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CERVICAL TRANSFORAMINAL INJECTION: REVIEW OF THE LITERATURE,

COMPLICATIONS, AND A SUGGESTED TECHNIQUE

Robert E. Windsor, MD, Seneca Storm, MD, Ross Sugar, MD, and Diwakar Nagula, DO

Objective: The objective of this paper
is to review the literature of cervical trans-
foraminal injections, resulting complications,
and to suggest a safe technique.

Methods: A systematic review of the lit-
erature was performed. Both the MEDLINE
and EMBASE databases were searched for
any article relating to cervical epidural injec-
tions, cervical transforaminal injections, and

complications relating to cervical epidural or
cervical transforaminal injections. Finally, a
method for performing a cervical transforam-
inal injection safely is described.

Conclusions: The review of the litera-
ture reavealed:
1. Thereis a paucity of literature regarding
cervical transforaminal injections;
2. There is no accepted standard tech-

nique for performing cervical transfo-
raminal injections; and

3. More research and study must be per-
formed regarding the risk versus bene-
fit, technique, and outcome of cervical
transforaminal injections.

Keywords: Neck pain, epidural, trans-
foraminal epidural, epidural steroids, com-
plications

The first known report of cervi-
cal epidural injections was by Dogliot-
ti in 1933 (1). This followed the report
of sacral epidural injection for low back
pain by Cathelin (2) and Pasquier (3) in
two separate reports in 1901 and Pages’
report of lumbar epidural injection in
1921 (4). Epidural cortisone injections
for the treatment of low back pain was
first reported by Robechi (5) in 1952 and
by Livre et al (6) in 1953 (6). The use of
epidural injection for low back was first
reported in the United States in 1960 by
Brown (7) and Goebert et al (8). Since
then, epidural cortisone injection have
been widely used for the treatment of low
back pain and lumbar radiculopathy (9-
12). The use of cortisone in the epidural
space for the treatment of radiculopathy,
while somewhat intuitive at the time, has
since been justified by a number of studies
implicating inflammation as a root cause
of neural irritation and damage (13-21).
While there are few well-controlled stud-
ies regarding the use of lumbar epidural
cortisone injections for the treatment of
low back pain in the medical literature,
the majority of those studies available are
positive (22-24).
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For decades many anesthesiologists
felt the cervical interlaminar epidural pro-
cedure was too risky for routine use, due
in part to the early problems encountered
with epidural anesthesia in the neck and
the narrow distance between the ligamen-
tum flavum and the spinal cord (25, 26).
At C7 this distance is only 1.5 to 2.0mm
versus 5.0 to 6.0mm at L2 (25, 27). The
advent of fluoroscopy greatly aided the
precision and safety of spinal injection
techniques in the management of cervi-
cal radiculopathy and other painful con-
ditions (28-35). Since the late 1980’s, cer-
vical epidural injections have been in-
creasingly employed for neck pain, cervi-
cal radiculopathy, cervicogenic headaches,
and complex regional pain syndrome un-
responsive to sympathetic blockade (36-
55). Today, spinal injectionists are per-
forming these injections routinely, how-
ever, even in the most trained hands, com-
plications may occur (56-73).

As specialists pursue non-operative
management of cervical radicular pain,
cervical epidural injections have become
common adjuncts to non-surgical man-
agement prior to resorting to surgery (11,
12,37,74,75). To date however, literature
supporting cervical epidural injections re-
mains sparse. The technique, outcome,
and complications of cervical interlami-
nar epidurals are modestly documented
in the literature. The use of fluoroscop-
ically guided transforaminal epidural ste-
roid injections (TFESI) has been report-

ed for the treatment of cervical radicu-
lar pain but is by no means as well doc-
umented as its interlaminar counterpart
(37,77,78).

The TFESI technique has developed
out of experience with its lumbar correlate.
This technique is felt to be safer and more
effective than its interlaminar counterpart.
There is controversy over the safety issue as
many physicians believe that the proximity
of critical structures to the foramen makes
the transforaminal injection technique in-
herently more dangerous (79, 80).

Despite the increasingly widespread
use of this technique, detailed description
of cervical transforaminal injections is no-
tably absent from the current body of lit-
erature. As reports of serious neurological
complications surface, concern over safe-
ty warrants further study and procedural
guidelines. Currently, variation exists in
nearly every aspect of these injections: type
and volume of injectate, approach, and use
of fluoroscopy and contrast. This review
will present three cases of TFESIs associ-
ated with complications, review the avail-
able literature regarding TFESIs, and de-
tail a technique that is compatible with the
relevant neurovascular anatomy and has
worked well in our experience.

