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Abstract
Study design Retrospective review of data from a prospective database of a Level 1 trauma center.
Objectives This project aims to identify factors collected during the acute and rehabilitative care following a traumatic spinal
cord injury (TSCI) associated with success and failure to return home after inpatient intensive functional rehabilitation (IFR).
Setting Level 1 trauma center specialized in TSCI care in Montreal, Canada.
Methods All eligible patients from our prospective database were separated into two groups according to discharge des-
tination following IFR. Clinical variables collected during the acute and rehabilitative care as well as demographic variables
were compared between patients who managed to return home (Group 1) and those who were discharged elsewhere (Group
2). Multivariable regression analyses were conducted with variables that were significant at the univariate level.
Results Out of the 193 patients included, 22 (11%) failed to return home following IFR. Six variables were associated with
failure to return home at the univariate level: longer acute length of stay (LOS), longer rehabilitation LOS, living alone,
higher neurological level of injury, having comorbidities, and having a pressure injury (PI) during acute care. Three variables
remained significant at the multivariate level: living alone, increasing acute LOS and presenting a high cervical (C1-C4)
neurological level of injury.
Conclusions It is important that acute care clinicians recognize the aforementioned factors early after TSCI in order to
optimize patients for community reintegration.

Introduction

Following a traumatic spinal cord injury (TSCI), discharge
destination is a major determinant of post-injury quality of
life (QoL) and social reintegration [1–4]. In fact, com-
pelling evidence clearly indicates that when possible,
ensuring patients be discharged home from the inpatient
setting is critical to avoid the hindering obstacles to

satisfactory QoL that are associated with daily living
in long-term care facilities [2, 3]. Since patients who rein-
tegrate the community and their significant others also
perceive higher levels of QoL and social participation as
compared with their institutionalized counterparts [1], it is
clear that maximizing the number of home discharges after
TSCI is both a clinical and research objective of para-
mount importance. Often in hopes of doing so, patients are
usually transferred from acute care to specialized inpatient
functional rehabilitation (IFR) facilities—which have been
shown to increase odds of successful home discharge up to
sixfold compared to standard unspecialized rehabilitation
facilities [5]. However, despite these IFR programs and
the important associated investments [6], around 10% of
patients are still discharged to locations other than home
[5, 7], where previously cited data clearly demonstrate
they enjoy reduced QoL.

Beyond the important role of subsequent IFR to improve
the discharge outcomes, the impact of the acute care for
facilitating return home after TSCI has never been studied
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thoroughly [7, 8]. By studying the outcomes of rehabilitation
care, Whiteneck et al. [7] identified different factors asso-
ciated with better odds of being discharged home following
IFR, including younger age, being married, improved func-
tional status upon IFR admission, improved IFR care, and
lesser severity of illness. However, Whiteneck et al. [7] only
investigated rehabilitation care, such that there was no ana-
lysis of variables from the acute care. A study from Anzai
et al. [9] also reported factors associated with discharge
destination following IFR, without considering variables
characterizing the acute care.

In view of the paucity of data concerning the potential
role of the acute care on discharge destination after TSCI,
the objective of this study was to identify factors collected
during the acute and rehabilitative care associated with
success and failure to return home after IFR. This study will
thus allow early identification of important variables during
the acute care to eventually increase the number of suc-
cessful home discharges.

Methods

Patients

A prospective cohort of patients who were admitted to a
level 1 SCI-specialized trauma facility for a TSCI between
April 2010 and January 2019 was considered. Included
patients were TSCI patients over 17 years of age who had
been transferred to a specialized IFR facility on discharge
from the acute care setting and for whom complete datasets
were available (n= 209). The main exclusion criteria were:
(1) living in an institutional setting (i.e., not in a private
residence) prior to the injury, (2) presenting an outlying
dataset, (3) having been readmitted in acute care during the
first year following final discharge if destination was home
(as this was considered to be a distinct subgroup of patients
(n= 9) for whom complete success in reintegrating their
prior residence could be controversial), and (4) penetrating
injury as mechanism of TSCI. A total of 193 patients were
therefore eligible for final analysis and included in this
study. All patients were recruited prospectively on a
voluntary basis in the acute care setting and proper consent
was always obtained shortly after admission to acute care.
The consent rate to participate in the prospective database
fluctuated around 75% between 2010 and 2019. All patients
were treated surgically based on the clinical needs deter-
mined by the attending spine surgeon. Despite variations in
techniques and approaches, all surgical interventions con-
sisted in spinal decompression, instrumentation, and fusion.
Following acute hospitalization, all patients were trans-
ferred from the acute care institution to the same rehabili-
tative institution specialized in SCI for inpatient IFR. To be

