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Background: Transforaminal technique for epidural steroid injections, unlike other
approaches, is uniquely associated with permanent, bilateral, lower extremity paralysis.
Objective: To review the literature and analyze the reported cases of paralysis from lumbar
transforaminal epidural steroid injections to possibly establish a cause and to prevent this
complication.
Study Design: Eighteen cases of paralysis from transforaminal epidural injection have been
reported. We could analyze the position of the needle within the neural foramen based on the
available images and/or description among 10 of these 18 cases. Five cases were performed
with computed tomography guidance and 12 cases were performed with fluoroscopic guidance
[unknown in one case]. Additionally, other variables associated with the procedure, including
the technique, were also examined.
Methods: Analysis of the needle position in the neural foramen in cases of paralysis from
transforaminal epidural steroid injections. This analysis is based on images and/or description
provided in published reports.
Results: Paralysis in these cases seems to be associated with a well performed traditional safe
triangle approach with good epidural contrast spreads. Analyzed data shows that 77.7% of the
time, the needle was in the superior part of the foramen. In 71.4% of the cases, the needle was
in the anterior part of the foramen. This coincides with the location of the radicular artery in the
foramen. In 22.2%, the needle was in the midzone (neither in the superior nor inferior zone).
No level was spared as this event occurred at every foramen from T12 to S1. Ten of these events
happened during a left-sided procedure and 8 during a right-sided procedure. No relation to
this complication was noted when other variables like type and size of the needles, side of the
injection, local anesthetic, contrast, or volume of injectate were taken into consideration.
Limitations: Only 18 cases of paralysis from transforaminal epidurals have been reported.
Out of these, only 10 cases included images or descriptions which could be evaluated for our
study.
Conclusion: In light of the anatomical and radiological evidence in the literature that radicular
arteries dwell in the superior part of the foramen and along with our needle position analysis,
we suggest that the traditional technique of placing the needle in the superior and anterior part
of the foramen must be reexamined. Alternative, safer techniques must be considered, one of
which is described.
Key words: Lumbar epidural injection, lumbar transforaminal, approach, selective nerve root
block, paralysis, steroid, particulate, nonparticulate, safe triangle, radicular artery, artery of
Adamkiewicz
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D

isc herniation, discogenic pain, spinal stenosis,
radiculitis, and post surgery syndrome are
managed with various types of interventional
techniques including epidural injections (1-9). In the
lumbar spine, access to the epidural space is available
by caudal, interlaminar, and transforaminal approaches
(1-9). The literature describes substantial differences
with the technique and outcomes among the 3
approaches. Overall, utilization of epidural injections
in the lumbar spine has been skyrocketing, along with
other interventional techniques (10-12). In addition,
numerous surgical and nonsurgical interventions
have resulted in exploding health care costs (10-32).
The literature addressing the effectiveness of spinal
interventional techniques continues to emerge, even
though it has been debated in reference to appropriate
medical necessity and indications (1-9,32-45). Apart
from the issues of clinical and cost effectiveness,
multiple complications have been described with
interventional techniques (1-9,32-37,46-60). Among
various approaches utilized in managing epidural
injections, transforaminal epidural injections have
been considered as target specific and more effective
in the past; however, more recent literature shows
no significant differences in the outcomes of patients
whether receiving caudal epidural, lumbar interlaminar
epidural, or transforaminal epidural in reference to
disc herniation and spinal stenosis (1-9). Manchikanti
et al (11), in an assessment of epidural injections from
2000 to 2011 showed an increase of 130% per 100,000
Medicare beneficiaries with an annual increase of
7.5%. Above all, this assessment also showed lumbar
transforaminal epidural injections increased 665% from
2000 to 2011 with an annual increase of 20.3% per
100,000 Medicare beneficiaries (11).
While there is no significant difference in the
clinical effectiveness and, presumably, cost utility, transforaminal epidural injections have been associated
with a multitude of complications (46-56). Unlike the
interlaminar and caudal approaches to the epidural
space, the transforaminal approach is uniquely associated with reported complications due to the anatomy
related to the radicular artery accompanying the nerve
root (55,57-61). Due to the increasing rate of complications, the mechanism of injury has been hypothesized
to be embolization, direct injury, muscle spasm, compression, intimal flaps, and transection of either the
artery of Adamkiewicz or the radicular artery. Consequently, multiple anatomic studies, as well as various
approaches considered as safer have been described
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(55,57-69). Thus, the overall mechanism has been postulated to be the damage to the radicular artery based
on its size which is similar to that of a 22 gauge spinal
needle – commonly used in performing transforaminal
epidural injections.
However, there has not been a systematic assessment of the complications and causes for the complications, along with the role of alternate techniques in
performing these procedures safely. Consequently, this
analysis was undertaken by literature assessment.

