rates of 0.2% (95% CI: 0.9–0.6%) [60].
Unintended injection into a disc [68,79] has also been
reported in case reports. While dural puncture has been
reported from procedures done according to the

Society’s standards, intradiscal injections should not oc-
cur in correctly performed image-guided procedures.

Discussion

A systematic review completed by members of the
Society’s Standards Division earlier this year addressed
the effectiveness and risks of blind L-ILESI (in press).
The authors of that review determined that there is no
role for the routine use of blind L-ILESI in the treatment
of spine pathology resulting in pain. They suggested
that the evidence should be reviewed to determine
whether fluoroscopic guidance results in improved out-
comes that would support the use of the interlaminar
approach in treating radicular pain, neurogenic claudica-
tion, and axial low back pain. Use of fluoroscopy offers
several advantages when performing L-ILESI, including:
verification of the correct level and side; confirmation,
with use of contrast medium, that the injection is accu-
rately placed in the epidural space; and avoidance of in-
travascular injection. Despite these demonstrated
advantages, there have been several systematic reviews
undertaken in the past with conflicting results regarding
the effectiveness of fluoroscopically guided L-ILESI.

Previous systematic reviews have used traditional meth-
ods to assess the evidence, which rely on RCTs but ab-
jure observational studies. These reviews come to very
different conclusions regarding the effectiveness of fluoro-
scopically guided L-ILESI [80–84], but almost all agree
that epidural steroid injections provide short-term im-
provement of radicular pain associated with disc hernia-
tion or spinal stenosis. Unlike these previous reviews, the
present review employed the GRADE system of appraisal

Figure 1 Categorization of potentially relevant articles generated by the literature search.
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to determine the quality of the evidence regarding the ef-
fectiveness of fluoroscopically guided L-ILESI.

Additionally this review focused on separating the results
by the likely underlying pathology, as varying pathologies
may have different responses to treatment and they clearly
have different natural histories. The disease specific natural
history is imperative to consider when discussing the dura-
tion of relief. For instance, radicular pain due to a disc her-
niation typically has a favorable natural history for
resolution of pain. This is in stark contrast to neurogenic
claudication due to spinal stenosis, which while not gener-
ally progressive, does not tend to spontaneously resolve.
For those conditions with a favorable natural history, a
short duration of relief from a given treatment may be rea-
sonable. The decision to implement the treatment would
take the risks and benefits into consideration, in addition
to the symptom severity, impact on function, and even to-
tal costs including costs of alternative treatments and lost
productivity due to inability to work. In the case of radicul-
opathy due to a disc herniation a short duration of relief
that results in less utilization of other health care and a
quick return to work may be appropriate. However, a simi-
lar short-term effect may be insufficient for a chronic con-
dition such a spinal stenosis.

When assessing the level of evidence in accordance
with GRADE and stratifying by underlying pathology,
trends do emerge. For all conditions, the quality of evi-
dence is low in accordance with GRADE. There were
no reasons to justify upgrading the evidence for any pa-
thology. To qualify for such an “upgrade” in GRADE
methodologically, the evidence provided by observa-
tional studies must demonstrate a large magnitude of
effect or the presence of a dose-response gradient.
Neither of these conditions apply. In addition, many of
the studies had several flaws as discussed in detail in
the results section.

This low rating in accordance with GRADE is due to the
lack of explanatory RCTs for fluoroscopically guided L-
ILESI. The literature search yielded twelve pragmatic
studies addressing the use of fluoroscopically guided L-
ILESI for radicular pain due to herniated disc, and five
for spinal stenosis. All of these studies failed to show
superiority of L-ILESI to the comparative treatment, with
the exception of two studies: one found L-ILESI superior
only at 6 months for those with disc herniations [43] and
the other showed superiority at up to 12 months [45].
This resulted in the majority of the evidence relative to
use of fluoroscopically guided L-ILESI for radicular pain
being classified as observational in nature.

While the quality of evidence is low, the body of evi-
dence does support the conclusion that fluoroscopically
guided L-ILESI do provide short-term relief of radicular
pain from lumbar disc herniation as well as stenosis. As
discussed above this may be an appropriate outcome
for acute or subacute radicular pain due to a disc herni-
ation, but may be insufficient for those with chronic neu-
rogenic claudication due to spinal stenosis.

There is a body of literature from one research group in
the form of multiple RCTs that claim no differences be-
tween lumbar interlaminar epidural injection of lidocaine
or corticosteroid for several pathologic conditions in-
cluding spinal stenosis, disc herniations, and pain of
unclear etiology. Surprisingly, these patients tended to
have similar strong positive response rates regardless of
the underlying etiology or substance injected. These
studies, while internally consistent, exhibit dissonance
with the remainder of the published literature. They also
did not control for the number or timing of the multiple
injections the subjects received, and utilized a cortico-
steroid (betamethasone) that has been shown in other
studies to be less effective than other corticosteroid
preparations [44,57,85]. Due to these considerations it
is unclear if these results were due to recurrent method-
ological flaws, or a lack of effectiveness of betametha-
sone or even the interlaminar approach.

Several studies have assessed the effectiveness of the
parasagittal interlaminar approach compared with either
traditional midline L-ILESI or transforaminal injections of
steroids [30,34,45,46]. The evidence suggests this tech-
nique is significantly more effective than the midline L-ILESI
approach in the treatment of radicular pain and possibly of
comparable effectiveness to transforaminal injections of
steroid for uniradicular pain due to disc herniation.

GRADE Assessment of Risks of Fluoroscopically
Guided L-ILESI

When attempting to assess the quality of the evidence
on the risks of fluoroscopically guided L-ILESI in accor-
dance with the GRADE system, it is noted that the pub-
lished evidence consists only of case reports.
Accordingly, the body of evidence is of very low quality.
That results in very little confidence in the effect esti-
mate and the true effect is likely to be substantially dif-
ferent from the estimate of effect. Readers must be
careful not to confuse “evidence of very low quality”
with “evidence of little significance” and perhaps go on
to dismiss the risks of fluoroscopically guided L-ILESI as
too rare to be of concern. The evidence of risks is of
very low quality because few cases of serious complica-
tions have been published. This may reflect publication
bias. There is a tendency for serious complications not
to be publicized in papers. Thus, the frequency of com-
plications after fluoroscopically guided L-ILESI is uncer-
tain but when they do occur they can be catastrophic.

Conclusion

There appears to be evidence suggesting a lack of ef-
fectiveness of fluoroscopically guided L-ILESI in treating
primarily axial pain associated with spinal stenosis or
discogenic etiology. Despite the fact that the evidence
is of low quality, most studies report significant short-
term improvement in radicular pain after fluoroscopically
guided L-ILESI in patients with radicular pain due to
lumbar disc herniation and stenosis.
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Epidural Steroids
A Comprehensive, Evidence-Based Review

Steven P. Cohen, MD,*Þ Mark C. Bicket, MD,* David Jamison, MD,Þ
Indy Wilkinson, MD,þ and James P. Rathmell, MD§

Abstract: Epidural steroid injections (ESIs) are the most widely utilized
pain management procedure in the world, their use supported by more
than 45 placebo-controlled studies and dozens of systematic reviews. De-
spite the extensive literature on the subject, there continues to be consid-
erable controversy surrounding their safety and efficacy. The results of
clinical trials and review articles are heavily influenced by specialty, with
those done by interventional pain physicians more likely to yield positive
findings. Overall, more than half of controlled studies have demonstrated
positive findings, suggesting amodest effect size lasting less than 3months
in well-selected individuals. Transforaminal injections are more likely to
yield positive results than interlaminar or caudal injections, and subgroup
analyses indicate a slightly greater likelihood for a positive response for
lumbar herniated disk, compared with spinal stenosis or axial spinal pain.
Other factors that may increase the likelihood of a positive outcome in
clinical trials include the use of a nonepidural (eg, intramuscular) control
group, higher volumes in the treatment group, and the use of depo-steroid.
Serious complications are rare following ESIs, provided proper precau-
tions are taken. Although there are no clinical trials comparing different
numbers of injections, guidelines suggest that the number of injections
should be tailored to individual response, rather than a set series. Most
subgroup analyses of controlled studies show no difference in surgical
rates between ESI and control patients; however, randomized studies
conducted by spine surgeons, in surgically amenable patients with stan-
dardized operative criteria, indicate that in some patients the strategic use
of ESI may prevent surgery.

(Reg Anesth Pain Med 2013;38: 175Y200)

Epidural steroid injections are one of the most commonly
performed procedures in medicine. It is a topic that seems to

transcend pain medicine, with a domain that extends across
multiple specialties and to some extent even outside medicine.
Yet, there are few subjects that have generated such intense con-
troversy. Legions of articles have been written on the subject,
and, arguably, there may be more research on this treatment

than for any other interventional therapy in medicine. In fact,
so much has been written on the subject that a mythological
aura now exists that this is an essential treatment, which makes
it even more challenging for patients, and even nonpain physi-
cians, to be able to critically evaluate their effectiveness. The
purpose of this article was to provide an evidence-based review
on the subject, to include mechanisms of action, efficacy, risks,
and cost-effectiveness.

SEARCH STRATEGY AND LEVELS OF EVIDENCE
Articles included in this review were selected by searches

of the PubMed, MEDLINE, EMBASE, and OVID databases
from 1953 to February 2013 using various combinations of
the search terms ‘‘epidural steroid,’’ ‘‘caudal,’’ ‘‘transforaminal,’’
‘‘selective nerve block,’’ ‘‘selective nerve root block,’’ ‘‘seg-
mental nerve block,’’ ‘‘corticosteroid,’’ ‘‘radiculopathy,’’ ‘‘radicular
pain,’’ ‘‘sciatica,’’ ‘‘pain,’’ ‘‘low back,’’ ‘‘lumbar,’’ ‘‘thoracic,’’ ‘‘mid-
back,’’ ‘‘cervical,’’ ‘‘neck,’’ ‘‘spinal,’’ and ‘‘spine.’’ Controlled trials,
comparative-effectiveness studies, review articles, and case re-
ports were all considered for inclusion, without language re-
strictions. The reference lists of all articles were searched for
pertinent references that were missed during the initial screening.

Evidence was synthesized, and recommendations were
based on a conglomeration of factors including weighted evi-
dence in accordance with the Oxford Centre for Evidence
Based Medicine,1 consensus guidelines when relevant, and
perceived bias. Levels of evidence cited in referenced system-
atic reviews were either based on US Preventive Services Task
Force (USPSTF) criteria2 or, if classified by another scale, con-
veyed descriptively (eg, fair, good [Table 1]). For comparative-
effectiveness studies (ie, type of epidural steroid injection
[ESI] and type of corticosteroid), evidence of superiority was
described using USPSTF levels of certainty (Table 2).

HISTORY
The first therapeutic epidural injection was performed in

1885 by neurologist James Leonard Corning,3 an American-born
expatriate. Dr Corning4 made history by injecting the local anes-
thetic cocaine between the lower lumbar spinous processes, first
in a dog, then in a healthy man to treat ‘‘seminal incontinence’’
and ‘‘addiction to masturbation.’’ Controversy surrounds whether
Corning actually injected the solution into the intrathecal space,5

but because no cerebrospinal fluid was reported, this is widely
considered to be the first therapeutic epidural injection.6

In 1901, the French physicians Jean-Anthanase Sicard
and Ferdinand Cathelin separately described the first use of
epidurals to treat radicular pain when they injected dilute so-
lutions of cocaine through the sacral hiatus in patients with in-
tractable sciatica.7,8 In 1930, Evans9 reported a 14% success
rate with the caudal injection of 40 to 80 mL of solution, with
no difference in outcomes noted between local anesthetic and
saline. Although the practice of using epidurals to provide sur-
gical anesthesia eventually supplanted its use as a treatment
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for back pain, the use of caudal10 and lumbar epidural11 injec-
tions for the treatment of chronic back pain continued to evolve.

The epidural injectate used to treat chronic pain remained
a mixture of local anesthetic and saline up to the 1950s12,13

when the use of corticosteroids to manage lumbar radicular pain
was first recorded in 1953 by Lievre et al.14 In 1961, Goebert
et al15 published a case series of 113 patients suffering from
lumbar radiculopathy who were successfully treated with the
epidural administration of procaine and hydrocortisone ace-
tate. The first modern controlled trial evaluating ESIs was
performed in 1970 by Swerdlow and Sayle-Creer.16

EPIDEMIOLOGY
It is difficult to overestimate the socioeconomic burden

posed by spinal pain. The annual cost to treat back pain alone
exceeds $100 billion by some estimates, with more than half
due to lost productivity.17,18 For low back pain (LBP), the most
commonly cited lifetime prevalence rates range between 40%
and 70%, with an annual prevalence rate ranging between 10%
and 30% according to some estimates.18,19 Among those who
develop LBP, approximately 30% will develop either chronic
pain or frequent reccurrences.20 In individuals younger than
45 years, back pain is the leading cause of disability.21

Neck pain is less well publicized, but also exacts a steep
socioeconomic toll. Nearly two-thirds of patients will experi-
ence a significant episode of neck pain over the course of their
lives, with the annual prevalence around 30%.22Y24 The eco-
nomic costs of neck pain have not been as well studied as for
back pain, but are nevertheless significant and growing.25,26

There are various schemes for categorizing chronic pain,
with perhaps the most relevant being classification into neuro-
pathic and nociceptive pain, as this affects treatment decisions
at nearly every level. For patients with chronic LBP, studies
utilizing validated instruments have demonstrated that between
17% and 55% have pain that is primarily neuropathic in nature,
with a median of 41%.27Y31 Among neck pain sufferers, no
studies have evaluated the proportion of individuals with neu-
ropathic pain, although epidemiological studies suggest an an-
nual incidence of between 1 and 3.5 per 1000 people.32Y34

Epidural steroid injections are by far the most frequently
performed procedures in pain clinics throughout the United
States, more than doubling between 2000 and 2008.35 Although
they have historically been utilized for spinal pain of all types,
they are widely acknowledged to work better for neuropathic

pain. There have arguably been more reviews and more ran-
domized controlled studies (945) evaluating ESI for spinal pain
than for any other treatment for a single condition. Yet, there
continues to be enormous controversy surrounding the short-
and long-term efficacy, effectiveness, and, more recently, safe-
ty of this treatment.

MECHANISMS OF ACTION
The mechanisms by which steroids exert their analgesic

effects have been debated for many years. Corticosteroids in-
hibit the enzyme phospholipase A2, which catalytically hy-
drolyzes the bond converting membrane phospholipids into
arachidonicacid and lysophospholipids. Phospholipase A2 is
itself an inflammatory mediator present in elevated concen-
trations in herniated and degenerative intervertebral disks,36

but its main role is as the rate-limiting factor involved in the
production of arachidonic acid, which is the principal substrate
for the cyclo-oxygenase and lipo-oxygenase pathways. Me-
tabolism by these pathways results in the formation of the
4 different classes of eicosanoids: prostaglandins, prostacy-
clins, thromboxanes, and leukotrienes. Prostaglandins, along
with these other arachidonic acid byproducts, can cause or
exacerbate pain via their inflammatory effects and ability to
sensitize peripheral nociceptors.37 In addition to their anti-
inflammatory effects, steroids may inhibit pain via their ability
to suppress ectopic discharges from injured nerve fibers38 and
depress conduction in normal unmyelinated C fibers.39

TABLE 1. USPSTF Levels of Evidence2

Levels of
Evidence Description

Level I Evidence obtained from at least 1 properly
designed RCT

Level II-1 Evidence obtained from well-designed controlled
trials without randomization

Level II-2 Evidence obtained from well-designed cohort or
case-control analytic studies, preferably from
91 center or research group

Level II-3 Evidence obtained from multiple time series with
or without the intervention; dramatic results in
uncontrolled trials might also be regarded as this
type of evidence

Level III Opinions of respected authorities, based on clinical
experience, descriptive studies, or reports of
expert committees

TABLE 2. USPSTF Levels of Certainty Regarding Net Benefit

Level of
Certainty Description

High The available evidence usually includes consistent
results from well-designed, well-conducted studies
in representative populations. This conclusion is
unlikely to be strongly affected by the results of
future studies.

Moderate The available evidence is sufficient to determine
the effects of the preventive service on health
outcomes, but confidence in the estimate is
constrained by such factors as:

& The number, size, or quality of individual studies
& Inconsistency of findings across individual studies
& Limited generalizability of findings to routine
primary care practice

& Lack of coherence in the chain of evidence.
As more information becomes available, the
magnitude or direction of the observed effect
could change, and this change may be large
enough to alter the conclusion.

Low The available evidence is insufficient to assess
effects on health outcomes. Evidence is
insufficient because of the following:

& The limited number or size of studies
& Important flaws in study design or methods
& Inconsistency of findings across individual studies.
& Gaps in the chain of evidence
& Findings not generalizable to routine primary
care practice

& Lack of information on important health outcomes
More information may allow estimation of effects on
health outcomes.
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Several proposed mechanisms for the beneficial effects
do not involve steroids. The injection of local anesthetic can
increase blood flow to ischemic nerve roots40 and, similar to
steroids, suppress ectopic discharges from injured neurons and
slow or halt nociceptive transmission.41 Moreover, the admin-
istration of saline, local anesthetic, or any nonsteroid solution
can exert an analgesic effect via the washout of inflammatory
cytokines and the adhesiolysis of scar tissue.42,43 The effect of
nonsteroid solutions was illustrated in a systematic review by
Rabinovitch et al,44 who found a significant correlation between
epidural volume and pain relief irrespective of steroid dose in
the immediate (G6 weeks; r = 0.80, P = 0.002) and intermediate-
term (3 months to 1 year; r = 0.95; P = 0.014) and a trend toward
significance in the short term (6 weeks to 3 months; r = 0.50;
P = 0.17). When different volumes were used in the treatment
and control groups, the effect size for ESI was 0.81, which fa-
vorably compared with the effect size when the same volumes
were injected (0.07; P = 0.001).

EFFICACY AND TYPE OF INJECTION
The efficacy of ESI in patients is difficult to determine

because of the multiple and heterogeneous factors associated

with ESI and their outcome assessment. Differences in injection
route, region, control group, injectate characteristics, and pa-
tient pathology contribute to variation in outcomes and present
challenges in the interpretation of existing studies regarding
ESI. Yet, there is a widespread consensus across all specialties
that ESI provides at least short-term benefit in well-selected
patients. What is less clear is which patients are likely to ben-
efit from the intervention, and whether they provide long-term
relief. The conceptual appeal of ESI is that the relief from the
procedure will allow the body the time to heal itself, without
the long-term sequelae associated with central sensitization.45

Greater than 70% of patients with radiculopathy will recover
within 6 months,46,47 and a similar proportion will experience
resorption of a herniated disk within 1 year of presentation.48,49

Another rationale for the use of ESI is that the evidence in
support of the procedure is more robust (ie, more clinical trials
showing benefit), and the risk-benefit ratio more favorable, com-
pared with other treatments. Among randomized clinical trials
evaluating surgery for neuropathic LBP and neck pain irrespective
of etiology, most demonstrate temporary (ie, 6 months) but not
long-term benefit.50Y52 For medications, the evidence is either
negative or conflicting at best.53,54

FIGURE 1. Schematic drawing illustrating L3-4 IL (A) and TF (B) epidural needle placement in relation to anatomical structures in a patient
with an L3-4 herniated disk. Adapted with permission from Rathmell.298
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Epidural steroid injections may be administered via dif-
ferent routes, with the 3 main categories of injection being the
transforaminal (TF), interlaminar (IL), and caudal routes (Fig. 1).
As shown in Table 3, a majority of studies comparing different
routes of injection support the general consensus among prac-
titioners that transforaminal ESI is superior to IL or caudal
ESI.55Y67 Transforaminal ESI was superior to IL ESI or caudal
in 5 of 8 randomized controlled trials (RCTs) comparing the
2 routes, and 3 of 5 retrospective studies. Studies failing to show
benefit included that of Kolsi et al,58 which nonsignificantly
favored TF over IL ESI for initial pain reduction, and that of
Candido et al,56 which was underpowered and used a variation
on the classic IL approach.

