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Context: Spinal cord injury (SCI) presents numerous physiological, psychosocial, and environmental
complexities resulting in significant healthcare system resource demands.
Objective: To describe the current health system surveillance mechanisms in Ontario, Canada and highlight
gaps in health surveillance among adults with SCI across their lifespan.
Methods: A review of administrative data sources capturing SCI-specific information took place via internet
searching and networking among SCI rehabilitation and health services experts with emphasis on
functionality, health service utilization, and quality of life data.
Results: The review identified a distinct paucity of data elements specific to the health surveillance needs of
individuals with SCI living in the community. The gaps identified are: (1) a lack of data usability; (2)
inadequate linkage between available datasets; (3) inadequate/infrequent reporting of outcomes; (4) a lack
of relevant content/patient-reported outcomes; and, (5) failure to incorporate additional data sources (e.g.
Insurance datasets).
Conclusion: Currently, SCI-specific health data is disproportionately weighted towards the first 3–6 months post
injury with detailed data regarding pre-hospital care, acute management and rehabilitation, but little existing
infrastructure supporting community-based health surveillance. Given this reality, the bolstering of meaningful
community health surveillance of this population across the lifespan is needed. Addressing the identified
gaps in health surveillance must inform the creation of a comprehensive community health dataset
incorporating patient-reported outcome measures and enabling linkage with existing administrative and/or
clinical databases. A future harmonized data surveillance strategy would, in turn, positively impact function,
health services, resource utilization and health-related quality of life surveillance.
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Introduction
In Canada, there are over 86,000 individuals living with
spinal cord injury (SCI) with an estimated 3,675 new
cases per year of either traumatic or non-traumatic etiol-
ogy.1 Ontario makes up approximately 38% of the

Canadian general population. Thus, it is estimated that
there are 32,500 individuals in Ontario with SCI and
1,400 new cases per year in the province.2 These relatively
low incidence and prevalence rates translate into a dispro-
portionately high and sizeable health system economic
impact with an estimated lifetime economic burden of
$1.5–$3.0 million per person, depending on the neuro-
logic level and severity of the individual’s injury.3

Further, individuals with SCI elicit approximately eight

Correspondence to: Chip P. Rowan, Research Department, KITE, Toronto
Rehab — University Health Network, Lyndhurst Centre, 520 Sutherland Dr,
Toronto, Ontario, Canada M4G 3V9; Ph: 416-597-3422 x6217. Email: chip.
rowan@uhn.ca; chiprowan@gmail.com

© 2019 The Author(s). Published with license by Taylor & Francis Group, LLC
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not
altered, transformed, or built upon in any way.
DOI 10.1080/10790268.2019.1605724 The Journal of Spinal Cord Medicine 2019 VOL. 42 NO. S1 S21

http://orcid.org/0000-0002-0552-3439
http://orcid.org/0000-0001-5037-0446
http://orcid.org/0000-0002-2930-1443
http://orcid.org/0000-0001-8234-6803
mailto:chip.rowan@uhn.ca
mailto:chip.rowan@uhn.ca
mailto:chiprowan@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1080/10790268.2019.1605724&domain=pdf&date_stamp=2019-10-01
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


times the direct health care expenditures when compared
to their non-SCI, age-matched peers.4

SCI typically results in a heterogeneous constellation of
motor, sensory and autonomic impairments which impact
an individual’s ability to: move about their home and
community, bathe and dress independently, regulate
their body temperature, heart rate, blood pressure, and
breathing; and, impair their voluntary control of
bladder and bowel evacuation. The clinical expression of
these physiological impairments varies based on the
neurological level of injury and severity of injury.
Variable expression of secondary health conditions pre-
sents a significant challenge when describing the SCI
population and their population-specific health care
needs across the lifespan particularly given the frequency
of multimorbidity.
Although SCI is relatively rare,1 it is nevertheless a

complex condition that contributes to significant mor-
bidity5,6 and health system economic3 impact due to
the myriad of frequently occurring secondary health con-
ditions which are defined as “physical or psychological
health conditions that are influenced directly or
indirectly by the presence of a disability or underlying
physical impairment”.7 The concept of “multimorbid-
ity” has been defined as “any combination of chronic
diseases with at least one other disease (acute or
chronic) or biopsychosocial factor, including the social
network, the burden of diseases, health care consump-
tion, and individual coping style” impacting the health
of patients with SCI.8,9 This manuscript describes the
current state of community health data collection and
highlights current gaps in health surveillance among
adults with SCI across their lifespan.
After the onset of traumatic SCI, individuals are typi-

cally immobilized prior to transfer to a local Emergency
Department or regional trauma center via emergency
medical services, and then admitted to a Level I
trauma center for definitive imaging and surgical man-
agement of the cord injury and other trauma-related
impairments.10 Once medically stable, individuals are
transferred to a tertiary SCI rehabilitation hospital for
rehabilitation.11,12 In order to achieve improved neuro-
logical outcomes, this surgical management should
take place within 24 h of SCI onset.13 The processes
for detection of non-traumtic SCI and transfer to a ter-
tiary spine center are not well delineated within the
health system prior to neurosurgical intervention and
relevant data among this population is scarce. There
have been several recent efforts to address ICD coding
for patients with non-traumatic SCI and facilitate case
finding and health surveillance for this population
nationally and internationally.14–16 This acute post-

operative phase of injury management is associated
with a Canadian median rehabilitation onset of 26–30
days for those with traumatic injury prior to rehabilita-
tion admission to a tertiary rehabilitation facility.17,18

