Skeletal Radiology (2022) 51:1975-1985
https://doi.org/10.1007/500256-022-04051-3

SCIENTIFIC ARTICLE q

Check for
updates

Predictive value of immediate pain relief after lumbar transforaminal
epidural injection with local anesthetics and steroids for single level
radiculopathy

Christoph Germann'® . Tobias Gotschi? - Reto Sutter’

Received: 1 March 2022 / Revised: 31 March 2022 / Accepted: 31 March 2022 / Published online: 8 April 2022
© The Author(s) 2022

Abstract

Objective To assess the predictive value of immediate pain-relief after CT-guided transforaminal epidural steroid injec-
tion (TFESI) including local anesthetics for longer-term pain relief and patients’ global impression of change (PGIC) after
4 weeks.

Materials and methods One hundred ninety-three patients (age 55.4 + 14.9) with single-level discogenic lumbar radiculopa-
thy and subsequent TFESI were included. Pain scores were recorded before (NRS), 15 min (NRS,5,;,), and 4 weeks (NRS,,,)
after treatment using a numerical-rating-scale (NRS; 0, no pain; 10, intolerable pain). Additionally, the PGIC was assessed
after 4 weeks. Two fellowship-trained musculoskeletal radiologists evaluated nerve compression of the injected level and
contrast dispersion. Spearman’s rank and point-biserial correlation were applied to assess associations between outcome
variables and demographics/imaging findings. A p-value <0.05 was considered to be statistically significant.

Results There was a significant positive correlation between immediate pain-relief and longer-term pain-reduction (r=0.24,
p=0.001) with an odds ratio of 2.0 (CI: 1.1-3.6). A good short-term response (NRS 5., >50% reduction) was associated
with a persistent longer-term good response (NRS,,, > 50% reduction) in 59.7% (CI: 50.9—-68.0%) of patients. There was no
association between short-term pain-relief and PGIC after 4 weeks (p =0.18). Extent and location of nerve compression and
contrast dispersion during TFESI did not correlate with longer-term pain-relief (all p > 0.07).

Conclusion Our results indicate a significant positive correlation between immediate post-procedural and longer-term pain
relief after TFESI in patients with lumbar radiculopathy; however, no effect of short-term pain relief is seen on PGIC after
4 weeks. Patients with good longer-term outcome (> 50% pain reduction) are twice as likely to have already shown good
immediate pain reduction after TFESI.
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Abbreviations Introduction

CI Confidence interval

NRS Numerical rating scale Lumbar radiculopathy as part of the spectrum of low back
PGIC  Patient global impression of change pain is a frequent symptom seen in patients in primary care
TFESI Transforaminal epidural steroid injection clinics and is a common cause of activity limitation and

work absence, posing a major socioeconomic concern [1-3].
Various pathologic conditions or any combination of those
may cause lumbar radiculopathy. Among the most com-
mon are disc herniation, spondylosis, osteoarthritis of facet
joints, and hypertrophy of the ligamentum flavum. Each of
b4 Christoph Germann these conditions may lead to a mechanical compression of

christoph.germann @balgrist.ch nerves, either within the spinal canal, at the lateral recess,
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therapeutic injections with steroids are a viable, safe, and
effective treatment in patients with lumbar radiculopathy
[5-9]. Hence, it is not surprising that the number of these
injections has increased over the last few decades, and
most likely will continue to do so in the future [10-13].
Lumbar epidural injections can be performed using differ-
ent approaches: transforaminal epidural steroid injection
(TFESI), interlaminar epidural injection, or caudal injec-
tion [14]. In case of lumbar radiculopathy, the transforaminal
approach is the most widely used; the advantage of TFESI
is being more target specific, fulfilling the aim of reaching
the ventrolateral epidural space as primary site of pathol-
ogy [14]. Usually, TFESI is performed by fluoroscopy or
computed tomography (CT)-guidance; both modalities are
safe and the choice of image modality for needle guidance
seems to have no impact on the patient’s outcome [15].
Commonly used agents during TFESI are a combination
of a local anesthetic (e.g., lidocaine) and a corticosteroid
(e.g., triamcinolone acetate and dexamethasone dihydrogen
phosphate). The rationale behind the use of a corticosteroid
agent is its long-acting anti-inflammatory effect; radicular
pain is commonly caused by mechanical compression of
nerves with subsequent local inflammatory cascades, which
can thus be inhibited by the local application of the steroid
agent and potentially relieve patients’ symptoms related to
the radiculopathy for several weeks or months [16, 17]. The
application of a local anesthetic during lumbar TFESI is
based on the immediate pain reduction effect which may
quickly alleviate the pain caused by the nerve compression,
and additionally decreases the discomfort caused by the pro-
cedure itself [17].

