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Abstract

Background Preclinical studies suggest that initiating activity-based therapy (ABT) within days of an acute spinal
cord injury (SCI) best enhances recovery, but may also increase the risk of inducing spinal cord damage. This study
assesses the effects of early ABT initiated within 48 h of spinal surgery (or 3 days of the SCI), while patients are in the
intensive care unit (ICU) for hemodynamic management.

Methods This single-arm proof-of-concept trial included 45 adults with a severe traumatic SCl receiving daily
30-minute sessions of in-bed leg cycling for 14 consecutive days, in comparison to a matched historical control
cohort that did not undergo ABT. Cycling was initiated in the ICU within 48 h of spinal surgery. The main patient
outcome was the recovery of independent walking 6 months post-SCl. Secondary outcomes included the rates of
complications and other neurofunctional assessments.

Results Recovery of independent walking occurred in 31% of PROMPT-SCI participants and 36% of controls (p=0.3).
Neurological recovery was similar between the two cohorts. The PROMPT-SCI cohort had decreased spontaneous
spams (9% vs. 40%, p<1 073) and co-occurrence of pneumonia, pressure injury and urinary tract infection (P/UTI/

PI) (2% vs. 13%, p=0.03). Readiness for rehabilitation transfer was decreased by 7 days in the PROMPT-SCI cohort,
approaching statistical significance (p=0.051). When adjusting for baseline motor score, spontaneous spasms
remained decreased with ABT (p=0.001; odds ratio=0.14 [95%Cl: 0.04-0.45]), and rehabilitation transfer readiness was
shorter (p=0.03; f=-0.22 [95%Cl: -0.41 — -0.04]). However, there was no significant association between concomitant
P/UTI/Pl and ABT (p=0.08; Odds ratio=0.14 [95%Cl: 0.02-1.24]).

Conclusions Early acute ABT did not increase the risk for neurological deterioration when initiated in the ICU for
patients requiring hemodynamic management. It can decrease the early occurrence of spontaneous spasms, and
may potentially reduce the co-occurrence of P/UTI/PI and accelerate rehabilitation transfer readiness.

Trial registration ClinicalTrials.gov identifier NCT04699474 (Registration Date: January 5th 2021).
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Introduction

Preclinical evidence suggests that there is a window of
opportunity extending from a few days to a few weeks
after a SCI during which introducing activity-based
therapy (ABT) is most effective for enhancing neuro-
functional recovery [1]. There is also strong evidence
that early mobilization of patients in the intensive care
unit (ICU) or after spinal surgery improves the course
of care, decreases complications, and accelerates recov-
ery in a wide variety of patient subgroups without SCI
[2, 3]. However, patients with severe SCI remain mostly
bedridden and comparatively immobile throughout acute
care, particularly when they are in the ICU for monitor-
ing and hemodynamic management after spinal surgery.
Immobilization limits neurofunctional recovery after SCI
[4, 5] and increases the risks of complications. Early acute
ABT initiated within the first few days of a severe SCI has
never been attempted clinically. In addition, clinicians
remain fearful that early and aggressive mobilization
after an acute SCI might exacerbate spinal cord dam-
age and impair neurological recovery if started too early
[6], subsequent to an animal study showing that swim-
ming introduced three days post-SCI in rats appeared to
exacerbate spinal microvascular dysfunction while the
blood-spinal cord barrier is disrupted. To address these
gaps, we have designed the PROMT-SCI (Protocol for
Rapid Onset of Mobilization in Patients with Traumatic
SCI) trial, the first ever human trial of early acute ABT
initiated within 48 h of spinal surgery [7-9]. This study
reports the complication rates and long-term neurofunc-
tional recovery of 45 participants of the PROMPT-SCI
trial 6 months following the injury in comparison to a
retrospective matched control cohort.

Methods

Study participants

Forty-five adult patients were recruited from a single
Level 1 trauma center in Montreal, Canada (Hopital
du Sacré-Coeur de Montréal) between April 2021 and
August 2023. To be included in this single-arm proof-of-
concept trial, patients were required to meet the follow-
ing criteria: (1) age 18 years or older; (2) traumatic SCI
with American Spinal Injury Association Impairment
Scale (AIS) grade A, B or C; (3) neurological level of
injury (NLI) between C1 and L1; (4) blunt (non-penetrat-
ing) trauma causing the SCI; and (5) spinal decompres-
sion surgery performed <48 h of the injury. Patients were
excluded if they presented one of the following criteria:
(1) a condition limiting the patient’s ability to engage in
cycling (e.g. pelvis or lower extremity injury or deformity,
body mass index >35 kg/m?, etc.); (2) a medical con-
traindication to cycling as determined by caring teams
(e.g. hemodynamic instability, active myocardial infarc-
tion, etc.); (3) moderate or severe traumatic brain injury;
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(4) complete spinal cord transection confirmed by MRI
and/or during surgery; (5) unwillingness or inability to
comply with follow-up; or (6) pre-existing medical con-
dition impairing walking ability (e.g. prior neurological
disease, lower limb anomaly). All participants provided
informed written consent before enrollment. The study
(#2020-1901) was approved by the local institutional
review board.