Recently published examinations from multiple sites
across Canada involving >1000 individuals with trau-
matic SCI, revealed that median rehabilitation length
of stay, is 78–79 days (Interquartile Range 64–68
days).17,18

During the inpatient phases of injury management and
rehabilitation, patients receive a variety of health services
which are captured by existing provincial and national
administrative databases, and/or related clinical or
research databases. In Ontario, these databases include
the Rick Hansen Spinal Cord Injury Registry
(RHSCIR) (http://rickhanseninstitute.org/work/our-
projects-initiatives/rhscir), the Discharge Abstract
Database (DAD) (https://www.cihi.ca/en/discharge-
abstract-database-metadata), the National Rehabilitation
Reporting System (NRS) (https://www.cihi.ca/en/
national-rehabilitation-reporting-system-metadata), the
National Ambulatory Care Reporting System (NACRS)
(https://www.cihi.ca/en/national-ambulatory-care-repor
ting-system-metadata), the Electronic Medical Record
Administrative data Linked Database (EMRALD),
and the Ontario Health Insurance Plan (OHIP)
(https://www.ices.on.ca/Data-and-Privacy/ICES-data)
databases. These datasets provide extensive and extre-
mely valuable information to understand the health
system trajectories and inform health policy. They
enable us to understand the resource requirements for
patients with SCI within the health system across pre-
hospital, inpatient acute, post-acute and rehabilitation
settings. These systems provide limited to no infor-
mation regarding the outcome of patients following dis-
charge from the inpatient tertiary SCI rehabilitation
center without linkage to the aforementioned databases.
Upon discharge from tertiary rehabilitation, a

majority of patients with SCI transition into the com-
munity and then rely on management of their conditions
through their primary care physician and related elec-
tronic medical record (EMR).10 Where available and
accessible, they use outpatient rehabilitation services
and specialist care from providers with subspecialty
expertise in spinal cord injury care (i.e. neurosurgery,
physiatry, neuro-urology, sexologist, neurology, neuro-
psychiatry, physical and occupational therapy, etc.).
While there are mechanisms in place to follow individ-
uals as they transition into the community through com-
munity-based organizations such as Spinal Cord Injury
Ontario (SCIO) and the RHSCIR database, these data
elements are limited to those who consent to enrollment
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and, in the case of RHSCIR, primarily serve those with
traumatic SCI. In the case of SCIO data, it reflects only
those who were referred and have registered as SCIO
clients and are utilizing their peer support or attendant
care services. Within the RHSCIR community follow-
up data set, dropout rates are high after the transition
to the community due to relocation and loss of valid
contact information, and interim morbidity.19 The
post-inpatient phase of SCI rehabilitation service, ther-
apys and management will, in all likelihood, represent
the greatest portion of an individual’s remaining lifetime
requiring a significant amount of specialized care to
maintain the individual’s health, functional indepen-
dence, overall well-being, and quality of life while
living dwelling in the community.
As an individual’s duration of injury increases, they

are likely to experience comorbid secondary health con-
ditions which increase in number and severity. These
include but are not limited to cardiovascular disease,
type 2 diabetes, dyslipidemia, sexual dysfunction,
reduced tissue integrity, urinary tract infections, and
increased risk of pneumonia, urinary tract infections,
social isolation, and depression, and an overall
reduction in health-related quality of life.5,20–22

Individuals with SCI have a 2.6 times higher risk of
rehospitalization compared to an age and gender-
matched non-SCI cohort. Approximately 36% of indi-
viduals with SCI require hospital readmission within
the first 12 months post discharge from inpatient rehabi-
litation.23–25 Further, individuals with SCI spend an
average of 3.3 more days in a hospital, and require
approximately 30 times more hours of home care,
when compared to non-SCI age-matched controls.23

The provision of these community health services
often comes from a variety of different practitioners;
within the first 12 months of injury, individuals with
SCI typically require approximately 30 physician visits
and 17 specialist visits within the first year post-dis-
charge from inpatient rehabilitation.26,27 It is important
to note, however, that these trends have not been inves-
tigated or reported for individuals living with SCI in the
community beyond the first 12 months post-discharge.
Despite the lack of long term surveillance at the

community level, evidence suggests that there is a sig-
nificant ongoing need for care beyond the first 12
months given that a majority of individuals report a
mean of seven secondary health conditions are
reported at 5–8 years post injury28 and low mean
health utility index scores (mean HUI-Mark III was
0.24 (range, –0.28 to 1.00)) are reported among indi-
viduals with chronic SCI living in Ontario.6 Further,
increases in attendant care services and health

condition severity have been reported to increase in
the last 10 years prior to death among aging
Ontarians with SCI.29 The multi-faceted health care
demands, difficulties in physically accessing some
diagnostic and clinical services, and the current unco-
ordinated approach to care creates a lack of “cross-
talk” between primary care, specialist practitioners
and interprofessional rehabilitation teams.30 This
likely creates opportunity for the provision of redun-
dant and/or counterproductive services which may
result in unmet patient needs, reduced safety, increased
patient burden, and excessive health resource utiliz-
ation.31,32 Given the complexity and diversity of care
and resource requirements among individuals with
SCI following discharge from inpatient rehabilitation,
a greater emphasis should be placed on understanding
this complex, yet critically important, phase of care for
individuals with SCI.
SCI can occur in individuals living in rural (all terri-