CasEe REPORTS

Case #1
A 39-year old female with left left-
sided neck and shoulder pain following
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a moving vehicle accident presented for
treatment. A cervical magnetic resonance
imaging (MRI) demonstrated a bulging
C6-7 disc to the right without neural com-
pression. The patient’s treatment plan in-
cluded an alternating right and left C7
TFESI on serial weeks. All procedures in-
volved fluoroscopic guidance. The pain
physician reported that a 25 G 3%-inch
spinal needle was advanced to the postero-
inferior quadrant of the foramen and con-
trast was injected to help confirm proper
needle placement. The right C7 TFESI was
performed without complication on week
#1 however on the week #2, during the left
C7 TFESI the patient had severe pain in the
left upper extremity. The procedure was
aborted and a left C6 TFESI was performed
instead. Following the procedure the pa-
tient had a numb and weak left upper ex-
tremity. An MRI performed post-proce-
dure demonstrated petechial hemorrhag-
es in the lateral cord adjacent to the fora-
men. Neurological examination one week
following the injection was consistent with
a left C7 radiculopathy. The numbness and
weakness in the left C7 distribution had
not resolved over one year from the time
of injection.

Case #2

A 65-year old male with cervical
spondylosis, chronic neck pain and left
upper extremity pain presented for treat-
ment. A left C6 TFESI was planned as part
of the patient’s treatment plan. The injec-
tion was performed under fluoroscop-
ic guidance and the 25 G 3%-inch spinal
needle was placed into the left C5-6 fora-
men. Anteroposterior and lateral views
were checked prior to injecting contrast.
The contrast was injected and revealed a
left C6 spinal nerve outline. The physi-
cian planned to inject 2.5 mL of 0.75%
bupivacaine and 6mg of Celestone. When
1.5 mL of this solution had been inject-
ed, the patient complained that he had a
strange feeling in his head and said that he
felt he was going to “pass out.” Immedi-
ately following that statement, the patient
had a generalized seizure, which lasted 3-
4 minutes. Following the seizure activity,
he had a prolonged postictal period last-
ing approximately 45 minutes. A brain
computerized tomography (CT) scan, a
brain MR, and an electroencephalogram
(EEG) performed within 24 hours of the
injection were all normal. Follow-up MRI
at 6-months and then at 12-months dem-
onstrated mild atrophy of the hippocam-
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pus without other abnormalities. The pa-
tient has been unable to return to work
due to a mild organic brain syndrome.

Case#3

A 39-year old male presented with
neck pain and left-sided radicular symp-
toms. A cervical MRI demonstrated a
left C5-6 disc bulge. A left C6 TFESI was
planned. Using fluoroscopic guidance, a
22 G 3Y%-inch spinal needle into the left
C5-6 foramen. A small amount of con-
trast was injected and revealed an “ap-
propriate pattern” The physician in-
tended to inject a 2.5 mL volume of flu-
id contained a 1:1 solution of 2% Lido-
caine and Celestone Soluspan. Once 1.5
mL of this solution was injected, the pa-
tient stated that he was “light headed” and
felt that he might pass out. The patient
lost consciousness but had no seizure ac-
tivity. The procedure was aborted and the
patient’s vital signs were supported. The
patient regained consciousness within ten
minutes, and it was noted that the both
of his upper extremities were numb. He
was unable to move his left upper extrem-
ity and the right upper extremity was pa-
retic. Additionally, the patient was noted
to be dysarthric with ataxia of both low-
er extremities. The right upper extremi-
ty paresis resolved within two hours of the
injection. He did experience some recov-
ery of the left upper extremity, although
weakness and numbness in a C6 distribu-
tion persisted. Cervical MRI at the hospi-
tal demonstrated an acute posterior cord
infarct from C1-C4 and a brain MRI dem-
onstrated an acute cerebellar infarct.

