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Abstract

Timely access and ongoing delivery of care and therapeutic interventions is needed to maximize recovery and function
after traumatic spinal cord injury (tSCI). To ensure these decisions are evidence-based, access to consistent, reliable, and
valid sources of clinical data is required. The Access to Care and Timing Model used data from the Rick Hansen SCI
Registry (RHSCIR) to generate a simulation of healthcare delivery for persons after tSCI and to test scenarios aimed at
improving outcomes and reducing the economic burden of SCI. Through model development, we identified knowledge
gaps and challenges in the literature and current health outcomes data collection throughout the continuum of SCI care.
The objectives of this article were to describe these gaps and to provide recommendations for bridging them. Accurate
information on injury severity after tSCI was hindered by difficulties in conducting neurological assessments and clas-
sifications of SCI (e.g., timing), variations in reporting, and the lack of a validated SCI-specific measure of associated
injuries. There was also limited availability of reliable data on patient factors such as multi-morbidity and patient-reported
measures. Knowledge gaps related to structures (e.g., protocols) and processes (e.g., costs) at each phase of care have
prevented comprehensive evaluation of system performance. Addressing these knowledge gaps will enhance comparative
and cost-effectiveness evaluations to inform decision-making and standards of care. Recommendations to do so were:
standardize data element collection and facilitate database linkages, validate and adopt more outcome measures for SCI,
and increase opportunities for collaborations with stakeholders from diverse backgrounds.
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Introduction

THE HEALTHCARE SYSTEM aims to optimize patient outcomes,
such as neurological recovery and health status, and ensure
patients can return to full participation in their communities after
sustaining a traumatic spinal cord injury (tSCI). Outcomes are
influenced by myriad injury-, patient-, and system-related factors
that include but are not limited to severity of injury, patient-specific
variables, geography, available healthcare resources, organiza-
tional structures, the environment in which care is provided, as well

as the staff providing that care.'™ Delivery of care is time-sensitive
and must start immediately following injury to the spinal cord and
continue into the community, to make sure patients have access to
therapeutic interventions that maximize recovery and function.
These efforts require access to consistent, reliable, and valid
sources of clinical data to ensure decisions are evidence-based.
Prospective clinical registries can power these efforts by col-
lecting data on injury-, patient-, and system-related factors to
provide measurements on patient-centered outcomes, cost, safety,
and efficacy that are needed for clinical and cost-effectiveness
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research and quality improvement effort. In SCI, at least 13 spine
registries exist internationally.* One of these, the Rick Hansen SCI
Registry (RHSCIR) established in 2004, is a longitudinal obser-
vational registry with a priori research questions that collects de-
mographic and clinical data on patients with tSCI as they transition
from the pre-hospital phase to acute, rehabilitation, and community
setting from 31 SCI facilities across Canada.” The registry has been
providing clinical information to help inform clinicians of benefi-
cial interventions and encourage evidence-based practices. To
further inform clinicians and policymakers in making evidence-
based decisions about the timing, location, and appropriateness of
care delivery, data collected through the RHSCIR was used to
construct a healthcare delivery simulation model of the provision of
pre-hospital, acute, and rehabilitation services for persons with
tSCI. This model, the Access to Care and Timing (ACT) Model
V1.0, was developed to test policies aimed to improve healthcare
outcomes and reduce the economic burden of SCI by improving
timely access to specialized care.® However, as the strength and
value of registries is confined by the quality and type of data being
collected, the impact of these limitations on research and care be-
came apparent during the development of the ACT Model.

The model was part of the ACT project that aimed to model
patient flow following tSCI to better understand how injury-,
patient-, and system-related factors affect outcomes. The project
has applied the knowledge creation cycle component of the
“Knowledge-to-Action Process” (Fig. 1) developed by Graham
and colleagues.” “Knowledge inquiry”” was initiated by a series of
stakeholder meetings with clinicians, researchers, administrators,
policymakers, and persons with SCI from across Canada to identify
important policies related to tSCI care delivery® as mentioned and
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formed the foci for the simulation model of the tSCI care contin-
uum. In addition to using the RHSCIR as a data source, we also
relied on clinical experts to fully develop process maps that de-
scribe the patient flow, resource availability, and utilization of the
various RHSCIR acute and rehabilitation SCI facilities. In areas
where data were not available or quality was poor, we supple-
mented the published literature with opinions of subject matter
experts (‘‘knowledge synthesis’”). The resulting ACT Model was to
serve as a tool for presenting the knowledge gained from pro-
spective observational registry data collection in a usable format to
support decision-making using this available evidence (‘‘knowl-
edge tools/products™).” The output from the knowledge creation
cycle has provided the basis for understanding the continuum of
healthcare delivery for SCI in Canada and has been presented in this
focus issue.® It has also stimulated further knowledge inquiry that
stemmed from the challenges encountered during model develop-
ment in terms of data-related issues in the literature and fragmen-
tation along the care continuum.

