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Abstract

Study design Retrospective chart review.

Objectives The objective of this study was to characterize opioid administration in people with acute SCI and examine the
association between opioid dose and (1) changes in motor/functional scores from hospital to rehabilitation discharge, and (2)
pain, depression, and quality of life (QOL) scores 1-year post injury.

Setting Spinal Cord Injury Model System (SCIMS) inpatient acute rehabilitation facility.

Methods Patients included in the SCIMS from 2008 to 2011 were linked to the National Trauma Registry and the electronic
medical record. Three opioid dose groups (low, medium, and high) were defined based on the total morphine equivalence in
milligrams at 24 h. The associations between opioid dose groups and functional/motor outcomes were assessed, as well as
1-year follow-up pain and QOL surveys.

Results In all, 85/180 patients had complete medication records. By 24 h, all patients had received opioids. Patients
receiving higher amounts of opioids had higher pain scores 1 year later compared with medium- and low-dose groups (pain
levels 5.5 vs. 4 vs. 1, respectively, p = 0.018). There was also an 8x greater risk of depression 1 year later in the high-dose
group compared with the low-dose group (OR: 8.1, 95% CI: 1.2-53.7). In analyses of motor scores, we did not find a
significant interaction between opioid dose and duration of injury.

Conclusions These preliminary findings suggest that higher doses of opioids administered within 24 h of injury are asso-

ciated with increased pain in the chronic phase of people with SCI.
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Introduction

It is estimated that there are nearly 800,000 new cases of
traumatic SCI annually worldwide [1]. After the primary
damage to the spinal cord, a phase of secondary damage
begins with ischemia, excitotoxicity, and disruption of ionic
homeostasis engaging multiple, complex cell death cas-
cades. Ongoing research seeks to mitigate this secondary
injury and improve functional outcomes by interrupting
these cascades. Currently, there are at least 17 active clinical
trials that are focused on the acute period of SCI to improve
neurologic repair and/or mitigate secondary injury [2].
Surprisingly, as part of these investigations, the con-
sequences of medications that are routinely applied in the
emergency setting have been largely overlooked. Through
animal studies, it has been postulated that opioids, admi-
nistered as analgesics in the emergency setting, may
enhance the excitotoxic state and glial cell activation in
acute spinal cord injury [3]. Yet, there have been no studies
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examining whether these conventional interventions affect
long-term recovery in the human population.

In animal models of acute SCI, opioid use leads to poor
functional outcomes, attenuating locomotor recovery and
worsening neuropathic pain [3-8]. Hook et al. have
repeatedly shown that irrespective of the route of adminis-
tration (intrathecal or intravenous (IV)), morphine admi-
nistered in the acute phase of SCI significantly attenuates
locomotor recovery, increases lesion size, and increases
chronic pain symptoms in a rodent model. They showed
that morphine increases inflammation and spinal pro-
inflammatory cytokine expression [5, 9], which would not
only increase cell death but would also instigate a cycle that
exacerbates symptoms of pain [7-9], and perhaps depres-
sion and anxiety, as has been seen in the general population
[7, 10-13]. This is concerning for people with SCI, as there
is a three-times greater risk of depression and associated
suicide compared with those without SCI [14, 15]. These
data suggest that opioids may be contraindicated after SCI.

Nonetheless, opioids are among the most effective
medications for the treatment of pain in the acute and
subacute phases of injury. Although there have been no
empirical reports on the emergency room use of opioids for
the SCI population specifically, it has been reported that
nearly 50% of trauma patients receive IV opioid analgesia
within 3h of emergency department (ED) arrival [16].
Effective pain management in the acute phase of spinal
injury is essential, and under-medication during the acute
management of trauma has been linked to development of
chronic pain, as well as affective disorders and cognitive
impairment [17-19]. Given the animal data, however, we
need to know whether early opioid treatment is also detri-
mental in humans. Understanding the effects of opioids, and
the molecular mechanisms mediating these effects, will
have significant implications for the development of safe
and effective strategies for the management of pain in the
acute phase of SCIL.

