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ABSTRACT

BACKGROUND

A scarcity of data exists regarding the processes of care and its effects on mortality and
the functioning of patients with traumatic spinal cord injuries (tSCI). To improve survival
rates of these patients, one will need to identify processes or personal factors that may
cause early mortality and worsen function. Furthermore, these process and personal
factors concerning mortality may vary between contexts primarily due to process
aspects differing, which should be explored to develop fit-for-purpose decision-making

models.

AIM

The overall aim of this study is to contribute to the development of a healthcare decision-
making model grounded in existing processes of care and implemented guidelines, which
can facilitate the prediction of survival in persons who have sustained a tSCI. In addition,
the study set out to achieve the following objectives: 1) determine the profile of
participants with tSCI according to the International Core Data Set; 2) evaluate the
processes of tSCI care within a specialised acute care setting; 3) conduct a rapid review
to establish candidate processes (exposures) of care linked to acute management and
survival; 4) determine the prevalence of risk factors for mortality of persons with tSCI

according to the theoretical risk model; 5) determine morbidity after tSCI.
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METHODS

The overarching study employed a longitudinal, prospective in-hospital study design. It
followed participants from the date of injury onset till two years post-injury. Baseline injury
characteristics were retrieved from the patient’s folder using the SCI core basic data set
form. The International Standards for Neurological Classification and Spinal Cord Injury
Secondary Conditions Scale assisted in retrieving data related to the American Spinal
Injury Association (ASIA) classifications (i.e., motor and sensory scores) and the
presence of secondary medical complications during the patient's duration of
hospitalisation. Process measures, as included in evidence-based recommendations,
were also extracted. Furthermore, the study employed a rapid methodology as outlined
by Tricco et al. This methodology-was- used to-identify-early predictors of mortality that
may be influencing persons who sustained a tSCI. The results from the rapid review were
then used to validate injury and process factors as identified in the one-year mortality
cases. A case series methodology was used to achieve this, whereby each one-year

mortality case was described descriptively.

Data in relation to the above was collected on admission and discharge using a self-
developed data extraction form which was based on the following instruments: 1) SCI
core basic data set form; 2) International Standards for Neurological Classification; 3)
Spinal Cord Injury Secondary Conditions Scale; and 4) key process measures as

identified in the literature and clinical guidelines.
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The data collection form underwent a two-week piloting period prior to commencing data
collection. Data were analysed using descriptive and inferential statistics in SPSS version
28. Moreover, ethical clearance and permission to conduct this study were sought from
the University of the Western Cape’s (UWC) Biomedical Research Ethics Committee
(BMREC) and the Western Cape Department of Health AND Wellness. Permission to

conduct the study was also obtained from Groote Schuur Hospital.

RESULTS

In total, 167 participants formed part of this study. According to the demographic profile,
those between the ages of 18-30 were most likely to sustain a traumatic spinal cord injury.
Assault (65.9%, 110/167), which.censisted-of gunshot,-stabbing and blunt force trauma-
related aetiology, accounted for the largest percentage of tSCls within this cohort. This
was closely followed by transport (22.2%, 37/167) and falls (8.4%,14/167) related
aetiologies. The mean time to spinal surgery was 11 days and ranged from 0-39 days in
length. Following regression analysis, it 'was found that being male (yes/no) and
sustaining an MVA increased the probability of undergoing surgery. Thirty-seven per cent
(61/167) of participants were classified as an ASIA A on admission. This was followed by
ASIA D (18%,30/167), C (11.4%,19/167) and B (7.2%,12/167). The mean length of
hospital stay for participants is 42.6 days and ranges from 0-267 days. Factors found to
have influenced the length of hospital stay included spinal surgery status (yes/no), AISA

A classification on admission (yes/no) and Tetraplegia (yes/no).
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Results of the rapid review found factors related to early mortality to be predominantly
orientated toward baseline injury characteristics on admission and other clinical markers.
These predictors were broadly grouped based on demographical, injury and process-
related factors. In addition, all the studies included in the rapid review came from

developed countries.