The objectives of this article are to: 1) describe the knowledge
gaps in the literature throughout the continuum of SCI care that
were identified during the evolution of the ACT project, and 2)
provide recommendations for bridging some of these gaps. Gaps in
knowledge were described in terms of injury, patient factors, and
trauma system (structure and process), as each of these components
must be understood to provide quality care.” This effort focuses on
the use of SCI registries in collecting specific patient-level data,
integrating with other data sources, and utilizing it to accelerate
improvements in care through the Knowledge-to-Action Process.
Beyond simply using prospectively collected observational data to
fill gaps in knowledge, we would hope that thoughtful analyses will
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Modified Knowledge-to-Action Cycle used in the ACT project (adapted from Lost in knowledge translation: Time for a map?
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also facilitate the implementation of best practices and novel
therapeutic interventions that can improve care across the SCI care
continuum.

Injury Factors

The need for data standards to improve data quality and enable
the comparison and/or aggregation of data among studies has been
described as a requirement to advance research and improve clin-
ical care in both the fields of SCI'® and traumatic brain injury
(TBD)."" Gaps in standardizing data elements for injury have be-
come apparent in SCI research in our attempts to develop a robust
ACT simulation model for tSCI care. Gaps pertaining to neuro-
logical assessment and classification of SCI, variations in reporting,
valid assessments of associated injuries, as well as population es-
timates of the incidence, prevalence, and mortality were identified.

Neurological assessment and classification of SCI

A requirement for both SCI clinical practice and research is an
objective and measurable motor and sensory examination to de-
termine the severity and location of the cord injury. We identified
challenges in obtaining standardized neurological assessments
performed in a timely fashion, by trained clinicians, and repeated as
an integral component of the processes of care. The International
Standards for Neurological Classification of SCI (ISNCSCI) are the
current standards recommended worldwide to describe and classify
the severity of SCL.'> However, the assessment is time-consuming
and requires proper training, as well as a responsive patient without
which an incomplete or imprecise classification can be the result.
Precise information on injury severity is important not only for
guiding treatment options and prognosis, but it should also be used
to stratify participants and evaluate therapeutic efficacy within
future clinical intervention trials.'*~'” Beyond simply reporting on
the baseline ISNCSCI evaluation, it has become apparent that
precisely defining the timing of that baseline neurological exami-
nation is critical in avoiding biases. SCI therapeutic trials would
benefit from a standard definition of the timing of baseline neuro-
logical evaluation and investigations in relation to the time that the
injury occurred. Mandated reporting of the time from injury to
baseline neurological examination would minimize the risk of bias
or at least aid in its identification.

Variation in reporting injury

One of the major research gaps identified recently is our im-
precise knowledge regarding the extent to which certain profoundly
important predictors of injury severity influence the neurological
and clinical outcomes of individuals with SCI. There is no agree-
ment on the standardized requirements for reporting on the com-
position of study cohorts in therapeutic or even observational
clinical trials. Interactions between injury severity and anatomical
location,'® as well as a lack of reporting of the skeletal injury
pattern while consistently reporting less impactful features such as
mechanism of injury, create imbalances within study cohorts that
cannot be fully appreciated by clinical investigators.'® There is a
need to develop consistent guidelines on the clinical reporting of
study cohorts, and ideally to make this patient-level data available
to other investigators for broader meta-analyses.'**°

Assessment of associated injuries

There is yet a validated SCl-specific measure to capture the
extent of injury, other than SCI, to all body systems. In the field of
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SCI research, Glasgow Coma Scale (GCS)*! and Injury Severity
Score (ISS)?? are the measures of associated injuries most commonly
used to predict patient short-term outcomes such as in-hospital com-
plications and mortality.>>** However, these measures have not been
validated in persons with SCI. Further, the ISS calculation includes
the spine region, which is usually captured in a separate variable
using ISNCSCI (i.e., American Spinal Injury Association [ASIA]
Impairment Scale score).'> This can cause potential problems of
co-linearity with the ASIA Impairment Scale score when included
together in a prediction model affecting the accuracy of conclusions
derived. Establishing the validity of ISS in persons with SCI or
developing an SCI-specific associated injury measure is needed to
appropriately account for the influence of these other injuries on the
patients’ recovery trajectories.