To address this gap in knowledge, the current study
aimed to: (1) describe the pattern of opioid administration in

Fig. 1 Data retrieval flow
diagram. SCIMS Spinal Cord
Injury Model Systems, QOL

acute SCI; (2) evaluate changes in motor function related to
acute opioid administration; and (3) examine associations
between acute opioid administration and pain, quality of life
(QOL) and mobility measures at 1-year post injury. We
hypothesized that: (1) opioid use would increase with
increased injury severity scores (ISS), (2) there would be a
negative interaction between opioid dose and functional
recovery, and (3) QOL and mobility measures at 1 year
would decrease as early opioid use increased.

Methods
Subjects

To test these hypotheses, we collected data on all traumatic
SCI patients that were admitted to TIRR Memorial Her-
mann from 2008 to 2011 for inpatient rehabilitation (IR),
and that had consented to participate in the Spinal Cord
Injury Model Systems (SCIMS) database (Fig. 1). The
SCIMS are institutions that are national leaders in medical
research and patient care in SCI from the point of injury and
beyond, supported through government-sponsored grants
awarded every 5 years through a competitive application
process. Criteria for SCIMS participation include: (1)
minimum of 18 years old, (2) SCI was caused by external
traumatic event, (3) temporary or permanent loss of sensory
and/or motor function as a result of the event, and (4) a US
citizen residing in the geographic catchment area at the time
of injury. Excluded from SCIMS are patients that had: (1)
previous treatment at Model System for the SCI or (2)
completed previous rehabilitation admission for this SCIL
The TIRR SCIMS data were linked to the Memorial Her-
mann National Trauma registry database and the electronic
medical record (EMR). The time points of data collection
are shown in Table 1.

Only patients admitted within 3 days of injury were
included in the analyses to improve the chances of having
complete medication records, including medications

I. Description of opioids
> administered within 24 hours

quality of life. |
180 subjects 140 subjects

with SCIMs |  admitted
data within 3 days

of injury

of injury.
wii Scl;l::]eclt:te 85 subjects Il. Motor recovery associated to
) p =1 with sufficient == opioids administered within 24
medication .
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questions at 1 administered within 24 hours
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Source

Data gathered

EMR NTR SCIMS Opioids ISNCSCI ISS GCS BP FIM QOL
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Table 1 Events, objectives, and Events Objectives
the sources of data.

Time of injury I II, I

ED I I, III
Rehab admission I
Rehab discharge 1I
1-year follow-up III

Lo B

X X X X
X X X X X X
X X X
X X X
X X

Objectives = [—description of opioids administered within 24 h; Il—motor recovery associated to objective
I; III—pain and quality of life (QOL) at 1 year associated to objective 1.

ED emergency department, Rehab rehabilitation, EMR electronic medical record, NTR national trauma
registry, SCIMS Spinal Cord Injury Model Systems, BP blood pressure, ISNCSCI International Standards for
Neurologic Classification of Spinal Cord Injury (used for motor scores), ISS injury severity scale, GCS
Glasgow coma scale, BP blood pressure, FIM Functional Independence Measure.

administered by emergency responders. Opioid types and
quantities were collected and converted to milligrams of
morphine equivalents (MEmg) using a conversion calcu-
lator [20].

Motor scores, pain and QOL outcomes

Motor scores from the International Standards for the
Neurological Classification of SCI (ISNCSCI) were col-
lected at three time points: (1) upon admission to the model
system, (2) upon admission to acute IR, and (3) at discharge
from IR. Total motor score (TMS) is scored out of 100
points, 50 points for five upper extremity joint movements
bilaterally and the other half from five lower extremity joint
movements bilaterally (LEMS) using the Medical Research
Council scale for muscle strength.

Pain scores were also collected upon admission to the
model system, and as part of the 1-year QOL survey. The
first three pain scores were collected within 1 h of arriving
in the emergency room, and entered into the EMR. These
scores were averaged to derive baseline pain measures. The
l-year QOL survey outcomes are part of the SCIMS
inventory. All pain scores collected were based on the
Numerical Pain Rating Scale, 0 (no pain) to 10 (worst
imaginable pain). Only those patients that answered the
“Severity of Pain” question at 1 year were included in the
analyses of QOL outcomes. In addition to the Severity of
Pain question, other survey questions selected to correlate to
opioid administration can be found in Table 2. Risk for
depression was considered a sum of the Patient Health
Questionnaire 2 (PHQ-2) scores of 3 or greater [21].