eligible for this transfer, patients had to meet several criteria
after multiple assessments by the attending team consisting
of a spine surgeon, physiatrist, physical therapist, occupa-
tional therapist, and liaison nurse. To be transferred to IFR,
patients had to (1) be medically stable (which encompasses
stable vital signs, medical condition and comorbidities) and
present no impending risk of deterioration, (2) show no
need for additional investigations, (3) have an established
follow-up plan, (4) present no new and/or emergent treat-
ment planned for the next 7 days, (5) display the physical
and cognitive capability to undergo 60 min of rehabilitative
therapy daily, and (6) require no parenteral nutrition. To
meet these criteria in a timely manner, in our institution,
patients participate in rehabilitation-oriented therapies
during their acute hospitalization. These aim mostly at
preventing complications and conditioning their body for
subsequent IFR with regular physiotherapy aimed at
increasing strength, joint mobility, endurance, and postural
control [10]. Upon arrival to the IFR facility, patients are
initially assessed by a multidisciplinary team consisting of a
physiatrist, a physical therapist, an occupational therapist, a
social worker, a psychologist, and a nurse to determine their
personalized objectives. While these can vary from patient
to patient, the focus is always on maximizing functional
recovery and managing successful community reintegration
through and intensive rehabilitation protocol specifically
tailored to the patient’s needs and abilities. It is only when
the patient has reached all said goals or when the patient
shows inability to pursue treatments, changes their objec-
tives or withdraws consent that IFR rehabilitation is ceased
and patients are discharged [11].

Another important specification is that for all patients who
remained for analysis, if a tracheotomy was performed during
the acute hospitalization (n= 8; 6 who were discharged
home, 2 who were not discharged home), they were weaned
from it before discharge from IFR.

This study was approved by our institutional ethics
committee.

Dependent variable

Two groups were defined based on the destination upon
discharge from IFR collected prospectively by the rehabi-
litative institution. Group 1 consisted in patients who were
discharged home following IFR and group 2 included those
who were not discharged home following IFR. Patients who
were not discharged home were either directly transferred to
a nursing home or long-term care facility, or they were sent
to an inpatient transition care institution with the intention
of imminent placement in a nursing home or long-term care
facility once administrative obstacles would be cleared. The
decision to opt for transfer to a long-term care facility or a
nursing home was made by a multidisciplinary team
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following weeks of observation of the patient’s evolution
throughout the rehabilitation process.

Independent variables

Sociodemographic and acute clinical information were
collected prospectively during the acute care. The clinical
data of rehabilitation care were similarly collected by the
rehabilitation institution. The selection of potential pre-
dictors was based on their clinical significance, the avail-
ability of data and on the literature [5, 7, 9]. Clinical
significance was determined by the authors with relevant
clinical expertize: a spine surgeon (JMMT) and a physiatrist
specialized in TSCI patients (ARD). Ultimately, the
variables studied were: sex (male or female), body mass
index at admission (BMI; <30 or ≥30), pre-injury living
arrangement (living with someone—including living with a
spouse, family member, non-family—or living alone), sur-
gical delay (<24 or ≥24 h following the TSCI), injury
severity score (ISS) [12], pre-injury Charlson Comorbidity
Index (of 0 or 1+) [13], acute length of stay (acute LOS),
rehabilitation length of stay (rehabilitation LOS), occur-
rence (yes or no) of complications (subcategorized as
urinary tract infections, pneumonia, pressure injury, and
other complications) during acute care, and age at injury
(<65years or ≥65years). The latter was dichotomized to
study the subpopulation of elderly patients as they are
defined by the World Health Organization [14]. The neu-
rological level of injury and the Asia Impairment Scale
grade (dichotomized as motor-complete AIS grades A-B or
motor-incomplete AIS grades C–D) were assessed within
72 h of the injury by a single physiatrist using the Interna-
tional Standards for the Neurological Classification of
Spinal Cord Injury [15]. Neurological levels of injuries
were grouped in five categories: C1-C4, C5-C8, T1-T8, T9-
L1, and L2-S2.

For all continuous independent variables (ISS, acute
LOS, and rehabilitation LOS), outliers were defined as
individuals presenting values outside of three standard-
deviations from average. As specified earlier, all identified
outliers were excluded.

