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Abstract

Objective A common low back pain treatment is epidural injection of corticosteroids. The nominal target of anti-
inflammatory corticosteroid drugs is the glucocorticoid receptor (GR). In vitro studies show many clinically used ster-
oids also activate the mineralocorticoid receptor (MR) with substantial potency. Based on preclinical studies, this may
have pro-inflammatory and pro-nociceptive effects that counter the desired GR effects. Of two outpatient pain clinics
associated with the University of Cincinnati Department of Anesthesiology, one primarily used methylprednisolone
while the other used mainly triamcinolone for epidural steroid injections. We hypothesized that triamcinolone would
give better outcomes because in vitro, ratio of MR/GR potency isabout 10 fold less favorable for methylprednisolone.

Methods We conducted a retrospective chart review of adults receiving lumbar epidural steroid injection for low
back pain due to degenerative disc disease at the two pain clinics. For subjects treated at the first clinic, we obtained
basic demographics, smoking history, 2 primary outcomes (patient-rated percent improvement in pain levels,

and injection outcome rated as poor, partial, or good), and pain ratings (0-10 scale) before and after injection.

For analysis, a subset of subjects from the second clinic was matched as closely as possible (sex, age, race, and ethnic-
ity) to those from the first clinic.

Results Eighty-six subjects from the first clinic were identified, of whom fifty-five met inclusion criteria. Review

of 83 potentially matched subjects from the second clinic yielded 37 subjects. From this combined set of subjects,
44 receiving triamcinolone and 48 receiving methylprednisolone were obtained. Matching was effective in avoid-
ing significant differences between the two drug groups in age, weight, sex, race, and body mass index, however,
the incidence of smoking (current and former) was significantly higher in the methylprednisolone group (who were
primarily from clinic 1). The injection responses codified on a 0-2 scale, where 0 indicated a poor response, 1 a par-
tial response with a second injection recommended, and 2 a good response where no further treatment was rec-
ommended at the 1 month follow up point, were not significantly different between the groups (Mann-Whitney,
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p=0.44) although the triamcinolone group overall had slightly better responses. However, the patient-reported
percent improvement after the injection was significantly better for the triamcinolone than for methylprednisolone
(60% +5.3 vs. 42%+4.9), as was the pain ratings (0-10 scale) after the injection (5.0+0.5 vs. 6.3+0.3). A marked demo-
graphic difference between the two clinics in smoking rates was not controlled for in subject matching but account-
ing for smoking status did not affect the observed differences between the two steroids.

Conclusions Differences in the two primary outcomes, patient-reported percent improvement and pain ratings
after epidural steroid injection, were consistent with the hypothesis that more GR-selective steroids may give better
outcomes though the differences were modest. We propose that one factor in choosing steroids should be their rela-
tive potency in also activating the pro-inflammatory mineralocorticoid receptor.

Keywords Mineralocorticoid receptor, Epidural steroid, Low back pain, Smoking
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1 Introduction

Low back pain is an overwhelmingly common ailment
experienced by over 80% of the adult population at some
point in their lifetime. This symptom can result from
many different causes (e.g., arthritis, disc problems, ste-
nosis, inflammatory disorders, cancer, muscle problems,
infection), although often the cause cannot be identified
[1]. Acute low back pain (not further defined by cause)
becomes chronic (lasting longer than 6 months) in up to
50% of patients deemed high-risk in a recent study based
in primary care centers [2]. Local inflammation in the
region of the lumbar sensory ganglia plays a role in many
forms of low back pain, including those involving pathol-
ogy of the intervertebral discs [3, 4]. A common treat-
ment for some forms of low back pain is local injection of
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corticosteroids. Randomized clinical trials have provided
sometimes conflicting results as summarized in recent
reviews and meta-analyses of clinical trials of epidural
steroid injections for lumbosacral radicular pain [5, 6].
There are fewer studies comparing the efficacy of the dif-
ferent steroids used.

