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Abstract
Background Clinical management after epidural steroid injec-
tions (ESI) of patients with radiculopathy secondary to a cer-
vical disc herniation (CDH) is uncertain. This study aims to
determine whether short-term arm pain alleviation following
computed tomography-guided ‘indirect’ cervical ESI can pre-
dict the 1-month outcome.
Methods We conducted a prospective observation of 45 con-
secutive patients at a tertiary radiological department. Study
components were visual analog scale arm and neck pain at
baseline, 15, 30, and 45 min, 1, 2, and 4 h, on days 1–14,
1 month, and at 1 year. Health-related quality of life and func-
tional impairment were assessed using the short form-12 and
Neck Pain and Disability Scale. Patients who reported ≥80 %
persisting arm pain, as well as patients who underwent a sec-
ond injection or an operation within 1 month were defined as
‘non-responders’. Logistic regression was used to analyze the
effect size of the relationship between >50 % pain relief at any
given study visit and responder status.

Results Patients experiencing a >50% pain reduction 4 h after
the injection were four times as likely to be responders as
those experiencing ≤50 % pain reduction (OR 4.04, 95 % CI
1.10–14.87). The effect was strongest on days 5–6 (OR 18.37,
95 % CI 3.39–99.64) and remained significant until day 14.
Conclusions The results of this study can guide physicians in
managing patients with CDH: a ≤50 % arm pain relief within
1 week after an ‘indirect’ cervical ESI predicts an unfavorable
1-month outcome and suggests that other treatment options
may be considered at an earlier point in time.

Keywords Arm pain . Cervical disc herniation . Epidural
injection . Neck pain . Nerve root . Radicular pain

Introduction

Epidural steroid injections (ESI) are frequently used in the
treatment of radicular pain secondary to a cervical disc hernia-
tion (CDH) despite a lack of strong evidence supporting its
efficacy [21] and even some reported disappointing results
[3]. There is a lack of randomized controlled trials [1, 3, 11,
22] and well-conducted studies [4, 13, 22] on its role as an
adjunct to medical therapy preceding surgical treatment. A
pivotal discussion point is the underlying work mechanisms,
since saline injections were proven to be as equally effective
as cortisone [1]. Anti-inflammatory effects [1] and wash-out
effects may be responsible for a positive treatment response,
which makes designing a placebo-controlled study a chal-
lenge. Nevertheless, in the absence of neurological deficits
or signs of myelon compression, ESI represents a well-
established adjunct to the non-surgical management for pa-
tients with radicular arm pain. Whether radiological features
identified on cervical magnetic resonance imaging (MRI),
such as the location of the CDH and degree of nerve root
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compression serve as a predictor for the clinical outcome,
needs to be studied further since present data is conflicting
[13, 18].

An unresolved issue in daily clinical routine is the def-
inition of treatment success or failure. This is especially
true for the first days and weeks following ESI. In pa-
tients with radiculopathy who report only some positive
effect after ESI, the question remains whether or not more
time should be invested to see if the patient will finally
respond. Cervical radiculopathy can be excruciating and
wasted time can add to pain chronification, depression,
and extended work leave. Kolstad et al. [10] reported that
there was a relatively instant treatment effect in patients
who did not require surgery later on. The authors advised
surgery to those who did not clearly have a positive effect
within a few weeks. In a similar manner, other authors
[20, 22] noted that patients with no clear improvement
at the first 2-week follow-up would also not experience
any alleviation down the road.

The literature on this issue is neither conclusive in terms of
methods and details of short-term follow-up, nor are there
clear management recommendations so far. Hence, the current
study addresses the question of whether and to what extent the
short-term pain relief following ESI for CDH can predict the
1-month outcome.

Methods

We prospectively screened all patients between 18 and
70 years of age with cervical radicular pain, with or with-
out findings of radiculopathy, secondary to a single-level
CDH (Bsoft disc compression^; no osseous foraminal ste-
nosis due to osteophytes) who were referred to the
Department of Radiology at Cantonal Hospital St.
Gallen in Switzerland between August 2013 and
March 2015 for study inclusion. Referring physicians
were general practitioners, pain physicians, rheumatolo-
gists, orthopedic surgeons, and neurosurgeons. In order
to be included in our study, MRI had to show a CDH
corresponding with clinical symptoms of radiculopathy.
All diagnoses and imaging findings were confirmed by
A.N., a radiologist with special interest and over 20 years
of expertise in ESI, who also performed all of the inter-
ventions. Study exclusion criteria were the following: vi-
sual analog scale (VAS) arm pain < 20/100 mm, profound
motor deficit (British Medical Research Council 0-3), my-
elopathy, multilevel disc herniation, stenosis, severe sco-
liosis, discrepancy between imaging findings and symp-
toms, previous ESI or surgery of the affected segment,
uncorrectable bleeding diasthesis, and a significant lan-
guage barrier.

