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Introduction

Lumbar transforaminal and interlaminar epidural steroid in-
jections are widely used to treat patients with radicular pain
and radiculopathy [1]. These lumbar spine procedures are
reported to be clinically effective for short-term and long-
term pain relief by some studies [2–5]. However, a relative
lack of randomized and controlled clinical trials and as well as
variability of the employed study methods were noted [6].
Thus, some controversy concerning the effectiveness of lum-
bar transforaminal and interlaminar epidural steroid injections
still remains [6, 7]. Moreover, it should be emphasized that
these indications and use are often performed on an off-label
basis. The question arises whether just formal approval is
lacking or whether extensive medical literature provides suf-
ficient evidence-based efficacy and safety data for this off-
label use.

An image-guided therapeutic injection of both the cervical
and lumbar spine is a minimally invasive technique, however
rare serious adverse events such as brainstem, cerebellum and
cervical, thoracic and lumbar spinal cord infarction have oc-
curred [8–26]. The present article discusses serious complica-
tions associated with epidural steroid injections after injec-
tions at the level of the lumbosacral spine.

FDA safety announcement and off-label use

In 2011 the U.S. Food and Drug Administration (FDA) an-
nounced a safety labeling change for triamcinolone acetonide,
warning that triamcinolone acetonide “is not for epidural use
and to add information to the warning section that epidural use
is not recommended” [27]. The product labeling of triamcin-
olone acetonide specifies therapeutic indications exclusively
for intramuscular or intra-articular administration [28, 29].
Intravenous, intrathecal, epidural, and intraocular injections
are listed as contraindication [28, 29]. In addition, the FDA
released 2014 a safety announcement and stated “The FDA is
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”
[7]. The FDA informed patients and health care professionals:
“The effectiveness and safety of epidural administration of
corticosteroids have not been established, and FDA has not
approved corticosteroids for this use” [7]. It was declared that
the FDA will release an expert panel’s recommendation ad-
dressing epidural steroid administration [7]. Thus, according
to the FDA, epidural steroid injections in general have to be
classified as off-label use, potentially hazardous and triamcin-
olone acetonide is even contraindicated for epidural injection.

Criticism on the FDA safety announcement

Manchikanti et al. [30] criticized the FDA warning in their
review article. The authors stated that “multiple warnings and
the initiation of alternate techniques to classic and traditional
teachings, avoidance of particulate steroids, utilization of a
blunt needle, and a multitude of other precautions have not
been discussed or mentioned” by the FDA. In addition, the
FDA neither differentiated between techniques such as
transforaminal, interlaminar, and caudal epidural injections
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nor between the cervical, thoracic, and lumbar level.
Manchikanti et al. [30] concluded: “The FDA should modify
its statement, replacing it with an evidence-based warning
emphasizing the off-label use of epidural steroids that can
cause rare but serious neurologic problems following cervical
and thoracic transforaminal epidural injections and also an
increased risk with lumbar transforaminal epidural injections
when performed without appropriate precautions” [30].

What causes spinal cord damage?

It was hypothesized that spinal cord infarction due to embo-
lization of particulate steroids, needle-induced vasospasm,
compression from an epidural hematoma or abscess and me-
chanical disruption of radiculomedullary arteries are possible
mechanisms of spinal cord injury in patients undergoing cer-
vical and lumbar epidural infiltrations [13–15, 31].
Noteworthy, benzyl alcohol, which is added as a preservative
in many commercially available preparations, has been report-
ed to be neurotoxic. Upon intrathecal injection, benzyl alcohol
has been linked with paraplegia, neural degeneration, and
demyelination [32–35]. However, it has to be stated that the
pathophysiology of spinal cord injury remains unclear in most
of these cases, in particular in patients after lumbosacral spine
injections.