Acute care

All participants received the usual standard of acute care
for SCI [10] from a specialized neurotrauma team com-
posed of spine surgeons, acute care physiatrists, intensive
care physicians, specialized nurses, and allied health pro-
fessionals. Early decompressive spinal surgery — within
24-48 h of the SCI - is usually performed to minimize
the secondary injury. After surgery, patients are trans-
ferred to the ICU for monitoring and maintenance of
mean arterial pressure (MAP)>85 mmHg for 7 days,
using vasopressors if needed.

The principles for prevention, diagnosis and manage-
ment of complications are aligned with the guidelines
set by the Consortium for Spinal Cord Medicine Clinical
Practice Guidelines before the time period involved in
this study [10-13]. Specifically for catheter management,
we install a transurethral bladder catheter in the emer-
gency department as soon as a severe SCI is suspected.
After surgery, bladder dysfunction is managed accord-
ing to a systematic trial of void protocol [14]. To prevent
pressure injuries, all patients with severe SCI benefit
from a therapeutic bed, systematic pressure injury risk
assessment and daily skin inspection, and are reposi-
tioned in side-lying position by the caregivers every two
hours while in bed. In addition to the strict monitor-
ing for respiratory failure in the intensive care unit after
surgery for severe SCI, patients are mobilized daily in
a wheelchair or reclining chair whenever it is tolerated,
starting the day after surgery. Also starting the day after
surgery, our routine protocol for physical therapy con-
sists of 15 min sessions 6 times/week of passive mobili-
zation of paralyzed joints for the first 2 weeks, followed
by 30 min sessions 4 times/week focusing on antigrav-
ity strengthening and postural exercises. Occupational
therapy sessions are delivered two days/week or more
as needed. Outside the PROMPT-SCI trial, ABT is not
included in the care standards at our institution nor in
our affiliated rehabilitation facility where patients are
transferred following acute care.

PROMPT-SCl intervention

The early acute ABT protocol consisted of daily 30-min-
ute sessions of continuous in-bed leg cycling for 14 con-
secutive days, starting within 48 h of spinal surgery while
in the ICU, as soon as patients are deemed medically
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stable. Prior to every session, participants were screened
to assess their fitness to engage in cycling (Table 1). The
ergometer used to perform cycling sessions was the
APT-5 ergometer (Tzora Active Systems, Ohio, USA).
Participants pedaled at a cadence of 40 revolutions per
minute to replicate a low-normal step frequency during
walking. Participants achieved this cadence with limited
assistance (active-assisted cycling) or total assistance
(passive cycling). The motor output was titrated accord-
ing to their motor strength to reach the target cadence.
During sessions, heart rate, MAP, respiratory rate and
blood oxygen saturation were closely monitored by a
research assistant — not involved in care or data analy-
sis — who remained at the bedside. Adverse events were
noted and reported to the principal investigator. Sessions
were stopped if participants or the caring team requested
termination, if vital signs fluctuated outside of the follow-
ing ranges in a sustained fashion: MAP: 60-110 mmHg;
HR: 40 -140 bpm; SpO2: 290%, or if there were signs
of medical instability (Table 1). After each session, the
neurological status was assessed in accordance with the
International Standards for the Neurological Classifica-
tion of Spinal Cord Injuries (ISNCSCI).

Table 1 Daily exemption and ceasing criteria
Daily exemption criteria Stopping criteria

In-bed leg cycling should not be delivered if: In-bed leg cycling

should cease if.

Caring team determines that patient is hemo-
dynamically or medically unstable

Resting heart rate <40 or >140 bpm*
Unstable or uncontrolled arrhythmia

Active coronary ischemia

Mean arterial pressure <60 or >110 mm Hg
SpO, <90%

Pressure ulcer at sacrum, buttock or heel area
grade >2*

Severe agitation®

Uncontrolled pain

Caring team considers that in-bed cycling is
not appropriate for a condition other than
above criteria (e.g. active bleeding, incision or
wound precluding cycling, risk of compart-
ment syndrome, etc.)

