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Abstract

The objective of our study was to determine whether treatment with baclofen is neurologically safe with respect to exposure
during recovery from spinal cord injury. We performed a secondary longitudinal analysis of a cohort of adult patients with
traumatic acute spinal cord injury. Cumulative baclofen dose was computed over the first 4 weeks following injury from
concomitant medication information from a completed clinical trial. The main outcome measure was neurologic status, which
was assessed over 52 weeks with “marked recovery” defined as the conversion to higher sensory and motor function. To
complete the drug safety profile, drug toxicity was assessed with assays from standard blood work. Multivariable Cox regression
was used to compute hazard ratios (HRs) and 95% confidence intervals (Cls). Of the cohort (n = 651), 18% (n = 115) received
baclofen within 4 weeks post injury. Baclofen use was associated with higher rates of marked neurologic recovery, even after
adjustment for injury severity (HR =2.1, 95% CI 1.5-3.0 for high dose vs none). Baclofen exposure was not associated with liver
or renal side effects. The use of other medications indicated for spasticity was not associated with neurological outcomes. Overall,
this longitudinal analysis provides level 3 evidence on the neurologic safety of baclofen and potential beneficial effects on
recovery in the early days after acute traumatic spinal cord injury. The usefulness of concomitant medication files from completed
clinical trials is highlighted. We also highlight the importance of incorporating logical patient questions and neurological
outcomes into research addressing drug safety.
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Introduction

Traumatic spinal cord injury is caused by sudden mechanical
trauma to the spinal cord, resulting in mild to severe paralysis
and reduced sensation [1]. The lifelong deficits accompanying
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injury can have a devastating impact on the individual, care-
givers, and society, reducing quality of life and massively
burdening health care systems [2, 3]. At present, there are no
acute pharmacological interventions to enhance the extent of
neurologic recovery beyond that which occurs spontaneously.

In addition to paralysis and sensory loss, acute spinal cord
injury is accompanied by various other neurological compli-
cations. Among the most frequent and debilitating are invol-
untary extensor or flexor muscle spasms [4, 5]. These often
develop in the initial days to weeks after spinal shock due to
injury and are commonly managed pharmacologically by en-
hancing central nervous system inhibition with baclofen, a
GABA-B agonist [4, 5].

Despite decades of clinical application and widespread
use for spasticity, the safety of administering baclofen in
the acute phases of injury has never been examined. This
is surprising considering that baclofen is centrally acting
and its administration overlaps with recovery of neuro-
logical function [6, 7]. Moreover, there are anecdotal
reports of deleterious effects of baclofen in both humans
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and animal models [8, 9]. Concerns regarding the neuro-
logic safety of baclofen have even led to precautions
against the use of anti-spasticity medications in the
“recovery phase” of stroke and multiple sclerosis [10].
One guideline reports that “it is best to consider that the
GABAergic agents may have a harmful effect on the
body during the recovery phase” [10]. These precautions
are, at present, not based on clinical evidence.

Moreover, patients and their caregivers have urgent ques-
tions with regard to factors that potentially interfere with their
recovery. These questions extend to the use of medications
[11]. At present, care providers cannot provide an informed,
evidence-based response regarding the use of baclofen in the
acute phase of spinal cord injury. These legitimate patient
concerns warrant that the safety of baclofen with respect to
neurologic recovery be established. The primary objective of
our study was therefore to determine whether acutely admin-
istered baclofen is safe in the context of neurologic recovery
following spinal cord injury.

Methods
Study Design, Data Source, and Cohort Definition

A secondary analysis was performed of the completed United
States Food and Drug Administration (FDA)-sponsored
Sygen spinal cord injury clinical trial. The Sygen trial was a
randomized, prospective, phase 111, placebo-controlled, multi-
center study testing the efficacy of GM-1 ganglioside therapy
in acute, traumatic spinal cord injury [13, 14]. Full design,
recruitment, and enrollment details have been published pre-
viously [14]. For inclusion in Sygen, patients were required to
have at least one lower extremity with a substantial motor
deficit. Patients with spinal cord transection or penetration
were excluded, as were patients with a cauda equina, brachial
or lumbosacral plexus, or peripheral nerve injury. Multiple
trauma cases were included as long as they were not so severe
as to preclude neurologic evaluation. It is notable that this
requirement of participating in a detailed neurologic exam
excluded major head trauma cases and also intubated chest
trauma cases. For the purpose of this study, we applied further
inclusion/exclusion criteria. Namely, to be included in our
analysis, subjects in Sygen needed complete sensory and mo-
tor scores from the International Standards for the
Neurological Classification of Spinal Cord Injury
(ISNCSCI) at baseline (within 72 h after injury) and one
follow-up ISNCSCI and/or Benzel grade between 4 and
52 weeks post injury. These measures are described in more
detail below.