Statistical analyses
Description of opioids used in SCI within 24 h

Three opioid dose groups (low, medium, and high) were
defined, by dividing the patient group into thirds based on
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the total MEmg at 24 h. Baseline demographics, clinical, or
trauma characteristics were compared among opioid dose
groups using ANOVA or Kruskal-Wallis rank test for
continuous variables and Fisher’s exact test for categorical
variables. A t-test was used to compare initial pain scores
among SCI phenotypes (neurologic level and completeness/
severity of SCI). Use of each type of opioid administered
across three time points (within 4, 12, and 24 h of injury)
were compared using multilevel mixed-effects logistic
regression. Associations between opioid types administered
and (1) representative SCI groups (paraplegia vs. tetra-
plegia, complete vs. incomplete injury) and (2) categories of
opioid doses (low, medium, and high) were evaluated at
each of the three time points using two-sided Fisher’s exact
test. Generalized estimating equation modeling of the
opioid types used adjusted for the opioid dose category
(low, medium, and high), and administration times (within
4, 12, and 24 h) were performed. Finally, linear and logistic
regression analyses were performed to evaluate the asso-
ciation of ISS and initial pain scores to the type of opioid
administered. Due to controversy regarding the effects of
opioids on blood pressure and low blood pressure in acute
SCI from neurogenic shock, we considered whether hypo-
tension in the ED influenced opioid administration [22].

Motor recovery association with acute opioid use

Multilevel mixed-effects linear regression models were used
to evaluate the association between each longitudinal out-
come, collected upon admission to the model system, upon
admission to IR, and at discharge from IR (total-, UE-, and
LE-motor, and Functional Independence Measure (FIM)
scores) and duration of injury, log-transformed opioid dose
(MEmg), and their interaction. The ISNCSCI is the source
of the motor scores. We hypothesized that a significant
negative interaction would exist with time and increased
opioid dose, indicating that patients who received greater
opioid doses would have reduced recovery. All models
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Table 2 Selected 1-year survey QOL measures.

QOL variable

Question(s)

Scoring

Total Satisfaction with
Life Scale

Self-perceived
health status

Rate your health now

Severity of pain scale

Pain: interfering
with work

CHART: mobility total

CHART: physical
independence total

CHART: occupation total

CHART: social
integration total

Patient Health
Questionnaire (PHQ
No. 1):

little interest or pleasure
PHQ No. 2:

down, depressed, or
hopeless

1. In most ways my life is close to
my ideal.

2. The conditions of my life are
excellent.

3. I am satisfied with my life.

4. So far I have gotten the important
things I want in life.

5. If I could live my life over, I would
change almost nothing.

In general, would you say that your
health is excellent, very good, good, fair
or poor?

Compared with 1 year ago, how would
you rate your health in general now?

Using a 0-10 scale with 10 being pain
so severe you could not stand it and, O
being no pain, what has been the usual
level of pain over the past 4 weeks?

During the past 4 weeks, how much did
pain interfere with your normal work
including both work outside the home
and housework (or usual activities)?

CHART variables:

1. “Number of Hours out of Bed/Day”
2. “Number of days out of House/
week?”

3. “Nights away from home in

last year?”

CHART variables:

1. “Number hours of Paid Assistance
per day”

2. “Number of hours of Unpaid
assistance per day”

CHART variables:

1. “Hours/week at Paid Job”

2. “Hours/week at School/Study”
3. “Hours/week at Homemaking”
4. “Hours/week at Maintenance”
5. “Hours/week at Recreation”

CHART variables:

1. “Live with a spouse/significant other”
2. “How many are relatives”

3. “Number of Business/Organizational
contacts/month”

4. “Number of Contact/month with
Friends”

5. “Stranger initiated contacts/month”

“Over the last 2 weeks, how often have
you been bothered by little interest or
pleasure in doing things?”

“Over the last 2 weeks, how often have
you been bothered by feeling down,
depressed, or hopeless?”

