
On April 23, 2014, the Food and Drug Administration (FDA) issued a letter of warning 
that injection of corticosteroids into the epidural space of the spine may result in rare, 
but serious adverse events, including “loss of vision, stroke, paralysis, and death.” The 
advisory also advocated that patients should discuss the benefits and risks of epidural 
corticosteroid injections with their health care professionals, along with the benefits 
and risks associated with other possible treatments. In addition, the FDA stated that the 
effectiveness and safety of the corticosteroids for epidural use have not been established, 
and the FDA has not approved corticosteroids for such use.

To raise awareness of the risks of epidural corticosteroid injections in the medical 
community, the FDA’s Safe Use Initiative convened a panel of experts including pain 
management experts to help define the techniques for such injections with the aim of 
reducing preventable harm. The panel was unable to reach an agreement on 20 proposed 
items related to technical aspects of performing epidural injections. Subsequently, the 
FDA issued the above referenced warning and a notice that a panel will be convened in 
November 2014. 

This review assesses the inaccuracies of the warning and critically analyzes the available 
literature. The literature has been assessed in reference to alternate techniques and an 
understanding of the risk factors when performing transforaminal epidural injections in 
the cervical, thoracic, and lumbar regions, ultimately resulting in improved safety.

The results of this review show the efficacy of epidural injections, with or without steroids, 
in a multitude of spinal ailments utilizing caudal, cervical, thoracic, and lumbar interlaminar 
approaches as well as lumbar transforaminal epidural injections . The evidence also shows 
the superiority of steroids in managing lumbar disc herniation utilizing caudal and lumbar 
interlaminar approaches without any significant difference as compared to transforaminal 
approaches, either with local anesthetic alone or local anesthetic and steroids combined. 

In conclusion, the authors request that the FDA modify the warning based on the 
evidence.

Key words: Chronic pain, epidural injections, epidural steroids, local anesthetic, 
radicular artery, complication.

Pain Physician 2014; 17:E451-E474

Health Policy Review

Epidural Steroid Warning Controversy Still 
Dogging FDA

From: 1Pain Management Center of 
Paducah, Paducah, KY, and University of 

Louisville, Louisville, KY; 2Advocate Illinois 
Masonic Medical Center and University 
of Illinois College of Medicine, Chicago, 

IL; 3Spine Pain Diagnostics Associates, 
Niagara, WI; 4NYU Langone - Hospital 

for Joint Diseases, NYU School of 
Medicine, New York, NY; 5Department 

of Anesthesiology and Perioperative 
Medicine, University of Louisville, 

Louisville, KY; 6Millennium Pain Center, 
Bloomington, IL, and University of 

Illinois, Urbana-Champaign, IL; 7Mid 
Atlantic Spine & Pain Physicians, Newark, 

DE and Temple University Hospital, 
Philadelphia, PA; 8UK Healthcare 

Pain Services, University of Kentucky, 
Lexington, KY; 9Manhattan Spine 

and Pain Medicine, New York, NY; 

10Massachusetts General Hospital and 
Harvard Medical School, Boston, MA.

Additional Author Affiliations,, conflicts 
of interest and disclaimer on P. 465

Address Correspondence: 
Laxmaiah Manchikanti, MD

2831 Lone Oak Road
Paducah, Kentucky 42003

E-mail: drlm@thepainmd.com

Manuscript received: 07-07-2014
Accepted for publication: 07-11-2014

Free full manuscript:
www.painphysicianjournal.com

Laxmaiah Manchikanti, MD1, Kenneth D. Candido, MD2, Vijay Singh, MD3, 
Christopher G. Gharibo, MD4, Mark V. Boswell, MD, PhD5, Ramsin M. Benyamin, MD6, 
Frank J.E. Falco, MD7, Jay S. Grider, DO, PhD8, Sudhir Diwan, MD9, and Joshua A. Hirsch, MD10

www.painphysicianjournal.com

Pain Physician 2014; 17:E451-E474 • ISSN 2150-1149

The US Food and Drug Administration (FDA) was 
established in 1906 through the passage of the 
Federal Food and Drugs Act. It seems that for 

almost as long, controversy has existed with multiple 

organizations criticizing either over- or under-
regulation. The FDA is an agency of the US Department 
of Health and Human Services (HHS), currently 
separated into 5 centers which oversee a majority of 
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medical professionals’ concerns about epidural cortico-
steroid injections and the risk of serious neurologic and 
adverse events (14). This concern prompted the FDA to 
review cases in the FDA Adverse Event Reporting Sys-
tem (FAERS) database and in the medical literature (15-
29). The FDA alluded to the fact that to raise aware-
ness over the risks of epidural corticosteroid injections 
in the medical community, the FDA Safe Use Initiative 
(12) convened a panel of experts, including pain man-
agement experts to help define the techniques for 
such injections which would reduce preventable harm. 
However, this warning has not included any of the ex-
pert panel’s recommendations (12). Further, the FDA 
has included in the warning that as part of the FDA’s 
ongoing effort to investigate this issue, the FDA plans 
to convene an advisory committee meeting of external 
experts in late 2014 to discuss the benefits and risks of 
epidural corticosteroid injections and to determine if 
further FDA actions are needed. 

InaccuracIes of WarnIng

While it is accurate that the FDA has not approved 
the use of epidural steroids to manage painful spinal 
conditions, these injections have been used to treat ra-
dicular types of pain since 1952 and have been safely 
administered to hundreds of millions of patients not 
only in the US, but also worldwide (30-35). The FDA 
Drug Safety Communication contains 15 references 
supporting their stance (15-29). Of these 15 references. 
6 of them were related to cervical transforaminal epi-
dural injections or nerve root blocks (16-18,22,25,28); 
4 were related to lumbar transforaminal or selective 
nerve root blocks (15,19,26,27); one was related to tho-
racic interlaminar (20); 2 were related to cervical inter-
laminar epidural injections (21,29): with one case report 
of cervical paravertebral injection (24); and one C1-C2 
intraarticular facet steroid injection (23). Table 1 is an 
analysis of these reports. 

We believe that the FDA and its advisors have not 
reviewed all of the relevant literature. Further the au-
thors believe that the reviewed literature was improp-
erly assessed leading to inappropriate conclusions. As 
stated by the FDA, an editorial (14) published in 2009 
was in response to a manuscript describing potential 
intraarterial flow patterns in 15% of cervical transfo-
raminal epidural injections (36). Increased intravascular 
flow patterns in transforaminal epidural injections have 
been demonstrated in multiple manuscripts with signif-
icantly higher flow rate or intravascular penetration in 
the cervical spine as compared to the lumbar spine (37-

the organizations’ obligations involving food, drugs, 
cosmetics, animal food, dietary supplements, medical 
devices, biological goods and blood products (1,2). 
Every year, the FDA monitors the testing of 3,000 
new drugs on nearly 200 million people to determine 
their effects. The FDA also issues numerous warnings, 
on a daily basis, over drug safety. A 2006 Institute of 
Medicine (IOM) report on pharmaceutical regulations 
in the US found major deficiencies in the FDA system 
for insuring the safety of drugs in the American market. 
The $1.8 million IOM report called for an increase in the 
regulatory powers, funding, and independence of the 
FDA (3,4). However, others claim that the FDA possesses 
excessive regulatory and expanding authority without 
much evidence and consistency (5-11).

Among the myriad of approvals, warnings, criti-
cisms, and praises; 2 recent actions by the FDA (12,13) 
related to the management of chronic, persistent, in-
tractable pain have elicited enormous criticism – 1) ap-
proval of Zohydro despite an 11 to 2 decision against it 
by their own advisory committee and 2) the unprece-
dented warning related to corticosteroid epidural injec-
tions without scientific analysis of the evidence or even 
reliance on consensus. This discussion is related to the 
latter– the warning on epidural corticosteroids. 

The WarnIng

On April 23, 2014, the FDA sent a letter of warn-
ing that injection of corticosteroids into the epidural 
space of the spine may result in rare, but serious ad-
verse events, including “loss of vision, stroke, paralysis, 
and death” (12). This warning also stated that the injec-
tions are given to treat neck and back pain, and radi-
ating pain in the arms and legs. The FDA is requiring 
the addition of a warning to the drug labels of inject-
able corticosteroids to describe these risks. The advisory 
also advocates that patients should discuss the benefits 
and risks of epidural corticosteroid injections with their 
health care professionals, along with the benefits and 
risks associated with other possible treatments. 

Furthermore, the FDA warning also comments that 
injectable corticosteroids are commonly used to reduce 
swelling or inflammation and injecting corticosteroids 
into the epidural space of the spine has been a wide-
spread practice for many decades; however, the effec-
tiveness and safety of the drugs for this use have not 
been established, and the FDA has not approved cor-
ticosteroids for such use (12). They also allude to the 
history of FDA involvement which led to their investi-
gation of the safety issues when they became aware of 
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Table 1. Description of  literature presented by the FDA

References used in the 
FDA letter

Type of  Article
Number of  

Patients
Approach Type of  Steroids

Imaging 
guidance

Rathmell, 2009 (14) Editorial N/A Transforaminal

Kennedy et al, 2009 (15) Case Reports 1
1

Lumbar 
transforaminal

6 mg betamethasone + 1 mL 
0.75% bupivacaine

160 mg methylprednisolone
+ 6 mL 0.375% bupivacaine

Fluoroscopy

CT

Windsor et al, 2003 (16) Case reports

Literature review

1
1
1

Cervical 
transforaminal

First case: Not specified

Second case: 6 mg of Celestone 
plus 1.5 mL of solution from a 
total of 2.5 mL of 0.75 bupiva-
caine and 6 mg of Celestone

Third case: 1.5 mL of injection 
of solution derived from 2% li-
docaine and 6 mg of Celestone

Fluoroscopy

Beckman et al, 2006 (17) Case Report 1 Cervical 
transforaminal

60 mg methylprednisolone +
0.75 mL 1% lidocaine

Fluoroscopy

Ludwig & Burns, 2005 (18) Case Report 1 Cervical 
transforaminal

0.75 mL triamcinolone + 0.75 
mL 0.75% bupivacaine

Fluoroscopy

Somayaji et al, 2005 (19) Case
Report

1 Lumbar nerve 
root injection 

(transforaminal)

40 mg triamcinolone
+ 1 mL 0.5% bupivacaine

CT

Tripathi et al, 2005 (20) Case Report 1 Thoracic 
interlaminar

40 mg triamcinolone
+ 10 mL 0.125% bupivacaine

Fluoroscopy

Bose B, 2005 (21) Case Report 1 Cervical 
interlaminar

80 mg methylprednisolone
acetate

Fluoroscopy (no 
films?)

Tiso et al, 2004 (22) Case Report 1 Cervical 
transforaminal

80 mg triamcinolone + 2 mL 
0.25% bupivacaine

Fluoroscopy

Edlow et al, 2010 (23) Case Report 1 Cervical facet joint 
injection

80 mg triamcinolone None

Meyer et al, 2005 (24) Case Report 1 Cervical paraverte-
bral injection

5 mL cortisone and Xylocaine None

Suresh et al, 2007 (25) Case Report 1 Cervical 
transforaminal

40 mg triamcinolone CT

Deshpande et al, 2005 (26) Case Report 1 Lumbar nerve 
root injection 

(transforaminal)

6 mg betamethasone
+ 1 mL 0.5% bupivacaine/

epinephrine

Lyders et al, 2009 (27) Case Report 1 Lumbar 
transforaminal

1 mL triamcinolone + 0.25% 
bupivacaine

Fluoroscopy

Popescu et al, 2007 (28) Conference 
Abstract

Case Report

1 Cervical 
transforaminal

methylprednisolone Fluoroscopy

Ziai et al, 2006 (29) Case Report 1 Cervical 
interlaminar

40 mg methylprednisolone 
acetate

Adapted and modified from: Candido KD, Knezevic NN, Chin GC, Deer TR. The Food and Drug Administrations recent action on April 23, 2014 
failed to appropriately address safety concerns about epidural steroid use. Pain Physician 2014; 17:E509-E524(11).
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45). In response, Rathmell (14) offered digital subtrac-
tion technology as the solution. Further, he also posed 
critical questions: should we move to the routine use of 
non-particulate steroid or abandon the transforaminal 
technique altogether. Among the remaining 15 refer-
ences (15-29) utilized in the FDA warning, 6 of them 
were concerned with cervical transforaminal epidural 
injections or nerve root blocks (16-18,22,25,28). 

Windsor et al (16) reviewed the literature concern-
ing complications and suggested an alternate tech-
nique in performing cervical transforaminal epidural 
injections. They reported 3 case reports, with one fatal-
ity and 2 disabling complications. All 3 procedures were 
performed under fluoroscopy at the C6 level on the left 
side injecting bupivacaine with betamethasone in 2 cas-
es and lidocaine with betamethasone in another. More 
importantly, these authors discussed the reasons for the 
complications and suggested an alternate technique. 
Windsor et al (16) described entering the foramen ad-
jacent to the caudal half. Huntoon (46) described the 
anatomy of the cervical intervertebral foramina along 
with vulnerable arteries and distinct neurologic chang-
es after transforaminal epidural injections. Beckworth 
et al (47) also described the anomalous location of the 
vertebral artery in relation to the neural foramen and 
showed that the severity of foraminal stenosis and loss 
of disc height correlated with vertebral artery proximity 
to typical needle location. Huntoon (46) also concluded 
that the artery would only be injured by anterior nee-
dle misplacement. In addition, Hoeft et al, (48) utilizing 
pre-mortem angiography and post-mortem latex-injec-
tion into vasculature to trace radicular arteries entering 
the foramen either anteriorly or posteriorly to supply 
the anterior and posterior spinal arteries, noticed that 
the artery was of a large enough caliber to be entered 
by a 22-gauge needle. They further described that in 
the presence of wide anatomic variation in the origin 
and location of these vessels, it is possible that an ap-
propriately placed needle could penetrate the radicular 
artery, despite adherence to strict and correct technique 
of fluoroscopically guided needle insertion (48). Conse-
quently, multiple alternate techniques were described 
utilizing solely an extraforaminal approach (49-51); a 
dorsal approach with the patient in the prone position 
(52); a posterior approach (53); with the needle location 
at the outer edge of the posterior foramen (54,55); a 
blunt needle technique (56); an anterolateral approach 
(57,58); approach in an upright sitting position; and uti-
lizing a TRUCATH (59,60). Essentially, none of these is-
sues were considered in issuing the FDA warning. 

The second manuscript was related to a cerebellar 
herniation after cervical transforaminal epidural injec-
tion by Beckman et al (17). In this report, the patient 
underwent a right C8 nerve root injection for a C7-T1 
herniated nucleus pulposus using a 25-gauge 2½” short-
bevel needle under propofol sedation with injection of 
60 mg of methylprednisolone combined with 1% lido-
caine. The patient developed a cerebellar infarct and 
brainstem herniation. The patient survived with resid-
ual deficits of persistent diplopia and difficulties with 
short-term memory loss and concentration. The authors 
considered sedation and lack of digital subtraction ca-
pability on the C-arm as crucial factors. This report elic-
ited 2 letters to the editor (61,62). Provenzano and Fan-
ciullo (61) reviewed the issues related to this case while 
the primary author of the letter expressed that he was 
convinced that cervical transforaminal epidural steroid 
injections should not be performed. The second letter 
by de Leon-Casasola (62) pointed to the 2 critical points 
that were noteworthy, which included that the patient 
did not have symptoms immediately after the steroid/
local anesthetic injection and difficulty of explanation 
of a 25-gauge 2.5” short-bevel needle resulting in dis-
section of the vertebral artery and postulated that the 
patient already had a small dissection of the vertebral 
artery and that there was an unintentional artery punc-
ture during the procedure that resulted in a small hem-
orrhage between the intima and the wall of the artery 
that led to further dissection and thrombosis that may 
better explain the mechanism of injury. 

The third report of cervical transforaminal epi-
dural injections relates to the case report by Ludwig 
and Burns (18) with a single case report of C6 cervical 
transforaminal epidural injection resulting in spinal 
cord infarction without direct spinal cord trauma with 
the procedure being performed with the patient alert, 
conscious and intravenously sedated and during which 
there was injection of 0.75 mL of 0.75% bupivacaine 
and 0.575 mL of triamcinolone.