Baseline parameters

Prior to ESI we collected patient demographic data, profession
according to the international standard classification of occu-
pation [8], work capacity, current use of opioids and symptom
duration, as well as baseline intensity of arm and neck pain
measured with the VAS (0 to 100 mm). Health-related quality
of life (HRQoL) and functional impairment were assessed
using the short form (SF)-12 questionnaire and the German
version of the Neck Pain and Disability Scale (NPAD) [16].
Based on MRI findings, CDHs were graded as either
preforaminal or foraminal (Fig. 1).

Injection technique

All injections were performed under computed tomography
(CT) guidance (Siemens SOMATOM Emotion®, Munich,
Germany) in CT fluoroscopy mode. The ‘indirect’ technique
according to Sutter et al. [19] was used in accordance with our
standardized protocol. An illustration of the procedure is
shown in Fig. 2. The patient was in prone position with the
head rested in a face pillow. The correct level was determined
with a lateral CT topogram. The posterior entry point was
marked, disinfected with isopropyl and propyl alcohol with
2-phenylphenol (Kodan forte®, Schülke &Mayr AG, Zurich,
Switzerland), and draped in a sterile manner. Lidocaine (1 %)
(Lidocain Streuli®, Streuli Pharma AG, Uznach, Switzerland)
was applied as local anesthesia using a Terumo Agani® nee-
dle, 18-G, Short Bevel (Zhejiang Kindly Medical Devices
Co., Ltd., Zhejiang, China; Shanghai International Holding
Corp. GmbH (Europe), Hamburg, Germany). Under CT guid-
ance, a Chiba needle (ECOJEKT 23-G, 15 cm in length, HS
Hospital Service S.p.A., Aprilia, Italy) was used as a stylet and
advanced through the Terumo Agani® needle in coaxial tech-
nique to the lateral aspect of the facet joint. After negative
flashback/aspiration, 0.3–0.5 ml of the contrast agent
iopamidol 300 mg/ml (Iopamiro 300®, Bracco Suisse SA,
Manno, Switzerland) diluted with normal saline (1:3) was
applied. This ruled out intravascular needle tip placement
and ensured free spread around the facet joint and along the
cervical nerve root. Then, 4 mg of dexamethasone

Fig. 1 Magnetic resonance imaging examples of a preforaminal (a) and
foraminal (b) cervical disc herniation (arrows)
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(Mephameson®,Mepha PharmaAG, Basel, Switzerland) was
administered followed by 1 ml of 0.5 % bupivacaine
(Bupivacain Hydrochlorid®, Sintetica S.A., Mendrisio,
Switzerland). Throughout the procedure, the dose-length
product in mGy*cm was recorded. Afterwards, patients were
observed for any side effects in the outpatient department for a
minimum of 2 h.

Outcome measurements, endpoints, and definition
of responder and non-responder status

In the postinterventional phase, patients continued to have
analgetics and physiotherapy as prescribed by their referring
physician; there were no changes made to the concomitant
therapy by the study protocol. VAS arm and neck pain were
recorded ultra-early (15–45 min), early (1–4 h), intermediate
(1–7 days), late (8–14 days) and at the 1-month as well as 1-
year follow-up in patients who did not reach any of the study
endpoints (see below). Functional and HRQoL outcome, in-
cluding opioid use, work capacity, and satisfaction with ESI,
were assessed at 1 month and 1 year as outlined in
Supplementary Table 1. A change in the current therapy reg-
imen by means of a second injection or surgery was consid-
ered a study endpoint.

Responders and non-responders were determined at the 1-
month follow-up. Responders were patients who did not re-
quire any repeat ESI or surgery during the study interval and
who stated a <80% pain level compared to their baseline VAS
arm pain. Non-responders were patients who had additional
ESI or surgery within 1 month (and thereby reached the study
endpoint) or who reported persisting arm pain of ≥80 % of
their baseline VAS arm pain. Stability of the 1-month

responder status was tested by evaluating the long-term out-
come up to 1 year.