Valid range: 5-35

1-7 points for each question
1 = strongly disagree

7 = strongly agree

Valid range: 1-5

1 = excellent

5 = poor

Valid range: 1-5

1 = much better than 1 year ago
5 =much worse than 1 year ago

Valid range: 0-10
0 =no pain
10 = severe pain

Valid range: 04
0 =not at all
4 = extremely

Valid range: 0-100
0 = severe mobility handicap
100 = no mobility handicap

Valid range: 0-100

0 = severe handicap in an
individual’s ability to sustain a
customarily effective independent
existence

100 = no handicap

Valid range: 0-100

0 = severe handicap in an
individual’s ability to occupy time
in the manner customary to that
person’s sex, age, and culture

100 = no handicap

Valid range: 0-100

0 = severe handicap in an
individual’s ability to participate in
and maintain customary social
relationships

100 = no handicap

0 =not at all

1 = several days

2 = more than half the days
3 =nearly every day

0 =not at all

1 = several days

2 = more than half the days
3 =nearly every day

QOL quality of life, CHART Craig Handicap Assessment and Reporting Technique.
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included patient random intercepts to account for within-
patient correlation and were adjusted for potential con-
founders of age, sex, initial pain score, tetraplegia/para-
plegia, complete injury, and days until surgery. Days until
surgical decompression were included because of the lit-
erature suggesting that early decompression improves out-
comes [22]. Subgroup analyses using similar models were
performed in motor incomplete SCI due to the increased
potential for motor recovery which might allow to detect an
effect, if any, from opioid administration.

Pain and QOL at 1 year correlated to acute opioid use

Chi-squared tests and #-tests were used to evaluate differ-
ences between patients that answered the 1-year survey and
those that did not answer. Those that answered the 1-year
survey were organized based on their 24-h opioid dose
classification. Their characteristics were compared with
Kruskal-Wallis rank sum tests and Fisher’s exact tests.
Linear and logistic regression analyses, or ordinal logistic
models, were used to evaluate the association between
outcomes of 1-year pain, depression, and QOL scores and
the 24-h opioid dose category, adjusting for age, sex, and
initial pain scores. Stata 14.0 (StataCorp, 2015) was used
for the analyses, with p <0.05 set for significance. The
STROBE statement was followed in the reporting of these
findings [23].

Results
Opioid categories and administration

There were 180 patients enrolled in the SCIMS database at
Memorial Hermann from 2008 to 2011. Of these, 140 were
admitted within 3 days of injury and 90 patients had com-
plete medication records, including data from emergency
response teams at the scene of the injury. Eighty-five
patients had sufficient physical exam records to include in
the analysis of opioid type use (Table 3).

All patients were given opioids within 24 h of injury. Of
the 85 patients, 21 did not receive any opioid medications
within the first 4 h post injury, only 6 had not been adminis-
tered opioids at 12 h, and all had received some form of opioid
treatment by 24 h. Patients were most commonly treated with
morphine (82%), followed by fentanyl (52%), hydromorphone
(33%), and oxycodone (6%). Twenty-nine percent of the
patients were treated with a combination of opioids.

The 24-h dose categories had significantly different mor-
phine equivalents administered: low dose with a median total
of 6.3 MEmg (IQR: 4-10); medium dose median total 23.3
MEmg (IQR 18.3-26.67); high dose median total 60.1 MEmg
(IQR: 43.2-140.8) (group difference p <0.001) (Table 3).
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Differences in opioid totals in these categories were also seen
at 4 and 12 h (group differences p <0.001 for both 4 and 12
h). Initial numerical pain scores were also different between
the three opioid dose categories [mean (SD)]: low, 4.6 (3.3);
medium, 5 (3.2); and high, 6.5 (2.7); p =0.048. Otherwise,
there were no significant differences in baseline demo-
graphics, clinical, or trauma variables. Similarly, initial motor
scores, SCI phenotypes, and severity of SCI [American Spinal
Injury Association Impairment Scale] did not differ between
groups. There was no difference between opioid dose cate-
gories and the etiology of the trauma.

There was no significant association between ED hypo-
tension and the type of opioid used within any time interval.
As ISS increased, however, the odds of receiving fentanyl
increased by 8% [OR: 1.08, 95% CI: 1.01-1.15] at 12 h and
7% at 24 h [OR: 1.07, 95% CI: 1-1.13]. As initial pain score
increased, the OR of receiving fentanyl was 1.23 (95% CIL:
1.05-1.45) at 4 h, 1.24 (95% CI: 1.06-1.44) at 12 h, and 1.21
(95% CI: 1.04—-1.4) at 24 h. Alternatively, the odds of mor-
phine administration decreased by 22% at 24h [OR: 0.78,
95% CI: 0.63-0.98] as initial pain scores increased.