The fourth case is related to adverse central ner-
vous system sequelae following selective transforaminal 
block by Tiso et al (22). In this case report, the authors ac-
cessed the right C5-C6 foramina with a 25-gauge 2-inch 
Quincke tip spinal needle and injected 2 mL of contrast 
medium, followed by 2 mL of 0.25% bupivacaine mixed 
with 80 mg of triamcinolone injected through micro-
bore tubing with frequent negative aspirations. In this 
patient, quadriparesis ensued shortly after injection 
of the corticosteroid solution with brainstem hernia-
tion. The authors proposed corticosteroid particulate 
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embolus as a potential mechanism, during unintended 
intra-arterial injection. In a letter to the editor, Aprill 
and Dumitrescu (63) described multiple reasons, includ-
ing significant obesity of the patient ( 5’2” and 300 lb), 
and without a lateral radiograph which would be ex-
tremely difficult to obtain in a patient of such size, and 
a fluoroscopy time of 7 seconds. It was also questioned 
whether if the figure presented in the manuscript itself 
was a true picture of this particular patient or just a 
typical fluoroscopic pattern; the cervical spine was ro-
tated to 90° which was considered a poor technique, 
and finally was criticized for the description of nonio-
dinated contrast medium, which should be nonionic 
contrast medium. The letter also suggested that even 
though digital subtraction is important, and should be 
employed if available, it does not replace careful visu-
alization of the active fluoroscopically controlled injec-
tion, along with stressing the importance of the test 
dose of lidocaine. 

The fifth manuscript by Suresh et al (25) described 
cerebellar and brainstem infarction as a complication 
of CT-guided transforaminal cervical nerve root block. 
In this case, a left C5 nerve root block was performed in 
a 60-year-old man under CT-guidance, using a 25-gauge 
spinal needle and injection of 0.3 mL of contrast me-
dium followed by 1 mL of triamcinolone without local 
anesthetic. Immediately, the patient became unrespon-
sive, and later developed a cerebellar and brainstem 
infarct affecting the left vertebral artery territory. The 
authors described it as the first report of a major com-
plication of a cervical root injection under CT-guidance 
reported in the literature (article published in 2007); 
however, only a very small proportion of procedures 
are performed under CT-guidance (64). 

The final manuscript was a case report of stroke 
following epidural injection (28) and subsequent pub-
lication of a literature review by Popescu et al (65). In 
this case, the authors described a 66-year-old woman 
undergoing transforaminal epidural steroid injection 
with a 22-gauge Quincke needle at the C5-C6 level de-
veloping flaccid quadriplegia following injection of 40 
mg of methylprednisolone acetate. The authors’ review 
also described the seminal report by Scanlon et al (66), 
which reported 78 complications following cervical 
transforaminal epidural injections including 30 infarc-
tion cases of which 13 cases resulted in fatalities, which 
also was not included in the FDA advisory. In addition, 
Popescu et al (65) found 6 cases of posterior circulation 
infarction and 10 cases of spinal cord ischemia follow-
ing cervical transforaminal epidural steroid injections. 

They postulated that the injury was likely due to isch-
emia in the distribution of the radicular artery that 
feeds the anterior spinal artery. 

Scanlon et al (66), in a survey of 287 physicians, 
reported 78 complications, including 16 vertebrobasi-
lar brain infarcts, 12 cervical spinal cord infarcts, and 
2 combined brain/spinal cord infarcts. Of the 30 major 
complications (infarcts) reported, 13 cases resulted in 
fatal outcomes: 5 with brain infarcts, one with com-
bined brain/spinal cord infarct, one following high 
spinal anesthesia, one associated with a seizure, and 5 
with unspecified etiology (66). All 4 cases with cortico-
steroid alone involved methylprednisolone, resulting in 
3 cerebellar infarcts and one posterior cerebral territory 
infarct. Of these, 3 had fatal outcomes and 2 autopsies 
revealed no vertebral artery trauma. Vertebral artery 
trauma was found in 3 cases, resulting in a fatal brain 
stem infarct, cervical spinal cord infarct, and death of 
unspecified etiology. In addition, one case had possible 
vertebral artery dissection, resulting in brain edema, 
dysarthria, and vertigo, which resolved after 5 days. 
Popescu et al (65), in a review of the literature, iden-
tified 16 cases of spinal cord and posterior circulation 
ischemia. Of these, 2 cases had transient symptoms and 
10 had long-term sequelae with 4 resulting in death.

Engel et al (67), in a 2014 manuscript, systemati-
cally reviewed and analyzed the published data with 
effectiveness and risks of fluoroscopically guided cer-
vical transforaminal injections of steroids. Their search 
yielded 21 articles with primary reports of serious com-
plications, including 13 deaths and many catastrophic 
neurological injuries. They also included the findings 
from Scanlon et al (66); however, Engel et al (67) were 
unaware of how many of the 24 case reports described 
by them were included in the complications related to 
Scanlon et al’s survey (66). They assumed that all 15 that 
occurred until 2007 were included. Thus, the results by 
Engel et al added another 10 fatal events and 53 other 
serious consequences to the complications reported 
specifically in the literature. Table 2 shows the reported 
complications of cervical transforaminal epidural injec-
tions as shown by Engel et al (16,22,17,18,67-83). 

We believe it critical to point out that, the FDA has 
missed significant and valuable literature and a mul-
titude of techniques with alternate approaches and 
other preventive modalities instead of focusing on only 
limited aspects (49-60,66,67). 

The FDA warning also showed 4 reports of compli-
cations of lumbar transforaminal or selective nerve root 
blocks (15,19,26,27). The first case report was by Kenne-
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dy et al with Bogduk as the senior author (15) present-
ing 2 cases of transforaminal epidural injections, one 
of them performed under computed tomographic (CT) 
guidance. The first case involved an 83-year-old woman 
undergoing a fluoroscopically guided, left L3-L4 trans-
foraminal injection of betamethasone and the second 
case involving a 79-year-old man undergoing a CT-
guided right L3-L4, transforaminal injection of methyl-
prednisolone). Both patients developed bilateral lower 
extremity paralysis, with neurogenic bowel and blad-
der, immediately after the procedure with magnetic 
resonance imaging (MRI) findings consistent with spinal 
cord infarction. Even though one case was performed 

under fluoroscopy and the other one under CT guid-
ance, in both cases the authors utilized the traditional 
safe triangle approach (84-86). In addition, a seemingly 
inordinately high incidence of intra-arterial injections 
has been reported with lumbar transforaminal epidural 
injections even though these are performed under CT 
guidance in a small proportion of patients (84). Further, 
in this case the authors also have performed the proce-
dures at L3-L4 bilaterally which is considered as a high-
risk zone along with injection of particulate steroids. 

The second report involves spinal cord infarction 
following therapeutic CT-guided left L2 nerve root in-
jection (19). The procedure was performed in a 21-year-

Table 2. Reported risks of  CTFIS, expressed as complications described specifically in the literature.

Brouwers et al, 2001 (68) Spinal cord infarction leading to death

McMillan and Crumpton 2003 (69) Cerebral injury and cortical blindness (persistent)

Rozin et al, 2003 (70) Vertebral artery occlusion leading to death

Windsor et al, 2003 (16) Lateral spinal cord infarction (persistent)

Windsor et al, 2003 (16) Cerebral ischemia and hippocampal atrophy (persistent)

Windsor et al, 2003 (16) Posterior spinal cord and cerebellar infarction (persistent)

Tiso et al, 2004 (22) Cerebellar and cerebral infarction leading to death

Karasek and Bogduk 2004 (71) Quadriplegia (transient)

Ludwig and Burns 2005 (18) Spinal cord infarction leading to quadriplegia (persistent)

Beckman et al, 2006 (17) Cerebellar infarction and brainstem herniation (persistent)

Wallace et al, 2007 (72) Cortical blindness, paresis of face, and upper limbs (transient)

Muro et al, 2007 (73) Spinal cord infarction leading to quadriplegia (persistent)

Ruppen et al, 2008 (74) Paralysis of right leg (transient)

Lee et al, 2007 (75) Epidural hematoma causing paraplegia (transient)

Schellhas et al, 2007 (76) Grand mal seizure (transient)

Lee et al, 2008 (77) Spinal cord injury leading to quadriparesis (persistent)

Lee et al, 2010 (78) Quadriplegia (transient)

Kim et al, 2011 (79) Cerebral edema and cortical blindness (transient)

Chung 2011 (80) Grand mal seizure (transient)

Kaplowitz and Lee 2011 (81) Horner’s syndrome (persistent)

Tofuku et al, 2012 (82) Flaccid paralysis (transient)

Chung et al, 2012 (83) Causalgia (transient)

Chung et al, 2012 (83) Horner’s syndrome (transient)

Scanlon et al, 2007 (66) 10 additional complications causing death

Scanlon et al, 2007 (66) 53 additional serious but non-fatal complications

Total 13 deaths

31 brain and spinal cord infarctions

Numerous other serious and persistent CNS injuries

Adapted and modified from: Engel A, et al; Standards Division of the International Spine Intervention Society. The effectiveness and risks of fluo-
roscopically guided cervical transforaminal injections of steroids: A systematic review with comprehensive analysis of the published data. Pain 
Med 2014; 15:386-402 (67).
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old woman presenting with symptoms and signs of left 
L2 nerve root compression. One mL of 0.5% bupiva-
caine and 40 mg of triamcinolone was injected under CT 
guidance. Immediately after the injection the patient 
developed bilateral sensory loss and paraplegia. An MRI 
demonstrated spinal cord infarction. The authors re-
ported this as their fourth case of spinal cord infarction 
following nerve root injection as of 2005. There was a 
letter to the editor from Martin and Huntoon (87). In 
this letter they alluded to the fact that CT guidance can-
not distinguish entry into radicular vessels and thus is 
not necessarily superior to fluoroscopic placement. 

The third case report of lumbar transforaminal 
epidural injections included in the FDA advisory was by 
Deshpande et al (26) reporting transverse myelitis af-
ter a lumbar steroid injection in a patient with Behçet 
disease. The report involved a 42-year-old woman with 
undiagnosed Behçet disease undergoing a CT-guided 
nerve root injection to alleviate L2 radicular pain. The 
procedure was performed with a 22-gauge needle uti-
lizing one mL of 0.5% bupivacaine and 6 mg of beta-
methasone with the patient beginning to experience 
bilateral lower extremity weakness, urinary urgency 
and paresthesias, extending rostrally to a T12 level 
within 8 hours after the procedure. A spinal cord MRI 
the following day revealed edematous changes with 
gadolinium enhancement from the conus medullaris ex-
tending rostrally to T9. Subsequent treatment resulted 
in incomplete recovery. The authors believe that Behçet 
disease may correlate with complications following spi-
nal punctures; however, the procedure was performed 
under CT guidance and was performed at L2. 

In the fourth case report by Lyders and Morris (27), 
spinal cord infarction was reported following a lum-
bar transforaminal epidural steroid injection with MR 
imaging and angiographic findings. The injection was 
performed on a 54-year-old woman with an acute-on-
chronic disc herniation at L1-2 presented for transfo-
raminal epidural injection at L2-3 on the right side. The 
procedure was performed with a 22-gauge spinal nee-
dle and injection of 2 mL of contrast medium, followed 
by one mL of triamcinolone and 0.25% bupivacaine. 
Within minutes of the injection, the patient developed 
bilateral lower extremity weakness, which progressed 
into flaccid paralysis. The postprocedure CT of the tho-
racolumbar spine demonstrated no evidence of epidur-
al hematoma within 1.5 hours of the injection. An MRI 
of the spine performed approximately 4 hours after the 
injection revealed spinal cord infarct. A catheter-direct-
ed spinal angiography showed presumed occlusion of 

the L2 segmental artery with the right L3 segmental 
artery demonstrating collateral vessels coursing toward 
the right L2-3 foramen, with irregular attenuated re-
constitution of the distal L2 segmental branch and ra-
dicular artery. This procedure was performed at the L2 
level with injection of particulate corticosteroid and the 
safe triangle approach (84). 

Thus, the FDA advisory has included only 5 cases 
from 4 reports (15,19,26,27), of which 2 of them were 
performed under CT guidance and all of them were 
performed above the L3 levels either on the left side or 
the right side utilizing particulate steroids and also uti-
lizing the safe triangle approach in which the artery ac-
companies the nerve in the majority of the cases there-
fore targeting the artery as well as the nerve (84). The 
FDA warning did not cite the comprehensive review of 
lumbar transforaminal epidural injections by Atluri et al 
(84). In this comprehensive review, the authors reported 
18 cases of paralysis from transforaminal epidural injec-
tions with ability to analyze the position of the needle 
within the neural foramen based on the available im-
ages and/or description among only 10 of the 18 cases. 
Surprisingly, 5 of the 18 cases were performed with 
CT guidance and 12 cases were performed with fluo-
roscopic guidance with one case of unknown imaging 
modality. Their data essentially showed that in 77.7% 
of the cases the needle was in the superior part of the 
foramen and in 71.4% of the cases the needle was in 
the anterior part of the foramen, coinciding with the 
location of the radicular artery in the foramen. Atluri 
et al (84) also provided extensive discussions on risk fac-
tors and alternate approaches improving the safety by 
avoiding the so-called safe triangle and entering into 
the foramen at the inferior aspect. The alternate ap-
proaches (84) are in contradiction to classic approaches 
and teaching (86,88,89). Table 3 shows the features of 
lumbar transforaminal epidural injections resulting in 
complications (15,19,27,85,90-96). 

The next report in the FDA advisory relates to a 
thoracic interlaminar epidural injection (20). Tripathi et 
al (20) reported paraplegia following injection into the 
spinal cord during attempted epidural steroid injection 
in an awake patient. The case involved a 62-year-old 
man patient weighing 172 lb, with unknown height, 
with distribution of pain from T12 to L2 nerve roots. 
Under fluoroscopic assistance, the T11-12 epidural 
space was identified by using an 18-gauge Tuohy nee-
dle and loss of resistance technique. A test dose of 3 
mL of 1.5% lidocaine with epinephrine was used result-
ing in no hemodynamic or neurological changes after 3 
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minutes, followed by injection of triamcinolone 40 mg 
in 10 mL of bupivacaine 0.125%. Even though the pa-
tient reported pain relief in 5 minutes and was able to 
move his toes bilaterally, the authors described that the 
weakness in his limbs remained undetected because of 
his restricted mobility after hip joint fixation and weak-
ness. Further, the patient had no pain and was also he-
modynamically stable and was discharged. The next day, 
the patient developed paralysis at physical therapy and 
an MRI confirmed injection into the spinal cord. The pa-
tient’s symptoms failed to improve over 4 months. This 
report was followed by multiple letters to the editor 
(97-101); however, Tripathi et al declined response to 2 
letters (100,101). The majority of the criticism surround-
ed the improper patient selection in this case with pain 
location from T12 to L3 and the approach involving 
T11-12 and a very unusual occurrence of pain as well as 
injection location, questions on fluoroscopic guidance 
and lack of observation under lateral views, injection of 
local anesthetic of 10 mL of bupivacaine and the issue 
of development of sequelae of injection into the spinal 

cord with a late onset. This case obviously suffers from 
incomplete data reporting and a poor technique with 
no relationship to injected corticosteroids. Thus, the 
inclusion of thoracic interlaminar epidural injections in 
the warning is not warranted. 

The FDA warning also included 2 cervical interlami-
nar epidural injection reports (21,29). The first case in-
volves quadriparesis following cervical epidural steroid 
injection with literature review. The case involved a 
47-year-old man receiving cervical epidural injection in 
the C6-C7 space by a pain management specialist un-
der fluoroscopy with no complications for the first 2 
times, with the previous injection 2 weeks prior to the 
injection in question, using a 22-gauge Tuohy needle 
in the prone position and injecting methylpredniso-
lone 80 mg/mL and iopamidol 200, 1 mL, without lo-
cal anesthetic. The patient had significant degenera-
tive vertebral column disease. The patient developed 
quadriplegia and respiratory arrest. The patient’s symp-
toms improved somewhat with supportive care; the 
quadriparesis appeared to be reversible. The authors 

Table 3. Variables related to location of  needle placement.