Because the injectate is administered closer to the area of
pathology, one might suspect that IL ESIs are more efficacious
than caudal ESI. However, a review of randomized clinical trials
found that a higher proportion of controlled studies evaluating
caudal ESIs were positive than those evaluating IL ESIs (Fig. 2).
The likely explanation for this paradoxical phenomenon is that
those studies using the caudal route of administration injected
higher volumes of solution, which may itself be analgesic.44 In
summary, there is conflicting evidence characterized by a mod-
erate degree of certainty that TF ESIs provide superior benefit
to other approaches.2 For the differences between IL ESI and the
caudal approach, the evidence is too scant to draw any conclusions.

The rationale for selection of a particular ESI technique
is guided by multiple factors to include radiological evidence
of pathology, patient symptoms, previous surgery, demon-
strated efficacy, and consideration of possible complications.
The distinct advantages and disadvantages of each approach are
discussed in the following sections.

CAUDAL
The sacral hiatus provides the most caudad and direct route

of entry to the epidural space and allows for the administration
of steroid-based solutions for the treatment of lumbar pathology.
Caudal ESIs are less targeted than either TF or IL approach in that
the site of injection is not altered according to the level of pathology.
Advantages of the caudal approach include a dramatically de-
creased incidence of dural puncture given the distance from the
thecal sac, their safety in postsurgical patients who are at higher risk
for both dural puncture and neurological complications related to
the intravascular injection of particulate steroids, and possible in-
creased prevalence of ventral epidural spread related to the higher
volumes utilized.68 Meta-analyses have provided conflicting results
regarding the role of caudal ESIs in several pain conditions. Several
systematic reviews have shown good (level I) evidence for both
short- and long-term benefit in managing back and leg pain due to
disk herniation, similar (level I) evidence for treating discogenic
pain, and less compelling evidence for treating pain associated
with spine surgery (level II-2) or spinal stenosis (level II-1).68Y70

In addition, many practitioners use the caudal route to insert
a catheter, which can then be guided up to the targeted area of
pathology. When epidural lysis of adhesions is performed, most
studies have utilized a caudal catheter-guided approach. In a
systematic review by Racz et al,71 the authors concluded there
was strong evidence to support both short- and long-term relief
with epidural lysis of adhesions, when repeated interventions are
permitted. For lumbar herniated disk, the evidence was moderate
for short- and long-term improvement. Of note, most,72,73 but
not all,74 studies have demonstrated a poor correlation between
pain and extent of adhesions. Overall, caudal ESIs are best
supported in the treatment of radicular symptoms due to diskS
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herniation and previous surgery and carry an extremely low risk
of inadvertent dural puncture.

INTERLAMINAR
Interlaminar ESI can be performed at all levels of the

spine and involve passage of a needle through the ligamentum
flavum to deliver medication. Similar to caudal ESIs, IL ESIs
have been studied extensively regarding their role in radicular
pain due to disk herniation, pain due to spinal stenosis, axial
back pain in the absence of disk herniation, and failed back
surgery syndrome. In addition, IL ESIs have also been studied
in pain conditions involving the thoracic and cervical spine.
Advantages of this technique include the increased likelihood
that injected medication will reach adjacent spinal levels, the
ability to treat bilateral pain, and the need for a lower volume
of medication when compared with caudal ESIs. Disadvantages
include the potential for dural puncture and deposition of med-
ication into the dorsal epidural space, which is more distant
from the site of pathology, although 1 prospective study demon-
strated a 100% incidence of ventral epidural flow using a pa-
rasagittal IL approach.56

Lumbar Interlaminar
Regardless of whether they have excluded studies in which

IL ESIs were performed blindly, systematic reviews of IL ESIs
in the lumbar region have yielded similar results. On balance,
there appears to be good evidence for the treatment of radicular
pain due to disk herniation and somewhat weaker evidence for
treatment of spinal stenosis, discogenic pain, and postsurgical
pain.75Y77 However, there is some diversity in the literature as is
evidenced by some reviews that conclude there is good evidence
for treating spinal stenosis,78 whereas others show an unclear
benefit for all conditions to include radicular pain.79,80

Thoracic Interlaminar
Pain arising from the thoracic region of the spine is less

prevalent than pain in either the neck or low back.81,82 Thoracic
IL ESIs are therefore less commonly performed than either
the lumbar or cervical approaches and consequently have been
less studied. In addition to spinal pain, there is strong evidence
(level I) to support the use of intrathecal steroids for posther-
petic neuralgia (PHN), and moderate evidence in favor of the

early use of ESI in acute herpes zoster to prevent PHN.83 For the
latter, a randomized controlled study demonstrated a decreased
incidence of PHN in patients with acute zoster who received
ESI compared with a control group who received parenteral acy-
clovir and steroids,84 whereas a similarly designed study demon-
strated a lower incidence at 1 month, but not 3 or 6 months after
injection.85 The sole review on the subject notes the paucity of
literature but does report fair evidence for treatment of both pain
due to thoracic disk herniation and disk degeneration.86

Cervical Interlaminar
Systematic reviews of cervical IL ESIs have provided mixed

evidence for their use in treating cervical radicular pain. Re-
views published by the American Society of Interventional Pain
Physicians conclude there is good evidence for radiculopathy
secondary to a herniated disk (level I), and fair evidence for
spinal stenosis, discogenic pain, and failed neck surgery syn-
drome (level II-1).87,88 An evidence-informed review by Stout89

concluded that cervical ESIs are probably effective in the short
term, but that definitive evidence is lacking. The author further
noted that the evidence is stronger for herniated disk and non-
osseous central stenosis than it is for foraminal or osseous steno-
sis and that ESI should not be a first-line treatment. Another
evidence-informed review by a surgical task force found that
cervical ESIs are probably effective for cervical radicular pain
in the short term, but that evidence supporting long-term relief
is lacking.90

Overall, the bulk of recent evidence supports a primary
indication for lumbar, thoracic, or cervical IL ESIs of radicular
pain due to disk herniation. In the lumbosacral region, the IL
approach should be considered in patients with bilateral symp-
toms or multiple affected spinal levels who have not had spinal
surgery. In light of the increased risk for complications stem-
ming from TF ESI performed in the upper lumbar, thoracic, or
cervical regions, IL ESI should always be the first-line injection
treatment in these areas.

TRANSFORAMINAL
Similar to IL ESI, the TF epidural approach can be utilized

in lumbar, thoracic, and cervical spinal levels, but unlike the
IL technique, it can also be performed at sacral levels. The TF
injection technique involves the placement of a needle within a
neuroforamen, does not require a loss-of-resistance technique,
and must be performed with fluoroscopic guidance. The TF ap-
proach has several theoretical advantages over other routes of
injection in that it is the most target-specific, carries a lower risk
of inadvertent dural puncture,91 and is associated with a greater
incidence of ventral epidural spread, especially with placement
of the needle in the anterior foramen.92 However, TF ESIs are
also associated with an increased risk profile compared with the
caudal and IL approaches. In addition, although there is some
evidence for better efficacy compared with caudal and IL ESI,93

their efficacy in neuropathic spinal pain (NSP) still remains
controversial.

Lumbar Transforaminal
Systematic reviews are hampered by significant heterogeneity

but have generally found good evidence supporting short-term re-
lief and mixed evidence in favor of long-term benefit for TF
ESIs in treating back pain with radicular symptoms due
to disk herniation.94Y96 One recent review found good evidence
for the treatment of radicular pain secondary to disk herniation,
but only fair or limited evidence for the treatment of spinal

FIGURE 2. Effect of epidural technique on the results of
randomized controlled trials. 1. Based on all randomized,
placebo-controlled studies performed since 1970, as cited in
PubMed and EMBASE.16,99,104,136,137,145,146,166Y168,171Y182,299Y308

2. Benefit tabulated at initial visit for primary outcome measure.

Cohen et al Regional Anesthesia and Pain Medicine & Volume 38, Number 3, May-June 2013

180 * 2013 American Society of Regional Anesthesia and Pain Medicine

Copyright © 2013 American Society of Regional Anesthesia and Pain Medicine. Unauthorized reproduction of this article is prohibited.

S
tanford U

niversity M
edical C

enter. P
rotected by copyright.

 on January 20, 2021 at Lane M
edical Library,

http://rapm
.bm

j.com
/

R
egional A

nesthesia &
 P

ain M
edicine: first published as 10.1097/A

A
P

.0b013e31828ea086 on 1 M
ay 2013. D

ow
nloaded from

 

http://rapm.bmj.com/


stenosis, postsurgical pain, or axial pain in the absence of disk
herniation.97 Reviews dedicated specifically to either spinal ste-
nosis or postsurgical pain are lacking. Subgroup analyses in
several clinical studies have shown either comparable benefit in
patients with herniated disk and spinal stenosis63,98 or only a
small benefit in favor of herniated disk.99 In a comprehensive
review by members of the International Spinal Intervention So-
ciety (ISIS), the authors concluded that a ‘‘substantial propor-
tion’’ of patients with lumbar radicular pain caused by a
contained disk herniation will experience an improvement in
pain, function, decreased health care utilization, and a reduced
need for surgery following treatment with TF ESI. They found
that the evidence was stronger for treating a herniated disk(s)
than for spinal stenosis and that the evidence was more com-
pelling when all of the published data were considered than if
only a systematic review evaluating RCTs was performed.100

Cervical and Thoracic Transforaminal
The TF approaches to the cervical and thoracic spine are

less studied than their lumbar counterpart, and the literature
abounds with case reports and reviews detailing the potentially
catastrophic complications associated with these approaches.101Y103

Systematic reviews are lacking, and available studies are mostly
of the nonrandomized or retrospective variety.

The lone randomized, controlled study for the cervical ap-
proach showed positive results in patients with radicular pain, but
lacked a pure placebo group.104 Multiple nonrandomized studies
have shown both short-term105 and long-term benefits with single
and repeat injections106Y108 in treating cervical radiculopathy.

Among all injection types, TF thoracic ESIs are the least re-
presented in the literature. One large retrospective study showed a
high rate of short-term pain relief (88.5%) but was primarily
designed to investigate complication rates and included patients
with diverse pain complaints to include disk herniation, spon-
dylosis, spinal stenosis, postsurgical pain, and degenerative disk
disease.109

Overall, the literature suggests that although the TF ap-
proach may be more efficacious than the IL or caudal ap-
proaches, the difference in effect size is small. In the cervical,
thoracic, and midlumbar to high lumbar regions, the increased
risk for catastrophic neurological complications should pre-
clude the use of TF ESI as a first-line treatment.110,111 In the
lumbar region, TF may be considered as a first-line treatment
in patients with a history of back surgery who are at increased
risk for postdural puncture or who possess focal pathology
with correlating unilateral symptoms, although prior surgery
may increase the likelihood of intravascular injection.

EFFECT OF REGION
The region of injection for ESI may influence outcomes,

with the 3 primary sites consisting of the cervical, thoracic, and
lumbar areas. For cervical ESI, a best-evidence synthesis by
Carragee et al90 found support for short-term improvement of
radicular symptoms, whereas a narrative review by Huston112

concluded that although pathophysiological studies supported
the use of cervical ESI, more RCTs were needed to evaluate
effectiveness. Since publication of these reviews, 3 RCTs fail-
ing to show benefit have been published by the same group of
investigators.113Y115 To date, only 1 randomized clinical trial
evaluating thoracic ESI has been published, which found no sig-
nificant difference between epidural steroids and epidural local
anesthetic, with both groups demonstrating significant im-
provement through 12-month follow-up.116 However, anecdotal

reports suggest comparable benefit for lumbar and cervical
procedures.117

The lumbar region represents the focus of most of the ESI
region-specific literature, with the strength of evidence found in
systematic reviews growing over recent years. Some reviews
found a lack of evidence to support lumbar ESI due to myriad
limitations including poor study quality,118 poor technical quality
of injections,75 and inclusion of non-ESI injection therapy in the
analyses.80 In contrast, most recent systematic reviews of lumbar
ESI report positive findings, from fair to good evidence,76,96 level
1 evidence,68 level II-1 and II-2 evidence,68,94 and moderate
evidence.119

EFFECT OF CONTROL GROUP
Efficacy of ESI depends in part on the type of control in-

jection used for comparison. Epidural steroid injection ‘‘con-
trol groups’’ in the literature include epidural saline or local
anesthetic injections (epidural nonsteroid) and intramuscular
or ligamentous injections of corticosteroid, local anesthetic,
or saline (nonepidural injection). In indirect comparisons, epi-
dural nonsteroid injections have been demonstrated to provide
superior benefit compared with nonepidural injections on at
least some outcome measures.120 This observation is not unique
to epidural treatment but is conjectured to be applicable to other
therapeutic injections as well.121 Hence, when a control group
consists of epidural nonsteroid injections instead of nonepidural
injections (ie, a comparative-effectiveness study), because in es-
sence 2 treatments are being compared (rather than a treatment
and a placebo), more patients are needed to detect a difference.
This suggests that a large proportion of clinical trials evaluating
ESI were underpowered.

EFFECT OF DOSE AND INJECTATE
Characteristics of the injectate also differ among studies

and may impact patient outcome as shown in Table 4. Both the
dose and volume of steroid may vary depending on the route of
injection, with amounts of each typically increasing as TF, IL,
and caudal ESI are performed, respectively. The effect of the
dose of steroid for ESI has been examined in 2 randomized
studies. In the first study by Owlia et al,122 an IL ESI dose of
40 mg of methylprednisolone provided a similar reduction in
pain with fewer adverse effects compared with 80 mg. A second
randomized, double-blind study by Kang et al123 evaluating
the effect of steroid dose during TF ESI found no differences
in efficacy between triamcinolone doses of 10, 20, and 40 mg,
although 5 mg failed to provide a similar level of benefit.

As alluded to earlier, Rabinovitch et al44 concluded there
was an independent, beneficial effect for volume, as the use
of higher volumes may result in pain relief in and of itself. A
randomized study by Revel et al124 found that steroid injected
in a volume of 40 mL of saline provided superior pain re-
lief than when the same dose of steroid was injected by itself
at 18 months’ follow-up.

EFFECT OF TYPE OF STEROID
Data evaluating different types of steroid injections are

mostly limited to underpowered randomized or retrospective
studies comparing particulate to nonparticulate steroids. Among
the 3 randomized comparative-effectiveness studies comparing
different steroid preparations, 2 reported a nonsignificant benefit
in favor of the depo-steroid group,125,126 with only the largest
finding a statistically significant difference for depo-steroids.127
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TABLE 4. Randomized Studies Comparing Different Steroid Mixtures and Approaches for ESI

Study (Year) Design Subjects Interventions Results

Studies comparing different doses of steroids
Owlia et al122

(2007)
Randomized
case-matched for
age/sex

84 Patients with lumbar
radiculopathy from HNP

IL ESI with methylprednisolone
40 mg or 80 mg + 2Y4 mL
2% lidocaine

No significant difference between
groups for pain improvement.
Fewer complications in
low-dose group

Kang et al123

(2011)
Randomized
double-blind

160 Patients with lumbar
radiculopathy from HNP

Two TF ESI at 1-wk intervals
of triamcinolone 5, 10, 20,
or 40 mg

Significant pain reduction in all
groups except 5 mg after first
injection. Nonsignificant trend
of better pain reduction with
increasing dose after second
injection

Revel et al124

(1996)
Randomized 60 Patients with lumbosacral

pain from failed back
surgery syndrome

Caudal ESI with either: High-volume injection 9 low
volume for pain reduction
at 18 mo

A. Prednisolone 125 mg in
5 mL alone

B. Prednisolone 125 mg in
5 mL + 40 mL normal saline

Studies comparing different types of steroids
Dreyfuss et al126

(2006)
Randomized 30 Patients with unilateral

cervical radiculopathy
TF ESI with 0.75Y1 mL 4%
lidocaine + either:

Nonsignificant trend favoring
particulate steroid

A: Dexamethasone 12.5 mg
B: Triamcinolone 60 mg

Lee et al105

(2009)
Retrospective 159 Patients with cervical

radiculopathy who failed
IL ESI or had previous
surgery

TF ESI with either: Nonsignificant trend favoring
particulate steroidA: Dexamethasone 10 mg

B: Triamcinolone 40 mg

Kim and Brown125

(2011)
Randomized
single-blind

60 Patients with lumbar
radiculopathy Q6 mo

IL ESI with 10 mL consisting of
2 mL 0.25% bupivacaine +
NS + either:

Nonsignificant trend favoring
particulate steroid

A: Dexamethasone 15 mg
B: Methylprednisolone 80 mg

Park et al127

(2010)
Randomized 106 Patients with lumbar

radiculopathy
TF ESI with 1 mL 1%
lidocaine + either:

Particulate 9 nonparticulate
steroid for pain reduction

A: Dexamethasone 7.5 mg
B: Triamcinolone 40 mg

Noe and
Haynsworth128

(2003)

Retrospective 52 Patients with LBP
referred for ESI

IL ESI with either: Particulate 9 nonparticulate
steroid for pain reduction,
improvement in disability

A: Betamethasone 15 mg
B: Methylprednisolone 80 mg

Shakir et al129

(2013)
Retrospective 441 Patients with cervical

radiculopathy
TF ESI with 1 mL of 1%
lidocaine + either:

No difference in pain score
reduction between groups

A: Dexamethasone 15 mg
B: Triamcinolone 40 mg

Studies comparing different injection levels
Jeong et al98

(2007)
Randomized
single-blind

239 Patients with lumbosacral
radiculopathy from HNP
or SS scheduled for 1 level
TF ESI from L1 to S1

TF ESI with 40 mg
triamcinolone + 0.5%
0.5 mL Bupivacaine,
at either location:

Nonsignificant trend favoring
preganglionic 9 ganglionic
at 1 mo, but no differences
at 6-mo follow-up

A: GanglionicVat location
of exiting nerve root

B: PreganglionicVat
supra-adjacent
intervertebral disk

Lee et al309

(2006)
Retrospective 33 Patients with lumbar

radiculopathy receiving
on level TF ESI from
L1 to S1

TF ESI with triamcinolone
40 mg + 0.5 mL 0.5%
bupivacaine using either

Preganglionic TF ESI trends
toward but is not significantly
better than conventional
approach at 2-wk follow-upA. Conventional approach

B. Preganglionic approach
(1 level above conventional
approach)

SS indicates spinal stenosis.
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In the 3 retrospective studies, one found depot steroids was
statistically better than nonYdepo-steroids,128 one showed a
trend toward superiority for depo-steroids over non-depot ste-
roids in patients with cervical radiculopathy,105 and another
found no difference between depo- and nonYdepo-steroids for
cervical TF ESI.129 In summary, there is conflicting evidence
with a low degree of certainty that depo-steroids provide su-
perior relief compared with nondepot steroids.2

EFFECT OF UNDERLYING PATHOLOGY
The efficacy of ESI varies in accordance with the under-

lying pathology causing NSP. The numerous and diverse con-
ditions that result in spinal pain mandate the use of stringent
inclusion criteria for ESI studies to provide clinically mean-
ingful information regarding efficacy, although studies seeking
to determine effectiveness may utilize more pragmatic selection
criteria that reflect clinical practice. Lumbar herniated nucleus
pulposus (HNP) represents the most commonly studied condi-
tion, with the most recent and comprehensive systematic re-
views demonstrating good76 and level I68 evidence supporting
the role of ESI, particularly for short-term relief of pain. For
intermediate- and long-term benefit (93 months), the benefit
is significantly smaller and may well represent the effect of
disease evolution.130,131 A more limited set of evidence exists
for the effectiveness of ESI for other pathology. Some reviews
have reported that the evidence for ESI in spinal stenosis is less
robust than for herniated disk, but greater than that for failed
back surgery syndrome and axial back pain.97,132,133 However,
in clinical studies and subgroup analyses from placebo-controlled
trials, some60,99,134,135 but not all63,98,136,137 studies have dem-
onstrated better results for herniated disk than spinal stenosis.
In a study that sought to identify radiological outcome predic-
tors for cervical ESI, those patients with central stenosis expe-
rienced greater benefit than individuals with herniated disk,
neuroforaminal stenosis, or nerve root compression.138

EFFECT OF SPECIALTY
The influence that the medical specialty of the inves-

tigators has in both the interpretation of existing data (ie, sys-
tematic reviews) and on the generation of data (ie, results of
clinical trials) is extensive. Studies performed by interventionalists
are approximately 3 times more likely to report a positive re-
sult than those conducted by noninterventionalists. For the
evaluation of clinical trials in the form of review articles, the
discrepancy is both more pronounced and difficult to reconcile,
as different groups evaluating the same data using the same or
similar methodological rating schemes have reached different
conclusions. There are multiple reasons for these inconsisten-
cies, which include confirmation bias,139 dissemination bias (ie,
publication bias for specialty journals and selective reporting),140

a better ability of specialists to evaluate selection criteria and
technical proficiency, and perhaps even secondary gain (Fig. 3
and Table 5).

