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ABSTRACT

Background Studies have found that diffuse pain,
indicative of central sensitization, portends poor
interventional outcomes. Multiple chemical sensitivities
are associated with signs of central sensitization.

We sought to prospectively determine whether
hypersensitivity reactions (HR) were associated with
epidural steroid injection (ESI) outcomes.

Methods HR were classified as immune-related or
non-immune-related and categorized by number (0=low,
1 or 2=intermediate, =3=high). The primary outcome
measure was mean reduction in average leg pain score
1 month post-procedure. A positive outcome was defined
as a two-point or greater decrease in average leg pain
accompanied by satisfaction 1 month post-procedure.
Results The mean number of immune-mediated and
non-immune-mediated HR were 0.6+1.2and 0.8+1.4,
respectively. Individuals in the high (n=24) total HR
group had a mean reduction in average leg pain of
0.1+2.7, compared with those in the low (n=61;
1.8+2.1, p=0.025) and intermediate groups (n=52;
1.6+3.1, p=0.060). For back pain and categorical
successful outcome, those with fewer HR experienced
greater benefit. There were no differences in outcomes
when patients were stratified by immune-related HR.
Among participants in the low, intermediate and high
non-immune-mediated HR groups, the mean reductions
in average leg pain scores were 1.7+2.5, 1.6+3.0,and
—0.2+2.3, respectively (p = 0.002). 51%, 35%, and
12% of people with low, intermediate and high numbers
of non-immune-mediated HR experienced a positive
categorical outcome, respectively (p=0.007).
Conclusions Non-immune-related HR were inversely
correlated with some ESI outcome measures.
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INTRODUCTION

Fibromyalgia and other nociplastic pain condi-
tions, including some forms of chronic low back
pain (LBP)," have been postulated to result from
‘central sensitisation’.?* These conditions, formerly
known as functional pain syndromes, are associ-
ated with manifestations of a hyperactive nervous
system including multisensory hypersensitivity* and
multiple chemical sensitivities.’ © It is estimated that
about 20% of people have multiple chemical sensi-
tivities, which are associated with psychiatric disor-
ders, poor function, and increased use of healthcare
resources.” There is also overlap between true

(ie, immune-mediated) medication allergies and
non-immune-mediated hypersensitivity reactions
(HR), which may have diverse etiologies. The latter
includes more severe manifestations of expected
side effects, over-reporting of normal side effects,
toxicant-induced loss of tolerance, and somatiza-
tion disorders.®’

Among chronic pain conditions, LBP is the
leading cause of years lost to disability, with a cost
exceeding US$100 billion annually in the USA'® !
There are many ways to classify LBP, with perhaps
the most useful being into neuropathic and non-neu-
ropathic pain, as this heavily influences treatment
decisions. According to one review, among individ-
uals with LBP, 36.6% have primarily neuropathic
pain."?

Epidural steroid injections (ESI) are the most
frequently performed pain medicine procedure. In
recent years, the use of ESI to treat LBP has risen
dramatically,”® which has led to increased emphasis
on improved selection. There are little data on
the use of procedural interventions for nociplastic
pain, though they are generally acknowledged to be
less effective than for localized pain conditions.' *
For example, researchers have reported aberrant
responses and poor treatment outcomes in patients
with fibromyalgia with a primary complaint of
LBR" ' However, using a concurrent diagnosis
to inform treatment decisions is fraught with
challenges. These include the subjective nature of
syndromes (as opposed to diseases), the expertise
required to identify them, and that they represent
a spectrum of conditions characterized by different
prognoses.'”

The use of biomarkers or phenotypic markers and
other surrogate measures to objectify diagnosis and
guide treatment is considered a top pain research
priority. Along these lines, identifying a surrogate
marker for central sensitization might be useful in
selecting ESI candidates and improve outcomes.
One such marker could be HR, which are gener-
ally listed as ‘allergies’ in the chart and should be
updated on each visit.

There are several reasons that a patient with
many drug HR might be more likely to fail treat-
ment. These include the proposed association
between HR (ie, chemical sensitivities) and central
sensitization, the link between chronic pain and
the immune system in people with immune-related
drug allergies, the inability of these individuals to
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tolerate treatments, and the possible association of somatization
disorder with aberrant responses to injections and poor treat-
ment outcomes.' '* ¥ 17 The main objective of this study was to
determine whether the number of immune-related and non-im-
mune-mediated HR reported in the medical records of patients
who undergo ESI could predict outcome. We hypothesized that
patients with a high number of HR would experience poorer
ESI results.