REviEw OF THE LITERATURE

Cervical Interlaminar Injections and
Cervical Epidural Anesthesia
Fluoroscopy is now widely used and
is reccommended by many to allow for ac-
curate needle placement (28-33). Stoja-
novic et al (31) found a 53% false loss of
resistance in cervical interlaminar epidu-
ral injections without fluoroscopic con-
firmation. However, the loss of resistance
technique and hanging drop techniques
without contrast confirmation are still
widely used (79). Complications follow-
ing cervical interlaminar injections and
cervical epidural anesthesia have been re-
ported. In their description of accidental
spinal cord injury during epidural anes-
thesia, Bromage and Benumof (82) sug-
gested the following guidelines: “1) As-

sume that any report of lancinating pain
during epidural puncture may be caused
by mechanical stimulation of the spinal
root or the cord itself and therefore is a
clear signal to halt the advance of the epi-
dural needle immediately; 2) perform the
puncture below the termination point of
the spinal cord, whenever practical and
medically appropriate, though this is not
practical for cervical or thoracic epidur-
als; and 3) when indications do exist for
punctures above the termination of the
spinal cord, the procedures should be
performed with all due care by technical-
ly competent anesthesiologists and in an
awake, responsive patient in all but rare
circumstances (82).” In 1998, Hodges et
al (61) reported two cases of spinal cord
injury following interlaminar cervical
epidural injection. The authors conclud-
ed that sedation should be used with cau-
tion during cervical injections (61). Oth-
ers have suggested that sedation, in mod-
eration, can be used safely and helps avoid
untoward head movements (83). Regard-
ing spinal cord embarrassment, a case of
right leg monoplegia following introduc-
tion of a 25G needle and 0.3 mL of bupi-
vacaine also has been reported during spi-
nal anesthesia (84). This injury was con-
firmed by the discovery of hematomyelia
at autopsy. Another case involving tho-
racic anesthesia and spinal cord injury
proposed that introduction of the needle
into the spinal cord should cause lancinat-
ing pain in an awake patient (85). How-
ever, one report of 120 percutaneous cer-
vical cordotomies during which the cer-
vical cord is punctured 2-4 times with a
22G needle electrode from an anterolat-
eral approach at the C1-C2 level suggest-
ed that patients reported neither pain nor
paresthesia during puncture, but did with
electrical stimulation (86). This raises the
possibility that needle introduction into
the cord or neural structures alone, with-
out injection or electrical perturbation,
may not produce pain or injury. In fact,a
case report and study of accidental injec-
tion of contrast medium into the cervical
spine found that the mechanical effect of
the volume of fluid rather than the con-
trast medium itself caused neurological
symptoms (87). Despite the risks, Wald-
man (52) reported no serious complica-
tions in a series of 790 cervical interlami-
nar epidural cortisone injections.

Cervical Transforaminal Injections
In hisreport of cervical radiculopathy
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treated with TFESIs, Bush (37) demon-
strated that 68 consecutive patients made
satisfactory recovery without the need for
surgery or major complication. Slipman
et al (77, 88) reported that 12 out of 20
consecutive patients with cervical spon-
dylotic radiculopathy treated with TFE-
SIs experienced good or excellent re-
sults and were able to avoid surgery. Val-
lee et al (78) reported significant reduc-
tion in pain in 32 patients with cervical
radiculopathy treated with TFESIs at 14
days and 6 months. The trials, while com-
pelling, are without control groups, en-
tailed no randomization, and are single-
centered as opposed to multi-centered.
Such controlled trials provide evidence
of successful outcomes in the manage-
ment of lumbar radicular pain with trans-
foraminal injections, however the equiva-
lent level of study does not exist for TFE-
SIs in the treatment of cervical radicular
pain (12, 23, 89).

TFESIs may seem to present a saf-
er option for the treatment of cervical
radiculopathy than the interlaminar ap-
proach and while few complications of
this technique have been published, sever-
al cases of catastrophic injury are known
to be sub-judice (57,90). One case of
fatal spinal cord infarction ascribed to a
transforaminal injection of corticoste-
roids is published (62). A recent publi-
cation with the use of digital subtraction
angiography demonstrated that careful
technique alone may reduce, but does not
eliminate the possibility of vascular injec-
tion. The authors of this paper suggest the
use of live fluoroscopy and contrast me-
dium (57). Additionally, Nash (90) sug-
gested vasospasm of the medullary vessels
from the introduction of needles into the
foramen may occur potentially leading to
a vascular spinal cord damage.

TFESI techniques have been de-
scribed in the literature utilizing fluoros-
copy and CT-guidance for confirmation
of placement (91, 92).