IDEAL NUMBER OF INJECTIONS
There are no clinical trials examining the ideal number of

ESI. Numerous guidelines have determined that there is no basis
to perform a set series of repeated injections without regard to
response, but rather that the number of ESI should be individ-
ually tailored to clinical response.141Y143

Novak and Nemeth144 performed a literature review in an
effort to determine the ideal frequency and timing of ESI. They
found that although repeat injections tended to be the norm,
there was no evidence to support the practice of a routine series

of injections. However, the strategic use of repeat injections
may enhance outcomes in certain contexts. In a narrative review
by Roberts et al,96 the authors noted that among the 4 level I
(randomized controlled) studies evaluated, the 2 that allowed
for more than 1 injection reported positive outcomes,55,136 whereas
the 2 studies that limited the number of injections to 1 injection
reported negative outcomes.145,146 The guidelines published
by the American Academy of Physical Medicine and Reha-
bilitation and ISIS both state that if additional injections are
warranted, they should be separated by at least a 2-week interval
to enable assessment of the full response and to minimize ad-
verse effects such as adrenal suppression.141,142 In a compre-
hensive review by MacVicar et al,100 the authors found that
94% of patients achieve a successful outcome after 1 injection,
with only 4% of individuals requiring more than 1 treatment.

COMPARATIVE-EFFECTIVENESS STUDIES
There have been few comparative-effectiveness studies

comparing ESI to other treatments, and only 1 in which patients
were purportedly blinded. In an underpowered 6-month study
by Koc et al,147 the authors randomized 29 patients with lumbar
spinal stenosis to receive either a high-volume ESI, 2 weeks of
physical therapy, or a control group that received no treatment.
At follow-up, all groups improved in most measures, with the
only statistically significant differences being noted at 2 weeks
between the ESI and noninjection groups for pain and function.

In a similar study by Laiq et al,148 the authors random-
ized 50 patients with lumbar spinal stenosis to receive either

FIGURE 3. Effect of author specialty on the results of
randomized controlled trials and systematic review articles.
RCTs based on a search for all randomized, placebo-controlled
studies performed since 1970, as cited in PubMed
and EMBASE.16,99,104,136,137,145,146,166Y168,171Y182,299Y308

Reviews based on a search for all systematic reviews
since 2000, as cited in PubMed and
EMBASE.68,69,75Y77,80,87,88,90,94Y97,118,119,130,131,133,310Y314

Study stratification based on primary author specialty, with
anesthesiology or physical medicine and rehabilitation
representing pain physicians, and all other specialties
representing nonpain physicians. Benefit tabulated at initial visit
for primary outcome measure. Percentage of positive ESI studies
and review articles stratified by specialty based on first author
affiliation. When multiple controlled studies were performed
by the same group of authors reported the same results (ie,
Manchikanti et al184,186,191), only one from each category was
counted (eg, 1 negative caudal, 1 negative lumbar IL, and
1 negative cervical IL injection).
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high-volume ESI or conservative treatment with bed rest, non-
steroidal anti-inflammatory drugs (NSAIDs), muscle relaxants,
and opioids. Although the steroid group experienced greater
pain relief and higher satisfaction scores at 2 weeks and 1 month,

no significant differences were noted at later time points. When
evaluating the 1-month data, a significant flaw that needs to be
considered is that the conservative group received suboptimal
noninterventional treatment, as neither bed rest nor NSAIDs or

TABLE 5. Review Articles Evaluating ESIs Stratified by Specialty

Study (Year) Type of Review Type of Epidural
Primary Author

Specialty Conclusions

Staal et al80 (2009) Systematic Lumbar Epidemiology There is limited to moderate evidence that ESIs are
not better than placebo or other treatments for
pain relief or disability.

Ranquis et al310 (2010) Systematic Perioperative lumbar Neurosurgery ESIs reduce postoperative pain and analgesic
consumption, and risk of not returning to work,
but do not affect quality of life.

Armon et al131 (2007) Systematic Lumbar Neurology ESI do not impact function, decrease rate of surgery,
or provide pain relief for 93 mo.

Carragee et al90 (2008) Systematic Cervical Orthopedic surgery There is support for short-term, but not long-term
symptomatic improvement of radicular
symptoms with epidural corticosteroids.

Karnezis311 (2008) Evidence-based Lumbar Orthopedic surgery Epidural steroid injections may provide only
short-term relief from pain in lumbar
radiculopathy but have no long-term effect.

Deyo et al312 (2009) Narrative Lumbar Internal medicine Increases in expenditures for ESI are not
accompanied by improvements in patient
outcomes.

Roberts et al96 (2009) Systematic Lumbar Physical medicine Fair evidence supporting TF ESIs for treatment of
radicular symptoms, good evidence for surgery
sparing. Transforaminal ESIs are superior to IL
ESI for radicular pain.

Benny and Azari95

(2011)
Systematic Lumbar TF Physical medicine There is strong evidence for TF ESI for both

short-term and long-term relief.
Balagué et al315 (2012) Narrative Lumbar Rheumatology Although there are some biological and animal

data in favor of corticosteroids for LBP and
sciatica, clinical evidence remains scarce.
However, ESIs can have some short-term
benefit.

Rho and Tang316 (2011) Narrative Lumbar Physical medicine There is strong evidence to support the use of TF
ESI for radicular pain caused by HNP or spinal
stenosis. There is evidence for IL and caudal
ESI, but less than for TF ESI.

Quraishi313 (2012) Systematic and
meta-analysis

Systematic Surgery Appropriately performed TF ESI should result in
short-term improvement in pain, but not
disability. The addition of steroids provides no
additional benefit to local anesthetic.

Eckel and Bartynski317

(2009)
Narrative Lumbar and cervical Interventional radiology Epidural steroid injections are highly effective in

a large proportion of patients, including patients
with axial pain (neck or LBP), radiculopathy, or
spinal stenosis with neurogenic claudication.

Diwan et al88 (2012) Systematic Cervical Anesthesiology The evidence is good for cervical ESI for HNP
with radiculitis.

Manchikanti et al97

(2012)
Systematic Lumbar TF ESI Anesthesiology The evidence is good for TF ESI for HNP with

radiculitis and fair for spinal stenosis.
Benyamin et al76 (2012) Systematic Lumbar IL Anesthesiology The evidence is good for lumbar IL ESI for HNP

with radiculitis and fair for spinal stenosis.
Parr et al69 (2012) Systematic Caudal Anesthesiology Good evidence for short- and long-term relief for

HNP with radiculitis and fair evidence for spinal
stenosis, failed back surgery syndrome, or
axial pain.

MacVicar et al100 (2013) Comprehensive Lumbar TF ESI Physical medicine/ISIS In a substantial proportion of patients with lumbar
radicular pain caused by contained disk
herniations, lumbar TF injection of
corticosteroids is effective in reducing pain,
restoring function, reducing the need for other
health care, and avoiding surgery.
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muscle relaxants are effective for neuropathic pain.149 Whereas
opioids may provide short-term relief, only a small proportion
of individuals will experience long-term benefit.150

In the only double-blind, comparative-effectiveness study
evaluating ESI, Brown151 randomized 38 patients with spinal
stenosis to receive either ESI or minimally invasive lumbar de-
compression. Throughout the 12-week follow-up, those patients
receiving minimally invasive lumbar decompression experi-
enced greater improvements in neurogenic claudication and dis-
ability than those who underwent ESI. Limitations in this study
include the questionable effectiveness of blinding and the fact
that only a single IL ESI was utilized.

In a randomized, unblinded multicenter study by Gerszten
et al152 performed in 85 patients with radiculopathy, the authors
found that percutaneous plasma disk decompression was supe-
rior to ESI for pain, function, and quality of life throughout
the 2-year follow-up period. However, an inclusion criterion for
this study was that all patients already failed a trial with at least
1 ESI. Finally, Buttermann153 randomized 100 patients with a
large herniated disk and radicular symptoms to receive either
open diskectomy or ESI. Both groups improved, with the decrease
in leg pain, but not back pain, reaching statistical significance in
favor of the surgery group through 6 months. After 6 months, no
differences were noted between groups. Whereas 27 patients who
received the ESI crossed over to surgery, 46% did not, suggesting
a surgery-sparing effect.

Overall, these findings are consistent with systematic re-
views that have found at least moderate evidence for short-term
but inconsistent evidence supporting long-term benefit.90,130,131

Another factor that must be considered when evaluating open-
label comparative-effectiveness studies is that the placebo
response rate is likely to be significantly higher for injections
than it is for noninterventional therapies.154

COST-EFFECTIVENESS
In the current era characterized by the need to alter the

trajectory of rapidly ascending health care costs, the cost-
effectiveness of any intervention has assumed an increasingly
important role. The cost-effectiveness of any intervention is
heavily dependent on utilization patterns and selection criteria.
Selecting patients for any interventional procedure character-
ized by a modest likelihood of success without proper screen-
ing (ie, performing ESI on all patients with back pain) is likely
to tip any cost-benefit analysis in the direction of costs, while
withholding a relatively safe and inexpensive treatment that
might facilitate return to work or prevent surgery, can reduce
cost-effectiveness. The likelihood of returning to work full-time
declines nearly exponentially with time in patients with new
onset of back pain with or without radicular pain, and those
remaining out of work for more than 3 months are unlikely to
return to work regardless of the intervention.155 Consequently,
core domain outcome measures for chronic pain, as identified by
a multidisciplinary group of academic, industry, and government-
designated specialists, do not even include return to work as a
potentially achievable outcome.156 Because of the high costs of
surgery, health care utilization, disability, and lost productivity,
any cost-benefit analysis for ESI is to a large extent contingent
on reducing alternative health care utilization (eg, surgery and
health care provider visits) and expediting or enhancing return
to work.

PREVENTION OF SURGERY
One outcome that can greatly affect the balance of the cost-

effectiveness analysis of any intervention is the need for surgery.

Even for neuropathic pain, the surgical rate and the proportion
of spine surgeries requiring fusion or instrumentation are higher
in the United States than in any other country.157,158 In large-
scale epidemiological studies, a direct correlation between spine
surgery rates and ESI has been found,159 although this is likely
attributable to resource utilization patterns.

There has only been 1 randomized study evaluating the
ability of ESI to affect surgery rate as a primary outcome.136 In
a double-blind study, an orthopedic spine group compared the
operative rate in patients with herniated disk or spinal stenosis
who were randomized to receive a series of either lumbar TF
ESI or epidural bupivacaine. At follow-up periods ranging be-
tween 13 and 28 months, 29% of patients in the treatment
group underwent surgery, which favorably compared with a
67% operative rate in the control group. At subsequent 5-year
follow-up, most patients who had avoided surgery for the ini-
tial year continued to avoid surgery.160 All 8 patients lost to
follow-up at 5 years who had initially avoided surgery received
TF ESI, making comparisons at that time interval difficult.
In another randomized study by an orthopedic spine group,
Rasmussen et al161 found that that ESI performed after sur-
gery enhanced recovery, decreased hospital stay, and reduced
postoperative neurological impairment for up to 2 years following
diskectomy for HNP, although no difference in reoperation rates
was noted. In an analysis of data from the multicenter, randomized
SPORT study comparing surgery to nonsurgical treatment for
herniated disk, fewer patients who received ESI within 3 months
of enrollment expressed a preference for surgery (19% vs 56%),
and a higher percentage crossed over from surgical to nonsurgical
management (41% vs 12%), than those who did not receive
ESI.162 For a subgroup analysis performed in patients with spinal
stenosis, conflicting findings were noted. Among those patients
who received ESI during the first 3 months of enrollment, more
patients expressed a preference for nonsurgical treatment (62% vs
33%), and a higher percentage allocated to surgery crossed over to
the nonsurgical care (33% vs 11%), than those individuals who
were not treated with ESI.163 However, in the nonsurgical group,
more patients who received an ESI crossed over to surgery than
those who did not (58% vs 32%). Along with the controlled
studies, several uncontrolled studies performed by spine sur-
geons evaluating surgery as a primary outcome measure have
also found a surgery-sparing effect for ESI.164,165 In contrast, the
large majority of randomized controlled studies evaluating sur-
gery rates as a secondary outcome measure failed to find a dif-
ference in operative rates between ESI and placebo treatment,99,
137,145,146,166Y178 compared with the few that did.179,180

The difficulty in evaluating surgery rates as a secondary
outcome is that nearly all studies are underpowered to detect a
difference and incorporate some degree of bias through patient
selection. Many patients who receive ESI are either poor sur-
gical candidates or do not want surgery, so that even an effec-
tive treatment may not be able to demonstrate a decrease in
surgery rates. Others who are referred from surgery for a tem-
porizing intervention and do have serious surgically amenable
pathology may be on a predestined course in which operative
treatment is a foregone conclusion. To be able to detect a dif-
ference in operative rates and reduce bias, one needs patients
with surgically treatable pathology, who are considering sur-
gery but would prefer a less invasive treatment option. The
ideal setting to recruit such patients would be a spine sur-
gery center, where the operative criteria can be standardized,
and an effective intervention has a reasonable chance to alter
the decision-making process. It is not surprising then that the
studies suggesting ESI can prevent surgery have been per-
formed by surgeons.
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RETURN TO WORK
There are several obstacles in evaluating return-to-work

data, with the major one being the extremely low likelihood of
anyone who has been out of work for more than 1 year returning
to work full-time. Nevertheless, several investigators have evalu-
ated either return to work or missed work days as a secondary
outcome, which in essence means all studies have been under-
powered to detect a difference. Not surprisingly, a majority of
clinical trials have failed to report a significant difference between
return-to-work rates or missed work days when ESI and control
groups are compared.146,166,167,178,179 Yet, some studies suggest
that in well-selected patients, ESI may improve work status.
More patients returned to work in the ESI group than in the
control group in several randomized studies (63% vs 25% in
Breivik et al,181 54% vs 40% in Kraemer et al,174 and 53% vs
33% in Rogers et al182), although all are limited by the small
number of participants. In a large-scale (n = 228), double-blind,
placebo-controlled cost-effectiveness health care assessment on
the efficacy of ESI, Price et al169 found no significant difference
in the proportion of subjects unable to return to work 1 year after
treatment (24.1% in the treatment group vs 22.2% in the con-
trol group), although the mean number of days the treatment
group missed work because of radiculopathy declined more than
the number of days in the control group (j65 vs j33).

HEALTHCARE UTILIZATION
Beyond the need for surgery and return to work, further

evaluation of health care utilization following ESI results in
few direct measurements, and to date, an advanced search of
The Cochrane Library yields no relevant economic evaluations
of ESI.183 Investigators looking for a reduction in opioid in-
take following ESI have met with mixed results, as both ESI
and control injections typically result in a decline in analgesic
intake.86 When controlling for diagnosis, randomized comparative-
effectiveness studies have found that ESIs reduce opioid intake
for within-group but not between-group comparisons in patients
suffering from HD with radiculitis,184,185 failed back surgery
syndrome,114,186 discogenic spine pain,187,188 and lumbosacral
spinal stenosis.189Y191 Studies evaluating the ability of ESI to re-
duce health care utilization as a secondary outcome measure
have also yielded conflicting results. A randomized controlled
study by Karppinen et al146 found no overall difference in health
care costs between treatment and control groups, although the
steroid group had lower medication and therapy costs at 4-week
follow-up. Similar secondary analyses of other controlled stud-
ies have found either no difference166,167,179 or only small, non-
significant differences168 in the utilization of other treatments.
The economic analysis of a large, randomized trial by Price
and colleagues169 concluded that ESIs do not provide good eco-
nomic value in as much as the cost per quality-adjusted life-
year for the treatment from the perspective of both the provider
and purchaser exceeds the implied thresholds outlined in the
National Institute for Health and Clinical Excellence technology
appraisal. These findings are consistent with a cost-minimization
analysis performed by Straus,192 which concluded that unlike
spinal cord stimulation, ESIs performed under fluoroscopy may
not be justified. To date, no studies have directly measured cost
utilization outcomes in association with ESI in a controlled
fashion. However, extrapolation of an indirect analysis show-
ing that patients with neuropathic pain (44% of whom had
radiculopathy) who were managed primarily in pain clinics had
significantly fewer emergency room and doctor visits and lower
hospitalization costs, compared with those managed by pri-
mary care providers or other specialists, suggests that procedural

interventions could reduce health care utilization when appro-
priately utilized.193 Further studies aimed at evaluating cost-
effectiveness not only for ESIs but also for other procedures
are warranted.

FACTORS ASSOCIATED WITH
TREATMENT OUTCOME

General Factors
In view of the discrepancies between clinical experience

and clinical trials, as well as the obstacles faced when design-
ing efficacy studies evaluating ESI, clinicians and researchers
have turned their attention toward identifying predictive factors
associated with both NSP and ESI outcomes. Although daunt-
ing, if NSP patients could be stratified according to phenotypic
variables linked to positive (and negative) outcomes following
a trial of ESI, treatment could be better tailored to enhance
efficacy and cost-effectiveness. A wealth of clinical and exper-
imental data is emerging, but its interpretation remains difficult.

Neuropathic spinal pain is a challenging condition for both
primary care providers and specialists in that treatment out-
comes are often disappointing,194,195 even in light of attempts to
develop a more focused therapeutic approach.196,197 Part of this
difficulty arises from the general nature of the umbrella term
‘‘neuropathic pain,’’ with different recommendations having been
issued for different subsets of patients.198 Even within specific
diagnostic categories, substantial predictive variability persists.
This variability likely results from the heterogeneity of neuro-
pathic pain mechanisms, concomitant pain generators, and co-
existing psychosocial issues.199

In patients with NSP, important predictors of outcome in-
clude age, measures of disease burden, socioeconomic factors
(eg, job satisfaction), and psychopathology. Not only is there
a higher risk of developing NSP with increasing age, but
older patients tend to experience worse outcomes than their
younger counterparts.200 Proposed explanations for this phe-
nomenon include a greater likelihood of comorbidities, multiple
pain generators, and polypharmacy.201 This effect is indepen-
dent but amplified by the possible lower degree of efficacy for
ESI in spinal stenosis compared with herniated disk.93,97 Be-
cause of the increased risk for adverse pharmacological effects in
this cohort, an argument can be made for interventional therapy.

