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Abstract
Introduction  Riluzole, a benzothiazole sodium channel blocker is acknowledged as a neuroprotective agent in spinal cord 
injury (SCI). Most of this evidence is based on pre-clinical studies and its effectiveness in clinical setting is undetermined, 
heretofore.
Methods  A prospective, randomised-controlled study was conducted between April 2019 and March 2020 at a tertiary-level 
centre. Patients aged 18–65 years with sub-axial cervical spine injury, who presented within 72 h of injury with incomplete 
neuro-deficit, were included. They were randomised into groups A (riluzole was administered) and B (no adjuvants). All 
patients were followed up at 6 weeks/3/6/12 months, and clinical [ASIA motor/sensory scores/grade, SCIM3, and NRS 
(neuropathic pain)] and radiological evaluation was performed.
Results  Twenty-three and 20 patients were included in groups A and B. Two in group A were females, while others were 
males (p = 0.49). Mean age in groups A and B was 47.7 ± 14.8 and 51.2 ± 14.1 years (p = 0.44). Five patients died prior to 
6th-week follow-up. Among the others, there was significant improvement in all neurological parameters in both groups 
(post-injury vs 1-year; motor score: p < 0.001, sensory score: p < 0.001, SCIM3: p < 0.001, NRS: p < 0.001). In both groups, 
initial significant improvement was noticed even at the 6th-week follow-up, which further continued until the end of 1 year. 
There was no statistically significant difference between groups A and B with respect to these neurological parameters (motor: 
p = 0.15, sensory: p = 0.39, SCIM3: p = 0.68, NRS: p = 0.06).
Conclusion  Administration of riluzole did not significantly improve neurological outcome/neuropathic pain in our cohort. 
Nevertheless, both our groups demonstrated an overall improvement in neurological outcome at 1 year, as compared with 
immediate post-injury status.

Keywords  Traumatic cervical spine injury · Riluzole · Neurological deficit · Neurological outcome · Benzothiazole 
molecule

Introduction

Over the past decade, in the context of acute spinal cord 
injury (SCI) management, the phrase “time is spine” has 
been gaining immense popularity [1]. In other words, with 
the background of the far-reaching and devastating after-
maths of traumatic SCIs; the significance of prompt inter-
ventions during the “early hours” in mitigating the eventual 
neurological impairments has been increasingly acknowl-
edged [1–4]. In this context, the administration of supple-
mental neuro-protective drugs to curtail the secondary injury 
cascade has been gradually gaining importance [3–6].
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Riluzole is a benzothiazole molecule, which inhibits the 
voltage-gated sodium channels, and thereby prevents gluta-
mate release and mitigates cellular excito-toxicity [5, 7]. It 
is a US Food and Drug Administration (US-FDA)-approved 
drug for amyotrophic lateral sclerosis (ALS), and has also 
been demonstrated to have beneficial roles in Parkinson’s 
disease, Huntington’s disease, Alzheimer’s disease and other 
conditions presenting with spasticity [8–11]. Its role in ame-
liorating the outcome in patients with cervical myelopathy 
has also been discussed in a recent large, multi-centered 
clinical trial [12].

Considering these neuro-protective benefits, there has 
been a rising interest in evaluating its role in traumatic SCI 
situations [1, 5, 7, 12, 13]. Certain recent studies (mostly 
animal-based) have already shown sufficient support to its 
usefulness in such patients [1, 5, 7, 14, 15]. Nevertheless, 
its true benefits, ideal timing or dosage of administration 
and complications are still largely unknown [12–14]. The 
current study was thus planned to evaluate the implications 
and benefits of administering riluzole in patients present-
ing with acute cervical spine injury (CSI) with incomplete 
neurological deficit.

