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Abstract
Objectives To compare the outcomes of patients after inter-
laminar computed tomography (CT)-guided epidural injec-
tions of the lumbar spine with particulate vs. non-particulate
steroids.
Methods 531 consecutive patients were treated with CT-
guided lumbar interlaminar epidural injections with steroids
and local anaesthetics. 411 patients received a particulate ste-
roid and 120 patients received a non-particulate steroid. Pain
levels were assessed using the 11-point numerical rating scale
(NRS) and overall reported ‘improvement’was assessed using
the Patients Global Impression of Change (PGIC) at 1 day,
1 week and 1 month post-injection.

Descriptive and inferential statistics were applied.
Results Patients receiving particulate steroids had statistically
significantly higher NRS change scores (p = 0.0001 at 1 week;
p = 0.0001 at 1 month).

A significantly higher proportion of patients receiving par-
ticulate steroids reported relevant improvement (PGIC) at
both 1 week and 1 month post injection (p = 0.0001) and they

were significantly less likely to report worsening at 1 week
(p = 0.0001) and 1 month (p = 0.017).
Conclusion Patients treated with particulate steroids had sig-
nificantly greater pain relief and were much more likely to
report clinically relevant overall ‘improvement’ at 1 week
and 1 month compared to the patients treated with non-
particulate steroids.
Key Points
• CT-guided epidural injections of the lumbar spine with par-
ticulate vs. non-particulate steroids.

• Good outcomes with particulate steroids.
• Less pain relief in patients with non-particulate steroids.
• Less improvement in patients with non-particulate steroids.
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Introduction

The number of epidural steroid injections has increased
significantly over the last two decades [1], fuelled by
the growth of the population of patients with low back
pain [2]. Epidural steroid injection is the most frequent-
ly administered therapy for patients with disc herniation
and spinal canal stenosis [3–6] and can be administered
by three different approaches, namely the transforaminal
periradicular epidural injection, the caudal injection and
the interlaminar injection with varying long-term out-
comes for the different techniques and overall strong
short-term evidence [5, 7–10].

The most commonly used drugs for lumbar epidural injec-
tions are an injectable particulate or a non-particulate steroid,
which is usually administered in a combination with a local
anaesthetic. For many years, triamcinolone acetonide, a
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particulate depot steroid, was used ‘off label’ for epidural ste-
roid injections with what appeared to be good clinical out-
comes [11]. Triamcinolone acetonide is considered to be more
effective because of greater particle size and therefore prolonged
ability to remain in the epidural space compared to soluble prep-
arations [12]. The particle size is also discussed to be the problem
related to adverse events such as embolization because triamcin-
olone acetonide has variable particle sizes and some particles
may be larger than red blood cells [13].

Epidural steroid injections are considered an ‘off label’
procedure because steroids have never been authorized for
epidural use by the US Food and Drug Administration
(FDA). Furthermore, the FDA issued a warning in 2011 that
triamcinolone acetonide Bis not for epidural use^ [14] and in
2014 the FDA published a safety announcement that
Binjections into the epidural space may result in rare but seri-
ous adverse events, including loss of vision, stroke, paralysis,
and death^ [15]. This announcement was based on 15 refer-
ences of the medical literature and a review of cases from the
FDA Adverse Event Reporting System (FAERS) [15]. The
majority of these cases were cervical transforaminal epidural
injections. As a result of this FDAwarning, many physicians
changed from using the particulate corticosteroid prepara-
tions, such as triamcinolone acetonide, to using non-
particulate corticosteroid preparations for epidural steroid in-
jections. This change also occurred at our university orthopae-
dic hospital in May 2014.

Because the radiology department of our specialized
orthopaedic/rheumatology university hospital has developed
and continues to expand a large database to monitor outcomes
from imaging-guided therapeutic musculoskeletal injections,
up-to-date prospective information is available on outcomes
from patients receiving epidural injections before and after the
change from particulate to non-particulate corticosteroids.

