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Abstract

Mechanism of neurologic complications after epidural spinal injections (ESI) of particulate steroids at the cervical spine
include intrathecal injection, epidural hematoma, direct spinal cord injury, and brain stem or cord infarction due to an arte-
rial spasm or inadvertent intra-arterial injection of particulate steroids. At the lumbar spine, there is evidence that a spinal
cord infarction secondary to an inadvertent intra-arterial injection of particulate steroids through a transforaminal approach
is the leading mechanism.

Variations in the arterial supply of the spinal cord help to understand how a lumbar ESI may lead to a spinal cord infarction
at the thoracic level. A radiculomedullary artery arising from the lumbar or sacral spine may participate to the supply of
the spinal cord. All radicular and radiculomedullary arteries penetrate the spinal canal through the intervertebral foramen.
Therefore, its catheterization carries a risk of inadvertent intraarterial injection. An ex vivo animal study has shown that par-
ticulate steroids injected in the blood stream produce an immediate and unexpected change of red blood cells into spiculated
cells which aggregate and cause arterioles obstruction, while no particulate steroid macroaggregates or vascular spasm were
observed. Rare instances of neurologic complications also occurred after ESI performed through a posterior approach. All
occurred in previously operated on patients suggesting a pathologic role for the epidural scar.

Keywords Spine injections - Complications - Lumbar spine - Herniated discs - Interventional radiology - Lumbar spine -
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Introduction

Concerns have been raised concerning severe neurologic events
reported after epidural steroid injections. Ninety such events
were reported to the FDA Adverse Event Reporting System
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(FAERS) between 1997 and 2014 [1]. At the cervical spine,
there are several mechanisms which can lead to neurologic
complications after spinal injections of suspension of particu-
late steroids including intrathecal injection, epidural hematoma,
direct spinal cord injury, and brain stem or cord infarction due
to an arterial spasm or a vascular obliteration after inadvertent
intra-arterial injection of particulate steroids [1].

At the lumbar spine, the spinal cord cannot be damaged
directly by the puncture as at the cervical level and the main
mechanism of the neurologic deficits is a spinal cord infarc-
tion secondary to an arterial occlusion. The review of the
reported cases of lumbar spinal injections leading to such
complications combines two technical features: a transfo-
raminal approach and the use of particulate steroids [2].

In the following review, we will first recall anatomic
notions concerning the vascularization of the spinal
cord, which are key features to understand how a steroid
injection at the lumbar level may lead to a spinal cord
infarction at the thoracic level, and will then discuss the
respective role of the transforaminal approach and of the
particulate steroids.
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The vascularization of the spinal cord

The spinal cord is supplied by three longitudinal arterial
axes, the anterior spinal artery (ASA), a single midline
artery which runs all along the anterior aspect of the spinal
cord and supplies the two anterior third of the spinal cord,
and two posterolateral arteries.

At around 1.5 cm from the termination of the conus med-
ullaris, the ASA and the two posterolateral arterial axes form
an anastomosing circle, similar to the Willis polygon at the
inferior aspect of the brain, to protect the vascularization of
the conus medullaris (Fig. 1). The ASA is prolongated below
the conus medullaris by the artery of the filum terminale,
which is anterior to the vein and the filum itself [3].

Nerve roots are vascularized by 32 pairs of metameric
radicular arteries. Among these radicular arteries, only a small
number (6 to 12), either right or left, also supply the spinal
cord in addition to their nerve root. They reach the spinal cord
and supply the ASA and, therefore, are named the radicu-
lomedullary arteries. Among these radiculomedullary arteries,
the Adamkiewicz artery supplies the ASA at the level where
the spinal cord is responsible for the lower limb innervation.