There were several differences in opioid type adminis-
tration based on patient SCI phenotypes. There was more
fentanyl administration for patients with motor incomplete
injuries (48%) compared with motor complete injuries
(20%) at 4h (p =0.011) and 12h (58% vs. 33%, respec-
tively, p =0.031). Oxycodone was also prescribed more to
patients with motor incomplete (13%) compared with motor
complete injuries (0%, p =0.02). Conversely, morphine
was administered more in patients with motor complete
injuries (53%) compared with motor incomplete injuries
(28%, p =0.027). The administration of opioid types did
not significantly differ based on dose groups.

Motor score association to opioid dose
administration

Table 4 presents the results of the motor scores and FIM
changes controlling for demographics, injury and SCI
characteristics, and opioid medication variables, from the
multivariable mixed-effects models. Controlling for the
independent variables, TMS was reduced in patients with
tetraplegia compared with paraplegia by 23.4 points (95% CI:
—29.2, —17.6) over the three assessment times from the initial
ISNCSCI exam to rehabilitation discharge [mean: 130 days
(range: 15-734 days)]. Similarly, compared with patients with
motor incomplete injury, motor complete injury had a reduced
TMS by 28.5 (95% CI: —37, —20), and LEMS by 24.2 (95%
CI: —29.3, —19.1) as duration of injury increased. FIM scores
were also reduced in patients with tetraplegia compared with
paraplegia by 17.2 (95% CI: —25.6, —8.9) and patients with
motor complete compared with incomplete injury by 16.1
(95% CI: —28.5, —3.7). Subgroup analysis in patients with
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Variable Low (n=30) Medium (n = 27) High (n =28) p value
Age (years) 41 (27-58) 31 (22-49) 38 (26-51) 0.273
Height (cm) 176.5 (165-180) 175 (170-183) 175 (165.5-181.5) 0.855
Weight (kg) 82 (68-89) 84 (71-95) 76 (63.5-85) 0.324
Initial pain score® 4.6 (3.3) 5@3.2) 6.5 (2.7) 0.048
BMI (kg/m?) 26 (24-29) 27 (26-30) 25 (23-27) 0.205
ISS 25 (18-25) [6] 26 (25-34) (3] 29.5 (21-36) [3] 0.076
SBP scene (mmHg)* 112.8 (27.2) [17] 115.5 (24.3) [7] 108.3 (18.7) [13] 0.675
HR scene (bpm) 82 (66-94.5) [18] 78 (68-99) [12] 80 (70-100) [15] 0.884
SBP ED (mmHg)* 114.3 (25.8) [2] 119.5 (29.5) 111.9 (27.4) [2] 0.591
HR ED (bpm)* 79.2 (19.1) [2] 88.4 (24) 87.8 (28.4) [2] 0.29
ED GCS 15 (14-15) [12] 15 (14-15) [6] 15 (15-15) [9] 0.611
Days to surgery 2 (04) 2 (04) 2 (1-5) 0.689
4 h total (MEmg) 1.8 (04) 10 (5-16) 8.3 (1.3-23.8) <0.001
12 h total (MEmg) 4 (0-8) 16 (11-21) 29.4 (19.2-65.1) <0.001
24 h total (MEmg) 6.3 (4-10) 23.3 (18.3-26.7) 60.1 (43.2-140.8) <0.001
Initial motor exam 2] [1]

Days to Exam 3 (1.5-5) 2 (1-4) 3 (2-5) 0.491

UE motor score 46.5 (22-50) 39 (28-50) 35 (14-50) 0.438

LE-motor score 0 (0-26) 6 (0-39) 0 (0-36) 0.703

Total motor score 50 (46-52) 50 (50-71) 47 (14-74) 0.227

n (%)

Male 24 (80%) 21 (78%) 17 (61%) 0.243
AIS initial 0.429

AIS A (complete) 12 (40%) 12 (44%) 12 (43%)

AIS B 6 (20%) 2 (7%) 1 (4%)

AIS C 7 (23%) 5 (19%) 5 (18%)

AIS D 5 (17%) 8 (30%) 10 (36%)
Tetraplegia 18 (60%) 18 (67%) 17(61%) 0.885
Motor complete 18 (60%) 14 (52%) 13 (46%) 0.586
Surgery 25 (83%) 18 (67%) 22 (79%) 0.235
Work-related 2 (7%) 2 (7%) 3 (11%) 0.891
ED Hypotension 3 (10%) (2] 5 (19%) 5 (18%) [2] 0.697

“Means and standard deviations, analyzed with ANOVA.