METHODS

Permission to conduct this pragmatic prospective, observational
cohort study was granted by the Institutional Review Boards of
Johns Hopkins School of Medicine, Drexel University College of
Medicine, Walter Reed National Military Medical Center, Puget
Sound Veterans Affairs Hospital, Seattle, WA Landstuhl Regional
Medical Center, Landstuhl, Germany, San Diego Naval Hospital
and Womack Army Medical Center, Fort Bragg, NC; the latter
two institutions did not enroll any participants. This manuscript
reports the results of a planned interim analysis for an exploratory
study that sought to determine whether the number of docu-
mented medication side effects is associated with ESI outcomes
for radicular pain, with the larger study examining the effect a
multitude of demographic, clinical and technical variables has on
LBP injection treatment results. HR were defined a priori and
standardized across sites, with the number and type garnered
from medical records under ‘allergies’ and patient reports (see
below for examples). Per standard of care, these were reconciled
in the record before the procedure if there was a discrepancy (ie,
added if the patient reported an HR missing from the record or
deleted if it was determined that a listed allergy was incorrectly
entered, eg, palpitations from local anesthetic with epineph-
rine injected during a procedure). Thus, the medication HR
reported in this manuscript were transcribed directly from elec-
tronic records to ensure objectivity, with food allergies excluded.
The study was posted on clinicaltrials.gov on 1 January 2015
(ClinicalTrials.gov Identifier: NCT02329951). All participants
were treated between January 2015 and September 2018 and
provided informed written consent.

Participants and settings

This study was conducted in multidisciplinary pain treatment
centers in two civilian and three military treatment facilities,
four of which have or are affiliated with accredited pain medi-
cine training programmes. Individuals treated for a primary
complaint of lumbosacral radiculopathy were eligible to enroll.
Inclusion criteria were age =18 years; duration of pain >6 weeks;
radicular back pain presumed secondary to herniated disc, spinal
stenosis, or other degenerative disc pathology such an annular
tear; and leg pain =4/10 or comparable to LBP. Excluded from
participation were individuals who had received previous injec-
tions within the past 2 years; active spondyloarthropathy (eg,
symptomatic ankylosing spondylitis); previous low back surgery;
allergy to bupivacaine, contrast dye, or corticosteroid; coagu-
lopathy precluding injection treatment; and pregnancy. Because
this study was part of a broader endeavor to determine treatment
outcomes for back pain injections in general, we did not require
specific imaging findings such as a herniated disc for inclusion,
though patients with normal MRIs or imaging that did not
correlate with symptoms were excluded.

Procedures
Procedures were performed in hospital-based pain clinics
using fluoroscopic guidance by or under the supervision of

a board-certified pain medicine physician using superficial
local anesthetic. Individuals with unilateral symptoms gener-
ally underwent transforaminal ESI, while those with bilateral
symptoms received interlaminar ESI. Transforaminal ESI were
performed with the image intensifier generally angled at least
30 degrees in an oblique fashion to ensure adequate epidural
uptake. The 22-gage spinal needles were inserted into the
targeted foramen using a coaxial approach with oblique, antero-
posterior, and lateral views. Radiopaque contrast injection was
used to confirm nerve root and epidural spread. After correct
position was confirmed, a 3 mL solution containing 10 mg of
dexamethasone, 0.5 mL of saline and 1 mL of 0.25% bupiva-
caine was administered.

Interlaminar ESI were performed using fluoroscopic guidance
in the anteroposterior and lateral views using the loss-of-re-
sistance technique through a Touhy needle directed midline
for those with symmetrical pain or slightly to the affected side
in people with bilateral radicular symptoms that were more
pronounced on one side. Once loss of resistance was obtained
and correct position confirmed with contrast, a 4 mL solution
containing 40 mg of depomethylprednisolone, 1.0 mL of 0.25%
bupivacaine, and 2 mL of normal saline was injected.

Follow-up

No interventions between the procedure and initial follow-up
visit were permitted. Rescue medications could include either
tramadol, non-steroidal anti-inflammatory drugs, or if the
patient was on opioids, a <20% increase in dose (which was
not used). The first follow-up visit was 1 month after the ESI.
A positive outcome was predefined as a greater than two-point
decrease in average leg pain with a positive satisfaction rating
(>3 on a five-point scale). Subjects who experienced a positive
outcome at their initial 1 month follow-up visit remained in
the study and returned for the final 3 month follow-up visit,
while those with a negative outcome exited the study to receive
other possible treatments. Individuals who obtained a positive
outcome at 1 month but experienced a recurrence before their
3 month follow-up visit also exited the study, with their final
follow-up data obtained prior to subsequent treatment.

Data collection
Data was obtained by an investigator not involved in the proce-
dure. Baseline data was collected on the first day of treatment
and included age, gender, duration of pain, type of ESI, anal-
gesic medication usage (including opioids), active duty status,
presence of fibromyalgia or other chronic pain syndrome,
Oswestry Disability Index 2.0 (ODI) score, and the number
and type of medication HR. A HR was considered to be either
an immune-mediated allergic reaction (eg, rash, anaphylaxis,
documentation via allergy testing) or a severe side effect (eg,
syncope, excessive sedation, vomiting) that warranted docu-
mentation under medication ‘allergies’ in the patient’s medical
record. Determination of this categorization was made by the
physician based on patient report and medical records, which
may have included immunological testing. To ensure objectivity,
less serious adverse reactions to medications (eg, weight gain
or dizziness) that were not listed in the medical record were
not considered as HR. For each of the three categories (total,
immune-related, and non-immune-related HR), the recorded
number of ‘allergies’ was stratified into three separate groupings:
0 (low), 1-2 (intermediate), and =3 (high) HR.