Patient refuses in-bed cycling

Sustained or symp-
tomatic heart rate
<40 or >140 bpm?®*
New arrhythmia
Concern for coronary
ischemia (e.g. chest
pain, changes on
electrocardiogram)
Sustained or
symptomatic mean
arterial pressure <60
or>110 mm Hg
Unplanned extuba-
tion or endotracheal
tube dislodgment
Sustained SpO, <90%
Clinical signs of car-
diorespiratory distress
Severe agitation®
Termination of in-
bed cycling session
requested by patient
or caring team

*bpm: beats per minute

*According to the pressure injury staging system of the National Pressure Ulcer

Advisory Panel

*With a Richmond Agitation and Sedation Scale >2
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Control cohort

A historical control cohort was retrieved from our local
prospective database of 700+ patients admitted for a
traumatic SCI between August 2010 and March 2021.
These patients received the same acute and rehabilita-
tive care as described previously, but did not receive ABT
during acute care or inpatient rehabilitation phase. All
patients meeting the inclusion criteria of the PROMPT-
SCI trial described above were considered. After apply-
ing the exclusion criteria, a total of 101 potential control
patients remained. They were matched to PROMPT-SCI
trial participants with an allocation ratio of 1:1 based on
the following variables: AIS grade (A vs. B vs. C), NLI
(C1-C4 vs. C5-T1 vs. T2-T8 vs. T9-L1), age, and sex
(male vs. female). Matching without replacement was
used. AIS grade, NLI and sex were hard criteria priori-
tized in the matching process (meaning that a potential
control was required to be an exact match on these cri-
teria to be considered as a match candidate). An optimal
matching technique based on nearest-neighbor logic (i.e.
potential control with age at injury closest to trial partici-
pant chosen as matched control) was used to minimize
the total absolute distance across all pairs in the dataset
for age.

Patient outcomes

Neurofunctional recovery was assessed at follow-up
between 6 and 12 months following the trauma. The pri-
mary patient outcome consisted of the recovery of inde-
pendent walking ability assessed from Item 12 (Mobility
indoors) of the 3rd version of the Spinal Cord Indepen-
dence Measure (SCIM), and was defined by a score 4 or
higher [15]. The SCIM assesses functional independence
from the ability to perform daily living activities of self-
care (subtotal score 0 to 20), respiration and sphincter
management (subtotal score 0 to 40), and mobility (sub-
total score 0 to 40) [16].

Neurological recovery was assessed by the changes in
AIS grade, NLI, total motor score, light touch score and
pinprick sensory score from baseline to follow-up assess-
ment according to the ISNCSCI. Clinically significant
neurological improvement was defined by an improve-
ment by at least one AIS grade, two NLI or five points in
total motor score, light touch score or pinprick score.

Complications most commonly observed after SCI
were collected throughout acute care for pneumonia, uri-
nary tract infection, pressure injury and early spasticity.
Urinary tract infection are diagnosed using criteria from
the 2006 Consortium for Spinal Cord Medicine Clinical
Practice Guidelines, based on the presence of significant
bacteriuria, pyuria, and signs and symptoms of urinary
tract infection [11]. The presence of pressure injuries are
diagnosed according to the National Pressure Ulcer Advi-
sory Panel system, based on the recommendations from
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the 2001 Consortium for Spinal Cord Medicine Clinical
Practice Guidelines [12]. The presence of pneumonia is
diagnosed using clinical features and needs to be con-
firmed by a radiologist using chest radiographs [13].

The occurrence of early spasticity during the acute hos-
pitalization was identified if any of the following signs
were identified: 1- increased velocity-dependent muscle
tone at physical examination (Modified Ashworth scale
[17] score 1 or higher); 2- spasms upon physical examina-
tion and/or reported by the patient, or 3- clonus noted at
physical examination and/or reported by the patient. The
frequency with which spontaneous spasms occur dur-
ing acute care was assessed using the self-reported Penn
Spasm Frequency Scale [18], and the presence of sponta-
neous spasms was determined by a score 2 or higher.