The Sygen trial, which followed patients over the first
year following injury, was clinically active from 1992 to
1998 and showed no differences between treatment and

placebo. The negative finding of the Sygen study is con-
sidered Class I Medical Evidence by the spinal cord injury
Committee of the American Association of Neurological
Surgeons (AANS) and the Congress of Neurological
Surgeons (CNS) [15, 16]. Subsequent analyses of the
Sygen data have been performed to characterize the trajec-
tory and extent of spontaneous recovery from acute spinal
cord injury [17-19].

Exposures (Independent Variables)

The original Sygen trial rigorously tracked the use of medi-
cations delivered alongside the study medication (i.e., GM-
1). For each concomitant drug administered during the trial,
the dosage, reason for administration, and the timing of ad-
ministration were recorded. The cumulative dose, the sum of
all medication exposures over the first month (4 weeks or
approx. 30 days), was treated as a continuous variable and
also categorized as “not exposed,” “low dose” (>0 and <

50th percentile), and “high dose” (> 50th percentile) accord-
ing to the distribution of total doses. Note that, although pa-
tients were randomized to GM-1 ganglioside therapy, indi-
viduals were not randomized to concomitant medication
administration.

Outcome Variables (Dependent Variables)

The primary outcome was “marked recovery.” This binary
outcome was based on both Benzel grades and American
Spinal Injury Association Impairment Scale (AIS) grades
according to the 2011 ISNCSCI [20]. AIS grades reflect in-
jury completeness (AIS A/B are motor complete and AIS C/
D are motor incomplete). Benzel grades are used to assess
ambulation (scale of 1 to 7: for example, grade 5 = limited
walking [motor function allows walking with assistance or
unassisted, but significant problems secondary to lack of en-
durance or fear of falling limit patient mobility, must be able
to ambulate at least 25 ft]; grade 6 = unlimited walking [am-
bulatory without assistance and without significant limita-
tions other than slightly dyscoordinated gait, must be able
to ambulate at least 150 ft without a helper]). For patients
with AIS-A and AIS-B injuries at baseline, “marked
recovery” was defined by a conversion to (at a minimum)
AIS-C and AIS-D, respectively (i.e., regaining sensory and
motor function caudal to the level of injury). To achieve
“markedrecovery,” AIS-C and AIS-D patients were required
to recover limited or unlimited walking function, respective-
ly, according to the Benzel grades.

Secondary neurological outcomes included sensory and
motor scores as determined by the ISNCSCI. In brief, motor
scores are based on preserved muscle strength, which is eval-
uated on a 0 to 5 scale (0, complete paralysis; 5, full strength)
in 5 upper and 5 lower limb key muscles (right and left, for a
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Fig. 1 Baclofen usage after spinal cord injury. (A) Patterns of baclofen
use within first 30 days after injury; each row represents a unique patient;
white spaces indicate no baclofen use during that period. (B) Histogram

total of 100). Sensory scores were determined on a 3-point
scale (0, none; 1, abnormal; 2, normal) separately for light
touch and pinprick in 28 dermatomes (right and left, total of
112).

Other secondary safety outcomes included liver and renal
enzyme assays from standard blood work. We categorized
“detrimental outcomes” for blood chemistry as levels lower
than standard cutoff for albumin (3.5 g/dL) and higher than
standard cutoffs for alkaline phosphatase (147 U/L), alanine
aminotransferase (56 U/L), aspartate aminotransferase (40 U/
L), inorganic phosphorus (4.5 mg/dL), urea nitrogen (20 mg/
dL), total bilirubin (1.2 mg/dL), and blood creatinine (1.2 mg/
dL for males, 1.1 mg/dL for females) [21-27].