The primary procedural outcome measure was mean reduction
in average leg pain over the past week 1 month post-treatment.
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Secondary outcome measures included average and worst leg
and back pain scores over the past week, ODI, medication usage,
complications, satisfaction graded on a five-point Likert scale
ranging from very unsatisfied to very satisfied, and categorical
outcome, with a positive outcome defined as a two-point or
greater decrease in average leg pain score coupled with a score
>3 on the satisfaction scale. Positive medication reduction was
predefined as a>20% decrease in opioid use or cessation of a
non-opioid analgesic, per previous studies.”’ Subjects who failed
to achieve a positive outcome at 1 month exited the study to
pursue other treatment options, with their negative outcome
data carried forward. Those who obtained a positive outcome
returned at 3 months for their final follow-up, at which time the
same outcome data were retrieved.

Statistical analysis

All statistical analyses were performed in Stata V.14. Although
the total number of patients we intend to enroll is based on
the principal (ie, outcomes following back pain procedures in
general) rather than this exploratory trial, a post hoc power
analysis revealed that this study was 76.2% powered to detect
the observed difference in the primary outcome measure among
the three groups (low, intermediate, and high total HR) at an
alpha level of 0.05. Data were analyzed using an intention-to-
treat approach, with the last observation carried forward for
missing data and patients who exited the study per protocol after
the 1 month follow-up due to treatment failure. This approach
was felt to be the most conservative analysis of treatment effect

for participants who exited at one month, since observations
were not missing at random, and those who exited the study
per protocol were unlikely to have improvements in outcome
measures from the physiological effects of steroids after 1 month.
Exits per protocol comprised over 90% of observations carried
forward, while missing data from dropouts accounted for less
than 10%. A sensitivity analysis of the 3-month outcomes with
and without data from the seven dropouts did not alter the
overall significant findings of the original analysis.

Study participants were categorized based on total number
of HR (low=0, intermediate=1-2, and high =3), number of
immunological HR, and number of non-immunological HR. For
continuous outcomes, group means and SD are reported and
analysis of variance was used to compare HR groups. For cate-
gorical outcomes, percentages are reported, with x> tests used.
For comparisons between two groups, a p-value less than alpha
of 0.05 was considered statistically significant. For compari-
sons among three or more groups, post hoc Dunn’s tests were
performed, and a Bonferroni-adjusted p-value of n times the
p-value of the pairwise comparison (where n is the number of
groups) was reported. An adjusted p-value less than an alpha of
0.05 was considered statistically significant.

In order to identify potential differences in baseline charac-
teristics between patients with positive and negative outcomes 1
month following ESI, the two outcome groups were compared.
For continuous characteristics, Student’s t-tests were used for
parametric and Mann-Whitney U tests for non-parametric data.
For binary or categorical characteristics, x> tests were used.

Table 1 Baseline demographic and clinical characteristics of study subjects

Low (0), total

Intermediate (1 or 2),

High (>3), total

Characteristic allergies (n=61) total allergies (n=52) allergies (n=24) P value Overall
Age, years (mean+SD) 48+14 52+13 53+14 0.22 50+14
Sex (n%)

Female 26 (43%) 37 (711%) 15 (63%) 0.008 78 (57%)

Male 35 (57%) 15 (29%) 9 (38%) 59 (43%)
Duration of ppain, years (mean+SD) 5.8+8.4 4.146.1 6.9+7.1 0.24 5.3+7.4
Type of epidural steroid injections (n%)

Transforaminal 32 (52%) 26 (50%) 11 (46%) 0.86 69 (50%)

Interlaminar 29 (48%) 26 (50%) 13 (54%) 68 (50%)
Opioid use (n%)

None 51 (84%) 44 (85%) 17 (711%) 0.35 112 (82%)

<60 DME 10 (16%) 7 (13%) 7 (29%) 24 (18%)

61-180 DME 0 0 0 0

>180 DME 0 1 (2%) 0 1 (1%)
Active duty (n%)

None/civilian 49 (80%) 49 (94%) 24 (100%) 0.047 122 (89%)

Enlisted 7(11%) 1(2%) 0 8 (6%)