Therefore, the purpose of this study was to compare the
outcomes of patients receiving interlaminar computed tomog-
raphy (CT)-guided epidural injections of the lumbar spine
with particulate vs. non-particulate steroids.

Material and methods

Patients

This was a comparative effectiveness retrospective out-
comes study using two independent cohorts of patients
referred to the radiology department of this specialized
orthopaedic/rheumatology university hospital balgrist
(Zürich, Switzerland) for CT-guided interlaminar epidu-
ral therapeutic injections [16, 17]. One cohort received a
particulate corticosteroid preparation (i.e. 40 mg triam-
cinolone acetonide, Triamcort Depot, Helvepharm AG,
Frauenfeld, Switzerland) and the other cohort received

a non-particulate corticosteroid preparation (i.e. 4 mg
dexamethasone dihydrogen phosphate, Fortecortin
Inject; Merck AG, Zug, Switzerland) after our hospital
changed the injection protocol on the basis of the FDA
safety announcement [15]. Both cohorts include consec-
utive epidural injection patients registered in the radiol-
ogy department outcomes database who returned follow-
up postal questionnaires. Patients receiving the particu-
late corticosteroid preparation underwent epidural injec-
tions between October 2009 and 8 May 2014. Patients
receiving the non-particulate corticosteroid preparation
underwent epidural injections between 9 May 2014
and 31 October 2014. The information provided to the
patients was identical in both cohorts with no discussion
of the type of corticosteroid. As it appeared when en-
tering the outcomes data from patients receiving the
non-particulate corticosteroid that these outcomes were
less favourable compared to patients receiving the par-
ticulate corticosteroid, the radiology department decided
to perform this retrospective comparative effectiveness
study (16;17).

Informed consent was obtained before the intervention.
The process of the intervention, the risks and benefits were
discussed in an identical fashion with the patients in both
cohorts.

The study was approved by the institutional review board.

Epidural injection procedure

The lumbar interlaminar epidural injections were performed
as an outpatient procedure. All intervention procedures were
performed according to a standardized protocol to guarantee
the consistency.

The intervention procedures were guided by CT (64-
detector row CT, Philips Brilliance; Philips Medical
Systems, Best, the Netherlands or 64-detector row CT,
Somatom Definition AS, Siemens Healthcare, Erlangen,
Germany). The patients lay prone on the examination
table. The initial CT acquisition was performed over
1–2 lumbar levels cranial and caudal at the requested
level. Before the procedure the best access route at the
requested level was chosen by the radiologist.

Subcutaneous application of local anaesthetics was
introduced under CT-fluoroscopic guidance after skin
disinfection. After the needle (23 gauge 7 cm, Terumo
Europe, Leuven, Belgium or 22 gauge 12.7 cm spinal
needle, BD Europe, Temse, Belgium) was introduced
into the interlaminar space through the ligamentum
flavum, a volume of 0.5 ml iopamidol (Iopamiro 200,
200 mg of iodine per millilitre; Bracco, Milan, Italy)
was injected to verify the correct epidural position of
the needle. This was followed by the slow injection of
40 mg (1 ml) of the particulate steroid triamcinolone
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acetonide or 4 mg (1 ml) of the non-particulate steroid
dexamethasone dihydrogen phosphate. Finally, 1 ml of
0.2 % ropivacaine (Naropin; Astra-Zeneca, Södertälje,
Sweden) was injected in all patients.