Author Steroid Local Anesthetic Injected Post-Procedure MRI

Houten & Errico (90) Celestone (12 mg) 0.25% Bupivacaine (1 mL) Edema in distal thoracic cord

Houten & Errico (90) 40 mg Depo-Medrol (1 mL) 1% Lidocaine (1 mL) Edema in distal spinal cord

Houten & Errico (90) 40 mg Depo-Medrol (1 mL) 1% Lidocaine (1 mL) Edema in lower thoracic cord

Glaser & Falco (92) 50 mg Triamcinolone (2 mL) 1% Ropivacaine (1 mL) Spinal cord infarction from T5 to conus

Huntoon & Martin (91) 40 mg Triamcinolone 0.25% Bupivacaine (4 mL) Altered T2 signal in T11-T12 cord

Somayaji et al (19) 40 mg Triamcinolone (1 mL) 0.5% Bupivacaine (1 mL) Infarction of distal thoracic cord and conus

Quintero et al (93) 125 mg of Hydrocortisone NI No changes in MRI 3 months later

Kennedy et al (15) 6 mg Celestone (1 mL) 0.75% Bupivacaine (1 mL) Infarction of grey matter of conus and 
distal thoracic cord

Kennedy et al (15) 120 mg Depo-Medrol (2 mL) 0.375% Bupivacaine (6 mL) Infarction from T9 to tip of conus

Lyders & Morris (27) Triamcinolone (1 mL) 0.25% Bupivacaine (Quantity 
Unknown) Increase T2 signal in distal thoracic cord

Wybier et al (94) Prednisolone 125 mg (Quantity 
Unknown) None Central dot in conus medullaris

Glaser & Shah (85) NI NI NI

Glaser & Shah (85) NI NI MRI changes consistent with artery of 
Adamkiewicz injury

Wybier et al (94) 125 mg Prednisolone None T2 high intensity signal in conus

Wybier et al (94) 125 mg Prednisolone None T2 high intensity signal in conus

Murthy et al (96) no name given NI NI

Chang Chien et al (95) 80 mg Kenalog 1 mL 1% Lidocaine Ischemic changes in spinal cord from T6-
T10

NI = No information available
Adapted and modified from: Atluri S, Glaser SE, Shah RV, Sudarshan G. Needle position analysis in cases of paralysis from transforaminal epidur-
als: Consider alternative approaches to traditional techniques. Pain Physician 2013; 16:321-334 (84).
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claim that there were no reports of quadriparesis af-
ter cervical epidural injection in the literature until the 
publication of this manuscript in 2005. The authors (21) 
described various potential mechanisms with none pro-
viding an appropriate explanation. Most importantly 
the MRIs 6 hours after the injury and 6 months after 
the injury showed no evidence of direct trauma to the 
spinal cord. Their recommendation and strong theory 
of the effect was based on stenosis, which must be as-
sessed prior to performing an epidural injection, per-
haps, limiting the injection volume and exercising care 
in the speed at which it is administered. In a letter to 
the editor, Singh and Panagos (102), recommended per-
forming the interlaminar epidural injection below the 
level of stenosis. 

The second report was by Ziai (29) about a brain-
stem stroke following uncomplicated cervical epidural 
steroid injection in a 41-year-old man with a history 
of left-sided neck pain having received 3 cervical epi-
dural procedures at the C5-C6 level one week apart. 
The injection included contrast medium and 40 mg of 
methylprednisolone acetate and 1 mL of preservative-
free saline. No anesthetic was injected either locally or 
epidurally. During the third procedure, within minutes 
of injection, the patient developed nausea, vomiting, 
and headache without respiratory distress and without 
focal neurologic deficits. The patient was discharged 
home 2 hours after the procedure with some improve-
ment in his symptoms. Approximately 7 to 8 hours after 
the injection the patient reported slurred speech and 
progressive weakness in all 4 extremities with contin-
ued deterioration in his condition including becom-
ing unconscious and developing respiratory arrest. An 
initial MRI revealed diffuse ischemic infarction of the 
midbrain, pons, medulla, and left thalamus. The results 
of a cranial-cervical magnetic resonance angiography 
(MRA) were normal and showed patency of both verte-
bral arteries and basilar artery. There was no thrombus, 
hematoma, or dissection. Subsequent MRI showed pro-
gression of ischemia with extensive edema throughout 
the midbrain, pons, medulla, thalamus, right internal 
capsule, and medial aspect of the right temporal lobe. 
On autopsy, the brain demonstrated edema and hem-
orrhage along with microscopic hemorrhagic necrosis 
of the basil thalamus, hypothalamus, midbrain, pons, 
and medulla bilaterally consistent with infarction. 
There was no evidence of arthrosclerosis of intracra-
nial arteries, which were normal and patent; however, 
soft tissue examination showed a small area of hemor-
rhage within the adventitia of the left vertebral artery 

at the level of C5-6 vertebrae with no evidence of dis-
section or vasospasm of the vertebral arteries. Based on 
the close proximity of the procedure and the onset of 
symptomatology and causal relationship established 
to cervical epidural steroid injection, it was postulated 
that in the absence of vertebral artery dissection, the 
procedure triggered an event such as vascular spasm of 
the vertebral and basilar arteries or brainstem perfora-
tors, which resulted in decreased cerebral blood flow 
and subsequent brainstem ischemic infarct. The spasm 
may have been transient, thus it was not observed on 
MRI, transcranial Doppler ultrasound, or autopsy. Re-
perfusion injury may have likely contributed to edema 
and hemorrhagic conversion. Vasospasm may have 
been caused by inadvertent intravascular needle entry, 
despite the use of fluoroscopic guidance with contrast 
medium. There is also a possibility of intradural entry of 
the needle and methylprednisolone acetate within the 
cerebral intravascular or subarachnoid space could have 
produced intracranial vascular spasm. 

These 2 cases of cervical interlaminar epidural in-
jections reported in the FDA advisory were without 
proven causal relationship to the steroid injections. 
Thus, the inclusion of cervical interlaminar epidural in-
jections may not be justifiable. 

There was a case report of cervical paravertebral 
injection (24) with fatal embolism of the anterior spi-
nal artery after local cervical analgesic infiltration. This 
appears to be similar to cervical nerve root block or 
transforaminal epidural injection with misplacement of 
the needle. The case report involved a 66-year-old man 
with a radicular infiltration of cortisone and lidocaine 
5 mL in the left paravertebral C5-6 region as well as 
in the region of the left shoulder without fluoroscopy 
with development of acute respiratory failure 2.5 hours 
after the treatment resulting in tetraplegia with con-
current full consciousness with assisted ventilation up 
to the patient’s death. An MRI confirmed an ischemic 
lesion of the upper anterior cervical myelon with au-
topsy revealing pneumonia as a cause of death. Neu-
ropathology confirmed anterior infarction at the C2-3 
level of the cervical spinal cord, with obstruction of the 
anterior spinal artery with an embolus. This was a tragic 
procedure performed by a general practitioner without 
fluoroscopy and not related to epidural corticosteroid 
injections. 

The final case (23) involved a C1-C2 intraarticular 
facet steroid injection. This case report involved a 
64-year-old man with chronic cervical pain receiving 
a C1-C2 intraarticular facet steroid injection using a 
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25-gauge needle under radiographic guidance utilizing 
2 mL of a 40 mg/mL triamcinolone acetonide suspen-
sion. The patient immediately lost consciousness and 
was briefly apneic and was intubated. At autopsy, dis-
section of the posterior neck revealed soft tissue hem-
orrhage overlying the left C1-C2 facet joint. However, 
the cervical dura mater was intact. The vertebral arter-
ies were also patent, with no microscopic evidence of 
injury to the cervical portions of the vertebral arteries. 
There was no arthrosclerosis, dissection, or other vascu-
lar abnormality in the intracranial cerebral arteries. Ex-
amination of the brain showed diffuse tissue softening 
throughout the posterior circulation territory, including 
the pons, inferomedial left temporal lobe, left occipital 
lobe, cerebellar hemisphere, and bilateral thalami. The 
authors discussed various mechanisms of intravascular 
injection with particulate steroid and postulated that 
devastating neurologic injury can occur not only dur-
ing cervical transforaminal epidural injection, but also 
with facet injection as a result of particulate steroids 
entering the posterior cerebral circulation. In a letter to 
the editor, Datta and Manchikanti (103) and Tang (104) 
described anatomic perspectives and procedural consid-
erations and recommended the best course of action 
may be to abandon the practice of performing C1-C2 or 
atlanto-axial injections. Thus, the inclusion of this case 
report is also likely not related to cervical epidural injec-
tion. Moreover, it involves an extremely risky procedure 
without any evidence of efficacy or effectiveness. 

The FDA also quoted a reference which demon-
strates the safety of these injections (105). The FDA has 
not provided any references in relation to the complica-
tions of either lumbar interlaminar or caudal epidural 
injections which are the most widely utilized epidural 
injections in interventional pain management. Indeed, 
in a prior review we reported that it constituted 74% of 
epidural injections during 2000; however, it decreased 
to 40% in the fee-for-service Medicare population dur-
ing 2011 (106). 

emergIng TechnIcal regulaTIons

The FDA in their desire to increase awareness of 
the risks of epidural corticosteroid injections is also con-
templating releasing multiple regulations affecting the 
technical aspects of performance of epidural injections. 
This is widely considered to be beyond the scope of FDA 
drug safety and is under the jurisdiction of the states. 

To raise awareness of the risks of epidural cortico-
steroid injections in the medical community, the FDA’s 
Safe Use Initiative convened a panel of experts, in-

cluding pain management experts, to help define the 
techniques for such injections which would reduce pre-
ventable harm (12). This statement may not be quite 
accurate. The Safe Use Initiative panel included mul-
tiple organizations including the American Society of 
Interventional Pain Physicians (ASIPP), which initially 
discussed the Safe Use Initiative in reference to the 
complications and the type of warning to be posted. 
Voting results were inconclusive, leading to an addi-
tional set of questions with standards to be established 
in providing all procedures, just not epidural injections. 
Appropriate answers were provided by ASIPP and oth-
ers. Table 4 shows a questionnaire considered in the 
revoting performed in October 2013. We consider these 
questions to be repetitive, not based on evidence, often 
irrelevant, and occasionally harmful for the practice of 
medicine and physician decision-making. The net result 
is increased expenses, and above all, and arguably, re-
duced safety by imposing standards that are not univer-
sally agreed upon. (107). 

During the waiting period the FDA released the 
drug safety communication (12) with warning that in-
jection of corticosteroids into the epidural space of the 
spine may result in rare, but serious adverse events and 
epidural injections do not have effectiveness. To add to 
the challenge, the Multisociety Pain Workgroup (MPW) 
has been involved. Briefly, MPW was formed from an 
extension of the Noridian Pain Group (NPG) to devel-
op nationwide local coverage determinations (LCDs) 
(108). These activities created significant issues related 
to LCDs. Subsequently, ASIPP withdrew from the MPW 
and an investigation was started by the Oversight and 
Investigations Committee of Energy and Commerce of 
the US Congress. As a result, some LCDs were released 
which are utilized by Noridian, and approved or con-
sidered by others to replace highly functional LCDs in 
over 30 states with new LCDs which are incomplete and 
dysfunctional (109-120). During this process, multiple 
recommendations made by ASIPP have been consid-
ered and these LCDs developed by the MPW were sig-
nificantly improved. The final product of the MPW was 
not based on evidence, leading to increased utilization 
and disruption of a smooth process, which has been es-
tablished for many years.

The MPW consists of 16 societies, including 5 surgi-
cal societies: American Association of Neurological Sur-
geons/Congress of Neurological Surgeons (AANS/CNS), 
American Academy of Orthopaedic Surgeons (AAOS), 
North American Spine Society (NASS), North American 
Neuromodulation Society (NANS); 4 radiology societies: 
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American College of Radiology (ACR), American Soci-
ety for Neurorehabilitation (ASNR), American Society of 
Spine Radiology (ASSR), Society of Interventional Radi-
ology (SIR); 2 anesthesiology societies: American Soci-
ety of Anesthesiologists (ASA) and American Society of 
Regional Anesthesia and Pain Medicine (ASRA); 2 pain 
management societies, both of which are under inves-
tigation by the US Senate: American Pain Society (APS) 
and American Academy of Pain Medicine (AAPM); one 
physiatry society: American Academy of Physical Medi-
cine and Rehabilitation (AAPMR); one international 
society: International Spine Intervention Society (ISIS), 
and finally, the only interventional pain management 
society: ASIPP, which has subsequently withdrawn.

InadequaTe lITeraTure revIeW

There are multiple issues with the literature review 
as appropriate literature research was not performed. 
The wide array of literature related to complications 
and safety considerations of epidural injections has not 

been included, thus we are unaware if it was reviewed 
(36-68,70-73,76,77,82,84-86,87,90,92-95,97-104,121-
190). Further, multiple warnings and the initiation of 
alternate techniques to classic and traditional teachings 
(86,88,89) avoidance of particulate steroids, utilization 
of a blunt needle, and a multitude of other precautions 
have not been discussed or mentioned. Thus, without 
completely assessing evidence, the FDA has proposed 
the limited evidence from cervical transforaminal epi-
durals to all other techniques of epidural injections in-
cluding caudal, lumbar interlaminar, thoracic interlami-
nar, cervical interlaminar, and lumbar transforaminal. 
Further, as the FDA has reported, these can occur even 
with injections which are not included in the warnings 
such as facet joint injections or paravertebral injections 
without appropriate technical expertise and caution. 

The FDA warning has described 6 reports of cer-
vical transforaminal epidural injections or nerve root 
blocks (16-18,22,25,28); however, there are a multitude 
of other reports describing not only complications, but 

Table 4. Proposed technical standards in performance of  interventional techniques.

1.  All cervical interlaminar (IL) injections should be performed using image-guidance, with appropriate lateral or contralateral oblique 
views, and a test-dose of contrast medium.

2.  Particulate steroids may be used with cervical IL ESIs that are performed using image-guidance, with appropriate lateral or contralateral 
oblique views, and a test-dose of contrast medium.

3.  Particulate steroids may be used with lumbar IL ESIs that are performed using image-guidance, with appropriate lateral or contralateral 
oblique views, and a test-dose of contrast medium.

4.  Cervical transforaminal (TF) ESIs should be performed by injecting contrast medium under real-time fluoroscopy and/or DSA, in a 
frontal plane, before injecting any substance that may be hazardous to the patient.

5.  Lumbar TF ESIs should be performed by injecting contrast medium under real-time fluoroscopy and/or DSA, in a frontal plane, before 
injecting any substance that may be hazardous to the patient.

6. TF ESI is associated with a risk of catastrophic neurovascular complications.

7. Particulate steroids appear to be inordinately represented in case reports of neurovascular complications following TF ESI.

8. Cervical interlaminar injections should preferably be performed at C7-T1, but not higher than the C6-C7 level.

9.  No cervical interlaminar injection should be undertaken, at any segmental level, without reviewing, before the procedure, prior imaging 
studies that show there is adequate epidural space for needle placement at the target level

10. Cervical interlaminar ESIs are recommended over cervical TF ESIs

11. Lumbar TF ESIs are recommended over lumbar interlaminar ESIs when a unilateral single nerve root is involved

12. Lumbar IL ESI is recommended over TF ESI when there is involvement of several nerve roots unilaterally or bilaterally

13. Dexamethasone, a non-particulate steroid, should be used for the initial injection in lumbar transforaminal epidural injections.

14. Particulate steroids should not be used in lumbar TF ESIs.

15. DSA is recommended for cervical TF ESIs.

16. DSA is recommended for lumbar TF ESIs.

17. Extension tubing is required for all TF ESIs.

18. A local anesthetic injection is recommended before injection of the steroid with all TF ESIs.

19. Chlorhexidine is preferable as the skin prep solution over iodine-based solutions.

20. A face mask and sterile gloves must be worn during the procedure.
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also anatomic considerations, technical considerations, 
alternate approaches, and limited effectiveness of cer-
vical transforaminal epidural injections in the diagnosis 
and therapy of cervical radicular pain syndromes (16,36-
38,46-65,66,71,70,72,76,95,121-126,133-137,139,141-
145,147-149,152,154-158,162,163,167-171,173-175,180-
184,187,188,190) 

Mechanisms of brain injury and spinal cord in-
farction that have been suggested to account for the 
brain and spinal cord infarctions include the leading 
hypothesis that inadvertent intraarterial injection of 
particulate corticosteroid creates an embolus, causing a 
distal infarct (18,22,66,71,72,84,92,191). In addition to 
infarction, a variety of other complications were report-
ed which include vasospasm, ischemic events, cortical 
blindness, high spinal anesthesia, and seizures. Safety 
considerations for cervical transforaminal are crucial. 
Multiple techniques have been described to improve 
safety with posterior placement of the needle, includ-
ing positioning of the needle, performing the proce-
dure with a posterior approach with the patient in the 
prone position, and performing the procedure with a 
blunt needle or utilizing the TRUCATH (49-60). 

There have been complications reported for thorac-
ic transforaminal epidural injections (92). Even though 
there are some anecdotal reports and modification of 
technique to incorporate an infraneural approach, the 
literature is scant in relation to thoracic transforaminal 
epidural injections. However, considering the arterial 
blood supply of the spinal cord and the anatomy of ra-
dicular arteries, thoracic transforaminal epidurals are 
equally dangerous as cervical transforaminal epidural 
injections (96,191-204). 

