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Background: Lumbosacral transforaminal epidural steroid injections (LS-TFESIs) are an accept-
ed procedure used in the comprehensive, conservative care for lumbar disc pathology and/or spi-
nal stenosis induced low back pain with a radicular component. Historically, the terminology used
to describe the transforaminal technique of instilling medications into the epidural space and/or
exiting structures has varied. These procedures have also been referred to as either diagnostic or
therapeutic selective nerve root blocks (SNRBs). Although this procedure is typically used to “se-
lectively” treat isolated pathology, the “SNRB” terminology suggests that one can selectively di-
agnose or treat a specific nerve root as a pain generator by anesthetizing or blocking it. It has
been recently demonstrated that L4 and L5 SNRBs are often non-"selective” by investigating the
extent of epidural contrast flow patterns after injecting 1.0 mL of contrast. Our study attempts
to identify the minimum injectate volume at which LS-TFESIs may still be considered “selective”
with no injectate extending to either the adjacent (superior and/or inferior) levels or to the con-
tralateral side.

Objective: Quantitatively evaluate contrast flow level selectivity noted during fluoroscopically
guided lumbosacral transforaminal epidural steroid injections (LS-TFESIs).

Study Design: Prospective, nonrandomized, observational human study.

Methods: Thirty patients (female = 10, male = 20) undergoing LS-TFESIs were investigated. After
confirming appropriate spinal needle position with biplanar imaging, 4.0 mL of nonionic contrast
was slowly injected. Fluoroscopic images were recorded at 0.5 mL increments. These biplanar con-
trast flow images were evaluated to determine which 0.5 mL volume increment was no longer spe-
cific for the injected level. In particular, we documented when contrast extended either to a supe-
rior or inferior spinal segment or crossed the midline spine to the contralateral side.

Results: After injecting 0.5 mL of contrast, 30% of LS-TFESIs performed in this study were no
longer “selective” for the specified root level. After injecting 1.0 mL of contrast, 67% of LS-TFE-
Sls performed in this study were no longer “selective” for the specified root level. After injecting
1.5 mL of contrast, 87% of LS-TFESIs performed in this study were no longer “selective” for the
specified root level. After injecting 2.5 mL of contrast, 90% of LS-TFESIs performed in this study
were no longer “selective” for the specified root level.

Conclusions: Diagnostic LS-TFESI or SNRB blocks limiting injectate to a single, ipsilateral seg-
mental level cannot reliably be considered diagnostically selective with volumes exceeding 0.5mL.
Injectate volumes greater than 0.5mL are consistently non-selective and cannot be used reliably
for diagnostic block procedures in the epidural space.
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he prevalence of low back pain with or without

radicular pain remains high in industrialized

countries (1). Although management remains
a medical challenge, non-invasive diagnostic options
include a thorough clinical evaluation (history, physical
examination, imaging, and/or serologic studies). Non-
invasive treatment options include physical therapy,
manual and behavioral techniques, and medications.
Within the realm of percutaneous spinal interventions,
diagnostic options include analgesic “block” or pain
provocation procedures. For diagnostic purposes,
these low volume selective analgesic block procedures
are typically done in conjunction with a pain diary
to prospectively compare pre-procedural symptoms
to post-procedure symptom relief (2). For radicular
pain, the ideal diagnostic analgesic block should limit
injectate flow to a particular spinal segment. Many
practitioners advocate that low volume intraforaminal
nerve root flow can be diagnostic and use the term
Diagnostic Selective Nerve Root Block (SNRB) to
describe this procedure.

Reviewing lumbar spine nerve anatomy, the ven-
tral and dorsal segmental roots reside medial to the
pedicle, join and form the segmental spinal nerve in
the superior foramen, and then exit the neural fora-
men. The very short spinal nerve divides into the dor-
sal and ventral rami immediately outside the foramen.
The nerve root resides medial to the pedicle within
the dural and epidural space and assumes a different
name as it becomes the spinal nerve and exits the fo-
ramen inferior to the pedicle.

For diagnostic purposes, volumes ranging from
1.5 mL to 5.0 mL are described to selectively “block,”
confirm, and circumscribe the suspected segmental
level prior to a therapeutic intervention (3,4). Since
the injection is supposedly diagnostic, it should be
specific to one, and only one, segment. Therefore, a
low anesthetic volume is used to prevent anesthetiz-
ing an adjacent segment thus obviating a false-posi-
tive result with low specificity. Since the intent is to
diagnostically identify a painful and pathologic seg-
ment, a false positive result occurs when more than
one segmental level is inadvertently anesthetized
resulting in limited diagnostic utility. Vassiliev (5)
has recently demonstrated that L4 and L5 SNRBs are
often non-“selective” by investigating the extent of
epidural contrast flow patterns after injecting 1.0 mL
of contrast.

