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RELIEF

Nadia Naushin Zaman, DO’, Calvin Rong Chen, DO', Ketan Patel, MD?, Tungming Leung, PhD?, and
Shaheda Amin Quraishi, MD*

Background: Epidural injections have been used
for pain relief since the 1880s. Corticosteroids are
antiinflammatory medications that can alleviate
pain, but also have harmful systemic adverse
effects. Literature regarding methylprednisolone
dosage efficacy is limited.

Objectives: To determine the lowest effective
dose of methylprednisolone in a lumbar epidural
steroid injection (LESI) for maximal pain relief
without exposing patients to adverse events
caused by steroid use.

Study Design: Retrospective chart review.

Setting: Outpatient interventional pain clinic at
an academic center.

Methods: Adults (n = 133), aged 18 to 85 years,
with low-back pain and radicular symptoms
treated with LESI from August 2011 to Novem-
ber 2015. Patients who received prior cervical
epidural steroid injections were excluded. Inter-
ventions were

LESI with methylprednisolone 40 mg, 80 mg,
or 120 mg. Main outcome measures showed
change in pain score using a numeric pain scale
(NPS; 0 = no pain, 10 = excruciating pain), and

patient’s self-reported reduction in pain (percent-
age), pre- and postprocedure. The primary end-
point measurement was 2 weeks postinjection.
Adverse effects were recorded.

Results: The number of patients who received
each dose varied: n = 88 received 120 mg, n = 30
received 80 mg, and n = 13 received 40 mg. The
NPS pain scores pre- and postprocedure for 120
mg were 8.89 + 1.32 and 4.08 + 3.74, (mean %
standard deviation), respectively; for 80 mg: 9.06
+ 1.00 and 3.75 % 4.00; and for 40 mg: 9.00 %
1.00 and 4.00 £ 0.00. Percentage of pain relief for
120 mg, 80 mg, and 40 mg was 57.26%, 50.74%,
and 57.26, respectively (P = 0.3347). n = 4 ex-
perienced adverse effects, all received 120 mg.

Conclusions: All 3 dosage groups had similar
efficacy in pain relief, but only patients who re-
ceived 120 mg experienced adverse effects. This
demonstrates that lower dosages can be used for
pain relief with less potential harm to the patient.
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Back pain is the fifth most common reason individu-
als seek medical care (1). From 1996 to 2013, health
care spending for low-back pain in the United States
was estimated to be approximately $87.6 billion (2,3).
Radicular back pain often carries a worse prognosis,
along with disability, chronicity, poorer quality of life,
and persistent pain (4). Epidural steroid injections
(ESIs) are among the most widely used treatments for
back pain, with the first documented injections used
to treat radicular pain performed by French physi-
cians Dr. Jean-Anthanase Sicard and Dr. Ferdinand
Cathelin (5,6).

Today, there are 3 main types of ESls: interlaminar,
transforaminal, and caudal. The clinical effectiveness
and usefulness of epidural injections has been both
widely studied and debated; however, differences in
the procedural technique, medications used, and di-
agnostic criteria have made comparisons difficult. The
most widely used epidural injection today is the inter-
laminar approach, which involves midline insertion of
a spinal needle between the spinous processes of 2
contiguous vertebrae (7). Numerous studies on the
interlaminar approach have reviewed the advantages
of its contrast medium patterns under fluoroscopy,
which shows excellent spread of contrast medium
into the nerve root (8). The antiinflammatory effects
of corticosteroids aim to relieve radicular symptoms
as they travel along the nerve root by either inhibiting
the synthesis or cellular release of proinflammatory
mediators, and by facilitating a reversible local anes-
thetic effect at the injected site (9).

Various types of corticosteroids are used for ESls.
Although all have a similar mechanism of action,
antiinflammatory properties, and adverse effects,
the specific corticosteroid used is often based on
physician preference. Methylprednisolone acetate
is a particulate corticosteroid sold under the brand
names Depo-Medrol and Solu-Medrol (Methylpred-
nisolone Acetate Injectable Solution USP, 80 mg/
mL, Teva Pharmaceuticals USA Inc., North Wales,
PA) (Methylprednisolone Sodium Succinate, 40mg.
mL, Pharmacia & Upjohn, Kalamazoo, MI). Doses of
methylprednisolone acetate vary according to prac-
tice and procedure; the most commonly used doses
for interlaminar ESlIs are 40 mg, 80 mg, and 120 mg.