tory outside an urban area33) or urban (areas with a
population of at least 1000 and a population density
of 400 persons per square kilometer33) locations,
although some people living with SCI in a rural location
move to an urban center within 1 year after injury to
access health care and attendant care services, most
remain in their rural area.34 While the needs of many
individuals with SCI may be similar, the aforementioned
variability in impairment, community setting and access
to services may create additional circumstances and
inequity that impacts the quality, form and utilization
of health services in either a positive or negative
way.8,25,35,36 Strategies to alleviate additional undue
hardship for individuals living in more isolated locations
with limited or insufficient primary care access, should
be a significant priority among SCI service organiz-
ations.37 That said, the success of any such data strategy
necessitates a high quality, current and accurate set of
community-based health data to portray the location,
current health and health services, and quality of life
among individuals with SCI living in communities
across the province of Ontario. Data of this nature
could be used to identify service gaps and/or cost-effec-
tive opportunities to enhance health care services and
systems while decreasing morbidity and mortality.
Figure 1 depicts the common experience of someone

with SCI and highlights the currently available adminis-
trative health databaseswith this journey.After reviewing
Fig. 1, it will be readily apparent that there is a dispropor-
tionateweighting of administrative resources allocated to
the early stages of this journey before community re-
entry, which is problematic given the health service and
resource demands and health care costs associated with
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tertiary-rehabilitation and post-rehabilitation care
among this population.25–27,38 While some data may be
captured post-discharge from tertiary rehabilitation, it
may only reflect the utilization of services by a small
catchment of individuals living in the community proxi-
mal to the tertiary rehabilitation setting. The overarching
motivation for this paper is to describe the current state
and highlight the opportunities to enhance the nature,
volume, and quality of community health data that is col-
lected to ultimately enhance the quality of care provided
to individuals with SCI living in the community through
enhanced health system surveillance.

Summary of current community health
surveillance data
To fully understand the current state of community
health data surveillance, a non-systematic, yet thorough
review in search of existing databases that capture infor-
mation among individuals with SCI took place. Given
that reports on community health data sources can
appear in the gray literature (i.e. government reports,
SCI epidemiological reports), this review took place
via internet searching using various combinations of
the terms; Canada, Ontario, spinal cord injury, health
services, health surveillance, health databases, health
datasets, community health, health care utilization,

health-related quality of life, function. Word-of-mouth
networking among experts in the field of SCI rehabilita-
tion and health services also took place and relied upon
the authors’ wealth of accumulated experience perform-
ing clinical research in the area of spinal cord injury. A
review of all data holdings of the Canadian Institute for
Health Information (CIHI) and the Institute for
Clinical Evaluative Sciences (IC/ES), the known
primary entities capturing administrative health data
in Ontario (and the rest of Canada), was conducted to
identify the community health care administrative
data sources available for interactions between the
Ontario population and the publicly funded health
care system. The Institute for Clinical Evaluative
Sciences has a data repository that collects all publicly
funded health care administrative data in Ontario.
Variables that may be important for health services
research, as determined by the authors were identified
in each data source and reported. These include; the
source of patient data, the perspective of the data
source (i.e. health system vs practitioner vs patient),
method for capturing health care utilization, the detec-
tion of comorbidities, and the collection of data related
to impairment, function and health-related quality of
life. The information collected from this review is sum-
marized in Table 1.

Figure 1 The SCI patient journey from injury onset to transition back into the community. OHIP, Ontario Health Insurance Plan;
RHSCIR, Rick Hansen Spinal Cord Injury Registry; NRS, National Rehabilitation Reporting System; DAD, Discharge Abstract
Database; NACRS, National Ambulatory Care Reporting System; SCIO, Spinal Cord Injury Ontario; QOL, quality of life.
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Datasets
Several administrative databases collect information on
publicly-funded health care services provided to

Ontario residents. These databases include health care
provided to individuals receiving: ambulatory care,
emergency department care, hospital care as an

Table 1 Summary of identified health datasets collecting SCI-specific information pertaining to health care utilization and overall
health/function.

Dataset Source Perspective
Health care
utilization Comorbidities

Impairment/function/HRQOL

Impairment/
function HRQOL

Canadian Institute for Health Information (CIHI)
NRS Inpatient rehabilitation Health

System
Yes –

Rehabilitation
Patient
Grouping

Yes – Admit/
discharge
comorbidities
DHC codes

Yes – FIM

NACRS Ambulatory care, including
Emergency Dept. visits

Health
System

Yes – Resource
intensity weights

Yes – Other
problem – ICD-
10 codes

No

DAD Acute inpatient hospital Health
System

Yes – Resource
intensity weights

Yes – Diagnosis
code – ICD-10

No

CCRS Complex continuing care/long
term care

Health
System

Yes – Resource
intensity weights

Yes – tracked
comorbidities

Yes – ADLs,
signs and
symptoms

Homecare
database

Home care Health
System

Yes – Services
used

No Yes –

Diagnosis
code – ICD-10

OMHRS Inpatient mental health hospital
visits

Health
System

Yes – SCIPP
grouper
(Inpatient
psychiatry
classification
system)