The FDA advisory also included 4 reports including 
5 cases related to lumbar transforaminal or selective 
nerve root blocks (15,19,26,27); however, a literature 
search yields multiple other reports, alternate tech-
niques, and efficacy assessments (71,73,84,85,90,93-
95,127-138,140-142,145-147,149-151,153,160-163,164-
170,172,178-180). 

Atluri et al (84) reviewed the literature and ana-
lyzed the reported cases of paralysis from lumbar trans-
foraminal epidural steroid injections to possibly estab-
lish a causal relationship leading to possible prevention 
of this complication. They found 18 reported cases of 
paralysis from transforaminal epidural injections. They 
were able to analyze the position of the needle within 
the neural foramen based on the available images and/
or description among 10 of these 18 cases. Five cases 
were performed under CT guidance and 12 cases were 

performed under fluoroscopic guidance (unknown in 
one case). Additionally, other variables associated with 
the procedure, including the technique, were also ex-
amined. They analyzed the needle position in the neu-
ral foramen in cases of paralysis from transforaminal 
epidural steroid injections. This analysis was based on 
images and/or description provided in published re-
ports. Their case reviews revealed an association be-
tween paralysis and well performed traditional safe 
triangle approach with good epidural contrast medium 
spreads. Analyzed data showed that in 77.7% of the 
cases, the needle was in the superior part of the fora-
men. In 71.4% of the cases, the needle was in the ante-
rior part of the foramen. This coincided with the loca-
tion of the radicular artery in the foramen. In 22.2% 
of cases, the needle was in the midzone (neither in the 
superior nor inferior zone). No level was spared as this 
event occurred at every foramen from T12 to S1. Ten of 
these events happened during a left-sided procedure 
and 8 during a right-sided procedure. No relationship 
was noted between this complication and other vari-
ables like type and size of the needles, side of the injec-
tion, local anesthetic, contrast medium, or volume of 
injectate. They concluded that in light of the anatomi-
cal and radiological evidence in the literature, radicular 
arteries dwell in the superior part of the foramen along 
the traditional needle position. Therefore, the authors 
suggested that the traditional technique of placing the 
needle in the superior and anterior part of the foramen 
must be reexamined (96,202-204). 

Ischemic complications seem to occur in cases of 
needles placed in the superoanterior part of the fora-
men (where the radicular artery usually resides) using 
the traditional safe triangle technique (TSTT) associat-
ed with good reported and observed contrast medium 
spreads. Glaser and Falco (92) were the first to question 
the TSTT. They suggested that the needle should be 
placed in the inferior and anterior part of the foramen. 
Jasper (205) described the above technique more elabo-
rately and named it “retrodiscal transforaminal” injec-
tion. Lee et al (206) have also critiqued the TSTT, ques-
tioning the need to cross the nerve in order to place 
the needle anteriorly in the foramen. They proposed an 
alternative approach placing the needle in the supero-
posterior part of the foramen. Murthy et al (96) also 
advocated inferior placement of the needle in the fora-
men, posterior to the nerve. Glaser and Shah (85) went 
to the extent of stating that the TSTT is not safe. They 
advocated targeting Kambin’s triangle—the inferoan-
terior aspect of the foramen. More recently Zhu et al 
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(207) proposed placing the needle in the posterior part 
of the foramen. The common denominator for all these 
alternative approaches is avoidance of the superoante-
rior part of the foramen. 

Based on the analysis of the available anatomical 
studies and radiological studies, Atluri et al (84) have 
identified the “Inferior Triangle.” In the oblique fluo-
roscopic view, its boundaries are as follows: the lateral 
border of the superior articular process forms one side 
of the triangle and the transverse process is the base. 
This is diametrically opposite of the traditional Safe 
Triangle

There is an argument that replacing particulate ste-
roids with nonparticulate dexamethasone will avoid an 
embolization event but it won’t thwart injury from nee-
dle trauma, dissection, or spasm of the artery. Avoiding 
the artery seems more prudent than using nonparticu-
late steroids. Theoretically, particulate steroids seem to 
be more efficacious than nonparticulate steroids. Some 
have advocated measures like using digital subtraction, 
dye injection using real time fluoroscopy, using blunt 
needles, and using test doses before injecting steroid 
(15,208). One case of paralysis has been reported in 
spite of using a test dose and digital subtraction (95).

There have not been any studies of arterial injec-
tion or paralysis related to lumbar interlaminar or cau-
dal epidural injections with or without steroids; how-
ever, multiple complications have been reported with 
lumbar interlaminar and caudal epidural injections. 

effIcacy of epIdural InjecTIons

The efficacy and effectiveness of epidural injec-
tions has been described in numerous guidelines, sys-
tematic reviews, randomized trials, and observational 
studies (60,155,209-269). Utilizing high quality random-
ized controlled trials and appropriate methodologic 
quality assessment of randomized controlled trials 
utilizing Cochrane review criteria (270,271) and ASIPP 
Interventional Pain Management Techniques - Qual-
ity Appraisal of Reliability and Risk of Bias Assessment 
(IPM-QRB) criteria with high quality randomized con-
trolled trials with qualitative best evidence synthesis 
utilizing grading of randomized trials (216,272), Level 
I evidence has been shown for managing disc hernia-
tion with epidural injections with or without steroids 
but superiority with steroids. Identification of evidence 
at vertebral levels also showed Level I evidence in the 
lumbosacral region for disc herniation and radiculitis 
with superiority of steroids over local anesthetic alone. 
Level II evidence has been demonstrated for individual 

procedures with caudal, lumbar interlaminar, and lum-
bar transforaminal epidural injections with or without 
steroids with superiority of steroids with caudal and 
lumbar interlaminar epidural injections, with no signifi-
cant difference among the 3 approaches. The evidence 
in managing cervical disc herniation with cervical inter-
laminar epidural injections has been shown to be Level 
II whereas it was a weak Level II for thoracic disc hernia-
tion with only one randomized controlled trial. There 
were no cervical or thoracic transforaminal epidural 
randomized trials for the assessment of the efficacy of 
epidural injections with or without steroids (67).

Level I evidence also has been shown to be present 
in managing spinal stenosis with multiple high quality 
randomized relevant trials. However, with individual 
spinal levels, the evidence was Level II in managing ei-
ther lumbar spinal stenosis or cervical spinal stenosis 
with no significant difference with the addition of ste-
roids to local anesthetics in central spinal stenosis. 

The evidence for post lumbar surgery syndrome 
has been shown to be Level II with caudal epidural in-
jections as well as cervical interlaminar epidural injec-
tions with no significant difference with the addition of 
steroids to local anesthetic. 

Level II evidence also has been demonstrated with 
percutaneous adhesiolysis and administration of ste-
roids with local anesthetic in spinal stenosis, post sur-
gery syndrome, and recalcitrant disc herniation. The 
efficacy of epidural injection in discogenic pain in the 
lumbar and cervical regions has been shown to be Level 
II with caudal epidural injections, lumbar interlaminar 
epidural injections, and cervical interlaminar epidural 
injections. 

dIscussIon

This review emphasizes the high risk of spinal in-
farction, paralysis, and death involved with cervical and 
thoracic transforaminal steroid injections but a smaller 
risk with lumbar transforaminal epidural injections. 
However, these risks have not been proven to be true 
with cervical or thoracic interlaminar epidural injec-
tions with no reports for lumbar and caudal epidural in-
jections. Thus, extrapolating the evidence from cervical 
and thoracic transforaminal epidurals, or even lumbar 
transforaminal epidurals, is inappropriate to use for all 
corticosteroid injections and different types of epidural 
injections. These techniques are vastly different. Conse-
quently, the risks are also vastly different, thus provid-
ing warning to the public and physicians without pro-
viding pertinent evidence and based on limited input, 
is considered inappropriate for an agency such as the 
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FDA. Further, it is not only safety, but also efficacy has 
not been evaluated appropriately either. There was no 
mention of alternate approaches to transforaminal epi-
dural injections. In essence, the FDA relied on some of 
their advisors from organizations recommending tech-
niques that are not universally recognized as best prac-
tice in terms of patient safety. These actions by the FDA 
have raised significant controversy and debate among 
multiple organizations and members of Congress. In 
fact, ASIPP presented multiple letters to the FDA and 
a single letter signed by over 1,000 interventional pain 
physicians. Further, an official appeal is being planned 
with a request for rescinding or modifying the warning 
and calling for an open forum discussion of proposed 
regulations.

There is an obvious lack of communication among 
agencies, even the ones controlled by the HHS. As an 
example, the Centers for Medicare and Medicaid Ser-
vices (CMS) has not agreed to any type of restrictions on 
performing epidural injections. In essence, empowering 
the nurses has been the motto to improve the access. 
Consequently, CMS has issued regulations liberalizing 
these procedures to be performed by certified regis-
tered nurse anesthetists (CRNAs), yet at the same time 
complaining about overutilization, abuse, and fraud. 
Appropriate training and qualifications are essential to 
perform these procedures. Even though these complica-
tions have occurred in the hands of well-trained physi-
cians, the occurrence will be much more severe because 
of the lack of appropriate training and supervision. 

It is also surprising that the FDA and other agencies 
continue to quote inaccurate chronic pain data from an 
IOM report which was essentially based on a study by 
Gaskin and Richard. It reported the total incremental 
medical expenditures for selected pain conditions ex-
ceeded $650 billion and the dramatic number of people 
suffering with chronic pain— 100 million (273,274). Un-
fortunately, the data were utilized in a flawed manner. 
This study from Johns Hopkins defined persons with 
pain as follows:

•	 Persons	who	reported	that	they	experienced	pain	
limiting their ability to work, which is appropriate 
and includes 43.9 million of the total 100 million 
being estimated and discussed here with 21.3 mil-
lion suffering with moderate pain and 22.6 million 
suffering with severe pain.

•	 However,	 the	 number	 2	 category	 is	 persons	who	
were diagnosed with joint pain or arthritis, which 
is estimated to be 123.7 million.

•	 Finally,	they	also	included	24.7	million	persons	who	
had a disability that limited their ability to work 
that had nothing to do with pain.

Thus, multiple conditions were not only repeat-
edly counted, but also included very costly arthritis and 
functional disability, which are not related to chronic 
non-cancer pain. A liberal estimate would be approxi-
mately 30 million requiring therapy for chronic non-
cancer pain, either with interventional procedures, 
physical therapy, surgical interventions, or chronic opi-
oid therapy. 

In these regulations, the FDA is not only encroach-
ing upon the other agencies within the HHS, it is also 
encroaching on the medical practice act. Even then, the 
authority of the FDA to regulate medical procedures 
continues to be disputed. The FDA Web site emphasizes 
that they regulate drugs and devices, but under these 
regulations, procedures are not listed. However, they 
also do not list the procedures under the items they do 
not regulate. In the case involving the injection of adult 
stem cells, the FDA argued that they had authority to 
regulate the procedure because it involved the injec-
tion of drugs (10). The FDA made the same argument 
regarding the injection of epidural steroids. Overall, it 
appears that the FDA will be exceeding their explicit 
statutory authority and are in fact trying to regulate 
the practice of medicine, which has traditionally been 
left to the states. Further, the FDA is also trying to con-
trol issues related to infection control which already 
have been regulated by the Centers for Disease Control 
and Prevention (CDC). 

Even though the issue of contaminated epidural 
steroids and the mortality related to the failure to con-
trol appropriately has not been discussed, it is presumed 
that it had significant influence on the FDA warning; 
however, more regulations will not control failure to 
exercise implementation of the regulations which are 
already in place. In an era of extremely high regulations 
(275), continuing cuts, and increasing expenses, an ad-
ditional burden is placed on patients’ access to pain-
relieving treatments.

conclusIon

In conclusion, the FDA should modify its state-
ment replacing it with an evidence-based warning 
emphasizing the off-label use of epidural steroids 
which can cause rare, but serious neurologic prob-
lems following cervical and thoracic transforaminal 
epidural injections and also an increased risk with 
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lumbar transforaminal epidural injections when per-
formed without appropriate precautions. This con-
clusion by the FDA is based on a lack of evidence and 
will hinder access to necessary treatments in manag-
ing chronic spinal pain. 

acknoWledgmenTs

The authors wish to thank Vidyasagar Pampati, 
MSc, for statistical assistance, and Tom Prigge, MA, and 
Laurie Swick, BS for manuscript review, and Tonie M. 
Hatton and Diane E. Neihoff, transcriptionists, for their 
assistance in preparation of this manuscript. 

Author Affiliatons
Dr. Manchikanti is Medical Director of the Pain 

Management Center of Paducah, Paducah, KY, and 
Clinical Professor, Anesthesiology and Perioperative 
Medicine, University of Louisville, Louisville, KY.

Dr. Candido is Professor and Chair, Department 
of Anesthesiology, Advocate Illinois Masonic Medical 
Center, Chicago, IL, and University of Illinois College 
of Medicine, Chicago, IL and Professor of Clinical An-
esthesiology, University of Illinois College of Medicine, 
Chicago. 

Dr. Singh is Medical Director, Spine Pain Diagnostics 
Associates, Niagara, WI.

Dr. Gharibo is Medical Director of Pain Medicine 
and Associate Professor of Anesthesiology and Ortho-
pedics, Department of Anesthesiology, NYU Langone-
Hospital for Joint Diseases, NYU School of Medicine, 
New York, NY.

Dr. Boswell is Professor and Chair, Department of 
Anesthesiology and Perioperative Medicine, University 
of Louisville, Louisville, KY.

Dr. Benyamin is Medical Director, Millennium Pain 
Center, Bloomington, IL and Clinical Assistant Professor 

of Surgery, College of Medicine, University of Illinois, 
Urbana-Champaign, IL.

Dr. Falco is Medical Director of Mid Atlantic Spine 
& Pain Physicians, Newark, DE; Director, Pain Medicine 
Fellowship Program, Temple University Hospital, Phila-
delphia, PA; and Adjunct Associate Professor, Depart-
ment of PM&R, Temple University Medical School, Phil-
adelphia, PA.

Dr. Grider is Medical Director, UK HealthCare Pain 
Services, Division Chief, Pain and Regional Anesthesia, 
and Associate Professor, Department of Anesthesiology, 
University of Kentucky, Lexington, KY. 

Dr. Diwan is Executive Director of Manhattan Spine 
and Pain Medicine, New York, NY.

Dr. Hirsch is Vice Chief of Interventional Care, Chief 
of Minimally Invasive Spine Surgery, Service Line Chief 
of Interventional Radiology, Director of Endovascular 
Neurosurgery and Neuroendovascular Program, Mas-
sachusetts General Hospital; and Associate Professor, 
Harvard Medical School, Boston, MA.

Disclaimer
There was no external funding in the preparation 

of this manuscript.

Conflict of interest
Dr. Benyamin is a consultant and lecturer for Bos-

ton Scientific and Kimberly Clark. Dr. Falco is a consul-
tant for St. Jude Medical Inc. and Joimax Inc. Dr. Grider 
is a consultant for Medtronic. 

Each author certifies that he or she, or a member 
of his or her immediate family, has no commercial as-
sociation (i.e., consultancies, stock ownership, equity in-
terest, patent/licensing arrangements, etc.) that might 
pose a conflict of interest in connection with the sub-
mitted manuscript.

references

1. United States Food and Drug Ad-
ministration. www.fda.gov.

2. United States Food and Drug Ad-
ministration. About FDA: History. 
www.fda.gov/aboutfda/whatwedo/
history/default.htm 

3. Henderson D. Panel: FDA needs 
more power, funds. Boston Globe, 
September 23, 2006.

4. Institute of Health of the National 

Academies, Committee on the Assess-
ment of the US Drug Safety System. 
The Future of Drug Safety: Promoting 
and Protecting the Health of the Public. 
The National Academies Press, Wash-
ington, DC, 2006.

5. Carpenter DP. The political economy of 
FDA drug review: Processing, politics, 
and lessons for policy. Health Aff (Mill-
wood) 2004; 23:52-63. 

6. Friedman M, Friedman R. Who Pro-
tects the Consumer? In: Free to Choose. 
Harvest House, Eugene, 1980, pp 203-
210.

7. TAKE IT TO THE LIMITS: Milton Fried-
man on Libertarianism. Transcript 
from television show filmed February 
10, 1999. The Hoover Institute. www.
hoover.org/multimedia/uncommon-



Pain Physician: July/August 2014; 17:E451-E474

E466  www.painphysicianjournal.com

knowledge/26936 
8. DiMasi JA. The value of improving the 

productivity of the drug development 
process: faster times and better deci-
sions. Pharmacoeconomics 2002; 20:1-
10.

