
Background: Interlaminar and transforaminal epidural steroid injections (ILESI and TFESI) are 
commonly performed procedures. However, the United States Food and Drug Administration has 
required the addition of drug warning labels for injectable corticosteroids. Updated evidence and 
scrutiny from regulatory agencies may affect practice patterns. 

Objective: To characterize TFESI practices as well as to provide an update on periprocedural 
practices for any type of epidural steroid injection (ESI), we surveyed pain medicine physicians in 
the United States.

Study Design and Setting: This was a cross-sectional survey of pain medicine physicians in 
the United States. 

Methods: A web-based survey was distributed to pain medicine physicians in the United 
States selected from the Accreditation Council for Graduate Medical Education accredited pain 
medicine fellowship program list as well as the American Society of Interventional Pain Physicians 
membership database. Physicians were queried about TFESI practices, including needle size, use of 
image guidance, methods to detect vascular uptake, and preference for injectate.

Results: A total of 249 responses were analyzed. Only a minority of respondents reported 
performing cervical TFESI. There were variations in needle size, methods to detect vascular uptake, 
and choice of injectate. There were also variations in monitoring practices.

Limitations: The response rate is a limitation. Thus the results may not be representative of all 
US pain medicine physicians.

Conclusions: Though all respondents used image guidance for TFESI, variations in other TFESI 
practices exist. There are also differences in periprocedural practices. Since the closure of this 
survey, a multisociety pain workgroup published recommendations regarding ESI practices. Our 
survey findings support the need for more evidence-based guidelines regarding ESI.

Key words: Epidural steroid injections, transforaminal epidural steroid injection, steroids, local 
anesthetic, survey, interventional pain
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Epidural steroid injections (ESIs), both 
transforaminal and interlaminar, remain among 
the most commonly employed treatments for 

cervical and lumbar radicular pain or radiculopathy. 
Pain is thought to originate from irritation and/

or inflammation from herniated disc material or 
narrowed neural foramen (1). An ESI is thought to 
improve symptoms via analgesic, irrigative, and anti-
inflammatory effects while avoiding the side effects of 
systemically dosed steroid medications. 
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sensus regarding the approach for the procedure, the 
type of medications used, and other technical aspects. 
Another survey study on periprocedural practices by 
Ahmed et al revealed that there was no consensus for 
ESIs regarding the nil per os (npo) status of the patient, 
the type of vital sign monitoring during the injection, 
the use of intravenous (IV) sedation, and the duration 
of postprocedural monitoring before discharge (11). A 
survey study by Kohan et al in 2017 also noted wide 
variations in practice patterns such as sedation among 
US interventional pain physicians (12). 

Previous survey studies have not focused on TFESI 
practices. Thus we surveyed US pain medicine physicians 
on technical aspects of TFESI as well as periprocedural 
practices for any type of ESI.

Methods

This study was approved by the Institutional Re-
view Board of our institution. We created a 22-item 
online “Survey Monkey” questionnaire that included 
open- and closed-ended questions on the background 
of pain medicine practitioners, the variations of their 
technique for ESIs, and parameters regarding patient 
follow-up. There are 3 sections to the questionnaire. The 
background section includes questions on what type of 
setting the physicians work in, what board certifica-
tions they hold, their experience level, and the volume 
of ESIs they perform. The techniques section elicits data 
on whether the patients receive sedation, how they are 
monitored, technical differences in the procedure (e.g., 
interlaminar vs transforaminal, the use of fluoroscopy, 
etc.), and what type of medications are injected into 
the epidural space. The final section inquires about the 
type of monitoring the patients receive after the injec-
tion as well as during follow-up time. This manuscript 
focuses on TFESI injection practices and periprocedural 
monitoring for any type of ESI. Results regarding ILESI 
practices have been published (13).