Population-based estimates of incidence, prevalence,
and mortality

Accurate data on the incidence of acute traumatic and non-
traumatic SCI is limited both in the literature and the RHSCIR, thus
using RHSCIR data in the ACT Model for creation of simulated
patients is an estimate that is not entirely population-based. tSCI-
dedicated national registries such as the RHSCIR and National
Spinal Cord Injury Statistical Center (NSCISC)® prospectively
capture data on only a proportion of the total number of individuals
who suffer an acute SCI because those admitted to non-
participating facilities are not included. Lack of resources and an
appropriate central population-based data repository are challenges
faced by many non-participating facilities in reporting new injuries
to the participating facilities.

Most literature citing incidence resorts to a retrospective review
of the hospital or non-SCI specific registry records using admin-
istrative codes (i.e., ICD codes), but this limits their sample pop-
ulation to those who have survived the initial injury,®*’ as
individuals who die before reaching a hospital and receiving a
diagnosis are usually not accounted for in hospital records. Such
methodology also poses a risk of misclassifying tSCI when con-
ducted using ICD codes alone.®° Another limitation of the ret-
rospective approach is that the data fields are limited to the
information collected at the time and may limit the comparability
with other datasets. There are also variations in the literature on the
definition of tSCI, the administrative codes used, and the incidence
reporting (initial®' vs. discharge®®?’), making incidence compari-
son across studies difficult.

In addition to reflecting an accurate situation in tSCI incidence,
pre-hospital mortality data are also important for identifying op-
portunities to improve care and survival. However, Canadian data
on mortality are difficult to access due to privacy and provincial and
federal jurisdictional issues resulting in little accessible informa-
tion on mortality from SCI at the scene of injury or in the pre-
hospital phase. Information related to the demographics, etiology
of injury, and mortality profiles of those who die at the scene of a
severe SCI are critical for guiding appropriate and effective pre-
hospital management and prevention strategies.

Addressing these challenges in obtaining a complete and ac-
curate picture of incidence and epidemiology of SCI would help
researchers and policymakers understand SCI care provisions in
the context of the local incidence rates. It will be imperative to
ensure that all registries align with the SCI Common Data Ele-
ments (CDEs) recently developed by the National Institute of
Neurological Disorders and Stroke (NINDS)'° for standardized
data collection, and that they feed into the global living repository
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of SCI incidence and prevalence created by the International
Spinal Cord Society (ISCoS).*

Patient Factors

The ACT Model covers the care continuum from pre-hospital
phase to community reintegration, and one of the most significant
gaps in knowledge identified that spanned multiple phases of care
was the limited availability of reliable data on patient factors such
as multi-morbidity (i.e., comorbidities, secondary complications,
and adverse events) and patient-reported measures. Comorbidities
refer to the pre-injury status, secondary complications arise as a
consequence of SCI, and adverse events are caused by medical
errors. Data on multi-morbidity are collected in the RHSCIR using
hospital administrative codes and their inadequacy for SCI research
are described below.

Comorbidities, complications, adverse events

Pre-injury comorbidities influence not only the initial severity of
injury, but also the potential for neurological recovery and pro-
pensity to develop complications and adverse events consequent to
the SCI and to its subsequent treatment. Documenting baseline pre-
injury comorbidities is critical but the identification and recording
of morbidity varies across the healthcare continuum and across
centers in different regions; this effectively precludes the deter-
mination of any interactions between comorbidities and compli-
cations or adverse events.

Patients who experience a complication or an adverse event dur-
ing the pre-hospital or acute phase of care will likely be predisposed
to further similar or associated events during rehabilitation and
subsequent community living. For example, the presence of a pre-
injury chronic obstructive lung disease, or the diagnosis of an aspi-
ration pneumonia in the first days following injury, may very well
influence the lifelong risks for further respiratory complications, not
just during in-hospital rehabilitation but well beyond discharge into
the community. Tracking patients along this continuum to define this
increased risk has not occurred as there is no standard method of
measuring and documenting comorbidities that is reliable and vali-
dated for the SCI population. Further, most reports of complications
occur within the confines of either acute care or rehabilitation or
community living and do not cross these boundaries.