The percutaneous therapeutic options for radicu-
lar pain include interlaminar or transforaminal epidu-

ral steroid injections (LS-TFESIs). Therapeutic LS-TFESIs
are an integral component of comprehensive, conser-
vative care for lumbar disc and/or spinal stenosis medi-
ated low back pain with a radicular component (2,6-9).
The theoretical goal is to place a concentrated steroid
and anesthetic solution selectively at the pathologic
site or along the dorsal root ganglion (DRG) (6,10).

Therapeutic LS-TFESIs volumes range from 2.0 mL
to 5.0 mL coating the suspected pathologic site with
a concentrated anesthetic/steroid solution (9,11). Al-
though these are commonly described as “selective”
injections, the term “selective” is used to describe in-
jecting the pathologic site with a concentrated thera-
peutic solution that may spread to a closely adjacent
spinal segment and is not meant to imply diagnostic
specificity. The therapeutic procedure injectate vol-
umes can and should be greater since treating the pa-
thology takes precedence over diagnostic specificity.
The “selectivity” of this therapeutic procedure there-
fore refers to placing an increased medication concen-
tration (often steroid) along a specific anatomical spi-
nal segment that correlates closely with the patient’s
clinical and radiographic evaluations.

Our study investigates LS-TFESI contrast flow and
volumes that are specific to a single segmental level.
In particular, we attempt to identify the minimum
volume at which these LS-TFESI procedures may still
be considered “selective” at their respective interver-
tebral foramen with no contrast extending to either
adjacent (superior and/or inferior) levels or contra-
laterally. This study does not attempt to identify the
volumes necessary for achieving a clinically successful
therapeutic procedure.

MEeTHODS

Patients who were clinically appropriate for single
or 2 level LS-TFESI were recruited. These included pa-
tients with lumbar disc injury/herniation (DI) and/or
lumbar central spinal stenosis (SS). Pregnant patients
or those with contrast allergy were excluded. The
procedure’s risks, benefits, alternatives, and progno-
sis were reviewed per our standard protocol. Thirty
consecutive patients consented and were included
in the study, investigating flow patterns at only one
level using the Institutional Review Board’s approved
study protocol. Those study participants undergoing
2 level injections had only one level investigated us-
ing the Institutional Review Board’s approved study
protocol. The interventionist (MBF, TSL, or WGC) de-
termined the appropriate injection level according to
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the patient’s clinical scenario including radiographic
imaging studies.

The LS-TFESIs were performed in an outpatient
procedure suite. The patients were prepped and
draped sterilely in the prone position. A registered
nurse obtained intravenous access, provided optional
sedation, and monitored appropriate vital signs and
pulse oximetry. The appropriate intervertebral fora-
men’s oblique view was fluoroscopically visualized
and optimized. The overlying soft tissue was then
anesthetized with 1% lidocaine without epinephrine.
An appropriate length styleted 22-gauge spinal nee-
dle was guided inferior to the pars interarticularis and
into the intervertebral foramen using a retroneural
approach (7). Using biplanar visualization, the needle
was advanced into the “safe triangle” inferior to the
pedicle and supero-lateral to the exiting spinal nerve
(12,13). For S1 transforaminal injections, the 22-gauge
needle was fluoroscopically guided into the foramen'’s
supero-lateral quadrant.

After needle position confirmation, contrast (ISO-
VUE 320, manufacturer Bracco Diagnostics, Princeton,
NJ) was injected slowly at 0.5 mL increments up to a
maximum of 4.0 mL (approximately 0.5 mL per 30 sec-
onds) continuously confirming needle position and
monitoring contrast flow spread. Fluoroscopic images

were obtained at 0.5 mL increments. These images
were evaluated for adjacent level (superior or inferior)
or contralateral side contrast spread. Whenever con-
trast was noted to flow to an adjacent level or to the
contralateral side, injectate volumes were recorded.
Contrast was documented as flowing to an adjacent
superior level when flow crossed its superior end plate
(SEP) (Figs. 1-3). Contrast was documented as flow-
ing to an adjacent inferior level when flow crossed

Fig. 1. Contrast flow crossing the SEEP of SI. Needles are
placed for right L5 and S1 TFESIs. 1.2 mL of contrast in-
Jjected along the S1 neuroforamen is crossing the SEP of SI.
The flow demonstrates a lack of selectively for right S1 as it
is also in the region of the exiting right L5 nerve root.