Methods
The literature search was carried out utilizing multiple electronic databases including PubMed, Cochrane
reviews, review of systematic reviews, book chapters,
and related articles extending from 1966 through February 2013. The key search terms utilized were transforaminal epidural, selective nerve root block, paralysis,
paresis, steroid, artery of Adamkiewicz, radicular artery,
safe triangle, unsafe triangle, and spinal cord infarct.
Cited references of the relevant published articles
were reviewed. The literature search produced over
400 manuscripts of which 11 publications were found
reporting a total of 18 cases (46-56).
We analyzed the images/descriptions of the published cases of paralysis resulting from lumbar transforaminal epidurals in order to find a pattern in the needle
placement, if any, which was consistent with this complication. Images or descriptions of the procedure were not
available for all reported cases. Houten and Errico (46)
did not provide any images of the 3 cases that they reported. They described the needle placement as “placement of the needle tip at the point where the nerve root
emerges from the neural foramen.” We felt that this was
not enough information to assess the precise location of
the needle in the foramen and hence these 3 cases were
excluded in our analysis. Huntoon and Martin (47) did
not provide an image or description and we were not
able to include this case in our study. Wybier et al (53)
reported 5 cases, but only 3 were transforaminal injections (one was after interlaminar epidural injection and
the other was after intraarticular facet joint injection).
Among these 3 transforaminal injections only one had
an image/description. Glaser and Shah (54) reported
3 cases, but details were provided in only one case.
Hence, information could be gathered from only 10 of
the 18 reported cases. Images were provided in 9 of the
cases and description was used in one case (60). In one
case, we used both the image and description (51). We
reached out to all the authors. Ten out of the 11 authors
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communicated back and informed us that other images
were not available (46-55). Among the eligible cases, we
specifically examined whether the needle placement was
in the superior, inferior, anterior, posterior, medial, or
lateral part of the foramina. The location of the needle
in the foramina was determined independently by the
authors who are experienced in the performance of this
procedure. If there was a disagreement, it was resolved
by discussion. Eight authors who responded to us agreed
with our assessment of the needle position in their case
reports (46-55). One author did not respond to our query
about needle location (53). Another author responded
but did not want to comment on our interpretation of
the needle position (56).
Superior and inferior needle location was checked
in the lateral and anteroposterior (AP) view of the fluoroscopic images. The foramen was measured from the
bottom of the superior pedicle to the top of the inferior
pedicle. This zone was divided into superior, mid, and
inferior portions. For the medial/lateral plane, the area
of interest was the space between the 6 o’clock position

on the interested pedicle and the lateral aspect of the
pedicle (9 o’clock on the left pedicle and 3 o’clock on
the right pedicle) using both AP views on fluoroscopy
and axial views on computed tomography (CT). This
zone was vertically bisected. Needle positioning at, or
medial to, the bisecting line was deemed medial and if
the needle was lateral to this line, it was determined as
lateral positioning. For checking anterior or posterior
placement, both lateral views on fluoroscopy and axial
views on CT were utilized. In these views the foramen
was divided into anterior and posterior halves and
then the needle location was assessed. Three zones (superior, mid, inferior) were chosen in the superoinferior
plane and only 2 zones for anteroposterior plane and
mediolateral plane. This is because the superoinferior
plane is much larger compared to the other 2 planes.

Results
Our analysis of the needle positioning in the foramen is detailed in Table 1. Among 10 cases, the needle
position could be determined whether it was in the su-

Table 1. Description of location of needle placement.