No Yes – ADLs,
Self-rated
health, signs
and symptoms

Ontario Ministry of Health and Long-Term Care/Institute for Clinical Evaluative Sciences (IC/ES)
OHIP Physician visits/ laboratory and

diagnostic tests
Practitioner Yes – OHIP fee

code
No Yes – OHIP

diagnosis
code

ODB Drugs for those over
65 + those on social assistance
programs

Health
System

Yes – drug
identification
number

No No

Assistive
Devices
Program

Assistive devices Health
System

No Yes –

functional
status –

manual
wheelchair

Other
EMRALD Physician visits Practitioner No No No
RHSCIR Acute

care + rehabilitation + “follow-
up”

Patient Yes Yes, secondary
comorbidities
tracked

Yes – FIM LiSat-11, SF36

SCICS*
(published
2014)

Community survey Patient No Yes, secondary
complications
tracked

Yes LiSat-11, social
participation,
needs/
perceptions of
health

SCIO
Service
Utilization
Data

SCIO Client services Patient /
Community
Service
Provider

SCIO Services
only

No Yes – Client
disability
questionnaire

Social
determinants of
health
questionnaire

Notes: HRQOL, health-related quality of life; NRS, National Rehabilitation reporting System; FIM, functional independence measure;
DHC, diagnostic health condition; NACRS, National Ambulatory Care Reporting System; ICD-10, International Classification of Diseases;
DAD, Discharge Abstract Database; CCRS, Continuing Care Reporting System; ADL, activities of daily living; OMHRS, Ontario Mental
Health Reporting System; SCIPP, System for Classification of In-Patient Psychiatry; OHIP, Ontario Health Insurance Plan; ODB, Ontario
Drug Benefit; EMRALD, Electronic Medical Record Administrative data linked Database; RHSCIR, Rick Hansen Spinal Cord Injury
Registry; LiSat 11, Lifestyle Satisfaction questionnaire; SF-36, short form health survey; SCICS, Spinal Cord Injury Community Survey;
SCIO, Spinal Cord Injury Ontario.
*The SCICS is an isolated project and not an ongoing database.
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inpatient or resident of a long-term care facility, phys-
ician services, drugs and home care services. All data
are collected from CIHI or the Ministry of Health
and Long-term Care (MOHLTC) and sent to IC/ES
for evaluation purposes. The identified databases from
CIHI are the NRS, NACRS, DAD, Continuing Care
Reporting System (CCRS), Ontario Mental Health
Reporting System (OMHRS), and the Homecare
Database. From MOHLTC, we identified the Ontario
Health Insurance Plan (OHIP) database, the Ontario
Drug Benefit (ODB) database, and the Ontario
Assistive Devices Program. Another growing dataset
is EMRALD which is populated by the electronic
medical records (EMRs) from a large number of parti-
cipating primary care physicians. The Greater Toronto
Area (GTA) Rehab Network is made up of both pub-
licly funded hospitals and community-based organiz-
ations with a goal of improving the planning and
delivery of rehabilitative care. The GTA Rehab
Network collects data pertaining to ambulatory outpa-
tient rehabilitative care but it is not specific to those
with SCI and was therefore not included in Table 1.
Tertiary rehabilitation hospitals throughout the pro-
vince also report visits to the Ministry of Health.
Finally, data is collected by service-based organizations
such as SCIO who are mandated to capture infor-
mation related to individuals currently using their ser-
vices, hours of care, days waited for service initiation,
plus number of face-to-face and non-face-to-face
visits. SCIO also captures information related to com-
munity-based goals, disability characteristics and
social determinants of health among those who
consent to register for their services. These centralized
data repositories enable information from each of the
databases to be linked through individual’s health
card numbers. This allows for longitudinal health care
utilization evaluation at the patient level.
Various other publicly funded service organizations

provide health care services to individuals in the com-
munity, but do not formally provide data to CIHI or
IC/ES through the MOHLTC. These include organiz-
ations that offer attendant care, home and vehicle modi-
fication services such as the March of Dimes, the GTA
Rehab Network, and the provincial SCI organizations
that originated from the Canadian Paraplegic
Association, such as SCIO. CIHI and IC/ES also does
not have data for special programs within the
MOHLTC such as the Direct Funding program
(https://www.dfontario.ca/). This program provides
publicly-funded attendant care services to individuals
with disabilities by allowing the individual the ability
to interview and hire their attendant care providers.

In addition to the health care provided through public
funds, individuals may receive additional services and
equipment through a third-party insurance provider
depending on the circumstances surrounding the etiol-
ogy of injury. If an individual was injured as a result
of an automobile collision, they may receive funding
for some health care services through their automobile
insurance. All health care resulting from workplace-
related injuries are compensated by the Workplace
Safety and Insurance Board (WSIB). Injuries that are
not automobile or workplace related may be covered
by employer-sponsored or independently purchased
private insurance. The range of services and level of
care provided by the different insurance providers
differ. Currently, data from third-party insurance provi-
ders are not linked with publicly funded services.