With increasing use of corticosteroids in interven-
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tional pain procedures, elevated risk of adverse
effects occurs. Serious systemic side effects of
steroids range from hyperglycemia and hypertension
to long-term effects, including osteoporosis and sup-
pression of the hypothalamic-pituitary axis (HPA) (10).
Less severe but more common side effects include
facial flushing, headache, or pain at the injection site
(11). Although ESls have been proven to be effica-
cious in the treatment and management of lumbar
radicular pain, evidence for an appropriate standard
of corticosteroids dosing is lacking. The aim of this
retrospective study was to assess the safety and
efficacy of different doses of methylprednisolone for
the treatment of lumbar radicular pain.

METHODS

Patients

A retrospective chart review was performed for
patients who were treated by a board-certified pain
management specialist in an outpatient interventional
pain clinic of an academic medical center from August
2011 to November 2015. All patients were seen and
treated by the same pain management specialist.
This study was approved by the Northwell Health
institutional review board. Inclusion criteria were
adults aged 18 to 85 years, with low-back pain with
radicular symptoms owing to a herniated disc dis-
ease or spinal stenosis, who received interlaminar
lumbar epidural steroid injection (LESI). Exclusion
criteria were any prior cervical ESls, or any dosage
given other than the dosage groups being studied.
Dosage groups studied were 120 mg, 80 mg, or
40 mg of methylprednisolone. All patients received
methylprednisolone manufactured by the same
company (Methylprednisolone Acetate Injectable
Solution USP, 80 mg/mL, Teva Pharmaceuticals USA
Inc., North Wales, PA). The patient was transported
to the operating room, placed in the prone position,
and monitored noninvasively with vital signs also
monitored. The patient’s back was prepped 3 times
with Betadine (Avrio Health L.P., Stamford, CT) and
draped in meticulous sterile fashion. The lumbar
interspace was identified fluoroscopically, and the
skin overlying the desired level was infiltrated with 5
mL of 1% lidocaine using a 25-gauge 1-inch needle.
The epidural space was approached and entered at
this level with a 20-gauge Tuohy needle by a loss of
resistance technique. Following loss of resistance to
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air, aspiration was negative for cerebrospinal fluid or
blood. Then, 2 mL of Omnipaque 300 (GE Health-
care, Chicago, IL was injected, and the epidurogram
revealed spread from the desired intervertebral level
space into the posterior epidural space bilaterally
with no distinct cutoff. Methylprednisolone was then
injected with 1 mL of preservative-free 1% lidocaine.
The needle tract was flushed with 2 mL of 1% lido-
caine, and the needle was removed. A sterile bandage
was applied. If a patient received a second LESI, the
results were also examined. Adverse effects were
noted for all injections.

Outcome Variables

The primary outcome measure of efficacy was the
change in pain from baseline to 2 weeks postinjection
as indicated by numeric pain scale (NPS, 0 = no pain,
10 = excruciating pain) and patient’s self-reported
reduction in pain (percentage). Both the absolute
change and percentage change were recorded be-
tween the dosage groups when data were available.
Pain relief was defined as at least a 50% reduction
in pain after the first procedure. Any adverse effects
that were described by the patient were noted for
both injections.

Statistical Methods

Descriptive statistics (frequency distribution for
categorical variables and mean, median, standard
deviation, maximum, and minimum for continuous
variables) were calculated. The Mann—Whitney non-
parametric test was performed to test if there was a
difference in the ages between the pain improvement
outcomes (< 50% vs. = 50% pain NPS score reduc-
tion). The test was also used to determine if there
was any difference in percentage relief after the first
injection between the dosage groups, gender, and
history of back surgery. The Kruskal-Wallis test was
used to determine if there was a difference in age
of patients among dosage groups (40 mg vs. 80 mg
vs. 120 mg) or differences in percentage relief after
first injection by laterality and level of injection. Box
plots were used to visualize the average difference
of the factors analyzed by the Mann—-Whitney or
the Kruskal-Wallis tests. The chi-square test or the
Fisher exact test was performed to test the equality
of proportions between the 80 mg and 120 mg groups
if = 50% pain improvement was met and if a second
injection was requested. The chi-square test or the
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Fisher exact test was also used to test the association
between whether the patients reached a 50% pain
improvement, and gender, history of back surgery,
laterality of injection, or level of injection, and between
whether the patients received a second injection. The
Spearman correlation analysis was used to test if
there was a correlation between age and the percent-
age change in pain score in the patients.