Materials and Methods

A prospective, randomised-controlled study was conducted 
between April 2018 and March 2019 at a single tertiary-level 
spine centre, after obtaining approval from our Institutional 
Review Board (IRB: Application No. 2019/03/01). Patients 
with cervical spine injury, who presented to our Emergency 
Department (ED) with incomplete neurological deficit, were 
considered for the study. All patients were initially man-
aged in accordance with Advanced Trauma Life Support 
(ATLS) protocol and their cervical spines were appropri-
ately immobilised. Detailed elicitation of clinical history 
and clinical assessment (including complete neurological 
evaluation) were carried out. After appropriate resuscitation, 
patients underwent routine blood investigations (complete 
blood counts, renal and liver function tests, blood group-
ing), and plain cervical radiographs (antero-posterior and 
lateral views—with adequate exposure to cervico-thoracic 
junction). In patients with evidence of or high suspicion for 
cervical injuries, advanced imaging including computed 
tomography (CT) and magnetic resonance imaging (MRI) 
were obtained.

Only patients aged between 18 and 65 years, who pre-
sented within 72 h of injury, involving sub-axial levels 
of injury (C3 to C7 levels) and incomplete neurological 
deficiencies (ISNCSCI grades B, C, D) were included. 
Patients who did not consent to participate, those with pen-
etrating or open injuries, those with significant associated 
[head (GCS < 14), chest or abdominal injuries] injuries or 

poly-trauma, pre-existing renal or liver disease and pregnant 
women were excluded.

The included patients were randomised into two groups: 
groups A (in whom riluzole was administered) and B (in 
whom riluzole was not additionally administered). All 
patients in group A received a loading dose of riluzole 
(100 mg twice daily) within 72 h of injury (which was within 
1 h of presenting to our Emergency Department). This was 
followed by a maintenance dose of 50 mg twice daily for the 
next 13 days. Patients in control group did not receive any 
additional medical therapy. The decisions regarding patient 
management in both the groups [conservative or surgical 
(anterior versus posterior approaches) intervention] were 
made by one of the senior consultants (SR, APS, RMK), 
based on the imaging findings, injury pattern and patient’s 
health status (after detailed discussions with patients 
and their families). Based on the standard practice at our 
Institution, all patients (in both groups) underwent surgi-
cal management within 12–24 h of presentation or at the 
earliest opportunity after they were deemed surgically and 
anaesthetically fit, after due consideration for all relevant, 
additional factors such as general systemic condition of the 
patient, age, associated comorbidities, nature of associated 
injuries, surgical procedure planned (anterior versus pos-
terior or combined approaches), and the time of the day at 
presentation (late hours of the night versus morning hours, 
etc.). The patients were managed in an Intensive Care/high 
dependency Unit (ICU/HDU) during the initial days of 
admission, peri-operatively or until completely weaned off 
any respiratory support. Based on their general condition 
and neurological status, standardised post-operative reha-
bilitative regimens were followed. Patients, who required 
prolonged ventilator supports, were tracheostomised on 3rd 
to 5th post-operative days. All relevant details including the 
duration of hospital stay, adverse events and complications 
during their stay and in the initial 30 days following dis-
charge, need for additional interventions and neurological 
status were documented.

The patients were followed up at 6 weeks, 3 months, 
6 months, 1 year and 2 years’ intervals following their dis-
charge. At each post-operative visit, detailed elicitation of 
clinical history (including complications), thorough clini-
cal examination (including neurological evaluation), and 
radiological assessment (status of fracture healing, implant 
position or related complications) with plain radiographs 
were carried out. The neurological evaluation (performed 
pre-operatively and at each follow-up visit) consisted of 
assessment of American Spinal Injury Assessment (ASIA) 
motor, sensory scores and grades, spinal cord independ-
ence measure (SCIM3), and numerical rating scale (NRS) 
for neuropathic pain. In patients with any evidence of 
implant loosening or failure of fracture healing, additional 
advanced imaging (CT or MRI) were considered. A detailed 
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comparison and analysis of the general outcome and these 
aforementioned neurological measures between the pre- and 
post-operative periods was performed (for both groups A 
and B). In accordance with our Institutional protocol, all 
patients were transferred to a physiotherapy/rehabilitation 
unit after discharge, if deemed medically fit. Those who are 
not medically fit, are initially transferred to the care of a 
step-down medical unit or discharged home with the nec-
essary medical care, and then considered for rehabilitative 
services later.