Statistical considerations

VAS arm and neck pain levels of responders and non-
responders in the ultra-early, early, intermediate, and late
follow-up were analyzed. Group differences between re-
sponders and non-responders of VAS arm and neck pain were
compared using two-sided t tests. The trends of VAS arm and
neck pain were plotted in percentages, with the absolute pre-
injection VAS set at 100%. Probability values of <0.1 (+) were
considered a tendency, p values of <0.05 (*), <0.005 (**) or
<0.001 (***) were considered significant.

Univariable logistic regression was used to assess the effect
size of the relationship between >50 % pain relief at any given
study visit (15 min to day 14) and responder status to ESI after
1 month. Since there were no baseline group differences in
important patient characteristics such as age, gender, BMI,
labor status, and opioid use, there was no need to build an
additional multivariate model.

The software used for the statistical analysis was Stata v14
(StataCorp LP, College Station, TX, USA) and GraphPad
Prism v5.0c (GraphPad Software, Inc. San Diego, CA,
USA); the latter was used for drawing Fig. 4a and b.

Ethical considerations and data management

Written informed consent was obtained from all included pa-
tients. The study was conducted in accordance with the ethical
standards of the Cantonal Ethical Review Board St. Gallen,
Switzerland (EKSG 13/061) and with the Helsinki
Declaration (1964, amended most recently in 2008) of the
World Medical Associat ion and registered under
clinicaltrials.gov (Identifier: NCT01945554).

All data were collected by a full-time study nurse (C.L.). In
order to conceal patients’ identities, each study participant was
given a unique patient number for follow-up questionnaires
and data management.

Results

Out of 231 patients undergoing cervical ESI during the re-
cruitment interval, 53 (22.9 %) met the inclusion criteria.
Eight patients provided incomplete follow-up data and were
thus excluded from analysis. A total of 45 patients built the
final study cohort. Of these, 29 patients (64.4 %) were con-
sidered responders and 16 (35.6 %) non-responders at the 1-
month follow-up. In the non-responder group, ten patients
(62.5 %) underwent either surgical treatment (n = 7; 43.8 %)
or a second injection (n = 3; 18.8 %) and six patients (37.5 %)

Fig. 2 ‘Indirect’ epidural nerve root injection. The patient is positioned
prone with the head rested in a face pillow. A 23G Chiba needle was used
as a stylet and advanced through a Terumo Agani® needle (not shown in
drawing) in coaxial technique to the lateral aspect of the facet joint under
CT guidance. After negative aspiration/flashback, 0.3–0.5 ml of the
contrast agent iopamidol diluted with normal saline (1:3) was applied to
ensure free spread around the facet joint (white arrow) and along the
cervical nerve root. Then, 4 mg of dexamethasone was administered
followed by 1 ml of 0.5 % bupivacaine
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had persistent arm pain ≥80 %. A flow chart of included pa-
tients is shown in Fig. 3.

Patient baseline data and procedure-related characteristics
are shown in Table 1. All parameters were balanced between
the two study groups, except for a trend towards a lower per-
centage of occupation in non-responders. Overall,
preforaminal and foraminal CDHs were equally common
and equally distributed among the groups. Besides a transient
episode of dizziness in one patient and a vasovagal syncope in
another (4.4%), no further complications ascribed to ESI were
noted.

Using the definition of responders and non-responders at
1 month as described above, patients with and without a treat-
ment effect were well characterized (Table 2). Except for
occupation and short-form SF-12 Mental Component
Summary, all pain, functional, and HRQoL metrics 1 month
after ESI were significantly in favor of the responder group.

Short-term relief from arm pain and its correlation
with 1-month outcome

Figure 4a shows the trend of relative VAS arm pain (in %)
until the 1-month follow-up. In general, both responders and
non-responders experienced a distinct drop of about 65 % of
their baseline pain intensity within the first 2 h after ESI. As
early as 45 min after ESI, the study groups could be distin-
guished. Non-responders still suffered 42 %, whereas re-
sponders experienced more relief and stated a remaining
25 % baseline arm pain (p = 0.06). Non-responders had a sig-
nificantly lower pain reduction after 1 h (42 vs. 23 %,
p = 0.01) and benefited significantly less throughout the entire
remaining follow-up time. In the intermediate follow-up peri-
od, this difference was quite strong at day 3 already, with non-
responders experiencing 87 % and responders 33 % of their
baseline VAS arm pain (p < 0.01). This difference became

most apparent at day 5 (103 vs. 33 %, p < 0.01) and day 6
(93 vs. 34 %, p < 0.01).