Author/Year

Superior

Inferior

Anterior

Posterior

Medial

Lateral

Ar4

Ai5

Aa6

NI1

NI

NI

NI

NI

NI

Yes

No

Yes

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

Yes

No

Yes

No

Yes

No

Yes

No

Yes
Yes

Houten & Errico (46)
Glaser & Falco (48)
Huntoon & Martin (47)

NI

NI

NI

NI

NI

NI

Yes

No

Somayaji et al (49)

UNK

UNK

No

Yes

No

Yes

Yes

No

Yes

Quintero et al (50)

Yes

No

No

Yes

UNK

UNK

No

N/A

N/A

Yes

No

UNK

UNK

No

Yes

Yes

No

Yes

Yes

No

Yes

No

Yes

No

Yes

No

Yes

Kennedy et al (51)
Lyders & Morris (52)
Wybier et al (53)

Glaser & Shah (54)

Yes

No

UNK

UNK

UNK

UNK

Yes

No

Yes

Mid

Mid

UNK

UNK

No

Yes

Yes

No

Yes

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

Yes

No

Yes

No

UNK

UNK

Yes

No

Yes

NI

NI

NI

NI

NI

NI

Yes

No

Yes

NI

NI

NI

NI

NI

NI

Yes

No

Yes

Murthy et al (55)

Yes

No

Yes

No

Yes

No

Yes

No

Yes

Chang Chien et al (56)

Mid

Mid

Yes

No

Yes

No

Yes

No

Nc9

IKC8 7/9
(77.7%)

IKC 0/9
(0%)

IKC 5/7
(71.4%)

IKC 2/7
(28.5%)

IKC 4/7
(57.1%)

IKC 3/7
(42.8%)

NI = No information available; UNK = Unknown based on image reivew and/or description; AR = Author responded; AI = Additional images
available; AA = Author agreed with our assessment; NR = No response; IKC = In known cases; Mid = midzone
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perior or the inferior part of the foramen in 9 cases. In
7 out of these 9 cases (77.7%), the needle tip was in the
superior part of the foramen. In 2 out of 9 cases (22.2%),
the needle tip was in the midzone (neither superior nor
inferior). Needle position (if superior or inferior) could
not be determined in one case (47). In all 9 cases where
the needle position could be verified, none had needle
placement in the inferior part of the foramen. In 71.4%
and 28.5% of the cases, the needle was in the anterior
part and posterior part of the foramen, respectively. In
57.1% of the cases when the needle position could be
analyzed, it was in the medial part, and in the other
42.8% it was in the lateral part.
As shown in Table 2, no relation to this complication was noted when other variables like size of needles,
local anesthetic, contrast, or volume of injectate were
analyzed among these cases. In 5 cases CT guidance was
used and in 12 cases, fluoroscopy was utilized.
Non-particulate steroids were not used in any case.
In 3 cases, real time fluoroscopy was done during contrast injection (48,51,56). In one case, paralysis ensued
despite using the “test dose” and digital subtraction
(56). Contrast was injected in all but 2 cases (49,50). In
one case, the artery of Adamkiewicz was at the L3 level
and the injection was done at the L5 foramen (53). No
level was spared as this event occurred at every foramen from T12 to S1 (Table 3).