A link to this survey was emailed to 1800 pain 
management practitioners across the country, in-
cluding those in academic centers, private practices, 
government hospitals, and community settings. These 
participants were selected from the most current Ac-
creditation Council for Graduate Medical Education 
(ACGME)-accredited pain management fellowship 
program list as well as the American Society of Inter-
ventional Pain Physicians (ASIPP) membership database. 
After allowing time for the initial responses, a reminder 
email was sent to participants at 1, 2, 3, and 4 weeks. 
Two additional reminder emails were sent out 4 months 

Interlaminar epidural steroid injection (ILESI) and 
transforaminal epidural steroid injection (TFESI) are 2 
distinct approaches to deliver medication to the same 
targeted irritated nerve roots. The TFESI allows for a 
more direct approach into the neuroforaminal space 
(2). Ventral epidural spread of corticosteroid has been 
associated with superior pain and functional outcome 
improvements (3). Lumbar TFESI has been shown to re-
duce pain, improve function, and postpone or prevent 
spine surgery when used for radicular pain (3). TFESI 
may be preferred over ILESI in cases of spinal surgery 
where there is no longer an intact ligamentum fla-
vum or clear unaltered pathway to the epidural space 
through an interlaminar approach (2). 

In recent years, the use of ESIs has come under scru-
tiny. In 2011 the label for triamcinolone was updated, 
warning against epidural use. In April 2014, the Food 
and Drug Administration (FDA) issued a warning that 
ESIs can cause “rare but serious adverse events, including 
loss of vision, stroke, paralysis, and death.” This warning 
was mainly based on case reports of direct spinal cord 
injury and of infarctions related to TFESI of particulate 
steroids (4), although it implicated all steroids including 
dexamethasone. For infarctions, inadvertent vascular 
injury is believed to be the initial step leading to com-
plications. Theories on the resultant major complications 
include intravascular injection of steroid, arterial injury, 
dissection, dislodgement of plaque causing embolism, 
and arterial muscle spasm (5). The embolization path 
is believed to start through the periradicular arteries, 
which exit the neural foramen and accompany the nerve 
to the spinal cord (6). Although most complications have 
been seen with particulate steroid and cervical spine TFE-
SIs, case reports of spinal infarction have been seen with 
nonparticulate steroid lumbar injections (7). TFESIs are 
associated with other complications as well. TFESIs, com-
pared to ILESIs, are associated with a 12-fold increased 
risk of intradiscal injection. Additionally, TFESIs do not 
decrease the risk of known complications of ILESIs, such 
as dural and subdural punctures, hematoma formation, 
and cauda equina syndrome (8). Although complications 
are rare, they can be catastrophic, and the implementa-
tion of safety guidelines based on common practice has 
been attempted. The FDA convened a panel of experts, 
including pain medicine experts, to determine specific 
techniques of this procedure that may reduce potential 
harm, but consensus was not reached on all the items (9). 

In 2002, Cluff et al conducted a survey to investigate 
variations in ESI practices throughout the United States 
(10). The results indicated that there was no clear con-



www.painphysicianjournal.com 	 E437

Variations in Transforaminal Epidural Steroid Injection and Periprocedural Practices

later. The data was stored in the online password-pro-
tected “Survey Monkey” account, only accessible by the 
principal investigator and actively involved researchers. 
Data were collected between October 28, 2014 and 
April 2, 2015.

Descriptive analysis was done using Survey Mon-
key’s data analysis tools and Microsoft Excel. 

Results

Demographics
There were 249 pain medicine physicians who re-

sponded to the survey, yielding a 13.8% response rate. 
Of the respondents, 73% worked in private practice, 
21% in academia, 2% in a government hospital, and 
4% other, including hospital employment. Of the 238 
who reported a primary specialty, 69% had an anes-
thesiology background and 24% had a background in 
physical medicine and rehabilitation. Other specialties 
represented were psychiatry, radiology, neurosurgery, 
and orthopedics. 