Statistical analyses

Analyzes of the independent variables were conducted to
compare the characteristics of patients who succeeded in
returning home (Group 1) to those of patients who failed to
do so (Group 2). Descriptive statistics were first obtained to
characterize the two groups. Continuous variables (ISS,
acute LOS, and rehabilitation LOS) were reported as means
and standard deviations while categorical variables were
reported as proportions expressed in percentage. Univariate

analysis (bilateral Student t tests for continuous variables
and Chi-square tests for categorical variables) allowed to
identify significant differences between variables in the two
study groups. A backward stepwise linear regression was
finally conducted with variables that were significant at the
univariate level. Categorical variables with more than 2
levels were appropriately dummy coded before they were
input in the multivariate analyses. All statistical testing was
performed on IBM SPSS Statistics v.25 (Chicago, IL). The
level of significance was set at 0.05 for all tests.

Results

From 209 patients included in this study, 9 were excluded
because they were re-hospitalized within the first year fol-
lowing the TSCI and an additional 7 were excluded because
they presented an outlying dataset. The final cohort thus
comprised a total of 193 patients. The group of patients who
were discharged home following rehabilitation (Group 1)
included 171 patients (89%) while the remaining 22 (11%)
constituted the group of patients who were not discharged
home (Group 2). Among these 22 patients, 10 were directly
transferred to a nursing home, 4 were sent to long-term care
and 8 were sent to a transitional inpatient setting before final
discharge to either a nursing home or a long-term care
facility. As shown in Table 1, patients who were not dis-
charged home following IFR presented significantly longer
acute LOS (mean (SD) difference of 22 (4.3); P < 0.01) and
rehabilitation LOS (mean (SD) difference of 19 (8.1); P=
0.02) than patients who were discharged home. In addition,
patients who were not discharged home were more likely
(1) to live alone prior to the accident (50% vs 19%; P ≤
0.01), (2) to have a neurological level of injury between C1
and C4 (73% vs 30%, P < 0.01), (3) to present at least one
pre-existing comorbidity upon admission to acute care (77%
vs 50%; P= 0.02), and (4) to have developed a pressure
injury during acute care (45% vs 16%; P < 0.01). Finally,
patients who were not discharged home tended to be more
likely to be aged 65 years and older, to be female, to present
an A or B AIS grade (as opposed to C or D) and to have
developed any other type of complications than patients
who were discharged home, but these differences were not
statistically significant. Moreover, the groups were similar
in terms of BMI at admission, surgical delay and ISS. All
the results of the univariate analyses are more extensively
presented in Table 1.

Of the six significant variables at the univariate level,
three remained significant at the multivariate level. Results
of the linear regression analysis are reported in Table 2.
Living alone prior to the accident (ß= 0.15, 95% CI
0.02–0.28), presenting a neurological level of injury
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between C1 and C4 (ß= 0.16, 95% CI 0.02–0.29), and
having a longer acute LOS (ß= 0.31, 95% CI 0.18–0.44)
were all significantly associated with failure to discharge
home. We also report an association – albeit not statistically
significant—between having developed a pressure injury
during acute care (ß= 0.12, 95% CI −0.02–0.25, P= 0.09)
and not being discharged home after IFR.

Discussion

This work provides important insight on the factors asso-
ciated with discharge destination and community reinte-
gration following specialized inpatient rehabilitation in
patients who sustained a TSCI. Out of the 193 patients
studied, 11% (n= 22) failed to return home following IFR
—a highly similar proportion to reported figures in the lit-
erature [5, 7]. More specifically, we report that having a
high cervical injury (C1–C4), living alone prior to the
accident, and having a longer acute LOS are all factors
associated with a decreased likelihood of returning home.

Our findings regarding living arrangement are in line
with previous literature and further confirm that enhanced
social support could be instrumental in facilitating com-
munity living for TSCI patients living alone prior to the
injury. As previously hypothesized by Anzai et al. [9],
the explanation behind this result most probably resides in
the fact that when available, close ones take on a role of
day-to-day caregiver, allowing otherwise dependant patients
to enjoy a higher autonomy from the resources provided by
the health care system. When patients live alone, the like-
lihood that there are relatives to take on this responsibility
decreases. It is also of notable importance to consider that
individuals who live alone depend on a single-source
household income and could suffer from severe financial
difficulties (and only limited help for that issue) as a result
of the accident. Literature has also demonstrated that as
compared with unlicensed assistive personnel, family
caregivers can also lower the prevalence of depression in
patients after TSCI [16]. Accounting for the living
arrangement of patients early during the acute phase could
thus prove impactful in two ways. First of all, it is possible
that by addressing patients’ social difficulties early during
acute care with targeted and specialized resources in the
form of social work, psychological support, and financial
planning consultations, it could be easier to set realistic
goals and plan early to adapt living arrangements to the
functional limitations. Second of all, this early identification
of at-risk patients could also create the opportunity for
proper counseling and participation of family caregivers to
facilitate return home.