Data gaps
After reviewing the characteristics and data elements
presented in Table 1 and cross-referencing the depiction
of a SCI patient’s journey presented in Fig. 1, it is abun-
dantly clear that there is a disconnect between the data
that are currently being captured and the lifespan
health system demands of individuals with SCI. There
is an apparent need to develop a new health data surveil-
lance strategy for persons with SCI living in the commu-
nity that includes patient-reported outcome measures to
better reflect the needs and perceptions of those with
SCI. The majority of current data sets are almost exclu-
sively populated using inpatient data while those with a
community follow-up component are limited in number
of respondents and in the number of potentially valu-
able data elements collected. Furthermore, from the
review of community health datasets, five critical gaps
relating to the surveillance of community health data,
utilization patterns, and overall health and wellbeing
of individuals with SCI were identified. These key gaps
include; the usability health data in existing databases,
a lack of linkage between health databases created and
maintained by different sources, a lack of consistent
reporting of information from existing databases,
inadequate content which lacks PROMs, and a failure
to take advantage of existing avenues for data collection
currently being done by third-party health service
organizations, such as insurers.

Gap 1: data usability
The data collected in the reviewed databases are of
limited use among researchers and health service provi-
ders who focus on working with individuals with SCI
living in the community. Using RHSCIR as an
example, there are several factors limiting its scalability
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and ability to work as an effective post-discharge
dataset. These barriers include that RHSCIR captures
data pertaining to traumatic SCI etiology among con-
senting individuals, and although there are 31
RHSCIR sites in Canada, an individual living with
SCI in the community may not re-connect with these
health care facilities if their place of residence is
outside of the facility’s established catchment. In turn,
this may limit the opportunity to re-engage participants
and conduct follow-up data collection. Furthermore,
RHSCIR was developed using the International
Classification of Functioning, Disability and Health as
the foundation and thus currently has a clinical
outcome focus, as opposed to a “health systems
approach” to data collection, reporting and evaluation.
Conversely, typical administrative data sources, such

as NRS, NACRS and DAD, are neither created, nor
implemented from a patient perspective and have
glaring omissions including but not limited to
PROMs. These three aforementioned databases also
lack accuracy in identifying cohorts and fail to capture
important functional information outside of FIM
scores in the inpatient settings. Despite the potential to
inform health service utilization during the early stages
of the SCI patient journey, these data sources do not
adequately provide health data that can be applied to
the needs of individuals with SCI after their transition
into the community.
Furthermore, these datasets are not freely available

and require a lengthy and onerous process that
demands considerable expertise to access or link the
data. This process presents a significant barrier limiting
the usability of existing datasets in Ontario.
Other datasets, such as the WSIB claims database,

typically are not designed with clinical or health out-
comes research in mind and may not be suitable
stand-alone sources of relevant information to dictate
policy change at the community level,39 although they
may inform the role of case management services in
directing resources.

Gap 2: linkage
Despite the fact that there are several different datasets
collecting health information early on in a SCI patient’s
journey, linkage between the measured variables and
comprehensive datasets reflecting these data from indi-
viduals post-discharge from their tertiary rehabilitation
stay is notably missing from the current health surveil-
lance infrastructure.
In Ontario, the primary health care administrative

datasets are all located and maintained by the Institute
for Clinical Evaluative Sciences (IC/ES). This

centralized location provides the ability to link different
databases through an individual’s health card number.
This linkage helps to optimize reporting of administra-
tive health data and mutually enhances each database’s
ability to portray health system outcomes. There are no
such processes in place, however, that reflects the utiliz-
ation and health service needs of individuals with SCI
living in the community.
It is important to note, however, that other data

sources, such as RHSCIR, are created and maintained
throughout the province in various locations by different
information custodians. There are currently no estab-
lished long term agreements in place for these datasets
to link with those housed at IC/ES. There is an oppor-
tunity to develop a long term strategy linking RHSCIR
to other administrative provincial datasets that includes
passive data collection, or facilitated sharing at struc-
tured time intervals. The current lack of routine data
linkage is likely undermining the ability for health
researchers and policy makers to fully understand the
complete scope of the health system needs of individuals
with SCI living in the community in terms of utilization
patterns, cost, presence of comorbidities, functional out-
comes, and overall quality of life. Given that analyses by
the various data custodians/owners tend to occur in iso-
lation and without broad collaboration, a comprehen-
sive understanding of health and health care use by
individuals with SCI in the community remains elusive.

Gap 3: reporting of outcomes
The primary impetus for this manuscript is to describe
the general lack of published literature on the health
care utilization of individuals with SCI living in the
community in Ontario, and the expert opinions of the
authors related to a paucity of community health data-
bases that collect health utilization, functionality,
comorbidity, wellness and quality of life information
on an ongoing basis. Take, for example, the Spinal
Cord Injury Community Survey (SCICS) which col-
lected data from 2011 to 2012.40 The SCICS provides
a great deal of insight into the demographics, injury
and functionality characteristics, as well as perceived
and tangible needs among individuals with SCI in
Canada40 but there has been no follow-up adminis-
tration of this survey.
Even among the databases which are more

thoroughly populated on an ongoing basis, such as the
DAD and NRS, there is a lack of consistent reporting
on health care utilization and the quality of health for
individuals requiring health care services. This is
because the primary purpose of this information is for
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hospital funding and monitoring of health system
performance.

Gap 4: content/relevant outcomes
Review of the content from Table 1 has also revealed a
glaring lack of PROMs which can inform policy
decisions relevant to the needs of individuals with SCI
living in the community and should be included in
the evolution towards a learning health system.41

Additionally, there is a striking need to harmonize the
data collected and prioritize key aspects of health data
so that redundancies can be avoided and to ensure a
complete picture of health service utilization, cost, pres-
ence of comorbidities, care needs, functionality, and
quality of life among individuals living with SCI in the
community.