Statistical Analysis

Chi-square and t-tests were used for analysing qualitative 
and quantitative variables, respectively. The data analysis 
was performed using SPSSV-27 (IBM Solutions, New York, 
United States) software. P value < 0.05 was considered as 
significant.

Results

Overall, there were 23 and 20 patients included in the 
groups A and B, respectively. Two patients in group A were 
females, while the remaining were male patients (p = 0.49). 
The mean age of patients in groups A and B was 47.7 ± 14.8 
and 51.2 ± 14.1 years, respectively (p = 0.44). Six and three 
patients, respectively, in groups A and B, were smokers (no 
statistical difference between groups A and B; p = 0.47). In 
the group A, six patients were known diabetics, four were 
hypertensives, and one each had chronic obstructive pul-
monary disease (COPD) and ankylosing spondylitis (AS), 
respectively. In group B, five were known diabetics, and one 
each had AS, chronic renal disease (CRD), ischaemic heart 
disease (IHD), hypertension and diffuse idiopathic skeletal 
hyperostosis (DISH). There was no statistically insignificant 

difference in the distribution of medical comorbidities 
between the groups (p = 0.93).

In group A, the mechanisms of injury were road traffic 
accident (RTA), fall from height and assault by an animal in 
12, 10 and 1 patients, respectively. In group B, the mecha-
nisms included road traffic accident (RTA), fall from height 
and assault by an animal in 9, 8 and 3 patients, respectively. 
Twelve and 9 patients in groups A and B, respectively, had 
other major associated skeletal or visceral injuries, respec-
tively (p = 0.58). In group A, 17, 2 and 4 patients had single, 
two and three-level injuries, respectively. In group B, 16, 1 
and 3 patients sustained single, two and three-level injuries, 
respectively (p = 0.72). Among the patients with single-level 
injuries in group A, 7, 3, 4 and 3 patients had C3-4, C4-5, 
C5-6 and C6-7 involvement, respectively. Among the group 
B patients with single-level involvement, 4, 9 and 3 patients 
had C4-5, C5-6 and C6-7 involvement, respectively. There 
was a statistically higher incidence of proximal level inju-
ries (especially C3-4) in group A, as compared with group 
B (p = 0.02). There was no statistically significant differ-
ence in the post-injury neurological status between the two 
groups [motor (ASIA) score: p = 0.38, sensory (ASIA) 
score: p = 0.80, SCIM score: p = 0.60, ASIA grade: p = 0.12, 
numerical pain rating scale (NPRS): p = 0.38] (Tables 1, 2, 
3).

In both groups A and B, 19 patients were surgically man-
aged. Among the surgically managed patients in group A, 13 

Table 1   Neurological 
parameters in groups A and B 
at admission and each follow-up 
visit (6 weeks, 3 months, 
6 months and 1 year)

At admission 6 weeks 3 months 6 months 1 year

Motor score
 Group A 43.0 ± 24.4 58.9 ± 22.8 68.7 ± 20.9 79.7 ± 19.1 91.2 ± 8.7
 Group B 36.1 ± 26.5 51.8 ± 23.3 67.2 ± 20.6 76.0 ± 18.9 85.1 ± 14.2

p 0.38 0.36 0.83 0.57 0.15
Sensory score
 Group A 137.0 ± 48.8 160.3 ± 41.5 183.2 ± 33.1 198.8 ± 28.1 208.8 ± 11.2
 Group B 133.7 ± 33.9 149.5 ± 34.1 168.6 ± 32.9 188.9 ± 29.0 202.4 ± 28.2