9. Downing NS, Aminawung JA, Shah 
ND, Krumholz HM, Ross JS. Clinical 
trial evidence supporting FDA approval 
of novel therapeutic agents, 2005-2012. 
JAMA 2014; 311:368-377. 

10. Epstein RA. The FDA’s misguided reg-
ulation of stem-cell procedures: how 
administrative overreach blocks medi-
cal innovation. Manhattan Institute for 
Policy Research; September 2013. 

11. Candido KD, Knezevic NN, Chien GC, 
Deer TR. The Food and Drug Adminis-
trations recent action on April 23, 2014 
failed to appropriately address safety 
concerns about epidural steroid use. 
Pain Physician 2014; 17:E509-E524. 

12. U.S. Food and Drug Administration. 
Drug Safety Communications. FDA 
Drug Safety Communication: FDA re-
quires label changes to warn of rare but 
serious neurologic problems after epi-
dural corticosteroid injections for pain. 
April 23, 2014. 

 www.fda.gov/downloads/Drugs/Drug-
Safety/UCM394286.pdf 

13. U.S. Food and Drug Administration. 
News Release. FDA approves extend-
ed-release, single-entity hydrocodo-
ne product. October 25, 2013. www.fda.
gov/newsevents/newsroom/pressan-
nouncements/ucm372287.htm 

14. Rathmell JP. Toward improving the 
safety of transforaminal injection. 
Anesth Analg 2009; 109:8-10.

15. Kennedy DJ, Dreyfuss P, Aprill CN, 
Bogduk N. Paraplegia following image-
guided transforaminal lumbar spine 
epidural steroid injection: two case re-
ports. Pain Med 2009; 10:1389-1394. 

16. Windsor RE, Storm S, Sugar R, Nagu-
la D. Cervical transforaminal injection: 
review of the literature, complications, 
and a suggested technique. Pain Physi-
cian 2003; 6:457-465.

17. Beckman WA, Mendez RJ, Paine GF, 
Mazzilli MA. Cerebellar herniation after 
cervical transforaminal epidural injec-
tion. Reg Anesth Pain Med 2006; 31:282-
285.

18. Ludwig MA, Burns SP. Spinal cord in-
farction following cervical transforam-
inal epidural injection: A case report. 
Spine (Phila Pa 1976) 2005; 30:E266-
E268.

19. Somayaji HS, Saifuddin A, Casey AT, 
Briggs TW. Spinal cord infarction fol-
lowing therapeutic computed tomog-
raphy-guided left L2 nerve root in-
jection. Spine (Phila Pa 1976) 2005; 
30:E106-E108.

20. Tripathi M, Nath SS, Gupta RK. Para-
plegia after intracord injection during 
attempted epidural steroid injection in 
an awake-patient. Anesth Analg 2005; 
101:1209-1011, table of contents.

21. Bose B. Quadriparesis following cervi-
cal epidural steroid injections: case re-
port and review of the literature. Spine J 
2005; 5:558-563.

22. Tiso RL, Cutler T, Catania JA, Whalen 
K. Adverse central nervous system se-
quelae after selective transforaminal 
block: The role of corticosteroids. Spine 
J 2004; 4:468-474.

23. Edlow BL, Wainger BJ, Frosch MP, Co-
pen WA, Rathmell JP, Rost NS. Pos-
terior circulation stroke after C1-C2 
intraarticular facet steroid injection: ev-
idence for diffuse microvascular injury. 
Anesthesiology 2010; 112:1532-1535.

24. Meyer HJ, Monticelli F, Kiesslich J. Fatal 
embolism of the anterior spinal artery 
after local cervical analgetic infiltration. 
Forensic Sci Int 2005; 149:115-119.

25. Suresh S, Berman J, Connell DA. Cer-
ebellar and brainstem infarction as a 
complication of CT-guided transfo-
raminal cervical nerve root block. Skel-
etal Radiol 2007; 36:449-452.

26. Deshpande DM, Krishnan C, Kerr DA. 
Transverse myelitis after lumbar steroid 
injection in a patient with Behcet's dis-
ease. Spinal Cord 2005; 43:735-737.

27. Lyders EM, Morris PP. A case of spi-
nal cord infarction following lumbar 
transforaminal epidural steroid injec-
tion: MR imaging and angiographic 
findings. AJNR Am J Neuroradiol 2009; 
30:1691-1693. 

28. Popescu A, Gardner K. An usual mech-
anism for spinal cord infarction – case 
report. Ann Neurol 2007; 62:32. 

29. Ziai WC, Ardelt AA, Llinas RH. Brain-
stem stroke following uncomplicated 
cervical epidural steroid injection. Arch 
Neurol 2006; 63:1643-1646.

30. Robecchi A, Capra R. Hydrocortisone 
(compound F); first clinical experi-
ments in the field of rheumatology. Mi-
nerva Med 1952; 98:1259-1263.

31. Lievre JA, Bloch-Michael H, Pean G. 
L’hydrocortisone en injection locale. 
Rev Rhum 1953; 29:310-311.

32. Harley C. Extradural corticosteroid in-

filtration. A follow-up study of 50 cases. 
Ann Phys Med 1966; 9:22-28.

33. Manchikanti L, Falco FJE, Singh V, Pam-
pati V, Parr AT, Benyamin RM, Fellows 
B, Hirsch JA. Utilization of interven-
tional techniques in managing chronic 
pain in the Medicare population: Anal-
ysis of growth patterns from 2000 to 
2011. Pain Physician 2012; 15:E969-E982.

34. Bogduk N, Christophidis N, Cherry D 
et al. Epidural use of steroids in the 
management of back pain. Report of 
working party on epidural use of ste-
roids in the management of back pain. 
National Health and Medical Research 
Council. Canberra, Commonwealth of 
Australia, 1994, pp 1-76.

35. Gupta S, Gupta M, Nath S, Hess GM. 
Survey of European pain medicine 
practice. Pain Physician 2012; 15:E983-
E994.

36. Kim do W, Han KR, Kim C, Chae YJ. 
Intravascular flow patterns in transfo-
raminal epidural injections: A compar-
ative study of the cervical and lumbar 
vertebral segments. Anesth Analg 2009; 
109:233-239. 

37. El Abd OH, Amadera JE, Pimentel DC, 
Pimentel TS. Intravascular flow detec-
tion during transforaminal epidural 
injections: A prospective assessment. 
Pain Physician 2014; 17:21-27.

38. Smuck M, Tang CT, Fuller BJ. Incidence 
of simultaneous epidural and vascular 
injection during cervical transforami-
nal epidural injections. Spine (Phila Pa 
1976) 2009; 34:E751-E755.

39. Furman MB, Lee TS, Mehta A, Simon JI, 
Cano WG. Contrast flow selectivity dur-
ing transforaminal lumbosacral epi-
dural steroid injections. Pain Physician 
2008; 11:855-861.

40. Smuck M, Fuller BJ, Yoder B, Huerta 
J. Incidence of simultaneous epidural 
and vascular injection during lumbosa-
cral transforaminal epidural injections. 
Spine J 2007; 7:79-82.

41. Manchikanti L, Cash KA, Pampati V, 
Damron KS, McManus CD. Evalua-
tion of lumbar transforaminal epidur-
al injections with needle placement and 
contrast flow patterns: A prospective, 
descriptive report. Pain Physician 2004; 
7:217-223.

42. Furman MB, Giovanniello MT, O’Brien 
EM. Incidence of intravascular penetra-
tion in transforaminal cervical epidural 
steroid injections. Spine (Phila Pa 1976) 
2003; 28:21-25.

43. Jasper JF. Role of digital subtraction 



Epidural Steroid Warning Controversy Still Dogging FDA

www.painphysicianjournal.com  E467

fluoroscopic imaging in detecting in-
travascular injections. Pain Physician 
2003; 6:369-372.

44. Lee MH, Yang KS, Kim YH, Jung HD, 
Lim SJ, Moon DE. Accuracy of live flu-
oroscopy to detect intravascular injec-
tion during lumbar transforaminal epi-
dural injections. Korean J Pain 2010; 
23:18-23. 

45. Nahm FS, Lee CJ, Lee SH, Kim TH, Sim 
WS, Cho HS, Park SY, Kim YC, Lee SC. 
Risk of intravascular injection in trans-
foraminal epidural injections. Anaes-
thesia 2010; 65:917-921.

46. Huntoon MA. Anatomy of the cervi-
cal intervertebral foramina: vulnerable 
arteries and ischemic neurologic inju-
ries after transforaminal epidural injec-
tions. Pain 2005; 117:104-111.

47. Beckworth WJ, Sood R, Katzer AF, Wu 
B: Anomalous location of the verte-
bral artery in relation to the neural fo-
ramen. Implications for cervical trans-
foraminal epidural steroid injections. 
Pain Med 2013; 14:1119-1125.

48. Hoeft MA, Rathmell JP, Monsey RD, 
Fonda BJ. Cervical transforaminal in-
jection and the radicular artery: Varia-
tion in anatomical location within the 
cervical intervertebral foramina. Reg 
Anesth Pain Med 2006; 31:270-274.

49. Cho CH. Cervical nerve injection: com-
puted tomography guidance with in-
travenous contrast and extraforami-
nal needle placement. Series of seven 
consecutive case reports. Spine J 2010; 
10:E1–E6. 

50. Ma DJ, Gilula LA, Riew KD: Compli-
cations of fluoroscopically guided ex-
traforaminal cervical nerve blocks. An 
analysis of 1036 injections. J Bone Joint 
Surg Am 2005, 87:1025-1030.

51. Gilula LA, Ma D: A cervical nerve block 
approach to improve safety. AJR Am J 
Roentgenol 2007, 189(3):563–565.

52.  Wolter T, Mohadjer M, Berlis A, 
Knoeller S. Cervical CT-guided, selec-
tive nerve root blocks: improved safe-
ty by dorsal approach. Am J Neuroradiol 
2009; 30:336-337.

53. Wald JT, Maus TP, Geske JR, Carter RE, 
Diehn FE, Kaufmann TJ, Morris JM, 
Murthy NS, Thielen KR. Safety and ef-
ficacy of CT-guided transforaminal cer-
vical epidural steroid injections using 
a posterior approach. Am J Neuroradiol 
2012; 33:415-419.

54. Cyteval C, Thomas E, Decoux E, Sar-
rabere MP, Cottin A, Blotman F, et al. 
Cervical radiculopathy: Open study on 

percutaneous periradicular foraminal 
steroid infiltration performed under CT 
control in 30 patients. Am J Neuroradiol 
2004; 25:441-445.

55. Wagner AL. CT fluoroscopic-guided 
cervical nerve root blocks. Am J Neuro-
radiol 2005; 26:43-44.

56. Schultz DM, Manchikanti L, Racz GB. 
Cervical transforaminal epidural injec-
tions. In: Manchikanti L, Singh V (eds.). 
Interventional Techniques in Chronic Spi-
nal Pain. Paducah, KY, ASIPP Publish-
ing, 2007, pp 455-478.

57. Morvan G, Mompoint D, Bard M, Levi-
Valensin G: Direct intra-foraminal in-
jection of corticosteroids in the treat-
ment of cervico-brachial pain. In: Bard 
M, Laredo J (eds). Interventional Radi-
ology in Bone and Joint. New York, NY: 
Springer-Verlag; 1988. pp 253-257.

58. Vallee JN, Feydy A, Carlier RY, 
Mutschler C, Mompoint D, Vallee CA: 
Chronic cervical radiculopathy: lateral 
approach periradicular corticosteroid 
injection. Radiology 2001; 218:886-892.

59. Kloth DS, Calodney AK, Derby R, Lagat-
tuta FP, O'Neill C, Yurth E, Miller LE, 
Block JE. Improving the safety of trans-
foraminal epidural steroid injections in 
the treatment of cervical radiculopathy. 
Pain Physician 2011; 14:285-293.

60.  Manchikanti L, Falco FJ, Diwan S, 
Hirsch JA, Smith HS. Cervical radicu-
lar pain: The role of interlaminar and 
transforaminal epidural injections. Curr 
Pain Headache Rep 2014; 18:389. 

61. Provenzano DA, Fanciullo G. Cervical 
transforaminal epidural steroid injec-
tions: should we be performing them? 
Reg Anesth Pain Med 2007; 32:168; au-
thor reply 169-170.

62. de Leon-Casasola OA. Transforaminal 
cervical epidural injections. Reg Anesth 
Pain Med 2008; 33:190-191.

63. Aprill CN, Dumitrescu M. Adverse cen-
tral nervous system sequelae after se-
lective transforaminal block: the role of 
corticosteroids. Spine J 2005; 5:475.

64. Manchikanti L, Pampati V, Boswell MV, 
Smith HS, Hirsch JA. Analysis of the 
growth of epidural injections and costs 
in the Medicare population: A com-
parative evaluation of 1997, 2002, and 
2006 data. Pain Physician 2010; 13:199-
212.

65. Popescu A, Lai D, Lu A, Gardner K. 
Stroke following epidural injections-
-case report and review of literature. J 
Neuroimaging 2013; 23:118-121.

66. Scanlon GC, Moeller-Bertram T, Ro-

manowsky SM, Wallace MS. Cervical 
transforaminal epidural steroid injec-
tions: More dangerous than we think? 
Spine (Phila Pa 1976) 2007; 32:1249-1256.

67. Engel A, King W, MacVicar J; Standards 
Division of the International Spine In-
tervention Society. The effectiveness 
and risks of fluoroscopically guided 
cervical transforaminal injections of 
steroids: A systematic review with com-
prehensive analysis of the published 
data. Pain Med 2014; 15:386-402.

68. Brouwers PJ, Kottink EJ, Simon MA, 
Prevo RL. A cervical anterior spinal ar-
tery syndrome after diagnostic block-
ade of the right C6-nerve root. Pain 
2001; 91:397-399.

69. McMillan MR, Crumpton C. Cortical 
blindness and neurologic injury com-
plicating cervical transforaminal injec-
tion for cervical radiculopathy. Anesthe-
siology 2003; 99:509-511.

70. Rozin L, Rozin R, Koehler SA, Shakir 
A, Ladham S, Barmada M, Dominick J, 
Wecht CH. Death during transforam-
inal epidural steroid nerve root block 
(C7) due to perforation of the left ver-
tebral artery. Am J Forensic Med Pathol 
2003; 24:351-355.

71. Karasek M, Bogduk N. Temporary neu-
rologic deficit after cervical transforam-
inal injection of local anesthetic. Pain 
Med 2004; 5:202-205.

72. Wallace MA, Fukui MB, Williams RL, 
Ku A, Baghai P. Complications of cer-
vical selective nerve root blocks per-
formed with fluoroscopic guidance. 
AJR Am J Roentgenol 2007; 188:1218-
1221.

73. Muro K, O'Shaughnessy B, Ganju A. In-
farction of the cervical spinal cord fol-
lowing multilevel transforaminal epi-
dural steroid injection: Case report and 
review of the literature. J Spinal Cord 
Med 2007; 30:385-388.

74. Ruppen W, Hugli R, Reuss S, Aesch-
bach A, Urwyler A. Neurological symp-
toms after cervical transforaminal in-
jection with steroids in a patient with 
hypoplasia of the vertebral artery. Acta 
Anaesthesiol Scand 2008; 52:165-166.

75. Lee JY, Nassr A, Ponnappan RK. Epi-
dural hematoma causing paraplegia 
after a fluoroscopically guided cervi-
cal nerve-root injection. A case report. J 
Bone Joint Surg Am 2007; 89:2037-2039.

76. Schellhas KP, Pollei SR, Johnson BA, 
Golden MJ, Eklund JA, Pobiel RS: Se-
lective cervical nerve root blockade: ex-
perience with a safe and reliable tech-



Pain Physician: July/August 2014; 17:E451-E474

E468  www.painphysicianjournal.com

nique using an anterolateral approach 
for needle placement. AJNR Am J Neu-
roradiol 2007; 28:1909-1914.

77. Lee JH, Lee JK, Seo BR, Moon SJ, Kim 
JH, Kim SH. Spinal cord injury pro-
duced by direct damage during cervical 
transforaminal epidural injection. Reg 
Anesth Pain Med 2008; 33:377-379.

78. Lee MH, Cha YD, Song JH, et al. Tran-
sient quadriplegia after fluoroscop-
ic-guided selective cervical nerve root 
block in a patient who received cervical 
interbody fusion—A case report. Kore-
an J Anesthesiol 2010; 59:S95-S98.