Respondents had been performing ESIs for a me-
dian of 15 years (interquartile range [IQR], 9-24 years). 
Only 34.1% of respondents reported performing cervi-
cal TFESIs. For those who performed cervical TFESIs, the 
median number done per month was 5 (IQR, 1-10). For 
those who performed lumbar TFESIs (97.6% of respon-
dents), the median number done per month was 30 
(IQR, 20-50).  

TFESI Injection Practices
For the subset of respondents who performed both 

cervical TFESI and ILESI (n = 85), when asked whether an 
interlaminar or transforaminal approach was generally 
used first in the cervical spine in a patient who had not 
previously had spine surgery, 20% reported choosing 
the transforaminal route first. For respondents who 
performed both lumbar TFESI and ILESI (n = 243), 47.8% 
reported generally using a transforaminal approach first 
in a patient without previous spine surgery. For lumbar 
postlaminectomy patients with a same-level disc recur-
rence, 78.1% of respondents reported generally using 
TFESI first, and 2.5% reported using an interlaminar 
approach at the level of surgery. The remaining respon-
dents reported using an interlaminar approach above 
or below the level of surgery.

Regarding needle size, for those who performed 
cervical TFESI, 25-gauge (G) and 22-G needles were 
preferred (67% and 24.7% of respondents, respec-
tively). Less commonly preferred sizes included 20-G, 

23-G, 26-G, and 27-G needles. For lumbar TFESI, 22-G 
and 25-G needles were preferred (68.3% and 18.9% of 
respondents, respectively). Other less commonly used 
sizes were 18-G to 23-G needles.

Fluoroscopy was utilized by all respondents. For 
those who performed cervical TFESI, regarding meth-
ods to detect or prevent intraarterial entry during 
cervical TFESI, 68.2% of respondents used flashback all 
the time, and 80% of respondents used aspiration all 
the time. Extension tubing was used by 69.4% of re-
spondents all the time, and blunt needles were used by 
37.6% of respondents all the time. A local anesthetic 
test dose was used by 30.6% of respondents all the 
time. Regarding fluoroscopy, contrast medium during 
live fluoroscopy was used all the time by 84.7% of re-
spondents. Digital subtraction angiography (DSA) was 
used by 25.9% of respondents all the time. Combina-
tion of contrast medium during live fluoroscopy and 
DSA were used all the time by 22.4% of respondents. 
For those who performed lumbar TFESI, 67.1% of re-
spondents used flashback all the time, and 87.1% of 
respondents used aspiration all the time as techniques 
to detect or prevent intraarterial entry. Extension tub-
ing was used by 57.2% of respondents all the time, and 
blunt needles were used by 30% of respondents all the 
time. A local anesthetic test dose was used by 11.1% 
of respondents all the time. Regarding fluoroscopic 
techniques, injection of contrast medium during live 
fluoroscopy was used all the time by 70.8% of respon-
dents. A combination of contrast medium during live 
fluoroscopy and DSA were used all the time by 5.7% 
of respondents.   

Preferences for injectate solution are listed in 
Tables 1 and 2. For steroid, the most commonly pre-
ferred agents were dexamethasone for both cervical 
and lumbar TFESI (72.3% and 36% of respondents, 
respectively). For local anesthetics, the most commonly 
preferred agent for cervical TFESI was lidocaine; for 
lumbar TFESI, it was bupivacaine.

Periprocedural Practices for Any ESI
For cervical ESI, 36.5% of respondents reported 

never using sedation, while 10% of respondents always 
used sedation. For the rest of the respondents, seda-
tion was used a median 50% of the time (IQR, 5-80%). 
For lumbar and caudal ESI, 31.8% of respondents never 
used sedation while 8% of respondents always used 
sedation. For the rest of the respondents, sedation 
was used a median 40% of the time (IQR, 5-75%). The 
most common factors determining whether sedation 
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was used were patient anxiety (reported by 63.8% of 
respondents), patient preference (54.1%), and patient 
inability to be still/stable field (33.7%).