The acute length of stay was noted for those living
through acute care. Because the length of stay is also
influenced by the wait time for transferring to our affili-
ated inpatient rehabilitation center, we also collected
the rehabilitation transfer readiness, defined as the time
(days after SCI) when the patient is deemed ready for
transfer, based on the following criteria: (1) patient dem-
onstrates motivation to participate in intensive func-
tional rehabilitation, (2) patient requires continuation of
at least two types of therapy (e.g. physical therapy, occu-
pational therapy, psychology, etc.), (3) medical stability

Patients with
severe SCI
screened

(n=98)

Notincluded (n=16)
- Penetrating trauma (n=1)
- Surgery >48 hours after
trauma (n=15)

l Excluded (n=30)

- Lower limb fracture (n=11)

- Medical contraindiation to cycling (n=6)

- Unable to comply with follow-up (n=5)

- Complete spinal cord transection (n=3)
- BMI >35kg/m? (n=3)

- Moderate traumatic brain injury (n=1)

- Prior neurological disorder (n=1)

|

Patients fulfilling
inclusion criteria
(n=82)

Not participating (n=7)
- Informed consent not
obtained (n=4)
- Refusal to participate (n=3)

Patients eligible to
participate in study
(n=52)

Final PROMPT-SCI

cohort
(n=45)

Fig. 1 Flowchart of PROMPT-SCI trial participants

Page 4 of 10

has been reached without ongoing investigation or treat-
ment required at the acute center, and (4) patient can
tolerate at least 60 min/day of active therapies. The reha-
bilitation transfer readiness corresponds to the potential
minimum length of stay at our acute center if there was
no wait or delay before transferring to the rehabilitation
center. Rehabilitation transfer readiness was determined
by consensus from the multidisciplinary SCI team of our
acute center that includes the attending spine surgeon,
physiatrist, physical therapist, occupational therapist, as
well as the liaison nurses and nurse practitioners. The cri-
teria for rehabilitation transfer have been established in
agreement with our affiliated intensive functional reha-
bilitation center.

Statistical analysis
A sample size estimation of 45 participants for each
cohort has already been established for the PROMPT-
SCI trial, while accounting for potential 20% dropout rate
[9]. Data were analyzed and reported using intention-
to-treat principles, considering that satisfactory adher-
ence to the planned protocol was achieved for the trial by
reaching the feasibility outcomes [7]. All statistics were
performed using SPSS v. 27 (IBM, Chicago, IL, USA) with
a level of significance of 0.05. Descriptive statistics were
first used to characterize the PROMPT-SCI and control
cohorts. Baseline characteristics — including variables
not used in the matching process — were compared to
assess the quality of matching. Patient outcomes were
compared between the two cohorts using one-tail McNe-
mar and paired Student’s t-tests for binary and continu-
ous patient outcomes, respectively. Chi square tests were
used to compare variables with more than two catego-
ries. Cohen’s d statistic with 95% confidence interval for
continuous variables and odds ratio (OR) with 95% con-
fidence interval for proportions are used to describe the
comparisons in baseline characteristics and outcomes.
Considering that the total motor score can vary widely,
even for individuals with similar NLI and AIS grade,
regression analyses were performed secondarily to fur-
ther investigate the association between patient out-
comes and early acute ABT, while adjusting for baseline
total motor score. Odds ratios and B coefficients with
95% confidence interval were reported for logistic and
linear regressions, respectively.

Results

A flowchart describing the recruitment process is avail-
able in Fig. 1. During the study period, 102 adult patients
presented with a suspected acute severe traumatic SCI of
AIS grade A, B or C, and a NLI comprised between C1
and L1. A total of 98 patients were screened, while four
were excluded before screening because a reliable base-
line neurological examination could not be obtained for
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these patients to confirm the presence of a SCI. Of these
patients, 16 did not fulfill the inclusion criteria (one
penetrating trauma causing the SCI and 15 undergoing
surgery more than 48 h after the trauma), and 30 were
excluded. Informed consent could not be obtained in
four patients, and three patients refused to participate in
the study.

The baseline characteristics of the cohorts are
described in Table 2. There were no significant differ-
ences observed between the two cohorts for any of the
baseline variables collected (Table 2). Comparisons in
acute outcomes are presented in Table 3. There were con-
sistent trends in decreasing rates of pneumonia (35.6% vs.
40.0%, p=0.31), urinary tract infection (17.8% vs. 28.9%,
p=0.10), and pressure injuries (33.3% vs. 46.7%, p=0.11)
in the PROMPT-SCI cohort. There was a significant dif-
ference in the proportion of participants sustaining con-
comitant pneumonia, urinary tract infection and pressure
injury (2.2% vs. 13.3%, p=0.03). Among discordant pairs,
there were 6 pairs for which these complications were
seen concomitantly only in controls, and 1 pair for which
they were seen concomitantly only in the PROMPT-SCI
participants (OR =6.00, 95% CI [0.72-49.84]).