79. Kim W, Kim JS, Lim SC, Kim YI, Moon 
DE. Reversible posterior leukoen-
cephalopathy syndrome after cervical 
transforaminal epidural steroid injec-
tion presenting as transient blindness. 
Anesth Analg 2011; 112: 967-970.

80. Chung SG. Convulsion caused by a li-
docaine test in cervical transforaminal 
epidural steroid injection. PM R 2011; 
3:674-677.

81. Kaplowitz K, Lee AG. Horner syndrome 
following a selective cervical nerve root 
block. J Neuroophthalmol 2011; 31:54-55.

82. Tofuku K, Koga H, Komiya S. Subdural 
spread of injected local anesthetic in a 
selective transforaminal cervical nerve 
root block: A case report. J Med Case 
Rep 2012; 6:142.

83. Chung JY, Yim JH, Seo HY, Kim SK, 
Cho KJ. The efficacy and persistence 
of selective nerve root block un-
der fluoroscopic guidance for cervical 
radiculopathy. Asian Spine J 2012; 6:227-
232.

84. Atluri S, Glaser SE, Shah RV, Sudarshan 
G. Needle position analysis in cases of 
paralysis from transforaminal epidur-
als: Consider alternative approaches to 
traditional techniques. Pain Physician 
2013; 16:321-334.

85. Glaser SE, Shah RV. Root cause analysis 
of paraplegia following transforaminal 
epidural steroid injections: The ‘unsafe’ 
triangle. Pain Physician 2010; 13:237-
244.

86. Bogduk N. Lumbar Transforaminal Ac-
cess. In: Practice Guidelines for Spinal 
Diagnostic and Treatment Procedures, 
2nd edition. International Spine Inter-
vention Society (ISIS), San Francisco, 
2013, pp 459-538.

87. Martin DP, Huntoon MA. Spinal cord 
infarction following therapeutic com-
puted tomography-guided left L2 nerve 
root injection. Spine (Phila Pa 1976) 
2005; 30:1558.

88. Bogduk N. Cervical transforaminal ac-
cess. In: Practice Guidelines for Spinal 
Diagnostic and Treatment Procedures, 
2nd edition. International Spine Inter-
vention Society (ISIS), San Francisco, 
2013, pp 257-271.

89. Bogduk N. Thoracic transforaminal ac-
cess. In: Practice Guidelines for Spinal 
Diagnostic and Treatment Procedures, 
2nd edition. International Spine Inter-
vention Society (ISIS), San Francisco, 
2013, pp 329-345.

90. Houten JK, Errico TJ. Paraplegia after 
lumbosacral nerve root block: Report 
of three cases. Spine J 2002; 2:70-75.

91. Huntoon MA, Martin DP. Paralysis af-
ter transforaminal epidural injection 
and previous spinal surgery. Reg Anes-
thPain Med 2004; 29:494-495.

92. Glaser SE, Falco FJE. Paraplegia follow-
ing a thoracolumbar transforaminal 
epidural steroid injection. Pain Physi-
cian 2005; 8:309-314.

93. Quintero N, Laffont I, Bouhmidi L, 
Rech C, Schneider AE, Gavardin T, Di-
zien O. Transforaminal epidural steroid 
injection and paraplegia: Case report 
and bibliographic review. Ann Readapt 
Med Phys 2006; 49:242-247

94. Wybier M, Gaudart S, Petrover D, 
Houdart E, Laredo JD. Paraplegia com-
plicating selective steroid injections of 
the lumbar spine: Report of five cases 
and review of the literature. Eur Radiol 
2010; 20:181-189.

95. Chang Chien GC, Candido KD, Kne-
zevic NN. Digital subtraction angiog-
raphy does not reliably prevent para-
plegia associated with lumbar transfo-
raminal epidural steroid injection. Pain 
Physician 2012; 15:515-523.

96. Murthy NS, Maus TP, Behrns CL. Intra-
foraminal location of the great anterior 
radiculomedullary artery (artery of Ad-
amkiewicz): A retrospective review. Pain 
Med 2010; 11:1756-1764.

97. Narouze SN. Epidural steroid injec-
tions after epidurography may prevent 
otherwise devastating complications. 
Anesth Analg 2006; 102:1585.

98. Narouze SN. Is it time to perform 
all thoracic epidural placements un-
der fluoroscopy? Anesth Analg 2006; 
102:1585.

99. Munir MA, Rastogi R, Nedeljkovic S. 
Fluoroscopy and safety of spinal in-
terventional procedures. Anesth Analg 
2006; 102:1586.

100. Raghavendra MS, Candido K, Chin-
thagada M, Patel V. Comments on the 

case report of paraplegia after intracord 
injection. Anesth Analg 2006; 102:1587.

101. Furman MB, Sthalekar ND. Minimiz-
ing complications in epidural steroid 
injections. Anesth Analg 2006; 102:1587-
1588.

102. Singh R, Panagos A. Quadriparesis fol-
lowing cervical epidural steroid injec-
tions. Spine J 2006; 6:349.

103. Datta S, Manchikanti L. It is time to 
abandon atlanto-axial joint injec-
tions: Do no harm! Anesthesiology 2011; 
114:222-224.

104. Tang E. Complications of C1-C2 facet 
injection. Anesthesiology 2011; 114:222.

105. Cook TM, Counsell D, Wildsmith JA; 
Royal College of Anaesthetists Third 
National Audit Project. Major compli-
cations of central neuraxial block: Re-
port on the Third National Audit Proj-
ect of the Royal College of Anaesthe-
tists. Br J Anaesth 2009; 102:179-190. 

106. Manchikanti L, Pampati V, Falco FJE, 
Hirsch JA. Assessment of the growth 
of epidural injections in the Medicare 
population from 2000 to 2011. Pain 
Physician 2013; 16:E349-E364. 

107. Letter to Honorio Benzon, MD, from 
American Society of Interventional 
Pain Physicians RE: Responses to New 
Questionnaire - FDA Safe Use & Safety 
of Epidural Steroid Injections, October 
8, 2013. 

108. Letter to Louis Jacques, MD, Director, 
Coverage and Analysis Group, Centers 
for Medicare and Medicaid Services, 
from American Society of Intervention-
al Pain Physicians RE: Multi-Specialty 
Pain Workgroup, July 30, 2013.

109. Noridian Healthcare Solutions, LLC. 
Local Coverage Determination (LCD). 
Lumbar Epidural Injections L33836. Ef-
fective Date: 2/26/2014.

110. Noridian Healthcare Solutions, LLC. 
Local Coverage Determination (LCD). 
Facet Joint Injections, Medial Branch 
Blocks, and Facet Joint Radiofrequen-
cy Neurotomy (L33842). Effective Date: 
3/5/2014

111. CGS Administrators, LLC. Local Cover-
age Determination (LCD). Facet Joint 
Injections, Medial Branch Blocks, and 
Facet Joint Radiofrequency Neurotomy 
(L34409). Effective Date: 1/25/2014.

112. CGS Administrators, LLC. Local Cover-
age Determination (LCD). Lumbar Epi-
dural Steroid Injections, (L34404). Ef-
fective Date: 1/25/2014.

113. Cigna Medical Coverage Policy. Mini-
mally Invasive Treatment of Back and 



Epidural Steroid Warning Controversy Still Dogging FDA

www.painphysicianjournal.com  E469

Neck Pain. Coverage policy number, 
0139. Effective Date: 7/15/2013.

114. Palmetto GBA. Local Coverage De-
termination (LCD): Paravertebral Fac-
et Joint Block (L33439). Effective Date 
10/1/2014.

115. Palmetto GBA. Local Coverage Deter-
mination (LCD): Lumbar Epidural Ste-
roid Injections (L34336). Effective Date 
5/20/2014.

116. Palmetto GBA. Local Coverage Deter-
mination (LCD): Pain Management 
(L31559). Effective Date 1/24/2011.

117. Cahaba Government Benefit Admin-
istrators, LLC. Local Coverage Deter-
mination (LCD): Surgery: Lumbar Fac-
et Blockade (L34293). Effective Date 
10/01/2014.

118. National Government Services, Inc. 
Local Coverage Determination (LCD): 
Pain Management (L28529). Effective 
Date: 01/01/2009.

119. National Government Services, Inc. 
Draft Local Coverage Determination 
(LCD): Facet Joint Injections, Medial 
Branch Blocks, and Facet Joint Radio-
frequency Neurotomy (DL35336). Com-
ment Period Start Date: 6/5/2014.

120. National Government Services, Inc. 
Draft Local Coverage Determination 
(LCD): Lumbar Epidural Injections 
(DL35338). Comment Period Start Date: 
6/5/2014.

121. Malhotra G, Abbasi A, Rhee M. Compli-
cations of transforaminal cervical epi-
dural steroid injections. Spine (Phila Pa 
1976) 2009; 34:731-739.

122. Abbasi A, Malhotra G, Malanga G, 
Elovic EP, Kahn S. Complications of 
interlaminar cervical epidural steroid 
injections: A review of the literature. 
Spine (Phila Pa 1976) 2007; 32:2144-2151.

123. Benny B, Azari P, Briones D. Complica-
tions of cervical transforaminal epidur-
al steroid injections. Am J Phys Med Re-
habil 2010; 89:601-607.

124. Hodges SD, Castleberg RL, Miller T, 
Ward R, Thornburg C. Cervical epidur-
al steroid injection with intrinsic spinal 
cord damage. Two case reports. Spine 
(Phila Pa 1976) 1998; 23:2137-2142.

125. Racz GB, Heavner JE. Cervical spinal 
canal loculation and secondary isch-
emic cord injury--PVCS--perivenous 
counter spread--danger sign! Pain 
Pract 2008; 8:399-403.

126. Huston CW, Slipman CW, Garvin C. 
Complications and side effects of cer-
vical and lumbosacral selective nerve 
root injections. Arch Phys Med Rehabil 

2005; 86:277-283.
127. Shah RV. Paraplegia following thorac-

ic and lumbar transforaminal epidur-
al steroid injections: how relevant are 
particulate steroids? Pain Pract 2014; 
14:297-300.

128. Shah RV. Paraplegia following thorac-
ic and lumbar transforaminal epidural 
steroid injections: how relevant is phy-
sician negligence? J Neurointerv Surg 
2014; 6:166-168.

129. Desai MJ, Dua S. Perineural hematoma 
following lumbar transforaminal ste-
roid injection causing acute-on-chron-
ic lumbar radiculopathy: A case report. 
Pain Pract 2014; 14:271-287.

130. Kim YH, Park HJ, Moon DE. Rates of 
lumbosacral transforaminal injections 
interpreted as intravascular: Fluorosco-
py alone or with digital subtraction. An-
aesthesia 2013; 68:1120-1123. 

131. Shin J, Kim YC, Lee SC, Kim JH. A com-
parison of Quincke and Whitacre nee-
dles with respect to risk of intravas-
cular uptake in S1 transforaminal epi-
dural steroid injections: A randomized 
trial of 1376 cases. Anesth Analg 2013; 
117:1241-1247.

132. Depriester C, Setbon S, Larde A, Mala-
quin E, Vanden Abeele B, Bocquet J. 
CT-guided transforaminal cervical and 
lumbar epidural injections. Diagn Interv 
Imaging 2012; 93:704-710.

133. Manchikanti L, Malla Y, Wargo BW, 
Cash KA, Pampati V, Fellows B. A pro-
spective evaluation of complications of 
10,000 fluoroscopically directed epi-
dural injections. Pain Physician 2012; 
15:131-140.

134. Karaman H, Kavak GO, Tüfek A, Yldrm 
ZB. The complications of transforami-
nal lumbar epidural steroid injections. 
Spine (Phila Pa 1976) 2011; 36:E819-
E824. 

135. McGrath JM, Schaefer MP, Malkama-
ki DM. Incidence and characteristics of 
complications from epidural steroid in-
jections. Pain Med 2011; 12:726-731.

136. Smuck M, Leung D. Inadvertent injec-
tion of a cervical radicular artery us-
ing an atraumatic pencil-point nee-
dle. Spine (Phila Pa 1976) 2011; 36:E220-
E223.

137. Hernández-García JM, Reina MA, 
Prats-Galino A, De Andrés JA. Morpho-
logic study of nerve root and types of 
needle used in transforaminal injec-
tions. Reg Anesth Pain Med 2011; 36:278-
281. 

138. Thefenne L, Dubecq C, Zing E, Rog-

ez D, Soula M, Escobar E, Defuentes 
G, Lapeyre E, Berets O. A rare case of 
paraplegia complicating a lumbar epi-
dural infiltration. Ann Phys Rehabil Med 
2010; 53:575-583.

139. Smuck M, Maxwell MD, Kennedy D, 
Rittenberg JD, Lansberg MG, Plastaras 
CT. Utility of the anesthetic test dose to 
avoid catastrophic injury during cervi-
cal transforaminal epidural injections. 
Spine J 2010; 10:857-864. 

140. Krause D, Guiu B, Vadanici L, Vignon 
N, Cercueil JP, Loffroy R, Demondi-
on X. Lumbar transforaminal epidur-
al injections: evaluation of potential 
risks and complications. J Radiol 2010; 
91:1086-1092. 

141. Smuck M, Yu AJ, Tang CT, Zemper E. 
Influence of needle type on the inci-
dence of intravascular injection dur-
ing transforaminal epidural injections: 
A comparison of short-bevel and long-
bevel needles. Spine J 2010; 10:367-371. 

142. Verrills P, Nowesenitz G, Barnard A. 
Penetration of a cervical radicular ar-
tery during a transforaminal epidural 
injection. Pain Med 2010; 11:229-231.

143. Van Zundert J, Huntoon MA, van Kleef 
M. Complications of transforaminal 
cervical epidural steroid injections. 
Spine (Phila Pa 1976) 2009; 34:2477; au-
thor reply 2477-2478. 

144. Dawley JD, Moeller-Bertram T, Wal-
lace MS, Patel PM. Intra-arterial injec-
tion in the rat brain: Evaluation of ste-
roids used for transforaminal epidur-
als. Spine (Phila Pa 1976) 2009; 34:1638-
1643.

145. Eckel TS, Bartynski WS. Epidural ste-
roid injections and selective nerve root 
blocks. Tech Vasc Interv Radiol 2009; 
12:11-21. 

146. Goodman BS, Posecion LW, Mallem-
pati S, Bayazitoglu M. Complications 
and pitfalls of lumbar interlaminar and 
transforaminal epidural injections. Curr 
Rev Musculoskelet Med 2008; 1:212-222. 

147. Goodman BS, Bayazitoglu M, Mal-
lempati S, Noble BR, Geffen JF. Du-
ral puncture and subdural injection: A 
complication of lumbar transforaminal 
epidural injections. Pain Physician 2007; 
10:697-705.

148. Derby R, Lee SH, Kim BJ, Chen Y, Seo 
KS. Complications following cervical 
epidural steroid injections by expert in-
terventionalists in 2003. Pain Physician 
2004; 7:445-449. 

149. Helm S 2nd, Jasper JF, Racz GB. Com-
plications of transforaminal epidural 



Pain Physician: July/August 2014; 17:E451-E474

E470  www.painphysicianjournal.com

injections. Pain Physician 2003; 6:389-
390.

150. Furman MB, O'Brien EM, Zgleszewski 
TM. Incidence of intravascular penetra-
tion in transforaminal lumbosacral epi-
dural steroid injections. Spine (Phila Pa 
1976) 2000; 25:2628-2632.

151. 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; 
81:1045-1050.

152. Baker R, Dreyfuss P, Mercer S, Bogduk 
N. Cervical transforaminal injection of 
corticosteroids into a radicular artery: A 
possible mechanism for spinal cord in-
jury. Pain 2003; 103:211-215.

153. Plastaras CT, Casey E, Goodman BS, 
Chou L, Roth D, Rittenberg J. Inadver-
tent intradiscal contrast flow during 
lumbar transforaminal epidural steroid 
injections: A case series examining the 
prevalence of intradiscal injection as 
well as potential associated factors and 
adverse events. Pain Med 2010; 11:1765-
1773.

154. Goel A, Pollan JJ. Contrast flow charac-
teristics in the cervical epidural space: 
An analysis of cervical epidurograms. 
Spine (Phila Pa 1976) 2006; 31:1576-1579.

155. Candido KD, Knezevic N'. Cervical epi-
dural steroid injections for the treat-
ment of cervical spinal (neck) pain. Curr 
Pain Headache Rep 2013; 17:314.

156. McLean JP, Sigler JD, Plastaras CT, Gar-
van CW, Rittenberg JD. The rate of de-
tection of intravascular injection in 
cervical transforaminal epidural ste-
roid injections with and without digital 
subtraction angiography. PM R 2009; 
1:636-642.

