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Purpose: Dispersion of contrast media into the anterior epidural space is correlated with
better outcomes after transforaminal epidural injection (TFEI). Needle tip position is an
important factor affecting the pattern of contrast media dispersion. It is difficult to advance
the needle medially to the interpedicle line with a conventional approach, especially in
a severe spinal stenosis. But, with Kambin’s triangle approach, the needle can be advanced
more medially even in the severe stenosis. We aimed to compare contrast media dispersion
patterns according to the needle tip position in TFEI with Kambin’s triangle approach.
Patients and Methods: This single-center retrospective study analyzed fluoroscopic data
of patients who underwent TFEI from March 2019 to July 2019. Data on the history of
lumbar spinal fusion surgery and MRI findings were collected. The needle tip position was
evaluated in three positions on fluoroscopic images (final anteroposterior [AP] view): extra-
foraminal (EF), lateral foramen (LF), and medial foramen (MF). Contrast media dispersion
into the epidural space (epidural pattern) in the AP view was evaluated as a dependent
variable. The relationship between the contrast media dispersion pattern and needle tip
position was analyzed, and other factors affecting the contrast media dispersion pattern
were identified.

Results: Ninety-eight TFEI cases were analyzed (51 LF, 35 MF, and 12 EF). An epidural
pattern of dispersion was observed more frequently in the LF and MF groups than in the EF
group. The LF and MF groups showed no significant difference in epidural pattern frequency.
On logistic regression analysis, needle tip position emerged as a major factor influencing
epidural pattern, while other factors including spine conditions had no significant effect.
Conclusion: Positioning the needle tip medial to the pedicle helps in the spread of the
contrast media into the epidural space during TFEI with Kambin’s approach. Factors other
than the needle tip position did not significantly affect the contrast media dispersion pattern.
Keywords: fluoroscopy, spinal stenosis, disc herniation, epidural space, needle tip, contrast
media

Introduction

Transforaminal epidural injection (TFEI) is an effective modality in managing
lumbosacral radicular pain.'? It has the advantage of delivering medications,
including local anesthetics or steroids, to areas closest to pain generators in the
anterior epidural space; hence, it is more efficient in relieving pain than the caudal
or interlaminar approach.? Since the drugs can be injected directly around the nerve
root through the intervertebral foramen, this method can be used as either diag-
nostic or therapeutic selective nerve blocks.
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Several studies about TFEI have focused on selectivity
for diagnostic purpose. Lateral needle tip position and low
volume of drug injection are known to be factors for good
selectivity of the injection.*® However, there is limited
evidence regarding the diagnostic value of TFEL>’ On the
contrary, the therapeutic efficacy of TFEI is supported by
clinical evidence and guidelines. The American Society of
Interventional Pain Physicians suggested that the evidence
of TFEI is strong for short-term and moderate for long-
term improvement in managing lumbar radiculopathy.’”
Appropriate TFEI may reduce the rate of surgical inter-
ventions in patients with lumbar radiculopathy.® This effi-
cacy is a result of the direct dispersion of drugs into the
anterior epidural space where structures that cause radicu-
lopathies, such as dorsal root ganglion or compressed
spinal nerves are located.>*'® The greatest advantage of
TFEI is that it can directly inject the drug at the pathologic
site.® In the conventional approach, which uses a safe
triangle technique, the needle tip is placed below the
underside of the pedicle and above the exiting spinal
nerve root, within the half of the neural foramen. With
this approach, the medication can be injected close to the
nerve root, and the risk of damaging the dura mater is
decreased. However, given the potential for damaging the
anterior spinal artery and spinal nerve root, it is sometimes
difficult to insert the needle into the anterior epidural space
properly.'" Moreover, in many cases of severe foraminal
stenosis, the needle is unable to reach the epidural space
after passing the intervertebral foramen.>'?