Discussion
The results of this systematic assessment of the
available literature regarding transforaminal epidural injections with major neurological complications
showed that in 7 out of the 9 cases (77.7%) the needle
tip was in the superior part of the foramen, whereas in
2 out of 9 cases (22.2%) the needle tip was in the mid
zone. In 71.4% and 28.5% of the cases, the needle was
in the anterior part and posterior part of the foramen,
respectively. The needle position was in the medial part
in 57% of the cases and the lateral part in 43% of the
cases among the cases where appropriate images were
available. This systematic assessment demonstrated
the relationship to the needle position without any
significant relation to other variables such as needle
size, local anesthetic injected, contrast, or volume of
injectate. There was no significant difference between
types of image guidance with 5 cases performed with
CT guidance and 12 cases under fluoroscopy. Surprisingly, during 2008, only 0.4% of cases were performed
with CT, but 29% of cases of paralysis were under CT.
All patients received particulate steroids. Multiple
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hypothesis have been forwarded in reference to the
occurrence of thrombosis or embolic phenomenon, including position of the needle, particulate steroid, type
of the needle, and various modifications of techniques
to safely perform these procedures. However, there is a
paucity of literature describing all of the above aspects
considering this is an extremely unusual complication.
Review of anatomical studies shows that the radicular artery seems to be located predominantly in
the superior part of the neural foramen. In a cadaveric
microsurgical anatomical study, Alleyne et al (57) found
that the artery of Adamkiewicz was consistently found
at the superior or middle portion of the foramen, ventral and slightly rostral or ventral to the dorsal root
ganglion-ventral root complex (DRG-VR). Kroszczynski
et al (58) showed in a cadaveric study that the artery
of Adamkiewicz and radicular arteries were predominantly located in the upper one-third of the foramen,
anterosuperior or anterior to the DRG-VR complex.
They found that 74% of the radicular arteries reside in
the upper one-third of the foramen compared to 23%
in the mid one-third of the foramen. Only 3% of the
radicular arteries lie in the inferior one-third. The average distance from the superior pedicle to the artery
was 1.2 mm and was 5.09 mm from the inferior pedicle.
Rauschning (59) reported that the nerve root complex
(root sleeve, ganglion, and nerve trunk) invariably lies
in the “subpedicular notch” (which is the superior part
of the foramen) together with the branches of lumbar
artery implying superior location. van Roy et al (60) in
an anatomical review stated that the radicular artery
follows the cranial aspect of the spinal nerves which
reside in the large upper part of the foramen.
Radiological evidence also confirms that the radicular arteries reside mostly in the superior part of the
foramen. Murthy et al (55) evaluated 113 radiculomedullary arteries in the intervertebral foramen and reported
that 88% of them are in the superior third of the neural
foramen as opposed to only 9% and 2% in the mid and
inferior third, respectively. No radicular arteries were
found in the lower fifth of the foramen. Further, more
arteries were found in the mid and inferior part of the
superior zone, when compared to the superior part of
the superior zone. Takase et al (61) traced the artery
of Adamkiewicz from the aorta to the anterior spinal
artery using CT. In 43 of the 63 patients, they could
completely visualize the artery along its course except
at the intervertebral foramen because it was too close
to the “bone” in the foramina. Personal communication
with the author (Dr. Takase) confirmed that this “bone”
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Age/
Sex

64/F

51/F

42/M

67/F

64/M

71/F

40/M

83/F

79/M

Author

Houten
& Errico
(46)

Houten
& Errico
(46)

Houten
& Errico
(46)
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Glaser
& Falco
(48)

Huntoon
& Martin
(47)

Somayaji
Et Al
(49)

Quintero
Et Al
(50)

Kennedy
Et Al
(51)

Kennedy
Et Al
(51)

R L3

L L3

L L4

L L2

L L1

L T12

L S1

L L3

R L3, R
L4

Level of
Injection

NI

Partial

Partial

Minimal

No

No

No

No

Partial

Recovery

120Mg Depo
[2mL]

6Mg Celestone
[1mL]

125 mg
of Hydrocortisone

40Mg Triam
[1mL]

40 Mg Triam

50 Mg Triam
[2mL]

40 Mg Depo
[1mL]

40 Mg Depo
[1mL]

Celes [12 Mg]

Steroid

Dye

OmNI 200
[2ML]

Isovue 300
[Quantity
Unknown]

None

NI

Iso [1ML]

Isovue
[Quantity
Unknown]

Small Amt

0.2 ML Iso

OmNI
[1ML]

Table 2. Variables related to location of needle placement.

0.375%
Bupi [6
mL]

0.75% Bupi
[1mL]

NI

0.5% Bupi
[1mL]

0.25% Bupi
[4mL]

1% Ropi
[1mL]

1% Lido
[1mL]

1% Lido
[1mL]

0.25% Bupi
[1mL]