The nominal target of anti-inflammatory corticoster-
oid drugs is the glucocorticoid receptor (GR). However,
in vitro studies show that many clinically used steroids
(including those commonly used for back pain, e.g.,
methylprednisolone and triamcinolone) can also acti-
vate the mineralocorticoid receptor (MR) with significant
potency [7, 8]. The MR was originally viewed primarily
as the target of aldosterone, promoting sodium reab-
sorption in the kidney. However, this receptor has been
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detected in other cell types including peripheral sensory
neurons [9]. In many non-renal tissues, MR activation is
pro-inflammatory [10, 11]. Preclinical studies generally
show that, in dorsal root ganglion (DRG) neurons, GR
is anti-nociceptive and MR is pro-nociceptive [12-15],
including in a low back pain model [16, 17]. In another
low back pain model, more GR-selective drugs, or a com-
bination of clinically used steroids with MR blockers,
more effectively improved pain behaviors, including local
actions at the level of the sensory ganglia [9, 18, 19].

We conducted a retrospective chart review study of
adult patients receiving lumbar epidural steroid injection
for low back pain, with a diagnosis of degenerative disc
disease, at two outpatient pain clinics affiliated with the
Department of Anesthesiology at the University of Cin-
cinnati College of Medicine. During the time period stud-
ied, one clinic mainly used methylprednisolone (Depo
Medrol™) while the other used mainly triamcinolone
(Kenalog™), based on differing preferences of the physi-
cians staffing the two clinics at the time. Our hypothesis
was that triamcinolone would give better outcomes than
methylprednisolone, as the ratio of MR potency to GR
potency is about 10-fold less favorable for methylpred-
nisolone. In one in vitro study, the GR/MR half maximal
effective concentration (EC50) ratio was 1.3 for methyl-
prednisolone and 0.12 for triamcinolone, where a ratio
of 1 indicates equal potency at both receptors and lower
numbers indicate higher GR selectivity [8].

2 Methods

The protocol for conducting the study was approved by
the Institutional Review Board of the University of Cin-
cinnati (protocol number 2017-2240) and included a
Health Insurance Portability and Accountability Act
waiver for retrospective review of chart records without
obtaining individual informed consent forms.

The Department of Anesthesiology at the University
of Cincinnati College of Medicine had two associated
outpatient clinics from which subjects were drawn ret-
rospectively. Clinic 1 was located near our urban medi-
cal school while clinic 2 was suburban. Patients who
had received lumbar epidural steroid injections during
the period 8/1/15 through 8/31/17 at the two clinics
were automatically extracted from the electronic health
care records for review. The clinic providers’ criteria
for recommending a patient for a lumbar epidural ster-
oid injection are generally acute-on-chronic or chronic
low back pain, often with radicular symptoms down
the lower extremity/ies, and usually accompanied by
a diagnosis of lumbar degenerative disc disease, lum-
bar spinal stenosis, or disc herniation. In this study
we restricted analysis to those subjects with a diagno-
sis of degenerative disc disease, in order to reduce the
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variability of the study population. Injections were per-
formed by attending physicians or pain fellows (seven
different providers in all). The standard protocol for
doing the epidural steroid injection was used: after
needle placement under fluoroscopic guidance, 80 mg
of triamcinolone or methylprednisolone in 1-2 cc of
normal saline was injected using a midline interlaminar
approach. These are considered equivalent glucocor-
ticoid doses in clinical practice [20] although in vitro
experiments with a reporter gene show greater potency
at the GR for methylprednisolone (EC50=2.9 nM)
compared to triamcinolone (EC50=34.2 nM) [8]. We
did not observe any major complications, consistent
with previous reports about the very low incidence
of catastrophic outcomes which must be considered
in deciding to perform an epidural steroid injection
[21]. The study was not designed to capture minor side
effects accurately.

Subjects from clinic 1, that predominately received
methylprednisolone, were reviewed based on the
following.