Effect size of the relationship 50 % VAS arm pain relief
and 1-month responder status

The data presented in Fig. 4a suggest that 1-month re-
sponders generally experience relief of > 50 % from
their baseline VAS arm pain, whereas the same is not
true for non-responders. Therefore, we analyzed this as-
sertion in more detail. Table 3 shows the effect sizes of
the relationship between >50 % pain reduction at any
given study visit and the 1-month responder status, cal-
culated using a univariate logistic regression model.
Note that as early as 4 h post-ESI, patients experiencing
>50 % pain relief from baseline VAS arm pain were
four times as likely to be 1-month responders as those
experiencing 50 % or less pain relief (OR 4.04, 95 %
CI 1.10–14.87, p = 0.04). This relationship was less
marked at day 1, but regained statistical significance
from day 3 onwards until the final follow-up. At days
5 and 6, patients experiencing a >50 % pain reduction
were 18 times as likely to be responders as those
experiencing 50 % or less pain reduction (OR 18.37,
95 % CI 3.39–99.64, p < 0.01).

Short-term relief from neck pain and its correlation
with 1-month outcome

As patients with CDH frequently also report neck pain,
we plotted the evolution of relative VAS neck pain that
was present in n = 37 in Fig. 4b. Both responders and non-
responders experienced an initial drop of about 65 % of
their baseline VAS neck pain within the first 2 h. The
effect of ESI on neck pain was similar in responders and

Fig. 3 Flow chart of patients
included for cervical ‘indirect’
epidural steroid injections and
follow-up at 1 month. VAS visual
analog scale
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non-responders until day 3 (intermediate phase), when a
significant difference in relative VAS neck pain was ob-
served (remaining pain, 59 vs. 33 %, p = 0.03). The effect
was strongest on day 4 (60 vs. 29 %, %, p < 0.01) but
fluctuated in the following days and weeks. At the 1-
month follow-up, non-responders reported significantly
more remaining VAS neck pain (70 vs. 22 %, p < 0.01).

1-year responder status

At the 1-year follow-up, 28 patients were considered treatment
responders, and 17 (37.8 %) non-responders (n = 7 repeat ESI;
n = 8 surgery; n = 2 persisting arm pain of ≥80 % of baseline
VAS arm pain). Of the 28 1-year responders, 23 had been
responders at the 1-month follow-up (82.1 %) and 11 out of

Table 1 Baseline- and
procedure-related characteristics
of 29 and 16 patients considered
responders and non-responders at
1 month after ‘indirect’ cervical
epidural steroid injection

Responder Non-responder p value

Age in years 51.1 ± 9.3 49.1 ± 9.9 0.51
Gender
Male 17 58.6 % 10 62.5 % >0.99
Female 12 41.4 % 6 37.5 %

Body metrics
Height (cm) 171.9 ± 11.4 171.1 ± 7.3 0.80
Weight (kg) 77.2 ± 15.8 78.2 ± 25.4 0.87
BMI (kg/m2) 25.9 ± 3.4 26.9 ± 9.5 0.62

Professional life
Pension 3 10.3 % 1 6.3 % 0.53
Jobless – 0 % 1 6.3 %
Home keeper 1 3.4 % 1 6.3 %
Working 25 86.2 % 13 81.1 %

Occupation (%) 80.8 ± 35.0 55.7 ± 42.4 0.06
ISCO group
1 Managers – 0 % – 0 % 0.50a

2 Professionals 7 28.0 % 5 35.7 %
3 Technicians 1 4.0 % – 0 %
4 Clerical support 1 4.0 % 2 14.3 %
5 Service/sale workers 9 36.0 % 2 14.3 %
6 Skilled workers – 0 % – 0 %
7 Craft/trade workers 4 16.0 % 2 14.3 %
8 Plant/machine operator 1 4.0 % 2 14.3 %
9 Elementary occupations 2 8.0 % 1 7.1 %