p 0.80 0.41 0.21 0.32 0.39
Spinal cord independence measure (SCIM) version III
 Group A 11.8 ± 6.9 41.7 ± 20.7 60.4 ± 23.0 77.3 ± 21.9 90.6 ± 8.7
 Group B 12.9 ± 6.9 38.8 ± 13.9 60.4 ± 18.9 77.8 ± 19.9 88.5 ± 18.8

p 0.60 0.63 0.99 0.95 0.68

Table 2   Neuropathic pain severity of patients in groups A and B at 
admission and each follow-up visit (6 weeks, 3 months, 6 months and 
1 year)

Numerical pain rating scale (NPRS)

Group A 8.5 ± 1.54 5.4 ± 1.54 3.4 ± 1.95 1.8 ± 1.54 0.6 ± 0.70
Group B 8.9 ± 1.17 5.0 ± 1.41 3.3 ± 1.73 2.2 ± 0.98 1.13 ± 0.28
p 0.38 0.45 0.76 0.43 0.06
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underwent anterior surgery, 5 posterior-only surgeries, and 
1 underwent combined antero-posterior surgery (Figs. 1 and 
2). The distribution of surgical intervention in group B too 
was similar (12, 5 and 2 anterior, posterior-only and com-
bined antero-posterior surgeries, respectively) (p = 0.99). 
The mean time interval between injury and administration 
of riluzole in group A patients was 41.6 ± 26.4 h (5, 12, and 
6 patients had riluzole administered within 24 h, between 24 

and 48 h, and between 48 and 72 h, respectively). In group 
A, the mean time interval between the injury and surgery 
was 72.6 ± 70.3; while in group B, the mean interval between 
the injury and surgical interval was 49.1 ± 23.5. In group 
A, three patients underwent surgery within 24 h following 
injury, 16 patients between 24 and 48 h, and the remain-
ing underwent surgery beyond 48 h of injury. On the other 
hand, in group B, 2, 13 and 5 underwent surgery within 24 h, 

Table 3   American Spinal Injury 
Association (ASIA) Grades in 
patients in groups A and B at 
admission and each follow-up 
visit (6 weeks, 3 months, 
6 months and 1 year)

ASIA grades A B C D E p

At admission Group A 0 4 10 9 0 0.12
Group B 0 9 7 4 0

6 weeks Group A 0 2 4 15 0 0.05
Group B 0 3 7 7 0

3 months Group A 0 1 3 16 1 0.34
Group B 0 1 5 11 0

6 months Group A 0 1 1 14 5 0.73
Group B 0 0 1 14 2

1 year Group A 0 0 0 16 5 0.66
Group B 0 0 1 13 3

Fig. 1   Box-plot representation for the neurological assessment parameters at different time points (sensory and motor components of ASIA 
score, SCIM and NPRS)
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between 24 and 48 h and beyond 48 h of injury, respectively. 
These differences were not statistically significant (p = 0.17, 
0.25). The mean number of days of hospitalisation in groups 
A and B were 8.6 ± 3.8 and 14.8 ± 24.7 days, respectively 
(p = 0.29). Three patients in group A and four in group B 
required undergoing tracheostomy and needed prolonged 
ventilator support. Overall, three patients in each group had 
an early, major complication (group A: one wound infection, 
one dural tear with early CSF leak, one atrial fibrillation; 
group B: one each with aspiration, respiratory distress and 
hematoma) (p = 0.50). There were no riluzole-related com-
plications in any of our patients.

Long‑Term Outcome in Groups A and B

In group A, two patients died during the follow-up period. 
The cause of death in both the patients was acute respiratory 
distress (at home during the 3rd and 4th weeks post-injury, 
respectively), possibly secondary to aspiration. Among the 
patients in group B, three died during the follow-up [one due 

to acute respiratory distress during the 2nd post-operative 
week, one following sepsis due to urinary infection (dur-
ing 4th post-operative week) and another due to pneumonia 
(during the 6th week)]. The neurological recovery and neu-
ropathic pain severity were assessed and statistically ana-
lysed only for the remaining patients during the follow-up 
(21 and 17 patients in groups A and B, respectively).