RESULTS

A total of 133 patient records were reviewed in this
study: 10 patients who previously underwent a cervi-
cal interlaminar steroid injection were excluded from
the study. Among the 123 eligible patients whose
records were analyzed, the mean age was 69 £ 14.2
years, and 55% were women. Most (94%) of the pa-
tients did not have a prior surgical procedure for the
lumbar spine to alleviate their pain. The distribution
of the laterality of the injections is reported in Table
1. The distribution for the vertebral level of injection
is reported in Table 2.

Primary Outcome

A total of 9 patients received 40 mg, 28 patients
received 80 mg, and 86 patients received 120 mg of
methylprednisolone for their first LESI. The overall
mean percent reduction in pain as reported by the
patients after the first injection was 55% = 31.1%.
The absolute number change in NPS pre- and post-
procedure is reported in Table 3. The mean age and
mean percent reduction of pain among the 3 dosage
groups is reported in Table 4; there was a margin-
ally significant difference in the mean age among
the 3 dosage groups (P = 0.046). The Fisher exact
test showed that there was no association between
the 3 dosage groups and gender (P = 0.146). This
indicates that the population of the dosage groups
was nearly, but not entirely, homogeneous in terms of
age distribution. There was no association between
the 3 dosage groups regarding the groups’ back
pain histories, laterality of injection, or spinal levels
of injection.

One patient in the 120 mg group and one patient in
the 80 mg group did not follow-up after the procedure,
so they were excluded from the final analysis due
to missing data. The percent reduction in the pain
among the 3 dosage groups is reported in Table 3 and
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Table 1. Laterality of interlaminar LESI.

Laterality of Injection | Frequency Percel;(t,/o)f Total
()

Left 41 333

Right 50 40.7

Midline 32 26.0

Table 2. Intervertebral level of interlaminar LESI.

Intervertebral Level | Frequency | Percent of Total (%)
L1-L2 1 0.8

L2-L3 4 33

L3-L4 10 8.1

L4-LS 63 51.2

L5-S1 45 36.6

Table 3. VAS pain scores pre- and post-procedure.

Pre-Proceduret Post-Proceduret
120 mg 8.89+1.32 4.08+3.74
80 mg 9.06 + 1.00 3.75+4.00
40 mg 9.00 +1.00 4.00 £ 0.00
TVariables reported as mean + standard deviation
Table 4. Dosage-specific results.
120 mg 80 mg 40 mg | P-value
# of Patients 85 27 9
Age (years)t 67+14.0 | 73+13.8 | 73+14.0| 0.046%*
Pain Relief (%)t | 57 £32.1% | 51 £29.7% | 51 £26.1 | 0.3347
Adverse Effects 4 0 0

FVariables reported as mean + standard deviation

Fig. 1. There was no statistically significant change
in the percentage reduction in the pain among the 3
dosage groups (P = 0.3347). The difference in the
percentage change in the pain score was also not sig-
nificant by gender, history of back surgery, or laterality
of injection. The difference in the percentage change
in the pain score was significant between L4-L5 and
L5-S1 (64 + 26.1 vs. 45 + 33.5; P = 0.021, Fig. 2).
Four patients reported adverse effects, all of whom
were in the 120 mg dosage group. These adverse
effects included new-onset paresthesias, flushing of
the face, and worsening pain postinjection.

There were 4 (44%) patients in the 40 mg group,
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19 (70%) patients in the 80 mg group, and 57 (67%)
patients in the 120 mg group who reported a = 50%
pain reduction. There was not a significant difference
in the proportion of patients who reported = 50% pain
improvement among the 3 dosage groups. The pro-
portion of patients reported = 50% pain improvement
also did not differ by gender, history of back surgery,
or laterality of injection.

Sixty-one out of the 123 eligible patients requested
a second injection during their 2-week follow-up.
Among the second injection patients, 6 (10%) pa-
tients received 40 mg, 15 (25%) patients received
80 mg, and 40 (66%) patients received 120 mg of
methylprednisolone in the first injection. The meth-
ylprednisolone dosage differences, if any, between
the patients’ respective first and second injections
are broken down in Fig. 3. There was no association
between whether the patients received a second
injection and the patients’ gender status. However,
there was a significant association that was shown
between whether the patients received a second
injection and the history of back surgery (P =0.0061).
In addition, there was a marginally significant associa-
tion between the patient’s second injection request
and the laterality of injection (P = 0.049), and a
significant association between whether the patients
received a second injection and the level of injection
groups L4-L5 and L5-S1 (P = 0.0111).