Local In
Epidural

NI

NI

None

NI

Good

Good

Good

Good

Good

Dye
Spread

10ML

2ML

NI

2ML

5ML

3mL

2mL

2mL

3mL

Total
Vol

22G
100Mm

26G 3.5
Inch
Spinal

20 G

21 G
Spinal

22,25 G
3.5 inch

25 G
3.5 inch
spinal

22 G
Spinal

20 G
Spinal

25 G
Spinal

Needle

Ct

F

F

Ct

F

F

Ct

Ct

Ct

Ct/F

NI

Lf

No

No

NI

Lf

No

No

No

Lf/
Ds

NI

NI

Yes

NI

NI

Yes

Yes

Yes

Yes

Neg
Asp
for
Heme

Yes

No

No

NI

Yes

No

Yes

Yes

Yes

Prior
Lum
Sx

Image And
Description

Image

Image

Image

No

Image

No

No

No

Procedure
Image/
Description
Available

NI

Disc
Extrusion

Disc
Herniation

Scoliosis and
Root Canal
Stenosis

Severe SS

T12 Comp
Fx with Mild
Retropulsion

Spondy

Disc Her
with Ner
Comp

Mod Cen SS
and for SS

PreProcedure
Scan

infarction
from t9 to tip
of conus

infarction of
grey matter
of conus and
distal thoracic
cord

no changes
in mri 3 mon
later

infarction of
distal thoracic
cord and
conus

altered t2
signal in
t11-t12 cord

spinal cord
infarction
from t5 to
conus

edema in
lower thoracic
cord

edema in
distal spinal
cord

edema in
distal thoracic
cord

Post-Procedure
MRI
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55/M

63/M

62/NI

83/F

46/M

78/F

62/M

80/M

Author

Lyders &
Morris
(52)

Wybier
Et Al
(53)

Glaser
& Shah
(54)

Glaser
& Shah
(54)

Wybier
Et Al
(53)

Wybier
Et Al
(53)

Murthy
Et Al
(55)

Chang
Chien Et
Al (56)

NI = No information

Age/
Sex

R L5

L L3

L L3

L L5

R L2

R L4

R L5

R L2

Level of
Injection

No

NI

No

No

NI

No

Partial

No

Recovery

No Dye
Injected

Prednisolone
125 mg
[Quantity
Unknown]

80 mg
Kenalog

no name given

125 mg
Prednisolone

125 mg
Predinsolone

NI

Yes

Yes

NI

NI

NI

Name Of
Dye And
Quantity
Unknown

Trimcianlone
[1ML]

NI

0.25% Bupi
[Quantity
Unknown]

Dye

1 mL 1%
Lido

NI

No

No

NI

NI

No

Local In
Epidural

Steroid

Table 2 (cont.). Variables related to location of needle placement.

Good

Good

NI

NI

NI

Good

Good

Good

Dye
Spread

3 ML

NI

NI

NI

NI

NI

NI

NI

Total
Vol

22G 5 in.
Quinke

NI

NI

NI

NI

NI

NI

22G
Spinal
Needle

Needle

F

F

F

F

F

F

F

F

Ct/F

Lf/
Ds

NI

NI

NI

NI

NI

NI

NI

Lf/
Ds

Yes

NI

NI

NI

NI

NI

NI

NI

Neg
Asp
for
Heme

No

NI

Yes

Yes

NI

No

No

NI

Prior
Lum
Sx

Yes

Image

No

No

No

Description

Image

Image

Procedure
Image/
Description
Available

Spinal
Stenosis

NI

NI

NI

NI

Disc
Protrusion

NI

Disc
Herniation

PreProcedure
Scan

ischmeic
changes in
spinal cord
from t6-t10

NI

t2 high
intensity
signal in
conus

t2 high
intensity signal
in conus

mri changes
consistent
with artery of
adamkiewicz
injury

NI

central dot
in conus
medullaris

increase t2
signal in distal
thoracic cord

Post-Procedure
MRI
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was in fact the medial and inferior part of the pedicle.
In other words, 68% of the time, the artery is hugging
the pedicle in the superior part of the foramen. In addition, according to Kroszczynski et al (58), based on a
cadaveric study, the artery is anterosuperior to the nerve
in 54%, anterior to the nerve in 41%, and anteroinferior
to the nerve in 5% of the specimens. Krowyinski et al
(58) also suggested that the artery is either superior or
superoanterior to the nerve in the foramen. Alleyne et al
(57) reported that the artery of Adamkiewicz lies at the
superior and ventral aspect of the nerve.
The ischemic complications seem to occur in cases
of needles placed in the superoanterior part of the
foramen (where the radicular artery usually resides) using the TSTT Traditional safe triangle technique (TSTT)
associated with good reported and observed contrast
spreads. Glaser and Falco (48) were the first to question the TSTT. They suggested that the needle should
be placed in the inferior and anterior part of the foramen. Jasper (62) described the above technique more
elaborately and named it “retrodiscal transforaminal”
injection. Lee et al (63) have also critiqued the TSTT,
questioning the need to cross the nerve in order to
place the needle anteriorly in the foramen. They proposed an alternative approach placing the needle in
the superoposterior part of the foramen. Murthy et al
(55) also advocated inferior placement of the needle in
the foramen, posterior to the nerve. Glaser and Shah
(54) went to the extent of stating that the TSTT is not
safe. They advocated targeting Kambin’s triangle--the
inferoanterior aspect of the foramen. More recently
Zhu et al (64) proposed placing the needle in the posterior part of the foramen. The common denominator
for all these alternative approaches is avoidance of the
superoanterior part of the foramen.
The anatomical and radiological studies, along
with our clinical study, suggest that the radicular artery
rarely lies in the inferior part of the foramen (Table 4).
Therefore, it seems prudent to place the needle in the
inferior part of the foramen. Additionally, in our study,
none of the paralysed cases had inferior needle placement. One disadvantage of the inferior placement is

