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Mitigating Risks with Cervical Transforaminal Epidural Steroid 
Injections – the Role of Preprocedural Review of Advanced 
Imaging (MRI and CT) 

 
Myth: Strictly adhering to the conventional approach in performing a cervical transforaminal epidural 
steroid injection (CTFESI) will mitigate all potential vascular risks and is the safest choice for all patients. 
 
Fact: Variations in vascular anatomy may warrant a modified approach to CTFESI. Preprocedural review 
of cross-sectional imaging can provide critical information for safe injection angle planning specific to 
individual patients and may help to decrease the risk of unintended vascular events with potentially 
catastrophic outcomes. 
 

Cervical transforaminal epidural steroid injection (CTFESI) is an important adjunct to the management of cervical 
radiculopathy (1). When cervical radicular symptoms are not well-controlled with conservative modalities, a cervical 
transforaminal injection or a spinal nerve block can provide therapeutic relief (2,3). Additionally, a spinal nerve block 
can be utilized for preoperative planning for cervical spine surgery when non-operative management has failed (4,5).

Haewon Lee, MD1; Christin A. Tiegs-Heiden, MD2; Minh Nguyen, MD, MPH3; Benjamin Marshall, DO4; Adam Michalik, DO5; David Levi, MD6

on behalf of the International Pain and Spine Intervention Society’s Patient Safety Committee

1Jefferson Moss-Magee Rehab, Philadelphia, Pennsylvania, USA
2Mayo Clinic, Rochester, Minnesota, USA 
3University of Texas, Southwestern Medical Center, Dallas, Texas, USA 
4University of Colorado, Denver, Colorado, USA 
5Twin Cities Orthopedics, Minneapolis, Minnesota, USA
6Jordan-Young Institute, Virginia Beach, Virginia, USA
 
 

However, CTFESI has been associated with catastrophic 
neurologic injury, including brain and spinal cord 
infarction secondary to the inadvertent arterial injection of 
potentially embolic medications (6-14). Safety guidelines 
in performing CTFESI, such as utilizing non-particulate 
steroid (15) and injecting contrast under live fluoroscopy 
or digital subtraction fluoroscopy (16,17) have been 
previously discussed.  The safe performance of CTFESI 
is optimized by utilizing available safety measures to 
mitigate the risk of unintentional puncture or injection 
into nearby arteries.  

The vascular anatomy of the cervical spine, specifically 
in periforaminal regions, can be complex. The vertebral 
artery (VA) typically lies anterior to the neural foramen, 
entering through the transverse foramen at C6. However, 
the VA can enter the spine at levels other than the C6 
transverse foramen about 20% of the time (18). The VA is 
also known to have variations, such as accessory vessels 
and anomalous loops (18,19). A study revealed that in 
nearly 30% of patients, the VA is located at the posterior 
foramen within 2 mm of the optimal needle entry point  
for transforaminal injections (20,21). At the levels most 
frequently targeted for injections, from C4-5 to C6-7, 
this rate decreased to 18%. (21). In patients with severe 

cervical degeneration, the VA is commonly displaced and 
partially or completely overlies the lateral opening to the 
neural foramen (22). 