Inclusion criteria were:

+ age 18 or over

+ received either methylprednisolone or triamcinolone
lumbar epidural steroid injections

+ diagnosis of degenerative disc disease

Exclusion criteria were:

+ under age 18

+ having surgery for low back pain conditions prior to
their epidural injection

+ previous lumbar epidural steroid injection within the
past year but before the time period defined for our
search (i.e., within the year just prior to 8/1/15)

« no follow-up visits after their first epidural steroid
injection

« members of vulnerable populations as indicated in
their medical records (e.g., pregnant, prisoners, cog-
nitively impaired, employees or students of the uni-
versity, and wards of the state)

The exclusion for previous epidural steroid injection
within one year enabled us to treat the earliest injection
as a “first injection” and to determine whether additional
injections were administered. There were fewer subjects
at the first clinic than at the second, and the populations
served by the two clinics differ substantially, so a subset
of subjects from the second clinic was matched as closely
as possible for sex, age (closest available match, 3 pairs of
subjects differed by 1 to 4 years in age while other pairs
differed by less one year of age), race, and ethnicity to
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those included from the first clinic, and selected for anal-
ysis. Where multiple matches were available the match
with closest body mass index (BMI) was used. However,
it was not always possible to obtain a match. In addi-
tion, a small number of patients from the first clinic were
given triamcinolone instead of methylprednisolone and
vice versa.

Data obtained from the electronic health record for
subjects meeting inclusion/exclusion criteria included:
age, sex, race, ethnicity, height, weight, BMI, smoking
history, comorbidities present at the time of the injection,
presence or absence of radicular symptoms, patient-rated
percent improvement in their pain level, injection out-
come, and pain ratings (0—10) before and after injection.
These estimates of pain ratings and percent improve-
ment were obtained from records of the follow-up visit
after the injection, most of which occurred in a 4—6 week
framework as part of the standard practice at the clinics.
Because the most uniformly recorded information at the
follow-up visit were the percent improvement and pain
ratings, these were the primary outcomes analyzed. For
percent improvement, patients were simply asked their
estimate of the overall percent improvement in pain
levels since before the injection. The pain ratings were
obtained just prior to injection and at the follow-up visit,
and hence were more of an “at the moment” measure.
The injection outcome at the follow-up visit was also cod-
ified as: 0, poor response to injection, alternative treat-
ment recommended; 1, partial response to injection so a
second injection was recommended; or 2, good response
to injection so no further injections immediately recom-
mended, based on the clinical advice recorded during the
follow-up visit. Data was also obtained about whether
additional injections were performed in the time period
examined and if so, what their outcome was. Analy-
sis was focused on the first identified injection with the
exception of analysis of time to a second injection.

Data was analyzed using Prism 9 and 10 (GraphPad
Software, Boston, MA, USA). Comparisons between
groups were performed using Fisher’s exact test or chi
square test for categorical data; t-test or Mann—Whitney
test, as appropriate based on D’Agostino & Pearson test
for normality for continuous data; and Mann—Whitney
test for ordinal data. Where multiple factors or before-
and-after data were analyzed, two-way repeated measures
analysis of variance (ANOVA) was used, as indicated.
Factors were also analyzed using multiple linear regres-
sion (least squares method) with percent improvement at
the follow-up visit as the outcome. Values are presented
as mean + SEM (standard error of the mean), unless oth-
erwise indicated. Significance was ascribed for p <0.05.
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Initially Identified
n=169
(clinic 1: 86, clinic 2: 83)

Excluded:

Prior back surgery: 23 (clinic 1: 8; clinic 2: 15)
Prior ESI: 20 (clinic 1: 13, clinic 2: 7)

Lack follow-up: 28 (clinic 1:8; clinic 2: 20)
Procedure failed: 1 (clinic 1: 1; clinic 2: 0)

}

Included
n=92
(clinic 1: 55, clinic 2: 37)

Triamcinolone
n=44
(clinic 1: 1, clinic 2: 36)

Methylprednisolone
n=48
(clinic 1: 47, clinic 2: 1)