Neurological Status

A detailed evaluation of the neurological status of all 
patients was carried out at each visit. Overall, there was a 
significant neurological improvement in patients belonging 
to both groups, with regard to all the individual components 
considered.

Motor Score

In group A, the motor (ASIA) score improved from 
47.5 ± 24.8 (immediate post-injury) to 58.9 ± 22.8 

Fig. 2   Bar diagrams showing the distribution of ASIA grades of patients at different time points
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(6 weeks; p = 0.001), 79.7 ± 19.1 (6 months; p < 0.001) 
and 91.2 ± 8.7 (1 year; p < 0.001). In group B, the motor 
score (ASIA) improved from 40.3 ± 26.2 (immediate post-
injury) to 51.8 ± 23.3 (6 weeks; p < 0.001), 76.0 ± 18.9 
(6 months; p < 0.001) and 85.1 ± 14.2 (1 year; p < 0.001).

Sensory Score

In group A, the sensory (ASIA) score improved from 
149.2 ± 44.4 (immediate post-injury) to 160.3 ± 41.5 
(6 weeks; p = 0.001), 183.2 ± 33.1 (3 months; p < 0.001), 
198.8 ± 28.1 (6  months; p < 0.001) and 208.9 ± 11.2 
(1 year; p < 0.001). In group B, the sensory (ASIA) score 
improved from 135.1 ± 36.9 (immediate post-injury) to 
149.5 ± 34.1 (6 weeks; p = 0.006), 168.6 ± 32.9 (3 months; 
p < 0.001), 188.9 ± 29.1 (6  months; p < 0.001) and 
202.4 ± 28.2 (1 year; p < 0.001).

ASIA Grade

In group A, there was statistically significant improve-
ment in ASIA grades at 6 weeks (p = 0.006), 3 months 
(p = 0.02), 6 months (p = 0.01), as compared to pre-oper-
ative neurological status. At the end of 1 year, although 
there was a trend towards improved ASIA grades in com-
parison with pre-operative status, there was no statisti-
cally significant difference (p = 0.11). In group B, there 
was a statistically significant improvement in ASIA 
grades at 6 weeks (p = 0.003), as compared to pre-oper-
ative neurological status. In group B patients, there was 
a trend towards improvement in ASIA grades at 3, 6 and 
12 months. Nevertheless, there was no statistically signifi-
cant difference (At 3 months: p = 0.18; 6 months: p = 0.05 
and 1 year: p = 0.05).

All the patients in the current patient cohort (in both 
groups A and B), who died during the follow-up, had 
ASIA grade B neurology at presentation. In both groups, 
the eventual neurological improvement at the final follow-
up time point primarily ranged between ASIA grades 1 
and 2 [Group A: ASIA grade B (4 patients) at presenta-
tion—2 mortality, 2 patients with ASIA D (at final fol-
low-up); ASIA grade C (10 patients) at presentation—10 
ASIA D patients (at final follow-up); and ASIA grade D 
(9 patients) at presentation—4 ASIA D and 5 ASIA E (at 
final follow-up); Group B: ASIA grade B (9 patients) at 
presentation—3 mortality, 1 ASIA C and 5 patients with 
ASIA D (at final follow-up); ASIA grade C (7 patients) at 
presentation—7 ASIA D patients (at final follow-up); and 
ASIA grade D (4 patients) at presentation—1 ASIA D and 
3 ASIA E (at final follow-up) (p = 0.36).