Additional significant anatomic variations in vascular 
supply have been described (19,23,24). These include 
spinal segmental arteries arising from the ascending 
cervical artery entering the foramen at variable locations 
to eventually supply the spinal cord, as well as spinal 
segmental or spinal medullary arteries arising from the VA 
to supply the spinal nerve root at variable locations. Such 
anatomic variants have been identified as a risk factor 
for complications of CTFESI (25). A lack of awareness 
regarding the presence of an anatomic variant during 
cervical transforaminal injection may increase the risk of 
cannulation of the vertebral artery or perturbation of a 
small artery that provides critical reinforcing blood supply 
to the spinal cord. Awareness of the location of vascular 
structures allows the proceduralist to plan an angle of 
needle insertion to decrease the likelihood of inadvertent 
needle placement into the vertebral artery (fig 1-4). In 
each of the cases presented below, failure to observe 
relevant anatomy on pre-procedural imaging would have 
potentially resulted in serious complications should a 
CTFESI had been attempted.  
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The standardized technique for performing CTFESI has 
been previously described (20). Key safety points in this 
technique include obtaining an oblique fluoroscopic 
trajectory image such that the angle of insertion is 
co-axial to the laminar angle, with the insertion point 
at one to two needle widths posterior to the foramen. 
The needle tip is then guided to the lateral margin of 
the foramen at the superior articular process (SAP), from 
where it is advanced to the midportion of the articular 
pillar. Specific angles to achieve this transforaminal 
positioning have been described for cervical levels (26). 
However, while this approach has been implemented in 
countless successful procedures, it does not explicitly 
consider the intrinsic or acquired variation in vascular 
anatomy of individual patients (20,21,25). 

Three recent studies investigated a modified approach 
based on the location of vascular anatomy viewed 
on advanced imaging. Karm et al. conducted a 
retrospective analysis of 312 patients with neck pain 
or cervical radiculopathy who underwent MRI scans 
(27). These scans were analyzed to determine a safe, 
optimal needle entry angle to decrease the chance of 
an inadvertent arterial puncture. Each scan was analyzed 
with a conventional transforaminal approach line and 
a new modified transforaminal approach line, drawn 
parallel to the ventral margin at the midpoint of the 
superior articular process’s ventral border. These lines 
were examined to determine if they would intersect 
with the vertebral artery, internal carotid artery, and 
internal jugular vein. Differences between the angles 
of the lines were found at all levels examined. The 
new lines were farther from the vertebral artery at all 
levels and intersected a major vessel less frequently 
at all levels and sides with statistical significance. The 
conventional transforaminal approach line traversed 
the vertebral artery at the C5-6 level in 11 (3.5%) 
instances on the right and 8 on the left (2.6%); at the 
C6-7 level in 17 (5.4%) instances on the right and 24 
(7.7%) on the left; and at the C7-T1 level in 14 (4.5%) 
instances on the right and 25 (8%) on the left. The new 
modified transforaminal approach line did not violate 
the vertebral artery at any of these levels. The authors 
concluded that the angle of the new line of approach 
(approximately 70°) is safer than the angle of the 
conventional approach (approximately 50°).

A follow-up study (28) examined the modified approach 
described by Karm et al. The study included 48 
patients who underwent CTFESI using the conventional 
technique and 49 patients who underwent CTFESI 

using the modified and theoretically safer approach 
based on the patient’s level-specific SAP ventral surface 
angle. This study demonstrated a higher rate of ideal 
epidural contrast flow patterns with the modified needle 
approach than with the conventional technique. A 
review of 973 CTFESI procedures using the modified 
approach (fig 5) showed no significant neurologic or 
vascular complications (29).  

Although not available at all institutions, CT guidance 
may be considered for CTFESI, particularly in the 
presence of challenging or variant anatomy.  This allows 
for real-time cross-sectional imaging of the needle 
position relative to critical structures and the target 
endpoint throughout the procedure.  Multislice CT 
fluoroscopy clearly demonstrates the precise location of 
injected contrast media (30).  Retrospective studies have 
shown that CT guidance for CTFESI is a safe technique, 
with one study reporting a 4% minor complication rate 
and no major complications in 403 procedures (31). 
However, the amount of data available for CT guidance 
is relatively limited compared to fluoroscopy, and the 
safety profile for CT guidance is not fully established. 