In our institution, we ask each patient before and 15 min
after an injection treatment to state their pain level. It
would be interesting and beneficial for the patient to know
if based on that immediate pain relief, a prediction can be
made regarding the longer-term effect of the TFESI. We
hypothesize that a correlation exists between the pain score
immediately after and the pain score several weeks after the
injection. To our knowledge, this potential association has
not been investigated thus far.

Therefore, the goal of this study was to examine the cor-
relation between the immediate pain relief after CT-guided
TFESI and the longer-term pain relief (4 weeks after TFESI)
in patients with single level discogenic lumbar radiculopathy.

Materials and methods

This prospective single-center study with retrospective data
analysis was approved by the local ethics committee. Written
informed consent was given by all included subjects prior
to the intervention, both for the injection itself as well as for
the use of data for research purposes.

@ Springer

Patient cohort

We used our hospital information system to perform a data-
base search for patients with lumbar radiculopathy who
received subsequent CT-guided TFESI in our department.

The detailed flow-chart for study inclusion/exclusion is
shown in Fig. 1.

Our inclusion criteria were as follows: (1) age > 18 years;
(2) CT-guided TFESI for lumbar radiculopathy (L4-, L5- or
S1-nerve root), confirmed by clinical examination by either
board-certified orthopedic surgeons or rheumatologists; and
(3) discogenic nerve compression of the treated level con-
firmed by either magnetic resonance imaging or CT-mye-
lography within 6 months prior to the injection procedure
by a board-certified musculoskeletal radiologist with 8 years
of experience.

n=378 potentially eligible patients
- Age = 18 years
Lumbar CT-guided TFESI (L4-, L5-, or S1- nerve root)
Lumbar radiculopathy with cross-sectional imaging confirming
discogenic cause

n=185 patients excluded
« Prior lumbar steroid injection (95; 51.4%)
» Lumbar neoplasia / metastasis (7, 0.5%)
« Lumbosacral spondylodesis (15; 8.1%)
- Bilateral or multilevel infiltration (38; 20.5%)

« Missing pain score data (36; 19.5%)

n=193 patients included

Image evaluation
Location of nerve root compromise
Grading of nerve root compromise

Contrast location and dispersion pattern

Data analysis

Fig. 1 Flowchart of study design. TFESI, transforaminal epidural
steroid injection
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Exclusion criteria comprised (1) prior lumbar steroid
injection; (2) lumbar neoplasia/metastasis; (3) lumbosacral
spondylodesis; (4) bilateral or multi-level infiltration during
the same session; and (5) missing pain score data.

Transforaminal epidural steroid injection: technique

All injections were conducted as an outpatient treatment.
Each procedure was performed by a fellowship-trained mus-
culoskeletal radiologist. To ensure consistency and repro-
ducibility, a standardized injection protocol was used [7]:
(1) initial lumbar low-dose CT in a prone position at the
affected level, using a 64-detector row CT; (2) planning the
access route for needle insertion; (3) aseptic preparation;
(4) needle placement under CT-guidance with the needle
tip adjacent to the respective nerve using a transforaminal
approach; (5) assure correct needle tip position using iodized
contrast agent, 1 mL iopamidol (Iopamiro 200, 200 mg/mL
of iodine); (6) injection of 40 mg (1 mL) of triamcinolone
acetonide; and (7) injection of 1 mL of 0.2% lidocaine. Fig-
ures 2 and 3 illustrate examples of CT-fluoroscopy images
during TFESI.