SCIM3 Score

Ingroup A, SCIM score improved significantly from 
12.4 ± 7.7 (immediate post-injury) to 41.7 ± 20.7 (6 weeks; 
p < 0.001), 60.4 ± 23.0 (3 months; p < 0.001), 77.3 ± 21.9 
(6 months; p < 0.001) and 90.6 ± 8.7 (1 year: p < 0.001). 
Ingroup B, SCIM score improved significantly from 
14.2 ± 6.7 (immediate post-injury) to 38.8 ± 13.9 (6 weeks; 
p < 0.001), 60.4 ± 18.9 (3 months; p < 0.001), 77.8 ± 19.9 
(6 months; p < 0.001) and 88.5 ± 18.8 (1 year: p < 0.001).

Neuropathic Pain

In group A, NPRS significantly improved from 8.5 ± 1.5 
(immediate post-injury) to 5.4 ± 1.5 (6 weeks; p < 0.001), 
3.4 ± 1.9 (3  months; p < 0.001), 1.8 ± 1.5 (6  months; 
p < 0.001) and 0.60 ± 0.70 (1 year: p < 0.001). In group 
B, NPRS significantly improved from 8.9 ± 1.2 (immedi-
ate post-injury) to 5.0 ± 1.4 (6 weeks; p < 0.001), 3.3 ± 1.7 
(3 months; p < 0.001), 2.2 ± 0.9 (6 months; p < 0.001) and 
1.250 ± 1.1 (1 year: p < 0.001).

The Effect of Riluzole on Neurological Recovery

Although there was a statistically significant improvement in 
a majority of the neurological parameters in both the groups 
during the course of follow-up, there was no statistically 
significant difference between groups A and B. In other 
words, administration of riluzole did not offer any significant 
additional benefit in our cohort of patients. The comparison 
of analysis between groups A and B have been tabulated 
below (Tables 1, 2 and 3). A sub-group analysis was also 
performed for analysing the relationship between the timing 
of riluzole administration (< 24 h, 24–48 h and > 48 h) and 
neurological recovery; which revealed no significant correla-
tion between recovery and the time of riluzole administra-
tion [motor score (p = 0.44), sensory score (p = 0.21), ASIA 
grade (p = 0.99), SCIM3 score (p = 0.46) and neuropathic 
pain (p = 0.39].

Discussion

Traumatic SCIs are devastating injuries and early surgi-
cal decompression is the best available treatment option to 
ameliorate the overall outcome [16–19]. Although widely 
discussed, there is currently no neuro-protective therapeutic 
agent which has emerged hitherto as the standard of care in 
such patients [7, 20, 21]. Following traumatic SCIs, spinal 
cord undergoes a series of biological processes of responses 
and repair. The general goals of neuro-protective strategies 
include limiting the spinal cord damage and enhancing 
repair at every stage of healing [1, 7, 11, 12, 16, 18, 19, 
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22–25]. This includes modulation of inflammatory reactions, 
modification of microglial responses, mitigation of fibro-
blastic scar formation, stimulation of axonal re-growth and 
providing substrates to bridge the axonal gaps [6, 15, 18–20, 
25, 26]. Therapeutic strategies to enhance SCI repair will, 
therefore, necessitate a series of approaches, each directed 
towards specific phases of reactionary and reparative pro-
cesses [15].

During the early stages of secondary injury cascade, trau-
matic forces in combination with ischaemia lead to disrup-
tion of neuronal membranes and result in continuous activa-
tion of voltage-gated sodium ionic channels. This incessant, 
pathological activation leads to substantial increase in intra-
cellular sodium levels, which in turn causes persistent influx 
of calcium ions through sodium-calcium exchange channels. 
Such large increases in intracellular calcium lead to extra-
cellular releases of toxic amounts of glutamate, which is an 
excitatory neurotransmitter (NT). These reactive processes 
cause progressive ionic imbalance, formation of reactive oxi-
dative molecules, failure of intracellular energy mechanism, 
cytotoxic oedema and severe tissue excito-toxicity, which 
eventually result in regional cellular death [1, 7, 12–14].