High disease burden is another important marker of poor
outcomes in both back and neck pain patients.202Y204 Indirect
measurements of increased disease burden include higher
baseline pain scores and disability,149,205 greater use of opi-
oids,206,207 and a history of failed interventions,208,209 which
have all been shown to be prognosticators of poor outcomes
in patients with back and neck pain. Patients with lower levels
of education and lack of employment at time of diagnosis
may also have worse outcomes than those in higher socioeco-
nomic groups. Along with a lower financial incentive to return
to work, it is theorized that patients in lower socioeconomic
brackets may also have less access to routine health care sur-
veillance and often present only after a disease process has
significantly progressed past the ideal therapeutic window, at
which time the likelihood of treatment success has decreased.210

Many studies have documented a high coprevalence rate of
psychopathology with neck and back pain,211Y212 and depres-
sion and other forms of psychological distress are negative prog-
nosticators in patients with chronic pain of all types, including
NSP.213Y216 In addition to depression, poor coping mechanisms,
catastrophization, somatization traits, secondary gain, and the
presence of Waddell signs have also been shown to predict treat-
ment failure.211,216Y219
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Factors Associated With ESI Results
Not surprisingly, disease burden and the presence of co-

existing psychosocial stressors have been consistently found to
portend negative treatment outcomes after ESI. A study by Jamison
et al220 found the predictors of treatment failure 2 weeks after
ESI included a greater number of previous failed treatments,
higher analgesic use, unrelenting pain not worsened by activity,
and pain increased by coughing. One year after treatment, un-
employment secondary to pain, poor response to analgesics,
negative straight-leg-raising test, and pain unaffected by acti-
vities were associated with negative treatment outcomes. A
prospective cohort study by Hopwood and Abram221 performed
in 209 patients who underwent lumbar IL ESI found that con-
stant pain, prolonged duration of pain, smoking, unemployment,
sleep dysfunction, psychological distress, and nonradicular pain
were associated with treatment failure in univariate anal-
ysis. After logistical regression analysis, only prolonged duration,
nonradicular pain, lack of employment, and smoking remained
significant predictive factors. The negative correlation between
symptom duration and treatment response is supported by other
studies.98 A recent study by Kirpalani and Mitra222 found 70% of
opioid-naive patients had a positive outcome after cervical ESI,
compared with only 20% in patients on chronic opioid therapy.

Another predictive factor for ESI success is the nature of
a patient’s symptoms.87 Systematic reviews97,132,133 and studies
performed in the cervical223 and lumbar76 spine have generally
found that radicular pain is more responsive than axial pain
secondary to mechanical pathology. When broken down by
etiology, some studies suggest that a herniated disk may re-
spond better to ESI than neurogenic claudication secondary to
spinal stenosis,60,99,134,135 although this finding is by no means
universal.63,98,136,137

Even in patients with a particular diagnosis, the severity
and subtype of pathology may affect outcome. Among indi-
viduals with spinal stenosis, a direct correlation has been found
between the severity of pathology and response to treatment.138,224

In a subgroup analysis of a randomized, placebo-controlled study
by Ghahreman and Bogduk170 performed in patients with herniated

disk, the authors noted an inverse relationship between the degree
of nerve root compression on magnetic resonance imaging and the
likelihood of a successful outcome. This association was hypothe-
sized to stem from the fact that those with low-grade compres-
sion experienced predominantly inflammatory-mediated pain, as
opposed to pain due to mechanical compression that is more re-
fractory to treatment. Other studies have yielded mixed results re-
garding an association between ESI outcomes and the extent of
degenerative end-plate spinal changes.225,226

Finally, several investigators have sought to identify prog-
nostic factors for ESI based on their preinjection response to
standardized sensory testing. In a small study by Schiff and
Eisenberg,227 the authors reported mixed results for the ability
of quantitative sensory testing to predict the response to ESI,
with a direct correlation being noted between improvement in
pain scores and increase in cold sensation threshold but an in-
verse correlation between pain score improvement and increase
in touch and vibration thresholds, mediated by A-beta fibers.
Given the expense and time associated with performing base-
line quantitative sensory testing, the mixed results do not cur-
rently support this practice. In an attempt to find a simpler and
more practical means to determine whether intrinsic sensory
perception can predict ESI outcome, Cohen et al228 found a
small but statistically significant correlation between the per-
ceived intensity of the pain response to a standardized subcu-
taneous injection of local anesthetic immediately before a set
of ESIs and a person’s response to the injections, which per-
sisted through 3-month follow-up. In summary, the weak and
often conflicting association between baseline demographic and
clinical factors and response to ESI, and the low risks associ-
ated with the procedure, make screening out potential candidates
with NSP based on phenotypic characteristics impractical at
this time (Fig. 4).

Complications
Complications associated with the epidural administration

of corticosteroids are uncommon, but their risk has been high-
lighted by the recent and devastating outbreak of fungal meningitis

FIGURE 4. Venn diagram depicting predictors of a poor outcome for low back and epidural steroid injections. Characteristics in bold
denote major risk factors for negative outcome.
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in the United States.229 Following epidural administration of con-
taminated steroid, more than 650 cases of fungal infection and
39 deaths were reported in late 2012. There is no mandatory re-
porting of complications in the United States, and thus the true in-
cidence of serious adverse effects and complications associated
with epidural administration of corticosteroids cannot be deter-
mined. Despite warnings about the neurotoxic potential of intra-
thecal injection of corticosteroids,230 there are few reports of serious
complications associated with epidural administration.

A recent retrospective study examined 4265 ESIs performed
in 1857 patients over 7 years, which included 161 cervical IL
injections, 123 lumbar IL injections, 17 caudal injections, and
3964 lumbar TF injections.91 No major complications were
identified. There were 103 minor complications, for an overall
complication per injection rate of 2.4%. The most common
complications were increased pain (1.1%), pain at the injection
site (0.33%), persistent numbness (0.14%), and ‘‘other’’ (0.80%).
Complications were less common with TF injections (2.1%)
than for IL injections (6.0%). The American Society of Anes-
thesiologists Closed Claims Study provides some insight into
less common major complications, reporting on 114 complica-
tions purportedly caused by ESIs that resulted in malpractice
litigation.231 The types of complications cited in that report are
shown in Table 6. Complications that have been reported fol-
lowing epidural corticosteroid injections include neurotoxicity,
neurologic injury, pharmacological effects of corticosteroids, and
other less frequent problems. The aim of this section is to review
our current knowledge regarding the complications associated
with ESI.

Neurotoxicity
Direct neurotoxicity caused by the unintentional intra-

thecal injection of corticosteroid suspensions has been hypo-
thesized to result in arachnoiditis and aseptic meningitis in
some individuals. However, the link between intrathecal corti-
costeroid administration and these neurotoxic syndromes is not
at all clear. Arachnoiditis is an inflammatory condition involv-
ing the leptomeninges and the underlying neural structures.232

Commonly encountered symptoms include constant, burning
pain in the lower back and legs; urinary frequency, incontinence;
muscle spasms in the back and legs; variable sensory loss; and
motor dysfunction. Adhesive arachnoiditis is a severe and often
progressive form that is associated with neuropathic pain and
neurologic dysfunction. The intrathecal injection of neurotoxic
substances can result in arachnoiditis if there is sufficient che-
mical irritation or inflammation. Aseptic meningitis is a generally
benign condition that produces signs of neurological irritation,
including burning pain in the legs, headache, meningismus, and
in severe cases seizures. Fever and nausea are often reported.
Cerebrospinal fluid examination reveals pleocytosis, elevated
protein, and decreased glucose. The introduction of nearly any
substance, including blood, normal saline, or water, into the sub-
arachnoid space can potentially produce the syndrome.233

The first reported cases of arachnoiditis followed neuraxial
syphilis or tuberculosis infections. Iatrogenic arachnoiditis was
first reported after intrathecal injection of oil-based radiographic
contrast agents. Arachnoiditis is most commonly diagnosed
among patients who have had multiple prior spinal surgeries,
so that identifying the inciting cause is difficult. Arachnoiditis
is an uncommon condition, and the symptoms are often diffi-
cult to separate from those for which many patients receive
ESI. Concern regarding the neurotoxic potential of corticoste-
roid suspensions arose during treatment of advanced cases of
multiple sclerosis (MS) with intrathecal methylprednisolone
acetate (MPA). The earliest report of arachnoiditis following
intrathecal steroid injections cited 2 cases of adhesive ara-
chnoiditis among a series of 23 patients who received a total of
83 injections of MPA.234 The author of that report expressed
concern that the drug vehicle, polyethylene glycol, could have
initiated the inflammatory response. Additional, sporadic case
reports have appeared in which individual patients developed
arachnoiditis after intrathecal administration of multiple doses
of corticosteroids to treat advanced MS.235,236 A single case of
myelographically documented arachnoiditis has been reported
following intrathecal MPA treatment for lumbar disk disease237;
the intrathecal injection occurred in conjunction with inadver-
tent dural puncture during attempted epidural administration.

Seghal et al238 documented the occurrence of aseptic men-
ingitis following intrathecal injections of 40 to 200 mg MPA,
whereas Goldstein et al239 were unable to show any cerebrospinal
fluid changes or symptoms of meningeal irritation in patients
with MS treated with 40 mg MPA. Several cases of aseptic
meningitis have also been reported following intrathecal cortico-
steroid injections.240Y242 One of these cases was severe, pro-
ducing headache, fever, nausea, bilateral leg pain, and seizures.240

One case of aseptic meningitis was reported following an epidural
injection of MPA.243 A recent study of intrathecal MPA for PHN
failed to find any evidence of either aseptic meningitis or ara-
chnoiditis among 89 patients treated with four 60-mg injec-
tions.244 Patients were followed up for 2 years and underwent
diagnostic lumbar punctures and magnetic resonance imaging.

It is difficult to determine which component of the steroid
preparation, if any, is neurotoxic. Nelson230 suggested that poly-
ethylene glycol is the offending agent. This speculation was based
on studies demonstrating that concentrations of propylene glycol
78% or greater cause nerve injury.245,246 The polyethylene
glycol preparation used in steroid suspensions is present in con-
centrations of 2.8% to 3%. Benzon et al247 studied the acute
effects of polyethylene glycol on nerve conduction and found
no changes with concentrations of 3% and 10%, slowing of
conduction with 20% and 30%, and abolishment of conduction
with 40%; the effects were reversible following washout. Benzyl
alcohol 0.9% is present in several steroid suspension prepara-
tions, including multidose vials of Depo-Medrol brand MPA
(Pharmacia & Upjohn, Kalamazoo, Michigan) and Aristocort
Intralesional brand triamcinolone diacetate (American Cyanamid,
Madison, New Jersey). Two animal studies reported no or mi-
nimal histological changes following the neuraxial injection of
the triamcinolone/benzyl alcohol preparation,248,249 although the
clinical relevance of this remains unknown. There have been
reports of aseptic meningitis following intracisternal injections
of pyrogen-free serum albumen plus 0.9% benzyl alcohol.250

Following up in these reports, Deland251 assessed the effects
of intracisternal injections of benzyl alcohol 0.9% to 9% in dogs.
The highest concentration (10 times the concentration used as
a preservative in pharmaceutical agents) produced transient neu-
rological dysfunction related to local anesthetic effects, but there
was no evidence of aseptic meningitis at any concentration. Few

TABLE 6. Outcomes for Malpractice Claims Related to ESIs

Nerve injury: 28
Infection: 24
Death/brain damage: 9
Headache: 20
Increased pain, no relief: 10
Adapted from Fitzgibbon et al231 (2004)
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histological abnormalities were noted, and those that did occur
were observed as frequently in saline controls.

There was considerable public controversy about the risk
of arachnoiditis following epidural MPA injection during the
1990s in Australia, prompting many physicians to use Celestone
Chronodose (Schering-Plough, Kenilworth, New Jersey) for ESI.
This product contains betamethasone 5.7 mg, as betamethasone
sodium phosphate 3.9 mg (in solution), and betamethasone ace-
tate 3 mg (in suspension) per milliliter in an aqueous vehicle
containing sodium phosphate, sodium phosphate monobasic,
disodium edetate, benzalkonium chloride, and water. Despite
the absence of both polyethylene glycol and benzyl alcohol in
this solution, a study in sheep demonstrated the development
of histopathologic changes of arachnoiditis following intrath-
ecal injection of 2 mL or more of this preparation.252 The
product is available in the United States as Celestone Soluspan
(Schering-Plough).

It is not clear whether a single intrathecal injection is likely
to cause serious harm. The reported cases of arachnoiditis were
associated with multiple intrathecal injections, and in most cases
there was preexisting neurologic disease. Arachnoiditis and
aseptic meningitis are complications of intrathecal, not epidu-
ral, steroid injections. The use of a local anesthetic test dose
and/or fluoroscopy and radiographic contrast are reliable means
to prevent unintentional intrathecal administration. There is no
definitive treatment for arachnoiditis or aseptic meningitis, with
symptomatic treatment and reassurance being cornerstones of
therapy.

Neurologic Injury
In the Closed Claims Study, nerve injury occurred in

14 patients following ESI.231 Six of these resulted in paraplegia,
one in quadriplegia. Spinal cord damage can occur from needle
entry into the cord. In a recent follow-up analysis, the Closed
Claims Study Group examined claims associated with proce-
dures conducted at the level of the cervical spine.253 Injuries re-
lated to cervical interventional pain treatment were often severe
and related to direct needle trauma to the spinal cord. Traumatic
spinal cord injury was more common in patients who received
sedation or general anesthesia, especially in those who were
unresponsive during the procedure. The majority (59%) of the
64 claims reported in this series were permanent spinal cord in-
juries related to direct needle trauma to the spinal cord; the most
common procedure was epidural injection of corticosteroids.
Direct trauma to the spinal cord occurred in association with
both the TF and IL routes. Another mechanism of injury is the
injection of steroid suspension into a spinal medullary artery
with embolization of end arterioles supplying the spinal cord,254

but this appears to be less common that direct needle trauma to
the spinal cord.

The Closed Claims analysis clearly demonstrates that in-
jury to the cord is a significant risk for cervical, thoracic, and
upper lumbar epidural injections. Direct needle entry into the
cord does not always result in major or permanent neurologic
injury. Field et al255 reported 3 cases of transient neurologic
injury that followed otherwise uneventful cervical ESI in awake
patients. All 3 patients had large disk herniations that caused
effacement of the epidural fat and spinal fluid surrounding the
spinal cord at the level of injection. The authors hypothesized
that direct injury to the spinal cord or dorsal nerve root could
occur even without dural puncture when narrowing or obliter-
ation of the epidural space caused by a large disk herniation
displaces the spinal cord posteriorly. More severe neurologic
injury occurs if material is injected into the spinal cord, which
is more likely to occur in those who are deeply sedated and

unresponsive during the procedure. Two cases of spinal cord
injury following cervical ESI were reported by Hodges et al.256

Both cases used fluoroscopic guidance, both cases were per-
formed at C5-6, and in both cases the patient was heavily se-
dated with a combination of midazolam and propofol. It was
postulated that the patients failed to respond to needle contact
with the cord because of sedation. In the Closed Claims anal-
ysis, among the patients who underwent cervical procedures
and experienced spinal cord injuries, 25% were nonresponsive
during the procedure, which was significantly higher than the
5% of patients who underwent cervical procedures and did not
have spinal cord injuries.

Catastrophic neurologic injury due to embolization of par-
ticulate steroid appears to be most common in association with
cervical TF injection. This type of injury was implicated in a
fatal case of massive cerebellar injury following a cervical TF
injection of triamcinolone acetonide.257 Infarction of the cer-
vical spinal cord resulting in permanent motor and sensory defi-
cits in all extremities following cervical TF injection has also
been reported.254,258 Similarly, infarction of the lower spinal
cord resulting in paraplegia has also been described following
thoracic and lumbar TF injections.259,260 All of the corticoste-
roid suspensions commercially available contain particles large
enough to occlude capillaries and arterioles.261 Injection into
the vertebral artery can lead to stroke in the posterior circula-
tion of the brain, with cerebellar infarction, cortical blindness,
and in some cases death due to resultant intracranial hyperten-
sion. Injection into the spinal medullary arteries can result in
spinal cord infarction, typically in the distribution of the anterior
spinal artery; the magnitude and location of the resultant neuro-
logic injury appear to relate to the anatomic location of injection.
Subsequent study in a pig model has conclusively demonstrated
that direct injection of particulate steroid into the vertebral artery
results in irreversible posterior circulation strokes similar to those
reported in case reports following TF injection of steroid.262

Injection of the nonparticulate steroid solution dexamethasone
resulted in no apparent injury in the same animal model, pro-
viding preliminary evidence for the safety of this agent. Embo-
lization has not been implicated as a mechanism for injury
following caudal or interlaminar ESIs. Although TF injections
performed in the lumbar spine carry a much lower risk than in
the thoracic or cervical regions, previous surgery may be asso-
ciated with an increased risk of spinal cord infarct.111 Spinal
cord infarction associated with TF injection is far less common
than direct spinal cord trauma according to the Closed Claims
analysis.253

In most cases, there is probably little that can be done to
minimize the extent of neurologic dysfunction after a traumatic
or embolic event has occurred. High-dose intravenous cortico-
steroid may be of benefit. High-dose intravenous steroids ad-
ministered in the hours immediately following traumatic spinal
cord injury have been shown to result in a significant reduction
in neuronal injury.263

Pharmacologic Effect of Corticosteroids

Hypercorticism and Adrenal Suppression
Cushing syndrome is a characteristic pattern of obesity as-

sociated with hypertension that results from abnormally high
blood levels of cortisol produced by the adrenal cortex. Exoge-
nous administration of glucocorticoids can result in an identical
clinical pattern and is frequently called ‘‘cushingoid’’ syndrome.
The active corticosteroid in MPA and other depot steroid prepa-
rations is slowly released over a period of days toweeks. Common
mineralocorticoid effects such as fluid retention and weight gain,
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as well as increased blood pressure and congestive heart failure,
have been reported after ESI. Cushingoid adverse effects begin-
ning several weeks after ESI have also been reported.264Y266

These can include facial swelling, buffalo hump, skin bruising,
and scaly skin lesions.

Jacobs et al267 documented marked suppression of plasma
cortisol levels in 12 patients who each received a single epidural
injection of 80 mg MPA. Plasma cortisol and adrenocorticotropic
hormone (ACTH) levels were significantly depressed at 1, 7, 14,
and 21 days after treatment. The ability of exogenous ACTH to
increase plasma cortisol levels was also reduced over a 3-week
period. Kay et al268 sought to determine the adrenal response to
a series of 3 weekly epidural injections of 80 mg triamcinolone
diacetate and to ascertain whether the preinjection administra-
tion of midazolam had any effect. Suppression of serum cortisol
and ACTH began within 45 minutes of the initial injection and
remained low for 7 days after each of the first 2 injections. At
34 days after the last injection, ACTH and cortisol levels were
suppressed only in the group that received midazolam before
the procedures.

Another symptom of hypercorticism is steroid-induced my-
opathy, which is characterized by progressive proximal muscle
weakness, increased serum creatinine kinase levels, and a myo-
pathic electromyography and muscle biopsy specimen. This has
been reported following a single epidural dose of triamcino-
lone.269 All patients who have been taking steroids for long pe-
riods develop reversible myofiber atrophy, which should be
distinguished from true steroid myopathy.

Because severe cases of Cushing syndrome and adrenal
suppression have been described after a single, relatively small
steroid dose, it is unlikely that this complication can be avoided
in susceptible patients. The most prudent guiding principle is
to use repeated steroid injections only in those who experience
significant benefit and to space the injections at long-enough
intervals to allow complete recovery of adrenal function. Pa-
tients undergoing surgery within a few weeks of receiving depo-
steroids should be evaluated for adrenal suppression or should
receive stress steroid coverage during the perioperative period.