that it increases the chances of the medication spread
to the inferior nerve root. Unlike superior placement,
inferior needle placement has a risk of disc entry (54).
Because the artery of Adamkiewicz and the radicular
arteries are anterior or superior to the nerve (55,57,58),
placing the needle in the mid or posterior part of the
foramen (posterior to the nerve) may offer additional
assurance. Also, the dorsal root ganglion/dorsal root is
in the mid/posterior part of the foramen. Steroid application as close as possible to this important structure
may theoretically be more beneficial than in the ventral
epidural space. In our analysis, in 5 of the 7 cases, the
needle was in the anterior part of the foramen, and in
2 of the 7 cases, needle placement was posterior. In at
least one of the 2 posterior placements, the needle was
also in the superior part. In the other posterior case, the
superior or inferior location could not be determined
based on the information provided. Posterior placement is a less painful procedure as the needle is not traversing the nerve contrary to the traditional technique.
Based on our analysis of the available anatomical
studies and radiological studies, we have identified the
“Inferior Triangle.” In the oblique fluoroscopic view,
its boundaries are as follows: The lateral border of the
superior articular process forms one side of the triangle
and the transverse process is the base. The hypotenuse
is the traversing nerve. This is diametrically opposite
of the traditional Safe Triangle (Fig. 1). We propose
to place the needle as inferior and as posterior as possible in the neural foramen which corresponds to the
Table 3. Correlation of level of injection with complications.

Level of Procedure

Reported Cases

T12

1

L1

1

L2

2

L3

5

L4

3

L5

2

S1

1

Table 4. Descriptions of location of the radicular artery in the foramen.

Study

Superior

Inferior

Anterior

Posterior

Medial

Lateral

Murthy et al (55)

88

2

NI

NI

NI

NI

Kroszczynski et al (58)

74

3

NI

NI

NI

NI

Takase et al (61)

68

NI

NI

NI

NI

NI

NI = No information
www.painphysicianjournal.com
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Fig. 1. A- Traditional safe triangle technique. B- Inferior
triangle technique.

Fig. 3. Needle walked off the junction of superior articular
process and transverse process by a few millimeters.

inferomedial part of this Inferior Triangle. The C-ARM
should be oblique ipsilaterally until the “target point”
is seen. The target point is the junction of superior articular process (SAP) and transverse process (TP) (Fig. 2).
If this landmark is not clearly visualized, alternatively
the inferolateral part of the SAP can be targeted. Craniocaudal angulation of the C-ARM may be required to
“crisp up” these target points. Targeting either of these
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Fig. 2. Needle placed to contact the junction of superior
articular process and transverse process. Alternatively it can
be placed at the inferolateral part of the superior articular
process.