Statistical Analyses

For the primary outcome (marked recovery), hazard ratios
(HRs) and corresponding 95% confidence intervals (Cls)
were derived from multivariable Cox proportional hazards
regression, stratified by AIS grade. Potential confounders
included sex, age at injury, baseline lower extremity motor
score (within 72 h post injury), and injury level (cervical vs
thoracic). GM-1 administration was also considered as a
potential confounder, though the original clinical trial
showed no significant effects on marked recovery [13].
For the secondary outcomes (lower extremity motor
scores, sensory scores, and blood chemistry values),
Pearson correlation coefficients and 95% confidence inter-
vals were computed, and their absolute values were classi-
fied as “weak” (0—0.39), “moderate”(0.4 to 0.59), “strong”
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(0.6-0.79), or “very strong” (0.8 to 1.0) [12]. R Statistical
Software (Version 2.15.3) was used for all analyses.

Ethics Approval

Approval for this study (secondary analysis) was received
by an institutional ethical standards committee on human
experimentation at the University of British Columbia. The
original Sygen clinical trial (results published elsewhere
[13, 14]) also received ethical approval but was conducted
before clinical trials were required to be registered. The
data received from the original clinical trial were de-
identified.

Results
Patient Characteristics and Summary Statistics

Based on the inclusion criteria, 651 patients were included in
the analysis (mean age at injury, 33 years; 80% male); 77%
were injured at the cervical level, 74% had a motor complete
injury according to ISNCSCI, and 18% received baclofen
within 30 days post injury. The median cumulative dose for
baclofen was 220 mg (median daily dose was 30 mg; Fig. 1).
Baclofen was administered orally in all patients. Cohort char-
acteristics by cumulative baclofen exposure status are provid-
ed in Table 1.
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Table 1 Cohort characteristics by baclofen status

Characteristic

Entire cohort

No baclofen

Low-dose baclofen (total
cumulative dose <220 mg)

High-dose baclofen (total
cumulative dose >220 mg)

Total count 651 536 56 59
Sex

Females 131 (20.1) 104 (19.4) 12 (21.4) 15 (25.4)

Males 520 (79.9) 432 (80.6) 44 (78.6) 44 (74.6)
Age at injury [years] 32.5(13.4) 324 (13.5) 32.5(12.8) 34.0 (13.4)
Injury completeness

AIS A 412 (63.3) 360 (67.2) 30 (53.6) 22 (37.3)

AIS B 71 (10.9) 56 (10.4) 7 (12.5) 8 (13.6)

AIS C 139 (21.4) 94 (17.5) 17 (30.4) 28 (47.5)

AISD 29 (4.5) 26 (4.9) 2 (3.6) 1(1.7)
Injury level

Cervical 499 (76.7) 404 (75.4) 44 (78.6) 51(86.4)

Thoracic 152 (23.3) 132 (24.6) 12 (21.4) 8 (13.6)
LEMS at 52 weeks 12.9 (194) 11.3 (18.6) 12.2 (19.5) 26.6 (20.3)
Change in LEMS motor score (4-52 weeks) 6.0 (10.7) 5.4 (10.4) 6.3 (11.1) 10.9 (11.4)
Light touch score at 52 weeks 58.1(32.7) 56.3 (32.1) 56.2 (31.4) 75.3 (34.3)
Change in light touch score (4-52 weeks) 7.5(17.7) 7.6 (17.8) 7.9 (16.1) 6.7 (18.2)
Pinprick score at 52 weeks 51.2 (31.6) 49.2 (30.7) 51.3 (31.6) 68.7 (34.4)
Change in pinprick score (452 weeks) 7.2 (16.9) 6.5 (16.2) 8.1 (16.5) 12.2 (21.9)
Albumin levels at 4 weeks [g/dL] 3.5(0.5) 3.5(0.5) 3.5(0.4) 3.7(0.4)
Albumin levels at 52 weeks [g/dL] 4.2 (0.4) 4.2 (0.4) 4.3 (0.3) 4.3 (0.4)
Alkaline phosphatase levels at 4 weeks [U/L] 146.9 (80.9) 151.0 (83.6) 138.5 (71.3) 116.9 (54.1)
Alkaline phosphatase levels at 52 weeks, [U/L] 122.8 (74.1) 126.7 (79.9) 117.2 (44.4) 97.8 (34.6)
Total bilirubin levels at 4 weeks [mg/dL] 0.5 (0.3) 0.5 (0.3) 0.5(0.2) 0.5(0.2)
Total bilirubin levels at 52 weeks [mg/dL] 0.6 (0.9) 0.6 (1.0) 0.6 (0.3) 0.6 (0.4)
Aspartate aminotransferase levels at 4 weeks [U/L] 37.1 (26.5) 38.0 27.7) 37.3 (22.1) 28.0 (15.6)
Aspartate aminotransferase levels at 52 weeks [U/L] 22.6 (11.1) 22.6 (11.5) 22.1 (9.8) 22.4 (9.0)
Alanine aminotransferase levels at 4 weeks [U/L] 74.8 (76.4) 77.5 (80.8) 70.1 (49.9) 54.7 (47.8)
Alanine aminotransferase levels at 52 weeks [U/L] 27.4 (24.7) 27.7 (25.4) 27.4 (24.9) 25.3(17.8)
Creatinine levels at 4 weeks [mg/dL] 0.8 (0.3) 0.8 (0.3) 0.8 (0.3) 0.8 (0.3)
Creatinine levels at 52 weeks [mg/dL] 0.9 (0.3) 0.8 (0.3) 0.8 (0.2) 0.9 (0.2)
Urea nitrogen levels at 4 weeks [mg/dL] 14.7 (8.2) 14.9 (8.4) 13.8 (8.9) 13.6 (4.3)
Urea nitrogen levels at 52 weeks [mg/dL] 12.8 (7.1) 13.0 (7.7) 11.9 (4.1) 12.2 (4.1)
Inorganic phosphorus levels at 4 weeks [mg/dL] 4.5(0.9) 4.5 (0.9) 4.6 (0.8) 4.6 (0.7)
Inorganic phosphorus levels at 52 weeks [mg/dL] 3.9 (1.3) 4.0 (1.5) 3.8(04) 3.7(04)