Altered Glucose Tolerance
Glucocorticoid administration reduces the hypoglycemic

effect of insulin and interferes with blood glucose control in
diabetic patients.270 Following injection of depo-steroids, diabetic
patients generally experience significant increases in blood glu-
cose levels and insulin requirements for 1 to 2 days after injec-
tion. A study of 30 diabetic patients demonstrated significant
changes in blood glucose levels that normalized within 2 days
after ESI.271 The mean blood glucose level before ESI was 160,
which increased to 286 immediately after injection. There was
no correlation between glucose control (HbA1c levels before in-
jection) and response. Long-term indices of disease were fol-
lowed in 9 diabetic patients after a single ESI of 80mg depo-MPA
and were determined to have no effect on glycemic control.272

Patients with diabetes receiving ESI should be counseled that
blood glucose may increase after intervention, but that the
effects should dissipate within 2 days. Glucose levels in diabetic
patients should be monitored closely during the first 2 days fol-
lowing any type of steroid injection. Patients need to be informed
that adjustment of their insulin dose may be required. Patients
with brittle diabetes should consult their internist or endocrinol-
ogist before initiating steroid treatment.

DURAL PUNCTURE
Accidental dural puncture during attempted epidural injection

is associated with a headache incidence of greater than 50%.273

The headache incidence among patients undergoing attempted
ESI appears to be much lower, perhaps due to the older patient
population, the smaller-gauge needles used, and/or the widespread
use of fluoroscopic guidance. In a large retrospective analysis that
included 284 IL epidural injections, only 1 postdural puncture
headache was reported, for an overall incidence of 0.004%.91

Introduction of air into the subdural or subarachnoid space during
attempted epidural needle placement can produce pneumoceph-
alus and an immediate headache that can last up to several days.
Although the most common cause of pneumocephalus following
ESI is accidental dural puncture resulting in the introduction of
air during the loss-of-resistance technique,274,275 a pneumoceph-
alus headache has been reported after a cervical ESI performed
using the hanging-drop technique.276 In light of the fact that
cervical epidural pressures are nearly always positive in the prone
position, this is more likely to occur during a cervical ESI per-
formed in the sitting position, in which pressures tend to be nega-
tive.277 There is evidence that the use of a smaller-gauge needle
increases the chances of incorrect needle placement,278 but un-
like for epidural anesthesia, the effect of using smaller epidural
needles for ESI on the incidence of postdural puncture headache
is unknown. Conservative management of postdural puncture
headache includes bed rest, hydration, caffeine, and mild anal-
gesics.279 Following known dural puncture, an epidural blood
patch can quickly and effectively reduce or eliminate the ensuing
spinal headache.

BLEEDING COMPLICATIONS
Intraspinal bleeding is a potentially devastating complica-

tion that can result in paraplegia or quadriplegia. Back pain and
headache may be the presenting complaints. Both epidural280

and subdural281 hematomas have been reported following ESIs
in patients without coagulopathy or concurrent use of antico-
agulants. Benzon et al282 reported a case of quadriplegia follow-
ing a cervical ESI in a patient who had been taking clopidogrel
and diclofenac. Following surgical decompression, the patient
regained upper-extremity function, but his lower extremities
remained paralyzed. The earlier Closed Claims Study cites 2
cases of spinal cord injury resulting from epidural hematomas
following ESI,231 with both patients having been receiving an-
ticoagulants. In the subsequent Closed Claims analysis of cer-
vical procedures, Rathmell et al253 reported 3 cases of epidural
hematoma (5% of cervical claims), one of which occurred a
month after the procedure and was felt to be unrelated; the use
of anticoagulants or coagulopathy was not reported. The most
important risk factor for bleeding is coagulopathyVeither pri-
mary or pharmacological. Anticoagulants and antiplatelet drugs
such as clopidogrel are contraindications to epidural injections
of any sort. On the other hand, NSAIDs, including aspirin, do
not appear to appreciably increase the risk of epidural bleeding.
Horlocker et al283 reported no major hemorrhagic complica-
tions among 1035 patients, one-third of whom had been taking
NSAIDs (134 on aspirin, 249 on other NSAIDs, and 34 on
multiple drugs) who underwent 1214 ESIs. The only published
reports of epidural hematomas resulting in neurologic compli-
cations have occurred following cervical injections. Given the
rarity of this complication, no conclusions regarding relative
risk of cervical versus lumbar epidural injections can be drawn.
The discontinuation of medications in patients receiving anti-
thrombotic or thrombolytic therapies before ESI is not devoid
of risks and should be handled in the same fashion recom-
mended for other regional anesthetics.284 In an online survey
conducted in 325 respondents (of 2300 surveyed) who perform
interventional pain management procedures, nearly 3 times as
many thromboembolic complications (n = 162) were reported as
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were serious bleeding complications (n = 55).285 Among the
thromboembolic events, 153 occurred following discontinuation
of anticoagulation therapy, whereas 9 transpired despite antiplate-
let therapy being continued. For the bleeding complications,
29 occurred after warfarin or antiplatelet therapy was discontin-
ued, with 26 occurring in the context of continued anticoagulation
treatment. These findings suggest that the decision to discontinue
anticoagulation therapy for neuraxial injections must be made
after careful consideration of the risks and benefits, in consul-
tation with a specialist. Because of its location at the distal end of
the spinal column, its shallow depth (which enables compression),
and the fact that it can easily be accessed with a small gauge
needle, the caudal approach might be considered when an ESI
is strongly indicated and the risk of discontinuing warfarin or
antiplatelet therapy is high.

INFECTIOUS COMPLICATIONS
Infectious complications following epidural or intra-articular

injections are rare. Epidural abscess is a condition that can occur
spontaneously, in the absence of injection or instrumentation
of the spinal canal. Tang et al286 reviewed 46 cases of spontane-
ous epidural abscess and found that 46% occurred in diabetic
patients. Common presenting symptoms included paralysis (80%),
localized spinal pain (89%), radicular pain (57%), and chills and
fever (67%). The erythrocyte sedimentation rate was always ele-
vated, and Staphylococcus aureus was the organism isolated in
about half the cases. Hooten et al287 recently performed a litera-
ture review examining the cases of epidural abscess following
ESI. They found 14 cases, 2 of which also presented with men-
ingitis. A synopsis of the patient characteristics and outcomes
for those cases as well as another case288 not included in that
review is shown in Table 7.

Infection was listed in the original Closed Claims Study231

as a cause for litigation in 24 cases involving ESI. There were
12 cases of meningitis, 3 cases of osteomyelitis, and 7 reports
of epidural abscess; 2 cases involved multiple infection sites.
Among the 7 cases of epidural abscess, 6 required surgical de-
compression, and 1 resulted in permanent lower-extremity mo-
tor dysfunction. In 1 claim, there were both meningitis and
epidural abscess and, in another, a combination of meningitis,
abscess, and osteomyelitis. A single case of bacterial diskitis
was reported following caudal ESI.289 This occurred following
injection of 120 mg triamcinolone in a 73-year-old woman with
mild diabetes mellitus. One month after injection, she returned

with increased back pain. Magnetic resonance imaging revealed
L4-5 diskitis and adjacent osteomyelitis. Biopsy culture grew
Pseudomonas aeruginosa. She was successfully treated with in-
travenous ciprofloxacin and gentamicin. In the Closed Claims
analysis of cervical procedures, infection or abscess was reported
in 3 cases (5% of procedures).253

Until the recent outbreak associated with contaminated
steroids in the United States, fungal infection following ESI
was considered to be an extremely rare complication. A case
of ‘‘torula meningitis’’ was reported by Shealy290 more than
40 years ago following an intrathecal injection of MPA. No
details of the case, such as the time course after injection or
the outcome, were presented. Another case involved the forma-
tion of an Aspergillus abscess in the spinal canal 6 weeks fol-
lowing the last of 3 ESIs performed in a healthy 31-year-old
woman.291

An outbreak of fungal infections of the central nervous sys-
tem occurred in the United States in late 2012 among patients
who received ESI with preservative-free MPA prepared by a
single compounding pharmacy. The median age of the 66 case
patients was 69 years (range, 23Y91 years), with the median time
from the last epidural injection to the development of symptoms
being 18 days (range, 0Y56 days). The presenting symptoms in-
cluded meningitis alone (73%), cauda equina syndrome or focal
infection (15%), and posterior circulation stroke, with or with-
out meningitis (12%). At the time of admission, signs and symp-
toms were headache (in 73% of patients), new-onset or worsening
back pain (in 50%), neurologic symptoms such as vertigo (in
48%), nausea (in 39%), and stiff neck (in 29%). A total of 21
patients had laboratory confirmation of Exserohilum rostratum
infection, with 1 person developing an Aspergillus fumigatus
infection. The risk of infection increased with exposure to a
single lot of the compounded drug, older vials, higher admin-
istered doses, multiple procedures, female sex, age older than
60 years, and using an IL approach to epidural entry, which
is associated with a higher risk of dural puncture. As of late
December 2012, more than 650 cases of fungal infection and
39 deaths have been reported.229,292

Rapid recognition of illness and prompt initiation of
therapy are the cornerstones of management for infectious
complications. Practitioners involved in the care of these pa-
tients were utilizing a compounding pharmacy that fell out-
side the direct regulatory oversight of the US Food and Drug
Administration. This compounding pharmacy was preparing
large batches of single-use, preservative-free vials of a depot
formulation of MPA and marketing and distributing them
widely across the United States. Numerous reasons appear to
have led practitioners to purchase from a compounding phar-
macy rather than a pharmaceutical company, including fears of
potential patient harm and litigation surrounding use of preser-
vative containing solutions, better availability, and lower costs.
The long-term implications of this outbreak are still emerging.

Meticulous sterile technique with attention to skin prepa-
ration should prevent the large majority of infectious compli-
cations. Steroid injections should be avoided if there is any
active infection. The incidence of infection following ESI is too
low to justify routine prophylactic antibiotic use, and there
are no data to support the benefit of prophylaxis in immuno-
compromised patients. Routine preprocedure antibiotic admin-
istration can lead to the development of resistant strains of
pathogens. There is now increasingly widespread antibiotic re-
sistance among strains of S. aureus, and patients coming for
elective procedures are often carriers of resistant organisms.293

Most cases of epidural abscess require surgical drainage. Surgi-
cal decompression is urgently indicated if there is any neurologic

TABLE 7. Characteristics of Cases of Epidural Abscess
Following ESIs (n = 15)

Onset

Within 1 wk: 9
Beyond 1 wk: 6

Patients with diabetes: 5
Injection type
Caudal epidural injection: 1
Lumbar epidural injection: 10
Thoracic epidural injection: 1
Cervical epidural injection: 3

Sequelae
Required laminectomy: 11
Residual motor dysfunction: 5
Deaths: 2

Adapted from Hooten et al287 and Huang et al288
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compromise. While waiting for cultures, treatment with antibi-
otics that cover S. aureus and Staphylococcus epidermidis is ap-
propriate, as these are the most commonly isolated organisms.294

OTHER ADVERSE EFFECTS AND
COMPLICATIONS

A decrease in bone marrow density in postmenopausal
women was reported in a retrospective study performed in pa-
tients who had received a cumulative ESI dose of greater than
120 mg methylprednisolone compared with a control group treated
with NSAIDs and muscle relaxants.295 In a follow-up study by the
same group performed in 352 postmenopausal who had been
treated with ESI, the authors found no association between the in-
cidence of pathological fractures and either the number or total dose
of glucocorticoids.296

Vasovagal reactions, with resultant bradycardia, hypotension,
nausea, and/or altered consciousness, are fairly common among
patients undergoing interventional procedures. The incidence of
vasovagal reactions during ESIs was shown to be significantly
higher for patients undergoing cervical epidural injections (8%)
than for those undergoing lumbar epidurals (1%).297 In a recent
retrospective study conducted by McGrath et al,91 the most com-
mon complications associatedwith ESIwere increased pain (1.1%),
pain at injection site (0.33%), and persistent numbness (0.14%).
Complications were less common with TF injections (2.1%) than
during IL injections (6.0%).

In summary, serious complications from injection of cor-
ticosteroid suspensions into the epidural space are uncommon,
but complications can be devastating. Patients should be instructed
to promptly report neurologic changes, new or increasing pain,
headache, and fever. A system of night and weekend coverage
should be available, and patients should know how to contact
the on-call physician. There is a real possibility that if the
patient later develops arachnoiditis as a result of ongoing dis-
ease or surgery, it may be attributed to the injection. At this
time, there is no evidence that epidural injection of steroids,
without dural puncture, will produce either aseptic meningitis
or arachnoiditis.

SUMMARY
In summary, ESIs appear to provide some pain relief and

functional improvement in well-selected candidates for at least
6 weeks. The evidence for more prolonged benefit or for a surgery-
sparing effect is conflicting. Transforaminal ESIs are more effec-
tive than other routes of administration, and depo-steroids appear
to provide longer pain relief than nondepot formulations. However,
the risks associated with the TF administration of depo-steroids in
the upper lumbar, thoracic, and cervical regions preclude their
use as a first-line treatment. Higher volumes may be associated
with better outcomes, and there is some evidence that the epi-
dural injection of nonsteroid solutions may also have analgesic
effects. Although comparative-effectiveness studies are lacking,
consensus guidelines recommend that the number of ESI be tai-
lored based on individual response, rather than performed as
a fixed series. We are of the firm belief that ESIs should con-
tinue to be part of a multimodal treatment strategy, but that
they be used in a manner based on empirical evidence, rather
than done as a rote treatment in any patient with spine pain.
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Introduction
North American Spine Society (NASS) coverage policy recommendations are intended to assist payers and members by proactively 
defining appropriate coverage positions. Historically, NASS has provided comment on payer coverage policy upon request. However, in 
considering coverage policies received by the organization, NASS believes proactively examining medical evidence and recommending 
credible and reasonable positions may be to the benefit of both payers and members in helping achieve consensus on coverage before 
it becomes a matter of controversy. This coverage recommendation reflects the best available data as of 08/01/18; information and 
data available after 08/01/18 is thus not reflected in this recommendation and may warrant deviations from this recommendation, if 
appropriate.

Methodology
The coverage recommendations put forth by NASS use an evidence-based approach to spinal care when possible. In the absence of 
strict evidence-based criteria, coverage recommendations reflect the multidisciplinary experience and expertise of the authors in order 
to reflect reasonable standard practice indications in the United States.

NASS Coverage Policy Methodology

Background Information
Epidural steroid injections (ESIs) can be performed via a transforaminal (TF), interlaminar (IL), or caudal approach. Every approach 
requires the use of fluoroscopic or computerized tomography (CT) guidance to enhance safety and efficacy.  However, there are rare or 
emergent situations where image guidance may be unavailable or pose greater risk than benefit (eg, pregnancy) in which performing a 
caudal or IL ESI may be appropriate. Insufficient safety and efficacy data exist around ultrasound guidance for any approach to delivering 
an epidural spinal injection (ESI) for NASS to recommend coverage for this alternative technique.

Scope and Clinical Indications
Therapeutic ESIs are indicated for the treatment of radicular or referred pain (see below*) in which 2 of 4 of the following criteria are 
met:
	 The pain is severe enough to cause a degree of functional and/or vocational impairment or disability
	 Pain duration of at least 4 weeks, and/or inability to tolerate or failure to respond to 4 weeks of noninvasive care (see below**)
	 Objective findings of radiculopathy or sclerotomal referred pain pattern are present and documented on examination
	 Advanced imaging (CT or magnetic resonance imaging [MRI]) demonstrates a correlative region of nerve involvement 

* Lumbar referred pain is defined by having pain radiating to the buttock and or leg and would include conditions such as neurogenic 
claudication. Cervical referred pain is defined by having pain radiating into the shoulder, periscapular area and/or upper arm. While 
these diagnoses clearly include several potential anatomic pain generators, it is a common inclusion criterion for research studies and 
in clinical practice where the precise pain generator can be in question.1,2 In these cases, an ESI may offer diagnostic and therapeutic 
benefits. 

** The majority of acute back, neck and radicular pain will improve over 4 weeks. It is therefore reasonable to recommend a trial of less 
invasive treatments for four weeks for those that have not already demonstrated pain beyond the normal natural history. Appropriate 
nonsurgical, noninjection treatments should be considered and documented in notes along with a rationale demonstrating that benefits 
of interventional treatment outweigh risks. Exceptions to waiting 4 weeks exist but should be carefully documented and should be re-
viewed on a case-by-case basis. These include, but are not limited to:
	 At least moderate to severe pain, with functional loss at work and/or home
	 Pain unresponsive to outpatient medical management 
	 Inability to tolerate nonsurgical, noninjection care due to coexisting medical condition(s) (eg, cardiac disease), or severe pain
	 Prior successful injection therapy for the same condition that achieved greater than 50% pain relief with documented function-

al improvement, reduced impairment or decrease in analgesic medication

Selective spinal nerve blocks (SSNBs) use a small amount of anesthetic via a transforaminal approach to anesthetize a specific spinal 
nerve. SSNBs are used to evaluate a patient’s anatomical level and/or source of radicular pain. They are often used in surgical planning 

https://www.spine.org/Portals/0/Documents/PolicyPractice/CoverageRecommendations/CoveragePolicyMethodology.pdf
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and decision-making. Documentation of pre- and postinjection assessment of the pain to fully document the degree of relief on a visual 
or numerical analog score (VAS or NAS, respectively) with documentation of objective provocative testing is required.

Contraindications to ESIs and SSNBs
ESIs and SSNBs are NOT indicated in cases that do not fulfill the above criteria. Of note, ESIs are not indicated in the following scenarios:
	 Axial or nonspecific pain without radiating pain (unless it involves a nerve root that does not refer to a limb). 

o	 Radiologic abnormalities affecting the nerve roots in the cervical or lumbar spine without concurrent radiating pain, is 
insufficient to proceed with an ESI
	 This would include isolated painless symptomology such as “painless-weakness” and painless loss of sensation

o	 Caveat: Lesions in the upper lumbar spine (L1 and L2) may have radiating, referred pain whose distribution is limited to 
the low back, and lesions in the upper cervical spine (C3, C4) may have radiating, referred pain into the periscapular or 
shoulder region, and thus may be appropriate for an ESI

	 Cancer:
o	 New onset spine pain in patient with a history of cancer, multiple risk factors for cancer, or strong clinical suspicion for 

cancer in the absence of advanced imaging studies (to rule out local cancer involvement)
o	 ESIs may be considered if cancer is ruled out or if the patient’s pain is felt to be unrelated to their cancer AND they meet 

the above criteria or if the epidural is done in coordination with their oncologic treatment

	 Infection:
o	 Localized spine infection or significant systemic infection requiring antibiotic therapy
o	 New onset of low back pain and fever without advanced imaging studies, to rule out local infection, in patients with risk 

factors for infection such as:
	 History of active intravenous drug use
	 History of recent or ongoing systemic bacterial or fungal infection
	 Immunosuppression where reasonable risks exceed benefit

	 Compressive lesions of the spinal cord, conus medullaris or cauda equina
o	 Progressive neurological deficits manifesting as myelopathy, cauda equina syndrome or conus medullaris syndrome are 

best treated with surgical decompression and are not a primary indication for ESI

	 Relative contraindications to the performance of ESIs and SSNBs may include coexisting medical conditions such as uncon-
trolled bleeding disorders, poorly controlled diabetes (if corticosteroids are going to be used), immune system impairment, 
history of severe allergic reaction to components, etc. In these situations, the risk/benefits of the procedure should be consid-
ered in the medical decision-making process. 