In performing CTFESI, the physician should minimize the 
risk of arterial injection and possible severe neurologic 
injury from the needle’s path while ensuring accurate 
placement of the needle at the targeted foramina. 
Careful preprocedural review of individual patient 
anatomy on MRI or CT may decrease the potential of 
injury to critical vascular structures when performing 
CTFESI and reduce the incidence of catastrophic 
outcomes. A modified approach to long-held 
conventional angles of needle trajectory based on level-
specific anatomy, as demonstrated on cross-sectional 
imaging, has been proposed and may also lead to a 
decreased incidence of catastrophic events.  
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Key Points

•	 Inadvertent arterial injections during CTFESI have led to documented reports of brain and spinal cord infarction. 
Therefore, it is of utmost importance to avoid associated vascular structures and to recognize when unintended 
cannulation of vasculature has occurred during the procedure.  

•	 In addition to adhering to safety precautions discussed in prior FactFinder articles, such as using non-particulate 
steroid (15) and using contrast under live fluoroscopy or digital subtraction fluoroscopy (16,17), preprocedural 
cross-sectional imaging (CT or MRI) review is recommended. Preprocedural review of imaging can allow the 
interventionalist to plan an angle of approach relative to critical vascular structures for each case in order to 
decrease the chance of an inadvertent arterial injury.

•	 Preprocedural cross-sectional imaging review may also reveal anomalous vasculature, such as vertebral 
artery loops, segmental artery anomalies, and displacement of usual vasculature that can occur as a result of 
spinal degenerative changes and may preclude the performance of a transforaminal injection at that level. 

References 

1.	 Huston CW. Cervical epidural steroid injections in the management of cervical radiculitis: interlaminar versus transforaminal. 
A review. Curr Rev Musculoskelet Med 2009;2(1):30-42. doi:10.1007/s12178-008-9041-4

2.	 Costandi SJ, Azer G, Eshraghi Y, Zeyed Y, Atalla JE, Looka ME, Mekhail NA. Cervical transforaminal epidural steroid 
injections: diagnostic and therapeutic value. Regional Anesthesia & Pain Medicine 2015;40(6):674-80.

3.	 Slipman CW, Lipetz JS, Jackson HB, Rogers DP, Vresilovic EJ. Therapeutic selective nerve root block in the nonsurgical 
treatment of atraumatic cervical spondylotic radicular pain: a retrospective analysis with independent clinical review. 
Archives of Physical Medicine and Rehabilitation 2000;81(6):741-6.

4.	 Makhni MC, Yeung CM, Riew KD. The art of diagnosis in the cervical spine. Neurospine 2020;17(4):695-703. doi:10.14245/
ns.2040556.278

5.	 Kleimeyer JP, Koltsov JCB, Smuck MW, Wood KB, Cheng I, Hu SS. Cervical epidural steroid injections: incidence and 
determinants of subsequent surgery. Spine J 2020;20(11):1729-1736. doi:10.1016/j.spinee.2020.06.012

6.	 Scanlon GC, Moeller-Bertram T, Romanowsky SM, Wallace MS. Cervical transforaminal epidural steroid injections: more 
dangerous than we think? Spine (Phila Pa 1976) 2007;32(11):1249-1256. doi:10.1097/BRS.0b013e318053ec50.

7.	 Benny B, Azari P, Briones D. Complications of cervical transforaminal epidural steroid injections. Am J Phys Med Rehabil 
2010;89(7):601-607. doi:10.1097/PHM.0b013e3181e2d07c

8.	 Derby R, Lee SH, Kim BJ, Chen Y, Seo KS. Complications following cervical epidural steroid injections by expert 
interventionalists in 2003. Pain Physician 2004;7(4):445-449.