Continuous variables presented as mean (standard deviation); categorical variables presented as count (percentage)

Baclofen and Marked Recovery

There was no detrimental effect of baclofen exposure on
marked recovery. In fact, high-dose baclofen was associated
with a significantly higher rate of marked recovery in individ-
uals with AIS A and C/D grades (Table 2, Fig. 2). The higher
rates of recovery persisted after adjustment for age, sex, injury
level, baseline LEMS, baseline AIS grade, and GM-1 admin-
istration. Thus, baclofen was not only safe with respect to
neurologic recovery, but in higher doses was associated with
improved neurological outcomes.

Baclofen and Sensory Outcomes: Pinprick

Table 3 shows the relationship between cumulative baclofen
exposure during the first month following injury and pinprick
scores. Cumulative baclofen exposure was generally not sig-
nificantly associated with: pinprick sensory scores at 4 weeks
or 52 weeks or the change in pinprick sensory scores from
4 weeks until 52 weeks. The only exception was in

sensorimotor complete injuries (AIS-A), where there was a
weak positive correlation between cumulative baclofen expo-
sure and pinprick scores.

Baclofen and Sensory Outcomes: Light Touch

Table 3 shows the relationship between cumulative baclofen
exposure during the first month following injury and light
touch scores. Cumulative baclofen exposure was generally
not significantly associated with light tough sensory scores
at 4 weeks or 52 weeks or the change in light tough sensory
scores from 4 weeks until 52 weeks. The only exception was
in sensorimotor complete injuries (AIS-A), where there was a
weak positive correlation between cumulative baclofen expo-
sure and light tough scores.

Baclofen and Motor Outcomes

Table 3 shows the relationship between cumulative baclofen
exposure during the first month following injury and lower

@ Springer



862

J. ). Cragg et al.

Table 2

Hazard ratios for marked recovery (stratified by injury completeness)

Baclofen cumulative dose Crude HR [95% CI]

Adjusted HR-1 [95% CI]

Adjusted HR-2 [95% CI]

Adjusted HR-3 [95% CI]

Overall (all AIS grades combined) (n=651) (n=651) (n=630) (n=651)
None Reference Reference Reference Reference
Low 1.1[0.7, 1.8] 0.9 [0.6, 1.5] 0.7 [0.4,1.2] 0.9 [0.6, 1.5]
High 34 [24,48] 2.1/[15,3.0] 2.1[1.4,3.0] 2.1/[1.5,3.0]

Crude HR [95% CI] Adjusted HR-4 [95% CI] Adjusted HR-5 [95% CI] Adjusted HR-6 [95% CI]

AIS A (n=412) (n=412) (n=402) (n=412)
None Reference Reference Reference Reference
Low 0410.1, 1.8] 0.410.1, 1.8] 0.410.1, 1.8] 04 10.1, 1.8]
High 4.8[2.5,92] 4.6 [2.4,89] 45[22,92] 4.7 [2.5,9.1]