Fig. 1 Study Flow. Diagram indicates the number of subjects
initially identified (clinic 1) as having lumber epidural steroid
injections, or identified with subject matching from clinic 2,

along with exclusions and final numbers analyzed from each clinic
and drug group

3 Results
We identified 86 subjects from clinic 1 who had received
epidural steroid injections. After excluding those not
meeting all criteria 55 remained (Fig. 1). Attempts to
match the remaining subjects with subjects from clinic 2
based on sex, age, race, and ethnicity yielded 83 subjects,
of which 37 remained after reviewing for exclusion. For
some subjects no match was available, even when allow-
ing age differences of up to 3 years. Some inconsistencies
in the coding of race and ethnicity were noted in the med-
ical records, and ethnicity was not further considered.
Subjects were then divided into methylprednisolone
and triamcinolone groups. The partial subject matching
was effective in avoiding significant differences between
the groups in age, weight, sex, and race (Table 1). BMI
also did not differ between groups. However, the inci-
dence of smoking (current and former) was signifi-
cantly higher in the methylprednisolone group (who
were primarily from clinic 1). We examined other com-
mon comorbidities noted during the chart review: type
2 diabetes (20% of all subjects); hypertension (18%); the
rates of these as well as the incidence of radicular symp-
toms (77%) did not differ significantly between the two
groups (Table 1). Many other comorbidities were noted
but, individually, were too rare to examine in any detail.
Some of these were combined into general classes, for



Higgins et al. Anesthesiology and Perioperative Science (2024) 2:32 Page 5 of 10
Table 1 Comparison of demographic and clinical variables between the 2 drug groups. SD standard deviation
Triamcinolone Methylprednisolone p-value
N 44 48
Age mean +SD, years 548+12.1 51.9+145 0.3°
BMI mean + 5D, kg/m? 323481 337474 0.25°
Weight mean £ SD, kg 934+26.1 934+230 0.80°
Race Caucasian 18 19 0.56°
African American 24 24
Other 2 5
Sex Female 28 33 0.66°
Male 16 15
Smoking status Current 12 21 <0.0001¢
Former smoker 5 19
Never smoker 27 8
Diabetic yes 8 10 0.80¢
no 36 38
Hypertension yes 11 6 0.18¢
no 33 42
Additional pain condition yes 19 24 0.54¢
no 25 24
Additional spine condition yes 8 7 0.78¢
no 36 41
Additional joint condition yes 12 16 0.65¢
no 32 32
Radicular pain yes 32 33 061¢
no 8 1
unknown 4 4
Pain duration mean +SD, years 83+64 8.2+86 038P
Patient rated improvement mean +SD, % 60.5+334 4254350 0.01°
Injection outcome 0 poor 14 20 043°
1 partial 13 13
2 good 16 15
Pain rating, before mean+SD 70+2.1 75+15 061°
Pain rating, after mean +SD 50+£30 6.5+2.2 0.003¢
Time to 2nd injection mean = SD, weeks 245+18 15.8+9 0.11°
(n=14) (n=15)

2 t-test

b Mann-Whitney

€ Chi-square

9 Fisher’s exact test
€ Two-way ANOVA

which the incidence also did not differ between the two
groups, including: presence of additional pain condi-
tions not related to low back pain (47% of subjects, most
commonly osteoarthritis and myofascial pain); spine
conditions in addition to degenerative disc disease (16%
of subjects, most commonly sacroiliac joint pain and
spondylosis); presence of another condition affecting the
joints (30% of subjects; most commonly sacroiliac joint

pain and spondylosis). The duration of pain did not differ
significantly between the two groups.

When the results of the injection were codified as 0
(poor response to injection, alternative treatment rec-
ommended); 1 (partial response, a second injection was
recommended); or 2 (good response to injection, no
immediate further injections recommended), the distri-
bution of responses did not differ significantly between
the groups (Fig. 2A and Table 1; Mann—Whitey test,
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Fig. 2 Injection outcomes as a function of drug used. A Distribution of injection outcomes codified as 0 (poor) to 2 (good). Median score did

not differ between the groups (Mann-Whitney, p=0.43). B Weeks until a second injection in those subjects who were given one. Scatterplot

of individual data; bars indicate mean. Average weeks to a second injection did not differ between the 2 groups (p=0.11, t-test), N=15
methylprednisolone and 14 triamcinolone subjects who received second injections. C Subject ratings of percent improvement after their epidural
steroid injection (ESI). Data is presented as scatterplot of individual values, bars indicate median. *, p <0.05, Mann-Whitney test

p=0.43) although the percentage of better outcomes was
slightly higher in the triamcinolone group. The percent-
age of subjects with a record of receiving a second injec-
tion was not different between the two groups (31% for
methylprednisolone, 32% for triamcinolone, Fisher’s
exact test, p>0.99). The number of weeks until the next
injection, for those that received a second injection,
seemed higher in the triamcinolone group but this differ-
ence did not reach significance (Fig. 2B and Table 1).

