Pain Physician. 2005;8:309-314, ISSN 1533-3159

PARAPLEGIA FOLLOWING A THORACOLUMBAR TRANSFORAMINAL
EPIDURAL STEROID INJECTION

Scott E. Glaser, MD, and Frank Falco, MD

Background: In recent years, transfo-
raminal epidural injections have emerged as
an alternative to interlaminar and caudal epi-
dural steroid injections. The rationale for uti-
lizing transforaminal epidural injections has
been described for diagnostic as well as ther-
apeutic purposes. The evidence for lumbar
transforaminal epidural steroid injections in
managing lumbar nerve root pain is strong,
whereas it is moderate in managing cervical
nerve root pain. However, these techniques
are also associated with rare, but catastroph-
ic, neurologic complications.

Objective: To present a case report de-
scribing a devastating neurologic injury fol-
lowing a transforaminal thoracolumbar epi-
dural steroid injection.

Case Report: A 67-year-old female was

referred for treatment of chest wall pain fol-
lowing a T-12 compression fracture. Her pain
was primarily radicular in nature. She had
not responded to conservative care and con-
tinued to suffer from disabling pain. A left
T12-L1 transforaminal epidural steroid injec-
tion was performed using the “safe triangle”
technique; there was appropriate spread of
dye that was visualized and recorded as well
as a “washout” image. The injectate consist-
ed of a 3 mL volume of 1% ropivacaine and
50 mg triamcinolone acetonide suspension.
The patient experienced a rapid and com-
plete loss of sensation and movement below
the T-10 level within five minutes after the in-
jection. An MRI initially performed six hours
after the procedure was non-diagnostic but
an MRI performed two days later confirmed

a thoracolumbar spinal cord infarction. High
dose intravenous steroids provided during
the course of treatment did not significantly
alter her neurological deficits and she contin-
ues to be paraplegic.

Conclusion: This case report describes
vascular injury leading to an infarction of the
spinal cord following a thoracolumbar trans-
foraminal epidural steroid injection. Alterna-
tive approaches to, or alternatives means of,
performing transforaminal injections should
be considered to avoid devastating neurolog-
ical complications.

Keywords: Complications, epidurals,
transforaminal, spinal cord injury, radiculom-
edullary artery, Artery of Adamkiewicz.

Transforaminal epidural injections
have emerged as a target-specific modality
of treatment for the diagnosis and man-
agement of spinal pain (1). Transforami-
nal epidural injection consists of injection
of contrast, local anesthetic, or other sub-
stances around spinal nerves under fluo-
roscopy (1-3). Analysis of evidence (4, 5)
has provided strong support as to the ef-
ficacy of lumbar transforaminal epidur-
al steroid injections in managing lumbar
nerve root pain, whereas a similar analy-
sis provided moderate evidence of the ef-
ficacy of cervical transforaminal epidural
injections in managing cervical nerve root
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pain. These conclusions were based on ex-
tensive review of the literature with inclu-
sion of multiple randomized and non-
randomized evaluations, with studies in-
cluding lumbar and cervical nerve root
pain (6-17).

Transforaminal epidural injections
are also associated with multiple potential
complications, including intravascular in-
jection, air embolism, vascular trauma,
particulate embolism, cerebral thrombo-
sis, epidural hematoma, and neural or spi-
nal cord damage (1, 18-29).

Paraplegia following three separate
lumbar transforaminal epidural steroid
injections has been described in the lit-
erature (18); however, no details of the
procedures or fluoroscopic images were
provided. Paraplegia following a left L1-
2 transforaminal epidural steroid injec-
tion also has been reported (29), although
there were no fluoroscopic images despite
a more detailed description of the proce-
dure. Three accounts of acute paraplegia
following left lower thoracic transforam-
inal epidural steroid injections employ-
ing the “safe triangle” technique also have

been published (30) without fluoroscopic
images. There are no case reports of para-
plegia after a thoracolumbar transforami-
nal epidural steroid injection.

The following case report involves a
case of paraplegia following a left-sided
T12-L1 transforaminal epidural steroid
injection using the “safe triangle” tech-
nique. This is an important case as the in-
jection of radiopaque contrast at no time
revealed arterial dispersal. Additional-
ly, the flow pattern of contrast along the
nerve root as well as the “washout” picture
was consistent with an extra-vascular nee-
dle tip/bevel location.