In total, seventeen participants died within the first two years post-injury — eleven within
the first year post-injury and an additional six within the second-year post-injury. From
this case series, it was found that reasons which influenced mortality in the one-year
mortality cases consisted of a combination of personal/injury factors (i.e., age gender,
associated injuries, vertebral injuries,~ASIA level) as well as process factors (i.e.,
intermittent hospitalisation, delayed-time-to spinal-surgery, the occurrence of secondary
medical complications during length of hospital stay, unsuccessful procedure [i.e.,
cervical reductions]). All personal/injury and process factors mentioned above were found
to have high positive predictivevalues, which is clinically important for screening

purposes.

CONCLUSION

Early predictors of mortality affecting persons with tSCI are multifactorial and should be
addressed to improve patient longevity. Furthermore, personal/injury and process factors
which were found to have influenced early mortality have contributed to the development

of a preliminary healthcare decision-making model that may help predict survival in
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persons who have sustained a tSCI. There is an immediate need to assess the predictive

validity of the emergent model to facilitate improved survival.
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CHAPTER ONE

BACKGROUND TO THE STUDY

1.1 INTRODUCTION

Making the right clinical management decision at the right time is important when working
towards improving the chances of survival and optimal prognosis following an acute injury
such as a traumatic spinal cord injury (tSCI) (Choi & Forrester, 2022). tSCI are seen as
debilitating injuries which usually occur unexpectedly, depriving individuals of their
physical, social and vocational well-being (Ahuja et al., 2017), predominantly during the
prime of their lives. Spinal cord injuries (SCI) can be divided into two main groups:
traumatic and non-traumatic. These types of SCIS.can further be characterised into two
categories: complete and incomplete injuries, which could be objectively assessed using
the International Standards of Assessment of Neurological Classification, i.e., the
American Spinal Injury Association (ASIA) impairment scale (Kirshblum et al., 2011).
Besides the loss of function, these patients/are prone to developing secondary conditions
such as pressure ulcers, urinary fract infections and ‘autonomic dysreflexia, to name a
few, which affect their overall prognosis and long-term survival (Joseph & Wikmar, 2016;

Madasa et al., 2020; Stillman et al., 2017).

When comparing the survival rates of tSCI to non-traumatic spinal cord injury (nTSCI), it
is clear that patients with a nTSCI have a poorer chance of survival than those who have
sustained a tSCI (Van Den Berg et al., 2010). Although this is the case, the current life
expectancy of persons who have sustained a tSClI is still well below that of the general

population in developed countries such as England and Wales (Savic et al., 2017). To
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date, there has been a noticeable increase in survival due to improved healthcare
services and a more focused care package which is patient centred and specifically
geared towards persons with tSCIs (Savic et al., 2017). However, studies from more
developing countries show trends of a higher percentage of in-hospital mortality (Kang et
al., 2017). Thus, specialised and comprehensive acute care in-hospital is essential to

optimise the recovery and long-term survival of persons with tSCI.

In-hospital mortality, numbers ranged from 7% in developed countries to 20.5% in
developing countries (Chamberlain et al., 2015). A recent study conducted in South Africa
on persons four years post-tSCIl found the mortality rate to be approximately 24%
(Madasa et al., 2020), which is a relatively-high percentage compared to more developed
countries whose figures are much-lower. However, the findings of this study are most
likely an underestimation of the actual mortality rate due to the study’s high loss to follow-
up of participants. A large population-based cross-sectional study conducted in 22
European countries found a pooled age-standardised mortality ratio of 6.7 per million for
persons who had sustained a tSCI(Majdan‘et al., 2017). However, the study by Majdan
et al. (2017) is not comparable to that of Chamberlain et al. (2015), as the data was not
based on the total number of hospital admission of persons following a tSCI. Furthermore,
a review by Chiu et al. (2010) found mortality rates that ranged from 3.1 to 17.5 per million
people in developing countries, such as Russia, Bangladesh, Thailand, Taiwan, China,
and Nigeria, compared to a mortality rate of only 8 per million in a developed country such
as Canada. Based on the findings by Chiu et al. (2010) no conclusive statements can be

made in relation to the differences in mortality rates between developed and developing
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countries. There is therefore a need to investigate the acute management of persons with
tSCI and the extent to which demographic, injury, and process-related factors contribute

to survival or not.