However, one of the primary outcomes, patient rat-
ings of percent improvement in pain levels provided at
the follow-up visit after their injection, was significantly
higher in the triamcinolone group (Fig. 2C and Table 1).
This result had an observed effect size of 0.53 (considered
medium), and power of 71% in post-hoc analysis.

As the other primary outcome, pain ratings (0-10
scale) were obtained just prior to the epidural ster-
oid injection, and again at the follow-up visit. Two-way
repeated measures ANOVA analysis (Fig. 3 and Table 1)
showed that pain ratings did not differ between the 2
groups before the injection. Both groups showed signifi-
cant improvements in pain ratings after the injections,
but the post-injection ratings were significantly higher
(more pain) in the methylprednisolone group.

Because there were significant differences between
the groups in smoking incidence, we conducted second-
ary analysis to see if this factor might contribute to the
apparent difference between the two steroids. Combin-
ing subjects into two groups, current smokers and cur-
rent nonsmokers (including former smokers) regardless
of steroid used, two-way repeated measures ANOVA
analysis showed that there was a strong trend towards
an overall effect of smoking on pain ratings (higher in
smokers, p=0.067), but that the epidural injections

Pain ratings after 1st injection
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Fig. 3 Effect of drug type on pain ratings obtained just before and at
follow-up after the epidural steroid injections. Average pain

ratings + SEM are shown. #, p < 0.05; ###, p <0.001, significant overall
effect of time factor (injection) and type of drug injected, 2-way
repeated measure ANOVA; F(1,82) =92.8 for time factor, 5.88 for drug
factor. n.s,, not significant; *, p < 0.05; **, p<0.01; ***, p<0.001,
significance of indicated posthoc comparisons, Sidak’s multiple
comparisons test

still significantly reduced pain ratings in both groups
(Fig. 4A).

The subject-reported percent improvement values
when analyzed with subjects divided into current smoker
and nonsmoker groups, still demonstrated a difference
between methylprednisolone and triamcinolone, but did
not show an overall effect of smoking status (Fig. 4B).
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Fig. 4 Interaction of smoking status with injection responses. A Average pain ratings = SEM are shown. n.s., not significant; ###, p <0.001
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B % Improvement after ESI
(=] Methylprednisolone:l*
3 Triamcinolone

smoking factor: p =0.96, n.s.
smoking x drug: p =0.96, n.s.

nlts

% improvement
S
T

, significant

overall effect of time factor (injection) and smoking status, 2-way repeated measures ANOVA, F(1,86) =81.8 for time factor, 3.45 for smoking factor.
p-value for their interaction was 0.94. n.s,, not significant; **, p<0.01; *** p<0.001, significance of indicated posthoc comparisons, Sidak’s multiple
comparisons test. N=32 current smokers and 56 never or former smokers for whom both before and after pain ratings were available. B Interaction
of smoking status with steroid used in percent improvement ratings. Subjects were divided into current and nonsmokers within each drug

group. Average percent improvement ratings + SEM are shown. *, p<0.05, n.s., not significant, two-way ANOVA, F(1,72) =

for smoking factor, 0.006 for interaction

5.1 for drug factor, 0.002

Table 2 Analysis of comorbidities with multiple linear regression models

Factors included in model

p-value for overall fit

individual factors with p<0.11

All models: Sex, race, BMI, drug 0.04
plus current smoking status 0.054
plus radiculopathy factor 0.02
plus smoking and radiculopathy 0.03
plus additional pain condition 0.07
plus additional spine condition 0.02
plus additional joint condition 0.053
plus hypertension 0.06
plus diabetes 0.06
plus pain duration 0.02

Drug (0.02)
Drug (0.01); BMI (0.10)
Drug (0.02); radiculopathy (0.11)
Drug (0.01); radiculopathy (0.08)
Drug (0.01)
Drug (0.01); spine condition (0.07)
Drug (0.018)
Drug (0.02)
Drug (0.01)