Outcome measures

Immediately prior to the epidural injection all patients
stated their current level of pain using the 11-point nu-
merical rating scale (NRS) with 0 = no pain and 10 =
intolerable pain. Fifteen minutes after the injection and
while still in the radiology department all patients once
again reported their pain level using the same NRS
scale. Further post-injection outcome data on the pain
levels were then collected via a prepaid postal question-
naire which was handed to each patient prior to leaving
the radiology department. The time frames for collecting
data were 1 day, 1 week and 1 month post injection. In
addition to NRS pain levels, the primary outcome mea-
sure of overall ‘improvement’ was determined using the
Patients Global Impression of Change (PGIC) scale at
these same post-injection time points. The PGIC is a
seven-item scale which includes the responses ‘much
better’, ‘better’, ‘slightly better’, ‘unchanged’, ‘slightly
worse’, ‘worse’ and ‘much worse’ [18]. As used in oth-
er studies, only the responses of ‘much better’ and ‘bet-
ter’ were considered a clinically relevant ‘improvement’
(primary outcome) [19]. Additionally, the responses of
‘slightly worse’, ‘worse’ and ‘much worse’ all counted
as worsening of the overall condition. ‘Worsening’ was
a secondary outcome measure as were the pain scores.

Statistical analysis

The two cohorts were compared for differences in age
using the Mann–Whitney U test for non-parametric data.
Differences in sex distribution between the two cohorts
were analysed using the Chi-square test. The proportion
of patients reporting clinically relevant ‘improvement’
was calculated for 1 day, 1 week and 1 month post-
injection and compared between the two cohorts using
the Chi-square test (primary outcome). Similarly the
proportion of patients reporting ‘worsening’ of their
condition was also compared using the Chi-square test
at the same post-injection time points. The NRS change
scores (normally distributed data) were calculated for all
follow-up time points and compared between the two
groups using the unpaired Student’s t test. P levels low-
er than 0.05 were considered statistically significant.

All calculations were done with the statistical software
package SPSS Statistics Version 21, IBM, Chicago, IL.

Results

There were 411 patients in the particulate steroid cohort and
120 patients in the non-particulate steroid cohort. All 531
patients returned their questionnaire for the 1 day, 1 week
and 1 month pain levels and ‘improvement’. No significant
age (p = 0.08) or gender (p = 0.43) differences were found
between these two groups. The mean patient age for the par-
ticulate steroid group was 63.44 (SD = 16.30) years and for
the non-particulate steroid group it was 66.83 (SD = 13.72)
years. For the particulate steroid group 43.3 % were male
and for the non-particulate group 47.9 % were male.

For the primary outcome of ‘improvement’ 51 % of the
patients receiving particulate steroids reported clinically
relevant ‘improvement’ at 1 week compared to 28 % of
patients receiving non-particulate steroids (p = 0.0001).
Very similar results were also found at the 1 month time
point (p = 0.0001), also in favour of the particulate ste-
roids (Table 1).

Additionally, patients receiving the non-particulate cortico-
steroid reported statistically significantly higher levels of
‘worsening’ at both 1 week (19 % vs. 7 %, p = 0.0001) and
1 month (27 % vs. 17 %) post-injection (p = 0.017) compared
to those receiving the particulate corticosteroid (Table 1). The
analysis of PGIC data showed similar results for clinically
relevant ‘improvement’ or ‘worsening’ at 1 day after the pro-
cedure for both cohorts (Table 1), but without a statistically
significant difference (p = 0.17 and p = 0.56, respectively).

There was no significant difference in the baseline NRS
scores between the two cohorts or in the NRS change scores
at 15 min post-injection (p = 0.22). However, highly signifi-
cant differences in the NRS change scores were found at
1 day, 1 week and 1 month post-injection (p = 0.002, 0.0001

Table 1 Epidural injections: comparison of treatment outcomes in
patients receiving the particulate vs. the non-particulate corticosteroid
injections

Particulate
corticosteroid
(N = 411)

Non-particulate
corticosteroid (N = 120)

P value

% Improved
1 day

41 % 34 % 0.17

% Improved
1 week

51 % 28 % 0.0001*

% Improved
1 month

47 % 26 % 0.0001*

% Worse
1 day

6 % 8 % 0.56

% Worse
1 week

7 % 19 % 0.0001*

% Worse
1 month

17 % 27 % 0.017*

N number of patients

*Next to all change scores that were statistically significant
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and 0.0001, respectively) with those receiving the particulate
corticosteroid reporting at least twice as much pain reduction
at 1 week and 1 month compared to the patients receiving the
non-particulate corticosteroid (Table 2, Fig. 1). There were no
significant adverse events in either cohort of patients after the
interlaminar epidural injections.