In 75% of cadaveric dissections, the Adamkiewicz artery

arises from a T9 to T12 radicular artery, from the left side
more frequently. When the Adamkiewicz artery arises above
T9, there is, in most instances, an additional radiculomedul-
lary artery (Desproges-Gotteron artery), which participates
to the supply of the ASA, and may arise at any of the lum-
bar or sacral levels [3]. A radiculomedullary artery arises
from a level below L1 in 1.6% of the cases [4], and as low
as the L4-5 foramen in 3 out of 4000 spinal angiograms
[5]. Cadaveric studies suggested even a higher frequency of
radiculomedullary artery of lumbosacral origin. Desproges-
Gotteron found such arteries in 3 out of 10 cadaveric speci-
mens [6, 7]. Such lumbosacral radiculomedullary arteries
could originate from either the ilio-lumbar, primary iliac,
or sacral arteries which are not currently explored in spinal
cord angiographic studies. Therefore, there is a small prob-
ability that any lumbar or sacral foramen contains a radicu-
lomedullary artery participating to the vascular supply of the
conus medullaris and put the cord at risk in case of inadvert-
ent catheterization of this artery in the foramen.

The role of the transforaminal approach

A first argument suggesting that the transforaminal
approach has a responsibility in the occurrence of the neu-
rologic deficits is the gross time concomitance between the
reports of the severe neurological events following spinal
injections and the dissemination of this technical approach
to the spine for steroid injections [8].
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Fig. 1 Drawing showing the arterial circle around the conus termi-
nalis by the anterior spinal artery on the midline and the two postero-
lateral spinal arteries

A second argument is based on the vascularization of
the spinal cord which is exclusively provided by radicu-
lomedullary arteries as mentioned above. All radicular and
radiculomedullary arteries enter the spinal canal and sub-
dural space through the intervertebral foramen.

Usually, lumbar radicular and radiculomedullary arter-
ies and a superior foraminal venous network run in the
upper part of the foramen along the corresponding nerve
root with an almost parallel orientation, on the anterior
aspect of its dural sheat within the narrow foraminal space
[7, 9]. Therefore, an injection needle directed toward the
nerve sheat may injure and sometimes penetrate a radic-
ular artery, which, in a small percentage of cases, is a
radiculomedullary and such an inadvertent intra-arterial
injection may reflux up to the arterial circle insuring the
vascularization of the conus medullaris.
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Two different methods of lumbar transforaminal epidural
steroid injections have been reported to access to the lum-
bar intervertebral foramen (Fig. 2). In the lower infraneural
“Kambin’s triangle” technique the needle is directed toward
the inferior part of the foramen in order to avoid the exiting
nerve root which is usually located in the upper part of the
foramen [10, 11]. This technique should also theoretically
avoid the incurring radicular artery. In the upper supraneural
“safe triangle” technique, the needle is directed to the upper
part of the foramen superiorly and laterally to the exiting
nerve root. More precisely, the needle is targeted laterally
and inferiorly to the junction between the transverse process
and the inferior zygoapophyseal process (Fig. 2).

However, the position of the radicular artery into the
foramen appears to be variable. Simon et al. retrospec-
tively evaluated the precise location of arterial vessels
into the intervertebral foramen from L1 to L4 in patients
who underwent abdominopelvic CT angiograms for aortic
vascular diseases [12]. They found that the location of the
radicular artery was quite variable and was crossing either
the supraneural “safe triangle” (50.39% of the cases) or
the infraneural “Kambin’s triangle” (20.31% of the cases),
which theoretically put the supraneural catheterization of
the foramen more at risk than the infraneural approach.

Another anatomic issue may also play a role: to target
the “Kambin’s triangle”, the needle tip must be placed
inferiorly and medially to the nerve root and ganglion,
within the tighter part of the foramen through a postero-
lateral approach, while the supraneural “safe triangle” can
be targeted through the strictly anteroposterior approach

Fig.2 Location of the supraneural safe triangle (yellow triangle) and
infraneural Kambin triangle (green triangle) for foraminal needle
approach drawn on a lumbar epidurography

used by anesthesiologists for nerve block tests, placing the
needle tip just below and laterally to the junction between
the transverse process and the inferior zygoapophyseal
process, at the lateral opening of the foramen. It may be
hypothesized that catheterizing the intervertebral foramen,
especially its middle and narrowest part, puts more at risk
the radicular artery than placing the needle at its outer
enlarging hole where the artery has more room to escape
the needle tip.

The role of the particulate steroids

The clinical sequence of the neurological events at the
lumbar level, namely the very acute and rapid onset of
the motor deficit in the minutes following the injection
together with the MR findings in the following hours or
days, show that the dominant cause of the neurologic defi-
cit is a spinal cord infarction related to the action of the
needle tip on an artery supplying the spinal cord into the
intervertebral foramen [2, 13-18].