Kambin’s triangle approach can overcome the afore-
mentioned issues. Kambin’s triangle is defined as a right
triangle over the dorsolateral disc. The hypotenuse is the
exiting nerve root, the base is the superior border of the
caudal vertebra, and the height is the dura/traversing nerve
root."® The needle can be inserted into the epidural space
with less nerve or arterial damage, and the drug can spread
better into the epidural space where the pathologies are
located.™'* However, the anatomical position of superior
articular process can make this approach more difficult to
the needle tip inside, and, Kambin’s triangle approach has
more risk of intradiscal injection than conventional
approach.'> These challenges make it difficult to properly
position the needle tip in the epidural space with Kambin’s
triangle approach.

Several studies have investigated the correlations
between contrast media dispersion patterns and clinical
outcomes in TFEL'®!3!*16718 Contrast media dispersion
into the anterior epidural space is related to a better

outcomes.'*'®!7 Moreover, it can be affected by the final
needle tip position before injection. Desai et al' found
that the final needle tip position in lateral view in TFEI is
associated with the contrast media flow pattern and with
clinical outcome of patients.

Some physicians argue that in severe lumbar spinal
stenosis, the contrast media may not spread into the ante-
rior epidural space even if the needle is in the proper
position. With the conventional approach (safe triangle
technique), it is recommended to advance the needle not
medial to the 6 o’clock position of the pedicle to avoid
dural sleeve injury or intrathecal injection.”’ The contrast
media would not disperse into the epidural space at this
needle tip position when the lumbar spinal stenosis is
severe. However, with Kambin’s triangle approach, the
needle can be advanced more medially avoiding the
nerve root or artery in the route. In this study, we aimed
to compare the contrast media dispersion pattern according
to the needle position in TFEI with Kambin’s triangle
approach. Our hypothesis was that as the needle advances
more medially, the contrast media disperses more into the
epidural space. We conducted this study to define the
proper transforaminal epidural injection for back pain
with or without radiating leg pain from degenerative lum-
bar spine including lumbar disc herniation or spinal
stenosis.

Patients and Methods
This retrospective study using medical records from
a single institution was approved by the institutional
review board of a Gangnam Severance hospital (3-2019-
0166). The requirement for patient informed consent for
participation was waived because of the retrospective
study design and the utilization of anonymized data.
Fluoroscopic images collected during the procedure
and magnetic resonance imaging (MRI) scans of patients
who underwent TFEI for the treatment of low back and/or
radiating leg pain due to lumbar disc herniation or spinal
stenosis were collected from March 2019 to July 2019.
Patients who received TFEI according to the protocol
(described later: TFEI protocol) for radiating leg pain
with or without back pain caused by lumbar spinal stenosis
or lumbar disc herniation were included in this study. If
the procedure was performed at more than two sites at
once, each site was considered a separate case. Patients
whose MRI findings obtained within 6 months of the
procedure or fluoroscopic images obtained during the pro-
cedure were not available in their medical records, those
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who underwent the procedure with a protocol other than
the TFEI protocol, or patients who showed abnormal con-
trast media dispersion patterns (intradiscal, intravascular,
subdural, intrathecal) during the procedure were excluded
from the analysis. We also collected patient age, sex,
history of lumbar spinal fusion surgery, and lumbar MRI
findings which include the degree of foraminal stenosis,
lateral recess stenosis, and disc herniation at the site of the
procedure performed.

TFEIl Protocol

TFEI was performed for patients who complained of low
back and/or radiating leg pain from lumbar disc herniation
or spinal stenosis. The level of TFEI was determined based
on the dermatome of the patient’s pain and lumbar MRI
findings. The procedure was performed under fluoroscopic
guidance by a skilled practitioner with more than 3 years
of experience. On the fluoroscopy table, the patient was
placed in a prone position with a pillow under the pelvis.
First, the fluoroscopic beam was adjusted so that the
spinous process was in the center and the vertebral end-
plates of the target level were aligned in a straight line in
the anteroposterior (AP) view. It was then rotated ipsilat-
erally to align the superior articular process of the vertebra
below to the 6 o’clock position of the pedicle above
(oblique view).