Image evaluation

Cross-sectional pre-procedural imaging studies of the lum-
bar spine were analyzed on state-of-the-art picture archiv-
ing and communication system (PACS) workstations. Image

Fig.2 CT-guided TFESI for S1
radiculopathy. A 45-year-old
woman with left-sided S1 radic-
ulopathy due to disc herniation
(arrowhead) at the L5-S1 level
with concomitant grade 2 lateral
recess stenosis of the left S1
nerve root (arrows) depicted

by transverse (bottom left) and
sagittal (right) T2-weighted MR
images. CT-guided TFESI (top
left) of the S1 nerve root left

is shown with correct needle
(asterisk) position with the tip
adjacent to the nerve root and
contrast dispersion (dashed
arrow) around the nerve root.
TFESI, transforaminal epidural
steroid injection

analysis was performed independently by two board-certified
fellowship-trained musculoskeletal subspecialized radiolo-
gists (R.S. with 16 years of experience, and C.G. with 8 years
of experience in musculoskeletal imaging) blinded to all
clinical data. The images were evaluated regarding location
of discogenic nerve root compromise of the targeted nerve
root (lateral recess, neuroforamen, or extraforaminal); and
grading of nerve root compression: grade 0 =no compro-
mise/stenosis; grade 1 =contact of disc with nerve root/mild
stenosis, grade 2 =deviation of nerve root/moderate steno-
sis, and grade 3 =compression of nerve root/severe stenosis
[18, 19] (Figs. 4 and 5). Additionally, contrast location and
dispersion pattern during the CT-guided TFESI was graded
by one radiologist (C.G. with 8§ years of experience in mus-
culoskeletal imaging) analyzing CT-fluoroscopy images of
the lumbar steroid injection. According to the description
by Germann et al., the contrast location during CT-TFESI
was either extraforaminal, foraminal, or recessal, whereas
dispersion pattern was classified as either focal non-linear,
linear, or tram-track pattern along the targeted nerve root [7].

Outcome questionnaire

The outcome evaluation has been performed prospectively
using a specifically designed questionnaire. Immediately
prior to the TFESI, each patient stated the maximum pain
level regarding the low back pain and/or radiating leg pain,
using an 11-point numerical rating scale (NRS), serving
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Fig.3 CT-guided TFESI for
L5 radiculopathy. A 71-year-
old woman with right-sided

L5 radiculopathy due to disc
herniation (arrowhead) at the
L4-5 level with concomitant
grade 2 lateral recess stenosis of
the right L5 nerve root (arrows),
illustrated in transverse (bot-
tom left) and sagittal (right)
T2-weighted MR images.
CT-guided TFESI (top left)

of the right-sided L5 nerve

root is depicted with correct
needle (asterisk) tip position
and contrast dispersion (dashed
arrow) reaching the epidural
space medially to the lateral
recess of the nerve root. TFESI,
transforaminal epidural steroid
injection

Fig.4 Grading of nerve
compression in the lateral
recess. Schematic illustration
(upper row) and corresponding
transverse T2-weighted MR
images at the level of the lateral
recess (lower row), depicting
the grade of nerve root (arrows)
compression. Grade 0, “normal/
no contact”; Grade 1, “contact”:
visible contact of disc material
with the nerve root; Grade 2,
“deviation”: nerve root is dis-
placed dorsally by disc material;
Grade 3, “compression”: nerve
root is compressed between disc
material and wall of the spinal
canal ( adapted from Pfirrmann
et. al.) [18]

Grade 0

as baseline reference (NRS): score O signifies “no pain”
whereas score 10 translates to “intolerable pain.” The same
score was evaluated 15 min after the TFESI (NRS,5.i,)-
The pain score 4 weeks after the procedure (NRS,,,) was
acquired using the same questionnaire which was returned
to our department via prepaid post. The short-term percen-

tal (relative) pain reduction (NRS¢_;5 .:.) was calculated
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Grade 1

GFade 3

by subtracting the “NRS;s,,;,” score from the baseline
“NRS,” score divided by the “NRS,.” Accordingly, the
longer-term percental pain reduction (NRSy, 4,,) was cal-
culated by subtracting the “NRS,,,” score from the base-
line “NRS,” score divided by the “NRS;” score. In order
to calculate the predictive performance with odds ratios
(OR) of short-term pain reduction on longer-term pain
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Fig.5 Grading of nerve com-
pression in the neuroforamen.
Schematic illustration (left
column) and equivalent sagittal
T2-weighted MR images at the
level of the neuroforamen (right
column), depicting the grade

of nerve root (arrows) com-
pression. Grade 0, “normal”:
perineural fat preserved; Grade
1, “mild stenosis”: perineural
fat obliteration in transverse

or vertical direction; Grade 2,
“moderate stenosis”: perineural
fat obliteration in four directions
without morphologic change;
Grade 3, “severe stenosis”:
nerve root collapse/morphologic
change ( adapted from Lee