Several mechanisms have been discussed to account for
the arterial obliteration including compression by a hema-
toma, an intimal flap or arterial dissection, a vasospasm,
and an embolism of the steroid particulates or aggregates
of particulates.

Experimental works confirmed that the intravascular
injection of particulate steroids may result in brain or spi-
nal cord infarction. Okubadejo et al. studied the effect of
a bolus of particulate steroid, methylprednisolone acetate,
and two non-particulate steroids, dexamethasone sodium
phosphate and prednisolone sodium succinate in the verte-
bral artery of pigs [19]. They reported that all the animals
in the methylprednisolone acetate group required mechani-
cal ventilation and had brain lesions at MRI and brain and
spinal cord ischemia and necrosis at pathological exami-
nation. In contrast, no lesions or MRI abnormalities were
found in the two non-particulate steroid groups. Dawley
et al. also reported neurologic deficit and histological brain
lesions in rats injected with methylprednisolone acetate
whereas no deleterious effect was found with dexametha-
sone sodium phosphate [20].

Mechanism of vascular obliteration leading
to spinal cord infarction

As discussed above, the most frequently suggested mecha-
nism to explain the neurologic ischemia is the obliteration
of feeding arteries by macroaggregates of steroid particles
which have a tendency to coalesce [13, 21]. It has been
suggested that the size of their final aggregates, which
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differs among the different types of particulate steroids,
may influence the risk of arterial embolization [22]. This
mechanism is supported by in vitro light microscopic stud-
ies demonstrating that particulate steroids are sometimes
large enough or tend to form aggregates large enough to
occlude small arteriolar capillaries [22, 23]. While dexa-
methasone sodium phosphate contains only small parti-
cles, methylprednisolone acetate, triamcinolone aceton-
ide, and betamethasone sodium phosphate-betamethasone
acetate tend to amalgamate in large aggregates, well above
100 pm in size, suggesting that they could form an embo-
lus and occlude small arterioles [22, 23].

However, the experimental work by Laemmel et al.
favors a different mechanism for cord infarction [24]. It
shows that particulate steroids injected in the blood stream
are causing an immediate and unexpected aggregation of
RBC responsible for the obstruction of arterioles [25].
These authors used an in vivo animal preparation allow-
ing the direct observation of the effects of an intra-arterial
injection of particulate steroids on microvascular perfu-
sion. In their study, three of the particulate steroids impli-
cated in most of the case reports of severe and permanent
neurologic deficits following spinal injections, namely
methylprednisolone acetate, triamcinolone acetonide, and
prednisolone acetate, as well as a dexamethasone sodium
phosphate solution were tested. Intra-arterial administra-
tion of 20 uL of pure prednisolone acetate or triamcinolone
acetonide suspension completely stopped blood flow in all
arterioles and venules and decreased the functional capil-
lary density to zero. Methylprednisolone acetate sharply

Fig.3 Scanning electron
microscopy images showing
normal human red blood cells
(A, B) and spiculated red blood
cells (C, D) after contact with
particulate steroids. Reprinted
with permission from Laemmel
E, Segal N, Mirshahi M, Wybier
M, Vicaut E, Laredo JD. Del-
eterious effects of intra-arterial
administration of particulate
steroids on microvascular perfu-
sion in a mouse model. Radiol-
ogy 2016; 279: 73140 [24]
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decreased perfusion as well, although some blood flow
was maintained. In contrast, intra-arterial administration
of dexamethasone sodium phosphate solution did not alter
microvascular blood flow [24]. All three particulate ster-
oids also induced in vitro red blood cell (RBC) aggluti-
nation with total human blood whatever the donor blood
group. Results were unchanged with mononuclear cells-
depleted blood as well as with washed RBC indicating that
the particulate steroids have the ability to directly interact
with the RBC, without mediation by white blood cells
or plasma proteins [24]. Vascular obliteration by macro-
aggregates of particulate steroids or arterial spasms was
not observed in Laemmel et al. animal experiments. The
same direct effect of the steroids on human RBC was also
demonstrated in vitro [24]. Scanning electron microscopy
provided some insight into the mechanism of RBC agglu-
tination, showing RBC with a deformed shape and their
transformation into spiculated cells with prednisolone
acetate, triamcinolone acetonide and methylprednisolone
acetate administration (Fig. 3). More than 28% of the RBC
changed into spiculated cells with these 3 corticosteroid
suspensions [24]. Once deformed, the spiculated red cells
fit together, leading to vascular occlusion.

