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EVALUATION OF LUMBAR TRANSFORAMINAL EPIDURAL INJECTIONS WITH
NEEDLE PLACEMENT AND CONTRAST FLOW PATTERNS:
A PROSPECTIVE, DESCRIPTIVE REPORT

Laxmaiah Manchikanti, MD, Kim A. Cash, RT, Vidyasagar Pampati, MSc,
Kim S. Damron, RN, and Carla D. McManus, RN, BSN

Background: Transforaminal epidural
steroid injection is one of the commonly em-
ployed modalities of treatment in managing
nerve root pain. However, there have been no
controlled prospective evaluations of epidu-
ral and nerve root contrast distribution pat-
terns and other aspects of fluoroscopically
directed lumbosacral transforaminal epidu-
ral steroid injections.

Objectives: To evaluate contrast flow
patterns and intravascular needle placement
of fluoroscopically guided lumbosacral trans-
foraminal epidural injections.

Design: A prospective, observational study.

Methods: A total of 100 consecutive
patients undergoing fluoroscopically guid-
ed transforaminal epidural steroid injections
were evaluated. The contrast flow patterns,
ventral or dorsal epidural filling, nerve root
filling, C-arm time, and intravascular needle
placement were evaluated.

Results: Ventral epidural filling was
seen in 88% of the procedures, in contrast
to dorsal filling noted in 9% of the proce-
dures. Nerve root filling was seen in 97%
of the procedures. Total intravenous place-
ment of the needle was noted in 22% of the
procedures, whereas negative flashback

and aspiration was noted in 5% of the pro-
cedures.

Conclusion: Lumbosacral transforam-
inal epidural injections, performed under
fluoroscopic visualization, provide excellent
nerve root filling and ventral epidural filling
patterns. However, unrecognized intravas-
cular needle placement with negative flash-
back or aspiration was noted in 5% of the
procedures.

Keywords:  Chronic low back pain,
nerve root pain, lumbosacral transforaminal
epidural injection, fluoroscopy, ventral epi-
dural contrast flow

Among the three approaches avail-
able to access the lumbar epidural space,
the transforaminal approach is considered
to be the most target-specific with the
least volume in fulfilling the aim of reach-
ing the primary site of pathology (ventral
and lateral epidural space), compared to
interlaminar and caudal approaches (1-
3). Thus, transforaminal epidural injec-
tions in the lumbar region have been pro-
posed as not only a target-specific mo-
dality of treatment for the management
of lumbar pain, but also significantly ad-
vantageous with long-term effectiveness
(1, 2). However, several disadvantages of
the transforaminal approach include in-
traneural injection, neural trauma, tech-
nical difficulty in the presence of fusion
and/or hardware, intravascular injection,
and spinal cord trauma (1-8). A num-
ber of randomized evaluations (9-16)
and numerous non-randomized evalua-
tions have shown positive short-term and
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long-term effectiveness of transforaminal
epidural steroids in managing nerve root
pain. A common problem encountered
with an epidural injections is inaccu-
rate needle placement, which also results
in inaccurate placement of the injectate.
However, with the transforaminal epidu-
ral approach, the target site is approached
more ventrally, along with delivery of in-
jectate where the posterior annulus inter-
faces with the ventral aspect of the nerve
root and the thecal sac (4, 17).

Furman et al (4) reported a high
incidence of intravascular injections in
lumbar transforaminal epidural injec-
tions that is significantly increased at S1.
They reported the overall rate of intravas-
cular injection as 11.2%. Further, they re-
ported that using flash or positive blood
aspirate to predict intravascular injections
was highly specific (97.9%) but sensitiv-
ity was low (44.7%). Manchikanti et al
(18) in their evaluation of fluoroscopi-
cally guided caudal epidural injections re-
ported ventral epidural filling in 69% of
the patients, whereas Botwin et al (19) re-
ported ventral spread of contrast in 36%
of their patients with fluoroscopically
guided lumbar interlaminar epidural in-
jections.

None of the published studies to date

have evaluated epidural and nerve root
flow patterns with transforaminal lumbo-
sacral epidural injections. This prospec-
tive, observational study was undertaken
to evaluate epidural and nerve root filling
patterns and evaluate intravascular nee-
dle placement with lumbosacral epidur-
al injections.

METHODS

This prospective evaluation of lum-
bosacral transforaminal epidural injec-
tions under fluoroscopy was undertaken
in an interventional pain management
practice, a specialty referral center, in a
private practice setting.