Officer 5 (8%) 2 (4%) 0 7 (5%)
Disability, worker's compensation or medical Board* 11 (18%) 15 (31%) 11 (48%) 0.024 37 (28%)
(n%)
Coexisting chronic pain condition (n%) 31 (51%) 31 (58%) 18 (75%) 0.12 80 (58%)
Coexisting fibromyalgia (n%) 1 (2%) 3 (6%) 5 (21%) 0.005 9 (7%)
Coexisting psychiatric condition (n%) 24 (39%) 25 (48%) 13 (54%) 0.41 62 (45%)
Average NRS back pain score (mean=SD) 5.7+2.3 5.9+2.4 6.3+2.2 0.63 5.9+2.3
Worst NRS back pain score (mean+SD) 8.3+2.4 8.2+2.7 8.9+2.2 0.47 8.3+2.5
Average NRS leg pain score (mean+SD) 5.5+1.9 6.2+2.1 6.5+1.9 0.054 5.9+2.0
Worst NRS leg pain score (mean+SD) 8.2+15 8.7+1.8 9.2+1.2 0.037 8.6+1.6
Oswestry Disability Score (mean+SD) 38+17 43+16 50+17 0.007 42417

*Military equivalent of civilian disability.

DME, daily morphine equivalents; NRS, numerical rating scale.
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Screening

409 Patients Assessed for
Eligibility

Excluded for:
Repeat injection (n=209)

Non-radicular symptoms
(n=22)
Failed to meet other

v

v

selection criteria (n=25)
Non-lumbar radiculopathy
(n=11)

Initial Treatment

137 Patients Underwent ESI

Refused participation (n=5)

1-Month Follow-Up

137 Completed Assessment
Positive Outcome (n=58)
Negative Outcome (n=79)

A4

Exit per Protocol (n=79)
Lost to Follow Up (n=7)

3-Month Follow-Up

51 Completed Assessment
Positive Outcome (n=34)
Negative Outcome (n=17)

Figure 1  Study flow chart.

Variables in the analysis included age, sex, duration of pain,
type of ESI, opioid use, active duty status, disability, co-existing
chronic pain condition, co-existing fibromyalgia, coexisting
psychiatric condition, baseline average and worst Numerical
Rating Scale (NRS) low back and leg pain scores, baseline ODI
score, and number of immunological, non-immunological,
and total HR. To elucidate the potential relationships between
selected covariates and ESI outcome at 1 month, a multivariate
logistic regression analysis was performed using a backward
stepwise approach. Covariates analyzed were age, sex, dura-
tion of pain, opioid use, baseline average NRS low back and leg
pain scores, and number of non-immunologic HR. A two-sided
p-value less than 0.05 was considered statistically significant.

RESULTS

A total of 409 people were screened for eligibility, with 137
who underwent ESI included in the analysis. The most common
reason for exclusion was repeat injection (n=209). Table 1
shows baseline demographic and clinical characteristics both
overall and by number of total HR. For the cohort, the mean
age+SD was 50+14 years, with 57% being female. There was
a higher proportion of women in the intermediate HR group
(71%), which was significantly greater than the low HR group
(43%, p=0.006), but not the high HR group (63%, p=1). There
was a statistically significant difference in active duty status and
baseline worst leg pain among the three groups, but these differ-
ences were non-significant after post hoc pairwise comparisons.
There was a higher proportion of patients with fibromyalgia
in the high HR group (21%), which was significant compared
with the low HR group (2%, p=0.004) and to the intermediate
HR group (6%, p=0.037). Similarly, the high HR group had a
significantly greater proportion of patients on disability (48%)
compared with the low HR group (18%, p=0.022), but not
the intermediate HR group (31%, p=0.38). Baseline ODI score

was also significantly higher in the high HR group (50+17)
compared with the low HR group (38=17, p=0.006), but not
the intermediate HR group (4316, p=0.26). The progression
of participants through the study period is depicted in figure 1.

Outcomes broken down by total number of HR

Treatment outcomes at 1 and 3 months following ESI strati-
fied by total number of HR are shown in table 2 and figure 2.
For the primary outcome measure of reduction in average NRS
leg pain score at 1 month, there was a statistically significant
difference among the three groups (p=0.024), with a significant
decrease in average leg pain reduction in the group with a high
number of HR (0.1%2.7), compared with the low HR group
(1.8%2.1, p=0.025), but no significant difference compared
with the intermediate HR group (1.6%3.1, p=0.060). The
high HR group had significantly lower reductions in average
NRS LBP scores at 1 month (—0.4+2.7), compared with the
low HR group (1.4%+2.0, p=0.004), and the intermediate
HR group (1.0%2.3, p=0.033). Similarly, there was a signifi-
cant difference in reduction in average NRS LBP at 3 months
following injection (0.9%1.9 vs 0.7%2.3 vs —0.1x2.4 for low,
intermediate, and high HR groups, respectively; p=0.049), with
a significant difference between the low and high HR groups
(p=0.046), but not between the low and intermediate (p=1)
or intermediate and high HR groups (p=0.14). There were no
significant differences among groups for reductions in average
NRS leg pain at 3 months (p=0.075). The group with a high
number of total HR had significantly lower satisfaction scores at
1 month (2.2+1.5) and 3 months (1.8+1.4) compared with the
groups with low (3.6=1.3 at 1 month, p<0.001; 3.6+1.3 at 3
months, p<0.001) and intermediate numbers of HR (3.4+1.5 at
1 month, p=0.003, 3.2+1.4 at 3 months, p=0.011). There were
no other significant differences in outcomes at one or 3 months
among total HR groups.
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Pain Score (0-10 Numerical Rating Scale)
N =y