A 20 G Tuohy needle with a bent tip was used. The
needle entry point was defined as the point slightly lateral
to the superior articular process of the caudal vertebra of
the target level in the oblique view. The area surrounding
the entry point was disinfected with hexetidine, followed
by skin infiltration with 1% lidocaine. The needle was then
inserted through Kambin’s triangle using the tunnel view
technique, along the axis of the fluoroscopic beam. After
the orientation of the needle was determined, the fluoro-
scopic beam was rotated to the AP view, and the needle
was advanced to the lateral margin of the pedicle in the AP
view. The fluoroscope beam was then rotated to the lateral
view, and the needle was advanced to pass beyond the
front half of the vertebral foramen (Figure 1). Next, the
fluoroscope beam was rotated to the AP view again, and
the location of the needle tip was confirmed, followed by
the injection of 1 mL of contrast media (Bonorex 300 INJ,
Central Medical Service, Seoul, Korea). Immediately after
the injection of contrast media, a fluoroscopic image was

Needle Tip Position

The needle tip position was evaluated in three positions in
the final AP view of TFEI. It was defined as “extraforamen
(EF)” when the final needle tip was located lateral to the
lateral margin of pedicle, “lateral foramen (LF)” when the
needle tip was located between the lateral margin and half
of the pedicle (lateral to the interpedicular line, respec-
tively), and “medial foramen (MF)” when the needle tip
was positioned at the medial side of the half of the pedicle
(medial to the interpedicular line) in AP view (Figure 2).

Contrast Media Dispersion Pattern

The contrast media dispersion pattern was evaluated in the
final AP view after a total of 1 mL of contrast media was
injected. If the contrast media spread only along the nerve
root but not into the epidural space, the dispersion pattern
was defined as the nerve root pattern, and if the contrast
media spread into the epidural space, the dispersion pat-
tern was defined as the epidural pattern (Figure 3). If the
pattern was abnormal (intradiscal, intravascular, subdural,
intrathecal), the needle was repositioned. The prepared
drug was injected after the nerve root or epidural pattern
was confirmed.

Data Collection

Patient age, sex, and history of lumbar spinal fusion sur-
gery were collected as demographic data. The severity of
foraminal stenosis, lateral recess stenosis, and disc hernia-
tion was evaluated on MRI at the site of the TFEIL
Foraminal stenosis grade was assessed according to the
method of Lee et al*! in the sagittal view at the site of the
TFEI: grade 0, no obliteration of the perineural fat and
nerve root; grade 1, perineural fat obliteration surrounding
the nerve root in the transverse or vertical direction; grade
2, perineural fat obliteration surrounding the nerve root in
the vertical and transverse directions; and grade 3, nerve
root collapse. Lateral recess stenosis grade was assessed
according to the method of Splettstosser et al** in the
transverse view at the level of the TFEI: grade 0, normal,;
grade 1, lateral recess stenosis without deviation of the
nerve root; grade 2, deviation of the nerve root; and grade
3, compressed nerve root. Disc herniation was classified as
normal, protruded, or extruded according to the latest
recommendations of the combined task forces of the

taken to confirm that there was no abnormal pattern (such  North American Spine Society, American Society
as intravascular, intradiscal, or intrathecal pattern), and of Spine Radiology, and American Society of
then the drug was injected. Neuroradiology.**
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Figure | Fluoroscopic images of selective epidural transforaminal epidural injection (STE). (A) skin entry point was just lateral to ipsilateral superior articular process of the
lower vertebrae of the target level (asterisk) on oblique view. (B) The needle was inserted with tunnel view technique until it can be orientated. (C) The needle was
advanced to the lateral margin of the pedicle in the AP view. (D) The needle was advanced to pass beyond the front half of the vertebral foramen and anterior epidural space

was confirmed by contrast media.

Analysis

Statistical analysis was performed using R 3.6.0 (R
Foundation for Statistical Computing, Vienna, Austria).
Categorical variables were presented as numbers and fre-
quencies. The relationship between the contrast media
pattern and needle tip position was analyzed by a chi-
square test or Fisher’s exact test with Bonferroni
correction.”* We also performed a logistic regression ana-
lysis for finding whether other factors affected the contrast
media pattern.