For cervical ESI, 28% of respondents did not place IV 
lines while 39.3% always did. For the rest of respondents, 
an IV line was placed a median 50% of the time (IQR, 
10-75%). For lumbar and caudal ESI, 40% of respondents 
did not place IV lines while 20.6% always did. For the 
rest of respondents, an IV line was placed a median 40% 
of the time (IQR, 5-73%). Monitoring (of blood pressure, 
heart rate, or pulse oximetry) was never used by 12.9% 
of respondents for cervical ESI. Monitoring was always 
used by 72.6% of respondents for cervical ESI. For the 
rest, monitoring was used a median 20% of the time 
(IQR, 5-50%). Monitoring was never used by 16.6% of 
respondents and always used by 66.8% of respondents 
for lumbar or caudal ESI. For the rest, monitoring was 
used a median 20% of the time (IQR, 5-50%).  

Post procedure, for cervical, lumbar, and caudal 
injections, patients were monitored for a median time 
of 20 minutes (IQR, 15-30 minutes). A registered nurse 
or licensed practical nurse helped 74.9% of respondents 
to monitor patients after injections. 

Fifty-nine percent of respondents followed up 
patients in 2 weeks; 20% of respondents followed up 
patients in 4 weeks.

Discussion

This survey elucidates variations in TFESI practice 
patterns and periprocedural practices for any type of 
ESI. 

The majority of major complications have been as-
sociated with cervical ESIs, specifically TFESIs (7). In this 
survey, only 34% of respondents performed cervical 
TFESI. Of these respondents, only a minority reported 
choosing the transforaminal approach first in the unop-
erated cervical spine. In the unoperated lumbar spine, 
approximately 50% of respondents reported choosing 
a transforaminal approach first. For lumbar postlami-
nectomy patients, 78.1% of respondents reported gen-
erally using TFESI first. In comparison, Cluff et al noted 
in 2002 that approximately 30% of practices used TFESI 
and 30% used a caudal approach after lumbar laminec-
tomy (10). 

With regard to injectate for cervical TFESI, 72% 
of respondents reported using dexamethasone, while 
4.8% of respondents reported injecting no steroid at 
all. In 2015, a multisociety pain workgroup published 
recommendations to minimize risks for ESI, advising 
against particulate steroid use in all cervical TFESI 
procedures (9). Our survey was completed prior to the 
publication of these recommendations, but results 
demonstrate that a majority of respondents’ practices 
align with this recommendation. With regard to the use 
of local anesthetic in cervical TFESIs, lidocaine was most 
often used, followed by bupivacaine and none.

The type of injectate used in lumbar TFESI proce-
dures is more varied. Dexamethasone was preferred by 
36% of respondents. This likely reflects decreased inci-
dence of major complications when performing lumbar 
TFESI procedures (9). It is important to mention that 
major complications with the use of dexamethasone 
have also been reported (7). With regard to local an-
esthetic used in lumbar TFESI procedures, bupivacaine 
and lidocaine were most commonly preferred. 

The physicians in the current study indicated some 
agreement with respect to tools to detect/prevent 
intraarterial entry with transforaminal injections. Fluo-
roscopy was used by all respondents. This is likely a con-
sequence of several studies from the last decade docu-
menting the advantages of routine use of fluoroscopy 
for ESI (4). In comparison, Cluff et al reported that 69% 
of academic practices and 93% of private practices used 
fluoroscopy. In this survey, contrast medium during live 
fluoroscopy was used all the time by 84.7 % of those 
respondents performing cervical TFESIs and 70.8% of 
respondents performing lumbar TFESI procedures. This 

Table 1. Percentage of  respondents who prefer each steroid in 
injectate

Cervical TFESI 
(n = 83)

Lumbar TFESI 
(n = 242)

Betamethasone 12.1 14.4

Dexamethsone 72.3 36

Methylprednisolone 8.4 31.8

Triamcinolone 2.4 17.4

No steroid 4.8 0.4

Abbreviations: TFESI, transforaminal epidural steroid injection.