6.65
5.53 5.00
4.39
3.85
| I

0-1 Hypersensitivity Reactions

1-2 Hypersensitivity Reactions

B Avg. Baseline Leg Pain (mean)
B Avg. 1-Month Leg Pain (mean)

Avg. 3-Month Leg Pain (mean)
6.53 6.76

6.35

>3 Hypersensitivity Reactions

Figure 2 Pain scores over study period stratified by number of hypersensitivity reactions.

Outccomes broken down by types of HR

Table 3 shows treatment outcomes at 1 and 3 months stratified
by number of immunological and non-immunological HR. For
immunological HR, there were no significant differences in the
primary outcome of reduction in average NRS leg pain score at
1 month (1.2+2.0 vs 0.3+2.6 vs 1.2+3.3 between groups with
low, intermediate, and high numbers of allergies, respectively;
p=0.11). There were also no significant differences among
groups for any study outcome at one or 3 months. When broken
down by number of non-immunological HR, there was an overall

significant difference among groups in the primary outcome of
reduction in average NRS leg pain score at 1 month (1.7£2.5 vs
1.6+3.0 vs —0.2%2.3 for low, intermediate, and high numbers
of non-immunological allergies, respectively, p=0.002). In pair-
wise comparisons, there was a significant difference between the
high versus low group (p=0.003), but not the high versus inter-
mediate (p=0.26), or intermediate versus low groups (p=0.18).
Similarly, the proportion of patients with a positive outcome at
1 month was significantly different for the high non-immunolog-
ical HR group compared with the low non-immunological HR

Table 2 Treatment outcomes stratified by number of total HR

Low (0), total HR  Intermediate (1 or 2),  High (>3), total HR

Variable (n=61) total HR (n=52) (n=24) P value

1 month outcomes  Reduction in average NRS back pain score from baseline 1.4+2.0 1.0+2.3 -0.4+2.7 0.005
(mean=SD)
Reduction in worst NRS back pain score from baseline (mean+SD)  1.8+2.4 1.8+3.0 0.8+2.2 0.26
Reduction in average NRS leg pain score from baseline (mean+SD) 1.8+2.1 1.6+3.1 0.1£2.7 0.024
Reduction in worst NRS leg pain score from baseline (mean+SD) 2.7+2.5 2.3+3.1 1.1+3.2 0.072
Reduction in ODI score (mean, SD) 5+14 6+13 -2+16 0.081
Medication reduction (n%)* 21/55 (38%) 20/48 (42%) 3/23 (13%) 0.12
Satisfaction score (mean+SD)t 3.6+1.3 3.4+1.5 2.2+1.5 <0.001
Positive outcome (n%)+ 32 (52%) 22 (42%) 4 (17%) 0.011

3 month outcomes  Reduction in average NRS back pain score from baseline 0.9+1.9 0.7£23 -1.1£2.8 0.049
(mean=+SD)
Reduction in worst NRS back pain score from baseline (mean+SD)  1.0+1.9 1.2+2.7 0.3+1.4 0.45
Reduction in average NRS leg pain score from baseline (mean+SD) 1.3+2.1 1.0£2.8 -0.1+2.4 0.075
Reduction in worst NRS leg pain score from baseline (mean+SD) 2.0+2.4 1.6+2.6 0.7+2.4 0.056
Reduction in ODI Score (mean, SD) 3+13 5+14 2+16 0.14
Medication reduction (n%)* 21/55 (38%) 18/48 (38%) 1114 (7%) 0.17
Satisfaction score (mean+SD)t 3.6+1.3 3.2+1.4 1.8+1.4 <0.001
Positive outcome (n%)# 23 (38%) 15 (29%) 2 (13%) 0.072

*Medication reduction defined as greater than 20% decrease in opioid consumption or cessation of non-opioid analgesic.
tSatisfaction measured on 1-5 Likert scale with higher scores indicating greater satisfaction.
tDesignated as two point or greater decrease in average leg pain score coupled with >3 score on the five-point satisfaction scale.

