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Objectives: To determine factors associated with functional status six months following a traumatic cervical and
thoracic spinal cord injury (SCI), with a particular interest in factors related to the acute care hospitalization stay.
Design: This is a prospective cohort study. Sixteen potential predictive variables were studied. Univariate
regression analyses were first performed to determine the strength of association of each variable
independently with the total Spinal Cord Independence Measure (SCIM) score. Significant ones were then
included in a General linear model in order to determine the most relevant predictive factors among them.
Analyses were carried out separately for tetraplegia and paraplegia.

Setting: A single specialized Level | trauma center.

Participants: One hundred fifty-nine patients hospitalized for an acute traumatic SCI between January 2010 and
February 2015.

Interventions: Not applicable.

Main outcome measure: The SCIM (version 3) functional score.

Results: Motor-complete SCI (AlS-A,B) was the main predictive factor associated with decreased total SCIM
score in tetraplegia and paraplegia. Longer acute care length of stay and the occurrence of acute medical
complications (either pneumonia, urinary tract infections or pressure ulcers) were predictors of decreased
functional outcome following tetraplegia, while increased body mass index and higher trauma severity were
predictive of decreased functional outcome following paraplegia.

Conclusions: This study supports previous work while adding information regarding the importance of
optimizing acute care hospitalization as it may influence chronic functional status following traumatic SCI.
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Introduction

The occurrence of traumatic spinal cord injury (T-SCI)
may be devastating as it is associated with significant
permanent functional disabilities. Prediction of function
is important after a T-SCI in order to improve patient’s
care, plan rehabilitation and better optimize resources
utilization. However, reliably predicting functional
outcome following acute SCI remains difficult. Failure
to consider various clinical factors influencing the
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acute care hospitalization and to underline the most rel-
evant factors among them may contribute to that issue.

Previous studies agree that the severity of the T-SCI at
initial presentation is the main factor associated with
neurologic and functional outcomes, with complete
SCI predicting worse outcome.' > The impact of other
clinical and socio-demographic characteristics, such as
the level of the SCI or age, is debated."*>® While
most predictive factors of functional recovery following
SCI are non-modifiable, potential modifiable predictors,
such as clinical events occurring during the course of the
acute care hospitalization may be of importance. In
addition, the surgical planning,” '" the development of
early spasticity,'>'® the occurrence of medical
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complications and the acute care length of stay (LOS)'*
were suggested to influence the rehabilitation process
and/or the neurological recovery. However, there is no
study to date that has considered factors related to the
acute care hospitalization process in a prediction
model of functional outcome.

Previous studies predicting functional recovery are
based on general functional outcome scales, such as
the Functional Independence Measure (FIM) or the
Glasgow Outcome Scale (GOS).!*!>'¢ Unfortunately,
these instruments were not designed for evaluating indi-
viduals sustaining T-SCI. The Spinal Cord
Independence Measure (SCIM) was created to specifi-
cally assess functional outcome in individuals with
SCI'" and is more sensitive to change as compared to
the FIM scale.'” The SCIM scale is now widely used
and has demonstrated its consistent reliability, consist-
ency and sensitivity to change.'’

The purpose of this study was to determine the impact
of various socio-demographic and clinical character-
istics collected during the acute care hospitalization on
functional recovery after a T-SCI, as measured by the
total SCIM score. Because tetraplegia and paraplegia
may be associated with distinct outcome predictors, ana-
lyses were performed separately.

Methods

Patients

This study consisted in a review of a prospective database
collected in a single Level-1 trauma center specialized in
spinal cord injury (SCI) care. A total of 159 adult patients
with acute T-SCI from C1 to L1 consecutively admitted
between January 2010 and February 2015 (126 males
and 33 females; 46.2+20.0 years old) were included.
Patients without overt spinal instability or central cord
syndrome were excluded because these individuals typi-
cally present distinct outcome. This study was approved
by the institutional review board and all patients were
enrolled on a voluntary basis during the acute hospitaliz-
ation. Patients were included in the study if they were seen
at the routine follow-up visit planned 6 months after the
trauma. Data collection was performed by researcher
assistants not involved in the present study.