Results
Of the 107 patients who received TFEI for their low back
and/or radiating leg pain from lumbar disc herniation or

spinal stenosis, 91 had records of MRI performed within 6
months of the procedure. Of these patients, 76 underwent
TFEI at a single level, and 15 underwent TFEI at two
levels. Of the 106 cases, eight showed abnormal patterns
and were excluded from the analysis. Finally, 98 cases
(male=51; female=47) of TFEI were analyzed (Figure 4).
Patients were 66.1 + 13.4 years old, and 22 cases had
a history of lumbar spinal fusion surgery.

The procedure was most often performed at L45, fol-
lowed by L5S1, and predominantly on the right side (Table
1). There were 51 cases of LF, 35 of MF, and 12 of tip EF.
No significant differences were found in lumbar surgery
spinal fusion history, level of the procedure, and MRI
findings according to needle tip position (Table 2).
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Figure 2 Needle tip position: (A) extraforamen, outside the pedicle; (B) lateral foramen (LF), lateral to the interpedicular line; and (C) medial foramen (MF), medial to the

interpedicular line.

Epidural pattern was more frequently shown in LF and
MF than in EF. In the EF group, the epidural pattern was
observed in less than half (41.7%) of the cases, while 86.2%
and 97.1% of the cases involved the epidural pattern in the
LF and LF groups, respectively. The differences in the
frequency of epidural pattern between EF and LF and
between EF and MF were statistically significant, while the
difference between LF and MF was not (Table 3).

Logistic regression analysis was performed to identify
other factors that affect the contrast media dispersion

pattern. For this, we first analyzed the spreading pattern
and all other factors by Student’s t-test or Fisher’s exact
test. Only needle tip position showed P value <0.05
(Supplementary material: Table S1). We then performed

the logistic regression analysis, which showed that only
needle tip significantly affects the spreading pattern
(Table 4).

On multivariate logistic regression analyses, the needle
tip position was a major factor for the epidural pattern,
while the other factors were not (Table 4). Based on EF,
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Figure 3 Contrast media pattern. (A) Nerve root: the contrast media is dispersed along the nerve root only. (B) Epidural: contrast media is dispersed into the epidural

space.

Number of patients

107
16 patients had no records of MRI
within 6 months of the procedure
91 patients
Single level: Two levels:
76 patients 15 patients
|
106 cases
Abnormal pattern: 8 cases
- Intradiscal pattern: 6cases
- Intrathecal pattern: 1 case
- Intravascular pattern: 1case
98 cases

Figure 4 Flowchart of cases. Regarding abnormal patterns, two EF cases show intradiscal pattern; of the three LF cases, two show intradiscal pattern and one shows
intravascular pattern; of the three MF cases, two show intradiscal pattern and one shows intrathecal pattern.

the odds ratio of LF for the epidural pattern was 3.64 (95%
CI 1.231-6.044) and that of MF for the epidural pattern
was 5.24 (95% CI 2.034-8.442).

Discussion

TFEI is commonly performed as treatment for leg pain
radiating from the spine. Pathologically, radicular pain is
caused by a compressed dorsal root ganglion or sensitized
nerve roots.”> Almost these structures are located in the

epidural space. That is, the target of TFEI should be the
epidural space.

The primary question of this study was whether the
epidural pattern appeared using a fixed amount (ImL) of
contrast media. Some practitioners may believe it is enough
that the effect of a proper transforaminal epidural injection
can be expected just by the appearance of the nerve root
pattern because the drug can action on the nerve root in that
condition regardless. However, it is important to properly
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Table | Sites of Selective Transforaminal Epidural Injection

Level Left Right Total
L23 2 3 5

L34 | 7 8

L45 21 30 51
L5SI 17 17 34
Total 41 57 98

inject the drug into the site of pathology. For example, when
we perform the TFEI for L5 radiculopathy from L4-5 inter-
vertebral disc herniation, the Kambin’s triangle TFEI would
be done in the L4-5 interspace targeting the traversing L5
root which can be confirmed by epidural pattern.”?” If only
nerve root pattern of L4 root in L45 TFEI is shown, it is not
appropriate injection in that case.