HR, hypersensitivity reactions; NRS, numerical rating scale; ODI, Oswestry Disability Index.
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Table 3 Treatment outcomes stratified by number and type of HR*

Low (0), immunological Intermediate (1 or 2), High (>3),
Variable HR (n=86) immunological HR (n=46) immunological HR (n=5) P value
1 month outcomes  Reduction in average NRS back pain score from 1.2+2.0 0.3+2.6 1.2+3.3 0.1
baseline (mean+SD)
Reduction in worst NRS back pain score from baseline 1.6+2.5 1.7+2.8 2.2+4.4 0.85
(meanxSD)
Reduction in average NRS leg pain score from 1.7+2.2 1.0+3.3 0.6+3.8 0.23
baseline (mean+SD)
Reduction in worst NRS leg pain score from baseline  2.5+2.7 1.9£3.0 1.8+4.7 0.54
(mean+SD)
Reduction in ODI score (mean=+SD) 5+13 3+16 9+19 0.60
Medication reduction (n%)t 29/78 37%) 14/43 33%) 1/5 (20%) 0.68
Satisfaction score (mean+SD)# 3.3+1.4 3.3+1.5 2.5+1.7 0.47
Positive outcome (n%)§ 38 (44%) 19 41%) 1(20%) 0.56
3 month outcomes  Reduction in average NRS Back pain score from 0.8+1.9 0+2.6 0.8+2.5 0.12
baseline (mean+SD)
Reduction in worst NRS back pain score from baseline 1.0+2.1 1.0+2.4 1.6+3.0 0.82
(mean=+SD)
Reduction in average NRS leg pain score from 1.2+2.1 0.5+3.0 —0.2+2.2 0.15
baseline (mean+SD)
Reduction in worst NRS leg pain score from baseline  1.8+2.4 1.4+2.6 0.6+2.2 0.45
(mean=+SD)
Reduction in ODI score (mean=+SD) 3+13 2+16 5+12 0.88
Medication reduction (n%)t 28/78 136%) 13/43 (30%) 1/5 (20%) 0.67
Satisfaction score (mean+SD)# 3.3+1.4 3.2+1.5 2.3+1.3 0.36
Positive outcome (n%)§ 28 33%) 12 26%) 1(20%) 073
High (0), non- Intermediate High (>3), non-
immunological HR (1 or 2), non- immunological HR
Variable (n=86) immunological HR (n=34) (n=17) P value
1 month outcomes  Reduction in average NRS back pain score from 1.3£2.1 0.4+2.7 0.4+2.1 0.1
baseline (mean+SD)
Reduction in worst NRS back pain score from baseline 1.9+2.7 1.2+2.7 0.9+2.6 0.23
(mean=SD)
Reduction in average NRS leg pain score from 1.7£2.5 1.6+3.0 -0.2+2.3 0.002
baseline (mean+SD)
Reduction in worst NRS leg pain score from baseline  2.6+2.6 23+34 0.6+2.9 0.036
(mean+SD)
Reduction in ODI score (mean, SD) 6+15 3+12 0+16 0.28
Medication reduction (n%)t 30/78 (38%) 11/32 (34%) 3/16 (19%) 0.32
Satisfaction score (mean+SD)# 3.6+1.3 3.0+1.6 2.2+1.4 <0.001
Positive outcome (n%)§ 44 (51%) 12 (35%) 2 (12%) 0.007
3 month outcomes  Reduction in average NRS back pain score from 0.7£2.1 0.3£2.7 0.2£1.7 0.55
baseline (mean+SD)
Reduction in worst NRS back pain score from baseline 1.2+2.2 0.8+2.5 0.6+2.0 0.61
(mean+SD)
Reduction in average NRS leg pain score from 1.1£2.5 1.1+2.5 -0.4+1.7 0.048
baseline (mean+SD)
Reduction in worst NRS leg pain score from baseline  1.9+2.5 1.6+2.6 0.1£1.5 0.030
(mean=SD)
Reduction in ODI score (mean=+SD) 3+15 3+13 1+13 0.49
Medication reduction (n%)t 29/78 (37%) 10/32 (31%) 3/16 (19%) 0.35
Satisfaction score (mean+SD)# 3.5+1.3 2.9+1.5 2.2+1.3 <0.001
Positive outcome (n%)§ 30 (35%) 10 (29%) 1 (6%) 0.058

*Designation of immunological or non-immunological based on physician designation in the absence of lab tests or other documentation (eg, medical record of event).
tMedication reduction defined as greater than 20% decrease in opioid consumption or cessation of non-opioid analgesic.

tSatisfaction measured on 1-5 Likert scale with higher scores indicating greater satisfaction.

§Designated as two point or greater decrease in average leg pain score coupled with >3 score on the five-point satisfaction scale.

