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entry into the cord. We have not clarified
the best, safest technique.

Sedation

An alert patient is potentially able to
provide a warning if the procedure is go-
ing awry. Some centers make it a practice
to deeply sedate all patients. The risks of
this practice need to be evaluated to de-
termine if patient safety is being compro-
mised for patient comfort.

In conclusion, we are dedicated to
the safest possible techniques to provide
quality care to our patients. The inci-
dence of complications from interven-
tional techniques is so low that we are cur-
rently unable to measure the incidence.
Medication management does not effec-
tively solve these problems. Therefore,
it behooves us to consider available evi-
dence and look for the best possible thera-
peutic options for our patients. This com-
munication suggests specific areas which
we should further investigate.
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RiSK OF TRANSFORAMINAL EPIDURAL INJECTIONS

To the Editor:

There have been recent reports of se-
rious complications arising from the in-
jection of steroids into the spinal neural
foramina especially in the cervical region
(1-5). These complications have followed
the relatively routine interventional pain
clinic procedure of therapeutic injection
to treat radicular pain. The procedures
typically involve fluoroscopically-guided
needle placement into the neural foramen
with injection of water soluble contrast to
document needle position. Disastrous
events including paraplegia, quadriplegia
and death have occurred shortly after the
subsequent injection of particulate ste-
roid through the needle. At least some of
these procedures have been performed by
experienced practitioners presumably us-
ing well-accepted injection technique. As
interventional pain specialists, it behooves
us to objectively re-examine the risks and
benefits of neural foraminal injection so
that we may maintain safe and efficacious
medical practice for the benefit of our pa-
tients with chronic spinal pain.
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Historically, transforaminal ste-
roid injections have been used increas-
ingly over the past decade to diagnose
and treat neck and upper extremity pain
syndromes. From review and extrapola-
tion of insurance data, it is estimated that
some 100,000 cervical transforaminal ste-
roid injections have been performed in
the United States in the past 10 years.

Review of the complications has
revealed the following commonalities:

1. A sharp-tipped needle was placed
into the neuroforamen under
fluoroscopic guidance.

2. Contrast was injected and ap-
parently documented good
needle position.

3. A particulate steroid was injected
subsequent to injection of con-
trast.

4. The complication occurred within
minutes of the steroid injection.

5. Patient evaluation after the event
revealed extensive spinal cord in-
farction as the pathological event.

Most interventional pain specialists

agree that the transforaminal approach to
the epidural space has advantages in the
diagnosis and treatment of certain pain
syndromes (6-24). When irritation or in-
flammation of a specific spinal nerve root
or dorsal root ganglion is suspected as the
cause of intractable pain, transforaminal
injection is the most direct route to apply
medication to the pain generator. Fur-
thermore, transforaminal injections are
more likely to distribute therapeutic ste-
roid to the anterior epidural space, which
is the region most likely affected by irrita-
tion from bulging or herniated interver-
tebral discs.

Spinal Cord Blood Supply

Certainly, injection into the foramen
poses unique risks because of the presence
of foraminal arteries that are not present
in the posterior epidural space. The spinal
cord receives a rather tenuous blood sup-
ply through an anastomotic arterial net-
work of feeder vessels. Many of these ves-
sels are end arteries and collateral blood
supply is lacking throughout much of the
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cord. The spinal arterial network is in turn
fed by radicular arteries that course with
the nerve root through various neural fo-
ramina en route to the cord. These radic-
ular arteries are variable in number and
location. In the thoracolumbar region the
artery of Adamkiewicz exits the aorta and
usually enters the spinal canal through a
lower thoracic or upper lumbar foramen
most commonly from the left side (2). An
ascending sacral radicular artery and a
second thoracic radicular artery may also
contribute to thoracolumbar cord blood
supply. In the cervical region, the verte-
bral arteries give rise to the anterior spinal
artery at the upper cervical cord. The an-
terior spinal artery then descends through
the spinal canal supplying the upper cord.
The anterior spinal artery receives contri-
butions from one or more radicular arter-
ies, which originate from the more prox-
imal vertebral artery and course through
the cervical neural foramen with the
nerve root. The most common scenar-
io involves a single radicular feeder artery
exiting the right proximal vertebral artery
and following the C6 nerve root into the
spinal canal through the right C5-6 neu-
ral foramen.