Table 2. Percentage of  respondents who prefer each local 
anesthetic in injectate.

Cervical TFESI 
(n = 85)

Lumbar TFESI 
(n = 242)

Bupivacaine 29.4 43.8

Lidocaine 50.6 40.9

Ropivacaine 0 2.9

Other 3.5 0.8

None 16.5 11.6

Abbreviations: TFESI, transforaminal epidural steroid injection.
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is in line with the multisociety pain workgroup’s rec-
ommendations for safe practice regarding fluoroscopy, 
including the need for live fluoroscopy to be employed 
in all cervical TFESI procedures (9). 

The findings of this survey suggest a trend away 
from the use of sedation in ESIs. With cervical ESIs, only 
10% of practitioners used sedation all the time; for 
lumbar ESIs, 8% of respondents used sedation all the 
time. For the rest of the respondents, sedation was used 
a median 50% of the time in the cervical area; for lum-
bar and caudal ESI, sedation was used a median 40% of 
the time. These results are similar to those reported by 
Kohan et al in 2017, in which sedation was used on epi-
dural injections 54% of the time (12). In claims related 
to cervical procedures, severe injury was more common 
in patients who received sedation (14,15). Although 
overall there is a low rate of complications with inter-
ventional pain spine interventions, it is possible that 
having a patient fully alert with the ability to report 
abnormal sensations during the procedure could pre-
vent complications. Respondents used monitoring more 
often, on average, for cervical ESIs than for lumbar ESIs. 
The average postprocedural monitoring times reported 
in this study, 20 minutes, represented a modest decline 
from the monitoring times documented by Ahmed et 
al; in that study, the median recovery time reported by 
respondents was 30 minutes for all procedures. In our 
study, IV lines were also more likely to be placed when 
performing cervical ESIs compared to lumbar, consistent 
with the findings by Ahmed et al. There appears to be, 
however, an overall decline in the use of IVs for cervical 
ESIs compared to the practice a decade ago. 

There are several limitations to this study. One 
limitation was the unequal distribution of academic 
and private practice respondents; thus, it is possible 
that the experiences of private practitioners may have 

been overrepresented in this study. We also could not 
control for any degree of nonresponse bias; in par-
ticular, it is possible that there may have been some 
difference between physicians who took the time to 
respond and those who did not with respect to their 
practice.  There may be some element of recall bias as 
the physicians relied on memory and estimation to an-
swer certain questions in this survey. Relevant but not 
included in this survey were the rates of TFESI by either 
the “safe” or Kambin’s triangle. The rates of use of each 
of these techniques are particularly relevant given the 
ongoing debate regarding how to best balance safety 
and efficacy during ESI (16). The use of a catheter to 
aid injection was not assessed. Finally, the reasons for 
an individual practitioner’s use of injectate, injection 
technique, and use of sedation were not surveyed. The 
relative importance of the physician’s initial training as 
compared to the impact of ongoing literature review 
may be of particular interest in a complex and rapidly 
changing field.

Conclusion

ESIs are performed by many different types of phy-
sicians throughout the United States. Thus far, attempts 
to elucidate any consensus regarding various technical 
aspects of the procedure have been unsuccessful. The 
current study has shed some light on which aspects are 
performed with regularity amongst practitioners and 
which are still in disagreement. We will launch a future 
study to explore in more depth variations in TFESI prac-
tices and to assess changes in practice over time. Future 
studies on how these variations in technical practices of 
ESIs influence patient outcomes may also drive physi-
cians toward increased uniformity with respect to these 
points.



Pain Physician: September/October 2019: 22:E435-E440

E440 	 www.painphysicianjournal.com

References
1.	 Chang-Chien GC, Knezevic NN, McCor-

mick Z, Chu SK, Trescot AM, Candido 
KD. Transforaminal versus interlaminar 
approaches to epidural steroid injec-
tions: A systematic review of compara-
tive studies for lumbosacral radicular 
pain. Pain Physician 2014; 17:E509-E524.