Informed Consent
All patients were provided an ex-
planation of the purpose for this study
and an opportunity for discussion. They
were also advised of the associated risks
and given the choice as to whether or not
they wanted to participate. Informed con-
sent was then obtained.Appropriate pre-
cautions were taken to protect the priva-
cy and conceal the identity of the patients
participating in this study.
Inclusion criteria were consecutive
patients undergoing transforaminal epi-
dural injection(s). Exclusion criteria in-



218

Manchikanti et al ® Transforaminal Epidural Injections

cluded pregnant or lactating women, pa-
tients with history of adverse reaction to
local anesthetic, steroid, or contrast, pa-
tients unable to understand the informed
consent or patients unable to be posi-
tioned in the prone position to perform
the procedure.

The evaluation included demo-
graphic data of age, gender, weight,
height, history of previous surgery, dis-
tribution of pain, and magnetic resonance
imaging (MRI) or computerized tomog-

raphy (CT) findings.

Procedure

A single technique by a single oper-
ator was utilized in all cases. All proce-
dures were performed with contrast en-
hancement in a sterile operating room.
The patients were prepared and draped.
All procedures were performed in a sterile
fashion. Intravenous midazolam was ad-
ministered to all patients.

For lumbar transforaminal epidu-

ral injections, the fluoroscope was posi-
tioned so that an appropriate posteroan-
terior (PA) view was obtained. Local an-
esthetic infiltration was carried out with
a #25-gauge needle infiltrating 1% lido-
caine, not to exceed approximately 1 mL
per level at the lateral edge and slightly
inferior to the transverse process. A #22-
gauge dimond tip needle with a stylet was
guided towards the neural foramen. Un-
der intermittent fluoroscopy, the nee-
dle was advanced into the “safe triangle”
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Fig. 1. A sketch of a lumbar spinal nerve, its roots and meningeal coverings.

The nerve roots are invested by pia mater

and covered by arachnoid and dura as far as the spinal nerve. The dura of the dural sac is prolonged around the roots

as their dural sleeve, which blends with the epineurium of the spinal nerve.

Redrawn from Bogduk (20)

A. Needle Placement in a PA view

B. Contrast injection with nerve root filling
in a PA view

C. Lateral view depiction ventral epidural
filling

Fig. 2. Transforaminal epidural injection at L3
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(20), inferior to the pedicle, and supero- planar visualization was carried out in all ~superior lateral quadrant of the S1 fora-
lateral to the exiting spinal nerve (Fig. 1). cases (Figs. 2-4). men using biplanar fluoroscopy (Fig. 5).
Presumably, this avoids nerve, dorsal root For S1 transforaminal injections, Fig. 6 shows intravascular placement at
ganglion, and dural sleeve puncture. Bi- the #22-gauge needle was guided into the L5, and S1 with lack of flashback and

A. Needle Placement in a PA view B. Contrast injection with nerve root filling  C. Lateral view depiction ventral epidural
in a PA view filling

Fig. 3. Transforaminal epidural injection at L4

A. Needle Placement in a PA view B. Contrast injection with nerve root filing  C. Lateral view depiction ventral epidural
in a PA view filling

Fig. 4. Transforaminal epidural injection at L5

A. Needle Placement in a PA view B. Contrast injection with nerve root filling  C. Lateral view depiction ventral epidural
in a PA view filling

Fig. 5. Transforaminal epidural injection at S1

Pain Physician Vol. 7, No. 2, 2004
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Fig. 6. Intravascular placement at L5 and S1

negative aspiration, with typical vascular
patterns following contrast injection.

At all levels, 0.5 to 2.0 mL of non-
ionic contrast was injected under fluoro-
scopic visualization. During the injection,
presence or absence of vascular spread, as
well as nerve root filling were noted. If
there was vascular spread, the needle was
repositioned. After fluoroscopically con-
firming a non-vascular injection, 1.0 mL
of 1% lidocaine, followed by 3 to 6 mg of

Pain Physician Vol. 7, No. 2, 2004

Celestone Soluspan (6 mg per mL), fol-
lowed by 0.25 to 1 mL of lidocaine with-
out epinephrine were injected.

At all levels, after the ideal position-
ing of the needle, which was confirmed by
fluoroscopy, the presence or absence of
flash and/or aspiration of blood into the
needle hub; needle position and disper-
sion of contrast into the epidural space
and nerve root filling; and pain during
injection of contrast, local anesthetic, or

steroid were documented. Data were col-
lected on the following aspects: number
of attempts, C-arm time in seconds, pos-
itive flashback or aspiration, intravenous
or intraarticular contrast filling, epidural
filling in lateral view, pain during the in-
jection, immediate pain relief, and com-
plications.