Minimizing Risk

In order for the complication of cord
infarction to result from injection into the
neural foramen, two conditions must be:

1. The tip of the needle must lie
within an artery that is supplying
the arterial feeder system of the
cord.

2. Either placement of the needle
itself or injection of mate-
rial through the needle must cause
downstream interruption of blood
flow.

Arterial spasm from needle penetra-
tion is an unlikely cause of complication.
The long and relatively safe history of an-
giography has demonstrated that needles
can safely be passed into arteries with-
out causing spasm. Embolization of the
downstream spinal cord arteriolar system
is a more likely explanation based on the
distribution of infarction (anterior cord,
Brown-Sequard lesion) associated with
these events. Particulate steroid is like-

ly the offending agent. Those of us who
routinely use particulate steroids such as
methylprednisolone and triamcinolone in
pain clinic practice know that these com-
pounds are capable of clogging the lumen
of a 30 gauge needle. They are also ca-
pable of occluding blood flow as they are
distributed to the arborized arteriolar net-
work within the substance of the spinal
cord. The fact that relatively large sections
of the spinal cord even including portions
of the brainstem have been infracted by
single transforaminal injections attests to
the fact that the radicular arteries arbo-
rize into a vast interconnected network of
end-artery vessels.

Yet it seems clear that if we do not in-
ject particulate steroid into the radicular
artery, transforaminal injection is a rel-
atively safe procedure. It is quite possi-
ble that the disastrous complications de-
scribed above occurred either because the
contrast flow pattern was intravascular
but was incorrectly interpreted or because
the needle tip migrated into the artery af-
ter the contrast was injected. No other ex-
planation seems feasible. Meticulous in-
jection technique will minimize the risk of
intravascular injection and the following
points should be considered:

1. Correct interpretation of the re-
sults of contrast injection is cru-
cial to make absolutely certain
that the nerve root and/or epi-
dural space is outlined with con-
trast prior to injecting steroid. If
contrast flows out of the needle
tip and outlines the exiting nerve
root, then by definition the needle
tip cannot be intravascular.

a.  Contrast should outline the ex-
iting nerve root for a clear and
definable distance laterally.

b. It is not necessarily a problem
if contrast moves retrograde
through the neuroforamen and
into the epidural space but if
the nerve root is not simulta-
neously visualized then it is dif-
ficult to determine whether the
contrast moving medial is in-
travascular or epidural.

2. Once contrast injection has con-
firmed safe needle position, great

pains must be taken to keep the
needle completely stationary for
the remainder of the procedure.

a. Use of a pigtail extension at-
tached to the needle hub will
facilitate exchange of contrast
and medication syringes with-
out moving the needle itself.

b. Injection of the active medica-
tion should be done incremen-
tally with frequent fluoroscopic
visualization to make sure the
needle remains in proper posi-
tion.

i.  Subtle movement of the peri-
neural contrast pool visualized
during incremental injection of
steroid indicates that the needle
tip is remaining extra vascular.

In addition, some experts have rec-
ommended using blunt tip needles for
transforaminal injection although these
needles are not currently available in 25
gauge diameter making them less desir-
able for some practitioners. Blunt tip nee-
dles have been demonstrated to be less
likely to penetrate vascular structures.
Clear steroid preparations such has be-
tamethasone may also decrease risk al-
though it is unclear whether non-particu-
late steroid preparations will prove as effi-
cacious as the particulate medications.

As evidenced by past experience and
the long history of successful transforami-
nal injection, it is certainly possible to per-
form this procedure safely and with good
result. Nonetheless, recent events demon-
strate the potential for disaster with in-
jection into the neuroforamen and each
interventional pain specialist should re-
examine the indications and techniques
for this procedure. In addition, informed
consent for transforaminal injection
should include an explanation of the risk
of spinal cord injury.
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