Location of herniated disc
Preforaminal 17 71.0 % 6 63.2 % 0.22
Foraminal 12 15.8 % 10 10.5 %

Cervical nerve root affected
C6 15 51.7 % 6 37.5 % 0.29
C7 12 41.4 % 10 62.5 %
C8 2 6.9 % – 0 %

Side
Right 15 51.7 % 8 50.0 % >0.99
Left 14 48.3 % 8 50.0 %

Dose-length product (mGy*cm) 390.8 ± 101.4 301.8 ± 194.2 0.19
Opioid use
Yes 8 27.5 % 9 56.3 % 0.11
No 21 72.5 % 7 43.7 %

Delay pain onset to injection (days) 146 ± 272 121 ± 167 0.46
Pain, functional disability, and HRQoL
VAS arm 59.4 ± 18.1 53.6 ± 19.0 0.32
VAS neck 47.8 ± 24.3 45.9 ± 30.7 0.82
NPAD total 51.6 ± 15.6 52.9 ± 20.2 0.81
NPAD pain 16.9 ± 4.4 17.1 ± 6.4 0.92
NPAD disability 20.2 ± 7.6 20.9 ± 10.0 0.81
NPAD function 9.2 ± 4.6 8.7 ± 5.3 0.74

SF - 12 PCS 37.4 ± 8.0 36.2 ± 10.0 0.68
SF - 12 MCS 43.1 ± 11.9 47.6 ± 8.9 0.21

n = 29 (100 %) n = 16 (100 %)

Nominal variables are presented as means with standard deviations (SD) and categorical variables as group counts
and percent. Note that there were no group differences for any of the parameters recorded. ISCO International
Standard Classification of Occupations, MCS Mental Component Summary, NPAD Neck Pain and Disability
Index, PCS Physical Component Summary, SF-12 short form-12, VAS visual analog scale. a For analysis, ISCO
groups 1–4 are compared against 5–9
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17 1-year non-responders had been non-responders at the 1-
month follow-up (64.7 %). Pain, disability, and HRQoL out-
comes of those patients not reaching one of the study end-
points are summarized in Table 4. Note that none of the pa-
tients used opioids for pain medication at the 1-year follow-
up.

Discussion

This study provides detailed prospective data on ultra-early
and early outcomes of CT-guided ESI for cervical radicular

pain. The results clearly indicate that 1-month responders of
cervical ESI can already be distinguished from non-
responders at an early point in time as the evolution of irradi-
ating pain is significantly different in both groups. This infor-
mation helps to guide patient management following ESI into
the right direction. Up to now, random guessing of the re-
sponse to treatment was based on the individual physician’s
experience.

Table 2 Outcome of 29 and 16 patients considered responders and
non-responders at 1 month after ‘indirect’ cervical epidural steroid
injection

1-month outcome Responder Non-responder p value

Pain

VAS arm 10.2 ± 9.9 43.7 ± 18.5 <0.01

VAS neck 12.6 ± 12.7 35.6 ± 21.7 <0.01

Functional disability

NPAD total 13.9 ± 14.7 37.3 ± 20.6 <0.01

NPAD pain 4.3 ± 4.4 11.7 ± 6.8 <0.01

NPAD disability 4.7 ± 6.5 14.3 ± 8.1 <0.01

NPAD function 3.6 ± 3.4 7.4 ± 5.1 0.02

HRQoL

SF-12 PCS 46.1 ± 8.0 37.9 ± 11.3 0.03

SF-12 MCS 50.3 ± 10.4 48.1 ± 7.5 0.61

Regular use of opioids

Yes 2 6.9 % 6 37.5 % 0.017
No 27 93.1 % 10 62.5 %

Occupation in % 85.8 ± 28.4 % 65.0 ± 40.0 % 0.12

Occupation after injection

Increased percentage 3 12.0 % 2 15.4 % 0.96
Same percentage 20 80.0 % 10 76.9 %

Decreased percentage 2 8.0 % 1 7.7 %

Survey

Yes 23 79.3 % 4 25.0 % <0.01
Certainly yes 15 2

Probably yes 8 2

No 6 20.7 % 12 75.0 %
Unsure 2 2

Probably not 2 4

Certainly not 2 6

n = 29 n = 16

Nominal variables are presented as means with standard deviations (SD)
and categorical variables as group counts and percent. Note that except
for occupation and short form (SF)-12 Mental Component Summary
(MCS), pain, functional impairment, and health-related quality of life
(HRQoL) were significantly in favor of the responder group. NPAD
Neck Pain and Disability Index, PCS Physical Component Summary,
Survey patients were asked whether they would choose to have an injec-
tion again, provided they had the same outcome; VAS visual analog scale