The overall rate of early spasticity (71.1% vs. 73.3%,
p=0.40) was similar between the two groups. The
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occurrence of spontaneous spasms during acute care was
significantly reduced in the PROMPT-SCI cohort (8.9%
vs. 40.0%, p<10~3). Among discordant pairs, there were
16 pairs for which spontaneous spasms were seen only
in controls, and 2 pairs for which spontaneous spasms
were seen only in PROMPT-SCI participants (OR =8.00,
95% CI [1.84—34.79]). Acute length of stay was reduced
by about 6 days in the PROMPT-SCI cohort, without
reaching statistical significance (p=0.13). Readiness for
rehabilitation transfer was decreased by 7 days in the
PROMPT-SCI cohort, approaching statistical signifi-
cance (p=0.051, Cohen’s d=0.26, 95% CI [-0.05-0.56]).

Follow-up was obtained in 39 (86.7%) participants from
the PROMPT-SCI trial, while three died within 6 months
of the trauma and three were lost to follow-up. Three
participants (two C4 AIS grade A and one C5 AIS grade
A) decided to stop all treatments due to the severity of
their SCI, before deceasing during acute care. There were
no differences in the recovery of independent walking
ability between the PROMPT-SCI and control cohorts
(30.8% vs. 35.9%, p=0.3, OR =3.50, 95% CI [0.73-16.85]).
There were no differences observed between the cohorts
in the other neurofunctional outcomes (Table 4).

Results from the multivariable regression analy-
ses adjusting for baseline total motor score are shown

Table 2 Bivariate comparison of long term neurofunctional outcomes for the ROMPT-SCI and matched control cohorts

Characteristic PROMPT-SCI cohort (h=45) Matched control cohort (h=45) P-value Cohen’sd[95% CI] Odds ratio [95% Cl]
Sex

Male 40 (88.9%) 40 (88.9%) - - -
Female 5(11.1%) 5(11.1%)

Age 53.2+18.7 534+17.3 048 0.01 [-0.28-0.30] -
AIS? grade

A 26 (57.8%) 26 (57.8%) - - -
B 9 (20.0%) 9 (20.0%)

C 10 (22.2%) 10 (22.2%)

NLIP

C1-C4 12 (26.7%) 12 (26.7%) - - -
C5-T1 16 (35.6%) 16 (35.6%)

T2-T8 3(6.7%) 3(6.7%)

T9-L1 14 (31.1%) 14 (31.1%)

AlS motor score 31.8+20.5 3471257 0.14 0.16 [-0.13-0.45] -
AlS light touch score 6124276 58.2429.0 0.18 —0.14[-0.44-0.16] -
AlS pinprick score 58.9+29.2 55.3+28.0 0.13 —0.18[-0.48-0.13] -
Mechanism of injury

9% Sports 1(2.2%) 3(6.7%) - -
% Assault blunt 0 (0.0%) 3(6.7%)

% Fall 29 (64.4%) 25 (55.6%) 0.89*

% Transport 3(28.9%) 14 (31.1%)

9% Other 2 (4.4%) 0 (0.0%)

Timing of surgery (hours) 23.7£185 215497 024 —0.11 [-0.40-0.19] -

#American Spinal Injury Association Impairment Scale
PNeurological Level of Injury

*Likelihood ratio test performed because >20% of cells in crosstab contained an expected value of less than 5 and crosstab larger than 2x2

1tNot computed in the presence of empty cells
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Table 3 Bivariate comparison of acute outcomes for the PROMPT-SCI and matched control cohorts

Outcome PROMPT-SCI cohort Matched control P-value Cohen’s d [95% CI] Odds

(n=45) cohort (n=45) ratio

[95%
Cl]

Pneumonia

Yes 16 (35.6%) 18 (40.0%) 0.31 - 1.30

No 29 (64.4%) 27 (60.0%) (048~
345]

uTe

Yes 8(17.8%) 13 (28.9%) 0.10 - 2.00

No 37 (82.2%) 32 (71.1%) [0.68-
5.85]

P

Yes 15 (33.3%) 21 (46.7%) 0.11 - 1.67
[0.73-
3.81]

No 30 (66.7%) 24 (53.3%)

Pneumonia & UTI &PI

Yes 1(2.2%) 6 (13.3%) 0.03 - 6.00

No 44 (97.8%) 39 (86.7%) [0.72-
49.84]

Acute spasticity

Yes 32 (71.1%) 33 (73.3%) 0.40 - 1.14

No 13 (28.9%) 12 (26.7%) [041-
3.15]

Spontaneous spasms

Yes 4 (8.9%) 18 (40.0%) <107 - 8.00

No 41 (91.1%) 27 (60.0%) [1.84~
34.79]

Acute length of stay (days) 29.5+16.7 35.8+25.1 0.10 0.20 [-0.10-0.49] -

Rehabilitation transfer readiness (days) 18.0+£15.8 25.1+£22.0 0.051 0.26 [-0.05-0.56] -

Urinary tract infection

bPressure injury

in Table 5. In particular, the likelihood for develop-
ing early spontaneous spasms during acute care was
decreased with ABT (p=0.001; Odds ratio=0.14 [95%CI:
0.04-0.45]). In addition, there was a significant asso-
ciation between ABT and shorter rehabilitation trans-
fer readiness (p=0.03; p=-0.22 [95%CI: —0.41 — -0.04]).
As opposed to the result from the matched comparison,
the multivariable analysis did not show any significant
association between concomitant pneumonia/urinary
tract infection/pressure injury and ABT (p=0.08; Odds
ratio = 0.14 [95%CI: 0.02—1.24]).