Procedural Requirements, Utilization, and Restrictions:
ESIs, regardless of approach or indication, are subject to the following requirements and restrictions:
	 Procedures should be done in accordance with the guidelines outlined by the Multisociety Pain Workgroup (MPW).3 

o	 All IL ESIs should be performed using image guidance, with appropriate two-dimensional imaging consisting of an an-
teroposterior (AP) and either a lateral or contralateral oblique view.

o	 To minimize the risk of direct spinal cord injury, IL ESIs should not be performed above C7.
o	 ESIs should be performed by injecting contrast medium under real-time fluoroscopy and/or digital subtraction imaging, 

using an AP view, before injecting any substance that may be hazardous to the patient.
o	 A nonparticulate steroid (eg, dexamethasone) should be used for the initial injection for lumbar TF ESIs and used exclu-

sively for all cervical and thoracic TF ESIs.
o	 TF ESIs using a particulate steroid is associated with a rare risk of catastrophic neurovascular complications. This risk 

increases in the upper lumbar, thoracic and cervical spine where the presence of radiculomedullary vessels increase.
o	 Situations where particulate steroids could be used in the performance of TF ESIs often involve durability of effect and 

desire to not repeat procedure. The risks of using particulate steroid in the thoracic and cervical spine likely outweigh the 
benefits of durability. 
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o	 Extension tubing is recommended for all TF ESIs for the safety of the provider while injecting contrast under live fluoros-
copy, and for the safety of the patient to provide a portal for changing syringes without direct needle manipulation. 

o	 The ultimate choice of what approach or technique (IL vs TF ESI) to use should be made by the treating physician.
o	 IL ESIs can be performed without contrast in patients with documented contraindication to use of contrast (eg, signifi-

cant history of contrast allergy or anaphylactic reaction).
o	 TF ESIs can be performed without contrast in patients with documented contraindication to use, but in these circum-

stances, particulate steroids are contraindicated, and only preservative-free, nonparticulate steroids should be used.
	 ESIs are challenging and come with risk and should only be performed by a well-trained physician that has undergone appro-

priate medical training. 
	 Injections are performed independently based on the patient’s symptoms and response to prior injections and approach (if 

performed). There is no role for a routine “series of 3” ESIs.
	 If a prior ESI provided no relief, a second ESI is allowed following reassessment of the patient, with documentation of change 

in injection technique and/or medication used. This post-procedural assessment and the planned procedural modifications 
should be documented to enhance the chances of a successful outcome.

	 No more than 4 ESIs and/or SSNBs should be performed in a 6-month period of time.
	 No more than 6 ESIs and/or SSNBs should be performed in a 12-month period of time regardless of the number of levels in-

volved.
	 Films that adequately document (minimum of 2 views) final needle position and contrast flow (when used) should be retained 

and available upon request for tracking outcomes and quality.
	 No more than 2 TF ESIs should be performed at a single setting (eg, single level bilaterally or two levels).
	 For caudal or IL ESIs, only one level per session may be performed and NOT in conjunction with a TF injection.
	 Rarely, referred leg pain is caused by an epidural cyst. It is common that these cysts can be aspirated and ruptured with an 

intra-articular facet injection. Often, an ESI or SNRB is required to be performed at the same time to maximize durability of 
relief and treat the associated radiculitis. This procedure is an effective, less risky alternative to surgical decompression.

	 Local anesthesia is sufficient for a majority of ESIs. Occasionally minimal to moderate conscious sedation is an appropriate 
option on a case-by-case basis in consultation with patients who understand the risk benefit ratio. If monitored anesthesia care 
is utilized, the need for such sedation should be clearly documented in the medical records.

Rationale
For radicular pain, the rationale for coverage is based on high-level evidence and what most practitioners would consider to be accepted 
practice patterns. Lumbar radicular pain may be caused by a myriad of pathologic conditions including, but not limited to lumbar disc 
herniation, lumbar stenosis (central or foraminal), lumbar spondylolisthesis, post-operative perineural fibrosis, lumbar facet synovial 
cysts, or failed low back surgery syndrome. Multiple randomized-controlled trials (RCTs) have demonstrated that lumbar epidural ste-
roid injections (LESIs) are effective in the treatment of lumbar radiculitis caused by disc herniation.4-10 There is sufficient literature to 
suggest that a trial of ESIs for radicular pain caused by conditions other than disc herniation is appropriate prior to considering surgical 
intervention.11-17

Similarly, cervical radicular pain may be caused by conditions including, but not limited to, cervical disc herniation, cervical spondylolis-
thesis, degenerative foraminal or paracentral stenosis, and cervical postsurgery syndrome. When evaluating the literature regarding the 
use of cervical IL ESI, 8 RCTs support durable improvements in pain and disability for 12 and 24 months for a variety of cervical patho-
logic conditions. The literature on cervical TF ESIs is limited to observational studies, though benefit, including reduction in surgical 
intervention has been demonstrated, and the biochemical pathology involved is likely similar to lumbar radicular etiologies.

For lumbar referred pain, the rationale for coverage is based on the outcomes from large prospective RCTs1-2, and what most practi-
tioners would consider to be accepted practice patterns. Lumbar referred pain is defined as pain radiating to the buttock and or leg and 
would clearly include several potential pain conditions such as neurogenic claudication caused by either degenerative or isthmic spinal 
stenosis. Literature suggests that LESIs are effective in reducing pain in this patient population16,18,19 though this treatment seems to be 
less effective in this group than in patients with herniated discs.20,21 In addition, data show that LESI is equivalent to epidural local anes-
thetic1,2,22,23, likely due to the suppression of neurogenic inflammation by the local anesthetic. It should be noted that epidural injection 
of local anesthetic has been demonstrated to be more effective than a placebo.23 Based on these data, it is felt that a trial of LESIs is 
reasonable prior to the consideration of surgical intervention. 
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Other conditions can also cause radiating spine pain. Given the high percentage of radiologic abnormalities in the lumbar spine, the 
reported variability in pain referral patterns24, and the potential diagnostic benefits from an LESI25, it is reasonable to pursue injec-
tion-based treatments in the diagnostic and treatment pathway for those with radiating lumbar spine pain who have failed conservative 
care. Large studies that used generic enrollment criteria such as radiating pain have reported both short1 and long-term2 positive effects 
from LESIs, generally with a single injection for several months. This positive effect from a single injection echoes the results from the 
systematic review by MacVicar et al, who reported that 94% of patients achieved a 50% reduction in pain after only one lumbar TF 
ESI.26

The rationale for the procedural requirements, utilization and restrictions is based on the MPW recommendations, which represent 
the combined efforts of 13 medical societies that focused on the safety of ESIs, as well as what most practitioners would consider to be 
accepted practice patterns.3 The recommendations on frequency of injections were in part based on controlled clinical trials.9,27 These 
studies found that most patients who respond to ESIs do so with 3 or less injections for a specific episode of back and radicular pain. 
However, in certain circumstances it is medically appropriate to perform more than 3 injections. Proper documentation of these circum-
stances and the rationale for the necessity to repeat injections should be noted in the medical records. These circumstances include, 
but are not limited to:
 The performance of SSNBs for surgical planning after failed ESIs.
 The presence of new injuries after resolution of a prior condition.
 The presence of new injuries after interval surgery since prior ESIs.
 Prior injections were done without fluoroscopy or were inaccurately placed.
 Re-exacerbation of symptoms that responded well to prior ESIs.
 Patients who responded well to prior ESIs that are not surgical candidates due to comorbid medical conditions.

There are a number of reports of complications associated with TF ESIs in the cervical28,29 and lumbar spine30-33 that have occurred 
primarily as a result of intra-arterial injection. The use of live, contrast-enhanced fluoroscopy, digital subtraction imaging, and the use 
of nonparticulate steroids minimize these risks.32 Additionally, in the cervical and thoracic spine the risk exists for directly injuring the 
spinal cord, most commonly during the performance of IL ESI.34 The use of contrast-enhanced fluoroscopy and judicious use of contra-
lateral oblique viewing minimize these risks.

Because there are potential local and systemic risks with ESIs from both the procedure itself and from the steroids injected, it is reason-
able to place limits on the number of injections that should be reasonably administered in a given time. Currently, there is no data to 
support performing a predetermined “series” of injections. The determination to perform more than one injection should be based on 
the patient’s response to the prior injection, the approach/location of the injection, the patient’s symptoms, the medications used, and 
the imaging findings. This evaluation needs to be done via a face-to-face encounter and the reasons for repeating the injection must be 
clearly documented.
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EPIDURAL injections of corticosteroids are widely used 
as a treatment for radicular pain caused by disc herniation 

and other conditions that affect spinal nerves. These injections 
are associated with a number of minor complications and side 
effects, such as exacerbation of pain, vasovagal reaction, headache, 
and unintentional dural puncture,1–7 that do not involve any per-
manent impairment. Of great concern, however, are rare injuries 
to the central nervous system that occur as a result of epidural 

corticosteroid injections. These rare neurologic injuries can be 
catastrophic and include stroke and spinal cord injury that can 
result in increased pain, severe permanent disability, or death. An 
expert working group with facilitation from the U.S. Food and 
Drug Administration’s Safe Use Initiative (SUI) and representa-
tives from leading specialty societies reviewed the existing scien-
tific evidence and assembled consensus clinical considerations 
aimed at reducing the risk of severe neurologic complications.

ABSTRACT

Background: Epidural corticosteroid injections are a common treatment for radicular pain caused by intervertebral disc her-
niations, spinal stenosis, and other disorders. Although rare, catastrophic neurologic injuries, including stroke and spinal cord 
injury, have occurred with these injections.
Methods: A collaboration was undertaken between the U.S. Food and Drug Administration Safe Use Initiative, an expert multi-
disciplinary working group, and 13 specialty stakeholder societies. The goal of this collaboration was to review the existing evidence 
regarding neurologic complications associated with epidural corticosteroid injections and produce consensus procedural clinical 
considerations aimed at enhancing the safety of these injections. U.S. Food and Drug Administration Safe Use Initiative representa-
tives helped convene and facilitate meetings without actively participating in the deliberations or decision-making process.
Results: Seventeen clinical considerations aimed at improving safety were produced by the stakeholder societies. Specific clinical 
considerations for performing transforaminal and interlaminar injections, including the use of nonparticulate steroid, anatomic 
considerations, and use of radiographic guidance are given along with the existing scientific evidence for each clinical consideration.
Conclusion: Adherence to specific recommended practices when performing epidural corticosteroid injections should lead to 
a reduction in the incidence of neurologic injuries. (Anesthesiology 2015; 122:974–84)
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Background
The evidence that neurologic injury is associated with epidural 
injection of steroids is limited to case reports and reports of 
closed malpractice claims, and this evidence will be reviewed 
in the paragraphs that follow. The incidence of these rare com-
plications cannot be calculated from the limited data because 
there is little information on the numbers of patients under-
going the procedures. The reports show us that these cata-
strophic injuries do occur, and the number of cases reported in 
the literature suggests that the risk is not negligible. The most 
commonly used routes of administration are the interlaminar 
route, in which the needle is placed between adjacent spinal 
laminae into the posterior epidural space (figs. 1 and 2), and 
the transforaminal route, in which the needle is placed in an 
intervertebral foramen (figs. 3 and 4).

The cardinal neurologic complication of cervical interlami-
nar injections is direct needle injury to the spinal cord (fig. 1). 
Case reports of such injuries are few in the literature8; addi-
tional evidence is available from reviews of closed malpractice 

claims. An earlier review of malpractice claims identified 14 
cases of spinal cord injury after epidural injection of steroids, 
among 276 claims relating to chronic pain management 
between 1970 and 1999.9 A more recent review looked at mal-
practice claims between January 1, 2005 and December 31, 
2008.10 Of 294 claims relating to chronic pain management, 
64 involved cervical interventions, with 20 cases of direct spi-
nal cord injury. There has also been one report of indirect 
spinal cord injury, ostensibly due to a transient increase in 
pressure within the epidural space during injection causing 
ischemia.11 Direct spinal cord injury has been reported once 
after cervical transforaminal injections,12 but the cardinal neu-
rologic complications of this procedure are infarctions of the 
spinal cord, brainstem, cerebrum, or cerebellum. These have 
been described in several case reports13–22 and extended by a 
survey of 1,340 physicians.23 A review of closed claims iden-
tified nine instances of spinal cord infarction although the 
overlap with the published case reports could not be deter-
mined.10 Circumstantial evidence, and some direct evidence, 

Fig. 1. Axial diagram of cervical interlaminar epidural injection. 
The epidural needle is advanced in the midline between spinous 
processes and traverses the ligamentum flavum to enter the 
dorsal epidural space in the midline. The normal cervical epi-
dural space is approximately 3 mm wide (from the ligamentum 
flavum to the dura mater in the axial plane). Note the proximity of 
the underlying spinal cord during cervical epidural injection. The 
most common mechanism of injury during cervical epidural ste-
roid injection performed via the interlaminar route is direct needle 
trauma to the spinal cord. Reproduced, with permission, and 
modified from original figures, from Rathmell JP: Atlas of Image 
Guided Intervention in Regional Anesthesia and Pain Medicine, 
2nd edition. Philadelphia, Lippincott Williams & Wilkins, 2012. 
Adaptations are themselves works protected by copyright. So in 
order to publish this adaptation, authorization must be obtained 
both from the owner of the copyright in the original work and 
from the owner of copyright in the translation or adaptation.

Fig. 2. Axial diagram of interlaminar lumbar epidural injection. 
The epidural needle is advanced in the midline between ad-
jacent spinous processes to traverse the ligamentum flavum 
and enter the dorsal epidural space in the midline. The normal 
epidural space is approximately 4 to 6 mm wide (from the liga-
mentum flavum to the dura mater in the axial plane). Note the 
proximity of the underlying cauda equina during lumbar epidur-
al injection. Reproduced, with permission, and modified from 
original figures, from Rathmell JP: Atlas of Image Guided Inter-
vention in Regional Anesthesia and Pain Medicine, 2nd edition. 
Philadelphia, Lippincott Williams & Wilkins, 2012. Adaptations 
are themselves works protected by copyright. So in order to 
publish this adaptation, authorization must be obtained both 
from the owner of the copyright in the original work and from 
the owner of copyright in the translation or adaptation.
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implicates a variety of possible mechanisms for these com-
plications, involving either the vertebral artery or a radicular 
artery—more precisely termed a radiculomedullary or spinal 
medullary artery—an artery that reinforces the anterior or 
posterior spinal artery (fig. 3).24

For thoracic and lumbar injections, reports of injuries 
have been fewer although no less devastating. One case of 
paraplegia has been reported after a thoracic interlaminar 
injection of steroids (fig. 2), ostensibly due to direct injury 
of the spinal cord.25 In the four cases after lumbar injec-
tions,26–29 the mechanisms of neurologic injury are unclear, 
but variously may have involved swelling of an unrecognized 
epidural space-occupying lesion, injury to a radiculomedul-
lary artery, or hematoma.

More extensive is the literature reporting paraplegia 
after lumbar transforaminal injections (fig. 4).30–37 In all 
cases, particulate steroids were used, and the suspected 
mechanism of injury is either injection of steroids into a 
radiculomedullary artery or spasm of such an artery when 
perturbed by the needle.

Anatomy, Laboratory, and Animal Studies
Anatomic studies have shown that the vertebral artery lies in 
close proximity to needles inserted into the cervical interverte-
bral foramen, along with other arteries, such as the ascending 
cervical and deep cervical arteries, which can contribute to the 
supply of the central nervous system (fig. 3).38 The diameter 
of those arteries is sufficient to admit the tip of a needle. In the 
case of radicular arteries, investigators have captured images of 
contrast medium injected into cervical radicular arteries in the 
course of transforaminal injections, showing that it is possible 
to cannulate these small vessels unintentionally.24,39

Laboratory studies have shown that certain steroid 
preparations contain particles and form aggregates. Methyl-
prednisolone has the largest particles, triamcinolone is inter-
mediate, and betamethasone has the smallest.15,40,41 These 
particles or their aggregates can act as emboli if injected into 
an artery and are of sufficient size to block small terminal 
arterioles supplying the brain or spinal cord. Dexamethasone 
does not form particles or aggregates.40

Fig. 3. Axial view of cervical transforaminal injection at the level of C6. The needle has been inserted along the axis of the foramen 
and is illustrated in final position within the posterior aspect of the foramen. Insertion along this axis avoids the vertebral artery, 
which lies anterior to the foramen, and the spinal nerve, which lies within the foramen angled anteriorly toward the interscalene 
groove. Spinal segmental arteries arise from the deep or ascending cervical artery, enter the foramen at variable locations and 
often course through the foramen, penetrate the dura, and join the anterior or posterior spinal arteries that supply the spinal cord 
(inset). An arterial branch that joins the anterior spinal artery is termed a “spinal segmental” or “spinal medullary” artery. Likewise, 
arterial branches arise variably from the vertebral artery to supply the nerve root itself (in this illustration, a branch to the nerve root 
or “radicular” artery is shown); similar branches from the vertebral artery often penetrate the dura to join the anterior or posterior 
spinal artery. There is great anatomic variation in the vascular supply in this region. The anatomic variant illustrated is shown to 
demonstrate how a needle can be placed within a small artery that provides critical reinforcing blood supply to the spinal cord 
during cervical transforaminal injection. Injection of particulate steroid directly into one of these vessels can lead to catastrophic 
spinal cord injury. Reproduced, with permission, and modified from original figures, from Rathmell JP: Atlas of Image Guided In-
tervention in Regional Anesthesia and Pain Medicine, 2nd edition. Philadelphia, Lippincott Williams & Wilkins, 2012. Adaptations 
are themselves works protected by copyright. So in order to publish this adaptation, authorization must be obtained both from the 
owner of the copyright in the original work and from the owner of copyright in the translation or adaptation.
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Animal studies have shown that injection of particulate 
methylprednisolone into the vertebral artery or internal carotid 
artery can lead to severe neurologic injuries (strokes) similar to 
those seen in published human case reports.42,43 Such injuries 
did not occur after the injection of dexamethasone.

Possible Mechanisms of Injury
Collectively, these studies suggest that intraarterial injection of 
particulate steroids is a likely mechanism of spinal or cerebro-
vascular complications of cervical transforaminal injections. In 
this regard, it is conspicuous that in virtually all case reports 
of infarction after cervical transforaminal injection of steroids, 
particulate steroids were used. In cases where nonparticulate 
medication was injected, such as lidocaine or contrast (iopami-
dol), paralysis of the extremities or blindness was temporary.14,44

Other potential mechanisms of injury involving the ver-
tebral artery include perforation45 and traumatic aneurysm 
caused by penetration with the needle.22 Direct contact 

between an advancing needle and a small artery could theo-
retically cause spasm of that vessel or create an intimal flap 
(i.e., dissection).23,35,40 Direct evidence is lacking for these 
alternate mechanisms for neurologic injury.

Animal studies have shown that the carrier used in some 
steroid preparations might be directly toxic to the central 
nervous system, resulting in injury.43 A review of the animal 
studies showed that the concentrations of the preservatives 
polyethylene glycol and myristyl-gamma-picolinium chloride 
needed to cause morphologic or nerve conduction changes 
must be 2 to 10 times the concentrations found in these com-
mercial drug preparations, thus toxicity resulting directly from 
the low concentrations of preservative appears to be unlikely.46

Role of the Food and Drug  
Administration Safe Use Initiative
To address concerns related to medication-related risks, the U.S. 
Food and Drug Administration created its SUI in 2009 to cre-
ate and facilitate public and private collaborations within the 
healthcare community.* The goal of the SUI is to reduce pre-
ventable harm by identifying specific, preventable medication 
risks and developing, implementing, and evaluating cross-sector 
innovations with partners who are committed to safe medica-
tion use. It works with stakeholders to respond to the challenges 
of managing risks associated with the way medications are used.