Fig. 4 Change in visual analog scale (VAS) pain (in %; group means and
standard errors) after ‘indirect’ cervical epidural injections (ESI) in n = 29
and n = 16 patients that were considered responders and non-responders
at 1 month, respectively. X-axis Time after ESI and ultra-early (15–
45 min), early (1–4 h), intermediate (day 1 to 7) and late (day 8 to 14)
period. Y-axis Change in VAS pain (in %). + = p < 0.1; * = p < 0.05;
** p < 0.005; *** = p < 0.001. a Irradiating arm pain. Note that patients
considered to be responders at 1-month generally experienced a pain
reduction of >50 %, whereas pain relief in non-responders was ≤50 %.
Only 45 min after the intervention in the ultra-early phase, the graphs
diverge significantly with responders experiencing a steeper dip in pain
intensity. The difference of the two graphs is greatest at days 5 and 6 at the
end of the intermediate phase. b Axial neck pain. Note that there was no
significant difference between the groups in relative VAS neck pain dur-
ing the early stage after ESI. The difference in relative VAS neck pain
became significant in the intermediate phase at day 3
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To the best of our knowledge, only two studies [4, 22]
assessed the ultra-early pain outcome after cervical ESI.
While Desai et al. reported a positive correlation between
any reduction of pain score at 15 min and pain reduction at
1 month [4], Wald et al. only found a strong correlation be-
tween the response at 2-week and 2-month outcomes [22]. In
neither of these studies was the evolution of pain reduction
recorded over the following hours and days. Our data confirm
an overall pain reduction of about 65 % for both neck and arm
pain within the first 15 min, but does not allow for discrimi-
nation between responders and non-responders at this early
point in time. Since pain perception can vary considerably,
ultra-early and early pain development should not be
overemphasized. According to our findings, responders can
be discriminated from non-responders with high certainty by
their VAS arm pain about a week after ESI (OR 18.37, 95 %
CI 3.39–99.64, p < 0.01, Fig. 4a). An easy-to-remember rule
of thumb for clinicians managing patients with CDH can be
deducted from this: in patients who experience a >50 % pain
relief within 1 week after cervical ESI, pursuit of conservative
management is justified, as further positive response is very
likely. Translating this finding into clinical practice, we pro-
pose to establish a follow-up visit 1 week after ESI in order to
evaluate the pain response. Alternative treatment options in
case of absence of 50 % pain relief could be discussed.

Not much to our surprise, neck pain response to ESI fluc-
tuated, and was less conclusive as a prognosis factor. The local
anesthetizing effect of bupivacaine on nociceptive nerve end-
ings of the cervical facet joints and paravertebral soft tissue
might account for the observed immediate pain relief.
Secondary progressive relaxation of neck muscles as arm pain
improved throughout time led to a consecutive reduction of
VAS neck pain.

Optionally, the injection can be repeated in patients who
experience a clinically meaningful but transient positive re-
sponse. In several previous reports [6, 9, 10, 13, 14, 17, 20]
regarding the efficacy of ESI, repeat injections were part of the
study design. In the present study, repeat injections were con-
sidered an exclusion criterion because patients opting for re-
peat injection represent a selected patient population. While
they may have responded transiently and significantly to the
first injection or not at all, definitive responders did not under-
go a repeat injection. Furthermore, the impact of a repeat in-
jection may differ from the first injection (booster effect).
Whether repeat injections offer a valuable salvage treatment
remains to be proven. There is little evidence in the literature:
apart from our own experience [2] with repeat cervical ESI
leading to an equally good clinical short-term response as first
ESI, only one study found that after the first injection had

Table 3 Effect sizes of the relationship between >50 % pain reduction
at any given study visit and the 1-month responder status using a logistic
regression model