157. Huang RC, Shapiro GS, Lim M, Sand-
hu HS, Lutz GE, Herzog RJ. Cervical 
epidural abscess after epidural steroid 
injection. Spine (Phila Pa 1976) 2004; 
29:E7-E9.

158. Stojanovic MP, Vu TN, Caneris O, 
Slezak J, Cohen SP, Sang CN. The role 
of fluoroscopy in cervical epidural ste-
roid injections: An analysis of contrast 
dispersal patterns. Spine (Phila Pa 1976) 
2002; 27:509-514.

159. Abram SE, O'Connor TC. Complica-
tions associated with epidural steroid 
injections. Reg Anesth 1996; 21:149-162.

160. Yoo HS, Park SW, Han JH, Chung JY, Yi 
JW, Kang JM, Lee BJ, Kim DO. Paraple-
gia caused by an epidural hematoma 
in a patient with unrecognized chronic 

idiopathic thrombocytopenic purpura 
following an epidural steroid injection. 
Spine (Phila Pa 1976) 2009; 34:E376-
E379.

161. Hong JH, Huh B, Shin HH. Compar-
ison between digital subtraction angi-
ography and real-time fluoroscopy to 
detect intravascular injection during 
lumbar transforaminal epidural injec-
tions. Reg Anesth Pain Med 2014; 39:329-
332.

162. Maus T, Schueler BA, Leng S, Magnu-
son D, Magnuson DJ, Diehn FE. Radi-
ation dose incurred in the exclusion of 
vascular filling in transforaminal epi-
dural steroid injections: Fluoroscopy, 
digital subtraction angiography, and 
CT/fluoroscopy. Pain Med 2014 [Epub 
ahead of print].

163. Sundara Rajan R, Bhatia A. Particulate 
and non-particulate steroids in lumbar 
transforaminal epidural injections. Pain 
Med 2014; 15:877-878.

164. Bui J, Bogduk N. A systematic review of 
the effectiveness of CT-guided, lumbar 
transforaminal injection of steroids. 
Pain Med 2013; 14:1860-1865.

165. Andreisek G, Jenni M, Klingler D, Wert-
li M, Elliott M, Ulbrich EJ, Winklhofer 
S, Steurer J. Access routes and report-
ed decision criteria for lumbar epidural 
drug injections: A systematic literature 
review. Skeletal Radiol 2013; 42:1683-
1692.

166. Hong JH, Kim SY, Huh B, Shin HH. 
Analysis of inadvertent intradiscal and 
intravascular injection during lumbar 
transforaminal epidural steroid injec-
tions: A prospective study. Reg Anesth 
Pain Med 2013; 38:520-525.

167. Wilkinson I, Cohen SP. Epidural ste-
roids for spinal pain and radiculopathy: 
A narrative, evidence-based review. 
Curr Opin Anaesthesiol 2013 [Epub 
ahead of print].

168. Epstein NE. The risks of epidural and 
transforaminal steroid injections in the 
Spine: Commentary and a comprehen-
sive review of the literature. Surg Neurol 
Int 2013; 4:S74-S93.

169. Manchikanti L, Kaye AD, Hirsch JA. 
RE: The risks of epidural and transfo-
raminal steroid injections in the spine: 
Commentary and a comprehensive re-
view of the literature. Surg Neurol Int 
2014; 5:38.

170. Sadacharam K, Petersohn JD, Green 
MS. Inadvertent Subdural Injection 
during Cervical Transforaminal Epidur-
al Steroid Injection. Case Rep Anesthe-

siol. 2013;2013:847085.
171. Morelli JN, Porbandarwala N, Patel DV. 

Spinal cord needle tract following epi-
dural steroid injection. J Vasc Interv Ra-
diol 2012; 23:1543-1544.

172. Brunner P, Amoretti N, Soares F, Brun-
ner E, Cazaux E, Brocq O, Chanalet S, 
Liberatore M, Cucchi JM, Mourou MY, 
Michelozzi G, Robino C. Approaches in 
injections for radicular pain: the trans-
foraminal, epidural and transfacet ap-
proaches. Diagn Interv Imaging 2012; 
93:711-722.

173. Kranz PG, Raduazo P, Gray L, Kilani 
RK, Hoang JK. CT fluoroscopy-guid-
ed cervical interlaminar steroid injec-
tions: Safety, technique, and radiation 
dose parameters. AJNR Am J Neuroradi-
ol 2012; 33:1221-1224.

174. Markewich S, Wunnava M. Unclear 
mechanism of cardiopulmonary arrest 
following cervical epidural steroid in-
jection. Pain Physician 2012; 15:E539-
E540.

175. Stauber B, Ma L, Nazari R. Cardiopul-
monary arrest following cervical epi-
dural injection. Pain Physician 2012; 
15:147-152.

176. Onia R, Wu Y, Parvu V, Eshun-Wilson 
I, Kassler-Taub K. Simulated evaluation 
of a non-Luer safety connector system 
for use in neuraxial procedures. Br J An-
aesth 2012; 108:134-139.

177. Gazelka HM, Burgher AH, Huntoon 
MA, Mantilla CB, Hoelzer BC. Deter-
mination of the particulate size and 
aggregation of clonidine and cortico-
steroids for epidural steroid injection. 
Pain Physician 2012; 15:87-93.

178. Suslu H. A practical laboratory study 
simulating the percutaneous lum-
bar transforaminal epidural injec-
tion: Training model in fresh cadav-
eric sheep spine. Turk Neurosurg 2012; 
22:701-705.

179. MacMahon PJ, Shelly MJ, Scholz D, Eu-
stace SJ, Kavanagh EC. Injectable corti-
costeroid preparations: an embolic risk 
assessment by static and dynamic mi-
croscopic analysis. AJNR Am J Neurora-
diol 2011; 32:1830-1835.

180. Derby R, Lee S, Date E, Lee J, Lee C. 
Size and aggregation of corticosteroids 
used for epidural injections. Pain Med 
2008; 9: 227-234.

181. Pobiel RS, Schellhas KP, Eklund JA, 
Golden MJ, Johnson BA, Chopra S, 
Broadbent P, Myers ME, Shrack K. Se-
lective cervical nerve root blockade: 
prospective study of immediate and 



Epidural Steroid Warning Controversy Still Dogging FDA

www.painphysicianjournal.com  E471

longer term complications. AJNR Am J 
Neuroradiol 2009, 30:507–511.

182. Dreyfuss P, Baker R, Bogduk N. Com-
parative effectiveness of cervical trans-
foraminal injections with particulate 
and nonparticulate corticosteroid prep-
arations for cervical radicular pain. Pain 
Med 2006; 7:237-242.

183. Beckworth WJ, Dreyer S: Safety consid-
erations in epidural steroid injections: 
particulate versus nonparticulate ste-
roids. North American Spine Society 
SpineLine OnLine. 

 http://www.spine.org/Pages/Publica-
tions/SpineLine/CurveSurvey/Archives/
cc_sle09mayjun.aspx

184. Kaplan MS, Cunniff J, Cooke J, Collins 
JG: Intravascular uptake during fluoro-
scopically guided cervical interlaminar 
steroid injection at C6-7: a case report. 
Arch Phys Med Rehabil 2008, 89(3):553–
558.

185. Shanthanna H, Park J: Acute epidural 
haematoma following epidural steroid 
injection in a patient with spinal steno-
sis. Anaesthesia 2011, 66(9):837–839.

186. Cousins MJ. An additional dimension 
to the efficacy of epidural steroids. An-
esthesiology 2000; 93:565.

187. Hoang JK, Massoglia DP, Apostol MA, 
Lascola CD, Eastwood JD, Kranz PG: 
CT-guided cervical transforaminal ste-
roid injections: where should the nee-
dle tip be located? AJNR Am J Neurora-
diol 2013, 34(3):688–692.

188. Hoang JK, Apostol MA, Kranz PG, 
Kilani RK, Taylor JN, Gray L, Lascola 
CD: CT fluoroscopy-assisted cervical 
transforaminal steroid injection: tips, 
traps, and use of contrast material. AJR 
Am J Roentgenol 2010, 195(4):888–894.

189. Takase K, Sawamura Y, Igarashi K, Chi-
ba Y, Haga K, Saito H, Takahashi S. 
Demonstration of the artery of Adam-
kiewicz at multi–detector row helical 
CT. Radiology 2002; 223:39-45.

190. Lee SH, Kim JM, Chan V, Kim HJ, Kim 
HI: Ultrasound-guided cervical perira-
dicular steroid injection for cervical ra-
dicular pain: Relevance of spread pat-
tern and degree of penetration of con-
trast medium. Pain Med 2013; 14:5-13.

191. Rathmell JP, Aprill C, Bogduk N. Cervi-
cal transforaminal injection of steroids. 
Anesthesiology 2004; 100:1595-1600.

192. Liu F, Guan Y, Wan C, Dong P. The 
monitoring and preventing of spinal 
cord ischemic injury during thorac-
ic descending aortic operating. Scand 
Cardiovasc J 2012; 46:239-244.

193. Tomioka H, Aomi S, Saito S, Yamaza-
ki K. Scanning the Adamkiewicz artery 
and collateral supply via dorsal thoracic 
artery. Ann Thorac Surg 2012; 93:1733.

194. Saito T, Tsuchida M, Umehara S, Kohno 
T, Yamamoto H, Hayashi J. Reduction 
of spinal cord ischemia/reperfusion 
injury with simvastatin in rats. Anesth 
Analg 2011; 113:565-571.

195. Martirosyan NL, Feuerstein JS, The-
odore N, Cavalcanti DD, Spetzler RF, 
Preul MC. Blood supply and vascular 
reactivity of the spinal cord under nor-
mal and pathological conditions. J Neu-
rosurg Spine 2011; 15:238-251. 

196. Furák J, Géczi T, Tiszlavicz L, Lázár G. 
Postoperative paraplegia after resec-
tion of a giant posterior mediastinal tu-
mour. Importance of the blood supply 
in the upper spinal cord. Interact Car-
diovasc Thorac Surg 2011; 12:855-856.

197. Yin W, Bogduk N. Retrograde filling of 
a thoracic spinal artery during trans-
foraminal injection. Pain Med 2009; 
10:689-692.

198. Pocar M, Rossi V, Addis A, Monaco A, 
Sichel S, Addis F, Grossi A, Donatelli F. 
Spinal cord retrograde perfusion: Re-
view of the literature and experimental 
observations. J Card Surg 2007; 22:124-
128.

199. Morishita K, Murakami G, Fujisawa Y, 
Kawaharada N, Fukada J, Saito T, Abe 
T. Anatomical study of blood supply to 
the spinal cord. Ann Thorac Surg 2003; 
76:1967-1971.

200. Shamji MF, Maziak DE, Shamji FM, 
Ginsberg RJ, Pon R. Circulation of the 
spinal cord: An important consider-
ation for thoracic surgeons. Ann Thorac 
Surg 2003; 76:315-321.

201. Miyagi K, Koja K, Kuniyoshi Y, Iha K, 
Akasaki M, Shimoji M, Kugai T, Ka-
mada Y, Oomine Y, Kusaba A. Angio-
graphic evaluation of reconstructed 
spinal arteries in thoracic aortic aneu-
rysm surgery. Nihon Kyobu Geka Gakkai 
Zasshi 1993; 41:2054-2058.

202. Alleyne CH Jr, Cawley CM, Shengelaia 
GG, Barrow DL. Microsurgical anato-
my of the artery of Adamkiewicz and 
its segmental artery. J Neurosurg 1998; 
89:791-795.

203. Kroszczynski AC, Kohan K, Kurowski 
M, Olson TR, Downie SA. Intraforam-
inal location of thoracolumbar anteri-
or medullary arteries. Pain Med 2013; 
14:808-812.

204. Rauschning W. Normal and patholog-
ical anatomy of the nerve root canals. 

Spine (Phila Pa 1976) 1987; 2:1008-1019. 
205. Jasper JF. Lumbar retrodiscal transfo-

raminal injection. Pain Physician 2007; 
10:501-510.

206. Lee IS, Kim SH, Lee JW, Hong SH, Choi 
JY, Kang HS, Song JW, Kwon AK. Com-
parison of the temporary diagnostic re-
lief of transforaminal epidural steroid 
injection approaches: Conventional 
versus posterolateral technique. AJNR 
Am J Neuroradiol 2007; 28:204-208.

207. Zhu J, Falco FJ, Formoso F, Onyewu 
CO, Irwin FL. Alternative approach for 
lumbar transforaminal epidural steroid 
injections. Pain Physician 2011; 14:331-
341.

208. Raghavendra M, Patel V. Should we 
cease performing transforaminal in-
jections? Reg Anesth Pain Med 2005; 
30:207-208.

209. Manchikanti L, Abdi S, Atluri S, Be-
nyamin RM, Boswell MV, Buenaven-
tura RM, Bryce DA, Burks PA, Cara-
way DL, Calodney AK, Cash KA, Christo 
PJ, Cohen SP, Colson J, Conn A, Cord-
ner HJ, Coubarous S, Datta S, Deer TR, 
Diwan SA, Falco FJE, Fellows B, Gef-
fert SC, Grider JS, Gupta S, Hameed 
H, Hameed M, Hansen H, Helm II S, 
Janata JW, Justiz R, Kaye AD, Lee M, 
Manchikanti KN, McManus CD, On-
yewu O, Parr AT, Patel VB, Racz GB, 
Sehgal N, Sharma M, Simopoulos TT, 
Singh V, Smith HS, Snook LT, Swice-
good J, Vallejo R, Ward SP, Wargo BW, 
Zhu J, Hirsch JA. An update of compre-
hensive evidence-based guidelines for 
interventional techniques of chronic 
spinal pain: Part II: Guidance and rec-
ommendations. Pain Physician 2013; 
16:S49-S283.

210. Bicket M, Gupta A, Brown CH, Cohen 
SP. Epidural injections for spinal pain: 
A systematic review and meta-analysis 
evaluating the “control” injections in 
randomized controlled trials. Anesthe-
siology 2013; 119:907-931.

211.  Wilkinson IM, Cohen SP. Epidural ste-
roid injections for chronic back pain: 
Piecing the puzzle together. Pain Man-
ag 2012; 2:307-309.

212. Manchikanti L, Buenaventura RM, 
Manchikanti KN, Ruan X, Gupta S, 
Smith HS, Christo PJ, Ward SP. Effec-
tiveness of therapeutic lumbar trans-
foraminal epidural steroid injections 
in managing lumbar spinal pain. Pain 
Physician 2012; 15:E199-E245.

213. Manchikanti L, Benyamin RM, Falco FJ, 
Kaye AD, Hirsch JA. Do epidural injec-



Pain Physician: July/August 2014; 17:E451-E474

E472  www.painphysicianjournal.com

tions provide short- and long-term re-
lief for lumbar disc herniation? A sys-
tematic review. Clin Orthop Relat Res 
2014 Feb 11. [Epub ahead of print].

214. Pinto RZ, Maher CG, Ferreira ML, Han-
cock M, Oliveira VC, McLachlan AJ, 
Koes B, Ferreira PH. Epidural cortico-
steroid injections in the management 
of sciatica: A systematic review and 
meta-analysis. Ann Intern Med 2012; 
157:865-877.

215. Manchikanti L, Nampiaparampil DE, 
Manchikanti KN, Falco, FJE, Singh V, 
Benyamin RM, Kaye AD, Sehgal N, Soin 
A, Simopoulos TT, Bakshi S, Gharibo 
CG, Gilligan CJ, Hirsch JA. Comparison 
of the efficacy of saline, local anesthet-
ics, and steroids in epidural and facet 
joint injections for the management of 
spinal pain: a systematic review of ran-
domized controlled trials. 2014; in sub-
mission. 

216. Staal JB, de Bie RA, de Vet HC, Hildeb-
randt J, Nelemans P. Injection therapy 
for subacute and chronic low back pain: 
An updated Cochrane review. Spine (Ph-
ila Pa 1976) 2009; 34:49-59.

217. Chang Chien GC, Knezevic NN, Mc-
Cormick Z, Chu SK, Trescot A, Candido 
KD. Transforaminal versus interlaminar 
approaches to epidural steroid injec-
tions: A systematic review of compar-
ative studies for lumbosacral radicular 
pain. Pain Physician 2014; 17:E50-E524.

218. Macvicar J, King W, Landers MH, Bog-
duk N. The effectiveness of lumbar 
transforaminal injection of steroids: A 
comprehensive review with systemat-
ic analysis of the published data. Pain 
Med 2013; 14:14-28.

219. Benny B, Azari P. The efficacy of lum-
bosacral transforaminal epidural ste-
roid injections: A comprehensive litera-
ture review. J Back Musculoskelet Rehabil 
2011; 24:67-76.