Discussion

This study clearly shows a statistically significant and clini-
cally relevant difference in overall ‘improvement’ rates as well
as in the degree of pain relief at both 1 week and 1 month after
interlaminar CT-guided epidural injections when comparing
the patients receiving an injection of particulate versus pa-
tients receiving the non-particulate corticosteroids. The cohort
receiving the particulate corticosteroids reported far better
treatment outcomes. When switching from particulate to
non-particulate steroids, our decision was based on safety con-
siderations with the assumption that the treatment outcomes
from the non-particulate steroids would be as good or almost
as good as the particulate steroids.

The magnitude of differences in treatment outcomes (e.g.
51 % improvement after 1 week for particulate steroids vs.
only 28 % for non-particulate steroids) was clearly unexpect-
ed. The NRS change scores dropped 47 % in 1 week for the
particulate steroid and just 23% for the non-particulate steroid
and also the 1-month results showed a drop of the NRS
change scores of 42 % for the particulate steroid and just

18 % for the non-particulate steroid. This is more than double
the pain relief with the particulate steroid compared to the
non-particulate steroid at 1 week and 1 month. Our results
further show a significantly higher proportion of patients
reporting ‘worsening’ after the injection of the non-
particulate steroid compared to the injection of the particulate
steroid.

Our results do not support the conclusions from a
recent trial by Friedly et al. who claimed that the addi-
tion of a steroid offered minimal or no short-term ben-
efit for epidural injections. However those authors did
not report separate outcomes for particulate and non-
particulate steroid preparations and used a highly vari-
able volume of anaesthetic [19]. They even suggested
that the inclusion of a corticosteroid along with the
local anaesthetic in epidural injections is not needed at
all and does not improve outcomes compared to the
local anaesthetic alone [19]. On the basis of our study
data, we disagree strongly with the report by Friedly
and colleagues. While non-particulate steroids may offer
only a small clinically relevant benefit, the injection of
particulate steroids did offer a statistically significant
and clinically relevant benefit compared to the non-
particulates after epidural injections.

Our findings are similar to several previous studies
but also contrary to others. Currently, a number of stud-
ies on the use of particulate and non-particulate steroids
for translaminar or transforaminal epidural injections
show a broad range of results [19–21]. Manchikanti
et al. [22] described in a review of the Friedly et al.
paper all inconsistencies in detail and pointed out that
the paper may cause confusion for both physicians and
patients in terms of the benefits from epidural steroid
injections for patients with spinal canal stenosis.
Manchikanti et al. further stated that Bthe reviewed lit-
erature was improperly assessed leading to inappropriate
conclusions^ and that all relevant literature had not been
reviewed [23].

A recent study with a small sample size (56 patients)
in a randomized double-blinded controlled trial did not
find any significant difference between particulate
(betamethasone) and non-particulate (dexamethasone)

Table 2 Epidural injections: comparison of patient ages, baseline pain
scores and NRS change scores in patients receiving the particulate vs. the
non-particulate corticosteroid injections

Particulate
corticosteroid mean
(SD) (N = 411)

Non-particulate
corticosteroid mean
(SD) (N = 120)

P value

Age, years 63.44 (16.3) 66.83 (13.72) 0.08

Baseline NRS
(SD)

6.66 (2.31) 6.38 (2.05) 0.22

15 min NRS
change
score (SD)

2.37 (2.66) 2.15 (2.24) 0.40

1 day NRS
change
score (SD)

2.89 (2.48) 2.11 (2.04) 0.002*

1 week NRS
change
score (SD)

3.13 (2.69) 1.48 (2.41) 0.0001*

1 month NRS
change
score (SD)