Blood supply of the thoracolumbar spinal cord

Radicular arteries are branches of the intercostal and lumbar
arteries that are located within each neural foramen through-
out the whole spine and mainly provide blood supply to the
nerve root. A small number of radicular arteries with larger
diameters also provide blood supply to the spinal cord, thus
they are called radiculomedullary arteries. The largest anterior
radiculomedullary artery, also known as the Adamkiewicz
artery, supplies the lower two-thirds of the spinal cord via
the anterior spinal artery [36–39]. The Adamkiewicz artery
demonstrates a considerable anatomic variance. The
Adamkiewicz artery originates in two-thirds of individuals
from the left side and in one-third of individuals from the
right as a branch of the intercostal and lumbar arteries, which
arise from the aorta. A typical level of origin of the
Adamkiewicz artery is at the intervertebral foramina between
T6 and L2 [39, 40]. However, a lower level of feeding vessels
to the anterior spinal artery was described between L3 and S2
[36, 37, 39, 41]. The inconstant Desproges–Gotteron artery
arises from the internal iliac artery and was described as an
anatomic variant of the L5 and S1 radicular artery, supplying
both the nerve root and the spinal cord [42, 43].

Radicular arteries and radiculomedullary arteries, including
the Adamkiewicz artery of the thoracolumbar spine, are most

frequently found in the superoanterior part of the neural fora-
men (Fig. 1) and rarely in the inferior part of the neural
foramen [38, 39]. Atluri et al. [44] reported that spinal cord
infarction after transforaminal epidural steroid injection was
related with a needle tip position within the superior and mid
zone of the neural foramen, whereas needle tip position within
the inferior part of the neural foramen was not observed in the
cases with paralysis described in the literature.

Thus, it was suggested that inadvertent arterial needle
puncture during transforaminal epidural steroid injection
might be higher by the so-called safe triangle approach tech-
nique in the superoanterior part of the foramen (Fig. 2) com-
pared to a needle tip location within the inferior aspect of the
neural foramen (Fig. 3) [37–39, 44–46].

Two randomized, controlled, and prospective studies on
lumbar transforaminal epidural steroid injections compared
supra- and infraneural injection approaches in patients with
radicular pain [47, 48]. Both studies demonstrated improve-
ment of patients’ outcome parameters with equivalent pain
relief for the supra- and infraneural approach at 2-week and
12-week follow-up or 4- and 8-week follow-up, retrospective-
ly [47, 48]. However, neural contact of the needle was report-
ed in 18 % (9/50) of patients with the supraneural approach
and none of 50 patients experienced neural contact with the
infraneural approach [47]. Thus, an infraneural needle ap-
proach seems to be appropriate instead of a ‘classic’
supraneural or safe triangle approach, retrospectively, for lum-
bar transforaminal epidural steroid injections.

Steroid preparations

The allocation of particulate versus non-particulate steroid
preparations is based on the solubility of the synthetic

Fig. 1 Sagittal T1-weightedMR image demonstrates radicular arteries in
the superoanterior part of the neural foramen L3-4 and L4-5 on the left
side in a 38-year-old male patient

150 Skeletal Radiol (2015) 44:149–155



corticosteroids within water and secondarily on their aggrega-
tion characteristics. Particulate corticosteroids are usually
poorly soluble in water, thus they might precipitate out of a
solution and crystallize within a hydrophilic environment.
Particulate steroids are available as lyophilisates provided in
powder form needing reconstitution or as injectable suspen-
sions, which contain solid particles sometimes in a mixture
with a soluble corticosteroid. Most of the particles cover a size
range between 0.5 and 100 μm, however sporadic particles
even exceed a size of more than 1,000 μm [49]. The following
corticosteroids belong to the group of particulate steroids:
triamcinolone acetonide, methylprednisolone acetate,
betamethasone acetate, and prednisolone acetate. In contrast,
dexamethasone sodium phosphate is considered as freely

water-soluble. Thus, dexamethasone preparations are allocat-
ed to the non-particulate steroid group, despite the fact that
some sporadic and small particles might be seen under the
microscope with a typical particle size of 0.5 μm [31, 49, 50].
Betamethasone preparations are outliers of this binary classi-
fication: betamethasone preparations are commonly a mixture
of betamethasone acetate (insoluble needing esterase activa-
tion) and betamethasone sodium phosphate (in solution) and
provide characteristics of both groups, the particulate and non-
particulate steroids [31, 49, 50]. Moreover, there are also
substantial differences in the propensity of different cortico-
steroid particles to aggregate into larger particles depending
on the chemical ingredient (esters with larger particulate size),
on the varying concentrations, on the drug vehicle, or on the
drug mixtures with local anesthetics and/or contrast media
prepared in-situ for pain treatment [50]. As a rule of thumb,
one needs to be aware that incompatibilities with secondary
precipitation might typically occur whenmixing a larger anion
(negative charge) with a larger cation (positive charge).