Gap 5: untapped resources
Beyond the databases described in Table 1, there are a
number of other potentially valuable sources of data,
which may, if deployed properly, provide additional rel-
evant information related to the health service utiliz-
ation and patient needs of individuals with SCI living
in the community. Despite the potential limitations of
health insurance data,39 it should be noted that health
insurance providers may possess a wealth of data regard-
ing utilization of health services, and their associated
costs, among individuals with SCI living in the
community.

Discussion
The highlighted gaps in data to describe SCI care rep-
resent the findings from a non-systematic, yet insightful
review of the current health data surveillance mechanisms
in place in Ontario. These gaps should be interpreted as
opportunities to address critical infrastructure and to
develop strategies that will improve our ability to
capture and evaluate relevant health outcomes, service
utilization patterns, and economic impact of individuals
with SCI living in the community.

Data usability and content
In order to facilitate improvements in health care for
individuals with SCI living in the community, there
must be significant changes made to the usability of
the current health information that is collected.
Usability should be at the forefront of health database
design so that captured information can be analyzed
and applied for multiple purposes. The usability of
health data is closely intertwined with the outcome
measures collected. The lack of relevant content (i.e.
FIM not SCIM) and patient-reported outcome
measures persist throughout the current datasets,

capturing information among individuals with SCI
living in the community. This identified gap aligns
with a recent report from the Rick Hansen Institute
highlighting the current state of Access to Care and
Timing for individuals with SCI.42 While RHSCIR pro-
vides a solid framework and does attempt to capture rel-
evant data across the care continuum, collection of data
post-discharge from inpatient RHSCIR sites remains a
challenge due to consent constraints, relocation follow-
ing rehabilitation discharge and morbidity. In other
Canadian provinces, RHSCIR data infrastructure is uti-
lized to collect data reflecting the use of community care
and services while Ontario currently does not ade-
quately capture this information.42 At the community
level, there are several barriers to primary care that
exist, contributing to the high rates of inappropriate
health care utilization. These barriers include a lack of
physicians, inaccessibility of physician offices and a
lack of physician specialization related to the complex
condition of SCI.43,44 In Ontario, the Mobility
Clinic, part of the Centre for Family Medicine
(http://family-medicine.ca/clinics-services-programs-
and-events/clinics-3/mobility-clinic/) is exploring
and implementing methodologies to eliminate some
of these barriers through various telemedicine
approaches. The gathering of relevant patient-related
outcome measures would offer a great deal of insight
into the current challenges faced by individuals with
SCI living in the community and may inform innova-
tive strategies to circumvent the abovementioned
barriers.

Linkage and untapped resources
Despite the fact that there is robust infrastructure in
place that collects information from time of injury
until time of discharge from tertiary rehabilitation, the
current health system has not taken the necessary steps
to continue this surveillance of health information and
service utilization to fully encompass the entire patient
journey. In order to describe the usage of health services,
the prevalence of secondary complications, functional
outcomes and quality of life among individuals with
SCI living in the community, this existing infrastructure
must be extended beyond its current boundaries and be
receptive to a harmonized approach that will link
various data sources collecting information reflecting
the health, needs, functionality, and perceptions of the
SCI community.
Through the input from existing data sources that

are currently not linked to the databases described in
Table 1, such as those created and populated by insurers,
there is an opportunity to dramatically increase our
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ability to inform public policy and health service deliv-
ery in the community if appropriately adapted for
research purposes or linked to other complementary
datasets.

Reporting of outcomes
Ongoing reporting of relevant health information
and utilization patterns among individuals with SCI
living in the community would provide a tremendous
amount of value to health practitioners, researchers,
and policy-makers. Given the ongoing evolution of the
health care landscape in Ontario, it is imperative that
current data is used when making critical decisions per-
taining to the many facets of SCI care such as, self-man-
agement recommendations and clinical best practices.
The lack of re-administration of the SCICS is indeed

disappointing given the potential for a recurring cycle of
administration. That would allow the creation of a
longitudinal dataset with the ability to inform health
policy and practice to enhance the health and quality
of life among individuals with SCI nationally.
For instance, the National Spinal Cord Injury

Statistical Center (NSCISC) in the US publishes annual
reports on demographic statistics for individuals treated
for SCI at any of the US SCI model system hospitals
(https://www.nscisc.uab.edu/) in a manner similar to
that utilized by RHSCIR (https://rickhanseninstitute.
org/work/our-projects-initiatives/rhscir). Long-term
follow-up of all individuals allows the NSCISC to also
report on long-term impacts on marital status, occu-
pational status, costs and life expectancy. Although
annual updates would represent an ideal scenario, it is
neither likely, nor feasible to assume that this could take
place given the logistical barriers and costs to implement-
ing recurring cycles of survey administration. That said,
reports every 4–5 years would provide an immense
boost to the current state of community health data.
Also, advancing upon the recommendations made by

an International Spinal Cord Society (ISCoS) advisory
panel to inform the inclusion of SCI-specific data
elements in international data sets,45 an internationally
collaborative effort has commenced to develop what is
being called the International Spinal Cord Injury
(InSCI) community survey. The goal of this is to collect
internationally comparable data from individuals with
SCI living in the community pertaining to their function,
health maintenance and subjective well-being.46 While
only in its early stages of development and implemen-
tation, the InSCI should garner much attention and
provide highly relevant information that will inform an
Ontario strategy for monitoring community health data
among the Canadian SCI population versus other

settings globally. The European Multicenter Study
about Spinal Cord Injury (EMSCI) does collect some
follow-up data related to neurological and functional out-
comes but these are collected primarily during inpatient
rehabilitation with the final time point being 48 weeks
post injury. These other US and ISCoS initiatives signal
that the lack of community follow-up data is not
unique to Ontario.
In order to fully understand the health care landscape

and make informed policy changes, it is critically impor-
tant, in an increasingly resource constraint health care
system, to identify the profile of individuals who
require extensive health care services. Previous studies
have observed that a small proportion of the population
contributes to a substantial percentage of health care
expenditures. In Ontario, the top 5% of health care
users account for 55% of all health care spending.47