Significant values are in bold.

motor incomplete injuries indicated similar reductions in total
and FIM motor score in tetraplegia. In this subgroup, as days
until surgery increased, LEMS also decreased by 0.7 (95%
CIL: —1.5, 0). In all analyses of motor scores, the interaction of
opioid doses (MEmg) with duration of injury was not statis-
tically significant.

Opioid administration correlations to 1-year
outcomes

Of the 85 patients included in the analyses, 46 responded to
the pain question at the 1-year survey. There were no dif-
ferences in demographics, ISS, FIM, and discharge motor

scores between responders and nonresponders. Those that
responded had a significantly greater 24-h opioid subtotal
(30.6 MEmg, IQR: 10-68) compared with those that did not
answer the pain question (18.8 MEmg, IQR: 7.6-25.7, p =
0.024), despite similar mean initial pain scores [5.4 (2.9) vs.
5.3 (3.4), respectively, p =0.816]. Also, there were more
survey responders in the high-dose group (44%) compared
with those that did not answer (20%, dose category difference
p=0.019) and more patients with tetraplegia (36 vs. 15%,
p=0.019) and incomplete injury (44 vs. 17%, p = 0.026).
Among the survey responders, there was a significant
dose group difference between opioid totals at 4, 12, and
24h (Fig. 2a). Those in the high-dose category also had

SPRINGER NATURE
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Table 4 Motor score and FIM
changes at discharge from

Dependent variables

rehabilitation adjusting for ™S UEMS LEMS FIM motor

confounding variables and Independent variable Coef. (95% CI)

opioid dose. Time (days) ~0.1(=02,0)  —0.1(=02,0) 0 (~0.1,0) ~0.1 (=02, 0)
Age (years) ~0.1 (~0.3, 0.1) 0 (0.2, 0.1) ~0.1 (~0.2, 0) 0 (~0.3, 0.2)
Initial pain score 0.6 (0.3, 1.5) 0.4 (—0.6, 1.5) 0.3 (0.2, 0) 0.2 (~1.1, 1.5)
Female vs. male —1.6 (=7.7, 4.5) —0.6 (=7.8, 6.6) —1.5(-5.2,22) 2.8 (=59, 11.6)
Tetra vs. Para —23.4 (—29.2, —17.6) NA 2.9 (0.6, 6.4) —17.2 (—25.6, —8.9)
Complete v Inc ~0.9 (~9.4, 7.6) 45 (—47,137) 3.6 (—88, 1.5) 3(-9.3, 15.4)
AIS A/B vs. C/D —28.5 (=37, -20) —59(—14.8,3) —24.2 (—29.3, —19.1) —16.1 (—28.5, —3.7)
Days to surgery 0.2 (—0.1, 0.5) 0.2 (=02, 0.7) 0.1 (—0.1, 0.3) 0 (~0.4, 0.6)
Opioid dose (MEmg) —2.1(-8.1,3.9) —2.5(-9.2,42) 0 (-3.6,3.7) —2.3 (—10.7, 6.2)
Interaction of opioid dose 0 (0, 0.1) 0.1 (0, 0.1) 0 (0, 0) 0.1 (0, 0.1)

and time

Mean days (SD) to discharge motor scores 128 (127.2).

TMS total motor score, UEMS upper extremity motor score, LEMS lower extremity motor score, FIM
Functional Independence Measure, Tetra tetraplegia, Para paraplegia, AIS ASIA Impairment Scale, AIS A/B
motor complete, AIS C/D motor incomplete, MEmg milligrams of morphine equivalents.

Significant values are in bold.