Riluzole is a sodium channel blocker, which is currently 
approved by USFDA for the management of ALS [8, 9]. 
In view of its mechanism of action directly targeting the 
sodium channels, which are fundamental to secondary cas-
cade in SCI, it has been increasingly recommended as a 
potential neuroprotective agent [8, 23–25]. Its potential role 
in meliorating neuronal recovery in patients with brachial 
plexus avulsion injuries [27] and cervical root injuries [28] 
have already been reported on the basis of previous animal 
studies. Based on the available pre-clinical evidence, other 
clinical trials are underway to ascertain the role of this drug 
in patients with SCIs. The exact role of riluzole in clini-
cal settings of traumatic SCIs is still largely unclear [1, 7, 
14–16, 22, 26]. The current prospective, randomised study 
was thus planned evaluate the safety and efficacy of riluzole 
in patients undergoing surgical decompression and stabilisa-
tion following acute traumatic SCIs.

In the current study, riluzole was administered orally 
or via nasogastric (NG) tube in patients at a dose previ-
ous recommended in similar studies [1, 7, 11, 12, 14, 15, 
19]. The dosage effective in animal studies was extrapo-
lated to humans, based on the formula, human equivalent 
dose = Animal Dose (mg/kg) * (Animal wt/Human wt in 
kg). Only patients who could be administered the initial dose 
within 72 h of injury were included.

The groups A and B were similar with respect to a major-
ity of baseline clinico-radiological characteristics. We could 
not observe any major riluzole-associated adverse reactions 
in our patients with the current dose of administration. 
Overall, we could observe a significant improvement in the 
neurological status of patients at every stage of follow-up in 

both groups A and B. The motor/sensory assessment, SCIM 
score and ASIA grades significantly improved in a majority 
of patients. Thus, surgical intervention within 72 h post-
injury was a significant determinant of the overall outcome 
in both our groups.

However, when a comparison of the neurological out-
come was made, there was no statistically significant dif-
ference observed between the two groups (A and B). Thus, 
at the current dose of administration, riluzole did not sig-
nificantly alter the course of improvement significantly. 
On a detailed evaluation, nevertheless, we could observe 
that all the individual parameters of neurological evalua-
tion (motor/sensory ASIA scores, SCIM score and ASIA 
grades) were numerically better in the cohort of patients, 
who were administered riluzole (group A). The small sample 
size in our study could have contributed to low statistical 
significance and a larger scale; multi-centered trial can help 
us understand the true benefits of adjuvant riluzole admin-
istration in traumatic SCIs more clearly.

Previous studies have reported reduced tissue cavitation, 
enhanced preservation of white matter and motor neurons, 
improved somatosensory evoked potentials (SSEPs) and 
locomotor functional scores in riluzole-treated animals with 
traumatic SCIs, as compared with control animals [15]. A 
rodent-based study by Wu et al. [22, 25] evaluated the func-
tional, histo-pathological and molecular benefits of riluzole 
in SCI. They could observe that riluzole demonstrated a sub-
stantial penetration across the blood brain barrier (BBB) 
at 15 min after administration, showed a relatively long 
duration of availability (longer t1/2) within the spinal cord 
and plasma, effected a significant reduction in apoptosis 
and inflammation; as well as improved the axonal integrity, 
cytoskeletal structure and functional preservation of neural 
tissues. They reported that a post-injury administration of 
riluzole within 12 h in humans could offer similar benefits. 
In a recent systematic review discussing 16 pre-clinical stud-
ies of traumatic and non-traumatic SCI [29, 30], it was con-
cluded that riluzole significantly improved locomotor scores, 
gait function, and measures of neuropathic pain. Based on 
this evidence, they recommended the need for large-scale 
clinical studies to analyse its impact in SCI situations.