(

Drug (0.049); BMI (0.03)

When a multiple linear regression model incorporat-
ing BMI, sex, race, and drug used was fit to predict the
percent improvement at follow-up, the overall regres-
sion was significantly better than a null model (p=0.04)
and the drug factor was the only individual factor that
reached significance. Adding the clinical comorbidities
indicated in Table 1, individually, generally gave similar
overall regression probabilities, though in some cases
the probabilities were no longer significant (though
still<0.1) (Table 2). Separate analysis of the radiculopa-
thy factor and drug interaction (as done for smoking) did

not confirm a significant effect of radiculopathy or drug-
radiculopathy interaction. In the main, the regression
analysis suggested a trend towards an effect of some of
the comorbidities examined but the primary finding was
the robustness of the superiority of triamcinolone which
remained significant even when we took into account
these other comorbidities.

As shown in Table 2, the indicated comorbidities (see
Table 1) were added individually to the basic model that
incorporated sex, race, BMI, and drug used to predict
percent improvement. Only individual probability values
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with p < ~ 0.1 are included. Direction of effects or trends
were for higher percent improvement for: triamcinolone
over methylprednisolone; no radiculopathy; no addi-
tional spine condition; higher BMI.

4 Discussion

In this study, we compared the outcomes of lumbar epi-
dural steroid injections for low back pain associated with
degenerative disc disease, between subjects receiving
triamcinolone or methylprednisolone. Our study took
advantage of the fact that clinicians at different outpa-
tient pain clinics associated with our anesthesiology
department, happened to prefer different steroids for
treatment. We hypothesized that triamcinolone would
give better outcomes than methylprednisolone based on
in vitro studies showing that the latter is more potent at
also activating the pro-inflammatory MR. Some of our
outcome measures (pain ratings, subject reported per-
cent improvement in pain levels) were consistent with
this hypothesis, while others (outcome codified on a
0-2 scale, number of weeks until a second injection was
needed) showed no significant difference between the
two drugs.

There have been a number of studies seeking to exam-
ine the efficacy of epidural steroids for low back pain.
The procedure has remained somewhat controversial
despite decades of use although many studies show a
modest improvement in pain outcomes (e.g., [5]). Most
meta-analyses and even some individual studies group
subjects together that received different steroids, mak-
ing it difficult to test our hypothesis with data from prior
studies. One study comparing methylprednisolone with
triamcinolone for painful shoulder calcific tendinopathy
[22] showed evidence for superiority of triamcinolone,
while another study comparing the 2 drugs in rheuma-
toid arthritis or spondyloarthritis of the knee found no
difference [23]. As our hypothesis is based on the effects
of steroids on sensory neurons, conditions not involving
direct inflammation near the DRG may not be appropri-
ate tests of the hypothesis. For example, some actions of
steroids might be on GR expressed in peripheral immune
cells. A retrospective study comparing dexamethasone,
triamcinolone, and betamethasone used to treat lum-
bosacral radiculopathy found no differences between
the drugs in pain scores or number of injections [24];
in this study the analysis compared particulate steroids
(i.e., combined triamcinolone (30%) and betamethasone
(18%) subjects as receiving particulate) to those receiv-
ing nonparticulate dexamethasone (52%). However, as
the GR selectivity of dexamethasone is similar to that of
triamcinolone, while that of betamethasone is even more
favorable, (GR/MR EC50 ratio of 0.02), this study could
not be used to test our hypothesis. A number of studies
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have compared various particulate steroids with nonpar-
ticulate steroids (e.g., [25-28]) with the soluble steroid
being dexamethasone. These studies have had somewhat
mixed results. However, these studies also cannot serve
as good tests of our hypothesis in that dexamethasone
has a GR selectivity profile that is similar to that of e.g.,
triamcinolone [8] which was the comparator in several of
these studies. We note that in our study, the superiority
of triamcinolone over methylprednisolone for some out-
comes is the opposite of what would be predicted from
the premise that more particulate steroids will give longer
lasting results than more soluble steroids, since methyl-
prednisolone is the more particulate of the two. However,
differences in duration of action of the two steroids could
have also contributed to our findings.