A. AP fluoroscopic view of contrast flow crossing the SEP of L5.

B. Lateral fluoroscopic view of contrast flow crossing the SEP of
L5.

Fig. 2. Fluoroscopic view of contrast flow crossing the SEP
of L5. Needles are placed for bilateral L5 TFESI. 1.5 mL
of contrast injected along the right L5 neuroforamen is
crossing the SEP of L5. The flow demonstrates a lack of
selectively for right L5 as it is also in the region of the exiting
right L4 nerve root.
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Fig. 3. Contrast flow crossing the IEP of L4. Needles are
placed for bilateral L4 TFESIs. 1.0 mL of contrast in-
Jected along the right L4 neuroforamen is crossing the IEP
of L4. The flow demonstrates a lack of selectively for right
L4 as it is also in the region of the traversing right L5 nerve
root.

Fig. 4. Contrast flow crossing midline. Needles are placed
for left L5 and S1 TFESIs. 2.0 mL of contrast injected
along the left S1 neuroforamen is crossing midline. The flow
demonstrates a lack of selectively for left SI as it is also in
the region of the traversing right S1 nerve root. Contralateral
flow was noted in a minority of patients with volumes less
than 2.5 mL.

its inferior end plate (IEP) (Fig. 4). Contrast was docu-
mented as flowing to the contralateral side when it
crossed midline. For S1 injections, we only evaluated
for contralateral and superior flow. If a fluoroscopi-
cally confirmed vascular injection was noted, the pa-
tient’s data was excluded and they were not included
in data analysis. We excluded them from data analysis
since we would be unable to quantitate their contrast
flow. After completion of this study protocol’s data
collection, a steroid/anesthetic solution (typically, a 2
mL solution consisting of 80 mg of triamcinolone and
remainder of 1% lidocaine) was administered into the
epidural space. Patients were excluded from the quan-
titative analysis if their needle placement was too far
lateral and precluded central epidural flow.

In addition to the fluoroscopic images, data col-
lection and analysis included gender, age, diagnosis,
presence or absence of previous spinal surgery, level
of injection, and injection side.

REesuLTS

We originally enrolled 39 patients. Six patients
had initial intravascular injections and 3 had primarily
extraforaminal flow. We analyzed data on the remain-
ing 30 patients (Tables 1,2).

Table 1. Demographics of study participants.

Demographic N

Male n =20 (66.7%)

Female n=10(33.3%)

Average Age 57.48 years (SD = 17.43)

Percent with prior surgery | n=6 (20%)
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Table 2. Types of injuries of study participants.

Table 3. Level breakdown.

Level Frequenc; Percent
DX Frequency | Percent k| Y
LL4 2 6.7
DI: Lumbar disc injury/herniation 14 46.7 LL5 5 16.7
LS1 4 13.3
SS: Central spinal stenosis (foraminal 10 333
excluded) : RL3 1 33
R L4 2 6.7
SS/DI: Both lumbar disc injury/ 6 20
hernation and central spinal stenosis RL5 S 30
RS1 7 23.3
Total 30 100
Total 30 100
Table 4. Observed injectate volumes.
Volumes Adjacent Contralateral Adjacent or Contralateral Cumulative
(mL) N N N %
0.5 9 1 9 30
1 11 2 20 67
1.5 6 2 26 87
2 0 3 26 87
2.5 0 3 27 90
3 0 5 27 90
3.5 0 2 27 90
4 3 1 30 100
Insufficient Contrast Flow 1 11 30 100

Contrast Flow Data

Level breakdown is illustrated in Table 3.

Observed injectate volumes are illustrated in Ta-
ble 4.

The average contrast volume observed to extend
to the superior or inferior level was 1.16 (Range 0.5
mL to 4.0 mL). The average contrast volume observed
to extend to the contralateral side was 2.37 (Range 0.5
mL to 4.0 mL). The standard deviation for the superior
or inferior level was 0.9 and 1.0 for the contralateral
side.

After injecting 0.5 mL of contrast, 30% of LS-TFE-
Sls performed in this study were no longer “selective”
(adjacent or contralateral) for the specified root level.
After injecting 1.0 mL of contrast, 67% of LS-TFESIs
performed in this study were no longer “selective” for
the specified root level. After injecting 1.5 mL of con-
trast, 87% of LS-TFESIs performed in this study were
no longer “selective” for the specified root level. Af-
ter injecting 2.5 mL of contrast, 90% of LS-TFESIs per-
formed in this study were no longer “selective” for

the specified root level. Contralateral flow of contrast
was noted in a minority of patients with volumes less
than 2.5 mL.

Discussion

LS-TFESIs are a validated treatment option with-
in the comprehensive, non-surgical armamentarium
for lumbar disc or spinal stenosis-mediated low back
pain with a radicular component (2,6-9). Therapeuti-
cally, they are considered “selective” because they can
deliver concentrated medication (often steroid) in an
anatomical spinal segment that correlates closely with
the patient’s clinical and radiographic examinations.
These epidural injections are often used inappropri-
ately for diagnostic purposes when their selectivity is
misunderstood. Our data collaborates recently pub-
lished work by Vassiliev (5) in that injectate volumes
greater than 1.0 mL are frequently no longer “selec-
tive” when performing a SNRB or a LS-TFESI.