Morvan et al (93) described an an-
terolateral approach similar to a cervical
discographic approach. Vallee et al (78)
described a technique in which the pa-
tient sits upright with their head held in
position by a foam pad. Slipman et al (77)
positioned the patient supine with a foam
pad under the ipsilateral shoulder and the
head rotated to the contralateral side to
open the foramen to be injected up to the
image intensifier of the fluoroscopy unit.
A 22 G spinal needle was placed into the

target foramen under fluoroscopic guid-
ance. The injection reportedly is carried
out in this position. Bush and Hillier (37)
also described an anterolateral approach
in 68 patients with cervical radiculopathy.
Larkin et al (94) described a technique in
which a catheter is entered into the pos-
terior epidural space via a more caudal

route and advanced up the spinal canal
and turned into the target foramen essen-
tially performing an “inside-out” transfo-
raminal injection.

Recommended Technique
In advance of the procedure, care
should be taken to make sure the patient is

Fig 1. The patient is placed supine on the procedure table with tier neck in

slight extension.

Fig 2. The patient is stertlely prepped with isopropyl alcohol, Chlorhexidine

Gluconate and povidone-iodine from the angle of the mandible to below the

clavicle and from the midline to the table. The region to be injected is then

draped with sterile towels. Note that the patient’s face remains uncovered.

Pain Physician Vol. 6, No. 4, 2003
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off all anti-platelet medications and is not
anti-coagulated. Aspirin products should
be stopped for a minimum of 7-10 days
and anti-inflammatory agents should be
stopped for a minimum of 72 hours pri-
or to the injection (95, 96). If the patient
is on Coumadin or other warfarin prod-
ucts, the patient must stop this medica-

tion for several days until their INR nor-
malizes (97). Low-molecular weight hep-
arin products should be stopped for at
least 10-12 hours prior to the procedure.
If the patient has a bleeding disorder such
as G6PD deficiency, sickle cell anemia, liv-
er disorder, or other bleeding dyscrasia,
then clearance should be obtained from

Fig 3. The C-arm is rotated approximately 45 degrees off the vertical and
10-20 degrees cephalad to caudal (anode to image intensifier). Note that the

patient’s neck has been rotated slightly to the opposite side to maximize surface

area of the region of the neck to be injected.

Fig4. This is a digital image resulting from the fluoroscopic angle in Figure 3.

Note that the fluoroscopic trajectory is parallel to the long axis of the foramina

thus maximizing cross sectional dimensions of the image.

Pain Physician Vol. 6, No. 4, 2003

the patient’s internist prior to proceeding
with the procedure.

The patient is positioned supine
on the procedure table with the neck in
slight extension; the shoulders depressed
and the head rotated slightly away from
the side to be injected to provide easier
access. The skin is prepped in a sterile
manner (Figs. 1-3), with isopropyl al-
cohol, chlorhexidine gluconate or povi-
done-iodine. The C-arm is rotated into
a 45-60 degree oblique position so that
the largest cross-sectional area of the fo-
ramen to be injected is seen on the fluo-
roscopic monitor (Fig. 4). The skin and
subcutaneous tissues are infiltrated with
2-4 mL of 1% Lidocaine in an en pointe
manner. Care should be taken not to
allow the anesthetizing needle to stray
off course and potentially place oth-
er structures at risk for injection. A 25
G 3%-inch spinal needle with a 30-de-
gree bend 8-10 mm from its distal tip is
then advanced down to the lateral mass
of the posterior foramen under live flu-
oroscopic visualization in the previous-
ly anesthetized tract of tissue. The nee-
dle tip should make contact with the lat-
eral mass adjacent to the caudal half of
the foramen (Figs. 5 and 6). Once bony
contact has been made, either a depth
gauge on the needle or the injection-
ist’s fingers should be placed at the nee-
dle-skin interface to monitor the depth
of the needle. With the needle depth
monitored, the needle should be with-
drawn 1 mm and then rotated under
live fluoroscopic visualization so that
the short arm (distal to the bend of the
needle) of the needle is directed and ad-
vanced 1-2 mm anteriorly so that the
needle tip is adjacent to the posterior-
inferior foramen (Fig. 7). The needle
is then rotated medially toward the ex-
treme posterior portion of the foramen
and advanced 2 mm beyond the point
at which the depth gauge or injection-
ist’s finger makes contact with the pa-
tient’s skin (Fig. 8). At this point, the
C-arm should be rotated into the sag-
ittal (AP) plane (Fig. 9). Care should
be taken to make sure that the spinous
processes of the segment being inject-
ed are equidistant from the pedicles on
either side. Under live fluoroscopic vi-
sualization the needle should be slowly
advanced until the needle is under the
lateral border of the pedicle immediate-
ly above the target foramen. The nee-
dle tip should not be beyond the mid
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Fig5. A 25 G 3 )% inch spinal needle with a 30-degree
bend from the distal tip has been advanced down to the left
C6 inferior articular process in preparation for entering
the left C5-6 foramen. The infertor articular process

Fig 6.