points is critical as it will ensure inferior placement of
the needle in the foramen. If not, the likelihood of
the needle placement in the midzone of the foramen
increases. This is not ideally desirable as up to 23% (59)
and 9% (67) of the time, the radicular artery lays in the
midzone of the foramen. Alleyne et al (63) reported
that the radicular artery can also dwell in the midzone.
In fact, in 2 of the cases we analyzed, the needle was
in the midzone (59,62). If an L3 transforaminal epidural
is planned, the target point is the junction of the SAP
with TP at L4 level and not L3. Place the needle using
the “gun barrel” technique to contact the junction of
SAP and TP (or the inferolateral part of SAP) (Fig. 2). After contacting either one of the above landmarks (this
will ensure posterior placement of the needle and also
decreases the chances of inadvertently entering the
disc), walk off the bone slightly into the foramen (Fig.
3). Check the lateral view and advance the needle if
necessary until it is in the posterior part of the foramen
(Fig. 4). Move the C-ARM to visualize the AP view. Make
sure that the needle tip is at the lateral aspect of the
pedicle (Fig. 5). Inject dye under real time fluoroscopy
(using AP views) and check for any vascular spread and
also for medial epidural spread (Fig. 6). If the desired
medial epidural spread is not achieved, then advance
needle slightly (keep the needle bent medially if using a
curved needle) and inject again and repeat this process
until good medial epidural spread is obtained (make
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Fig. 4. Lateral view is checked to ensure that the needle tip
is in the posterior part of the foramen.

Fig. 5. AP view is checked to make sure that the needle tip is
at the lateral part of the pedicle.

Fig. 6. Dye is injected to confirm epidural and radicular
spread.

Fig. 7. To achieve epidural spread sometimes the needle tip
may have to be advanced to the anterior part of the neural
foramen. In such cases, it is advised to make sure that the
needle is in the inferior part of the foramen.

sure that it is not medial to the 6 o’clock of the pedicle
to avoid subdural/intrathecal or intradiscal placement).
As soon as the initial medial contrast spread is seen
(even though lateral spread is noted), cease further
needle advancement because staying as lateral as possible in the AP view will ensure posterior placement
of the needle in the foramen. Although in most cases
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medial contrast spread can be achieved in the posterior
part of the foramen, sometimes the needle may have
to be advanced to the anterior part of the foramen
(Fig. 7). If the needle is in the anterior part of the foramen, it is pertinent that it should be in the inferior
part. If not, the needle has to be repositioned. After
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Fig. 8. In spite of some difficulty because of the iliac crest,
this procedure can be done even at L5 level.

negative aspiration for blood and cerebrospinal fluid
and also negative vascular and intrathecal/subdural
contrast spread (under real time fluoroscopy), inject the
medication. The inferior approach, unlike the superior
approach, unfortunately increases the likelihood of encountering the disc (46). Although the frequency of disc
encounter is higher in the inferior technique compared
to the traditional technique, the incidence is very low.
It is less than 2% in our experience. These are probably
intra-annular injections and not intranuclear injections.
Staying posteriorly in the foramen will eliminate this
risk. Anecdotally, we have seen a few interannular dye
spreads using the inferior approach without any discitis
as these procedures should be done in sterile conditions. Another concern is the possibility that annular
puncture can predispose disc herniation. Although
possible, it is probably rare as there is no evidence that
even discograms (which are more intrusive) cause disc
herniations. This approach can also be done at the L5
level at the junction of SAP and sacral ala (Fig. 8). Good
epidural contrast spreads were also achieved by placing
the needle in the midzone (superoinferior plane) and
posteriorly in the foramen. If this approach is contemplated, it is paramount that the needle is absolutely in
the posterior part of the foramen (Fig. 9). A superoposterior approach may also mitigate the risk of paralysis,
but emphasis should be placed on the needle being
absolutely posterior. This approach may be useful in
cases where because of either severe foraminal stenosis
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Fig. 9. Good epidural spreads can be achieved by placing
the needle in the superior or midzone[ in the superoinferior
plane], but the needle has to be in the posterior part of the
foramen. In this picture the needle is in the midzone.