2.80 (3.08) 1.16 (2.45) 0.0001*

N number of patients, SD standard deviation, NRS numerical rating scale
for pain

*Statistically significant change compared to baseline score

36% 34% 

43% 

33% 

47% 

23% 

42% 

18% 

0%

10%

20%

30%

40%

50%

d N

15 minute 1 Day 1 Week 1 Month

Fig. 1 NRS changes from baseline (NRS score immediately before the
injection) in % at 15 min, 1 day, 1 week and 1 month after the injection
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steroids with a follow-up of pain relief at 1, 3 and
6 months. However these results showed a statistically
non-significant trend for a better pain relief with the
particulate steroids [24]. It would be interesting how
this trend would develop with a larger number of pa-
tients. In another study, Kim and Brown reported a
trend for patients receiving non-particulate steroids to-
wards less pain relief and a shorter period of pain relief
in their partially retrospective study, which supports the
results of our current study [20]. However, they only had
30 patients who received fluoroscopic guided translaminar
epidural injections, so it is likely that their sample size was
too small to detect the clinically relevant and statistically sig-
nificant difference that may have been found with a larger
sample size. Furthermore there was variability in the time
frames for the outcome measurements from 1 to 2 months.
In using the visual analogue score for the outcome measure-
ments, those authors did not also assess the overall improve-
ment in the quality of everyday life as is possible with the
PGIC scale.

Park et al. treated 106 patients in their study who
received lumbar transforaminal epidural injections with
either triamcinolone acetate or dexamethasone. Their re-
sults were similar to our study in showing the superior-
ity of the particulate steroid triamcinolone acetonide
concerning the pain relief, although their results were
not supported by their secondary outcome measures
which included the McGill Questionnaire and Oswestry
Disability Index [25].

Two further studies compared outcomes of particulate
versus non-particulate lumbar transforaminal steroid in-
jections [21, 26]. The results of both studies showed
less efficacy for non-particulate steroids compared to
particulate steroids, similar to the results reported in this
current study. Kennedy et al. also reported in their ran-
domized multi-centre trial with a follow-up at 7–14 days,
3 months and 6 months that a higher number of multi-
ple transforaminal injections for treatment using dexa-
methasone was required to achieve the same outcome
as when using triamcinolone [21]. Similarly, Stanczak
et al. reviewed the pain relief of 597 patients at 1 and
2 weeks after epidural steroid injections with either a
particulate steroid (Kenalog) or a non-particulate steroid
(Celestone Soluspan) with a significantly better pain re-
duction when using the particulate steroid [27].

However, in contrast to the results of the lumbar epidural
injection studies reported above are the findings of three stud-
ies with transforaminal cervical injections: these studies re-
ported no significant difference in the efficacy of the non-
particulate steroid compared to the particulate steroid
[28–30]. While Dreyfuss et al. [30] showed a slightly lower
effectiveness for dexamethasone, this difference did not reach
statistical significance.

Complications after spinal epidural steroid injections
are rare but serious adverse events. Most complications
in epidural spinal injections are reported for cervical
epidural injections. Complications such as spinal cord
infarction, brainstem and cerebellar infarction have oc-
curred after direct cervical transforaminal epidural injec-
tions [31–38]. There were no serious adverse events for
any of the patients in this current study.

Seven cases of paraplegia have been reported from
2002 to 2009 for foraminal or interlaminar steroid in-
jection of the lumbar spine [39]. Five of these cases
occurred in the Paris area centres between 2003 and
2008. Wybier et al. assumed that the high rate of
French cases might be caused by a strong tendency of
the exclusively used prednisolone acetate to conglomer-
ate, thereby creating a higher risk for arterial emboliza-
tions to the spinal cord [40].