Grade O

Grade 1

etal.) [19]

$ Grade 2

3 Grade 3
reduction, two groups were formed based on the pain score In addition to the NRS pain score, the patient global
reduction 4 weeks after TFESI in relation to the prepro-  impression of change (PGIC, a seven-item scale), as an
cedural pain score (NRS(): (1) “good responder” with at  item of measurement of the patient’s quality of life, was
least 50% reduction in NRS score and (2) “poor responder”  assessed 4 weeks after the injection; each participant was
with below 50% reduction in NRS score 4 weeks after the  asked to rate the overall change in activity limitation, symp-
peri-radicular injection [7, 8, 20]. toms, emotions, and overall quality of life related to the low
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back pain and radiating leg pain after the TFESI [7, 15, 21,
22]. The possible answers included (1) “much worse,” (2)
“worse,” (3) slightly worse,” (4) “no change,” (5) “slightly
better,” (6) “better,” and (7) “much better.”

Statistical analysis

Statistical analysis was performed using SPSS (v25, IBM
Corp., Somers, NY). General descriptive statistics were
applied. Continuous data are presented as means with stand-
ard deviation and categorical data are presented as percent-
ages. Inter-reader reliability was assessed using Cohen’s
k for each qualitative variable and interpreted according
to Kundel and Polansky [23] as either “slight” (0-0.20),
“fair” (0.21-0.40), “moderate” (0.41-0.60), “substantial”
(0.61-0.80), or “almost perfect” agreement (0.81-1.00).
Spearman’s rank correlation was used to test for associa-
tion between two continuous variables or between a con-
tinuous and ordinal variable. Correlation analysis between
dichotomous (binomial) variables was achieved by means of
point-biserial correlation. The strength of an association was
expressed as odds ratio (OR) with 95% confidence intervals
(CD. A p-value < 0.05 was considered to represent statistical
significance.

Results
Inter-observer agreement

The agreement between reader 1 and 2 was almost perfect
for assessing the grade of “foraminal stenosis” (k=0.83) and
perfect for evaluating the presence of “extraforaminal steno-
sis” (k=1.0). The agreement was substantial for assessing
the grade of “recessal stenosis” (k=0.70).

Demographics

After applying the inclusion and exclusion criteria (Fig. 1),
193 patients were enrolled in this study. Patient characteris-
tics are shown in Tablel.

Treatment outcome: NRS and PGIC score

NRS scores are given in Table 1. The pain score was
6.1 +2.0 before the TFESI (NRS)), 3.6 +2.1 15 min after
the injection (NRS 5. ), and 3.6 +2.5 4 weeks after the pro-
cedure (NRS,,, ). This translates to a short-term percental
pain score reduction (NRSy,_;5 i) of 38.3% +33.6% and
a longer-term percental pain score reduction (NRSg, 4,,) of
37.6%+47.9%.

The PGIC score 4 weeks after the TFESI (available for
n =189 patients) was as follows: “much worse” in 43 of 189
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Table 1 Patient characteristics. Demographic variables gender,
age, side, level, and pain assessment are shown. The NRS scores
are given for three time points: (1) before the TFESI (NRS), (2)
15 min after the TFESI (NRS,5,;,), and (3) 4 weeks after the TFESI
(NRS,,,). NRSy,_ ;5 in corresponds to the relative pain score reduc-
tion 15 min after the TFESI, and NRS, ,, represents pain score
reduction 4 weeks after the TFESI. Qualitative variables are given
in numbers (percentages), and continuous variables are presented as
mean =+ standard deviation. NRS, numerical rating scale

Variable

Gender, n (%)

Male 92 (47.7)

Female 101 (52.3)
Age, years 554+14.9
Side, n (%)

Left 110 (57.0)

Right 83 (43.0)
Level, n (%)

L4 29 (15.0)

L5 88 (45.6)

S1 76 (39.4)

Pain assessment
NRSy/NRS5.,i/NRS,,,
NRS,, /NRS¢, 4,

6.1+2.0/3.6+2.1/3.6+£2.5
38.3% +33.6%/37.6% +47.9%

15 min’

patients (22.8%), “worse” in 42 of 189 patients (22.2%),
“slightly worse” in 50 of 189 patients (26.5%), “no change”
in 32 of 189 patients (16.9%), “slightly better” in 7 of 189
patients (3.7%), “better” in 11 of 189 patients (5.8%), and
“much better” in 4 of 189 patients (2.1%), respectively.