or other anatomical variables, it is difficult to place the
needle in the inferior part of the foramen. It is also
useful in selective nerve root blocks as inferior spread
of the injectate is not desirable. Sometimes during an
attempt for inferior placement, the needle course may
deviate towards the superior part of the foramen. In
such cases precaution should be taken to make sure the
needle is in the posterior part of the foramen.
Systematic reviews of the published data and studies have shown that lumbar transforaminal epidural
steroid injections (LTESI) are effective in reducing pain,
improving function, and decreasing surgery and costs
(2,6,7,45). Accordingly, there has been an explosive
growth in the utilization of these procedures (10-12).
Although LTESI can be done safely without major complications (37), this particular complication deserves
special attention. Our view is that in order to decrease
the risk of paralysis, the TSTT approach must be reconsidered. One could argue that the majority of the cases
with paraplegia had needle placement in the superior
foramen because it is the most common placement currently. But with all the anatomic and radiologic data
showing that the radicular artery dwells most commonly in the superior part of the foramen, it seems
prudent to avoid this location. Consideration should be
given to replace the traditional method by the other
techniques described above or others in the past which
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avoids the anterosuperior part of the foramen (Table 5)
(48,54,55,62-64). The safety of these newer techniques
is not known but they appear to be safer than the traditional approach based on the anatomical, radiological,
and now the clinical evidence that the radicular artery
rarely resides in the inferior part of the foramen. Recent
studies (65-69) have shown that by using the inferior
approach as described by Glaser and Shah (54) and the
retrodiscal approach advocated by Jasper (62), results
similar to the traditional technique have been achieved
with less neural contact. By extrapolation, decreasing
neural contact possibly means reducing radicular artery
contact because the nerve root and radicular artery
dwell intimately in the neural foramen. However, one
study (70) found that the pain relief was superior when
the superior-anterior approach was compared to the
superior-posterior technique.
There is an argument that replacing particulate
steroids with nonparticulate dexamethasone will avoid
an embolization event but it won’t thwart injury from
needle trauma or spasm of the artery. Avoiding the
artery seems more prudent than using nonparticulate
steroids. Theoretically, particulate steroids seem to be
more efficacious than nonparticulate steroids. Some
have advocated measures like using digital subtraction,
dye injection using real time fluoroscopy, using blunt
needles, and using test doses before injecting steroid
(51,71). One case of paralysis has been reported in spite
of using a test dose and digital subtraction (56). However, avoiding the TSTT, in our opinion, is possibly more
reliable to avoid future catastrophic complications.
Since the entry level of the major radicular artery is so
variable and complications were seen as low as L5 and
S1, no level is immune and every level should be treated
with caution (Table 3). In one case (53), the artery of
Adamkiewicz was at the L3 level and the patient experienced paraplegia during an L5 injection. This leads
us to believe that every radicular artery needs to be respected. Although LTESI is a commonly done procedure,
paralysis from it is very rare because not all radicular
arteries reach the anterior spinal artery to reinforce it
(52,72). Out of the 62 radicular arteries (31 pairs) in the
entire spine, only 7 or 8 participate in vascularization
of the spinal cord (72). They are less frequent in the
lumbar region. In the study by Murthy et al (55), among
115 patients, only 2 patients had an additional radiculomedullary artery apart from the artery of Adamkiewicz
and one patient had 2 additional radiculomedullary
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Table 5. Description of alternate positions to increase safety.

Authors

Needle Location in Foramen

Murthy et al (55)

Inferior and Posterior

Glaser and Shah (54)

Inferior and Anterior

Lee et al (63)

Superior and Posterior

Jasper (62)

Inferior and Anterior

Glaser and Falco (48)

Inferior and Anterior

arteries. However in Kroszczynski et al’s study (58) in 24
cadavers, there were 23 arteries of Adamkiewicz and 16
radiculomedullary arteries which reinforced the spinal
artery. Interestingly, 37.5% of the radiculomedullary arteries in this study were found in the middle part of the
foramen (in the superoinferior plane) in comparison to
only 13% of the arteries of Adamkiewicz. Compromise
of any of these arteries can cause paralysis. Unfortunately, we do not know ahead of time at which lumbar
level and on which side these arteries dwell in the lumbar spine although they are more commonly seen on
the left side above the L3 level. This forces us to respect
every level and side. Intravascular penetration is not
uncommon during transforaminal epidurals (73-75).
Some studies have occasionally reported better
outcomes with transforaminal epidurals when compared to the interlaminar approach probably vindicating their selective nature (76-79). One could criticize
our study for evaluating only 18 cases. Since this is such
a rarely reported complication, we had information on
only these cases.

Conclusion
Based on the evidence presented above, the TSTT
is clearly associated with the unquantifiable but definite and unacceptable risk of compromising the major
radicular artery resulting in ischemic spinal cord injury
leading to the devastating complication of complete
permanent paralysis. Presumably safer alternative techniques for LTESI need to be embraced.
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