AIS B n=171) n=171) (n=71) n=71)
None Reference Reference Reference Reference
Low 0.3[0.03, 1.9] 0.2 [0.03, 1.8] 0.3 [0.03, 1.9] 0.2 [0.03, 1.8]
High 1.8 0.7, 4.6] 1.9 0.7, 5.0] 1.8 0.7, 4.6] 1.6 [0.6, 4.4]

AIS C/D (n=168) (n=168) (n=157) (n=168)
None Reference Reference Reference Reference
Low 1.3[0.8,2.2] 1.3[0.8,2.2] 1.0 [0.5, 1.8] 1.30.8,2.2]
High 1.5[1.0,2.4] 1.6 [1.01,2.5] 1.9/[1.2,29] 1.5[1.0,2.4]

High dose = cumulative exposure of > 220 mg within 30 days post injury; low dose = cumulative exposure of < 220 mg within 30 days post injury. HR-1
adjusted for age, sex, injury level, baseline AIS grade; HR-2 adjusted for baseline lower extremity motor score, baseline AIS grade; HR-3 adjusted for
GM-1 administration, baseline AIS grade; HR-4 adjusted for age, sex, injury level; HR-5 adjusted for baseline lower extremity motor score; HR-6
adjusted for GM-1 administration. AIS = American Spinal Injury Association (ASIA) Impairment Scale; significant values (P < 0.05) are italicized.
Square brackets indicate 95% confidence intervals; round brackets indicate sample sizes; sample sizes vary slightly for adjusted hazard ratio due to

missing data for lower extremity motor score

extremity motor scores. Cumulative baclofen exposure was
generally not significantly associated with lower extremity
motor scores at 4 weeks or 52 weeks or the change in lower
extremity motor score from 4 weeks until 52 weeks. The only
exception was in sensorimotor complete injuries (AIS-A),
where there was a weak positive correlation between cumula-
tive baclofen exposure and motor outcome.

Baclofen and Liver/Renal Enzymes

Cumulative baclofen exposure was not significantly associat-
ed with increased odds of detrimental liver and renal outcomes
at 4 or 52 weeks post injury (Fig. 3).

Missing Data

The demographics of those included in Sygen but excluded
from our cohort did not significantly differ in age (33 years),
sex (84% male), or injury level (70% were injured at the cer-
vical level; P> 0.05).

Other Anti-spasticity Medications

Among the cohort, other medications indicated for spasticity

within the first 30 days post injury included the following:
diazepam, methobarbamol, belladonna alkaloids/opium,
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carbamazepine, carisoprodol, chlorzoxazone, clonazepam,
clonoidine, cyclobenzaprine, desipramine, atropine and
diphenoxylate, gabapentin, glycopyrrolate, ibuprofen,
ketorolac, lorazepam, methocarbamol, acetaminophen and
methocarbamol, midazolam, and oxybutynin. Cumulative ex-
posure (over the first 30 days) to these medications indicated
for muscle spasms, but excluding baclofen, was not associated
with marked recovery (crude HR 1.12 [0.58, 1.36]; P> 0.05).

Discussion

In a large sample of individuals with acute spinal cord injury,
we found no evidence that baclofen limits neurologic recovery
during the transition from acute to chronic injury. Based on
these observations, we provide level 3 evidence that the ad-
ministration of baclofen within the first month post injury at
therapeutic doses for the management of spasticity and invol-
untary muscle spasms is safe. Our findings also demonstrate
no adverse effects on liver or kidney function. From this
knowledge, informed medical decisions can be made regard-
ing acute spinal cord injury care.

In the absence of acute interventions to enhance neuro-
logic recovery, it is imperative to understand the degree to
which pharmacological management of complications aris-
ing from damaging the spinal cord (e.g., spasticity) has
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long-term effects. Prior studies have demonstrated mixed
results with respect to the use of anti-spasticity agents on
motor and functional outcomes after spinal cord injury
[28]. Three small studies (n =27, n=18, n=12) found that
baclofen produced minor functional improvements in indi-
viduals with chronic (> 1 year) spinal cord injury [29-31].
The benefits of baclofen were presumably related to the
relief of severe involuntary muscle spasms, which facilitat-
ed better performance of activities of daily living. A more
recent study of individuals with acute and chronic injuries
(n=1259, 2-275 days post injury) reported that anti-
spasticity medications (including baclofen) had no effect
on muscle strength between admission and discharge [32].
Limitations of this previous study are that anti-spasticity
medications were grouped together and timing (or dosing)
of administration was not considered.