Data collection

Information pertaining to the age, sex, body mass index
(BMI), trauma severity measured by the Injury Severity
Score (ISS), presence of a high velocity trauma (defined
as the occurrence of a SCI in the context of any motor
vehicle accident), as well as presence of a concomitant
traumatic brain injury (TBI) were collected. The ISS is
a simple method describing patients with multiple

The Journal of Spinal Cord Medicine 2018 voL. 41 NO. 3

traumatic injuries. It corresponds to an anatomical
scoring system where each injury is assigned to a specific
score according to its severity and location. The ISS
takes values from 0 to 75.'® The presence of moderate
and severe TBI was also specifically noted. The severity
of the traumatic brain injuries (TBI) was based on the
Glasgow Coma Scale (GCS) in the first 48 hours follow-
ing the injury. A GCS score of 9 to 12 refers to moderate
TBI, while a GCS of 3 to 8 refers to severe TBI.

The neurologic evaluation was performed based on
the recommendation of the American Spinal Cord
Injury Association (ASIA) upon admission for all
patients and was characterized using the neurologic
level of the injury (NLI) defined as the most caudal
level with preserved normal sensation and motor func-
tion. Then, the NLI was dichotomized for tetraplegia
as high (C1 to C4) vs. low cervical (C5 to T1) and for
paraplegia as high (T2-T7) vs. low thoracic/
lumbar (T8-L1). The International Standards for
Neurological Classification of Spinal Cord Injury
(ISNCSCI) was used to determine the severity of the
SCI and was dichotomized as motor-complete (AIS-A
or B) or incomplete (AIS-C or D) injury. The
ISNCSCI motor score was also noted, with a higher
score designating higher motor strength.'”

Clinical factors collected during the course of acute care
hospitalization were also collected. First, the occurrence
of non-neurological complications (pneumonias, urinary
tract infections (UTI) and pressure ulcers (PU)) was
noted, since they are the most prevalent complications
occurring after a T-SCL'® Pneumonia was diagnosed
using clinical features and confirmed by a radiologist
using chest X-rays.*® UTI were diagnosed using criteria
from the 2006 Consortium for Spinal Cord Medicine
Guidelines for healthcare providers;*' and PU were diag-
nosed using clinical guidelines defined by the National
Pressure Ulcer Advisory Panel (NPUAP).?> The occur-
rence of any of these complications during the acute
care hospitalization as well as the occurrence of multiple
complications (two or more) was noted.

Then, the development of spasticity during the course
of acute care hospitalization also was noted based on
physical findings and symptoms reported by the
patient,”*** and required two of the following three cri-
teria: 1) presence of increased velocity-dependant
muscle tone at physical examination (Modified
Ashworth scale score >1), 2) spasm and/or clonus
noted at physical examination, and 3) spasm and/or
clonus reported by the patient. The acute care LOS
was defined as the number of days between admission
and discharge from the acute care center. Finally, the
delay of surgery designated the interval of time



between the injury and time of incision (in hours) and
was dichotomized into early (<24h post-trauma) and
late surgery (=24h post-trauma).

Outcome variables

The functional outcome corresponds to the primary
outcome in this study and was evaluated six months
after the trauma using the Spinal Cord Independence
Measure Scale (SCIM, version III).'” The SCIM evalu-
ates three different areas of function: self-care (subscore
0-20), respiration and sphincter management (0-40)
and mobility and transfers (0-40). The total score can
reach 100 points with a higher score corresponding to
a higher level of autonomy.

Analysis
IBM SPSS Statistics Version 19 software package (IBM
Corp., Armonk, NY, USA) was used for our statistical
analyses. Our cohort was described using means + stan-
dard deviation for continuous variables, and pro-
portions or percentages for categorical variables.