More specifically, before adjusting the acute care pathway for these patients, we need to
identify the process of care (as outlined in Chapter 2 Table 2.2), injury and demographic-
related factors related to mortality and adverse outcomes. The higher rate of mortality in
developing countries compared to developed countries could be attributed to the lack of
adequate resources (Ahuja et al., 2020; Khosravi et al., 2022; Maphumulo & Bhengu,
2019), infrastructure and specialised care services (Gupta, 2019; Gupta et al., 2011;
Madasa et al., 2020) in specifically managing patients with tSCI post-injury. Specialised
SCI care serves to improve patient-outcomes relating-to-care practices and neurological
recovery, while non-specialised care provides a more generalised approach to the
management of these patients, which is not necessarity SC| focused. Studies which were
conducted within the South African context have proven that a relatively large proportion
of persons who sustain tSCI's 'develop ‘at'least one secondary medical complication
during acute care (Joseph & Wikmar, 2016), with the prevalence of secondary medical
complications still being relatively high four years post-injury (Madasa et al., 2020). The
high prevalence of secondary medical complications following discharge likely further
increases the readmission rates of patients to healthcare facilities (Mashola et al., 2019),

which in turn increases the load placed on an already struggling healthcare system.
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As noted above, the physical and psychological effects following a tSCI are usually long
term (Ahuja et al., 2020) and are better managed using a specialised care package to
improve patient outcomes. In most instances, a non-specialised approach could be
responsible for reduced long-term survival and the prevalence of secondary
complications among patients who have sustained a SCI. Currently, there has been an
upsurge in the number of best practice guidelines to facilitate the management of persons
who have sustained a tSCI. The first of such guidelines for acute spinal injury
management were those developed by the American Association of Neurological
Surgeons (AANS) in 2002, with an update performed in 2013 (Walters et al., 2013). After
this, a set of clinical guidelines from the National Institute for Health and Care Excellence
(NICE) in 2017 further highlighted key recommendations that should be considered when
managing this group of patients. Since-this,-many research entities/units, such as the
Fehling laboratory, have worked on updating clinical evidence to improve care processes
relating to tSCI. These clinical guidelines mentioned above strive to be holistic and include
recommendations for both acute- ‘and pest-discharge;- phases. However, clinical
guidelines are not consistently implemented in certain contexts due to:
e personal factors (related to physicians’ knowledge and attitude);
e external factors (related to philosophy, management and leadership within the
clinical setting); and guideline-specific related factors (concerning a lack of
evidence, access to the guideline, lack of applicability and plausibility of

recommendations, to name but a few) (Fischer et al., 2016).
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The set of clinical guidelines which specialised SCI care adheres to advocate for the
following process measures: i.e., spinal surgery to be performed more routinely and within
<24 hours; access to multidisciplinary care, which includes specialist neurosurgeons,
rehabilitation specialists, psychologists, social workers and dieticians; assessment of
associated injuries should be performing a detailed and complete trauma survey;
presence of secondary complications should be minimised especially in relation to
cardiovascular and respiratory complications; length of acute care can be reduced by
improving transfer logistics post-injury and access to rehabilitation when it is safe to
commence (Consortium for Spinal Cord, 2008; Fehlings et al., 2011; Fehlings, Tetreault,
Aarabi, et al., 2017; Fehlings, Tetreault, Wilson, Kwon, et al., 2017). In addition to the
above, demographical factors such as.advancing-age (Furlan, Bracken, et al., 2010) and
gender (Shibahashi et al., 2019; Varma-et al., 2010) have been proven to influence the

early mortality of persons who sustained a tSCI.

Currently, insufficient evidence exists'regarding the aforementioned process measures
of care (i.e., how patients are clinically managed from'the onset of injury till discharge
from care) followed in the South African context when managing persons with tSCI. This
lack of evidence relating to process measures thus creates a challenge in aligning the
current health services to a specialised care approach, or current clinical guidelines. An
example of quality improvement with respect to tSCI management would be the use of
acute care guidelines in specialised care. Specialised care, which consists of timely
access to surgery, level one trauma units, rehabilitation and a multidisciplinary team has