In creating the ACT Model, due to the inconsistent collection of
complications and adverse events across centers based on admin-
istrative data, we had to resort to relatively poor quality evidence in
the literature to attempt to predict the risks for developing many of
these SCl-associated complications and adverse events.*® The lit-
erature available on complications in the SCI population has sub-
stantial limitations as most data rely on retrospective queries of
hospital databases using ICD codes. These codes have been shown
to grossly underestimate the incidence and impact of morbidities
due to the fact that data collection is subject to coding errors and
usually captures only conditions that impact the patient’s hospital
length of stay (LOS).>** Further, the ICD-based coding does not
distinguish well between pre-injury comorbidities, complications
that are consequent of SCI, and adverse events caused by medical
errors, from the perspective of SCI pathogenesis. Rather, these
codes focus on the perspective of when these diagnoses were made
in relation to the time spent in the admitting hospital.

Without reliable data on these comorbidities, complications, and
adverse events, it is not only challenging to define their relationship
to healthcare costs and patient-related outcomes, but also to es-
tablish appropriate strategies to reduce their burden. The validated
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Spine Adverse Events Severity system (SAVES),***® which pro-

spectively captures adverse events at some of the RHSCIR acute
facilities, should be implemented throughout the SCI continuum. In
addition, freely available resources such as Spinal Cord Injury
Research Evidence (SCIRE)?” that assist clinicians in standardizing
their assessments regarding complications should be made avail-
able as a part of the solution to closing this gap in knowledge.

Patient-reported measures

Even though it has been suggested that information from patient-
reported measures be regarded as a ““vital sign’*® and represent the
“‘patient voice,” there continues to be challenges in implementing
these measures into care. Patient-reported measures include both
patient-reported outcome measures (PROMs), which ask about
physical and mental health, and patient-reported experience mea-
sures (PREMs), which assess patients’ experience with receiving
care (e.g., accessibility of services, timeliness, and coordination of
care).”® Quantitative PROMs and PREMs are still limited, as
adoption of these measures in the hospital setting is not common.*®
In the community setting, most studies employ PROMs when de-
termining the prevalence of health conditions, which could be
subject to recall bias and imprecise reporting as some definitions
can be confusing. For instance, bladder dysfunction in the literature
is expressed in various terms, including ‘‘bladder dysfunction,”
“micturition failure,” and “bladder leakage.”**** In addition,
there is a need to measure the impact of the health condition on
daily activities as well as on social participation such as return to
work. These types of measures are part of the RHSCIR Community
Follow-up Questionnaire,** which currently requires patient con-
sent as a research study, but collection of these data should be
mandated as a requirement of care under the healthcare provider in
the community to support patient-centered care.

Trauma System Performance

Trauma system performance must consider both the structure
and process of each care phase, as well as the entire care continuum
as a whole. Structure refers to the characteristics of healthcare
delivery such as protocols and guidelines, capacity to collect lon-
gitudinal data, and to integrate with other phases in the care con-
tinuum. The data quality in clinical registries like the RHSCIR can
be impacted by structure-related gaps and so can the quality of care
as explained below.

Process refers to the delivery of healthcare as well as the effort to
measure the delivery efficiency, which might involve the collection
and reporting of data on LOS and cost. The level of care and its
respective expenses within a patient’s LOS can vary, but this in-
formation is not captured in most registries as some hospitals in
Canada do not record these cost details at patient level. These
process- and structure-related gaps have prevented comprehensive
evaluation of trauma system performance and definition of criteria
for a center of excellence.

Pre-hospital protocol

Detailed process mapping of the pre-hospital phase from partici-
pating RHSCIR facilities during the development of the ACT Model
revealed that there is ambiguity in relation to the triaging decisions
and admission protocols. This is due to variation in pre-hospital
structure/jurisdiction® and also the uncertainty in the degree to which
the actual practice adheres to the triaging protocol. Considerable
evidence now supports recommendations for early or direct transport
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to SCI specialty centers to reduce length of hospital stay and com-
plication burden.**® Therefore, extending the process mapping to
multiple healthcare regions to determine the actual triaging process
would be critical for clinicians and policymakers to identify relevant
strategies for improving timing and access to specialized care.