Discussion

This study presents the patient outcomes of the
PROMPT-SCI trial, which is the first human trial of early
acute ABT after traumatic SCI [9]. It lays the foundation
for future efforts to optimize and refine the use of early
acute ABT as a mean to harness plasticity and improve
the recovery after traumatic SCI. However, the risk of
inducing further spinal cord damage with ABT intro-
duced within 48 h of spinal surgery — or within 72 h
of the SCI — after a severe SCI remains the principal

limitation to its clinical implementation, while the blood-
spinal cord barrier is disrupted early after the injury [6].
This potential risk of early acute ABT for the SCI popu-
lation parallels the poor outcomes that can be observed
when exercise therapy is started too early and/or at too
high an intensity after acute neurological injuries such as
stroke [19].

There was no increase in the risk of acute complica-
tions nor evidence of long-term neurofunctional deterio-
ration observed in the PROMPT-SCI cohort. This finding
supports that early acute ABT involving daily sessions of
in-bed leg cycling is not detrimental to neurofunctional
recovery when initiated within three days of a SCI, while
patients are in the intensive care unit for hemodynamic
management. Surprisingly, our trial did not result in a
significant improvement in any of the 6-month neuro-
functional outcomes, although animal studies showed
that the sensory afferent input from early acute ABT —
even when performed passively in the presence of com-
plete paralysis — can effectively activate spinal circuitry
and promote neurofunctional recovery [20]. Similarly, a
recent animal study showed electromyographic activity
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Table 4 Bivariate comparison of long term neurofunctional
outcomes for the PROMPT-SCI and matched control cohorts
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Table 5 Mutlivariable regression analysis adjusting for baseline
total motor score

Outcome PROMPT- Matched P-value Cohen’sd Odds
Scl control [95% Cl] ratio
cohort cohort(n=39) [95%

(n=39) Cl]
Neurological outcomes
Improvement >1 AlS grade

Yes 20 (51.3%) 21 (53.8%) 040 - 1.13

No 19 (48.7%) 18 (46.2%) [043-
2.92]

Improvement =2 segments NLI

Yes 6(154%) 6(15.4%) 0.50 - 1.00

No 33(84.6%) 33 (84.6%) [0.29-
345]

Improvement >5 points on total motor score

Yes 23(59.0%) 25 (64.1%) 0.28 - 140

No 16 (41.0%) 14 (35.9%) [0.44—
441]

Improvement >5 points on light touch score

Yes 21 23 (59.0%) 033 - 122

No (53.8%) 16 (41.0%) [051-

18 (46.2%) 2.95]

Improvement >5 points on pinprick score

Yes 18 (46.2%) 20 (51.3%) 033 - 122

No 21(53.8%) 19 (48.7%) [051-
2.95]

Functional outcomes - -

SCIM subtotal score

-Self-care 136479  13.116.7 0.34 -0.07 -

- Respira- 284+10.7 264+10.8 0.20 [-0.38-0.25] —

tion and 17.6£142 17.7+116 0.50 -0.14 -

sphincter [-0.45-0.18]

manage- 0.002

ment [-0.31-0.32]

- Mobility

Independent walking (SCIM item 12 >4)

Yes 12 (30.8%) 14 (35.9%) 0.28 - 3.50

No 27 (69.2%) 25 (64.1%) [0.73-
16.85]

in the hindlimbs of rats performing motorized cycling
after a T10 transection, suggesting the presence of spi-
nally mediated muscle activation caused by stretch
reflexes below the level of the lesion [21].