Time point OR 95 % CI p value

15 min 2.72 0.77–9.61 0.12

30 min 2.57 0.72–9.12 0.14

45 min 1.19 0.31–4.53 0.80

1 h 2.30 0.59–8.90 0.23

2 h 1.28 0.30–5.41 0.74

4 h 4.04 1.10–14.87 0.04

1 day 2.62 0.73–9.38 0.14

2 days 3.60 0.98–13.15 0.05

3 days 6.67 1.68–26.45 <0.01

4 days 6.67 1.68–26.45 <0.01

5 days 18.37 3.39–99.64 <0.01

6 days 18.37 3.39–99.64 <0.01

7 days 7.87 1.95–31.74 <0.01

8 days 5.77 1.52–21.93 <0.01

9 days 4.18 1.13–15.42 <0.03

10 days 15.56 2.90–83.25 <0.01

11 days 18.37 3.39–99.64 <0.01

12 days 22.00 3.98–121.43 <0.01

13 days 22.00 3.98–121.43 <0.01

14 days 22.00 3.98–121.43 <0.01

CI confidence interval, OR odds ratio

Table 4 Outcome of 28 patients considered responders at 1 year after
‘indirect’ cervical epidural steroid injection

1-year outcome Responder Non-responder

Pain

VAS arm 8.8 ± 10.3 72.0 ± 20.7

VAS neck 13.6 ± 18.2 54.7 ± 15.0

Functional disability

NPAD total 10.2 ± 14.8 59.0 ± 6.2

NPAD pain 2.9 ± 3.7 18.0 ± 4.4

NPAD disability 2.3 ± 4.3 20.7 ± 3.5

NPAD function 2.8 ± 3.6 13.3 ± 1.5

HRQoL

SF-12 PCS 50.1 ± 6.3 42.1 ± 8.2

SF-12 MCS 49.5 ± 8.7 42.0 ± 8.7

Regular use of opioids

Yes 0 0 % 0 0 %

No 28 100 % 2 100 %

Occupation in % 89.2 ± 26.3 % 63.3 ± 35.1 %

n = 28 n = 2*

Results are also illustrated for two patients considered non-responders,
without having reached a study endpoint (repeat injection or surgery).*
n = 15 non-responders reached the study endpoint. Nominal variables are
presented as means with standard deviations (SD) and categorical vari-
ables as group counts and percent. HRQoL health-related quality of life,
MCS Mental Component Summary, NPAD Neck Pain and Disability
Index, PCS Physical Component Summary, SF-12 short form-12, VAS
visual analog scale
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failed, in seven patients with repeat injections, three (42.8 %)
experienced significant pain relief [20]. Long-term follow-up
of our data might shed more light on this aspect. Looking at
the present results in the context of an often long waiting list
for elective spine surgery, for patients with little or no treat-
ment effect 1 week after ESI, surgical treatment could be
scheduled. The indication should always take into account
age, labor status, co-morbidities, as well as disease-specific
factors, presence of new neurological deficits/myelopathy
(red flags) and the patient’s personal preference.

Several authors [6, 10, 13, 14] suggested that ESI is a
surgery-sparing salvage treatment, but did not provide control
groups. In those studies, we see a selection bias in surgical
candidates willing to try ESI before surgery. The overall 1-
month surgery rate in the current study was 15.5 % (17.8 % at
1 year). This is higher than for example the 1-month rate
reported in Cohen’s study (5.5 %, [3]) and is probably due
to the fact that there are shorter waiting times for elective spine
surgery in Switzerland. Symptom duration before ESI was not
associated with treatment success—an observation of the cur-
rent study that is in line with Lee et al. [13] and in contrast to
previous reports [14].

Although we recorded no major complications in the
past [2] and in the current study, it should be kept in mind
that neurological complications after cervical injections
have been reported and caution is advised [15]. A detailed
anatomic account of the variable vascular anastomoses near
and within the cervical intervertebral foramina was given
by Huntoon [7]. We adapted a novel ‘indirect’ cervical
nerve root injection technique described by Sutter et al.
[19] similar to a posterolateral facet joint injection, which
is equally efficient as the transforaminal technique and pre-
sumably safer. Similar efforts to come up with an innovat-
ing ‘indirect’ technique through the ipsilateral facet joint
were made by Kelekis et al. [9]. We also apply non-
particulate dexamethasone, which has been demonstrated
to be as efficient as, for example, particulate triamcinolone
in cervical transforaminal ESI [5, 12, 17].