A. Morphine Equivalents by Dose B.
Category over Time
200
- — ,
E
g 150 % 6
E o &5
ug; 100 r_l_\ _% 2
t . 33
I i)
= 0 —E 0l I-II—I 3 1
4-hour 12-hour 24-hour
0

Olow EMedium mMHigh

Fig. 2 Survey responders at 1 year. a Opioid totals within 4, 12, and
24 h by 24-h opioid categories low-, medium-, and high-dose groups.
Opioid dose categories significantly different at 4 h (*p =0.008), 12,
and 24 h ("p <0.001 for both). b Line bars indicate mean initial pain

higher median pain scores at 1 year compared with med-
ium- and low-dose groups (5.5 vs. 4 vs. 1, p=0.018;
Fig. 2b). However, initial mean pain scores were not sig-
nificantly different between the three groups (Fig. 2b).
There were no other differences across groups based on
demographics, SCI phenotypes, and QOL measures.

Table 5 presents independent variables (rows) and 1-year
pain and QOL outcomes (columns) with beta coefficients
(or OR) and 95% CI of the regression models. Focusing on
the survey responders only, as initial pain score increased,
pain interfering with work increased by 0.5 (95% CI:
0.2-0.8). Pain at 1 year also increased by 0.05 (95% CI:
0.003-0.9) as age increased. Alarmingly, compared with the
low-dose group, the high-dose opioid group also had
increased numerical pain scores at 1 year by 3.1 (95% CI:
1.4-4.8) adjusting for sex, age, and initial pain score. Self-
perceived health score was also higher in the high-dose
opioid group compared with the low-dose group (1.4, 95%
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Initial and 1-year Pain Scores by Dose Category

©¢—Initial Pain  —O0—Pain 1-year

LOW MEDIUM HIGH

(grey) and l-year pain scores (black). Pain score at 1 year is sig-
nificantly different between opioid dose categories (~p = 0.018). Initial
pain scores are not significantly different between dose categories
(p =0.568).

CI: 0-2.7). The PHQ No. 1 score was increased in the high-
dose opioid group compared with the low dose (1.8, 95%
CI: 0.4-3.2) and increased with increasing age (0.04, 95%
CI: 0-0.08). A positive screen for depression based on the
PHQ-2 scores of >3 was associated with an 8x greater risk
in the high-dose group compared with the low-dose group,
adjusting for age, sex, and initial pain score (OR: 8.1, 95%
CI: 1.2-53.7, Fig. 3).

Discussion

These data provide the first description of patients with
acute SCI opioid administration and correlations to neuro-
logic outcomes. Prior research reported that half of all
patients with traumatic injuries received opioids within 3 h
of ED arrival [16]. For patients with SCI, we report an
increase in treatment, with nearly 70% receiving opioids
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Table 5 Significant associations with 1-year pain and quality of life outcomes.

Dependent variables®

Pain at 1 year Self-perceived

Pain interfering

PHQ-1 little interest/

Depression

health status with work pleasure
Coef. (95% CI) Coef. (95% CI)

Independent variables®
Opioid dose category:

Medium vs. low 1.5 (—0.5, 3.5) 0.8 (—0.7, 2.3) 1.3 (-0.8, 3.5) 0.8 (-0.8, 2.5) 3.8 (0.5-30.9)

High vs. low 3.1 (1.4,4.8) 1.4 (0, 2.7) 1.4 (=05, 3.3) 1.8 (0.4, 3.2) 8.1 (1.2-53.7)

Age 0.05 (0.003-0.9) 0 (—0.02, 0.05) 0.03 (-0.01, 0.1) 0.04 (0, 0.08) 1 (1-1.1)
Initial pain score 0.1 (-0.1,04) 0(-02,0.2) 0.5 (0.2, 0.8) 0.1 (0.1, 0.3) 1.1 (0.9-1.4)

®Only dependent variables with significant association presented. Dependent variables not shown: Satisfaction with Life Scale, total; rate your
health now; CHART mobility total, physical independence total, occupation total, social integration total; Patient Health Questionnaire (PHQ) 2—

down, depressed, or hopeless.

"The model was adjusted for sex but not presented because it lacked significant associations.

Significant values are in bold.

1-year Depression Screening by 24-hour Opioid Dose Category

Number of subjects

6
4
SN B
0
Low Medium High
OPHQ<3 WPHQ23
Fig. 3 Increased odds of positive depression screening at 1 year in

those that received higher doses of opioids within 24 h of injury.
*OR: 8.1, 95% CIL: 1.2- 53.7.

within 4 h of injury, and every patient administered opioids
within 24 h of injury.