Case REPORT

The patient, a 67-year-old female,
was referred for treatment of chronic
chest wall pain of six months duration af-
ter suffering a T-12 compression fracture.
The pain did not respond to the admin-
istration of multiple opioids, NSAIDs, a
TENS unit, or physical therapy. The pa-
tient had difficulty walking, sitting, lay-
ing down, and sleeping secondary to the
pain. She described the pain as primari-
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ly left-sided radiating chest wall pain with
numbness extending in a pattern con-
sistent with a T12 distribution around
the chest wall and flank. A CT scan per-
formed after the injury revealed a T12 ver-
tebral compression fracture with mild ret-
ropulsion and anterior wedging. Second-
ary to the pain, she could not tolerate ly-
ing still long enough for an MRI. She opt-
ed to have a transforaminal epidural ste-
roid injection after discussing the treat-
ment options.

A 22g, 3Y-inch, spinal needle (Espo-

can, B. Braun) was inserted into the ceph-
alad and anterior aspect of the left T12-
L1 foramen, utilizing a posterior oblique
approach with a slight bend of the needle
tip (Fig. 1). The needle tip was positioned
just below the pedicle of the T12 vertebral
body without contacting the periosteum.
Small bore (Microbore, Lifeshield) exten-
sion tubing with 0.4 ml of dead space was
flushed with Isovue-300 to remove visible
air bubbles and then was connected to the
hub of the needle. An anterior posterior
(AP) fluoroscopic view confirmed appro-

Fig. 1. Left oblique view with tip of
the needle at the cephalad aspect of
the left T12-L1 intervertebral fora-
men. The needle tip was positioned
just below the pedicle of the T12
vertebral body without contacting
the periosteum.

Fig. 2. Anterior posterior (AP)
Sfluoroscopic view confirmed needle
tip placement at the superior aspect
of the foramen, at the 6 o’clock po-
sttion under the pedicle.

Fig. 3. Lateral fluoroscopic views demonstrating needle tip location just poste-
rior to the vertebral body and near the inferior aspect of the pedicle.
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priate needle tip placement at the 6 o’clock
position under the pedicle (Fig. 2).

A lateral fluoroscopic view con-
firmed the needle tip location just pos-
terior to the vertebral body (Fig. 3). Iso-
vue was initially injected under lateral flu-
oroscopic visualization. The initial injec-
tion of Isovue revealed intravenous up-
take. The contrast flow was sluggish and
directed anteriorly towards the inferior
vena cava. It took two to three heartbeats
for the contrast to disappear. The needle
was then withdrawn slightly within the fo-
ramen and further injection of Isovue re-
vealed an outline of the nerve root and no
intravenous uptake or evidence of intra-
arterial flow (Fig. 4). The fluoroscope was
then positioned in an AP view and further
injection of contrast revealed flow along
the nerve root extending proximally into
the epidural space medial to the T12 ped-
icle in the lateral recess (Fig. 5). The fluo-
roscope was adjusted to position the nee-
dle tip in the center of the fluoroscopic
image. The injection of an additional 0.4
mL of Isovue contained in the tubing un-
der live fluoroscopy revealed further ex-
tension of contrast cephalad in the epi-
dural space. This was followed by the in-
jection of a 3 mL mixture consisting 2mL
of Triamcinolone (25 mg per mL) with 1
mL of 1% Ropivacaine. A “washout” fluo-
roscopic image revealed dilution of the Is-
ovue (Fig. 6).

The patient did not complain of any
paresthesias during the procedure. She
received conscious sedation (2 mg mid-
azolam and 50 mcg fentanyl) and was
responsive at all times during the injec-
tion. She reported the sensation of “air
being let out” of her lower body and had
a complete sensorimotor deficit below
T10 within five minutes of completing
the procedure. She did not become hy-
potensive at any time during or after the
procedure, and an increase in blood pres-
sure and heart rate were noted in the re-
covery area after the procedure. There was
no evidence of neurological recovery that
would have been expected after intrathe-
cal injection of a local anesthetic. An MRI
performed six hours after the procedure
did not show any evidence of cord com-
pression secondary to the compression
fracture or an epidural hematoma. She
was transferred to a neurologic intensive
care unit for further monitoring. Con-
sults were obtained with a neurosurgeon,
neurologist, and an interventional radi-
ologist. No treatment was recommend-
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ed or attempted other than supportive
care and high dose intravenous steroids.
An MRI performed two days later con-
firmed a spinal cord infarction from T5 to
the conus medullaris. The patient has had
no improvement in any of her neurologi-
cal deficits in over four years. She contin-
ues to suffer from the same chronic chest
wall pain that is not well-controlled with
medication management.