220. Friedly JL, Comstock BA, Turner JA, 
Heagerty PJ, Deyo RA, Sullivan SD, 
Bauer Z, Bresnahan BW, Avins AL, Ne-
deljkovic SS, Nerenz DR, Standaert C, 
Kessler L, Akuthota V, Annaswamy T, 
Chen A, Diehn F, Firtch W, Gerges FJ, 
Gilligan C, Goldberg H, Kennedy DJ, 
Mandel S, Tyburski M, Sanders W, Si-
bell D, Smuck M, Wasan A, Won L, Jar-
vik JG. A randomized trial of epidural 
glucocorticoid injections for spinal ste-
nosis. N Engl J Med 2014; 371:11-21.

221. Milburn J, Freeman J, Steven A, Altmey-
er W, Kay D. Interlaminar epidural ste-
roid injection for degenerative lumbar 
spinal canal stenosis: Does the inter-

vertebral level of performance matter? 
Ochsner J 2014; 14:62-66.

222. Manchikanti L, Singh V, Cash KA, Pam-
pati V, Damron KS, Boswell MV. Effect 
of fluoroscopically guided caudal epi-
dural steroid or local anesthetic injec-
tions in the treatment of lumbar disc 
herniation and radiculitis: a random-
ized, controlled, double blind trial with 
a two-year follow-up. Pain Physician 
2012; 15:273-286.

223. Manchikanti L, Singh V, Cash KA, Pam-
pati V, Datta S. Fluoroscopic caudal epi-
dural injections in managing post lum-
bar surgery syndrome: Two-year results 
of a randomized, double-blind, active-
control trial. Int J Med Sci 2012; 9:582-
591.

224. Manchikanti L, Cash KA, McManus CD, 
Pampati V, Fellows B. Results of 2-year 
follow-up of a randomized, double-
blind, controlled trial of fluoroscop-
ic caudal epidural injections in cen-
tral spinal stenosis. Pain Physician 2012; 
15:371-384.

225. Manchikanti L, Cash KA, McManus CD, 
Pampati V. Fluoroscopic caudal epidur-
al injections in managing chronic axial 
low back pain without disc herniation, 
radiculitis or facet joint pain. J Pain Res 
2012; 5:381-390.

226. Iversen T, Solberg TK, Romner B, Wils-
gaard T, Twisk J, Anke A, Nygaard O, 
Hasvold T, Ingebrigtsen T. Effect of 
caudal epidural steroid or saline injec-
tion in chronic lumbar radiculopathy: 
Multicentre, blinded, randomised con-
trolled trial. BMJ 2011; 343:d5278.

227. Sayegh FE, Kenanidis EI, Papavasil-
iou KA, Potoupnis ME, Kirkos JM, Ka-
petanos GA. Efficacy of steroid and 
nonsteroid caudal epidural injections 
for low back pain and sciatica: A pro-
spective, randomized, double-blind 
clinical trial. Spine (Phila Pa 1976) 2009; 
34:1441-1447.

228. Cohen SP, White RL, Kurihara C, Lar-
kin TM, Chang A, Griffith SR, Gilligan 
C, Larkin R, Morlando B, Pasquina PF, 
Yaksh TL, Nguyen C. Epidural steroids, 
etanercept, or saline in subacute sciati-
ca: A multicenter, randomized trial. Ann 
Intern Med 2012; 156:551-559.

229. Ghahreman A, Ferch R, Bogduk N. The 
efficacy of transforaminal injection of 
steroids for the treatment of lumbar 
radicular pain. Pain Med 2010; 11:1149-
1168.

230. Karppinen J, Malmivaara A, Kurunlahti 
M, Kyllönen E, Pienimäki T, Nieminen 

P, Ohinmaa A, Tervonen O, Vanharan-
ta H. Periradicular infiltration for sciat-
ica: a randomized controlled trial. Spine 
(Phila Pa 1976) 2001; 26:1059-1067.

231. Nam HS, Park YB. Effects of transfo-
raminal injection for degenerative lum-
bar scoliosis combined with spinal ste-
nosis. Ann Rehabil Med 2011; 35:514-523.

232. Manchikanti L, Cash KA, Pampati V, 
Falco FJE. Transforaminal epidural in-
jections in chronic lumbar disc hernia-
tion: A randomized, double-blind, ac-
tive-control trial. Pain Physician 2014; 
17:E489-501.

233. Riew KD, Yin Y, Gilula L, Bridwell KH, 
Lenke LG, Lauryssen C, Goette K. The 
effect of nerve-root injections on the 
need for operative treatment of lumbar 
radicular pain. A prospective, random-
ized, controlled, double-blind study. 
J Bone Joint Surg Am 2000; 82-A:1589-
1593.

234. Ng L, Chaudhary N, Sell P. The effica-
cy of corticosteroids in periradicular in-
filtration for chronic radicular pain. A 
randomized, double-blind, controlled 
trial. Spine (Phila Pa 1976) 2005; 30:857-
862.

235. Tafazal S, Ng L, Chaudhary N, Sell P. 
Corticosteroids in peri-radicular infil-
tration for radicular pain: a randomised 
double blind controlled trial. One year 
results and subgroup analysis. Eur 
Spine J 2009; 18:1220-1225.

236. Manchikanti L, Singh V, Cash KA, Pam-
pati V, Falco FJE. A randomized, dou-
ble-blind, active-control trial of the ef-
fectiveness of lumbar interlaminar epi-
dural injections in disc herniation. Pain 
Physician 2014; 17:E61-E74.

237. Manchikanti L, Cash KA, McManus CD, 
Pampati V, Benyamin RM. A random-
ized, double-blind, active-controlled 
trial of fluoroscopic lumbar interlami-
nar epidural injections in chronic axial 
or discogenic low back pain: Results of 
a 2-year follow-up. Pain Physician 2013; 
16:E491-E504.

238. Manchikanti L, Cash KA, McManus CD, 
Damron KS, Pampati V, Falco FJE. A 
randomized, double-blind controlled 
trial of lumbar interlaminar epidur-
al injections in central spinal stenosis: 
2-year follow-up. Int J Phys Med Rehab 
2014; 2:179.

239. Fukusaki M, Kobayashi I, Hara T, Sumi-
kawa K. Symptoms of spinal stenosis 
do not improve after epidural steroid 
injection. Clin J Pain 1998; 14:148-151.

240. Cuckler JM, Bernini PA, Wiesel SW, 



Epidural Steroid Warning Controversy Still Dogging FDA

www.painphysicianjournal.com  E473

Booth RE Jr, Rothman RH, Pickens GT. 
The use of epidural steroid in the treat-
ment of radicular pain. J Bone Joint Surg 
1985; 67:63-66.

241. Carette S, Leclaire R, Marcoux S, Mo-
rin F, Blaise GA, St-Pierre A, Truchon 
R, Parent F, Levésque J, Bergeron V, 
Montminy P, Blanchette C. Epidur-
al corticosteroid injections for sciatica 
due to herniated nucleus pulposus. N 
Engl J Med 1997; 336:1634-1640.

242. Manchikanti L, Cash KA, Pampati V, 
Wargo BW, Malla Y. A randomized, 
double-blind, active control trial of flu-
oroscopic cervical interlaminar epidur-
al injections in chronic pain of cervical 
disc herniation: Results of a 2-year fol-
low-up. Pain Physician 2013; 16:465-478.

243. Manchikanti L, Malla Y, Cash KA, McM-
anus CD, Pampati V. Fluoroscopic epi-
dural injections in cervical spinal ste-
nosis: Preliminary results of a random-
ized, double-blind, active control trial. 
Pain Physician 2012; 15:E59-E70.

244. Manchikanti L, Cash KA, Pampa-
ti V, Malla Y. Two-year follow-up re-
sults of fluoroscopic cervical epidur-
al injections in chronic axial or disco-
genic neck pain: A randomized, dou-
ble-blind, controlled trial. Int J Med Sci 
2014; 11:309-320.

245. Manchikanti L, Malla Y, Cash KA, McM-
anus CD, Pampati V. Fluoroscopic cer-
vical interlaminar epidural injections 
in managing chronic pain of cervical 
post-surgery syndrome: Preliminary 
results of a randomized, double-blind 
active control trial. Pain Physician 2012; 
15:13-26.

246. Manchikanti L, Cash KA, McManus CD, 
Pampati V, Benyamin RM. Assessment 
of thoracic interlaminar epidural in-
jections in managing chronic thorac-
ic pain: A randomized, double-blind, 
controlled trial with a 2-year follow-up. 
Pain Physician 2014; 17:E327-E338.

247. Manchikanti L, Cash KA, Pampati V, 
Wargo BW, Malla Y. Management of 
chronic pain of cervical disc herniation 
and radiculitis with fluoroscopic cervi-
cal interlaminar epidural injections. Int 
J Med Sci 2012; 9:424-434.

248. Stav A, Ovadia L, Sternberg A, Kaadan 
M, Weksler N. Cervical epidural steroid 
injection for cervicobrachialgia. Acta 
Anaesthesiol Scand 1993; 37:562-566.

249. Castagnera L, Maurette P, Pointillart V, 
Vital JM, Erny P, Senegas J. Long-term 
results of cervical epidural steroid in-
jection with and without morphine in 
chronic cervical radicular pain. Pain 

1994; 58:239-243.
250. Pasqualucci A, Varrassi G, Braschi A, 

Peduto VA, Brunelli A, Marinangeli F, 
Gori F, Colò F, Paladini A, Mojoli F. Epi-
dural local anesthetic plus corticoste-
roid for the treatment of cervical bra-
chial radicular pain: single injection 
versus continuous infusion. Clin J Pain 
2007; 23:551-557.

251. Ackerman WE 3rd, Ahmad M. The effi-
cacy of lumbar epidural steroid injec-
tions in patients with lumbar disc her-
niations. Anesth Analg 2007; 104:1217-
1222.

252. Dashfield A, Taylor M, Cleaver J, Farrow 
D. Comparison of caudal steroid epi-
dural with targeted steroid placement 
during spinal endoscopy for chron-
ic sciatica: a prospective, randomized, 
double-blind trial. Br J Anaesth 2005; 
94:514-519.

253. Murakibhavi VG, Khemka AG. Caudal 
epidural steroid injection: a random-
ized controlled trial. Evid Based Spine 
Care J 2011; 2:19-26.

254. Manchikanti L, Singh V, Cash KA, Pam-
pati V, Falco FJ. The role of fluoroscop-
ic interlaminar epidural injections in 
managing chronic pain of lumbar disc 
herniation or radiculitis: a random-
ized, double-blind trial. Pain Pract 2013; 
13:547-558.

255. Rados I, Sakic K, Fingler M, Kapural 
L. Efficacy of interlaminar vs transfo-
raminal epidural steroid injection for 
the treatment of chronic unilateral ra-
dicular pain: prospective, randomized 
study. Pain Med 2011; 12:1316-1321.

256. Amr YM. Effect of addition of epidural 
ketamine to steroid in lumbar radicu-
litis: one-year follow-up. Pain Physician 
2011; 14:475-481.

257. Dilke TF, Burry HC, Grahame R. Ex-
tradural corticosteroid injection in the 
management of lumbar nerve root 
compression. Br Med J 1973; 2:635-637.

258. Pirbudak L, Karakurum G, Oner U, Gu-
lec A, Karadasli H. Epidural corticoste-
roid injection and amitriptyline for the 
treatment of chronic low back pain as-
sociated with radiculopathy. Pain Clinic 
2003; 15:247-253.

259. Arden NK, Price C, Reading I, Stub-
bing J, Hazelgrove J, Dunne C, Michel 
M, Rogers P, Cooper C; WEST Study 
Group. A multicentre randomized con-
trolled trial of epidural corticosteroid 
injections for sciatica: The WEST study. 
Rheumatology (Oxford) 2005; 44:1399-
1406.

260. Wilson-MacDonald J, Burt G, Griffin 
D, Glynn C. Epidural steroid injection 
for nerve root compression: a random-
ized, controlled trial. J Bone Joint Surg 
Br 2005; 87:352-355.

261. Karppinen J, Ohinmaa A, Malmivaara 
A, Kurunlahti M, Kyllönen E, Pienimäki 
T, Nieminen P, Tervonen O, Vanharan-
ta H. Cost effectiveness of periradicular 
infiltration for sciatica: Subgroup anal-
ysis of a randomized controlled trial. 
Spine (Phila Pa 1976. 2001; 26:2587-2595.

262. Jeong HS, Lee JW, Kim SH, Myung 
JS, Kim JH, Kang HS. Effectiveness 
of transforaminal epidural steroid in-
jection by using a preganglionic ap-
proach: a prospective randomized con-
trolled study. Radiology 2007; 245:584-
590.

263. Riew KD, Park JB, Cho YS, Gilula L, Pa-
tel A, Lente LG, Bridwell KH. Nerve 
root blocks in the treatment of lumbar 
radicular pain: A minimum five-year 
follow-up. J Bone Joint Surg Am 2006; 
88:1722-1725.

264. Lee JH, An JH, Lee SH. Comparison 
of the effectiveness of interlaminar 
and bilateral transforaminal epidural 
steroid injections in treatment of pa-
tients with lumbosacral disc herniation 
and spinal stenosis. Clin J Pain 2009; 
25:206-210.

265. Park CH, Lee SH, Kim BI. Comparison 
of the effectiveness of lumbar transfo-
raminal epidural injection with particu-
late and nonparticulate corticosteroids 
in lumbar radiating pain. Pain Med 
2010; 11:1654-1658.

266. Manchikanti L, Cash KA, McManus CD, 
Pampati V. Assessment of effectiveness 
of percutaneous adhesiolysis in man-
aging chronic low back pain secondary 
to lumbar central spinal canal stenosis. 
Int J Med Sci 2013; 10:50-59.

267. Manchikanti L, Singh V, Cash KA, Pam-
pati V, Datta S. Assessment of effective-
ness of percutaneous adhesiolysis and 
caudal epidural injections in manag-
ing lumbar post surgery syndrome: A 
2-year follow-up of randomized, con-
trolled trial. J Pain Res 2012; 5:597-608.

268. Kim D, Brown J. Efficacy and safety of 
lumbar epidural dexamethasone versus 
methylprednisolone in the treatment 
of lumbar radiculopathy: A comparison 
of soluble versus particulate steroids. 
Clin J Pain. 2011;27:518-522.

269. Cohen SP, Bicket MC, Jamison D, 
Wilkinson I, Rathmell JP. Epidural ste-
roids: A comprehensive, evidence-



Pain Physician: July/August 2014; 17:E451-E474

E474  www.painphysicianjournal.com

based review. Reg Anesth Pain Med 2013; 
38:175-200.

270. Furlan AD, Pennick V, Bombardier C, 
van Tulder M; Editorial Board, Co-
chrane Back Review Group. 2009 up-
dated method guidelines for system-
atic reviews in the Cochrane Back Re-
view Group. Spine (Phila Pa 1976) 2009; 
34:1929-1941.

271. Manchikanti L, Hirsch JA, Cohen SP, 
Heavner JE, Falco FJE, Diwan S, Bo-
swell MV, Candido KD, Onyewu O, 
Zhu J, Sehgal N, Kaye AD, Benyamin 
RM, Helm II S, Singh V, Datta S, Abdi 
S, Christo PJ, Hameed H, Hameed M, 

Vallejo R, Pampati V, Racz GB, Raj PP. 
Assessment of methodologic quality 
of randomized trials of intervention-
al techniques: Development of an in-
terventional pain management spe-
cific instrument. Pain Physician 2014; 
17:E263-E290.

272. Manchikanti L, Falco FJE, Benyamin 
RM, Kaye AD, Boswell MV, Hirsch JA. 
A modified approach to grading of ev-
idence. Pain Physician 2014; 17:E319-
E325.

273. Institute of Medicine (IOM). Relieving 
Pain in America: A Blueprint for Trans-
forming Prevention, Care, Education, 

and Research. The National Academies 
Press, Washington, DC, June 29, 2011.

 www. iom.edu/~/media /F i l es /Re-
port%20Files/2011/Relieving-Pain-in-
America-A-Blueprint-for-Transform-
ing-Prevention-Care-Education-Re-
search/Pain%20Research%202011%20
Report%20Brief.pdf

274. Gaskin DJ, Richard P. The econom-
ic costs of pain in the United States. J 
Pain 2012; 13:715-724.

275. Manchikanti L, Hirsch JA. Regulato-
ry burdens of the Affordable Care Act. 
Harvard Health Policy Rev 2012; 13:9-12.