However, the exact mechanisms by which steroids induce
RBC shape alteration as well as the role of drug concentra-
tion, osmolarity and viscosity remain to be elucidated. In
addition, the reason why some particulate steroids induce
the altered red cell shape and finally vascular occlusion
while cortivazol, another particulate steroid, does not,
remains to be explained.
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Other possible routes to the vascular supply
of the spinal cord?

Since all the arterial vascularization of the spinal cord is
exclusively provided by the radiculomedullary arteries
which enter the spinal canal through the intervertebral fora-
mens, the occasional occurrence of spinal cord infarction
following a steroid injection performed through a posterior
route raises the question of its mechanism.

A typical example of such situations is provided by the
reports of paraplegia following an epidural steroid injection
through a posterior route in patients with a dural arterio-
venous fistula [26-28].

One tentative explanation is that an intravenous injec-
tion of steroid in the venous plexus present in the posterior
epidural space could reach the arterial supply of the spinal
cord through arteriovenous communications.

Veins that drain the spinal cord and conus terminalis cross
the dura matter to join the epidural venous network. The epi-
dural venous network is arranged in four main anterior longi-
tudinal venous channels located in the anterior epidural space
and peridural membrane with horizontal anastomoses receiv-
ing the basivertebral veins which drain the vertebral body.
There is also a smaller venous network in the posterior epi-
dural space which communicates with the anterior channels.
At each intervertebral level, the epidural veins are drained
toward the lumbar ascending veins through the intervertebral
foramens where they are arranged in two main channels, one
superior accompanying the radicular artery and the nerve
root and one inferior, at the level of the intervertebral disc [3].

Epidural and intradural veins belong to a low-pressure net-
work with very few antireflux system. Only minute valves are
present at the origin of the radicular veins [29]. Narrowing of
the veins where they cross the dura serves as the main antire-
flux process [30]. Therefore, an inadvertent intravenous injec-
tion of particulate steroid under a relatively high pressure may
force the blood flow backward toward the conus medullaris.

Physiological arteriovenous anastomoses present in the
normal subject may also constitute a pathway for steroids
injected intravenously. According to Parke, numerous and
relatively large normal arteriovenous anastomoses throughout
the length of each root protect the functional integrity of the
radicular circulation in the event of focal compressions [30]. It
is not known whether such small physiological arteriovenous
communications may account for some of the reports of spinal
cord infarction following particulate steroid injections.

Possible role of the epidural scar in patients
previously operated on

Eight out of the 12 cases of neurological complications fol-
lowing particulate steroid injections reported or reviewed by
Wybier et al. occurred in patients who had previous spine

surgery involving a posterior approach to the spinal canal [2,
31-33]. Since the percentage of operated on patients in their
epidural steroid injection recruitment was much lower, these
authors suspected that a history of previous surgery at the level
of the steroid injection was a risk factor for spinal cord infarc-
tion [2]. Since the epidural scar tissue has abundant vasculature
resulting from neo-angiogenesis [34], these authors hypoth-
esized that the rich vascularization of postoperative epidural
scar could contain abnormal arteriovenous communications
which could constitute a pathway toward the arterial spinal
cord supply [31]. The high pressure delivered by the syringe
into the small epidural scar vessels may push steroid particles
up to the conus terminalis arterial network, possibly via a sud-
den enlargement of nonfunctional arterial anastomoses [2].

In conclusion, injections of particulate steroids into the
intervertebral foramens carry a rare risk of severe neurologi-
cal adverse events. Inadvertent injection of particulate ster-
oids into a radiculomedullary artery during a transforaminal
approach is one of the explanations at the cervical level and
the leading mechanism at the lumbar level. Particulate ster-
oids injected in the blood stream produce an immediate and
unexpected change of red blood cells into spiculated cells
which aggregate and cause arterioles obstruction. In addi-
tion, a previous history of surgical posterior approach to the
spinal canal is a risk factor for such neurological events even
in case of posterior interspinous or interlaminar particulate
steroid injections at an operate on level.