Pain relief was graded as none (0%),
poor (1%-25%), fair (26%-50%), good
(51%-74%), excellent (> 75%), and com-
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plete pain relief (100%). Evaluation of
complications included bleeding, swell-
ing, pain, fever, muscle spasms, soreness
at injection site, numbness, weakness, diz-
ziness, nausea or vomiting, voiding diffi-
culty, and other complications as reported
by the patients.

Complications

Complications were evaluated dur-
ing the procedure, immediately in the
postoperative period, and within 24 to 72
hours in the postoperative period.

Data were recorded on a database us-
ing Microsoft® Access®. The SPSS ver-
sion 9.0 statistical packages were used to
generate the frequency tables and chi-
squared statistic was used. Results were
considered statistically significant if the P
value was less than 0.05.

ResuLts

dures accounting to 58% of all intravascu-
lar placements. Sacral intravascular place-
ments were 32% compared to 16% lum-
bar (p=0.002).

Table 4 illustrates the number of at-
tempts or manipulations of the needle.
Appropriate placement was achieved

in 63% of the procedures with one at-
tempt.

Contrast Flow Patterns

Any filling noted within one-third of
the spinal canal close to the ventral surface
was considered as ventral filling, whereas,

Table 1. Structural abnormalities as described by radiologist™

Disc degeneration 42%
Facet arthropathy 23%
Spinal stenosis 7%
Disc bulging 41%
Disc Protrusion 20%
Disc herniation 19%
Epidural fibrosis 5%
No abnormalities 20%

*Totals may not correlate, as some patients presented with more than one abnormality

Demographics

Demographic characteristics illus-
trated a predominantly female population
(60%) with weight (mean + SD) of 187
+ 55 Ibs., mean height of 67 * 4 inches.
Twenty-eight percent of the patients un-
derwent previous lumbar surgical inter-
vention with or without fusion.

The pain distribution was bilateral
low back pain in 66% and bilateral low-
er extremity pain in 30%. Unilateral low-
er extremity pain was observed in 70% of
the patients.

Structural abnormalities identi-
fied by a radiologist, either on comput-
erized tomography (CT) or magnetic
resonance imaging (MRI) were evalu-
ated (Table 1).

Procedural Characteristics

Two hundred fifty-six lumbosacral
transforaminal epidural injections were
performed on 100 consecutive patients.
Table 2 illustrates the levels injected.

The C-arm time (mean + SD) was
14.4 + 9.8 seconds per patient.

The needle was found to be intra-
vascular in 22% of the transforaminal
injections. The flashback was noted in
13% of the procedures and positive as-
piration without a flashback was not-
ed in 5% of the procedures (Table 3). In
5% of the procedures, intravascular place-
ment was noted with contrast injections,
even though flashback and aspirations
were negative. Intravascular penetration
was significantly higher with sacral proce-

Table 2. Transforaminal epidural steroid injections by level

Level L3 Ly S1 Bilateral Total
Number 2 29 113 95 17 256
Table 3. Intravascular placement characteristics
L3 L4 Ls Sacral | Total Lumbar | Total
Positive flashback 1 10 18 15 33
Positive blood aspirate o 5 7 5 12
Positive contrast with
negative flash back and 1 3 8 4 12
aspirate
Total intravascular 1 5 18 33* 24 57

*Indicates significant difference (P = 0.002)

Table 4. Number of attempts or manipulations of needle per each level

Number of Attempts
Level No. of Procedures
1 2 3 or more
L3 2 50% (1) 50% (1) o]
Ly 33 58% (19) 33% (11) 9% (3)
Ls 119 61% (72) 24% (29) 15% (18)
S1 102 67% (68) 27% (28) 6% (6)
Total 256 63% (160) 27% (69) 10% (27)
Table 5. Contrast flow patterns of epidural filling
Epidural Filling
Level Ventral Dorsal None
L3 (2) 100% (2) o o
L4 (29) 83% (24) 14% (4) 3% (1)
Ls (113) 90% (102) 7% (8) 3% (3)
S1(95) 87% (83) 9% (9) 4% (4)
Total (239) 88% (211) 9% (21) 3% (8)

() Number of levels (bilateral considered as one level)

Pain Physician Vol. 7, No. 2, 2004
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Table 6. Contrast flow patterns of nerve root filling

Nerve Root Filling
Nerve Root Yes No
L3 (2) 100% (2) o
L4 (33) 94% (31) 6% (2)
Ls (110) 97% (115) 3% (4)
S1 (102) 99% (100) 1% (2)
Total (247) 97% (248) 3% (8)

(') Number of levels (bilateral considered as one level)

filling not within one-third of the ventral
area of the spinal canal was considered as
dorsal filling.