The term “selective nerve root block”

(SNRB) is frequently used interchangeably with LS-
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TFESI, further confusing the delineation between
each procedure’s potential diagnostic and therapeu-
tic utility. This study attempts to quantify the flow
of contrast when injected transforaminally at a spe-
cific spinal intervertebral foramen or nerve root level.
Based on this study’s data, injectate volumes as low
as 0.5 mL have been shown to reach adjacent (supe-
rior, inferior, and/or contralateral) spinal levels and
are thus non-diagnostic and non-selective. Of course,
medial spread of injectate can also “block” the adja-
cent descending nerve root even though it may not be
below the inferior end plate of that level. Therefore,
when injectate volumes equal or exceed this amount,
it is not possible to perform a truly “selective” diag-
nostic “nerve root block” when using a transforami-
nal approach. If the intent is to diagnostically iden-
tify the pathologic segment via a “selective block,”
a false-positive result may occur since more than one
root level may be inadvertently anesthetized. Injec-
tate volumes above 0.5 mL should instead be consid-
ered "non-selective” anatomically with limited diag-
nostic utility for anesthetizing a single spinal nerve
root to determine its contribution to the patient’s
pain (14-16).

Therapeutic LS-TFESIs result in medication flow
into the epidural space. This is the theoretically ideal
location for a therapeutic procedure since medications
can easily be delivered to the pathologic site. The pro-
posed mechanisms of pain relief include decreasing or
diluting inflammatory mediators, reducing edema, in-
terrupting afferent nerve impulses, and possibly pro-
viding nerve membrane stabilization. The goal is to
maximally concentrate the medication at the patho-
logic site. To accurately determine the amount of in-
jectate necessary to reach the pathologic level, some
authors advocate recording the amount of contrast
needed to reach the site and then using this volume
for the therapeutic solution (7). However, the present
study is not evaluating therapeutic volumes.

Since previous studies have demonstrated no
septa in the anterior epidural space at the midverte-
bral level, contralateral spread is not surprising (17).
In those patients where contralateral spread was not
observed, one can postulate either a normal midline
septum presence or soft tissue contours resulting in
ipsilateral contrast flow (18). Ipsilateral level contrast
spread is expected since there are no septa or other
connective tissue separating the anterior epidural
space from ipsilateral superior and/or inferior lumbar
vertebral segments. Contrast volume variability neces-

sary to reach adjacent segments can be explained by
variations in normal anatomy, final needle tip position
relative to the segmental level, or other procedural
nuances.

One of this study’s potential limitations is due
to the contrast, anesthetic and steroid suspension’s
different viscosity, and potential epidural flow char-
acteristics. We use contrast flow presuming that the
anesthetic and/or steroid solutions flow characteristics
will be similar to that of contrast. Another limitation
is that our sample size was too small to assess statis-
tically the effect of diagnosis (DI versus SS) or prior
surgical history on injectate volume. Power analysis of
our data estimated that a minimum sample size of 52
patients is needed for this additional analysis.

Another limitation is that we did not monitor the
different flow patterns at various time frames post in-
jection. One would assume that selectivity would de-
crease even more as the injectate diffuses into the soft
tissues and other structures. We also did not use vol-
ume increments of less than 0.5 mL to truly determine
a volume of definitive specificity. However, volumes
of less than 0.5 mL could prove to result in limited an-
esthetic efficacy resulting in a potential false-negative
diagnostic procedure (19). Our protocol only used 0.5
mL aliquots. Future investigations could consider de-
termining whether there is a smaller volume to yield a
more precise definitive selectivity and will use a larger
sample size as suggested by our power analysis.

ConcLuUSsION

Diagnostic LS-TFESIs or SNRBs limiting injectate
to a single, ipsilateral segmental level cannot reliably
be considered diagnostically selective with volumes
exceeding 0.5 mL. Injectate volumes greater than 0.5
mL are consistently non-selective and cannot be used
reliably for diagnostic “block” procedures in the epi-
dural space. The term “selective” when performing in-
terventional spine pain procedures for diagnostic ben-
efit should not be used without closely describing the
injection technique and injectate volume. This study
does not address contrast flow when performing “se-
lective spinal nerve blocks” (a technique of instilling in-
jectate intraforaminally or lateral to the intervertebral
foramen with no flow entering the epidural space).
Also, the intent of this study was not to determine the
proper volume for therapeutic procedures when using
a transforaminal approach, but to quantify the vol-
ume at which contrast flow is no longer selective for
the specifed root level. Further research is needed to
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determine recommended therapeutic volumes of in-
jectate to selectively treat spinal pain pathology that
correlates anatomically with the patient’s clinical and

radiographic examinations.
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