Acute inpatient hospital, inpatient rehabilitation,
complex continuing care, day surgery, physician services
and prescription drug combine for over 90% of total
health care costs.48 Similar patterns of large health
care utilization in a small proportion of the population
have also been observed in different Canadian pro-
vinces, the United States and Australia.49–52 High
health care utilization has been associated with
increased age, higher co-morbidity burden, poorer self-
reported health status and lower income,47 many of
which are experienced by individuals with SCI.
Ongoing efforts to focus on the characteristics of this
small cohort of high-cost users and their care demands
will help health care decision-makers develop strategies
to improve health service delivery in this population and
potentially realize significant health care savings.

Limitations
This review may be limited by its narrow scope and the
decision to focus exclusively on the community health
data surveillance in the province of Ontario. That said,
Ontario is where the majority of Canadians with SCI
live. Ontario is accepted amongst many members of
the Canadian SCI research community to act as a
microcosm for what happens in the rest of Canada,
but do the number of patients is often evident in
Ontario data prior to other provinces and Ontario has
an overall health systems data infrastructure that is
more comprehensive than that which exists in the
majority of other provinces. After reviewing the existing
data surveillance infrastructure across Canada, the
majority of provinces are using CIHI data holdings
plus varying forms of data collection/management
related to health services, physician billing and
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prescription drug data that are equivalent to or less com-
prehensive than that which is currently used in Ontario.
Further, there is a well-documented paucity of post-

discharge data being a common theme in the SCI field
internationally. For example, the annual report from
the National Spinal Cord Injury Statistical Center in
the United States showed that 17% of participants
were lost after one year of follow-up and 64.2% were
lost at year 20 post injury.53 In Australia, there is a
spinal cord injury registry comparable to RHSCIR but
it does not have a post-rehabilitation discharge com-
ponent and only captures relevant information from
the initial and subsequent hospital admissions from
designated spinal units.54

Another potential limitation of this review is the non-
systematic approach taken to populate the list of data-
sets included in Table 1. Given that datasets are not a
searchable item using conventional systematic
approaches, the authors have relied upon their subject-
matter expertise and connections to populate this table
and believe that it is a thorough and comprehensive
depiction of the current landscape of health data surveil-
lance in Ontario.

Moving towards a new strategy
Individuals with SCI, depending on their age at the time
of injury onset, may spend decades in this post-rehabili-
tation phase of living and, during this time, are highly
susceptible to the development of secondary health con-
ditions, comorbid chronic diseases, and are vulnerable
to adverse psychosocial changes due to small social net-
works. For these reasons, it has been shown that rates of
rehospitalization and inappropriate emergency depart-
ment visits are quite high among individuals with SCI
living in the community.23–25 These expenditures,
coupled with the amount of time individuals spend in
this phase of their journey translate to a disproportion-
ate weighting of health care costs associated with post-
rehabilitation care. It is critically important to address
this gap in health data surveillance. We need to establish
a robust and comprehensive database that includes
PROMs with ongoing follow-up utilizing existing infra-
structure to bolster our understanding of the needs and
overall health and well-being of individuals with SCI
living in the community.
There are several barriers to the success of a harmo-

nized data surveillance strategy. First, there is a question
of who will lead this process? A project of this magni-
tude would require a steering committee consisting of
relevant stakeholders and data custodians/owners.
However, there still needs to be a primary organization
that will be responsible for initiating the project,

gathering all stakeholders and providing ground-level
oversight. Second, is whether or not there is stable lea-
dership from data custodians/owners that see the
value of this strategy? This is important to ensure
ongoing data collection from a consistent dataset.
Third, is there dedicated and consistent funding to
ensure that data linkages and collection will continue
uninterrupted over a long period of time? Fourth, how
will consensus be obtained among all stakeholders
(researchers, practitioners, policy makers, insurance
companies, community health service employees, and
individuals with SCI) regarding the key data to be col-
lected and shared and assure role clarity throughout
the process? The Spinal Cord Injury Research
Evidence (SCIRE) platform should be thoroughly refer-
enced throughout the process of decision-making related
to relevance and psychometric validation of outcome
measures (https://scireproject.com/). Finally, privacy
is also a major barrier to the collection of community
health data and communication between datasets. In
order to have community health datasets “talk” to
each other, there must be a rigorous evaluation of
privacy standards and meticulous steps taken to ensure
that patient/individual health information is appropri-
ately protected.
One avenue to enhance the quality of health service

data surveillance for individuals with SCI living in the
community would be the establishment of a provincially
mandated data collection strategy that expands the
scope of data collection beyond that which is captured
by the primary administrative datasets while still main-
taining connectivity through Health Card numbers or
EMR. Such a strategy would capture a great deal of
information related to the utilization, quality, and econ-
omic impact of health and community services relevant
to the care needs of individuals with SCI.
The potential implications of enhanced community