We believe that the lack of significant improvement in
the neurofunctional outcomes might be partly explained
by two reasons. Firstly, neuroplasticity and recovery
processes after SCI depend on residual neural pathways
spared from the injury. Despite the similar characteris-
tics of their clinical lesion (AIS grade and NLI) between
the PROMPT-SCI and control cohorts, we cannot guar-
antee that the two cohorts were similar in terms of their
anatomical lesion (i.e. injured vs. spared neural tissue),
which inherently affects the potential of ABT to activate
residual neural pathways and promote recovery. Sec-
ondly, it is possible that not all individuals will respond
to early acute ABT. Whether non-responsiveness in some

Outcome vs. activity- P-value bcoeffi- Odds ratio
based therapy cient [95% Cl]

[95% Cl]
Pneumonia 053 - 0.7310.27-1.95]
Urinary tract infection 0.20 - 0.52[0.19-142]
Pressure injury 0.19 - 0.56 [0.24-1.32]
Pneumonia & Urinary tract ~ 0.08 - 0.14 [0.02-1.24]
infection & Pressure injury
Acute spasticity 0.55 - 0.73[0.26-2.02]
Spontaneous spasms 0.001 - 0.14[0.04-0.45]
Acute length of stay 0.10 -0.17 -

[-0.39-

0.03]
Rehabilitation transfer 0.03 -0.22 -
readiness [-0.41

--0.04]
Improvement =1 AIS grade  0.82 - 0.90 [0.38-2.15]
Improvement =2 segments 0.79 - 1.18 [0.35-4.01]
NLI
Improvement =5 pointson  0.56 - 0.77[0.31-1.87]
total motor score
Improvement =5 pointson  0.67 - 0.83[0.34-1.98]
light touch score
Improvement =5 pointson  0.93 - 0.96 [0.40-2.28]
pinprick score
SCIM Self-care subscore 0.11 0.13 -

[-0.03-

0.27]
SCIM Respiration and 0.1 0.16 -
sphincter management [-0.04-
subscore 0.34]
SCIM Mobility subscore 061 0.05 -

[-0.15-

0.26]

Independent walking 0.86 - 0.91[0.33-2.50]

individuals was due to an insufficient intensity of stimula-
tion (i.e. daily 30-minute sessions or the 14-day protocol
being too short, not enough sensory feedback from plan-
tar pressure, joint proprioception or muscle stretching
during cycling sessions, etc.), insufficient or inadequate
residual neural pathways to achieve effective neuromod-
ulation, or lack of cellular, molecular or genetic adapta-
tions for harnessing adaptive neuroplasticity, cannot
be answered by this study. However, these assumptions
strongly suggest that future studies on early acute ABT
should strive to assess the residual neural pathways and
monitor the immediate neurophysiological responses to
ABT to isolate its effects, in order to identify responders
vs. non-responders and adjust/refine the ABT param-
eters (modality, intensity, duration, frequency, timing,
etc.).

Patients developing early spasticity during acute care,
particularly during the first month after a traumatic
SCI, have poorer functional outcome and mobility, and
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require prolonged inpatient rehabilitation to reach their
functional goals [22]. Spasticity after SCI is usually recog-
nized as a sign of maladaptive neuroplasticity (i.e. associ-
ated with poor neurofunctional recovery) [23], and may
represent a key clinical measure of the early neurological
benefits of acute ABT. This study mainly showed that the
early onset of spontaneous spasms during acute care was
significantly reduced in the PROMPT-SCI cohort, sug-
gesting that initiating early acute ABT within days of a
SCI may potentially decrease maladaptive plasticity after
the SCI. Comprehensive longitudinal assessment of spi-
nal cord reflex activity could help to determine whether
extending early ABT beyond the 14-day duration used in
the PROMPT-SCI trial can further harness plasticity and
improve the neurofunctional outcomes.