All analyses were performed separately for individ-
uals sustaining tetraplegia and paraplegia regardless
of the level of the injury. Independent variables initially

Table 1
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considered as potential outcome predictors are showed
in Table 1. Univariate linear regression analyses were
used to determine the strength of association between
each independent variable and the total SCIM score
(dependant variable), in order to reduce the number
of variables to a smaller and relevant subset of
outcome predictors to be introduced into the prediction
model. Considering the high number of tests performed
at this preliminary step, a level of significance was set at
0.1. Considering that the reduced set of independent
variables could contain collinear variables, Pearson
correlations were used following the univariate
regression analyses, and collinearity was confirmed
when a level of significance of 0.7 was reached. In the
presence of collinearity between two independent vari-
ables, the variable with the smallest P-value from the
univariate regression analyses was included in the
General linear model (GLM) as a potential predictor
of the total SCIM score.>> Independent variables that
were finally included in each GLMs (for paraplegia
and tetraplegia) are indicated by an “x” in Table 1.
The association between the independent variables
and the total SCIM score in the GLM was expressed
in terms of beta (B) coefficients with 95% confidence

Potential predictive variable associated with function six-months posttraumatic SCI.

Input variable for multivariate

analysis

Potential predictive variable Tetraplegia

Paraplegia Coding

1. Surgical delay

. Early spasticity X
Sex

Age

. Body mass index

. Smoking status

o0 WN

~

. Mechanism of traumatic injury

8. Occurrence of medical complications X
9. Occurrence of multiple complications
10. Initial ASIA Impairment Scale (AIS) grade X

11. Initial ASIA motor score

12. Acute care LOS X
13. Presence of TBI

14. Presence of moderate or severe TBI

15. Initial neurologic level of the injury

16. Injury severity score (ISS)

<24h post-trauma
>24h post-trauma
X Presence or not
Male or female
As continuous data
X As continuous data
Active smoker
Past or non-smoker
High-velocity trauma
Non-high velocity trauma
Presence or not
Presence or not
X AlS grade A or B; no motor function is
preserved in the sacral segments
AIS grade C or D; motor function is
preserved below the neurological level
As continuous data
As continuous data
Presence or not
Presence or not
High level
Tetraplegia: C1 to C4
Paraplegia: T2 to T7
Low level
Tetraplegia: C4 to T1
Paraplegia: T8 to L1
X Continuous data

ASIA, American Spinal Injury Association; TBI, traumatic brain injury; LOS, length of stay;
“x” indicates that this variable was included in the multivariate linear analysis.
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Figure 1 Description of the inclusion process of patients in
this prospective study.

interval (CI), and the R* was used as an indicator of the
percentage of the variability explained by each model.

Results

From the 159 patients initially enrolled in our study, 71
did not come to their 6-month follow-up or withdrew
from the study. Thus, a total of 88 patients were included
in our analyses (Fig. 1), including 43 patients with tetra-
plegia and 45 patients with paraplegia. Table 2 presents
the socio-demographic and clinical characteristics of
patients with tetraplegia and paraplegia. Considering
the high number of patients excluded from the study
due to missing 6-month follow-up, comparisons were
made between included and excluded patients to
ensure that their baseline characteristics were similar,
and rule out the presence of a major selection bias
(3Table ).

Prediction of function for patients with tetraplegia
Four potential predictive factors were included in the
GLM (Table 1): AIS grade, occurrence of compli-
cations, presence of early spasticity and LOS. The
three following variables were excluded from the GLM
for collinearity issue: presence of multiple compli-
cations, AIS motor score and the ISS. In the end,
motor-complete SCI (AIS A or B), the occurrence of
complications and longer acute care hospitalization
stay were significantly associated with a decreased
total SCIM score (Table 4). This model explained 67
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percent of the variability of the total SCIM score
(R*=0.671).

Prediction of function for patients with paraplegia
Four independent variables were included in the GLM
(Table 1): the AIS grade, BMI, trauma severity (ISS)
and presence of early spasticity based on the simple
regression linear analyses. The AIS motor score was
excluded because of its collinearity with the AIS
grade. Motor-complete SCI (AIS A or B), higher BMI
and ISS were significantly associated with a decreased
total SCIM score (Table 5). This model explained
nearly 55 percent of the variability of the total SCIM
score (R2=0.548).

Discussion

Health professionals working with individuals sustain-
ing SCI should benefit from early identification of pre-
dictors of mid to long-term function to allow better
communication with the patient and its relatives,
promote efficient coordinated care and optimize
resources utilization. This study identified relevant
acute clinical factors associated with function six-
months after a T-SCI, accounting for various factors
specific to individuals sustaining tetraplegia and para-
plegia during acute care hospitalization.