Table 1 Univariate analysis of factors associated with discharge
destination following TSCI.

Variable Discharged home
following IFR
(n= 171)

Not discharged
home following IFR
(n= 22)

P value

Age at injury, n (%)

<65 132 (77) 14 (63) 0.16

≥65 39 (22) 8 (36)

Gender, n (%)

Male 142 (83) 16 (73) 0.24

Female 29 (17) 6 (27)

BMI at admission, n (%)

<30 77 (45) 10 (45) 0.97

≥30 94 (55) 12 (55)

Living arrangement, n (%)

Living alone 33 (19) 11 (50) <0.01

Living with
someone

138 (81) 11 (50)

Surgical delay, n (%)

<24 h 96 (56) 11 (50) 0.59

≥24 h 75 (44) 11 (50)

Neurological level of injury, n (%)

C1–C4 51 (30) 16 (73) <0.01

C5–C8 31 (18) 3 (14)

T1–T8 26 (15) 1 (4.5)

T9–L1 55 (32) 2 (9.1)

L2–S2 8 (4.7) 0 (0.0)

AIS grades, n (%)

Motor-
complete A–B

84 (49) 13 (59) 0.38

Motor-
incomplete C–D

87 (51) 9 (41)

ISS, mean (SD) 23.6 (7.5) 24.1 (7.2) 0.65

Charlson Comorbidity Index, n (%)

0 86 (50) 5 (23) 0.02

1+ 85 (50) 17 (77)

LOS acute care,
mean (SD)

25.3 (13.7) 47.4 (19.8) <0.01

LOS rehab care,
mean (SD)

67.5 (35.4) 86.6 (38.6) 0.02

Complications

Had a
complication,
n (%)

113 (66) 19 (86) 0.05

Pneumonia, n (%) 28 (16) 7 (32) 0.08

Urinary tract
infection, n (%)

27 (16) 5 (23) 0.41

Pressure injury, n
(%)

27 (16) 10 (45) <0.01

Other
complication, n
(%)

73 (43) 13 (59) 0.15

IFR inpatient functional rehabilitation.

Table 2 Linear regression analysis of factors associated with failure to
discharge home following TSCI.

Variables Standardized ß 95% confidence
interval

P value

Living arrangement
(living alone)

0.15 0.02–0.28 0.02

LOS acute care 0.31 0.18–0.44 <0.01

Neurological level of
injury C1–C4

0.16 0.02–0.29 0.02
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Acute LOS was significantly longer in the group of
patients who did not return home and we report a significant
association between acute LOS and this undesired outcome.
This finding suggests that taking action towards reducing
acute LOS (thereby reaching our criteria for discharge from
the acute care earlier) and accelerating exposure to IFR
could potentially facilitate return home. This result is in line
with previous research conducted in Canada on discharge
destination in TSCI patients [5] and might be explained by
the fact that shorter LOS in acute care and early transfer to
IFR have been shown to be strong predictors of functional
recovery after TSCI [17]. According to Gour-Provencal
et al. [10], modifying treatment regimens in the early acute
setting by increasing daily-therapy time in the form of
physical therapy and occupational therapy could be one of
two key elements to reduce acute LOS. On that matter,
Gour-Provencal et al. [10] further suggest that much of this
acute therapy should aim at providing adequate pre-
requisites for IFR and working on abilities such as balance
training and endurance—which were listed as main criteria
for determining readiness for discharge to IFR. Reducing
acute LOS might also be achieved by finding ways to
diminish the occurrence of secondary complications, such
as pressure injuries, which have also been found to cause
longer acute LOS [10, 17] and were correlated in this paper
with discharge location.

On the matter of pressure injuries, despite the fact that
our results cannot support a statistically significant asso-
ciation between the occurrence of pressure injuries during
acute hospitalization and discharge destination following
IFR, we still have to report a trend to that effect (ß= 0.12,
95% CI −0.02 to 0.25, P= 0.09). While the intricacies of
the relationship between pressure injuries and rehabilitation
outcomes have not been thoroughly examined, it is sug-
gested that developing a pressure injury during the acute
care could be detrimental to the rehabilitation process by
hindering the course of therapy sessions in IFR. The
implementation of aggressive preventative strategies to
reduce the occurrence of pressure injuries during the acute
care, such as frequent repositioning and early mobilization
of patients might help potentiate the impact of rehabilitative
care on discharge outcomes [10].