HR, hypersensitivity reactions; NRS, numerical rating scale; ODI, Oswestry Disability Index.

group (12% vs 51%, p=0.007); the proportion with a positive groups (35%, p=0.32 when compared with the low non-im-
outcome at 1 month for the intermediate non-immunological munological HR group, p=0.31 compared with high non-im-
HR group was not significantly different from the other two munological HR group). Satisfaction scores were significantly
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Table 4 Baseline demographic and clinical variables broken down by
1 month treatment outcome

Negative  Positive

outcome  outcome
Variable (n=79) (n=58) P value
Age, years (mean+SD) 50+12 51+16 0.87
Sex
Female 46 (58%) 32 (55%) 0.72
Male 33 (42%) 26 (45%)
Duration of pain, years (mean+SD) 6.5+8.2 3.745.9 0.026
Type of epidural steroid injections (n%)
Transforaminal 36 (46%) 33 (58%) 0.16
Interlaminar 43 (54%) 24 (42%)
Opioid use (n%)
None 0.41
<60 DME 62 (78%) 50 (86%)
61-180 DME 16 (20%)  8(14%)
>180 DME 1(1%) 0
Active duty (n%)
None/civilian 72 (91%) 50 (86%) 0.27
Enlisted 5 (6%) 3 (5%)
Officer 2 (3%) 5 (9%)

Disability, worker's compensation or 28 (36%) 9 (16%) 0.012

medical board* (%)

Coexisting chronic pain condition (%) 49 (62%) 31 (53%) 0.31
Coexisting fibromyalgia (%) 7 (9%) 2 (3%) 0.21
Coexisting psychiatric condition (%) 43 (54%) 19 (33%) 0.012
Baseline average NRS back pain score 6.5+2.2 5.1+2.3 <0.001
(mean=+SD)

Baseline worst NRS back pain score 8.9+2.0 7.6+2.8 0.002
(mean+SD)

Baseline average NRS leg pain score 6.3+2.0 5.4+1.9 0.007
(mean=SD)

Baseline worst NRS leg pain score 8.9+1.5 8.1£1.7 0.004
(mean+SD)

Baseline Oswestry Disability Score 45+17 37+16 0.004
(mean=SD)

Number of immunological HR (mean+SD) ~ 0.6x1.4 0.5+0.9 0.52
Number of non-immunological HR 1.1£1.5 0.4+1.0 0.007
(mean+SD)

Number of total HR (mean+SD) 1.7£2.5 0.9+1.7 0.044

*Military equivalent of civilian disability.
DME, daily morphine equivalents; HR, hypersensitivity reactions; NRS, numerical
rating scale.

lower for the group with a high number of non-immunolog-
ical HR compared with the low non-immunological HR group
(2.2+1.4vs3.6+1.3,p=0.001 at 1 month; 2.2+1.3 vs 2.9%1.5,
p=0.001 at 3 months). Neither group significantly differed from

the group with an intermediate number of non-immunological
HR at 1 month (3.0+1.6, p=0.16 when compared with the low
non-immunological HR group, p=0.17 compared with high
non-immunological HR group) or 3 months (2.9+1.5, p=0.12
when compared with the low non-immunological HR group,
p=0.21 compared with the high non-immunological HR group).

Factors associated with outcome

Differences in baseline demographic and clinical variables
between participants with positive versus negative outcomes at
1 month are shown in table 4. Factors that differed significantly
between the two groups were duration of pain, disability status,
presence of a coexisting psychiatric condition, baseline average
and worst NRS low back and leg pain scores, baseline ODI score,
and number of non-immunological and total HR. Age, sex, type
of ESI, opioid use, active duty status, coexisting chronic pain
conditions including fibromyalgia, and number of immunolog-
ical allergies were not significantly associated with treatment
outcome.

Following multivariate regression analysis, lower baseline
average NRS back pain score and less non-immunological HR
were the only factors found to be significantly associated with
positive treatment outcome (table 5). Age, sex, duration of
pain, opioid use, and baseline average NRS leg pain score were
not associated with successful outcome. The odds of a positive
outcome were 0.66 times lower for each additional non-immu-
nological HR (95% CI 0.47 to 0.94, p=0.022) and 0.81 times
lower for each one-point increase in baseline average NRS back
pain score (95% CI 0.67 to 0.99, p=0.038).

DISCUSSION

The principal finding in this study is that while the total number
of HR was not significantly associated with our primary outcome
measure, it did predict procedural outcome. Moreover, there
was an association between non-immunological medication side
effects and ESI, such that a higher number correlated with poor
treatment outcome. We hypothesized that individuals with more
documented HR would fare worse after ESI for two reasons.
First and foremost, individuals with nociplastic pain condi-
tions such as fibromyalgia, who are more likely to fail interven-
tions,'® ' have more ‘chemical sensitivities’, which are often
recorded as allergies.’ ® This may reflect central sensitization and
other nociplastic mechanisms. Second, individuals with somati-
zation disorder are more likely to experience serious medication
side effects that may be reported under ‘allergies’ and have
poor outcomes with pain treatment, as evidenced by higher
failure rates for chiropractic manipulation and other treatments
for spine pain, a higher failure rate for non-spinal injections, and
a higher incidence of persistent pain and false-positive rate with
discography.'® #2724

Table 5 0dds of positive treatment outcome at 1 month as a function of selected baseline variables

Variable Unadjusted OR (95% CI) P value

Age, per year

Sex, female versus male

Duration of pain, per year

Opioid use, yes versus no

Baseline average NRS back pain score, per one-point increase
Baseline average NRS leg pain score, per one-point increase
Number of non-immunological allergies, per each additional HR