The severity of the SCI remains the most important
acute factor associated with chronic functional
outcome following a cervical or thoracic SCI (Tables 4
and 5). The association of motor-complete SCI with
total SCIM score was particularly strong, as shown by
the beta coefficients in both models. This finding
further supports previous work'>!® suggesting that a
motor-complete SCI predicts limited neurological
recovery,”® thereby leading to worst functional
outcome.>?

The occurrence of medical complications most fre-
quently associated with T-SCI (pneumonia, UTI and
PU) during the course of acute care hospitalization
was also strongly associated with functional outcome
six-months following tetraplegia. According to
Table 2, pneumonias were the most frequent compli-
cation in this group. The occurrence of pneumonia
may prolonged the intensive care stay, interfere the reha-
bilitation process and delay the mechanical weaning
process. It is recognized that the occurrence these com-
plications in chronic SCI may interfere with the physical
and social well-being.?” But this study also suggests that
the occurrence of medical complications during the
acute phase may still influence the functional outcome
as far as six-months post injury. Delay of the rehabilita-
tion process and community reintegration may be
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Table 2 Socio-demographic and clinical characteristics at hospital admission for individuals with tetraplegia and paraplegia

(N=88).
Tetraplegia Paraplegia

Characteristics N=43 N=45
ASIA grade

AIS-A,B 65,1% 82.2%

AIS-C,D 34.9% 17.8%
Neurologic level

High tetraplegia (C1-C4) 39.5% —

Low tetraplegia (C5-T1) 60.5% —

High paraplegia (T2-T7) - 22.2%

Low paraplegia (T8-L1) - 77.8%
ASIA motor score (mean +/-SD) 38.1(30.1) 59.0 (16.7)
Age (mean +/-SD) 44.3 (17.2) 40.0 (15.6)
Sex (% Male) 74.4% 86.7%
ISS (mean +/-SD) 25.7 (14.1) 27.2(7.7)
BMI (mean +/-SD) 27.4(10.2) 255 (4.0)
Presence of TBI 53.5% 37.8%
Presence of moderate or severe TBI 2.3% 6.7%
Early surgery (<24h post-trauma) 97.7% 97.8%
Acute care LOS (in days) (mean + /-SD) 32.7 (26.0) 27.9 (16.8)
Presence of medical complications 58.5% 40.0%

Pneumonia 37.2% 20.0%

Urinary tract infection 23.3% 15.6%

Pressure ulcer 30.2% 20.0%
Presence of multiple complications 23.3% 15.6%
Presence of early spasticity 74.4% 48.9%
Smoking status (% active smoker) 25.6% 31.1%
High-velocity trauma mechanism 41.9% 33.3%

ISS, injury severity score; BMI, body mass index; TBI, traumatic brain injury; LOS, length of stay.

Table 3 Comparison of socio-demographic and clinical characteristics at hospital admission between individuals that have and
have not completed follow-up six-months post injury (N=164).

Patients with 6 months FU

Patients excluded

Characteristics N=88 N=71 P-value
ASIA grade

AIS-A.B 73.9% 61.4% 0.12

AlS-C,D 26.1% 38.6%
Neurologic level

High tetraplegia (C1-C4) 19.3% 26.8% 0.34

Low tetraplegia (C5-T1) 29.5% 31.0% 0.86

High paraplegia (T2-T7) 11.4% 9.9% 0.80

Low paraplegia (T8-L1) 39.8% 32.4% 0.41
ASIA motor score (mean +/-SD) 49.2 (26.0) 51.1 (26.0) 0.99
Age (mean +/-SD) 421 (16.5) 51.2(22.7) <103
Sex (% Male) 80.7% 77.5% 0.70
ISS (mean +/-SD) 26.5(11.1) 26.3 (10.7) 0.83
BMI (mean + /-SD) 26.4(7.7) 26.8 (5.8) 0.99
Presence of TBI 45.5% 54.9% 0.27
Presence of moderate or severe TBI 4.5% 1.4% 0.38
Early surgery (<24h post-trauma) 100% 97.7% 0.50
Acute care LOS (in days) (mean + /-SD) 30.2 (21.8) 35.4 (30.1) 0.07
Presence of medical complications 53.2% 46.8% 0.63
Presence of multiple complications 19.3% 16.9% 0.84
Presence of early spasticity 61.4% 67.8% 0.49
Smoking status (% active smoker) 31.3% 22.6% 0.26
High-velocity trauma mechanism 37.5% 29.6% 0.32
ISS, injury severity score; BMI, body mass index; TBI, traumatic brain injury; LOS, length of stay.
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Table 4 Factors associated with the total SCIM score six-months post injury for patients with acute traumatic tetraplegia (N=43).