One limitation of our study is that analysis was con-
fined to relatively early time points, generally 4—6 weeks
after the epidural injection, a clinically based time that
was not strictly defined due to the retrospective design
of the study. However, we would still expect to see dif-
ferences between the two steroids examined insofar as
our hypothesis focuses directly on the role of MR and
GR in sensory neurons that give rise to pain signals. In
these neurons, benefits of reduced MR activation should
be evident even at early time points. Our study and many
of the above cited studies provide evidence for reductions
in pain attributed to epidural steroid injections, but these
effects are modest and incomplete. A reduction of about
2 points on 10-point pain scales, such as we observed,
is remarkably consistent with the values obtained in
most of the studies cited here. Hence, there is room for
improvement in this treatment modality. We suggest that
considering the role of the MR is one element of improv-
ing low back pain treatment. We note that preclinical
studies about the effects of MR activation in sensory
neurons suggest that even a highly GR-selective steroid’s
actions might be improved by concomitant MR block, as
inflammatory conditions near the DRG can also activate
MR (e.g., [9]), including by the local production of endog-
enous aldosterone (e.g., [13, 15]). Epidural injections
may also act at the spinal cord, where preclinical stud-
ies also suggest a pro-nociceptive role for the MR [15].
Although specific MR blockers that are FDA-approved
for other indications exist, such as spironolactone, the
second generation, more selective antagonist eplerenone,
and the recently approved third generation antagonists
finerenone and esaxerenone [29, 30], none to our knowl-
edge are available in forms suitable for epidural injection.
Another approach that might help improve the efficacy
of clinical steroids is to examine how they are activated
or inactivated by steroid-metabolizing enzymes, many
of which are also present locally within the DRG [17,
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31-33] and, in a preclinical study, were upregulated by
local DRG inflammation [34].

A second limitation of our study is the fact that the
subjects receiving methylprednisolone and triamcinolone
were largely drawn from either an urban or suburban
practice, respectively. The two clinics serve very differ-
ent populations. For example, the first clinic generally
has lower income clients. This may have effects on health
outcomes that were not controlled by our largely success-
ful attempt to match subjects based on age, race, and sex.
Indeed, the observed higher incidence of smoking in the
methylprednisolone group is consistent with observa-
tions that smoking incidence is higher in lower income
groups since the different incidence of current smoking
in the two drug groups (27%, triamcinolone; 44% meth-
ylprednisolone) was largely reflecting the difference
between the two clinics (45% at clinic 1, 22% at clinic 2)
[35]. The trend (Fig. 4A; p=0.067) in our data indicat-
ing higher pain levels in smokers is also consistent with
previous studies including in low back pain patients and
is likely due to a complex interplay of causative factors
[36]. Nevertheless, our findings of outcomes being better
after triamcinolone than methylprednisolone remained
after considering the current smoking status of the sub-
jects. We also could not attribute the difference between
the two drug groups to common comorbidities, which
did not differ between the groups, including diabetes,
hypertension, and presence of other pain, spine, and joint
conditions. However, due to the retrospective nature of
the study and the relatively small sample size, the data on
these comorbidities was likely not of high quality, being
limited to those noted in the medical record at the time
of the epidural steroid injections, in turn likely depend-
ent on the varying record-taking habits of the different
practitioners. We also observed a trend towards the pres-
ence of radicular symptoms predicting a worse outcome
on the patient-reported percent improvement ratings.
We have experienced recent changes in insurance com-
pany practices to approve epidural steroid injections only
when these symptoms are present, although the data
obtained largely pre-dated this shift. Despite the limi-
tations of our comorbidity data, the finding of superior
outcome with triamcinolone compared to methylpred-
nisolone was robust even when comorbidities were indi-
vidually considered.

5 Conclusion

This retrospective chart review showed that triamci-
nolone gave modestly better outcomes than methyl-
prednisolone in some patient-reported pain measures
after epidural steroid injection for low back pain in sub-
jects with degenerative disc disease. We suggest that the
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modest efficacy of epidural steroid injections could be
improved by considering the MR activation profile of
various steroids, which has been largely ignored in most
clinical studies.
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