Imaging findings

The frequency of imaging findings regarding nerve root
compromise (location and grade) and contrast location/
dispersion pattern during CT-guided TFESI are shown in
Table 2.

Correlation analysis between outcome measures
after TFESI

Detailed data of each correlation analysis are presented in
Table 3. The baseline NRS score “NRS,” showed a signifi-
cant positive correlation with the NRS score after 15 min
“NRS 50, (r=0.29; p<0.001) and with the NRS score
after 4 weeks “NRS,,,” (r=0.22; p=0.002).

The “NRS,” revealed a significant positive associa-
tion both with the relative pain reduction after 15 min
“NRSq, |5 min~ (r=0.22; p=0.002) and with the pain relief
after 4 weeks (r=0.19; p=0.009).

Our results further indicate a significant positive correla-
tion between the short-term NRS score after the procedure
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Table 2 Imaging findings. The presence and grade of nerve root com-
promise are given for the locations extraforaminal, foraminal, and
lateral recess. Additionally, contrast location and contrast dispersion
pattern during CT-guided TFESI are given for Reader 2. Data are pre-
sented as numbers (percentages). *Contrast location and contrast dis-
persion pattern was analyzed for n=172 subjects, as contrast medium
was not given or respective CT-fluoroscopy images were not available
in 21 subjects. TFESI, transforaminal epidural steroid injection

Variable Reader 1 Reader 2
Extraforaminal stenosis, n (%)

Yes 4(2.1) 4(2.1)

No 189 (97.9) 189 (97.9)
Foraminal stenosis, n (%)

Grade 0 99 (51.3) 113 (58.5)

Grade 1 46 (23.8) 35 (18.1)

Grade 2 14 (7.3) 16 (8.3)

Grade 3 34 (17.6) 29 (15.0)
Lateral recess stenosis, n (%)

Grade 0 11(5.7) 15(7.8)

Grade 1 27 (14.0) 34 (17.6)

Grade 2 57 (29.5) 60 (31.1)

Grade 3 98 (50.8) 84 (43.5)
Contrast location*

Extraforaminal - 56 (32.5)

Foraminal - 82 (47.7)

Lateral recess - 34 (19.8)
Contrast dispersion pattern*

Focal non-linear - 39 (22.7)

Linear - 116 (67.4)

Tram-track - 17 (9.9)

Table 3 Correlation analysis: NRS and PGIC. Data represents cor-
relation analysis between the various outcome parameters and time
points after TFESI. NRS,, pain score prior to TFESI; NRS s . . pain
score 15 min after TFESI; NRS,,, pain score 4 weeks after TFESI;
NRS¢, 15 min» relative/percental pain score reduction 15 min after
TFESI; NRSy, ,,, relative/percental pain score reduction 4 weeks
after TFESI; PGIC,,, patient global impression of change 4 weeks
after TFESI. *Denotes statistical significance (p <0.05). NRS, numer-
ical rating scale. TFESI, transforaminal epidural steroid injection

Correlation analysis of outcome measures after TFESIT

Variable pair Correlation coef- p-value
ficient

NRSy | NRS|s5min 0.29 <0.001*
NRS, | NRS,,, 0.22 0.002*
NRSy | NRS, 15 min 0.22 0.002*
NRS, | NRSq, 4, 0.19 0.009*
NRS s | NRSy,, 0.25 <0.001*
NRSy, 15 min | NRSg 4 0.24 0.001%*
NRSy, 15 min | PGICy, -0.10 0.18

“NRS 5 and the longer-term NRS score “NRS,.”
(r=0.25; p<0.001).

The short-term pain reduction after 15 min “NRS¢, ;5 .:,”
was significantly and positively associated with the longer-
term pain relief “NRSq, ,,,” (r=0.24; p=0.001).

No significant correlation occurred between the pain
reduction 15 min after the TFESI “NRSy, ;5 ...,” and the
PGIC score 4 weeks after injection “PGIC,,,” (p=0.18).