Longitudinal data

Unlike the available data on acute and rehabilitation phases in
the RHSCIR, detailed information on community care and services
is not included in the RHSCIR. This prevented us from creating a
comprehensive modeling of the patient flow in the community in
the current ACT Model. Instead, the model describes the commu-
nity phase in terms of a simplified health progression model of
long-term healthcare costs and patient outcomes such as quality of
life. Data for this model were obtained from the RHSCIR Com-
munity Follow-up Questionnaire that is collected for participants
who provide consent to the collection of an Expanded SCI Dataset.
It captures participant-reported data on life satisfaction, secondary
complications and comorbidities, health status, and environmental
barriers at 1, 2, and 5 years post-initial discharge and every 5 years
henceforth.** However, it does not collect detailed information on
healthcare service utilization or detailed information on areas such
as social participation. This long-term information is valuable in
giving newly injured patients realistic expectation. The information
can also assist clinicians and policymakers in making decisions
regarding resource allocation for community services and supports.

Integrated actions with community clinicians and organizations
such as SCI Canada and their provincial organizations are in progress
to facilitate community-based longitudinal research efforts by
leveraging their network of individuals with SCI. This will facilitate
the collection of detailed information in the community. Future work
must consider how best to engage persons with SCI in entering their
own data using the advances in technology to ensure these data
ultimately result in better outcomes for those living with SCI.

Data integration

Although the promise of “‘big data’ is appealing, the reality of
linking between datasets is complex. Efforts are underway to link
the RHSCIR and provincial population-based datasets that en-
compass administrative health services records of the provincial
population, but the political and technical challenges in the data
request process impose myriad delays and complexities in doing so.
Most critical is linking the patient who progresses from one phase
of care to the next across the silos of data collection by ambulance
and paramedic services, acute and rehabilitation inpatient services,
and the aggregation of data reflecting utilization of health resources
once the patient returns to the community.

Length of stay

In Canada, data on facility LOS is submitted to the Canadian
Institute for Health Information (CIHI), but it is exceedingly dif-
ficult to report on LOS spent in an episode of care either in the acute
or rehabilitation phase, or total system LOS.*” Definitions of LOS,
alternate levels of care (ALC), readiness for rehabilitation, and
readiness for discharge are not standardized. As a result, acute care
hospitals that do not have direct or timely access to inpatient re-
habilitation facilities can ‘“game’ the system by discharging pa-
tients early to other facilities including community hospitals and
long-term care facilities to wait for admission to inpatient reha-
bilitation. This creates the appearance of shorter acute LOS while
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truly extending the patients’ actual time from injury to reintegration
into the community. It also potentially puts patients with SCI at risk
by having them wait in facilities that may not have the expertise to
provide the specialized care that they require.

We have also identified substantial ambiguity regarding the
definitions of clinician-recommended discharge destinations suit-
able for patients post-acute and/or post-rehabilitation, which might
be attributed to lack of standardized discharge planning and pro-
cesses. A decreasing trend of LOS has been observed in the
RHSCIR data and reported in Canada*® and the United States,**>°
and whether it reflects an actual improvement in efficiency or
practice or simply identifies early discharge to other facilities while
patients wait for rehabilitation is debatable. The problem of non-
ideal discharge destinations will be exacerbated with the aging
population as described by Ahn and associates in this focus issue.’’
Further, LOS may change due to the changing demographics of
tSCI over the next 30 years, leading to changes in the cost of care.

Costs of care and the economics of SCI

As the costs of healthcare rise in Canada, more emphasis is being
placed on ensuring appropriateness of care and tracking the fi-
nancial resources spent on various health conditions. Currently,
studies on the direct and indirect costs of SCI and the incremental
costs of complications are limited.”*">* The economic impact of
SCI from inpatient hospital stay is based on estimates, as most
studies use data from retrospectively auditing hospital billing da-
tabases, which may not capture the comprehensive cost information
on a patient level.>>>7 Even less is known about the economic
impact of SCI in the community, for which linking between registry
data with the Discharge Abstract Database (DAD) and other clin-
ical databases would be required to track the healthcare utilization
by those living in the community with SCI. This is not done reg-
ularly in any health authorities or provinces that we are aware of
and the data are definitely not centralized at this time.

The lack of detailed measures and access to economic data has
made it challenging to collect data on the indirect cost of SCI
resulting from temporary or permanent disability, loss of employ-
ment and reduced productivity at work, as well as unpaid care given
by family members or caregivers.’® At a recent ACT Workshop®®
with national stakeholders in the SCI field (e.g., clinicians, pol-
icymakers, researchers, and persons with SCI), a key recommen-
dation emerged for national research efforts to determine the
immediate and lifetime costs of care and economic impact of SCI to
guide policy and practice changes.®® In response to this recom-
mendation, an article in this focus issue by White and colleagues
presented a case series analysis exploring the direct hospital costs
attributed to hospital-acquired pressure ulcers and urinary tract
infections.®! Further work is also needed to determine which
measures have strong psychometric properties to assess health
preferences for individuals living with SCI to calculate health
utilities and conduct comparative economic analysis.