Discussion

This is the eighth case report of
paraplegia following a thoracic or lum-
bar transforaminal epidural steroid injec-
tion. The previous reports did not provide
fluoroscopic images of needle placement
or dye flow. The presumed cause of these
complications was interruption of blood
supply to the spinal cord from the arte-
ria radicularia magna (ARM-the artery of
Adamkiewicz). This has been postulated
to be secondary to either vascular trauma
or the injection of particulate steroid into
the artery causing an embolic effect.

The artery of Adamkiewicz is an
enlarged radiculomedullary artery that
anastomoses with the anterior spinal ar-
tery. There are multiple radicular arteries
that supply blood flow to the spinal cord
and enter the spinal cord at segmental lev-

els. The posterior intercostal arteries aris-
ing from the aorta in the thoracic spine
and the paired lumbar arteries that arise
from the aorta in the lumbar spine form
these segmental arteries. From the level
of the sixth, seventh, or eighth posteri-
or intercostal arteries, the vessels course
around the middle of each vertebra. The
lumbar arteries pass laterally and midline
across the anterior and side of each verte-
bral body until they reach the interverte-
bral foramen (31). Each lumbar artery di-
vides into a series of major branches (ab-
dominal wall, intermediate or spinal ca-
nal, and the posterior body wall branch-
es) just outside the level of the interver-
tebral foramina. The spinal canal branch-
es divide into the anterior spinal canal,
the nervous system, and the posterior
spinal canal branches. The nervous sys-
tem branches arise from the segmen-
tal artery just outside of the spinal canal.
They course cephalad, reaching the supe-
rior edge of the adjacent nerve root, run-
ning along the dural nerve root sleeve for
a short distance (32). These arteries sup-
ply blood to the spinal cord through anas-
tomoses with the anterior spinal artery
and by direct cord penetration. In the
lower thoracic and lumbar spinal cord,
blood perfusion is felt to be largely de-

pendent on the ARM. Although recently
questioned (33), the ARM is felt to be re-
sponsible for the majority of blood supply
to the lower two-thirds of the anterior spi-
nal cord. The ARM has been described in
cadaveric studies to arise between T5 and
L5, but recently was found along the lum-
bar nerve roots in greater than two-thirds
of cadavers (34). That study also high-
lights the “remarkable variability of the
ARM origin.” The ARM enters the spinal
canal on the left side 69 to 85 percent of
the time, joins the nerve root at the fora-
men, and is located within the nerve root
sleeve (35). The artery then courses medi-
ally through the rostral or midportion of
the foramen closely juxtaposed to the dor-
sal root ganglion-ventral root complex at
its rostral and ventral aspect (36). The av-
erage outer diameter of the artery at the
foramen is 1.0 mm.

In this case, there is evidence of flow
of contrast in the usual pattern seen when
performing this procedure. There is evi-
dence of dilution of contrast by the in-
jectate. The mechanism of injury could
be secondary to arterial spasm and/or
the development of an intimal flap. Both
of these mechanisms could lead to stasis
of flow, clot formation, and hypoperfu-
sion. Arterial spasm leading to end-organ

Fig. 4. Lateral view of the needle
after it had been withdrawn slightly
and contrast injected. There is an
outline of the exiting nerve root
with contrast evident postertor and
antertor to the nerve in the cephalad
and anterior foramen. Compare
to the L1-L2 foramen located just
caudad.

Fig. 5. A-P view acquired after repo-
sittoning the fluoroscope and injec-
tion of more contrast. The greatest
concentration of contrast can be seen
along the cephalad aspect of the nerve
root in the lateral recess, as it exits
the foramen, and can be seen extend-
ing cephalad along the lateral aspect
of the nerve in the spinal canal.

Fig. 6. A-P view acquired after re-
[positioning the fluoroscope to center
the needle, the injection of 0.4cc
more of contrast, and the injection
of the 3cc mixture of local anesthetic
and steroid. Dilution of the contrast
is evident in all of the areas described
in the previous fluoroscopic images.
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ischemia is a well known phenomenon as
the arterial wall is highly muscular. Arte-
rial spasm can lead to cerebral ischemia
secondary to the effects of subarachnoid
hemorrhage. Coronary artery vasospasm
can lead to ischemia and myocardial in-
jury and this variant of coronary ischemia
is called Prinzmetal’s angina (37). Coro-
nary artery spasm causing pseudolesions
occurs during angiography secondary to
mechanical irritation (38). Radial artery
spasm after cannulation is reported as
high as 10% but rarely leads to sequelae
secondary to collateral blood supply from
the ulnar artery.