Recently, riluzole has also been trialled as a potential 
agent in the management of cervical spondylomyelopathy 
(CSM). Karadimas et al. [23, 24], based on animal studies, 
reported that administration of riluzole reduced the inci-
dence of ischaemia–reperfusion injuries after decompression 
surgery in CSM. In experimental settings, riluzole has been 
effective in reducing oxidative damage to DNA in ischaemic 
and post-traumatic situations [23]. In a recently-concluded 
multicentre, double-blind, placebo-controlled, randomised, 
phase 3 trial evaluating 290 patients with non-traumatic spi-
nal cord injury (mostly, degenerative cervical myelopathy), 
it was concluded that adjuvant treatment with riluzole (for a 
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duration of 6 weeks peri-operatively) did not improve func-
tional outcome beyond surgical decompression (especially 
in moderate to severe myelopathy) [12]. In this trial, there 
was no statistically significant adverse event associated with 
riluzole administration. Rajasekaran et al. [26] also evalu-
ated the effectiveness of riluzole as pharmacotherapeutic 
agent in early CSM using clinical assessment and diffusion 
tensor imaging (DTI) analysis. They observed no significant 
benefit of the drug as a stand-alone treatment for early CSM.

Apart from neuronal recovery, another potential benefit 
of riluzole in SCIs has been the alleviation of neuropathic 
pain severity. Neuropathic pain is characterised by allodynia 
and hyperalgesia, which may be initially localised to the 
primary zone of injury and later gradually spread to other 
regions that are not directly damaged (secondary hyperalge-
sia). Glutamate N-methyl-d-aspartate (NMDA) receptors are 
located within the dorsal horns of spinal cords, which have 
been identified to be critically involved in the transmission 
of nociceptive stimuli. Riluzole decreases phosphorylation 
of these NR1 and NR2B receptors in spinal dorsal horns, 
which in turn leads to attenuation of glutamate excitotox-
icity, and subsequent decreases the neuronal sensitisation. 
Riluzole also leads to reduced microglial recruitment and 
activation in the dorsal horns, which also contributes to miti-
gation of neuropathic pain [22]. Previous studies by Fehlings 
et al. [7, 12] had suggested a possible role of riluzole in the 
management of severe neuropathic pain related to traumatic 
and non-traumatic SCIs. We also evaluated the neuropathic 
pain in all our patients. Overall, there was a significant 
improvement in the pain severity in both the groups with 
each follow-up. However, similar to the other outcome, we 
did not observe any major additional benefit associated with 
the adjuvant dose of riluzole.

Limitations

A major limitation of the current study was the small sam-
ple size (since this was a pilot study, we conformed to a 
smaller patient sample). The ongoing pandemic situation 
also significantly restricted our ability to recruit patients for 
the study. There was also some attrition of the patient cohort 
during the follow-up, owing to death of some patients. There 
was a significant difference in the distribution of upper level 
injuries (C3-4) between the two groups. This could con-
tribute to imprecise observations on SCIM scores. In view 
of the delayed presentation of patients to the hospitals (as 
usually observed in developing nations), there was a certain 
delay in the administration of riluzole to the SCI patients in 
our series. This delay could have also influenced the over-
all outcome. Since multiple pre-, intra- and post-operative 
(early and late) factors could concomitantly impact the final 
outcome, the individual role of each of these parameters in 
determining the final outcome might not be entirely ruled 

out (although the distribution of many of the parameters 
were similar between groups A and B).

Conclusion

Overall, we could observe a statistically significant improve-
ment in the neurological outcome of our cohort of patients 
with acute traumatic cervical SCI at 2 years’ follow-up time 
point, as compared with immediate post-injury neurologi-
cal status. The administration of adjuvant riluzole therapy 
did not significantly improve the neurological outcome or 
neuropathic pain severity beyond surgical decompression in 
our cohort. Larger scale, prospective, multi-centered studies 
on this issue can help us clearly define the role of riluzole 
in traumatic SCIs.
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