Definition of center of excellence

Although we have performed comparative analyses related to
structure and process of care in SCI centers across Canada presented
in this focus issue article by Noonan and associates,®” the re-
commended attributes and criteria for defining these SCI centers of
excellence are still unclear. It would appear from our work and that of
others that some of the important structure and process indicators are
the transfer of spinal injury patients to an acute SCI center, avail-
ability of spinal surgery 24/7; availability of a spine/neuro-specific



‘Kanfur p1od [eurds onewner ‘DS Q0UIPIAT YoIedsay Anfuf pio) [eurds ‘YOS ‘seinseawr awoono pajiodar-judned ‘SNOYJ ‘seinseaw douanadxd pauodar-juoned ‘SNHYJ ‘SurSewn 20ueu0sI
onousew TN ‘Aels Jo YISu9[ ‘SO 21098 AJ1IoAdS AInfuy ‘SST DS JO UONEBOYISSE[D) [BIISO[OINAN 10J SPIepuR)S [BUONBUIAU] ‘IDSINSI SISBISIJ JO UONBIYISSB[) [RUONRUINU] ‘D] 9[BIS BWOD MOISR[D ‘SDD

Ao ocoumNEmmHO PEH PIIOA)
SUOTIEPUSWILIODAI PUE (., (BPRUE)
UOTJB)IPAIODY) SPIEPUB)IS PISB(-AJUPIAY

0oBPUSSY SOIWOU0dH YiesH 1D

,yountodar §OT Jo uoneZIpIEpULIS

ool IL-IAINAD
LI MOVAL

5OUI[30X JO 19Judd Ayeroads Je
Suonen[eAd-a1 pue a1ed dn-mo[[oj [esrur)

(ggPIED JO WnnUNUO)
BUINRL], 99qan()) [DS I0J dOUI[[IIXD

JO I0)uD Sk sanI[Ioey paziferdads ajeudiso
( 1gSINSBIN

qeuay <, HYIDS) IM[00) SMSEAUW SWONNO DS
o SINT¥d
(;,,2111 3o Apenb-1DS ¢, “Xopur [euONOUNJ-IDS) SINOU

0g°BS SUONIPUOD) AIEPU0dDS 1D

e WRISAS KITI0ADG SJUaAY 9sIAPY ouldg
cg'1¢SUT[OPOW OUIPIOUT [DS
zek8oforwaptda 1D§) Joj dew [eqo[D

£,21008 SII IDS

(,g[EMOd PUTN UQ “5°0) urropierd Sutreys ele(
mwxozom Suwreys eleq

z800SPIEPUEIS Suniodar pue ereq

(guondmpaid Surreds ereg
IDSONSI palelaaiqqy

086 bEEC%E 19dwod [DSONSI

(, ,SurSew! J0sua) UOISNyFIp TN “3'9) Sursew]
sotrEmorg

*SIWO0INO JDUBRYUS IYLINJ pue
SIQ)UAD 3saY) 0) A[daa1p syuaned jo a3ern ojoword
14 OUI[[99XA JO SI9UAD p1od [eurds SurysmSunsiq

"SUONIPUOD 3[EaY U0 JUads SI0INOSAI [eroueuly
ay) Sunyoern pue a1ed jo ssouderidordde amsuo of,

‘uonel[iqeyal juanedur oy ssadoe I0J | Jrem,, 0]

sreydsoy Ayrunuwod o3 Ajes syuaned SurSreyosip
Aq wysAs oy, owe3,, 0) umouy aIe srejdsoyq

-gouewIofrad

wWo)SAS JOJIUOW UBD PUB [9AD] WISAS

A} 1B $2IINOSAI YI[BAY] JO UOHBZI[NN $]OdPal
WNNUIUOD 1B JY) SSOIOE BJep JO uone3aIdly

"SOOIAIAS AJIUNWIWOD UL

Sun[eW-UOISIOAP ISISSE 0) Uk ‘Suone}dAdxd
onsifear sjuaned pamfur Ajmou opraoid oJ,

*2180 paziferoads 0} ss9008 pue

Surwn aroxdwr 0y sar3arens Surkynuopr ur JyIrsur
19}J0 P[nod ssad01d JuaLmd Ay} SurpueIsIopun)