Predictive value of short-term pain relief

The cross-table between short-term and longer-term pain
relief with odds ratio calculation is shown in Table 4.
The short-term treatment response was a correct pre-
dictor for longer-term pain reduction (either persistent
good response or persistent poor response) in 113 of 193
patients (67.4%). A good response 15 min after TFESI
(NRSy,_ 15 min” =50%) led to a good longer-term response
after 4 weeks (NRSy, 4,,” >50%) in 59.7% (95% CI: 50.9 to
68.0%) of patients. An unfavorable pain relief 15 min after
TFESI (NRSy, ;5 min” <50%) continued to be a poor longer-
term pain relief (NRSy,_4,,” <50%) in 57.8% (95% CI: 51.9
to 63.4%) of subjects.

Presuming a good short-term pain reduction
(NRSy,_ |5 min” = 50%), the odds ratio of a good longer-term
pain relief (NRS¢_4,,” >50%) was 2.0 (95% CI: 1.1 to 3.6).
This means patients with a good longer-term outcome
(>50% pain score reduction) 4 weeks after TFEST are twice
as likely to have already shown a good short-term outcome
(>50%) immediately after the injection.

Influence of demographic variables on pain relief

Correlation analysis between demographics and pain relief
is depicted in Table 5.

There was a weak but significant positive correlation
between age and short-term pain reduction “NRSy, ;5 i
(r=0.16; p=0.02; “the older the patient, the better the pain
reduction”), but no significant association between age and
long-term pain reduction “NRS, 4., (p =0.23).

Fifteen minutes after the TFESI, gender (p =0.72), side
of TFESI (p =0.54), and level of TFESI (p =0.24) were not
associated with the pain reduction “NRS¢,_;5 in.”

Four weeks after the TFESI, neither gender (p =0.89),
nor side of treatment (p =0.95), nor level of steroid injec-
tion (p=0.49) correlated with the pain reduction “NRS, _4...”

Influence of imaging findings on pain relief
Data of correlation analysis between imaging findings and
pain relief are illustrated in Table 6.

A weak but significant positive correlation was seen
between the grading of nerve root compromise at the lateral
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Table4 Odds ratio for>50% pain reduction after 4 weeks.
NRSy,. |5 min» relative/percental pain score reduction 15 min after
TFESI; NRS,, 4, relative/percental pain score reduction 4 weeks

after TFESL. *Denotes statistical significance (p<0.05). *p-value
derived from logistic regression. CI, confidence interval; NRS,
numerical rating scale; OR, odds ratio

Odds ratio for >50% pain reduction after 4 weeks depending on immediate pain relief

NRS,, 4, >50% OR 95% CI p-value®
Yes No
NRS, 15 min > 50% No 42.2% 57.8% 1.0
Yes 59.7% 40.3% 2.0 1.1-3.6 0.018*

Table 5 Correlation analysis: demographic variables and pain relief.
Data represents correlation analysis between demographic variables
and pain relief 15 min and 4 weeks after TFESI. Numbers represent
correlation coefficients (p-values). Spearman’s rank correlation (°) or
point-biserial correlation (#) was applied. NRS, |5 i, relative/per-
cental pain score reduction 15 min after TFESI; NRS,, 4, relative/
percental pain score reduction 4 weeks after TFESI. *Denotes statisti-
cal significance (p <0.05). NRS, numerical rating scale; TFESI, trans-
foraminal epidural steroid injection

recess and short-term pain relief “NRSy, ;5 ..,” (“the lower
the grade, the better the pain relief”) only for reader 1
(r=—-0.15, p=0.03), whereas no significant association
was found between grading of nerve root compromise at the
lateral recess and longer-term pain relief “NRS,, 4,,” for both
reader (reader 1: p=0.12; reader 2: p=0.07). No correla-
tion was found between presence of extraforaminal stenosis

and pain relief (all p >0.99), between grading of foraminal

Correlation analysis between patient characteristics and pain relief

stenosis and pain relief (all p >0.69), and between location

after TFESI of stenosis and pain relief (all p >0.12) both at 15 min and

Variable NRS¢.15 min . NRS¢. 4 weeks after the injection. Furthermore, neither the contrast
8’:} r;f;on coefficient g;:g:"gfja;?:)f' location nor the contrast dispersion pattern during TFESI

had an influence on short-term pain relief (p=0.22 and

#Gender 0.03 (0.72) 0.01 (0.89) p=0.11) or longer-term pain relief (p=0.48 and p=0.74).