Finally, we report a significant association between
presenting a neurological level of injury between C1 and C4
and being discharged somewhere other than home. This
finding is in accordance with the figures reported by Anzai
et al. [9] on discharge destination in high cervical TSCI
patients, which revealed a much lower proportion of home
discharges in this specific population compared to the fig-
ures reported in studies which included all neurological
levels of injuries [5, 7, 8]. Since higher neurological levels
of injuries have been repeatedly associated with poorer
functional outcomes [17] this finding is probably explained

by the fact that high cervical patients can be less apt to
manage self-care and activities of daily living without the
continuous assistance that is provided in nursing homes or
long-term care facilities.

Surprisingly, the proportion of elderly patients (≥65 years
of age) was not significantly higher in the group of patients
who failed to return home. These results contrast deeply
with some data reported in the literature. Age has indeed
been identified as a strong predictor of discharge to a long-
term care facility following SCI [5, 7, 9], especially for
patients above 65 years of age [18]. Anzai et al. also
described “older age” as a significant variable for discharge
to a nursing home after IFR in high cervical SCI patients in
British Columbia [9]. In view of this contrast with previous
literature, additional analyses (not shown) were conducted
with age as a continuous variable but no association
between age and discharge destination further emerged.
Two explanations for this discrepancy are possible. First, it
is possible that the relatively small group size of patients not
returning home (n= 22) was not sufficient to reach sig-
nificance. More likely, the second possible explanation is
the presence of a period effect since previous studies
[7, 9, 18] were done on cohorts from a different time period;
and that nowadays chronological age is not a predictor of
returning home anymore, and should not be an important
factor for determining final discharge destination.

The first limitation of our study is related to the relatively
small number of patients who were not discharged home
following IFR. This could explain the absence of statistical
significance that we observed in our analyzes for the asso-
ciation between the occurrence of pressure injuries during
acute hospitalization and discharge destination following
IFR. Another possible limitation of our study is that due to
the particular public healthcare system prevailing in Que-
bec, Canada, differences could exist with other countries
(and provinces within Canada) with respect to the course of
events during the acute and subacute phases after the injury.
In some countries, patients’ acute LOS can be much shorter
than what is reported herein. For example, in the United
States, acute LOS have oscillated between 6.5 and 7.5 days
on average since 1993 [19]. As a result, it is possible that
our findings regarding this variable and its predictive value
of discharge destination might not be easily reproducible in
other settings. This discrepancy regarding acute LOS might
also affect the comparativeness of our results in terms of the
rates of acute complications we report and their association
with the dependant variable. However, despite these dif-
ferences, our findings remain applicable to all contexts
because early consideration of all predictors identified in
this study would still be important, whether the patient is
still in an acute care institution or already in an IFR setting.
For example, although we report longer mean acute LOS
than what may be observed in the US, for example, our
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finding pointing towards better odds of home discharge in
patients who present shorter acute LOS refers not to the
duration of acute LOS per se, but rather to the delay
between the time of injury and the moment at which the
patient is medically, physically and mentally ready to
undergo intensive rehabilitation therapy.

Finally, a last possible limitation of our study was that
we only included complete cases in our analyzes, which did
result in a drop of the number of patients available for
analysis and could cast some doubt as to the generalizability
of our findings. However, additional analyzes (not shown)
demonstrated that patients that were not included because
they presented incomplete datasets were not statistically
different to our final cohort in terms of acute LOS, rehab
LOS, age, sex, living arrangement, CCI, NLI, and AIS
grade. Differences were observed solely for BMI and sur-
gical delay. However, since neither of these variables
emerged as significant predictors of discharge destination
after IFR, it is highly unlikely that these differences would
have altered our findings in any way.

In brief, this study identifies several variables associated
with discharge destination following IFR in TSCI patients.
Our findings point towards the conclusion that taking cer-
tain actions early in the acute phase could help maximize
the likelihood of returning home. In particular, returning
home would be more likely with early identification and
planning for supporting patients who live alone, along with
the implementation of timely measures for reaching transfer
criteria for IFR as early as possible (e.g., specific therapy for
improving balance and endurance during the acute care,
early mobilization after surgery, etc.), and overall increased
resources for high cervical patients. Prospective evaluations
of paramedical interventions on discharge outcomes from
IFR remain required. The validity of age as a variable of
clinical importance for post-injury autonomy should also be
re-examined and additional work remains needed to clarify
the relationship between the occurrence of pressure injuries
and discharge destination following specialized inpatient
rehabilitation.

Data archiving

The datasets generated during and/or analyzed during the
current study are not publicly available due to the regula-
tions defined by the ethics committee of the CIUSS Nord-
de-l’Île-de-Montréal but are available from the corre-
sponding author on reasonable request.
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