There was a consistent tendency for decreasing com-
plications in pneumonia, urinary tract infection and
pressure injury in the PROMPT-SCI cohort. While
the matched comparisons resulted in a the significant
decrease in the co-occurrence of pneumonia, urinary
tract infection and pressure injury with early acute
ABT (1 individual in PROMPT-SCI cohort vs. 6 in con-
trol cohort), the association was lost after adjusting for
baseline total motor score. There could potentially be
a temporal bias leading to different complication rates
between the two cohorts, although the care standards for
prevention of acute complications have not changed sig-
nificantly since 2010 at our institution. Studies involving
larger cohorts and/or other ABT protocols are therefore
required to further investigate the impact of early acute
ABT on complications for patients with severe SCI —
who are mostly bedridden —, knowing that the literature
clearly suggests that early mobilization of patients in the
ICU or after spinal surgery decreases complications in
non-SCI patients [2, 3]. Being able to decrease the rate
of complications could contribute to optimize neuro-
functional recovery, since the occurrence of infections
and pressure injuries has been associated with poorer
neurofunctional recovery after SCI [24, 25]. Proposed
mechanisms of the neurological insult secondary to com-
plications include a worsening spinal cord ischemia and/
or damage from an increase in metabolic rate, an acti-
vation of inflammatory cells, a sustained blood-brain
barrier disturbance, as well as an interference with mech-
anisms of neuroplasticity due to the triggered systemic
immunological responses. Although not statistically sig-
nificant, the consistent decrease in the individual rates of
pneumonia, urinary tract infection and pressure injury
are in agreement with several studies showing a reduc-
tion of immobility-related complications with early mobi-
lization in critical ill patients and in patients undergoing
elective spinal surgery [2, 3, 26-28]. It is known that even
moderate physical activity performed at low intensity
can stimulate the immune system and result in improved
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immune responses to pathogens [29], which could be
an important benefit to SCI individuals considering that
they typically have a neurogenic immune deficiency after
the injury [30]. Passive leg cycling in SCI individuals has
been shown to impact the respiratory system with regard
to pulmonary ventilation and oxygen uptake [31], which
in turn may influence the risk for developing pneumo-
nia. Decreased pulmonary atelectasis and increased
mucociliary clearance has also been observed with early
mobilization of critically ill patients [3]. In addition, it is
possible that cycling alleviates the long periods of uri-
nary stasis due to prolonged bedrest, which predisposes
the patient to bacterial growth and urinary tract infec-
tion [32]. The results also suggest that the shear stresses
that are potentially increased at the sacral region with the
semi-inclined position and pedaling motion during the
sessions do not increase the risk of pressure injury. To the
contrary, the rate of pressure injuries was decreased by
more than 10% in the PROMPT-SCI cohort. Whether the
pedaling motion causes alternating pressure relief at the
sacral area that improves sacral skin blood perfusion and
reduces the risk of pressure injury needs to be further
investigated.

When adjusting for baseline total motor score, per-
forming ABT was independently associated with shorter
readiness for rehabilitation transfer. It is possible that the
overall tendency for decreasing acute complications in
terms of pneumonia, urinary tract infection and pressure
injury may partly explains the shorter readiness for reha-
bilitation transfer observed in the PROMPT-SCI cohort,
similar to other studies showing shorter length of stay
with early mobilization in critical ill patients and patients
undergoing elective spinal surgery [2, 3, 26—28]. In line
with our institutional criteria for determining if patients
are deemed ready for transfer to intensive functional
rehabilitation, we suggest that well tolerating and appre-
ciating in-bed leg cycling early after the injury — >80%
of individuals will complete a full session within 48 h of
the surgery’ — may potentially increase the motivation
of patients to engage into additional therapies during
intensive functional rehabilitation. While conventional
physical therapy during the early acute phase following
a severe SCI primarily consists of passive mobilization
of paralyzed joints,'* introducing early acute ABT while
still in the ICU may also represent a more effective way
to improve the activity tolerance of patients, so they may
reach more rapidly the transfer criteria of tolerating at
least 60 min/day of active therapies.

The authors recognize that there are limitations to the
PROMPT-SCI trial. As mentioned previously, we cannot
guarantee that the PROMPT-SCI and matched control
cohorts share the same anatomical lesions in the spinal
cord — and same spared neural tissue —, despite having
similar clinical characteristics, which could influence
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the results, particularly when comparing the neurofunc-
tional outcomes. Although the care standards have not
changed significantly between the time periods for which
the control and PROMPT-SCI cohorts were treated, the
authors acknowledge that there may be a potential tem-
poral bias limiting the conclusions. A prospective ran-
domized trial is therefore advised in the future to further
examine the clinical benefits of early acute ABT. Future
studies should also examine the potential benefits of early
acute ABT observed in animal studies that were not con-
sidered in the current trial, such as a decrease in neuro-
pathic pain or improvement in autonomic function. In
addition, our study is a proof-of-concept trial and the
optimal parameters of use for early acute ABT may not
be those proposed in the PROMPT-SCI trial, and fur-
ther investigation is needed prior to widespread clinical
implementation.

The PROMPT-SCI trial provides key insights into the
potential benefits and challenges of early acute ABT
after traumatic SCI, opening the door for future stud-
ies focused on refining, optimizing and expanding the
approach to uncover additional benefits and/or draw-
backs. Overall, this study suggests that early acute ABT
in the form of in-bed leg cycling does not increase the
risk of neurological deterioration if introduced daily
within 48 h of spinal surgery (or within 72 h of SCI), even
when the patient are in the ICU for hemodynamic man-
agement. Conversely, early acute ABT may potentially
alleviate maladaptive plasticity as it decreases the occur-
rence of early spontaneous spasms during acute care.
Early acute ABT may also help to accelerate rehabilita-
tion transfer readiness and decrease the co-occurrence of
pneumonia, urinary tract infection and pressure injury.
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