Association between particle sizes and serious
complications

It was hypothesized that steroids with larger particle sizes
might have a higher risk for occlusion of small vessels of the
arterial tree as a potential consequence after incidental
radiculomedullary artery steroid injection. Subsequently, in-
farction of the brainstem, cerebellum, and the spinal cord may
occur. One might speculate that steroid particles smaller than
the diameter of an erythrocyte are safer [31].

Dexamethasone sodium phosphate, triamcinolone
acetonide, betamethasone sodium phosphate, betamethasone
acetate, and methylprednisolone acetate injectable prepara-
tions were analyzed in vitro by light microscopy at

Fig. 2 A 24-year-old male patient underwent fluoroscopy-guided
transforaminal epidural steroid injection by a supraneural approach to
the L5 nerve root on the right side. Lateral (a) and anteroposterior oblique
(b) radiograph demonstrates the injection needle tip in the superoanterior
part of the neural foramen. b Iodinated contrast agent spreads along the

nerve root into the epidural space. It was reported that this ‘classic’
transforaminal epidural steroid injection approach by the so-called safe
triangle technique is associated with a higher risk of spinal cord injury
[44]

Fig. 3 A 57-year-old female patient underwent CT-guided
transforaminal epidural steroid injection by an infraneural approach to
the L4 nerve root on the right side. The transverse CT image demonstrates
the injection needle tip in the inferoposterior part of the neural foramen.
Iodinated contrast agent spreads along the nerve root into the epidural
space. The image noise is related to a low-dose protocol (120 kVp,
8 mAs) and the obesity of the patient
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magnification (×400 and ×1000) [31]. Derby et al. [31] have
shown that the largest triamcinolone acetonide particles
(range, 0.5–100 μm) were more than 12 times greater than
median-sized erythrocytes (approximately 7.5 μm) [31].
Triamcinolone and betamethasone particles were densely
packed with an extensive particle aggregation, e.g., some
betamethasone aggregations were larger than 100 μm.
Methylprednisolone alone and in a mixture with local anes-
thetics (lidocaine HCl 1 %) and iodinated contrast media
(iohexol injection 240mgI/ml) revealed that particles and their
aggregations were smaller than erythrocytes. However, meth-
ylprednisolone particles were densely packed, implicating the
potential to form emboli with subsequent occlusion of small
arterioles. Dexamethasone sodium phosphate particles were
approximately ten times smaller than red blood cells without
the tendency of particle aggregation. A mixture of dexameth-
asone, local anesthetic, and iodinated contrast media revealed
the same properties [31] and did not precipitate.

Another research group evaluated methylprednisolone ac-
etate, triamcinolone acetonide, and dexamethasone sodium
phosphate [51] particle sizes of nondilute injectables and after
mixing with local anesthetic and human plasma. Again, cor-
ticosteroids did not change their properties in a mixture with
local anesthetics [51]. Additional plasma revealed a small but
significant reduction in the size of aggregates eventually re-
lated to coating effects of albumin and repulsion effects;
however, the size of the insoluble corticosteroid particles
was unchanged [51]. The steroid aggregates maintained their
integrity in a model replicating the flow of crystals within
spinal cord arterioles, consequently the steroid aggregates
might act as potential embolization agents [51]. Thus, the
authors concluded that soluble dexamethasone is less likely
to cause arterial or capillary occlusion after incidental intra-
arterial injection [31, 51].

Injectable steroids in an animal model

Particulate steroids (methylprednisolone acetate) and non-
particulate steroids (dexamethasone sodium phosphate, pred-
nisolone sodium succinate) were injected into the vertebral
artery of 11 swine while the animals were under general
anesthesia [52]. All animals receiving intra-arterial particulate
steroids failed to regain consciousness after the injection,
required mechanical ventilation to replace spontaneous
breathing, and MRI revealed cervical cord and brain stem
edema. In addition, histopathology showed ischemic brain
and spinal cord injury after the intra-arterial injection of par-
ticulate steroids consistent with a cerebrovascular insult. In
contrast, animals that underwent intra-arterial injection of
non-particulate steroids while under general anesthesia dem-
onstrated full clinical recovery after the termination of general
anesthesia and did not show any evidence of neurologic injury

onMR images or histopathology [52]. This investigation in an
animal model proposes that inadvertent intra-arterial injec-
tions of particulate steroids are associated with neurologic
complications whereas intra-arterial non-particulate injections
are safer compared to particulate steroids [52].

