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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 fora-
men with injection of water soluble con-
trast to document needle position.  Disas-
trous events including paraplegia, quadri-
plegia and death have occurred shortly af-
ter the subsequent injection of particulate 
steroid into 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 persistent pain.

Cervical transforaminal steroid in-
jections have been used increasingly over 
the past decade to diagnose and treat neck 
and upper extremity pain syndromes.  
From review and extrapolation of insur-
ance data, it is estimated that over 100,000 
cervical transforaminal steroid injections 
have been performed in the United States 
in the past 10 years. 

Review of the recent complications 
has revealed the following commonali-
ties:

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

2. Contrast was injected and apparently 
documented good needle position.

3. A particulate steroid was injected 
subsequent to injection of contrast.

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

5. Patient evaluation after the event 
revealed extensive spinal cord infarc-
tion 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 disrupted 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 dorsal epidural space.  These fo-
raminal arteries are the beginning of a 
rather tenuous anastomotic arterial net-
work of feeder vessels that deliver blood 
to the spinal cord. The arteries that supply 
the spinal cord are end arteries and col-
lateral blood supply is lacking through-
out much of the cord. The spinal radic-
ular arteries vary in number and location 
and travel with the nerve root through the 
foramen en route to the cord.  In the tho-
racolumbar region the artery of Adamkie-
wicz exits the aorta and typically enters 
the spinal canal through a lower thoracic 
or upper lumbar foramen most common-
ly from the left side (2).  An ascending 
sacral radicular artery and a second tho-
racic radicular artery may also contrib-
ute to thoracolumbar cord blood supply.  
In the cervical region, the vertebral arter-
ies give rise to the anterior spinal artery at 
the upper cervical cord.  The anterior spi-
nal artery then descends through the spi-
nal canal supplying the upper cord.  The 
anterior spinal artery receives contribu-
tions from one or more radicular arteries, 
which originate from the more proximal 
portions of the vertebral artery and course 
through one or more of the cervical neu-
ral foramina with the nerve root.  The 
most common scenario 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 neural foramen.

Minimizing Risk
It is most likely that the spinal cord 

and/or brainstem infarction document-
ed as the pathologic basis for injury after 

cervical transforaminal injection is the se-
quelae of embolism of particulate steroid 
into the downstream spinal cord arterio-
lar system. This is the only mechanism 
that would explain the size and distribu-
tion of infarction (anterior cord, Brown-
Sequard lesion) associated with these 
events.  Arterial spasm from needle pen-
etration is an unlikely cause of injury and 
the long history of angiography has dem-
onstrated that needles can safely be passed 
into arteries without causing spasm.  Ex-
ternal vascular compression from the in-
jectate would also be unlikely to cause 
abrupt and extensive spinal cord infarc-
tion. 

In order for injection into the neural 
foramen to cause spinal cord emboliza-
tion with subsequent cord infarction, two 
conditions must first be met:

1. The tip of the needle must lie within 

the lumen of radicular artery that is 

supplying the arterial feeder system of the 

cord.

2. The injected material must be capable 

of causing downstream interruption of 

blood flow.

Those of us who routinely use par-
ticulate steroids such as methylprednis-
olone and triamcinolone in pain clin-
ic practice know that these compounds 
are capable of clogging the lumen of a 
30 gauge needle.  They are also capable 
of occluding blood flow as they are dis-
tributed 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 infarcted 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 can avoid 
injecting particulate steroid into the ra-
dicular artery, transforaminal injection is 
a relatively safe procedure.  It is likely that 
the disastrous complications described 
above occurred either because the con-
trast flow pattern was intravascular but 
was incorrectly interpreted or because the 
needle tip migrated into the artery after 
the contrast was injected.  No other expla-
nation seems feasible.  Meticulous injec-
tion technique should therefore minimize 
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the risk of intravascular injection and the 
following points should be considered: 

1. Correct interpretation of the results 
of contrast injection is crucial to 
make absolutely certain that the 
nerve root and/or epidural space 
is outlined with contrast prior to 
injecting steroid. If contrast flows 
out of the needle tip and outlines 
the exiting nerve root lateral to the 
neuroforamen, then by definition the 
needle tip cannot be intravascular. 

a. Contrast should outline the 
exiting 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 simultaneously 
visualized then it is sometimes 
difficult to determine whether 
the contrast moving medial is 
intravascular or epidural. 

2. Once contrast injection has 
confirmed 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 attached 
to the needle hub will facilitate 
exchange of contrast and medica-
tion syringes without moving the 
needle itself.

b. Injection of the active medication 
should be done incrementally 
with frequent fluoroscopic visu-
alization to make sure the needle 
remains in proper position.

c. Subtle movement of the perineural 
contrast pool visualized by repeat 
fluoroscopy 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 22 gauge and  are currently 
not available in 25 gauge diameter mak-
ing them less desirable for some practitio-
ners. Blunt tip needles have been demon-
strated to be less likely to penetrate vas-
cular structures. Clear steroid prepara-
tions such as betamethasone may also de-
crease risk although it is unclear wheth-
er non-particulate steroid preparations 
will prove as efficacious as the particulate 

medications.
As evidenced by the long history of 

safe and efficacious  transforaminal in-
jection in the experience of many practi-
tioners, it is certainly possible to perform 
this procedure with good result. Nonethe-
less, recent events demonstrate the po-
tential for disaster with injection into the 
neuroforamen and each interventional 
pain specialist should reexamine the in-
dications and techniques for this proce-
dure. In addition, informed consent for 
transforaminal injection should include 
an explanation of the risk of spinal cord 
injury.
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