Total SCIM score

Predictive variable B coefficient 95%Cl P-value
ASIA grade
AIS A-B 273 (-42.9; -11.8) <103
AlS C-D 0°
Occurrence of complications -22.7 (-37.6; -7.8) <103
Acute care LOS -0.3 (-0.6; -0.1) 0.02¢
Presence of early spasticity -25 (-19.3; 14.3) 0.77
R?= 0.671

09 Reference category.
ASIA, American Spinal Injury Association.
LOS, length of stay.

Table 5 Factors associated with the total SCIM score six-months post injury for patients with acute traumatic paraplegia (N=45).

Total SCIM score

Predictive variable B coefficient 95%Cl P-value
ASIA grade
AlS A-B -19.1 (-31.3; -6.9) <103
AIS C-D 0°
BMI -1.3 (-2.3,-0.4) <103
ISS -0.8 (-1.4;,-0.2) 0.01*
Presence of early spasticity -6.3 (-13.9; 1.4) 0.1
R%= 0.548

09 Reference category.

ASIA, American Spinal Injury Association.
BMI, body mass index.

ISS, injury severity score.

possible consequences of acute care complications
occurrence,”® particularly given that it also predisposes
individuals with SCI at higher risk of chronic recur-
rences.”” However, it was not revealed as a predictive
factor of function following paraplegia. Two hypotheses
may be proposed to explain this. First, previous studies
have suggested that individuals sustaining tetraplegia
may suffer from a higher number and increased severity
of complications compared to patients with paraple-
gia,>** which could further limit their functional
recovery. However, although severity of complications
was not assessed in this study, additional analysis did
not revealed any difference between in the number of
complications between the two groups (P-values of
0.1, 0.4 and 0.3 for pneumonia, urinary tract infection
and pressure ulcer respectively). Then, it is possible
that the timing of follow-up may explain our results.
Indeed, as individuals with tetraplegia generally
required longer acute care and inpatient rehabilitation
hospitalization  stay compared to  paraplegic
patients,>**> any significant delay in the process (such
as the occurrence of medical complications) could there-
fore have underestimate functional results collected only
six-months post-injury. It is therefore possible that a
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prolonged follow-up up to a point where the functional
rehabilitation would be completed for all patients with
tetraplegia (e.g. at one year post-injury) would negate
the impact of acute care medical complications on func-
tion. Nevertheless, early pro-active management
towards the prevention of secondary conditions follow-
ing SCI should not be overlooked. As acute care special-
ized SCl-centers were showed to decrease the number
and severity of complications,’® prompt transfer to
SCI-centers, particularly following motor-complete tet-
raplegia, is recommended.

Longer acute care LOS was revealed as a significant
factor associated with decreased total SCIM score fol-
lowing tetraplegia. However, describing the causal
effect of longer acute care hospitalization is tenuous as
many confounding factors may interfere. Indeed,
various variables such as the severity of the SCI, age,
trauma severity, the occurrence of medical compli-
cations and surgical timing are some of the factors influ-
encing the acute care LOS.*’>° However, since these
variables showed a weak correlation with the LOS, we
might suggest that efficient transfer to inpatient rehabi-
litation facility following tetraplegia may optimize the
long-term functional recovery independently of the



factors studied in the present study, except for the
trauma severity (ISS) which was significantly correlated
(collinear) to the acute care LOS. But trauma severity
was excluded from the general linear model because of
its smaller significance with the outcome variable fol-
lowing the simple linear regression analysis. Therefore,
higher trauma severity (ISS score) should be also con-
sidered as a potential factor associated with prolonged
acute care LOS. Again, one efficient way to optimize
the acute care LOS is early referral to a
specialized SCI acute care center as shown in previous
studies. ¢4

While it is assumed that spasticity can alter functional
outcome, it remains unproven.'? Spasticity could poten-
tially compensate for muscle weakness and ease mobi-
lity, but it can also interfere with movement, posture,
sleeping, may be associated to pain and/or fatigue.
Development of spasticity during the acute care stay
was significantly associated with decreasing SCIM
score in the univariate regression analyses, but it was
not associated with the functional outcome when
accounting for other covariates in our multivariate
regression analyses, as showed in Table 4 and 5.
However, the severity of the spasticity was not taken
into account in this study, and investigating the associ-
ation between the severity of spasticity and function
should be addressed in a future study.