The strength of our study is that detailed baclofen admin-
istration information, including timing and dose, was incorpo-
rated into the analysis. We focused specifically on baclofen
administered in the first 30 days post injury, which was done
to determine the effect of exposure during the “window of
opportunity” for neurologic repair and recovery. Indicating
drug safety, none of the neurological outcomes, nor observa-
tions from the analysis of hematological data (i.e., secondary
safety outcome), indicated a detrimental effect.

In startling contrast, baclofen exposure was consistently as-
sociated with improved neurological outcomes. This was ob-
served as a significant effect in individuals with AIS A and C/
D injuries (note that AIS B showed a similar trend), and inde-
pendent of level of injury (cervical/thoracic). There are a num-
ber of potential explanations for a beneficial effect. First, bac-
lofen could be relieving involuntary flexor and extensor
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Table 3 Correlation between

cumulative baclofen exposure Measure Outcome N Correlation coefficient [95% CI] P value
and sensorimotor outcomes

AIS A

Pinprick score 4 weeks 393 0.15/0.05, 0.25] 0.002
52 weeks 365  0.16 [0.059, 0.26] 0.002
Change from 4 weeks to 52 weeks 353 0.05 [-0.05, 0.15] 0.35

Light touch score 4 weeks 393 0.13/0.04,0.23] 0.008
52 weeks 366 0.11 [0.008, 0.21] 0.03
Change from 4 weeks to 52 weeks 354 0.004 [—0.0996, 0.11] 0.93

LEMS 4 weeks 388  0.4/0.31,0.48] <0.001
52 weeks 360  0.24 [0.14, 0.34] <0.001
Change from 4 weeks to 52 weeks 346 0.11 [0.005, 0.21] 0.04

AISB

Pinprick score 4 weeks 65 —0.11 [-0.34, 0.13] 0.37
52 weeks 59 0.048 [-0.21, 0.30] 0.71
Change from 4 weeks to 52 weeks 57 0.2 [-0.055, 0.44] 0.12

Light touch score 4 weeks 65 -0.12[-0.35,0.13] 0.34
52 weeks 59 0.083 [-0.17, 0.33] 0.53
Change from 4 weeks to 52 weeks 57 0.21 [-0.04, 0.45] 0.10

LEMS 4 weeks 63 0.18 [-0.07, 0.41] 0.15
52 weeks 57 0.20 [-0.05, 0.44] 0.12
Change from 4 weeks to 52 weeks 53 0.10[-0.17, 0.36] 045

AIS C/D

Pinprick score 4 weeks 157 —0.044 [-0.20, 0.11] 0.58
52 weeks 142 —-0.055[-0.22,0.11] 0.51
Change from 4 weeks to 52 weeks 136 0.024 [-0.14, 0.19] 0.78

Light touch score 4 weeks 157 0.06 [-0.093, 0.22] 0.42
52 weeks 142 -0.028 [-0.19, 0.14] 0.74
Change from 4 weeks to 52 weeks 136 —0.09 [-0.25, 0.078] 0.29

LEMS 4 weeks 149 0.001 [-0.16, 0.16] 0.99
52 weeks 138 —0.008 [-0.17, 0.16] 0.92
Change from 4 weeks to 52 weeks 124 —0.0072 [-0.18, 0.17] 0.94

Significant values (P < 0.05) are italicized

LEMS = lower extremity motor score, AIS = American Spinal Injury Association (ASIA) Impairment Scale

muscle spasms, which facilitate the recovery of muscle
strength. This, however, does not explain improvements in
pinprick and light touch scores, which were necessary for
marked recovery to occur in individuals with AIS A.

Second, the 1-month cumulative dosage of baclofen could
indicate a subgroup of sensorimotor complete individuals with
“spastic paralysis” early after injury. By this, acute baclofen
administration may have no causal effect on recovery, but rath-
er is a marker for more incomplete injury among individuals
with AIS A injuries. This, in turn, may have led to greater
neurological recovery. In such a case, greater recovery associ-
ated with the administration of baclofen is a type of indication
bias [33]. However, we found that other medications indicated
for spasticity were not associated with neurological outcomes,
which provides more support for baclofen (vs spasticity itself)
as the causal factor. Nevertheless, recognizing early spasticity

@ Springer

could serve to improve prognosis of a cohort of patients (i.e.,
AIS A) in which current prediction is extremely difficult.