Safe Use Initiative facilitated the organization of an expert 
working group of key stakeholders created to understand the 
causes of the neurologic injuries associated with epidural ste-
roid injections and devise strategies to mitigate their risk. 
The working group consisted primarily of experts external 
to the Food and Drug Administration who have published 
scientific studies or scholarly works on the topic of epidural 
steroid injections, and SUI representatives have helped con-
vene and facilitate meetings without actively participating 
in the deliberations or decision-making process. The work-
ing group drafted, discussed, and formulated a set of clinical 
considerations to minimize the risk of catastrophic neural 
injury associated with epidural steroid injections, which has 
resulted in the development of studies and publication of 
reports to provide guidance to the healthcare community.

Methods
The SUI convened and facilitated teleconferences con-
ducted by the working group, which drafted, discussed, and 
formulated a set of clinical considerations designed to mini-
mize the risk of catastrophic neural injury associated with 
epidural steroid injections. Clinical considerations were 
formulated with reference to the best available scientific evi-
dence, and when evidence was lacking, expert opinion was 
sought both within the working group and from leading 
scientific societies or associations with interest or expertise 
in the subject of epidural injections. The clinical consider-
ations of the working group primarily considered compli-
cations arising from the administration of epidural steroid 
injections reported in the literature and were designed to 

Fig. 4. Axial view of lumbar transforaminal and selective nerve 
root injection. The anatomy and proper needle position (axial 
view) for right L3/L4 transforaminal. IVC = inferior vena cava. 
Reproduced, with permission, and modified from original  
figures, from Rathmell JP: Atlas of Image Guided Intervention 
in Regional Anesthesia and Pain Medicine, 2nd edition. Phila-
delphia, Lippincott Williams & Wilkins, 2012. Adaptations are 
themselves works protected by copyright. So in order to pub-
lish this adaptation, authorization must be obtained both from 
the owner of the copyright in the original work and from the 
owner of copyright in the translation or adaptation.

* FDA’s Safe Use Initiative, Collaborating to Reduce Prevent-
able Harm from Medications. Safe Use Final Report. Available at: 
http://www.fda.gov/downloads/drugs/drugsafety/ucm188961.pdf. 
Accessed January 14, 2015.

http://www.fda.gov/downloads/drugs/drugsafety/ucm188961.pdf
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reduce harm resulting from one or more putative mecha-
nisms of injury.

Once clinical considerations were drafted, representatives 
from a number of national pain organizations were invited 
to review and vote on them. After an initial vote, newer stud-
ies were published that provided further guidance on key 
issues.47,48 The working group presented findings from these 
studies to the consulting organizations, which revoted on the 
clinical considerations based on the new information.

Results
The representatives of the national organizations overwhelm-
ingly approved all the clinical considerations of the working 
group, with board approval from their respective societies 
before rendering their final votes (table 1).

The working group and the advising national organizations 
unanimously agreed that epidural injections of steroids were 
rarely associated with serious complications due to injuries of 
the central nervous system. They agreed that transforaminal 
injections are associated with a risk of catastrophic neurovas-
cular complications and that particulate steroids appear to be 
inordinately represented in case reports of these complications.

The representatives unanimously approved the clinical 
consideration that only nonparticulate steroids should be used 
in therapeutic cervical transforaminal injections. Although the 
initial use of nonparticulate steroid dexamethasone in lumbar 
transforaminal injections was recommended (11 of 13 votes), 
the representatives unanimously agreed that there might be 
instances where particulate steroids could be used in this set-
ting, for example, consideration to use of a particulate steroid 
might be given if a given patient had failed to improve after an 
initial treatment with nonparticulate steroid.

Clinical considerations involving technical aspects of the 
procedures included use of appropriate image-guided views, 
injection of contrast under real-time fluoroscopy, review of 
prior imaging studies, use of face mask and sterile gloves, use 
of extension tubing, and avoidance of heavy sedation.

Three clinical considerations received votes against adop-
tion. Two clinical considerations involved the measures 
needed to prevent intravascular injection, the representa-
tive of one organization felt that digital subtraction imaging 
(DSI) should be made mandatory when injecting a poten-
tially hazardous substance transforaminally. One clinical 
consideration that received a negative vote involves the use 
of extension tubing for transforaminal injections.

Three clinical considerations receive votes of “unable to 
reach consensus” among the officers, board of directors, or 
representatives of the organizations. One organization could 
not reach consensus on the issue of injection of contrast 
medium under real-time fluoroscopy and/or DSI before cer-
vical transforaminal injections. Two organizations could not 
reach consensus on two clinical considerations: the initial use 
of nonparticulate steroid dexamethasone in lumbar trans-
foraminal injections and the performance of interlaminar 

injections without contrast in patients with a significant his-
tory of contrast allergy or anaphylactic reaction.

Discussion
Image guidance for all cervical interlaminar injections was 
recommended to avoid penetration of the spinal cord as a 
result of improper insertion of the needle. Appropriate lateral 
or oblique views are essential to gauge depth of needle inser-
tion (fig. 5).49,50 Relying on loss-of-resistance or on antero-
posterior views alone does not protect patients from excessive 
depth of needle insertion, resulting in the risk that air, saline, 
or contrast medium might be injected into the spinal cord.

Similar precautions apply for lumbar interlaminar injec-
tions. Appropriate lateral or oblique views are required to 
ensure correct depth of needle insertion, lest the injection be 
into the subarachnoid space; contrast medium should be used 
to ensure injection correctly into the epidural space; and par-
ticulate steroids are acceptable because there is little risk of 
intraarterial injection.

The clinical consideration that needle entry for cervical 
interlaminar injections be performed at C7-T1 was based 
on reports that at other segmental levels the cervical epidural 
space is often narrow, making the dural sac and spinal cord 
more susceptible to penetration and injury.8,51–53 Based on 
similar rationale about the close anatomic proximity of the 
dura mater and spinal cord to the point of needle entry, the 
clinical consideration was adopted that cervical interlami-
nar injections should not be undertaken unless inspection 
of imaging taken before the procedure demonstrates that 
the epidural space at the segmental level at which the injec-
tion will be undertaken is sufficient in size to admit a needle 
safely. A recent study54 found that magnetic resonance imag-
ing did not improve treatment outcomes for epidural steroid 
injections done in patients with a wide range of painful spi-
nal disorders, yet suggested that magnetic resonance imaging 
may improve outcomes in the subset of patients with radicu-
lopathy. This study did not examine the impact of imaging 
on safety, nonetheless the authors do emphasize that mag-
netic resonance imaging can detect rare contraindications to 
epidural injection, such as spinal metastases and infection.

For cervical procedures in general, irrespective of whether 
interlaminar or transforaminal injections were performed, analy-
sis of closed claims reveals that having the patient heavily sedated 
during the procedure or being unresponsive at the time of injec-
tion are each significantly associated with an increased risk of 
spinal cord injury.10 Furthermore, some 45% of spinal cord 
injuries were deemed avoidable had suitable precautions been 
used. There was agreement by all societies that if sedation is used, 
it should be light enough to allow the patient to communicate 
pain or other adverse sensations or events during the procedure.

For cervical and lumbar transforaminal injections, the cardi-
nal risk is intraarterial injection. Therefore, a test dose of con-
trast medium is essential to identify unintended entry into an 
artery before any other agent is injected (figs. 6 and 7). Dexa-
methasone was recommended as the first-line agent for lumbar 
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Table 1.  Statements and Clinical Considerations of the Working Group Endorsed by the MultiSpecialty Work Group

Statement/Clinical Consideration

Number of  
Organizations  

Agreeing

Number of  
Organizations  
Disagreeing

Number of  
Organizations Unable  
to Reach Consensus

1. �Cervical IL ESIs are associated with a rare risk of cata-
strophic neurologic injury (fig. 1).

13 0 0

2. �TF ESI using particulate steroid is associated with a rare risk 
of catastrophic neurovascular complications (fig. 3).

13 0 0

3. �All cervical IL ESIs should be performed using image guid-
ance, with appropriate AP, lateral, or contralateral oblique 
views and a test dose of contrast medium (fig. 5).

13 0 0

4. �Cervical TF ESIs should be performed by injecting contrast 
medium under real-time fluoroscopy and/or digital subtrac-
tion imaging, using an AP view, before injecting any sub-
stance that may be hazardous to the patient (fig. 6).

11 1* 1

5. �Cervical IL ESIs are recommended to be performed at 
C7-T1, but preferably not higher than the C6-C7 level.

13 0 0

6. �No cervical IL ESI should be undertaken, at any segmental 
level, without reviewing, before the procedure, prior imag-
ing studies that show there is adequate epidural space for 
needle placement at the target level.

13 0 0

7. �Particulate steroids should not be used in therapeutic cervi-
cal TF injections.

13 0 0

8. �All lumbar IL ESIs should be performed using image guid-
ance, with appropriate AP, lateral, or contralateral oblique 
views and a test dose of contrast medium.

13 0 0

9. �Lumbar TF ESIs should be performed by injecting contrast 
medium under real-time fluoroscopy and/or digital subtrac-
tion imaging, using an AP view, before injecting any sub-
stance that may be hazardous to the patient (fig. 7).

12 1* 0

10. �A nonparticulate steroid (e.g., dexamethasone) should 
be used for the initial injection in lumbar transforaminal 
epidural injections.

11 0 2

11. �There are situations where particulate steroids could be 
used in the performance of lumbar TF ESIs.

13 0 0

12. Extension tubing is recommended for all TF ESIs. 12 1 0
13. �A face mask and sterile gloves must be worn during the 

procedure.
13 0 0

14. �The ultimate choice of what approach or technique (IL vs. 
TF ESI) to use should be made by the treating physician by 
balancing potential risks vs. benefits with each technique 
for each given patient

13 0 0

15. �Cervical and lumbar IL ESIs can be performed without 
contrast in patients with documented contraindication to 
use of contrast (e.g., significant history of contrast allergy 
or anaphylactic reaction)

11 0 2

16. �TF ESIs can be performed without contrast in patients with 
documented contraindication to use, but in these circum-
stances, particulate steroids are contraindicated and only 
preservative-free, particulate-free steroids should be used.

13 0 0

17. �Moderate-to-heavy sedation is not recommended for ESIs, 
but if light sedation is used, the patient should remain able 
to communicate pain or other adverse sensations or events

13 0 0

* The organization voting against questions 4 and 9 commented, “Digital Subtraction Imaging should be mandatory before injecting a 
potentially hazardous substance transforaminally.”
AP = anteroposterior; C6-C7 = the interspace between the sixth and seventh cervical vertebrae; C7-T1 = the interspace between the 
seventh cervical and first thoracic vertebrae; ESI = epidural steroid injection; IL = interlaminar; TF = trasforaminal.
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transforaminal injections on two grounds. The first was to avoid 
particulate steroids, which have been implicated in all cases of 
severe neurologic complications from this procedure. The 

second was that studies have now shown that the effectiveness 
of dexamethasone is not significantly less than that of particu-
late steroids.47,48 Use of dexamethasone as a first-line agent for 

Fig. 5. (A) Bony anatomy relevant to cervical interlaminar epidural injection. Three-dimensional reconstruction computed to-
mography of the cervical spine as viewed in the lateral projection. Inset matches the anatomic area in the radiographs shown 
in B and C. (B) Lateral radiograph of the cervical spine near the cervicothoracic junction during interlaminar cervical epidural 
injection. A 22-gague Touhy needle is in place in the C7/T1 interspace extending toward the dorsal epidural space. (C) Labeled 
image after injection of radiographic contrast. The anterior most extent of the spinous process and the posterior most extent 
of the ligamentum flavum and spinal canal coincide with the “J-point” or the point where the inferior margin of the spinous 
process begins to arc in a cephalad direction, taking the appearance of the letter “J.” The area outlined to the left of the image 
in the dashed box has been enlarged in the inset to the right, where the approximate borders of the ligamentum flavum have 
been outlined. The contrast extends in a linear stripe in a caphalad and caudad direction from the needle tip that outlines the dor-
sal (posterior) border of the dura mater. Reproduced, with permission, and modified from original figures, from Rathmell JP: Atlas 
of Image Guided Intervention in Regional Anesthesia and Pain Medicine, 2nd edition. Philadelphia, Lippincott Williams & Wilkins, 
2012. Adaptations are themselves works protected by copyright. So in order to publish this adaptation, authorization must be 
obtained both from the owner of the copyright in the original work and from the owner of copyright in the translation or adaptation.
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lumbar transforaminal is the most controversial clinical consid-
eration the group is putting forward. We acknowledge that there 
is no direct evidence that nonparticulate steroids are superior to 
sham injections, and studies that show no difference between 
particulate and nonparticulate steroids are underpowered.47,48

Digital subtraction imaging was endorsed for transforami-
nal injections on the grounds that it significantly increases the 

detection of vascular uptake of contrast medium55–57 and requires 
less contrast medium to detect vessels (figs. 6 and 7). One study 
showed the sensitivity of DSI to be 60% compared with 20% 
with aspiration.57 However, the working group acknowledged 
that DSI was not widely available, not necessarily essential for 
safety, and increases radiation exposure.58 Physicians who do not 
use DSI and rely instead on real-time fluoroscopy must carefully 

Fig. 6. Posterior–anterior view of the cervical spine during C7/T1 transforaminal injection, including a digital subtraction 
sequence after contrast injection. An anteroposterior view of an angiogram obtained after injection of contrast medium 
before planned transforaminal injection of corticosteroids. (A) Image as seen on fluoroscopy. The needle lies in the left  
C7/T1 intervertebral foramen. Contrast medium outlines the spinal nerve (large arrow). The radicular artery appears as a 
thin tortuous line of contrast passing medially from the site of injection (small arrow). (B) Digital subtraction imaging reveals 
that the radicular artery (small arrow) extends to the midline to join the anterior spinal artery and much of the contrast is 
located in the correct location surrounding the spinal nerve (large arrow). Reprinted from Rathmell JP. Anesthesiology 2004; 
100:1595–600.24

Fig. 7. Lumbar transforaminal injection and use of digital subtraction to identify intraarterial needle location. (A) Anterior–
posterior radiograph of the lumbar spine with the needle is in final position for right L4/L5 transforaminal injection. (B) Lat-
eral radiograph of the lumbar spine with the needle is in final position for right L4/L5 transforaminal injection. (C) Anterior–
posterior radiograph of the lumbar spine with the needle is in final position for right L4/L5 transforaminal injection acquired 
during active injection of radiographic contrast demonstrating intraarterial contrast injection. (D) Same image shown in C 
as seen using digital subtraction imaging. Reproduced, with permission, and modified from original figures, from Rathmell 
JP: Atlas of Image Guided Intervention in Regional Anesthesia and Pain Medicine, 2nd edition. Philadelphia, Lippincott 
Williams & Wilkins, 2012. Adaptations are themselves works protected by copyright. So in order to publish this adaptation, 
authorization must be obtained both from the owner of the copyright in the original work and from the owner of copyright in 
the translation or adaptation.
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view the images during the injection of contrast medium, lest the 
fleeting appearance of a small artery escapes notice.

Extension tubing was recommended so that once a needle 
had been placed, it would no longer be touched, and risk 
being dislodged when syringes for successive agents are con-
nected. This practice guards against a needle, shown to be in 
a safe location by a test dose of contrast medium, being dis-
lodged to an unsafe location when the syringe for steroids is 
connected. Face masks and gloves were recommended to com-
ply with generally accepted guidelines for aseptic technique.59

Topics that have been discussed by some experts but were 
not considered by the working group include the use of a local 
anesthetic test dose,60 placement of the needle at the inferior 
aspect of the intervertebral foramina instead of the superior 
“safe triangle,”61–64 and use of specific needle tip types.65,66 
The working group felt that there were not enough quality 
publications to discuss these logical but largely untested safe-
guards. The use of chlorhexidine in alcohol for antisepsis67 
was also omitted in view of the controversy surrounding pos-
sible neurotoxicity of the antiseptic solution.68 Finally, the 
issue of neuraxial injections in the anticoagulated patient was 
omitted because the American Society of Regional Anesthe-
sia and Pain Medicine, in collaboration with some national 
and international organizations, is finalizing guidelines on 
interventional pain procedures for patients on anticoagu-
lants (Honorio T. Benzon, M.D., Professor of Anesthesiol-
ogy, Northwestern University Feinberg School of Medicine, 
Chicago, Illinois, written communication, December 2014).

We acknowledge that catastrophic neurologic injuries can and 
do occur during epidural steroid injections. The actual incidence 
is unknown, but epidural steroid injections are common, and 
reports of these neurologic injuries are uncommon. The pur-
pose of this multidisciplinary effort was to review the available 
evidence and assemble the best clinical considerations for reduc-
ing or eliminating these injuries. Although it is beyond the scope 
of this effort, it is equally important to closely examine the need 
for epidural injection in each patient who receives this treatment. 
The clinical considerations put forth herein are broadly supported 
by experts from many disciplines and stakeholder national medi-
cal organizations. We acknowledge that many of the clinical con-
siderations are nothing more than the logical opinions of a group 
of experts and many remain untested through rigorous scientific 
research. Many, if not most of the clinical considerations will 
never be tested, as the incidence of these rare complications is 
so low that even large studies including thousands of patients are 
unlikely to detect meaningful differences after the implementa-
tion of the clinical considerations. For now, our hope is that these 
clinical considerations will help every practitioner who performs 
epidural injections of steroids to become familiar with the risk 
of neurologic complications and to adopt the best safeguards to 
avoid complications and provide the safest care for their patients.

Acknowledgments
The authors thank Salma Lemtouni, M.D., M.P.H., of the U.S. 
Food and Drug Administration Safe Use Initiative (Silver 

Spring, Maryland), who worked tirelessly with the working 
group to convene the meetings necessary to assemble the cur-
rent set of expert clinical considerations aimed at improving 
patient safety. The authors also thank the representatives of 
national organizations (see the appendix for list of all partici-
pants), who shared their expertise and served to interface with 
each of their own organizations as we created the final clinical 
considerations. The American Society of Interventional Pain 
Physicians (Paducah, Kentucky) did participate in this project, 
but left the process voluntarily during our early deliberations; 
the authors acknowledge their participation, but their inclu-
sion in the list of participants should not be misconstrued as 
an indication of their support for the final recommendations. 
This work was assembled through the voluntary efforts of the 
authors with scheduling and meeting facilitation provided by 
the U.S. Food and Drug Administration Safe Use Initiative.

Dr. Riew is receiving grants and/or research support 
from AOSpine, Cerapedics, Medtronic, Orthopaedic Re-
search and Education Foundation, and Spinal Dynamics and 
receives honoraria from New England Spine Society Group 
and North American Spine Society.

Competing Interests
Dr. Rathmell is a Director of the American Board of Anesthe-
siology. Dr. Benzon is a member of the Board of Directors of 
the American Society of Regional Anesthesia and Pain Medi-
cine. Dr. Dreyfuss is past president of the International Spine 
Intervention Society. Dr. Huntoon is a member of the Board 
of Directors of the American Society of Regional Anesthesia 
and Pain Medicine. Dr. Baker is past president of the North 
American Spine Society, the past president of the International 
Spine Intervention Society, and a consultant to Medtronics, 
Mesoiblast, and Relievant MedSystems. He holds stock in No-
cimed and Relievant. Dr. Riew receives royalties from Biomet, 
Medtronic, and Osprey. He is a stock holder with Amedica, 
Benvenue, Expanding Orthopedics, Nexgen Spine, Osprey, 
Pardigm, Spine, Spinal Kinetics, Spineology, Vertiflex, and 
PSD. He is a board member on the CSRS, KASS, Global Spine 
Journal, Spine Journal, and AOSpine International. Dr. Rosen-
quist is past president of the American Society of Regional An-
esthesia and Pain Medicine. Dr. Aprill is a founding member of 
the International Spine Intervention Society. Dr. Buvanendran 
is a member of the Board of Directors of the American Soci-
ety of Regional Anesthesia and Pain Medicine. Dr. Bogduk 
is founding member of the International Spine Intervention 
Society. The other authors declare no competing interests.