Declarations

Conflict of interest The authors declare no competing interests.

References

1. Racoosin JA, Seymour SM, Cascio L, Gill R. Serious neurologic
events after epidural glucocorticoid injection—-The FDA’s Risk
Assessment. N Engl J Med. 2015;373:2299-301.

2. Wybier M, Gaudart S, Petrover D, Houdart E, Laredo JD. Paraple-
gia complicating selective steroid injections of the lumbar spine.
Report of five cases and review of the literature. Eur Radiol.
2010;20(1):181-9.

3. Lasjaunias P, Berenstein A, ter Brugge KG. Spinal and spinal
cord arteries and veins. In: clinical vascular anatomy and varia-
tions. Springer, Berlin, Heidelberg. 2001. https://doi.org/10.1007/
978-3-662-10172-8_2

4. Bert S, Iriboz AT, Barret F, Zouaoui A, Chiras J. An angiographic
study of the spinal vascularization at the thoracic lumbar level. J
Neuroradiol. 1995;22:12-9.

5. Lo D, Vallée JN, Spelle L, Cormier E, Saillant G, Rancurel G,
Chiras J. Unusual origin of the artery of Adamkiewicz from the
fourth lumbar artery. Neuroradiol. 2002;44:153-7.

6. Desproges-Gotteron R. Contribution a I’étude de la sciatique para-
lytique. These Médecine. Paris. 1955 N°342.

7. de Séze Guillaume J, Desproges-Gotteron R, Jurmand SH, Maitre
M. Sciatique paralysante (Etude clinique, pathogénique, thérapeu-
tique d’apres 100 observations). Sem Hop Paris. 1957;28:548-72.

@ Springer


https://doi.org/10.1007/978-3-662-10172-8_2
https://doi.org/10.1007/978-3-662-10172-8_2

1892

Skeletal Radiology (2023) 52:1887-1892

10

11.

12.

13.

14.

16.

17

18.

19

20.

21.

22.

23.

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 ran-
domized controlled double-blind study. J Bone Joint Surg Am.
2000;82:1589-93.

Djindjian R, Hurth M, Houdart R. Angiography of the spinal cord.
Masson Paris 1969: 1-26.

Kambin P, Sampson S. Posterolateral percutaneous suction-exci-
sion of herniated lumbar intervertebral discs. Report of interim
results. Clin Orthop Relat Res. 1986;207:37—-43.

Park JW, Nam HS, Park Y. Kambin’s triangle approach of lumbar
transforaminal epidural injection with spinal stenosis. Ann Reha-
bil Med. 2011;36(6):833-43.

Simon JI, McAuliffe M, Smoger D. Location of radicular spinal
arteries in the lumbar spine from analysis of CT angiograms of
the abdomen and pelvis. Pain Med. 2016;17(1):46-51.

Tiso RL, Cutler T, Catania JA, Whalen K. Adverse central nervous
system sequelae after selective transforaminal block: the role of
corticosteroids. Spine J. 2004;4(4):468-74.

Scanlon GC, Moeller-Bertram T, Romanowsky SM, Wallace MS.
Cervical transforaminal epidural steroid injections: more danger-
ous than we think ? Spine. 2007;32(11):1249-56.

. Glaser SE, Falco F. Paraplegia following a thoracolumbar

transforaminal epidural steroid injection. Pain Physician.
2005;8(3):309-14.

Kennedy DJ, Dreyfuss P, Aprill CN, Bogduk N. Paraplegia fol-
lowing image-guided transforaminal lumbar spine epidural steroid
injection: two case reports. Pain Med. 2009;10(8):1389-94.
Lyders EM, Morris PP. A case of spinal cord infarction fol-
lowing lumbar transforaminal epidural steroid injection: MR
imaging and angiographic findings. AINR Am J Neuroradiol.
2009;30(9):1691-3.

Somayaji HS, Saifuddin A, Casey AT, Briggs TW. Spinal cord
infarction following therapeutic computed tomography-guided left
L2 nerve root injection. Spine. 2005;30(4):E106-8.