Paraplegia in lumbosacral epidural injections

Death as well as infarction of cerebellum, brain stem, thala-
mus, cervical, and lumbar spinal cord have been reported after
cervical and lumbar epidural injections, either by an interlam-
inar or transforaminal approach [8–26]. In the literature, all 17
thoracolumbar spinal cord infarctions related to lumbosacral
epidural steroid injection were associated with particulate
steroids whereas no case of paraplegia was described after
image-guided epidural injection of dexamethasone [16–26]. It
has to be noted that the damage to the spinal cord commonly
occurred several segments cranial to the lumbosacral injection
site: for instance, in the case reported by Chang Chien et al., a
transforaminal epidural steroid injection was performed at the
level L5-S1, but subsequently spinal cord infarction on MRI
was diagnosed between the T6 and the T9-T10 level [25]. All
except for one [24] thoracolumbosacral spinal injection asso-
ciated with ischemic complications described above were
carried out as image-guided interventions, either by fluoros-
copy or CT, and the use of complementary contrast agent
application before steroid injection was common. Spinal cord
injury occurred in 11 patients after fluoroscopy-guided [16,
18, 20–23, 25, 26] and in four patients after CT-guided lumbar
epidural steroid injections [16, 19, 21]. Even the combination
of negative blood and cerebrospinal fluid aspiration with
digital subtraction angiography (in order to exclude intravas-
cular or intrathecal contrast medium spread) seems not to
reliably exclude spinal cord infarction associated with lumbar
transforaminal epidural steroid injection at the level of L5-S1
[25]. We assume that more lumbar epidural steroid injections
are performed as fluoroscopy-guided injections compared to
CT-guided injections. Thus there is no evidence to assess one
image-guiding technique as safer or more dangerous com-
pared to the other image-guiding technique for lumbar epidu-
ral steroid injections.

Fourteen thoracolumbar spinal cord infarctions occurred
after transforaminal lumbar epidural steroid injections.
Seven of these 14 transforaminal lumbar epidural steroid
injection patients underwent previous lumbar spinal surgery.
Three patients suffered from spinal cord injury after interlam-
inar lumbar epidural steroid injections and all of these patients
underwent previous laminectomy below the segments of the
injection [22, 24, 26]. There are no case reports or studies
available of spinal cord injury associated with interlaminar
lumbar epidural steroid injections in patients without previous
lumbosacral spine surgery. Wybier et al. [22] stated that a
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remarkable high percentage of patients with spinal cord injury
after lumbar epidural steroid injections underwent previous
lumbar spine surgery. Thus, the authors speculated that the
presence of epidural scar tissue increases the risk of spinal
cord injury after lumbar epidural steroid injections [22].

The following corticosteroids were associated with ische-
mic stroke of the spinal cord or the posterior cerebral circula-
tion after epidural spinal injections: triamcinolone acetonide,
betamethasone, methylprednisolone acetate, and prednisolone
acetate [8–26]. No patient in the literature suffered from an
ischemic event after cervical or lumbosacral epidural image-
guided injection of dexamethasone [8–26].

Efficacy of various steroids in lumbar epidural injections

It was hypothesized that particulate steroid preparations may
provide a local depot effect with constant release of the active
drug from the administration site over a longer time period
compared to non-particulate steroids [53].

The duration of action of intramuscular administered tri-
amcinolone acetonide representing a particulate glucocorti-
coid was studied in an investigation with dogs and compared
to intravenous administered triamcinolone acetonide
dihydrogen phosphate (TAA-DHP), which represents the
non-particulate steroid [53]. It was shown that a single dose
of the particulate glucocorticoid (triamcinolone acetonide)
after intramuscular administration revealed a much longer
duration of action of up to 4 weeks on the hypothalamic–
pituitary–adrenal axis activity in dogs than a similar intrave-
nous dose of its analogue, the non-particulate steroid (TAA-
DHP) [53]. The duration of action of the intravenous non-
particulate steroid (TAA-DHP) was only up to 72 h [53],
although the potentially longer duration of action of intramus-
cular administered TAA-DHP was not evaluated in this study.