Tables 5 and 6 illustrate contrast flow
patterns of epidural and nerve root fill-
ing. Eighty-eight percent of the injections
showed ventral filling, whereas, 97% of
the injections showed nerve root filling.

Pain Production and Pain Relief

Reproduction of pain was seen in
the low back in 28% of the patients, hip
in 16%, leg with radicular pattern in 36%
of the patients. Thirty-eight percent of the
patients reported no pain during the in-
jection.

Pain relief was seen in all the patients
with poor relief in 4%, fair relief in 3%,
good relief in 21%, excellent relief in 41%,
and complete pain relief in 31% of the pa-
tients in the postoperative period.

Complications
Soreness at injection site was the

Table 7. Complications™

No complications 93%
Soreness at injection site 6%
Increased pain 1

Muscle spasms 1

Swelling 0%
Headache 1

Minor bleeding 0%
Dizziness 0%
Nausea/Vomiting 1

Fever 0%
Numbness 0%
Voiding difficulty 0%
Vasovagal reaction 0%
Motor weakness 0%
Insomnia 0%

* Some patients experienced more than one compli-
cation. Thus, totals may not correlate.

Pain Physician Vol. 7, No. 2, 2004

most common complication (6%), with
increased pain, muscle spasms, headache,
fever, and nausea/vomiting being report-
ed in 1% in each category. No other com-
plications were noted. Ninety-three per-
cent of the patients had no complications
(Table 7).

Discussion

This prospective evaluation with
lumbosacral transforaminal epidural in-
jections showed nerve root filling in 97%
of the injections and ventral epidural fill-
ing in 88% of the patients. Overall, in-
travascular penetration of the needle
was observed in 22% of the transforam-
inal procedures. Flashback was seen in
only 13% of the procedures, with an ad-
ditional 5% showing positive aspiration
for blood. However, in 5% of the proce-
dures neither flashback nor positive aspi-
ration was observed, but the needle was
shown to be intravascular on contrast in-
jection.

The results of this study showed 22%
intravascular placement compared to Fur-
man et al (4) with an incidence of intra-
vascular placement in 11% of the injec-
tions. Sullivan et al (21) also reported in-
travascular flow in transforaminal epidu-
ral steroid injections with an overall in-
travascular rate of 10.8% (21). Similar
to both the previous studies (4, 21), we
also observed higher intravascular nee-
dle penetration at S1 with 16% lumbar
vs 32% sacral or 42% vs 58% of all intra-
vascular placements. This is attributed to
increased vascularity present in the sacral
foraminal region.

Epidural filling patterns have not
been studied in the past. It is encourag-
ing to note that the majority of the pa-
tients in this study have achieved ven-
tral epidural filling, thus, presumably
providing a high concentration of cor-
ticosteroid delivered precisely to the tar-
get site, which is located at the ventral

aspect of the lumbar nerve root sleeve
and the dorsal aspect of the disc hernia-
tion. This confirms the previous investi-
gations of higher ventral filling patterns
with transforaminal epidurals (17). This
potentially explains the reasons for sig-
nificantly better results with lumbosa-
cral transforaminal epidural injections.
Andrade and Eckman (17) showed that
ventral filling is higher with transforami-
nal epidurals than caudal epidurals or in-
terlaminar epidural injections. Similar-
ly, the results of this study shows ventral
filling in a greater proportion of patients
with the transforaminal epidural (88%)
compared to previous studies where cau-
dal epidural injections had non-specific
ventral filling in 69% (18) and 36% with
interlaminar epidurals (19).

There were no major complications.
All the complications were minor. In fact,
complications reported in this study were
less than with caudal epidural injections
reported in the same setting (18) where
34% of the patients complained of some
type of complication compared to only
7% in this study with the transforaminal
approach.

CONCLUSION

This prospective evaluation showed
successful nerve root and ventral epidu-
ral filling in the majority of the lum-
bosacral transforaminal epidural in-
jections performed with fluoroscopic
guidance. This study also showed sig-
nificant intravascular needle placement
(22%), with 5% of the total procedures
being negative for flashback, as well as
aspiration for blood, even though con-
trast injection was positive. Soreness
at the injection site was the most com-
monly reported complication by 6% of
the patients.
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