This fluoroscopic image demonstrates the 25 G
3 /% inch spinal needle in Figure 5 down to the left CO

inferior articular process.

provides an excellent bony landmark for a stepwise

entrance into the cervical foramen.

Fig 7. The 3 % inch spinal needle has been rotated and
advanced anteriorly 1-2 mm so that the tip of the needle
rests at the posterior inferior portion of the left C5-6

foramen.

Fig 8.

The 3% -inch spinal needle has been rotated

medially and advanced 2 mm into the foramen.

portion of the pedicle in a true AP view.
From this step on until the procedure is
finished, injections through the needle
should be performed under live fluoro-
scopic visualization to confirm that the
needle is not being inadvertently ad-
vanced medially into the spinal canal.
A small amount of non-ionic contrast
agent (0.5-1.0 mL) should be inject-
ed to determine needle placement (Fig.
10). Ideally, contrast should be injected

under live digital subtraction fluoros-
copy in order to better identify subtle
intra-arterial injections that may oth-
erwise be missed on plain fluoroscopy
(Fig. 11). The contrast material should
outline the spinal nerve, enter the spinal
canal and begin to course along the me-
dial border of the pedicle above or be-
low unless there is an obstruction to flu-
id flow such as disc herniation or spon-
dylotic spur. It should not be rapid-

ly carried away in a cephalad direction
suggesting a vertebral or radicular ar-
tery injection or in a serpentine man-
ner suggesting a Batson’s plexus injec-
tion. The contrast agent should also
not rapidly diffuse across the midline
in a homogeneous manner suggesting a
subarachnoid injection and the patient
should experience essentially no pain
with either needle placement or injec-
tion. Extreme pain or lancinating pain

Pain Physician Vol. 6, No. 4, 2003
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Fig. 9 An A-P image of the cervical spine demonstrating
the tip of the spinal needle in the inferior portion of the
left C5-6 foramen and immediately under the lateral half

left C6 pedicle.

Fig 10. This tmage demonstrates contrast medial to the

of the left C5 pedicle. Note that the spinous processes
bisect the horizontal inter-pedicular line demonstrating an

exact AP view.

Fig 11.

failed to demonstrate vascular uptake.

Live digital subtraction fluoroscopy taken during active injection

either upon needle placement or injec-
tion suggests an intraneural position-
ing of the needle. A spot film should
be taken of the resulting contrast out-
line for documentation purposes. Once
the needle has been properly placed, 0.5
mL of 1% Lidocaine should be injected
as a test dose under live fluoroscopic vi-

Pain Physician Vol. 6, No. 4, 2003

sualization. After 15-30 seconds the in-
jectionist should ask the patient how he
or she is feeling. Specifically, the injec-
tionist should ask about unusual numb-
ness in the neck, chest, or upper extrem-
ities; or shortness of breath, dizziness,
tinnitus, or metallic taste in the mouth.
Assuming the patient has none of these

symptoms, the injectionist should inject
the intended medication slowly under
live fluoroscopic visualization for the
same reason as stated above.

A typical selective epidural cortisone
injection should consist of 1 mL of 2% Li-
docaine and 1 mL of Celestone Soluspan
(6 mg) or the equivalent. Other similar
“cocktails” are acceptable such as 1 mL
of 0.5% Bupivacaine, 1 mL of Celestone
Soluspan, and 1 mL of 1% Lidocaine. The
reason for injecting a local anesthetic is to
provide immediate analgesia and to theo-
retically augment the “wind down”.

CONCLUSION

Cervical transforaminal epidural in-
jections are currently clinically important
in the management of cervical radicular
pain. While preliminary reports of clini-
cal outcomes are encouraging, only a pau-
city of literature regarding these injections
exists. To date there is no accepted stan-
dard technique for performing transfo-
raminal epidural steroid injections. Phy-
sicians performing these procedures must
make themselves aware of the serious
complications that are now being recog-
nized and reported. Establishing an ap-
propriate mechanism for reporting, eval-
uating and studying these techniques and
outcomes is warranted with the aim of en-
suring patient safety. More research and
study must be performed regarding the
risk versus benefit, technique, and out-
come of transforaminal epidural steroid
injections.
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