Arm pain assessment using the 100-mm VAS is common
practice in many clinical settings. Keeping a pain-level diary
based on VAS is easy to do and very practical. The VAS is
time-saving for both the patient (when completing) and for the
physician (when evaluating) the forms and has a much lower
language barrier than questionnaires.

Strengths and weaknesses

‘Indirect’ cervical ESI was performed in accordance
with a standard protocol under CT guidance. As a sin-
gle, experienced radiologist performed all interventions,
biases arising from differences in expertise or technique
could be eliminated. We chose to study the effect of
short-term pain relief on the 1-month follow-up because

the patient’s condition at this point in time can be best
attributed to the direct effects of the injection, as op-
posed to a later point in time (e.g., 3 or 6 months post-
ESI) when the natural course of the disease with possi-
ble CDH recurrences might skew the results. Our data
suggest that the majority of patients deemed responders
or non-responders at the 1-month follow-up remained so
at the 1-year follow-up as well. To validate our find-
ings, we will report long-term follow-up results from 3,
6, 12, and up to 24 months as soon as their collection
has been completed, which will also shed more light on
the change in work capacity and tapering off of medi-
cation, for example. We further acknowledge confound-
ing factors such as different analgesics’ regimen and
concomitant physiotherapy, which were not controlled
for. The effect sizes of the present findings with 45
patients were sufficiently large to describe significant
differences. However, a larger patient sample could have
helped to make more stable point estimates, as some of
the confidence intervals were large. Strict exclusion
criteria resulted in inclusion of less than a quarter of
the screened patients. For example, patients with VAS
arm pain <20/100 mm and with concomitant relevant
osteophytic foraminal stenosis or with previous sur-
gery—both of which are known to have a negative im-
pact on the response rate to ESI [12]—were not includ-
ed. Besides the study endpoints ‘second injection’ or
‘surgery’, the definition of non-response as VAS arm
pain ≥80 % of the baseline pain intensity was set rela-
tively high. We acknowledge that the reported results
might be valid for a selected cohort of patients only.
Due to this selection bias and the small sample size,
we advise the reader to interpret the study results care-
fully. The deducted conclusions should be understood as
possible guidance for patient management, but not as a
universal consensus. Future studies validating our find-
ings will be needed. We did not use a control group
because we consider sham injections unethical and ac-
knowledge the well-known problems of performing a
true placebo injection.

Conclusions

CT-guided ‘indirect’ cervical ESI for radiculopathy secondary
to CDH leads to a favorable 1-month outcome in about two-
thirds of patients. Responders and non-responders can be
identified as early as hours and days following the injection
through the course of their arm pain. A follow-up period of
about 1 week after ESI may be helpful in managing patients:
those reporting less than half of their baseline VAS arm pain at
the end of the first week (day 6) post-ESI are 18 times more
likely (positive predictive value 0.91) to be responders at
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1 month. Additional treatment options could be discussed for
patients who do not experience pain relief of more than 50 %
within the first week because 1-month treatment success ap-
pears less likely.
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Comments

This interesting article addresses one of the many controversies in neuro-
surgery, namely when to consider surgical intervention after failed epidu-
ral steroid injection (ESI) and how to define success/failure in ESI for
brachialgia. The authors correctly stated that there is no strong clinical
evidence supporting ESI, but despite this, ESI is considered in several
neurosurgical centers as the first treatment option for brachialgia in the
absence of neurological deficit or impending cord compression.

The issues neurosurgeons face in clinical practice is when to shift to
surgical intervention (anterior cervical discectomy or foraminotomy),
how to define the success rate of ESI, and above all how counsel patients
regarding treatment options. Naturally, a more conservative approach
with a better risk profile is favored by patients (and insurance

companies!). But when should one stop ESI? After one, two, or three
injections? This is very difficult to say when the literature lacks evidence
in this regard. The other factor to keep in mind is the possible conversion
of simple brachialgia into chronic neuropathic pain (possibly early de-
compression may avoid this occurrence).

This article (considering the limitation of the study) offers a relatively
simple algorithm; B>50 % pain relief at 1 week predicts a poor outcome
following ESI and an alternative surgical option should be considered.^

A larger study in the future should confirm or modify this, but at least
it is a starting point and the authors should be congratulated for their
effort.

Jibril Osman Farah
Liverpool, UK
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