The development of an intimal flap
after disruption of the muscular wall of
the artery with the sharp bevel of the nee-
dle is also a plausible mechanism of inju-
ry. The tunica intima is one of the three
layers of tissue in the wall of a blood ves-
sel and is the innermost layer of the arte-
rial wall consisting of endothelial cells and
a subendothelial layer of loose connective
tissue. The development of an intimal flap
leading to arterial obstruction and rup-
ture is a well known phenomenon. The
flap can be secondary to mechanical trau-
ma or atherosclerotic disease and has been
described in the thoracic aorta, abdomi-
nal aorta, carotid arteries, vertebral arter-
ies, coronary arteries, renal arteries (39),
iliac arteries (40), and other vessels.

Another potential cause for cord in-
farction is occlusion of the ARM from an
embolic event resulting from injection of
particulate steroid directly into the artery.
This mechanism of injury has been postu-
lated in the literature regarding previous-
ly reported events. It has been shown that
the steroids commonly used to perform
this procedure are particulates that have
the potential of causing microvascular oc-
clusion. Light microscopy revealed that
the particulates found in available triam-
cinolone preparations can range up to a
size of 100 microns or larger (41). This is
felt to be large enough to occlude arteri-
oles, metarterioles, and some arteries.

For a steroid particle to cause an em-
bolic effect in this specific case it would
require that the bevel of the 22-gauge nee-
dle be located within the ARM and re-
main in that position. The outer aspect
of a 22-gauge needle and the outer diam-
eter of the ARM at the level of the fora-
men are very close in size, based on ana-
tomic studies. Additionally, the direction
of the artery traveling around the pos-
terior and lateral aspect of the vertebral
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body and then traveling with the nerve
root would be perpendicular to the direc-
tion of the needle inserted utilizing a pos-
terior and oblique approach to the fora-
men. The bevel would need to remain in
place and the arterial lumen remain pat-
ent during the injection of contrast, po-
sitioning of the fluoroscope, changing of
syringes, and the injection of the steroid/
local anesthetic mixture. Finally, a portion
of the bevel would need to be extra-vas-
cular to account for the existence of dye
flow along the nerve root and in the epi-
dural space. Another plausible circum-
stance that could account for this occur-
rence would be movement of the needle
after the final injection of Isovue and be-
fore the injection of the steroid/local anes-
thetic mixture.

Unfortunately, there is no clear evi-
dence as to which of these potential types
of injury alone, or in combination, is re-
sponsible for spinal cord infarction from
performing these injections. Expert opin-
ions have been rendered regarding this
specific case. One expert posited that it
was a violation of the standard of care
to have the tip of the needle in the ante-
rior foramen at the level at which this in-
jection was performed. This opinion was
contradicted by the other experts. Anoth-
er expert concluded that there was a vio-
lation of the standard of care because the
fluoroscopic image (Fig. 4) was not posi-
tioned appropriately to detect flow in the
ARM. This expert opined that had the
fluoroscopic image been centered rath-
er than at the upper aspect of the screen,
flow would have been detected in the
ARM, which turns cephalad after it en-
ters the foramen. This does not take into
account the fact that substantial dye flow
was seen along the nerve root and in the
epidural space. It also does not take into
account that another injection of Iso-
vue was performed under live fluorosco-
py with the needle centered in the image
without evidence of intra-arterial flow.

The injection of contrast is utilized
to confirm the appropriate location of the
needle tip and assumes that the medica-
tion injected after the contrast follow the
same flow pattern. Contrast deposited
within the subarachnoid space, the sub-
dural space, or an intravenous or an intra-
arterial location would lead the physician
to reposition the needle. Although de-
scribed in the literature during a cervical
transforaminal injection (27), the ease of
detection of an intra-arterial injection is

not known. The use of digital subtraction
imaging which is purported to increase
the ability to detect arterial flow, i.e. the
sensitivity of the contrast injection, has
been advocated as increasing the safety of
these injections. If the mechanism of inju-
ry is not a result of an embolic event, the
detection of an arterial injection would
not necessarily lead to a decrease in the
incidence of neurologic sequelae due to
an interruption in vascular supply.