Adjusted OR (95% Cl) P value
1.00 (0.98 to 1.03) 0.87 1.01 (0.98 to 1.04) 0.51
0.88 (0.45 to 1.75) 0.72 1.12 (0.52 t0 2.42) 0.78
0.94 (0.89 to 0.99) 0.032 0.96 (0.90 to 1.01) 0.13
0.58 (0.23 to 1.46) 0.25 0.73 (0.26 to0 2.03) 0.55
0.76 (0.64 to 0.90) 0.001 0.81 (0.67 to 0.99) 0.038
0.79 (0.66 to 0.94) 0.009 0.90 (0.73 t0 1.12) 0.34
0.65 (0.47 t0 0.91) 0.012 0.66 (0.47 to 0.94) 0.022

HR, hypersensitivity reactions; NRS, numerical rating scale.
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The most likely reason why non-immunological, but not
immunological, medication reactions might predict treatment
failure is because non-immunological adverse effects are by their
very nature more common in people with sensitized nervous
systems and/or who are overly focused on their physical state
such that they experience physical symptoms in the absence of,
or disproportionate to, a physical cause.”” ! For adverse medi-
cation effects, these non-immune-mediated reactions are often
reported as ‘allergies’.® As alluded to, these types of reactions
may also be more common in people with coexisting psycholog-
ical issues that can predispose patients to ESI treatment failure.'*
There are instruments that may be used to gage phenomena
such as central sensitization and somatization such as the modi-
fied fibromyalgia symptom severity scale,”® but unlike counting
allergies, these surveys can be resource intensive. Although
chemical sensitivities occur more frequently in nociplastic pain
conditions that predispose patients to interventional treatment
failure, there is insufficient evidence to support the theory that
immune-mediated HR contribute to this phenomenon.”” The
reason why HR were grouped together before separating them
is because the number of total allergies annotated in medical
records is clear-cut and therefore not subject to judgement or
bias. Other possible explanations for our findings include an
enhanced placebo response in these individuals and alterations
in pain processing.

One may question how, or even whether, these findings can
be used to guide care. Since the correlation between non-im-
mune-mediated HR and negative outcome is weak, it is not
advisable to use allergies as the sole basis for the decision
about whether to proceed with a spinal injection. In a similar
study that sought to predict ESI outcomes, Schiff and Eisen-
berg?® reported mixed results for quantitative sensory testing.
Compared with quantitative sensory testing which is resource
intensive and uncomfortable, the use of a non-invasive, simple
and inexpensive predictive tool is preferable. But in conjunction
with other negative outcome predictors for back pain in general
and ESI in particular such as greater disease burden (eg, longer
duration of pain, higher baseline pain and disability, opioid use)
and spinal stenosis,"* 2’ 3° these variables may collectively confer
high predictive value which can someday form the foundation
for treatment decisions. Although many of these predictors are
impractical or impossible to treat before an injection (eg, spinal
pathology), others such as certain types of central sensitization
may be possible to reverse.’!

There are several limitations to our study that warrant consid-
eration. First, because we did not refer patients for allergy
testing, there may have been misclassifications such that allergies
interpreted as immune-mediated were non-immunological-based
and vice versa. However, our goal was to find a quick and inex-
pensive (free) means that could be clinically used to foretell
treatment response, and lab testing would be inconsistent with
this. Second, because of questions surrounding the diagnosis
and treatment effectiveness of facetogenic and sacroiliac joint
pain, we elected to examine only ESI as the index procedure,
which are performed more frequently. Thus, whether these find-
ings can be generalized to other procedures is unknown. Third,
the recording of drug intolerances is highly provider depen-
dent (ie, minor reactions such as dizziness might be listed for
some patients but not others), though this confounding factor
was somewhat mitigated by standard-of-care allergy reconcilia-
tion based on patient report. However, while our methodology
addressed potential causes of physician bias, it fails to account for
patient bias, such that the HR patients elect to report to physi-
cians may vary. Fourth, since the pre-enrolment power analysis

was performed for the primary study, which is examining a
host of different back pain injections and therefore employs
different outcome measures (eg, average back pain rather than
leg pain), this exploratory study may have been underpowered
for some measures. Due to the nature of this study, we examined
a number of potential factors associated with multiple outcomes.
For ease of interpretation, our analyses were performed without
adjustment for multiple comparisons, which may have increased
the likelihood of false-positive associations that were considered
significant. Last, since the objective of the study was to examine
outcome predictors for back pain injections in real-world condi-
tions, we employed relatively loose selection criteria, so that
these findings may not be applicable to situations where strin-
gent selection criteria are desirable such as for clinical trials.

In summary, we found that individuals with more non-im-
mune-related HR were more likely to experience a nega-
tive ESI treatment outcome. In the age of precision medicine,
practitioners should take this into account when balancing the
risk:benefit ratio of ESI.
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