Benzon et al. [41] compared the particle sizes of dif-
ferent particulate and non-particulate steroids and con-
cluded that the particulate steroids can occlude the spinal
arteries and result in infarctions of the spinal cord,
brainstem or the cerebellum [42–45]. Because of this ten-
dency to aggregate and potentially result in infarctions, in
2011 the FDA released a safety labelling change for
Kenalog (triamcinolone acetonide) stating that it is not
for epidural use [14, 39]. In 2014 the FDA published a
safety announcement that Binjections into the epidural
space may result in rare but serious adverse events, in-
cluding loss of vision, stroke, paralysis, and death^ [15].
The FDA stated that Bthe effectiveness and safety of in-
jection of corticosteroids into the epidural space of the
spine have not been established^ [15].

Looking at all the cited studies above, we can con-
clude that the studies with no significant difference for
the lumbar epidural treatment with particulate versus
non-particulate steroids had a smaller patient size than
the ones with a significant difference and a better pain
reduction for the particulate steroid.

Manchikanti et al. [23] criticized the FDA warning of
April 2014 saying that it is not based on evidence. They
showed in their review article the efficacy of epidural
injections in the cervical, thoracic and lumbar spine
with steroids and local anaesthetics combined or only
with local anaesthetics.

Our study has limitations. A randomized clinical trial
with a placebo group would have been preferable to the
comparative effectiveness outcome study we performed.
However, as a result of our clinical setting we are only
able to provide comparative data as there would be no
support for a placebo group when some evidence exists
for the efficacy of epidural therapeutic injections. In this
comparative effectiveness outcomes study we are using
two clinical cohorts. Importantly, the patients treated in
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both cohorts are truly representative of the patients seen
in daily clinical practice and there was no significant
difference in the ages, sex proportions or baseline pain
levels between the two cohorts, and the effects observed
in our study showed a clear clinical and statistically
significant disadvantage for the use of non-particulate
steroids, confirming that our study design was suitable
for detecting the differences between our two cohorts.

Another potential limitation may be due to the fact that the
two cohorts only include consecutive patients who returned
their postal questionnaire. We had a response rate of 35.6 %
(120 of 337 patients) for the group treated with non-particulate
steroids and 27.1 % (411 of 1517 patients) for the group treat-
ed with particulate steroids. We know from other studies using
the database that less than 50% of patients remember to return
these questionnaires and that those who do return them tend to
have worse outcomes compared to patients who forget or ne-
glect to return their questionnaires [46, 47].

A further limitation is that we have no clinical information
available for the patients included in the study. However, we
are a specialized orthopaedic hospital and know that most
patients with back pain referred to our hospital are chronic
and an infiltration is the last attempted treatment before
surgery.

Another limitation is that we have outcome data only until
1 month post injection rather than following the patients for a
longer period of time.

Conclusions and outlook

After the safety warning announcement by the FDA in April
2014 [15], the radiology department in our specialized
orthopaedic/rheumatology hospital changed from using par-
ticulate corticosteroids (triamcinolone acetonide) to non-
particulate corticosteroids (dexamethasone dihydrogen phos-
phate) for the lumbar interlaminar epidural injections. This
change in treatment strategy was done in May 2014. Patients
treated with the new procedure using non-particulate cortico-
steroids had markedly worse outcomes both in terms of the
percentage reporting overall ‘improvement’ as well as pain
relief levels when compared to patients treated with the par-
ticulate corticosteroids before May 2014. We certainly never
expected such a significant inferiority of the non-particulate
steroids as shown in our results in the treatment outcomes
obtained at 1 week and 1 month. Therefore, in spite of the
FDAwarning, this hospital, which is not located in the USA
and thus not subject to their regulations, has changed back to
the particulate corticosteroid preparation for interlaminar epi-
dural steroid injections with the support from the referring
clinicians. From our perspective it is not an appropriate solu-
tion to refuse the patients the more effective treatment with
particulate steroids. To inform the patients about the risks and

the benefits of an epidural injection with a particulate steroid
and allow them to make an informed decision should be
discussed as an option to provide the patients with the best
treatment for pain reduction and improvement of their life
quality.
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