‘Suruuerd aresyj[eay WIOJUI UBD pue douewIofIod
woIsAs 103 JyIsur ap1aoid SNHYJ pue SINOUd

‘uoping

sIy) 2onpai 03 sargejens ayerrdordde ysiqelse

PINOM SaW0NO0 paje[aI-juanied pue $1S00 WISAS
yIeay uo uspinq I1oy) djeroardde pue armydes Ang

‘sogueyo Aorjod pue sar3orens uonuaraxd
9ANo93Je pue dendordde urpm3 1oj [eONLID
‘SUOTUIAIUI JO
JUQWISSASSE AU} UI S1I0JJO JOpUIy ued
1DS 103 9[qeordde oq J0u AeW JRY) SAINSEAW JLIDUID)

‘sosA[eUe-eIoW I9PBOIQ I0J MO[[e P[noMm
Surreys ejep pue su0yod Apnjs jo Sunzodar reorury)

‘spern onnaderoy)
1DS Sunonpuods 103 pue ‘sisousoxd pue suondo
juowjean Surpms Joj juepodur st A)oa9s Anfug

"SI)UAD [DS PazIferdads Jo syyouaq Junioddns

QOUQPIAD 2JBIAUIT 0] SOsATeur Isnqol djenbopeuy

*Ajrunutod ay) ur

UONBZI[IIN WR)SAS [I[BIY YOrI) 0] JoseIep

PozIfenuad ou pue ‘painjded-[[om jou
a1e [oA9] Judned B UO $3500 dAISUAYAIdWO)

*Kounol ared amua
s Juanjed j10dar 0) pajepuewr jou Are syeydsoq

"xo[dwod ST sjasejep Sunyury

*Kyunwwod Yy ur
WMOYJIp ST dn-mo[oy [edtur))

‘uonorpsun(
Jaamonns [eyidsoy-o1d ur uonerre A

"UOWIwIod
A[opIM Jou ST AIQAI[QP 2Ied Jo ired

se SN Pue SINOYd Jo uonerodioouy
*90UQPIOUT dJeWINSAIpUN A[SSOIT Je)
$9p0d (IO U0 A[oI pue SUOISAI JUSIIIIP
Ul SONI[IoR) SSOIOB U WNNUNUOD AIBd

9y} SSOIOB SALIEA SUIPIOJAI PUE UOIIBOYNIUAP]
‘sonioey Junedonied o) papTwipe a1e oym
IDS @moe ue Yy syuaned Afuo uo eyep

armdes A[oanoadsold sownsi3ar [euoneu [DS

2Ano1paId A[sso13 A[uo ore pue popiodax
AJqer[a1 jou are (SSJ ‘SDD) SAINseaul JuALINY)

's11040d Apnjs Jo
Sunaodar 10 syuowarmbar pazipiepue)s oN

‘uoneoyIsse[o asroardur Jo 99rdwoour ur
syinsa1 uejjo pue Juoned oarsuodsor
sormbar ‘Surunsuoo-own ST JUSWISSISSE JUALIND)

BLIOILIO JBI[OU() [20UD]]2IX7H JO
s421U2)) pio) pulds
[0S Summorog
QIBD JO SISO JOIIPUT
PUE 103IIP UO UOHBULIOJUL
QJeINOOR JO YorT DS
Jo sonuouoda puv 2.4vd Jo 150D
(e3xeyosip 10J Apea1 pue
‘uone)I[iqeyar 10j Apear ‘ared jo
S[AQ] QJBUId)[E ‘SO) UONIUYIP
ur suoneueA Avis fo yiduay

ares jo

soseyd sso1oe uonod[[0d
BIep JO SO[IS :UONDLE2IUI DID

Aunwwods ut

elep [eurpmISuo| pafrelep
Jo Yoe] :vwp ulpniuoy

s[ooojoxd pue

SuoISIO9p uIdern ur
KAm3iquiy :saujapms a8viLf

eyep juoned
aAneuenb pajwry
:SaAnspaut parioda-juaynd
1DS ynm sjuened uo Aypigiowt
-n[nw Jo uaping uo eyep
pauodal-1opu) S1U2Ad S424PD
pup ‘suoypo1yduiod ‘sayIpIqIouI0)
Ayreaown ‘@oudreaard ‘@ouaprour
IDS? uo eyep aarsuayaidwod jo
Yoe] [sappuinisa pasvq-uonvindod

saInseaw [DS PajepIfeA
Jo yoe -&unlur paip1o0ssy

Sunaodar ur uonere
5340400 Kpnys Jo Suiioday

SJUOWISSAsSE [e0150[0INaU
9JeINOOE JO OvT] [UOUDNIDAT

YLOM SUI03UQ/UOUN]OS 2]qISSOJ

Jupgiodun s1 71 SYpm

sdps 10f uosvay

sdp3 a3pajmouyy

Lod10odd A,HU«QV DONINI], ANV ddV)) OL SSHOOY dHL 40 LNHNWdOTIAA( ONRNA dIIHILNAd] SdVD) dOdATMONDY 40 AIVININNS [ 9714V ],