The amount of contrast media can be a factor that
affects the contrast media dispersion pattern. The higher
the amount of injected contrast media, the more likely it
is that the epidural pattern will appear. We used 1 mL of
contrast media in all cases in this study. We cannot
discuss clinical outcomes like pain relief based on our
results because other factors including the amount and

Table 3 Contrast Media Dispersion Patterns According to

Needle Tip Position

Nerve Root Pattern

Epidural Pattern

Extraforamen (EF)*
Lateral foramen (LF)
Medial foramen (MF)

7 (58.3%)
7 (13.7%)
I (2.9%)

5 (41.7%)
44 (86.2%)
34 (97.1%)

Notes: Fisher’s exact test showed significant differences in contrast media disper-
sion patterns among the three groups (P value < 0.05). Bonferroni test was
performed as a post hoc analysis. *The differences between EF and LF and between
EF and MF were significant (P value < 0.05), but the difference between LF and MF
was not significant (P value = 0.804).

regimen of the injectate can affect the outcome.
However, our result suggests that TFEI can be per-
formed properly when the needle tip is in the LF or
MF position.

There are concerns that the contrast media does not
spread well into the epidural space in cases of severe spinal
stenosis, when evaluating fluoroscopic images of TFEIL
However, our data showed that the needle tip position was
a factor determining the spread of drugs into the epidural
space, while other factors including lumbar spinal fusion
surgery history, foraminal stenosis, lateral recess stenosis,

and disc herniation were not. In this study, there were 15

Table 2 Lumbar Spinal Fusion Surgery History, Level of Procedure, and MRI Findings According to Tip Position

Extraforamen (EF) Lateral Foramen (LF) Medial Foramen (MF) P value*
Lumbar spinal fusion surgery history 0.38
No I 40 25
Yes | 11 10
Level 0.19
L23 0 | 4
L34 0 3 5
L45 9 26 16
L5S1 3 21 10
Foraminal stenosis 0.14
Grade 0 I 15 16
Grade | 5 13 9
Grade 2 2 15 5
Grade 3 4 8 5
Lateral recess stenosis 0.13
Grade 0 0 7 4
Grade | 2 3 8
Grade 2 9 4
Grade 3 10 32 19
Disc herniation 0.25
Protrusion 2 6 9
Extrusion 10 45 26
Note: *Tested by Fisher’s exact test.
Abbreviation: MRI, magnetic resonance imaging.
Journal of Pain Research 2020:13 submit your manuscript 2875
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Table 4 Logistic Analysis for Factors Associated with Contrast
Media Dispersion into the Epidural Space

Factors Odds Ratio | 95% CI P value*
Needle tip position*
Extraforamen (EF) - - -
Lateral foramen (LF) | 8.8 2.18-35.6 < 0.05
Medial foramen (MF) | 47.6 4.79-472.86 | <0.05

Note: *Compared by logistic regression analysis.

Table 5 Contrast Media Dispersion Pattern According to
Needle Tip Position in Patients with Grade 3 Foraminal
Stenosis and Grade 3 Lateral Recess Stenosis (n = 15)

Nerve Root Pattern

Epidural Pattern

Extraforamen (EF)
Lateral foramen (LF)

3

|
6

Medial foramen (MF) | |

cases of grade 3 foraminal stenosis and grade 3 lateral recess
stenosis, and the contrast media dispersed into the epidural
space in most cases in LF and MF, but not in EF (Table 5).
That is, if the needle is placed in the appropriate position,
namely, LF or MF in this study, the drug can be injected into
the epidural space sufficiently, regardless of the presence of
foraminal stenosis or lateral recess stenosis.