One may speculate that relief of symptomsmight be lasting
longer in patients after epidural injection of particulate steroids
compared to non-particulate steroids. One study randomized a
total of 106 lumbar transforaminal epidural steroid injection
patients and compared the effectiveness of dexamethasone
and triamcinolone acetate [54]. At 1-month follow-up the
authors found a statistically significant lower visual analog
pain score (VAS) in triamcinolone patients (reduction from
VAS 8.3 to 2.4) compared to dexamethasone patients (reduc-
tion from 7.4 to 4.1). However, the two groups did not differ
significantly on the McGill Pain Questionnaire, or the
Oswestry Disability Index [54].

Three further studies compared the efficacy of a non-
particulate steroid (dexamethasone in all studies) and particu-
late steroids (methylprednisolone acetate, triamcinolone, or
betamethasone) in lumbar transforaminal or interlaminar epi-
dural steroid injections in patients with radicular pain or
radiculopathy [55–57]. One of these three studies included

retrospectively 3,645 transforaminal epidural steroid injec-
tions performed in 2,634 patients [56]. A second study on
78 consecutive patients was a prospective, randomized, and
double-blind study [57]. The three studies mentioned above
revealed no evidence that dexamethasone as a non-particulate
steroid is less effective than particulate steroids in lumbar
epidural injections [55–57]. It should be emphasized that these
results were yielded despite non-equivalence of anti-
inflammatory effect based on corticosteroid potency despite
dexamethasone in disadvantage. Kim and Brown [55] found a
statistically nonsignificant trend towards less pain relief and
shorter duration of action for dexamethasone in their retro-
spective study on a small cohort of 30 patients in each study
group. In addition, Kennedy et al. [57] reported slightly more
injections for each patient in the dexamethasone group with an
average number of 1.6 injections compared to the triamcino-
lone group with an average number of 1.4 injections to
achieve the same outcomes. However, n=7 (17 %) patients
of the dexamethasone group needed three injections compared
to only n=1 (3 %) patient of the triamcinolone group, which
was the only statistically significant finding in the Kennedy
et al. study [57]. Patient outcome after cervical transforaminal
epidural steroid injection revealed similar findings compared
to lumbar injections: particulate steroids did not demonstrate a
superior effectiveness compared to non-particulate steroids
[58, 59]. Finally, it might be noted, that a prospective, ran-
domized, double-blind, dose–response study on lumbar
transforaminal epidural injections did not find a statistical
difference in efficacy for dexamethasone dosage of 4 mg
compared with 8 or 12 mg over a 12-week period [60]. The
authors stated that the optimal dose of epidural dexametha-
sone might be even lower than 4 mg [60].

Conclusions

In summary, all spinal cord infarctions related to lumbosacral
epidural steroid injection in the literature were associated with
particulate steroids and lumbar needle tip positions within the
superior and mid zone of the neural foramen. In contrast, no
case of paraplegia was described after image-guided epidural
injection of soluble dexamethasone or a needle tip position
within the inferior part of the neural foramen. Nevertheless,
the pathophysiology of paraplegia associated with spinal cord
infarction remains unclear, thus some experts still prefer par-
ticulate steroids in lumbar and thoracic transforaminal epidu-
ral steroid injections [61, 62]. In this article, we present an
update on the current literature regarding the use of cortico-
steroids for transforaminal epidural and interlaminar epidural
injections. Despite the high evidence advocating the use of
soluble corticosteroids due to paucity of well-conducted pro-
spective studies, we are reluctant to provide general recom-
mendations to health professionals. Corticosteroids present a
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marked variability in their formulations, secondarily mixtures
might lead to aggregations or even drug incompatibilities and
finally one cannot exclude vasoactive effects. Considering
these pros and cons, at Balgrist University Hospital we have
decided to administer 4 mg of dexamethasone as a rapidly
soluble steroid for lumbar transforaminal epidural and inter-
laminar epidural steroid pain injection placing the needle tip
location in the inferior zone of the neural foramen according to
evidence of the recent literature. Generally, particulate steroids
are no longer employed at our institution for either
transforaminal epidural or interlaminar epidural steroid injec-
tions. The administering radiologist should be aware of the
still-limited efficacy data and potential adverse effects accom-
panying lumbar transforaminal or interlaminar epidural pain
treatment with corticosteroids.
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