Finally, baclofen could also pharmacologically modify
central nervous system activity underlying spinal cord injury
repair. GABA-B receptors play an integral role in the neuro-
protection and preservation of white matter during anoxic in-
jury by decreasing glutaminergic activity and reducing synap-
tic hyperactivity [34, 35]. Baclofen has also been suggested to
improve myelination in peripheral nerves [36-39]. This is
purportedly mediated through an interaction with GABA-B
receptors on glial cells and supported by evidence that
GABA-B-deficient mice exhibit morphological and molecular
changes in peripheral myelin [36-39]. Further basic science
research is needed to address the biological plausibility (i.e., a
pillar of causality) of enhancing neurologic recovery after spi-
nal cord injury by manipulating GABA-B function.
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Our study also highlights a potential application of con-
comitant medication files in drug safety studies. Most moni-
tored clinical trials track concomitant medications, generally
due to safety concerns of drug interactions. Despite advances
in methodology for summarizing concomitant medication in-
formation [40], these data are largely ignored. However, as we
have shown, concomitant medication files can provide impor-
tant exposure data for drugs other than the study drug of
interest.

Spinal cord injury is a unique condition in which a consid-
erable number of concomitant medications are likely to be
administered during an acute clinical trial. These include car-
diovascular medications and antibiotics, as well as a variety of
anticonvulsants, antidepressants, and anxiolytics. For medica-
tions that interact in the central nervous system or systems
associated with neurological recovery (e.g., cardiovascular),
there is an urgent need to establish drug safety and inform
acute care management practices. The potential for some of
these medications (e.g., gabapentinoids) to enhance neurolog-
ical recovery has also recently been examined [41, 42].

The primary limitation of the proposed study is that the
Sygen data represents a historical clinical trial, first initiated
in the 1992 and completed in 1997. Sygen data has been used
in previous studies to describe the longitudinal progression of
spinal cord injury, and these recovery profiles (in both the
placebo group and the treatment group) are similar to those
from more contemporary data sources [19]. However, some
acute management practices have changed since this trial con-
cluded. Most notable is the discontinuation of methylprednis-
olone as a standard of care. Since methylprednisolone was
administered to all subjects in Sygen, we could not account
for differential exposure between high, low, and no baclofen
groups. Recent and comprehensive analysis of methylprednis-
olone, however, indicates no effects on neurologic outcomes

Odds Ratio (95% CI)

[43]. Moreover, methylprednisolone would only be a con-
found if also associated with baclofen exposure/spasticity,
for which there is no evidence. Interestingly, clinical practice
guidelines for spasticity management with baclofen have not
changed since Sygen [44—47]. A recent study in acute spinal
cord injury found a similar likelihood of anti-spasmodic ad-
ministration in the first month post injury [48], with oral bac-
lofen the most commonly administered [48]. Thus, we are
confident our results generalize to the wider (and contempo-
rary) spinal cord injury population. In addition, Sygen repre-
sents the largest acute trial in the field of spinal cord injury to
date [13], further adding to the generalizability of our study.
Another common limitation of observational study design is
confounding and misclassification of exposures and out-
comes. We attempted to account for confounding in our mul-
tivariable analysis, and our medication exposures were cap-
tured in-hospital by study investigators (and according to
FDA guidelines), adding to the validity of drug records.
Also, as the data were collected as part of a clinical trial, the
issue of missing data is reduced in comparison with other
observational studies within spinal cord injury where subject
drop-out is more common [19]. Although lacking randomiza-
tion, previous research has found that the results of well-
designed observational studies (i.e., a detailed assessment of
confounding) provide similar results as clinical trials [49-52].
Thus, the outcome of our analysis should be taken as a valid
indication of baclofen safety.

Conclusions
This analysis provides evidence on the safety of baclofen in

the early days after acute traumatic spinal cord injury with the
recommended doses for symptomatic muscle spasms. In

@ Springer
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addition to standard safety endpoints, neurological outcomes
should also be considered a unique aspect of drug safety pro-
files for commonly used centrally acting medications. This
study also highlights the use of concomitant medication files
(from completed clinical trials) and incorporating patient con-
cerns in drug safety studies.
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