Correspondence
Address correspondence to Dr. Rathmell: Department of 
Anesthesia, Critical Care, and Pain Medicine, Massachusetts 
General Hospital, and Department of Anaesthesia, Harvard 
Medical School, 55 Fruit Street, Gray Bigelow 444, Boston, 
Massachusetts 02116. rathmell.james@mgh.harvard.edu. 
This article may be accessed for personal use at no charge 
through the Journal Web site, www.anesthesiology.org.

References
	 1.	 McGrath JM, Schaefer MP, Malkamaki DM: Incidence and 

characteristics of complications from epidural steroid injec-
tions. Pain Med 2011; 12:726–31

	 2.	 Abbasi A, Malhotra G, Malanga G, Elovic EP, Kahn S: 
Complications of interlaminar cervical epidural steroid injec-
tions: A review of the literature. Spine (Phila Pa 1976) 2007; 
32:2144–51

mailto:rathmell.james@mgh.harvard.edu
http://www.anesthesiology.org


Anesthesiology 2015; 122:974-84	 983	 Rathmell et al.

SPECIAL ARTICLES

	 3.	 Schellhas KP, Pollei SR, Johnson BA, Golden MJ, Eklund JA, 
Pobiel RS: Selective cervical nerve root blockade: Experience 
with a safe and reliable technique using an anterolateral 
approach for needle placement. Am J Neuroradiol 2007; 
28:1909–14

	 4.	 Pobiel RS, Schellhas KP, Eklund JA, Golden MJ, Johnson BA, 
Chopra S, Broadbent P, Myers ME, Shrack K: Selective cervi-
cal nerve root blockade: Prospective study of immediate and 
longer term complications. Am J Neuroradiol 2009; 30:507–11

	 5.	 Huston CW, Slipman CW, Garvin C: Complications and side 
effects of cervical and lumbosacral selective nerve root injec-
tions. Arch Phys Med Rehabil 2005; 86:277–83

	 6.	 Ma DJ, Gilula LA, Riew KD: Complications of fluoroscopi-
cally guided extraforaminal cervical nerve blocks. An analy-
sis of 1036 injections. J Bone Joint Surg Am 2005; 87:1025–30

	 7.	 Botwin KP, Gruber RD, Bouchlas CG, Torres-Ramos FM, 
Freeman TL, Slaten WK: Complications of fluoroscopically 
guided transforaminal lumbar epidural injections. Arch Phys 
Med Rehabil 2000; 81:1045–50

	 8.	 Hodges SD, Castleberg RL, Miller T, Thornburg C: Cervical 
epidural steroid injection with intrinsic spinal cord damage: 
Two case reports. Spine (Phila Pa 1976) 1998; 23:2137–42

	9.	 Fitzgibbon DR, Posner KL, Domino KB, Caplan RA, Lee LA, 
Cheney FW; American Society of Anesthesiologists: Chronic 
pain management: American Society of Anesthesiologists 
Closed Claims Project. Anesthesiology 2004; 100:98–105

	10.	 Rathmell JP, Michna E, Fitzgibbon DR, Stephens LS, Posner 
KL, Domino KB: Injury and liability associated with cervical 
procedures for chronic pain. Anesthesiology 2011; 114:918–26

	11.	 Bose B: Quadriparesis following cervical epidural steroid 
injections: Case report and review of the literature. Spine J 
2005; 5:558–63

	12.	 Lee JH, Lee JK, Seo BR, Moon SJ, Kim JH, Kim SH: Spinal cord 
injury produced by direct damage during cervical transforami-
nal epidural injection. Reg Anesth Pain Med 2008; 33:377–9

	13.	 Brouwers PJ, Kottink EJ, Simon MA, Prevo RL: A cervical 
anterior spinal artery syndrome after diagnostic blockade of 
the right C6-nerve root. Pain 2001; 91:397–9

	14.	 McMillan MR, Crumpton C: Cortical blindness and neuro-
logic injury complicating cervical transforaminal injection for 
cervical radiculopathy. Anesthesiology 2003; 99:509–11

	15.	 Tiso RL, Cutler T, Catania JA, Whalen K: Adverse central ner-
vous system sequelae after selective transforaminal block: 
The role of corticosteroids. Spine J 2004; 4:468–74

	16.	 Windsor RE, Storm S, Sugar R, Nagula D: Cervical transfo-
raminal injection: Review of the literature, complications, 
and a suggested technique. Pain Physician 2003; 6:457–65

	17.	 Beckman WA, Mendez RJ, Paine GF, Mazzilli MA: Cerebellar 
herniation after cervical transforaminal epidural injection. 
Reg Anesth Pain Med 2006; 31:282–5

	18.	 Muro K, O’Shaughnessy B, Ganju A: Infarction of the cervi-
cal spinal cord following multilevel transforaminal epidural 
steroid injection: Case report and review of the literature. 
J Spinal Cord Med 2007; 30:385–8

	19.	 Kim W, Kim JS, Lim SC, Kim YI, Moon DE: Reversible pos-
terior leukoencephalopathy syndrome after cervical trans-
foraminal epidural steroid injection presenting as transient 
blindness. Anesth Analg 2011; 112:967–70

	20.	 Ludwig MA, Burns SP: Spinal cord infarction following cervi-
cal transforaminal injection. A case report. Spine (Phila Pa 
1976) 2005; 30:E266–8

	21.	 Suresh S, Berman J, Connell DA: Cerebellar and brainstem 
infarction as a complication of CT-guided transforaminal cer-
vical nerve root block. Skeletal Radiol 2007; 36:449–52

	22.	 Wallace MA, Fukui MB, Williams RL, Ku A, Baghai P: 
Complications of cervical selective nerve root blocks performed 
with fluoroscopic guidance. Am J Roentgenol 2007; 188:1218–21

	23.	 Scanlon GC, Moeller-Bertram T, Romanowsky SM, Wallace 
MS: Cervical transforaminal epidural steroid injections: 

More dangerous than we think? Spine (Phila Pa 1976) 2007; 
32:1249–56

	24.	 Rathmell JP, Aprill C, Bogduk N: Cervical transforaminal 
injection of steroids. Anesthesiology 2004; 100:1595–600

	25.	 Tripathi M, Nath SS, Gupta RK: Paraplegia after intracord 
injection during attempted epidural steroid injection in an 
awake-patient. Anesth Analg 2005; 101:1209–11

	26.	 McLain RF, Fry M, Hecht ST: Transient paralysis associ-
ated with epidural steroid injection. J Spinal Disord 1997; 
10:441–4

	27.	 Lenoir T, Deloin X, Dauzac C, Rillardon L, Guigui P: 
Paraplegia after interlaminar epidural steroid injection: A 
case report (article in French). Rev Chir Orthop Reparatrice 
Appar Mot 2008; 94:697–701

	28.	 Thefenne L, Dubecq C, Zing E, Rogez D, Soula M, Escobar 
E, Defuentes G, Lapeyre E, Berets O: A rare case of paraple-
gia complicating a lumbar epidural infiltration. Ann Phys 
Rehabil Med 2010; 53:575–83

	29.	 Chung JY, Han JH, Kang JM, Lee BJ: Paraplegia after epidural 
steroid injection. Anaesth Intensive Care 2012; 40:1074–6

	30.	 Houten JK, Errico TJ: Paraplegia after lumbosacral nerve root 
block: Report of three cases. Spine J 2002; 2:70–5

	31.	 Huntoon MA, Martin DP: Paralysis after transforaminal epi-
dural injection and previous spinal surgery. Reg Anesth Pain 
Med 2004; 29:494–5

	32.	 Somayaji HS, Saifuddin A, Casey AT, Briggs TW: Spinal cord 
infarction following therapeutic computed tomography-
guided left L2 nerve root injection. Spine (Phila Pa 1976) 
2005; 30:E106–8

	33.	 Wybier M, Gaudart S, Petrover D, Houdart E, Laredo JD: 
Paraplegia complicating selective steroid injections of the 
lumbar spine. Report of five cases and review of the litera-
ture. Eur Radiol 2010; 20:181–9

	34.	 Lyders EM, Morris PP: A case of spinal cord infarction following 
lumbar transforaminal epidural steroid injection: MR imaging 
and angiographic findings. Am J Neuroradiol 2009; 30:1691–3

	35.	 Glaser SE, Falco F: Paraplegia following a thoracolumbar 
transforaminal epidural steroid injection. Pain Physician 
2005; 8:309–14

	36.	 Kennedy DJ, Dreyfuss P, Aprill CN, Bogduk N: Paraplegia fol-
lowing image-guided transforaminal lumbar spine epidural 
steroid injection: Two case reports. Pain Med 2009; 10:1389–94

	37.	 Chang Chien GC, Candido KD, Knezevic NN: Digital subtrac-
tion angiography does not reliably prevent paraplegia asso-
ciated with lumbar transforaminal epidural steroid injection. 
Pain Physician 2012; 15:515–23

	38.	 Huntoon M: Anatomy of the cervical intervertebral foramina: 
Vulnerable arteries and ischemic injuries after transforaminal 
epidural injections. Pain 2005; 117:104–11

	39.	 Baker R, Dreyfuss P, Mercer S, Bogduk N: Cervical transforam-
inal injection of corticosteroids into a radicular artery: A pos-
sible mechanism for spinal cord injury. Pain 2003; 103:211–5

	40.	 Benzon HT, Chew TL, McCarthy RJ, Benzon HA, Walega DR: 
Comparison of the particle sizes of different steroids and the 
effect of dilution: A review of the relative neurotoxicities of 
the steroids. Anesthesiology 2007; 106:331–8

	41.	 Derby R, Lee SH, Date ES, Lee JH, Lee CH: Size and aggrega-
tion of corticosteroids used for epidural injections. Pain Med 
2008; 9:227–34

	42.	O kubadejo GO, Talcott MR, Schmidt RE, Sharma A, Patel 
AA, Mackey RB, Guarino AH, Moran MJ, Riew KD: Perils of 
intravascular methylprednisolone injection into the vertebral 
artery. J Bone Joint Surg Am 2008; 90:1932–8

	43.	 Dawley JD, Moeller-Bertram T, Wallace MS, Patel PM: Intra-
arterial injection in the rat brain: Evaluation of steroids used for 
transforaminal epidurals. Spine (Phila Pa 1976) 2009; 34:1638–43

	44.	 Karasek M, Bogduk N: Temporary neurologic deficit after 
cervical transforaminal injection of local anesthetic. Pain 
Med 2004; 5:202–5



Anesthesiology 2015; 122:974-84	 984	 Rathmell et al.

Neurologic Injury and Epidural Steroid Injection

	45.	 Rozin L, Rozin R, Koehler SA, Shakir A, Ladham S, Barmada M, 
Dominick J, Wecht CH: Death during transforaminal epidural 
steroid nerve root block (C7) due to perforation of the left 
vertebral artery. Am J Forensic Med Pathol 2003; 24:351–5

	46.	 Benzon HT: Compounded steroids for epidural injections: 
What are the issues? Anesth Analg 2013; 117:523–6

	47.	 El-Yahchouchi C, Geske JR, Carter RE, Diehn FE, Wald JT, 
Murthy NS, Kaufman TJ, Thielen KR, Morris JM, Amrami KK, 
Maus TP: The noninferiority of the nonparticulate steroid 
dexamethasone and triamcinolone in lumbar transforaminal 
epidural steroid injections. Pain Med 2013; 14:1650–7

	48.	 Kennedy DJ, Plastaras C, Casey E, Visco CJ, Rittenberg JD, 
Conrad B, Sigler J, Dreyfuss P: Comparative effectiveness of 
lumbar transforaminal epidural steroid injections with partic-
ulate versus nonparticulate corticosteroids for lumbar radicu-
lar pain due to intervertebral disc herniation: A prospective, 
randomized, double-blind trial. Pain Med 2014; 15:548–55

	49.	 Landers MH, Dreyfuss P, Bogduk N: On the geometry of fluo-
roscopy views for cervical interlaminar epidural injections. 
Pain Med 2012; 13:58–65

	50.	 Furman MB, Furman M, Jasper NR, Lin HW: Fluoroscopic 
contralateral oblique view in interlaminar interventions: A 
technical note. Pain Med 2012; 13:1389–96

	51.	 Aldrete JA, Mushin AU, Zapata JC, Ghaly R: Skin to cervi-
cal epidural space distances as read from magnetic reso-
nance imaging films: Consideration of the “hump pad.” J Clin 
Anesth 1998; 10:309–13

	52.	 Hogan QH: Epidural anatomy examined by cryomicrotome 
section. Influence of age, vertebral level, and disease. Reg 
Anesth 1996; 21:395–406

	53.	 Goel A, Pollan JJ: Contrast flow characteristics in the cervical 
epidural space: An analysis of cervical epidurograms. Spine 
(Phila Pa 1976) 2006; 31:1576–9

	54.	 Cohen SP, Gupta A, Strassels SA, Christo PJ, Erdek MA, 
Griffith SR, Kurihara C, Buckenmaier CC III, Cornblath D, 
Vu TN: Effect of MRI on treatment results or decision mak-
ing in patients with lumbosacral radiculopathy referred for 
epidural steroid injections: A multicenter, randomized con-
trolled trial. Arch Intern Med 2012; 172:134–42

	55.	 McLean JP, Sigler JD, Plastaras CT, Garvan CW, Rittenberg 
JD: The rate of detection of intravascular injection in cervical 
transforaminal epidural steroid injections with and without 
digital subtraction angiography. PM R 2009; 1:636–42

	56.	 Hong JH, Kim SY, Huh B, Shin HH: Analysis of inadvertent 
intradiscal and intravascular injection during lumbar transfo-
raminal epidural steroid injections: A prospective study. Reg 
Anesth Pain Med 2013; 38:520–5

	57.	 Lee MH, Yang KS, Kim YH, Jung HD, Lim SJ, Moon DE: 
Accuracy of live fluoroscopy to detect intravascular injection 
during lumbar transforaminal epidural injections. Korean J 
Pain 2010; 23:18–23

	58.	 Maus T, Schueler BA, Leng S, Magnuson D, Magnuson DJ, 
Diehn FE: Radiation dose incurred in the exclusion of vas-
cular filling in transforaminal epidural steroid injections: 
Fluoroscopy, digital subtraction angiography, and CT/fluo-
roscopy. Pain Med 2014; 15:1328–33

	59.	 Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR: 
Guideline for prevention of surgical siteb infection, 1999. 
Centers for Disease Control and Prevention (CDC) Hospital 
Infection Control Practices Advisory Committee. Am J Infect 
Control 1999; 27:97–132

	60.	 Smuck M, Maxwell MD, Kennedy D, Rittenberg JD, Lansberg 
MG, Plastaras CT: Utility of the anesthetic test dose to avoid 
catastrophic injury during cervical transforaminal epidural 
injections. Spine J 2010; 10:857–64

	61.	 Windsor RE, Storm S, Sugar R, Nagula D: Cervical transfo-
raminal injection: Review of the literature, complications, 
and a suggested technique. Pain Physician 2003; 6:457–65

	62.	 Park KD, Lee J, Jee H, Park Y: Kambin triangle versus the 
supraneural approach for the treatment of lumbar radicular 
pain. Am J Phys Med Rehabil 2012; 91:1039–50

	63.	 Atluri S, Glaser SE, Shah RV, Sudarshan G: Needle position 
analysis in cases of paralysis from transforaminal epidurals: 
Consider alternative approaches to traditional technique. 
Pain Physician 2013; 16:321–34

	64.	 Murthy NS, Maus TP, Behrns CL: Intraforaminal location of 
the great radiculomedullary artery (artery of Adamkiewicz): 
A retrospective review. Pain Med 2010; 11:1756–64

	65.	 Heavner JE, Racz GB, Jenigiri B, Lehman T, Day MR: Sharp 
versus blunt needle: A comparative study of penetration of 
internal structures and bleeding in dogs. Pain Pract 2003; 
3:226–31

	66.	 Shin J, Kim YC, Lee SC, Kim JH: A comparison of Quincke and 
Whitacre needles with respect to risk of intravascular uptake 
in S1 transforaminal epidural steroid injections: A random-
ized trial of 1376 cases. Anesth Analg 2013; 117:1241–7

	67.	 Darouiche RO, Wall MJ Jr, Itani KM, Otterson MF, Webb AL, 
Carrick MM, Miller HJ, Awad SS, Crosby CT, Mosier MC, Alsharif 
A, Berger DH: Chlorhexidine-alcohol versus povidone-iodine 
for surgical-site antisepsis. N Engl J Med 2010; 362:18–26

	68.	 Sviggum HP, Jacob AK, Arendt KW, Mauermann ML, Horlocker 
TT, Hebl JR: Neurologic complications after chlorhexidine 
antisepsis for spinal anesthesia. Reg Anesth Pain Med 2012; 
37:139–44

Appendix
Members of the working group are the following: James P. Rathmell, 
M.D. (Lead), Honorio T. Benzon, M.D. (Co-lead), Charles Aprill, 
M.D., Nikolai Bogduk, M.D., Ph.D., D.Sc., Paul Dreyfuss, M.D., 
Marc Huntoon, M.D., M.D., Daniel Riew, M.D., Richard Rosen-
quist, M.D., Natalia S. Rost, M.D., Ph.D., and Mark Wallace, M.D.

Representatives of national organizations are the following: Tim 
Lamer, M.D. (American Academy of Pain Medicine), William 
J. Sullivan, M.D. (American Academy of Physical Medicine and 
Rehabilitation), Joseph K. Weistroffer, M.D., (American Academy 
of Orthopedic Surgeons), Rafael Miguel, M.D. (American Society 
of Anesthesiologists), Laxmaiah Manchikanti, M.D., (American 
Society of Interventional Pain Physicians), Asokumar Buvanendran, 
M.D. (American Society of Regional Anesthesia and Pain Medicine), 
Nikolai Bogduk, M.D., Ph.D., D.Sc., and Ray Baker, M.D. (Inter-
ventional Spine Intervention Society), Scott Kreiner, M.D. (North 
American Spine Society), and David Enterline, M.D. (Society for 
Interventional Radiology).

Primary representatives of national organizations who partici-
pated in the Multispecialty Pain Work Group are the following: 
Daryl Fourney, M.D. (American Academy of Neurological Surgeons 
and Congress of Neurological Surgeons), Eduardo Fraifeld, M.D. 
(American Academy of Pain Medicine), Scott Horn, D.O. (Ameri-
can Academy of Physical Medicine and Rehabilitation), Jeffrey 
Stone, M.D. (American College of Radiology), Mark Wallace, M.D. 
(American Pain Society), Kevin Vorenkamp, M.D. (American Soci-
ety of Anesthesiologists), Gregory Lawler, M.D. (American Society of 
Neuroradiology and American Society of Spine Radiology), Asoku-
mar Buvanendran, M.D. (American Society of Regional Anesthesia 
and Pain Medicine), Jeff Summers (International Spine Intervention 
Society), David Kloth, M.D. (North American Neuromodulation 
Society), David O’Brien, M.D. (North American Spine Society), and 
Sean Tutton, M.D. (Society of Interventional Radiology).


	MPW ESI_Noridian 2-4-2021
	Conger 2020 CTFIS Systematic Review
	Smith 2020 Effectiveness of LTFIS Review
	Sharma 2016 The effectiveness and risks of fluoro guided LILESI
	Cohen 2013 Epidural steroids- a comprehensive evidence-based review
	Epidural Steroid Injection and Selective Spinal Nerve Blocks SIS
	Rathmell 2015 FDA_Safe_Use