2.	 Bhatia A, Flamer D, Shah PS, Cohen SP. 
Transforaminal epidural steroid injec-
tions for treating lumbosacral radicular 
pain from herniated intervertebral discs: 
A systematic review and meta-analysis. 
Anesth Analg 2016; 122:857-870.

3.	 Ackerman WE, Ahmad M. The efficacy 
of lumbar epidural steroid injections in 
patients with lumbar disc herniations. 
Anesth Analg 2007; 104:1217-1222.

4.	 Manchikanti L, Candido KD, Singh V, 
Gharibo CG, Boswell MV, Benyamin 
RM, Falco FJ, Grider JS, Diwan S, Hirsch 
JA. Epidural steroid warning controversy 
still dogging FDA. Pain Physician 2014; 
17:E451-E474.

5.	 Manchikanti L, Hirsch J. Neurological 
complications associated with epidural 
steroid injections.  Curr Pain Headache 
Rep 2015; 19:10.

6.	 Benzon HT, Raja SN, Fishman SM, Liu 

SS, Cohen SP, Hurley RW eds. Essentials 
of Pain Medicine. 4th ed. Philadelphia, El-
sevier Science, 2018.

7.	 Gharibo C, Fakhry M, Diwan S, Kaye AD. 
Conus medullaris infarction after a right 
L4 transforaminal epidural steroid injec-
tion using dexamethasone. Pain Physi-
cian 2016; 19:E1211-E1214.

8.	 Epstein NE. Major risks and complica-
tions of cervical epidural steroid injec-
tions: An updated review. Surg Neurol Int 
2018; 9:86. 

9.	 Rathmell JP, Benzon HT, Dreyfuss P, 
Huntoon M, Wallace M, Baker R, Riew 
KD, Rosenquist RW, Aprill C, Rost NS, 
Buvanendran A, Kreiner DS, Bogduk N, 
Fourney DR, Fraifeld E, Horn S, Stone 
J, Vorenkamp K, Lawler G, Summers J, 
Kloth D, O’Brien D Jr, Tutton S. Safe-
guards to prevent complications after 
epidural steroid injections. Consen-
sus opinions from a multidisciplinary 
working group and national organiza-
tions. Anesthesiology 2015; 122:974-984.

10.	 Cluff R, Mehio AK, Cohen SP, Chang Y, 
Sang CN, Stojanovic MP. The technical 
aspects of epidural steroid injections: 
A national survey. Anesth Analg  2002; 
95:403-408.

11.	 Ahmed SU, Tonidandel W, Trella J, Mar-
tin NM, Chang Y. Peri-procedural pro-
tocols for interventional pain manage-
ment techniques:   A survey of US pain 
centers. Pain Physician 2005; 8:181-185.

12.	 Kohan L, Salajegheh R Hamill-Ruth RJ, 
Yerra S, Butz J. A review and survey of 
policies utilized for interventional pain 
procedures: A need for consensus.  J 
Pain Res 2017; 10:625-634. 

13.	 Doan L, Patel H, Aronova Y, Gharibo C. 
Variations in interlaminar epidural ste-
roid injection practice patterns by inter-
ventional pain management physicians 
in the United States. Pain Physician 2018; 
21:E493-E499.

14.	 Rathmell JP, Michna E, Fitzgibbon DR, 
Stephens LS, Posner KL, Domino KB. 
Injury and liability associated with cer-
vical procedures for chronic pain. Anes-
thesiology 2011; 114:918-926.

15.	 Schaufele MK, Martin DR, Tate JL, Sim-
mons AC. Adverse events of conscious 
sedation in ambulatory spine proce-
dures. Spine J 2011; 11:1093-1100.

16.	 McCormick Z, Chang Chien GC, So M, 
Datta R, Singh JR. Three epidural steroid 
techniques. PM R 2018; 10:1271-1278.