Okubadejo GO, Talcott MR, Schmidt RE, et al. Perils of intravas-
cular methylprednisolone injection into the vertebral artery. An
animal study. J Bone Joint Surg Am. 2008;90(9):1932-8.
Dawley JD, Moeller-Bertram T, Wallace MS, Patel PM. Intra-
arterial injection in the rat brain: evaluation of steroids used for
transforaminal epidurals. Spine. 2009;34(16):1638-43.
MacMahon PJ, Shelly MJ, Scholz D, Eustace SJ, Kavanagh EC.
Injectable corticosteroid preparations: an embolic risk assessment
by static and dynamic microscopic analysis. AINR Am J Neuro-
radiol. 2011;32(10):1830-5.

Derby R, Lee SH, Date ES, Lee JH, Lee CH. Size and aggre-
gation of corticosteroids used for epidural injections. Pain Med.
2008;9(2):227-34.

Benzon HT, Chew TL, McCarthy RJ, Benzon HA, Walega DR.
Comparison of the particle sizes of different steroids and the effect

@ Springer

24.

25.

26

217.

28.

29.

30.

31.

32.

33.

34.

of dilution: a review of the relative neurotoxicities of the steroids.
Anesthesiol. 2007;106(2):331-8.

Laemmel E, Segal N, Mirshahi M, Wybier M, Vicaut E, Laredo
JD. Deleterious effects of intra-arterial administration of particu-
late steroids on microvascular perfusion in a mouse model. Radiol.
2016;279:731-40.

Laredo JD, Laemmel E, Vicaut E. Serious neurological events
complicating epidural injections of glucocorticoid suspensions:
evidence for a direct effect of some particulate steroids on red
blood cells. RMD Open. 2016;2(2):e000320.

Annaswamy TM, Worchel L. Paraplegia following lumbar
epidural steroid injection in a patient with a spinal dural arte-
riovenous fistula. Am J Phys Med Rehabil. 2017;96(8):e147-50.
https://doi.org/10.1097/PHM.0000000000000645.

Saito H, Hida K, Asano T, et al. Conus perimedullary arterio-
venous fistula with multiple shunt points including the cauda
equina: a case report]. [Article in Japanese. No Shinkei Geka.
2011;39(4):375-80.

Kim S, Choi Y, Park J, Sung DH. Acute paraplegia after lumbar
steroid injection in patients with spinal dural arteriovenous fistu-
las: case reports. Ann Rehabil Med. 2016;40(5):949-54.
Clemens HJ. Die Venesysteme der menschlichen Wirbelsaule.
Berlin: Walter de Gruyter; 1961.

Parke WW. Role of epidural and radicular veins in chronic back
pain and radiculopathy. In: Arthroscopic and Endoscopic Spi-
nal Surgery. Ed: Kambin P. Second edition. Humana Press Inc.
Totowa, NJ. 2005.

Thefenne L, Dubecq C, Zing E, et al. A rare case of paraplegia
complicating a lumbar epidural infiltration. Ann Physical Rehabil
Med. 2010;53:575-83.

Meyer R, Kieffer D, Vautravers P, Kuntz JL, Asch L. Paraplégie
apres infiltrations épidurales cortisoniques. Rhumatologie.
1979;31:339-41.

Lenoir T, Deloin X, Dauzac C, Rillardon L, Guigui P. Paraple-
gia after interlaminar epidural injection: a case report. Rev Chir
Orthop. 2008;94(7):697-701.

Ross JS, Modic MT, Masaryk TJ, Carter J, Marcus RE, Bohlman
H. Assessment of extradural degenerative disease with Gd-DTPA-
enhanced MR imaging: correlation with surgical and pathologic
findings. Am J Neuroradiol. 1989;10:1243-9.

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1097/PHM.0000000000000645

	Intra-arterial injection of particulate corticosteroids: mechanism of injury
	Abstract
	Introduction
	The vascularization of the spinal cord
	The role of the transforaminal approach
	The role of the particulate steroids
	Mechanism of vascular obliteration leading to spinal cord infarction
	Other possible routes to the vascular supply of the spinal cord?
	Possible role of the epidural scar in patients previously operated on
	References