2929



2930

intensive care unit, time from injury to surgery, availability of a
specialized SCI rehabilitation team for consultation, and continuity
of care.%>% More importantly, to define the criteria for a SCI center
of excellence, we would need accurate data on both the patients
treated at specialized centers and those treated at non-specialized
centers to compare outcomes. It is also important to determine the
volume of patients with an acute SCI required for a SCI center to
maintain its expertise. There are now both SCI acute and rehabili-
tation accreditation for SCI centers in Canada which might facilitate
future development of criteria for SCI centers of excellence.**®

Future Recommendations

This article has highlighted some gaps in knowledge identified
through the development of the ACT Model and preparation of this
focus issue. These gaps included a lack of objective neurological
assessment and SCI-specific injury measure, incomprehensive data
on SCI incidence, incomplete data on complications, patient-
reported measures and costs throughout the care continuum, and
non-standardized reporting of LOS and of study cohorts (Table 1).
These gaps have prevented us and others from performing the ro-
bust analyses needed to generate evidence supporting benefits of
treatment provided during inpatient hospitalization, evaluating
trauma system performance, or defining the criteria for specialized
SCI centers. Fortunately, there is ongoing work to address these
gaps, a subset of which is listed in Table 1. There are also many
potential specific recommendations for these gaps but they would
all benefit from three high-level recommendations.

1. Implementation of standardized data element collection®® and
collaborations to link databases from multiple facilities or
registries to obtain a comprehensive dataset spanning the entire
care continuum®”%® that contains information relevant to peo-
ple living with SCI. Using the same core data elements across
the phases of care and between facilities would not only enable
researchers and clinicians to conduct research, allowing ap-
propriate benchmarking of performance to support quality
improvement efforts, but most importantly would also provide
information that can improve the lives of those living with SCI.

2. More outcome measures should be validated for use in SCI to
ensure accurate collection of information, prediction of pa-
tient’s recovery trajectory, and assessment of interventions,®®~">
after which the validated measures should be adopted. Patient-
reported measures”> > need to become an integral part of
clinical decision-making and healthcare planning and not just
for research purposes because these measures are especially
important in addressing specific outcomes that are best to be
directly reported by patients and in facilitating longitudinal
outcome measurements that are currently lacking.

3. Opportunities for international collaboration, such as the
PRAXIS Model,”®”7 with stakeholders from all phases of
care and diverse backgrounds should be continuously made
available for sharing and coordinating resources in advanc-
ing SCI research and care. These efforts would be acceler-
ated by aligning and learning from other fields including
TBI; many of the gaps and recommendations outlined in this
article are similar to those tackled by key TBI initiatives in
developing evidence to support policy and practice for op-
timizing care in TBL.'"7®

This article focused on tSCI as this was the target population for
the ACT Model; however, it is important to acknowledge that there
is a repeated recommendation to include non-traumatic SCI pop-

DVORAK ET AL.

ulations in future research.’® Given that healthcare systems and
challenges of care provision share some similarities between
traumatic and non-traumatic SCI, addressing the gaps faced by tSCI
would be valuable not only to optimize care for individuals with
tSCI, but it would also inform the research and care improvement
endeavors for those suffering from non-traumatic SCI.

Conclusion

The ACT Model was developed as a tool to assist policymakers
and stakeholders to make evidence-based decisions. Through the
development of this model, we have increased our understanding of
the process of healthcare delivery for tSCI in Canada as well as
identified gaps and challenges that exist in current data collection
preventing generation of evidence. Addressing these gaps will
enhance the comparative effectiveness and cost-effectiveness
evaluations that are needed to inform decision-making and stan-
dards of care for optimizing the access and timing to specialized
services leading to improved patient outcomes and reduced system
costs. New knowledge created in this second round will be inte-
grated into the ACT Model to further enhance this tool and provide
a better understanding of the ideal attributes of care delivery for
persons living with SCI.
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