9.	 Manchikanti L, Benyamin RM. Key safety considerations when administering epidural steroid injections. Pain Manag 
2015;5(4):261-272. doi:10.2217/pmt.15.17

10.	 Epstein NE. Major risks and complications of cervical epidural steroid injections: An updated review. Surg Neurol Int 
2018;9:86. doi:10.4103/sni.sni_85_18

11.	 Furman MB, O'Brien EM, Zgleszewski TM. Incidence of intravascular penetration in transforaminal lumbosacral epidural 
steroid injections. Spine (Phila Pa 1976) 2000;25(20):2628-2632. doi:10.1097/00007632-200010150-00014

12.	 Baker R, Dreyfuss P, Mercer S, Bogduk N. Cervical transforaminal injection of corticosteroids into a radicular artery: a 
possible mechanism for spinal cord injury. Pain 2003;103(1-2):211-215. doi:10.1016/s0304-3959(02)00343-3

13.	 Smuck M, Fuller BJ, Yoder B, Huerta J. Incidence of simultaneous epidural and vascular injection during lumbosacral 
transforaminal epidural injections. Spine J 2007;7(1):79-82. doi:10.1016/j.spinee.2006.06.380

14.	 Rozin L, Rozin R, Koehler SA, Shakir A, Ladham S, Barmada M, Dominick J, Wecht CH. Death during transforaminal epidural 
steroid nerve root block (C7) due to perforation of the left vertebral artery. The American Journal of Forensic Medicine and 
Pathology 2003;24(4):351-5.

15.	 Schneider BJ, McCormick ZL, Smith CC; Spine Intervention Society’s Patient Safety Committee. Particulate or nonparticulate 
steroids for lumbar transforaminal injections. Pain Med 2017;18(9):1817-1818. doi:10.1093/pm/pnx171

16.	 Sudhakaran S, McCormick ZL, Smith C. Digital subtraction imaging for transforaminal injections. Pain Med 
2020;21(10):2592-2593. doi:10.1093/pm/pnaa224

17.	 Maus TP, Cohen I, McCormick ZM, Schneider BJ, Smith CC, Stojanovic MP, Waring PH (eds). Technical Manual and Atlas of 
Interventional Pain and Spine Procedures. Hinsdale: International Pain and Spine Intervention Society; 2024. (Publication 
Pending)  

http://www.IPSISmed.org/page/FactFinders


MITIGATING RISKS WITH CERVICAL TRANSFORAMINAL  
EPIDURAL STEROID INJECTIONS

INTERNATIONAL PAIN AND SPINE INTERVENTION SOCIETY      
FACTFINDERS FOR PATIENT SAFETY

4
IPSIS JUNE 2024
DOWNLOADED FROM IPSISMED.ORG/FACTFINDERS 
©2024 INTERNATIONAL PAIN AND SPINE INTERVENTION SOCIETY. ALL RIGHTS RESERVED. 

IN
TERVENTION SOC

IE
TY

IN
TE
RN

ATI
ONALPAIN&SPINE

IPSIS

18.	 Gitkind AI, Olson TR, Downie SA. Vertebral artery anatomical variations as they relate to cervical transforaminal epidural 
steroid injections. Pain Med 2014;15(7):1109-1114. doi:10.1111/pme.12266

19.	 Wells DM, Petersen BD. Prevalence of intraforaminal vertebral artery loops. Spine J 2010;10(9):S69-70.
20.	 Bogduk N, Ed. Practice guidelines for spinal diagnostic and treatment procedures. International Spine Intervention Society, 

2013.
21.	 Beckworth WJ, Sood R, Katzer AF, Wu B. Anomalous location of the vertebral artery in relation to the neural foramen. 

Implications for cervical transforaminal epidural steroid injections. Pain Med 2013;14(8):1119-1125. doi:10.1111/pme.12121
22.	 Fitzgerald RT, Bartynski WS, Collins HR. Vertebral artery position in the setting of cervical degenerative disease: 

implications for selective cervical transforaminal epidural injections. Interv Neuroradio 2013;19(4):425-431. 
doi:10.1177/159101991301900404

23.	 Huntoon MA. Anatomy of the cervical intervertebral foramina: vulnerable arteries and ischemic neurologic injuries after 
transforaminal epidural injections. Pain 2005;117(1-2):104-11.	