DISCUSSION

There was no statistically significant difference in
pain relief when comparing 120 mg, 80 mg, and
40 mg doses of steroid. According to these results,
lower doses of methylprednisolone can have the
same efficacy in pain relief with less adverse effects
for the patient.

These results are in line with the published litera-
ture, in which most adverse effects experienced by
patients postinjection tended to be minor. Although
most major adverse effects were mainly written as
case reports, one prospective study of injecting 80
mg methylprednisolone showed suppression of HPA
that lasted up to 14 days before returning to normal,
another prospective study compared 80 mg to 40 mg
methylprednisolone and found that both caused sup-
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Fig. 1. Distribution of percentage pain reduction in the
three dosage groups.

pression of HPA, with the 80 mg group experiencing
more clinical suppression that lasted for longer than
the 40 mg group (11,12). One study looking at the
pharmacokinetics of triamcinolone in patients receiv-
ing fluoroscopically guided epidural injections for
chronic low-back pain reaffirmed the potential harmful
effects epidural-administered steroids have on the
endocrine function (13). Thus lowering the dose of
methylprednisolone proves to limit not only the risk
of adverse effects experienced by the patient, but
also the duration of those unwanted effects as well.

Interlaminar ESI has been established in the
literature as effective for pain relief in those suffer-
ing from longstanding low-back pain with radicular
symptoms due to lumbar spinal stenosis or disc
disease (14). Areview of current literature yielded
mostly low-quality data regarding the effectiveness
of interlaminar ESI owing to their small sample
sizes and differing diagnostic criteria; however,
most studies did show statistically significant short-
term improvement in pain (15). A double-blind,
randomized controlled trial of interlaminar ESI
compared with saline solution injection showed
statistically significant pain relief and improved
function lasting approximately 3 months with inter-
laminar LESI, after which there was no difference
between steroid and saline solution groups (16).
Furthermore, another retrospective study evaluated
the changes in NRS pain scores when compar-
ing the use of 3 mg of betamethasone versus 6
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Fig. 2. Distribution of percent relief by injection level.

mg of betamethasone in fluoroscopically guided
transforaminal ESls and found that there were no
statistically significant differences in the reduction
of NRS pain scores at 4 weeks postinjection. This
study also saw a statistically equivalent reduction
in narcotic usage among the patients 4 weeks
postinjection at follow-up (17). Although our study
did not look at decreases in narcotic use between
our varying methylprednisolone dosage groups,
the statistically significant equivalency in pre-
and post-injection pain scores among all dosage
groups in both studies are in concordance with
current ESI dosing practice guidelines.

It is important to note the limitations of the study as
well. For one, the retrospective nature of the study
meant only information available in the patient charts
regarding pain descriptions and pre- and post-proce-
dure pain scores could be used, and the distribution
of the various doses were nonrandom. Because
many patients did not return after procedures for
further follow-up, the length of time these patients
experienced good relief is not known. Secondly, the
dosage chosen for patients is subjective and not
based on any objective findings while examining the
patient. Thus the amount of pain relief could poten-
tially be different based on the various dosages, and
this could have also affected the outcomes. Another
important limitation is the small sample sizes in the
80 mg and 40 mg dosage groups compared with the
120 mg group; therefore the findings may not reflect
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123 Total Eligible
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Fig. 3. Distribution of second injection methylprednisolone dosages compared to first injection methylprednisolone

dosages.p

the actual effect of these dosages. In the future, a
prospective trial in which patients are assigned to
dosage groups in equal numbers, either through
randomization or selection based on preprocedure
pain scores and physical examination findings, would
allow for comparing dosages with greater significance
and will allow for more uniformity.
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CONCLUSIONS

Our retrospective chart review demonstrates that
there was no statistically significant difference in the
lumbar radicular pain relief in patients who received
120 mg of methylprednisolone and those who re-
ceived the lower dosages, 80 mg and 40 mg. This
suggests that lower dosages can be used to address
pain symptoms with lesser incidence of adverse ef-
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fects. Future prospective, randomized, and placebo-
controlled studies are necessary to further examine
the efficacy of lower dosage as treatment. Moreover,
we suggest complementary studies focusing on the
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