health data may also inspire local research and practice
initiatives on a smaller scale. Examination into the use
of health services, presence of comorbid conditions,
and overall health-related quality of live among individ-
uals living with SCI in the community may inform the
content and delivery of specialized outpatient services,
identify underserviced local subgroups, and help
improve timely access to relevant health care. A compre-
hensive set of linked community health data can also
enhance health services research studies by expanding
the scope of the research question. For instance, a
study examining the health care cost of a community-
dwelling SCI cohort with neuropathic pain published
in this issue present the total cost of health care reported
by the study participants. The inclusion of community
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health data could be used to confirm participant reports
and provide additional context of the health care deliv-
ered including the specific services provided, reimburse-
ment amounts billed to the payer and the identity of the
health care payer (i.e. public, private insurance).
Furthermore, a harmonized data surveillance system

could provide opportunity to enhance the coordination
of community-based health care avoiding potential
redundancies in service delivery, examine the utilization
of community-based infrastructure such as fitness facili-
ties, evaluate the effectiveness of self-management strat-
egies or interventions, and potentially capture different
perspectives of the various stakeholders involved with
the provision of health services and care to individuals
with SCI living in the community.
Looking forward, through the use of technology, and

a coordinated approach to standardize community data
sources, the development of a strategy that will provide
linkage between existing datasets could provide valuable
insight into the health of individuals with SCI and
increase our understanding of how they utilize health
services. One such way to accomplish this is to
implement and routinely evaluate health indicators
among persons with SCI. This approach has been advo-
cated by the Access to Care and Timing working
group10 and others advocating for health system
transformation.55,56

The SCI-HIGH project is a bold initiative that has,
with input from subject-matter experts and stakeholders
from across Canada and through a systematic approach,
identified structure, process and outcome indicators for
11 prioritized domains of rehabilitation.57 The provin-
cial implementation of this project provides a mechan-
ism through which consistent community health data
can be collected and evaluated from a variety of
sources across the province. Additionally, the VIP4SCI
project is a virtual platform that, developed in concert
with SCI Ontario and ForaHealthyMe Inc., allows indi-
viduals with SCI to connect with their circle of care
through video conferencing and/or direct messaging in
addition to providing them with vetted health infor-
mation and goal setting tools. This platform could
provide valuable infrastructure to a community health
data surveillance strategy and a secure means through
with data could be collected remotely via video confer-
encing between health care practitioners and patients
with SCI. Both of the aforementioned projects are still
in the early stages of implementation. With time, they
will provide valuable information to facilitate health
care decision making among both clinicians and indi-
viduals with SCI at the aggregate level to inform best-
practices and resource allocations made by researchers

and policy makers. Until that time, it is important to
thoroughly examine the present data available for
health care utilization among persons with SCI living
in the community.
Broadly speaking, the development of a harmonized

data surveillance strategy would promote the creation
of a learning health system. According to the Agency
for Healthcare Research and Quality, a learning health
system takes place when “internal data and experience
are systematically integrated with external evidence
and that knowledge is put into practice”.58 This
should be understood as a cycle, where the changes to
practice, that are informed by internal data, perpetuate
the accumulation of new data and experiences.
Through the incorporation of big-data analytics
approaches and machine learning, a tremendous oppor-
tunity exists to apply novel analytics approaches can tap
into previously unused data sources and apply new tools
in an effort to strengthen the foundations of a learning
health system.59 A recent McMaster University Health
Forum (Hamilton, Ontario) developed an Ontario-
specific definition of a rapid-learning health system as
one that combines both a health and research system
with a scope that ranges from self-management to the
clinical interaction to the level of the government.60

This system is patient-centered (patient includes
current and potential users of the health care system
and their family and caregivers), data is evidence-
driven, supported by appropriate decision supports
and is surrounded by an environment of continued
rapid learning and improvement.60 The continuous col-
lection of important near real-time data with advanced
analytics and frequent reporting cycles will provide sta-
keholders with valuable insight on patterns and trends in
health care utilization over time. This will guide
decision-makers towards necessary modifications of
current health care practices or the introduction of
timely innovative strategies to improve health. Over
time, with the advancement of sophisticated learning
predictive models and guided artificial intelligence
tools, improvements to health care delivery can poten-
tially become proactive as opposed to reactive, thus pro-
viding individuals the opportunity to access the
necessary care before they spiral into costly, high
health care system users.

Conclusion
The authors fully acknowledge the challenges associated
with collecting accurate and reliable data that incorpor-
ates a variety of stakeholder perspectives, from the
macro to micro system perspectives from within the
health system including patient-reported outcome
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measures from various community settings or though
linkage to electronic health records.41 That said, it
must be strongly reinforced that there is a profound
opportunity, if executed properly, to create an up-to-
date comprehensive community health dataset that
allows for linkage with existing administrative databases
and addition of value-laden data elements as specified in
the aforementioned discussion. Carrying data forward
into a single dataset would preclude the current
process and resource duplication for re-collecting the
same data among individuals with SCI. The established
dataset could then be used to inform health practices for
providers, characterize utilization and resource require-
ments for administrators and policy makers, and serve
to measure progress toward stakeholder priorities in a
transparent manner on behalf of governmental organiz-
ations and patient and stakeholder coalitions.
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