“Age 0.16 (0.02)* 0.09 (0.23)

*Side 0.04 (0.54) —0.005 (0.95) Complications

‘Level —0.09 (0.24) —0.05 (0.49)

Table 6 Correlation analysis:
imaging findings and pain relief.
Data represents correlation
analysis between imaging
findings and pain relief 15 min
and 4 weeks after TFESI.
Numbers represent correlation
coefficients (p-values).
Spearman’s rank correlation

(°) or point-biserial correlation
(#) was applied. NRSq, 5 0
relative/percental pain score
reduction 15 min after TFESI;
NRS,, 4, relative/percental pain
score reduction 4 weeks after
TFESI. *Denotes statistical
significance (p <0.05). NRS,
numerical rating scale; TFESI,
transforaminal epidural steroid
injection
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No minor or major complication after CT-guided TFESI was
reported.

Correlation analysis between imaging findings and pain relief after TFESI

Variable NRS¢,_ i 5min NRSy, 44
Correlation coefficient Correlation coef-
(p-value) ficient (p-value)

#Extraforaminal stenosis (Binary: yes or no)

Reader 1 0.001 (0.99) < 0.001 (1.0)

Reader 2 0.001 (0.99) < 0.001 (1.0)
‘Foraminal stenosis (Grade 0-3)

Reader 1 0.01 (0.87) 0.01 (0.87)

Reader 2 —0.03 (0.69) —0.01 (0.86)
‘Lateral recess stenosis
(Grade 0-3)

Reader 1 —0.15 (0.03)* 0.11 (0.12)

Reader 2 0.10 (0.19) 0.13 (0.07)
#Location of stenosis (Binary: foraminal or recessal)

Reader 1 0.03 (0.76) 0.11 (0.26)

Reader 2 0.07 (0.42) 0.14 (0.12)
‘Contrast location

Reader 2 —0.09 (0.22) —0.05 (0.48)
“Contrast dispersion pattern

Reader 2 —0.12 (0.11) 0.03 (0.74)
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Discussion

Lumbar transforaminal epidural steroid injection (TFESI)
is a very common procedure with good outcomes [5-8]. So
far however, we were not able to tell patients after lumbar
TFESI how high the likelihood of a persisting good pain
reduction after 4 weeks is if the immediate pain relief after
the injection was already good. In this prospective study
with retrospective data analysis, we investigated the rela-
tionship between (1) short-term pain relief (effect of local
anesthetics) and (2a) longer-term pain reduction (effect
of steroids) or (2b) patient global impression of change
(PGIC) after CT-guided lumbar TFESI in patients with
unilateral single-level discogenic radiculopathy.

Our results show the efficacy of CT-guided TFESI; the
mean reduction of the NRS pain score was 38.3% +33.6%
after 15 min and 37.6% +47.9% after 4 weeks, which is
within the range of findings in comparable studies [5, 7,
24-26].

Our results further indicate a significant positive corre-
lation between the immediate pain score reduction 15 min
after TFESI and the longer-term pain relief 4 weeks later,
with an odds ratio of 2.0. This signifies that patients with
a good longer-term outcome (> 50% pain score reduction)
4 weeks after TFESI are twice as likely to have already
shown a good short-term outcome (> 50%) immediately
after the injection. Nearly 60% of patients with a good
short-term response (>50% pain score reduction) continue
to maintain a longer-term good response after 4 weeks.
The short-term treatment response was a correct pre-
dictor for longer-term pain reduction (either persistent
good response or persistent poor response) in 113 of 193
patients (67.4%). However, approximately 40% of patients
with an initially positive treatment response (>50% pain
score reduction after 15 min) will develop an unfavorable
pain score reduction (< 50%) after 4 weeks. One reason for
this discrepancy may be attributed to the different phar-
macological effect of local anesthetics (which reflect the
short-term outcome) compared to steroids (which reflect
the longer-term outcome); local anesthetic agents inter-
act — among others — with specific ionic channels and
receptors along the targeted nerve, eventually interrupting
afferent pain impulses [27]. However, steroids are used in
TFESI because of their inhibiting effect on local inflamma-
tory cascades, which are generated by mechanical irrita-
tion of the nerve, for example caused by a disc herniation
[16].