This also leads to the conclusion
that the “safe triangle” is, in fact, a mis-
nomer. Transforaminal injections histor-
ically have been taught to be performed
in the “safe triangle” above the nerve root
and at the six o’clock position under the
pedicle (anterior-superior foramen). Per-
forming a transforaminal injection using
the “safe triangle” technique has been de-
scribed in a teaching video as “the para-
digm technique for blocking all segmental
nerves above the lumbosacral segment.”
A review of literature published prior to
2000, including book chapters and articles
describing this technique, does not reveal
any significant reference to the vascular
structures within the foramen and no ref-
erence to the possibility of causing para-
plegia through the mechanism of vascu-
lar injury or embolic phenomenon. Al-
though the radiculomedullary arteries,
including the ARM, travel in close juxta-
position to the nerve in the rostral and
ventral portion of the foramen, the exact
point at which they become invested with
the nerve is likely to be variable. Any vari-
ability of the artery location in relation to
the nerve would mean that the artery is at
risk any time the needle is in the cepha-
lad portion of the foramen. Avoidance of
the nerve, which is one of the chief aims of
the current method of performing trans-
foraminal epidural steroid injections,
might not ensure avoidance of this radic-
ulomedullary artery. Additionally, it is ob-
vious, based on anatomical studies, that
the location of the ARM is highly variable
as to the foramen through which it enters
the spinal canal in the thoracic and lum-
bar spine. The case reports from Houten
and Errico (18) reported a transforaminal
epidural steroid injections at L3-4 in one
case, L3-4 and L4-5 in another, and S1 in
the third. Therefore, routine transforam-
inal epidural steroid injections in the su-
perior and anterior aspect of the lumbar
intervertebral foramen put the blood flow
of the spinal cord at risk.

Because of the variability of the
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ARM, paraplegia must be recognized as a
risk of transforaminal epidural steroid in-
jections performed in the “safe triangle.”
This is true both in the thoracic and lum-
bar spine due to the high variability of the
location of the ARM.

Transforaminal epidural steroid in-
jections are valuable and important ther-
apeutic and diagnostic procedures in the
armamentarium of physicians specializ-
ing in managing spinal pain. Future re-
search needs to be directed at alternative
locations for, or alternative means of per-
forming this efficacious procedure. Possi-
ble alternative locations for needle place-
ment would be in the cephalad and poste-
rior aspect of the intervertebral foramen
or the caudad and anterior aspect of the
foramen.

The putative reason for the higher
success rate of transforaminal injections
as compared to interlaminar or caudal in-
jections is due to the ability to place the
active medications in the ventral aspect of
the epidural space. Therefore, the caudad
and anterior aspect of the foramen might
be the most efficacious location to place
the needle during performance of a trans-
foraminal injection. The trajectory of the
needle for this approach is similar to the
trajectory utilized for discography. Place-
ment of the needle in a medial enough lo-
cation (i.e. in, or just lateral to, the mid-
pedicular line) requires a slightly more
oblique view secondary to the location of
the superior articular process of the infe-
rior vertebra. In the experience of one of
the authors, when utilizing this approach,
contrast flow outlining the nerve root is
consistent and comparable to that seen

when performing this procedure in the
“safe triangle,” although the appearance
along the inferior aspect of the nerve is
dissimilar to the usual appearance. Addi-
tionally, contrast flow in the anterior epi-
dural space is actually more widespread
and medial as the dye does not tend to
track along the cephalad aspect of the
nerve in the lateral recess. As with discog-
raphy, performing a transforaminal injec-
tion utilizing this technique may be diffi-
cult at the L5-S1 level due to the anatomy.

This approach can also be accom-
plished in the thoracic spine with a similar
trajectory for the needle to that current-
ly used for thoracic discography. This ap-
proach places the needle just medial to the
head of the rib in the inferior foramen. A
drawback to this approach is that it places
the needle tip just posterior to the disc po-
tentially increasing the risk of intradiscal
injection. This might lead to an increased
incidence of discitis.

A safer alternative means for per-
forming this procedure might include
the use of blunt tipped needles. A study
revealed a significant difference between
the ability of a blunt tipped needle, ver-
sus a needle with a sharp bevel, in pene-
trating the muscular wall of the renal ar-
tery (42). The use of blunt needles might
allow physicians to place the needle for
transforaminal injections at any location
within the foramen without jeopardizing
the blood supply to the spinal cord. When
performing these injections, another safe-
ty measure that may be considered is the
use of water soluble steroid solutions. This
would include water soluble formulations
of betamethasone and dexamethasone,

which may improve the safety of drug in-
jection associated with unintentional in-
travascular injection (41).

CONCLUSION

This case report adds to the body of
literature describing vascular injuries to
the spinal cord following transforaminal
epidural steroid injections. The vascular
supply of the lumbar and thoracic spinal
cord is quite variable, and the site of entry
of the radiculomedullary artery through
the intervertebral foramen is unpredict-
able. Alternative anatomic approaches to,
or different means of, performing trans-
foraminal epidural injections should be
considered. It appears that the anatomic
“safe triangle” is a misnomer.
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