In theory, the needle advances more medially, and the
possibility of complications such as dural puncture or
intradiscal injection is higher. In this study, of the eight
cases showing abnormal pattern, six showed intradiscal
pattern, with two cases each for EF, LF, and MF. One
case in MF had an intrathecal pattern, and one case in
LF had an intravascular pattern. We excluded these cases
from the analysis because the primary outcome of the

study was the relationship between needle tip position
and contrast media dispersion pattern, not the complica-
tions. The intradiscal pattern of two cases in EF suggests
that it is not necessarily safe to place the needle in the
lateral position, and it is important to check the state of the
target of the injection by MRI before treatment (Figure 5).

Spreading pattern and abnormal pattern did not show
significant difference between LF and MF in this study.
And this should be further revealed by other studies.
Theoretically, it is true that MF has a higher probability of
complications such as intradiscal injection than LF, so this
study alone can say that LF is more recommended than MF.

We used a 20 G Tuohy needle for all cases in this
study. Two types of needle can be used for TFEI: sharp tip
needle (Quincke needle or Chiba needle) or blunt tip
needle (Tuohy needle, Sprotte needle, or Whitacre needle).
Several studies investigated the effect of needle type on
intravascular injection, dura puncture risk, or nerve root
damage.”® >° However, the investigated spreading pattern
in our study is related to epidural pattern (or not) and it is
more likely to be determined by the position of the needle
tip and the state of the spine rather than the type of needle.

This study has several limitations. First, it included
a small number of cases and followed a retrospective design.
Second, we analyzed the contrast media dispersion pattern
according to the position of the needle tip but did not analyze
the relationship between differences in the pattern and actual
relief from clinical symptoms; this is because the effect of the
differences in the number of treatment sites and injected
drugs could not be excluded. Furthermore, affected nerve in
nerve root pattern and epidural pattern can be different. In the
nerve root pattern, the exiting nerve is affected, but in the
epidural pattern, the traversing nerve is more likely to be

Figure 5 Intradiscal patterns (A) in extraforamen (EF) (B) in lateral foramen (LF) (C) in medial foramen (MF). White dot: position of the needle tip. White lines: medial

margin, half line, lateral margin of the pedicle.
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affected. Thus, further study is needed to determine the
relationship between the difference in contrast media disper-
sion patterns and the degree of improvement of actual symp-
toms. Third, in this study, we compared the spread of 1 mL of
contrast media because injecting 1 mL of contrast media is
our routine practice; this also helped us avoid the bias from
injecting inconsistent amounts of contrast media. Of course,
if the drug volume was increased, the range of drug spread
also increased, which could influence the actual clinical
effect.’ However, it is necessary to worry about whether
the injection of even 1 mL of contrast media that does not
spread into the epidural space can be classified as an epidural
injection.

Fourth, we found no significant difference in the
contrast media dispersion pattern between LF and MF.
However, to clarify the difference between the two tip
positions, further studies involving more cases and com-
parative studies on the difference between intradiscal and
intrathecal injection rates are warranted. Based on this
study, more than 216 samples are needed to test the
difference between LF and MF with a statistical power
of 0.8 under a significance level of 0.05. Additional
studies should be performed to determine differences in
the position of the pedicle in relation to the midline, the
relationship between the spread of contrast media and
actual improvement of symptoms, and incidence of com-
plications. Despite these limitations, our findings suggest
that the needle tip position is the major factor for the
epidural spread of contrast media.

Conclusion

The main factor deciding drug dispersion into the epidural
space during TFEI was the needle tip position. When the
needle was medial to the lateral margin of the pedicle in
the AP view, the drug spreads better into the epidural
space. Previous surgery and stenosis findings on MRI
had no significant effect on drug dispersion. Successful
TFEI can be performed by appropriately positioning the
needle. Additional studies should be performed to deter-
mine the differences in the position of the pedicle in
relation to the midline, the relationship between the spread
of contrast medium and actual improvement of symptoms,
and the incidence of complications.
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TFEI, transforaminal epidural injection.
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