Increased BMI significantly decreased functional
recovery in paraplegia, but not in tetraplegia
(Tables 4 and 5). Overweight or obesity may represent
an additional challenge for mobility and accomplish-
ing activities of daily living. It is possible that BMI
affects functional outcome specifically in patients
with paraplegia as an increased body weight could
limit the optimal use of upper extremities in tasks
such as transfers, wheelchair propulsion or the use of
technical aids. Moreover, obesity may increase respirat-
ory dysfunction associated with SCI by aggravating
restrictive pulmonary syndrome,*' which in turn can
alter general function. However, this variable had
only a lower impact on the model as shown by its
beta coefficient.

Finally, higher trauma severity (increased ISS) was
significantly associated with decreased total SCIM
score following paraplegia. Associated injuries may be
associated with additional invasive treatments and func-
tional limitations, which can delay rehabilitation and
alter the functional recovery 6 months after the injury.
Since the beta coefficient associated with trauma sever-
ity was relatively low for paraplegia and non significant
for tetraplegia, it would also be interesting to assess the
impact of ISS on function at later stage (1 year or more
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after injury), once all associated injuries have reached a
chronic phase.

Study limitations

There are recognized limitations associated with this
study. First, there was a significant loss to follow-up at
6 months. However, as shown in Table 3, baseline
characteristics of patients lost to follow-up were
similar to those completing the study, except for age.
In addition to the SCI, older age is typically associated
with decreased mobility, which may explain the diffi-
culty to comply with scheduled postoperative visits for
patients not seen at the 6-month follow-up. However,
an interim analyses of 41 patients of the missing patients
at 6 months but seen later at one year post-injury showed
that the results were similar, suggesting that there was no
significant selection bias in the current study. The inter-
val of six months was chosen in the present study as the
vast majority of the recovery was shown to occur within
the first three months following tetraplegia® and gener-
ally reaches a plateau around six months post-injury
to slow down thereafter>*** and subsequently, the
intensive functional rehabilitation is generally advanced
or completed at this time.** However, a future study
evaluating predictors of functional outcome 12 months
post injury will be done as soon as follow-up of patients
will be completed.

Then, criteria used in the present study to define the
occurrence of spasticity can be debated. Because the
definition of spasticity and the agreement on clinical
scales of spasticity vary widely, there is no reliable
instrument to measure spasticity available. Although
our criteria were based on the recent spasticity litera-
ture in terms of clinical measurement of spasticity”>**
and the importance of patient’s perception,”® strong
validation studies are still lacking. Types of medical
complications considered in this study are relatively
small. Authors recognized that other complications
and secondary conditions related or not to the SCI
may have also influence outcome following SCI.
Finally, a future study should investigate factors
associated with functional outcome in individuals
with  central cord syndrome and  without
spinal instability since they were excluded from this
study.

Conclusions

By using a specific functional outcome scale (SCIM
scale) and by including various acute clinical factors
potentially influencing the outcome, this study ident-
ifies relevant clinical predicting factors of functional
outcome 6 months after the T-SCI causing tetraplegia
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and paraplegia. The severity of the SCI (ISNCSCI
grade) remains the main predictive factor of global
function six-months post injury regardless of the
neurological level. Higher body mass index and
increased burden of associated injuries (trauma sever-
ity) were predictive factors of worst functional
outcome following paraplegia, while the occurrence
of acute medical complications and longer acute care
stay were significantly associated with worst functional
outcome following tetraplegia. The optimization of
acute care hospitalization may therefore significantly
influence mid to long-term functional recovery and
this might underline the importance of early referral
to specialized SCl-centers particularly following acute
traumatic cervical SCI.
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