24.	 Rathmell JP, Benzon HT, Dreyfuss P, et al. Safeguards to prevent neurologic complications after epidural steroid injections: 
consensus opinions from a multidisciplinary working group and national organizations. Anesthesiology 2015;122(5):974-984. 
doi:10.1097/ALN.0000000000000614

25.	 Benedetti EM, Siriwechadarak R, Stanec J, Rosenquist RW. Epidural steroid injections: complications and management. 
Techniques in Regional Anesthesia and Pain Management 2009;13(4):236-250. doi:10.1053/j.trap.2009.06.011

26.	 Chen B, Rispoli L, Stitik TP, Foye PM, Georgy JS. Optimal needle entry angle for cervical transforaminal epidural injections. 
Pain Physician 2014;17(2):139-144.

27.	 Karm MH, Park JY, Kim DH, et al. New optimal needle entry angle for cervical transforaminal epidural steroid injections: A 
retrospective study. Int J Med Sci 2017;14(4):376–81. doi:10.7150/ijms.17112

28.	 Levi D, Horn S, Murphy J, Smuck M, Levin J. Modification of the cervical transforaminal epidural steroid injection technique 
based upon the anatomic angle of the superior articular process on MRI. Pain Med 2020;21(10):2090-2099. doi: 10.1093/
pm/pnaa162. PMID: 32683452.

29.	 Levi D, Horn S, Runzo D. Single center experience on the rate of discontinuation and safety of cervical transforaminal 
epidural steroid injections using the modified approach in an office setting without sedation. Interventional Pain Medicine 
2022. 1(3), 100075. https://doi.org/10.1016/j.inpm.2022.100075

30.	 Wald JT, Maus TP, Diehn FE, et al. CT-guided cervical transforaminal epidural steroid injections: technical insights. J 
Neuroradiol 2014;41(3):211-215. doi:10.1016/j.neurad.2013.08.004

31.	 Lukies MW, Teoh WW, Clements W. Safety of CT-guided cervical nerve root corticosteroid injections. J Med Imaging Radiat 
Oncol 2019;63(3):300-306. doi:10.1111/1754-9485.12870.

http://www.IPSISmed.org/page/FactFinders


MITIGATING RISKS WITH CERVICAL TRANSFORAMINAL  
EPIDURAL STEROID INJECTIONS

INTERNATIONAL PAIN AND SPINE INTERVENTION SOCIETY      
FACTFINDERS FOR PATIENT SAFETY

5
IPSIS JUNE 2024
DOWNLOADED FROM IPSISMED.ORG/FACTFINDERS 
©2024 INTERNATIONAL PAIN AND SPINE INTERVENTION SOCIETY. ALL RIGHTS RESERVED. 

IN
TERVENTION SOC

IE
TY

IN
TE
RN

ATI
ONALPAIN&SPINE

IPSIS

Figure 1: Vertebral artery (red arrow) occupying the 
neural foramen. Image courtesy of Dr. Tiegs-Heiden.

Figure 2: Tortuous vertebral artery (red arrow) occupying the neural foramen. Image courtesy of Dr. Tiegs-Heiden.
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Figure 3: Facet joint hypertrophy (yellow arrow) almost completely obscures the 
typical needle path for a transforaminal epidural injection, and the vertebral artery 
resides in the mouth of the neural foramen (red arrow). Image courtesy of Dr. 
Tiegs-Heiden.
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Figure 4: The vertebral artery is ectatic, resulting in remodeling and expansion of the vertebral foramen (left 
images).  Another image in the same patient (right), shows that the vertebral artery is located at the opening of 
the neural foramen (red arrow), resulting in very limited needle landing zone for a transforaminal epidural steroid 
injection.  Image courtesy of Dr. Tiegs-Heiden.
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Figure 5: T2 Axial MRI of C5/6 with planned needle trajectory based upon measured angle of the ventral surface 
of the C6 superior articular process from the sagittal midline. As this SAP measured 60 degrees on MRI. The 
fluoroscopic oblique angle would be preset at 60 degrees relative to the fluoroscopic AP.
Credit: Levi et al (28).
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