Increased opioid doses were associated with increasing
initial pain scores, although not in a linear relationship. For
example, at 12 h, average initial pain scores of those in the
low-dose group were 4.6 and they received about 4 MEmg.
Those in the medium-dose group with a mean initial pain
score of 5.0 (0.4 points higher) were administered about 4x
more opioid (16 MEmg). The variation in opioid dosage
was significant, with the low-dose group receiving nearly
four and ten times less opioids than the medium- and high-
dose categories, respectively. We also hypothesized that
SCI characteristics would be associated with opioid dose
administration, for example, patients with tetraplegia
would have increased doses compared with paraplegia.
However, there were no SCI differences across opioid dose
groups. With similar patient demographics, ISS, and vital

signs, it is unclear as to why such variation existed within
the first 24 h.

Although opioid dose was not associated with decreased
motor recovery, we did observe that patients in the high-
dose opioid category had 3 point higher pain scores at 1
year compared with those in the low-dose group. This
supports the animal evidence of increased chronic pain with
acute opioid administration [4]. Moreover, the dose of
opioids administered, and not initial pain scores, appeared
to predict the development of chronic pain. Indeed, the
initial pain scores of patients that answered the 1-year sur-
vey were similar across opioid dose groups. The only sig-
nificant measured difference associated with increased pain
scores at 1 year was the opioid dose administered in the first
24h. This preliminary data suggest that, as in animal
models, opioids may be modulating the molecular response
to SCI, increasing inflammation, for example [9], and
leading to adverse long-term consequences in the patient
population.

In addition to pain, we also observed an 8x increased
risk of depression at 1 year with higher doses of acutely
administered opioids. Although the average PHQ scores
appear similar across the opioid groups, the sum of three
or higher is greater in the high-dose group, and regression
modeling demonstrated an 8x higher risk of depression
associated with the high doses of opioids compared with
low doses. While scores from the PHQ-2 do not define
depression, this tool has been validated as a depression
screener after SCI [21]. Our data, therefore, suggest that
the acute administration of high doses of opioids may
further compound the increased risk of depression in
patients after SCI.

There are several limitations in this observational study.
Primarily, conclusions cannot be made given the small

SPRINGER NATURE
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sample size with heterogenous injury characteristics, and
the data provided from a single institution limits general-
izability. While our analyses adjusted for measured poten-
tial confounders, the risk of residual confounding remains.
Exclusion of patients that were not part of our healthcare
system within 3 days of injury, as well as lacking infor-
mation on those that did not consent to the SCIMS study,
may have introduced selection bias. The evaluation of the
pattern of opioid administration was also limited, lacking
recordings of BP and pain scores immediately prior to
administration of medication. Other trauma variables of
interest were also incomplete in the EMR including vital
signs at the scene of the injury, ISS, and GCS. For
depression, although past medical history of depression
prior to SCI was collected by interview, most patients
responded that they did not know. It is possible that patients
with undiagnosed depression may have been administered
higher doses of opioids acutely and had higher pain scores
at 1 year. Future studies should incorporate reliable and
validated predictors of depression after trauma. Finally, an
overall lack of response to the l-year survey questions
limits the ability to draw conclusions on pain, depression,
and QOL measures.

Future studies may be able to address these issues
by first carefully considering whether a randomized trial
is warranted. If a trial is not feasible, a prospective
cohort study with prespecified and limited data collection
would mitigate some of the limitations of the current
study. Directed acyclic graph could aid in visualizing the
causal chain between opioid exposure and important
clinical outcomes and help identify all of the potential
confounders [24, 25]. These steps would help ensure that
all needed data are properly collected and missing data is
minimized. A detailed statistical analysis plan that
includes appropriate methods for reducing confounding
and sampling bias, handling missing data, and obtaining
estimates of causal effects would further mitigate known
problems with observational studies while providing
needed evidence of benefit or harm from opioids.

Nonetheless, in this cohort of patients we found an
association between the dosage of opioid administration
within 24 h of SCI and increased 1-year pain scores, as well
as an increased risk of depression, despite similar initial
pain scores. Further investigation of these associations is
warranted with a prospective, multicenter study.

Data availability
The datasets generated and/or analyzed during the current
study are not publicly available due to large datasets with-

out a comprehensive legend, but are available from the
corresponding author on reasonable request.
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