To our knowledge, our study is the first to investi-
gate the association between immediate pain reduction
and longer-term pain relief after lumbar TFESI. For the
cervical spine, Antoniadis et al. and Wald et al. exam-
ined the predictive value of post-procedural pain relief

for longer-term pain reduction after CT-guided cervical
nerve root injection with local anesthetics and steroids [28,
29]. In contrast to our findings at the lumbar spine, both
those studies observed no correlation between immedi-
ate pain relief after injection and longer-term pain relief
(6-8 weeks later) in patients with cervical radiculopathy.
This discrepancy may be explained by the different injec-
tion technique (indirect approach to the nerve root for cer-
vical injection versus direct approach for lumbar injection
in our study) and/or a different steroid agent (non-particu-
late for the cervical injection versus particulate steroids for
lumbar TFESI in our study). Moreover, a smaller patient
cohort in the study by Antoniadis and coworkers (34 for
the cervical injection versus 193 for the lumbar TFESI in
our study) maybe another reason for the discrepant find-
ings [28].

Furthermore, we encountered a moderate positive corre-
lation between the baseline preprocedural pain score NRS,,
and both the pain 15 min (NRS,5,;,) and 4 weeks (NRS,,,)
after the TFESI, which is consistent with findings by Tago-
wski et al., although the correlation in that study was seen
for the subgroup of patients with lumbar TFESI using a non-
particulate steroid, as opposed to particulate steroids in our
study [8].

The short-term pain relief after 15 min did not corre-
late with the patients’ global impression of change (PGIC)
4 weeks after the treatment. This nonexistent association
may be explained by the composition of the PGIC score,
which reflects not only pain but also activity limitation,
symptoms, emotions, and overall quality of life [21].

No confounding patient characteristics (gender, age,
side of treatment, and level of treated radiculopathy) were
detected regarding longer-term pain reduction 4 weeks after
TFESI. Patient age was the only demographic variable that
was significantly and positively correlated with short-term
pain reduction after 15 min; however, the association was
weak and arguably negligible.

Regarding pre-procedural imaging findings, the nerve
root compression grade at the lateral recess correlated sig-
nificantly with the short-term pain reduction 15 min after
TFESI for only one reader. Nevertheless, the association
was weak and therefore clinically presumably irrelevant, in
particular because this positive correlation did not persist
for lateral recess nerve compromise grading and longer-
term pain relief after 4 weeks. The presence and grading of
foraminal and/or extraforaminal nerve compression, as well
as the location of nerve compression (foramen versus lateral
recess) was not associated with pain score reduction at both
time points, which is consistent with findings in other studies
[8, 30]. Furthermore, neither the contrast location nor the
contrast dispersion pattern along the targeted nerve root dur-
ing CT-guided TFESI had an influence on pain relief after
15 min or 4 weeks, confirming results of a recent study [7].
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Our study has limitations. First, we acknowledge that the
exact time of longer-term outcome assessment after injec-
tion might vary within our cohort, as each patient reported
the treatment response on a questionnaire via prepaid post
which was handed out at the date of the injection. There-
fore, presumably not each patient completed the question-
naire exactly 4 weeks after the procedure, which may poten-
tially bias the results. Second, our follow-up period ended
after 4 weeks and does not reflect the true long-term effect
(several months to years), which might differ from the pre-
sented results. Due to the retrospective nature of this study,
no outcome data was available for this time period. Third, a
certain variability in the TFESI procedure is possible when
performed by different radiologists. However, it is a single-
center study and each radiologist received a strict fellowship
training using highly standardized interventional protocols.
Additionally, the needle tip position directly adjacent to the
treated nerve during the CT-guided TFESI was confirmed in
each included case, providing a homogenous cohort regard-
ing injection procedure. Furthermore, we acknowledge that
when located within the neuroforamen, the discogenic nerve
compression is sometimes accompanied by either osteoar-
throsis of the facet joint and/or hypertrophy of the ligamen-
tum flavum instead of being purely discogenic, which might
influence the treatment response. Despite these limitations,
the considerable cohort size and application of strict inclu-
sion and exclusion criteria establish a firm basis for the reli-
ability of our findings.

In conclusion, our study demonstrates a positive correla-
tion between immediate post-procedural pain reduction after
CT-guided TFESI (effect of local anesthetic) and longer-
term pain relief (effect of steroid) in patients with single-
level discogenic lumbar radiculopathy. Patients with a good
outcome (> 50% pain score reduction) 4 weeks after TFESI
are 2 times more likely to have already shown a good short-
term outcome (> 50%) immediately after the injection. Addi-
tionally, short-term pain relief is no predictor for patients’
global impression of change 4 weeks after TFESI.
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