been shown to decrease mortality, prevent the occurrence of secondary conditions and
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reduce the length of hospital stays (Consortium for Spinal Cord, 2008; Parent et al., 2011).
Countries such as Norway, Netherlands, ltaly, Portugal and the United States of America
are a few of the countries in the process of using a specialised means of care for patients
who have sustained a tSCI (Baricich et al., 2017; Campos et al., 2017; Post et al., 20173;
Richards et al., 2017; Strom et al., 2017). To further improve the quality of care being
delivered, these countries set up dedicated spinal units with trained personnel to manage
patients who have sustained SCIs better. In addition, these care centres allow for timely
access to level one trauma centres, with patients undergoing spinal surgery within
24hours following their injury. Rehabilitation services in these specialised spinal units are
also integrated into the early acute phase in order to improve functional outcomes.
Currently, research has proven that_treatment-at-specialised centres or SCI care units
has improved patient outcomes related to -the length of hospital stay, occurrence of
secondary medical complications and rate of mortality (Parent et al., 2011). Furthermore,
countries such as ltaly and Portugal have incorporaied legislation which governs how
persons with disability should be managed in a holistic and: multidisciplinary way (Baricich
et al., 2017; Campos et al., 2017; Richards et al., 2017). In addition, access to vocational
or dedicated SCI rehabilitation centres to improve community reintegration has been
made available. However, ensuring that this is an option for all patients could be affected
by the system being employed by the national health body and private insurance
companies (Baricich et al., 2017; Campos et al., 2017; Post et al., 2017b; Richards et al.,
2017; Strom et al., 2017). Many patients may be unable to cover the costs of care; hence,
supplementary cover may be needed by patients to cover certain medical visits (Post et

al., 2017b). Although the various measures mentioned above have been implemented to
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improve patient outcomes related to persons who sustained SCI, premature death
remains a reality in this vulnerable group. Hence, mechanisms which can predict mortality
and improve survival would be advantageous in systematically strengthening healthcare
systems for persons with tSCI, with the aim, initially, to promote survival and subsequently

facilitate recovery and functioning.

Due to high complication rates and premature mortality in South Africa, one could suggest
that a non-specialised care approach is being utilised (Conradsson et al., 2018). To date,
only a limited number of South Africa facilities can offer specialised services for persons
with tSCI. South African patients who sustain a tSCI and require further intervention are
likely to only undergo surgery within 3-11 days-from the onset of injury (Miseer et al.,
2019), which is not in line with- best practice -guidelines which states that surgical
intervention should be provided within the first 24hours to limit neurological degradation
(Fehlings, Tetreault, Wilson, Aarabi, et al.; 2017). Furthermore, not all patients are eligible
for admission to specialised SCI rehabilitation centres post-discharge as they are required
to undergo strict admission criteria, which'in‘turn impacts those patients that do not meet
the eligibility criteria as set out by the facility (Joseph, Scriba, et al., 2017). In addition,
certain services such as peer support, which assists patients in coming to terms with their
‘new self’ is slowly being phased out due to financial constraints within the sector
(Joseph, Scriba, et al., 2017), even though there is anecdotal evidence suggesting its

effectiveness in inpatient and community settings (Barclay & Hilton, 2019).
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Hence, as we work towards an evidence-based approach in patient management,
identifying factors that may negatively impact survival could assist in improving the health
system and quality of life of these patients. Having a decision-making model in place
could assist in redirecting these services and other valuable resources to patients who
are at a high risk of early mortality, thus improving survival. Decision-making processes
within the healthcare context are complex but integral to improving patient management
by ensuring a more structured approach to decisional processes employed by clinicians
at the point of care(Sutton et al., 2020). Novice clinicians often struggle with decision-
making processes due to their lack of experience, while seasoned and more experienced
clinicians often base their knowledge on prior clinical situations and not on the best
available evidence (Smith, 2008). Neither of these-scenarios are desirable as it may lead
to negative patient outcomes since-the latest-advancement and practice guidelines may
not be implemented. Furthermore, decision-making tools are vital in the quality
improvement process, as they can be used to support-a deviation in care practices where
credible evidence is unavailable to! inform_change (Bae; 2014). Although a decision-
making tool has been developed to determine survival in persons with tSCI (Fallah et al.,
2022), it was published in a developed country and may therefore exclude candidate
exposures which are otherwise more prevalent in a developing country such as South
Africa. Hence, more research is needed to identify context-specific candidate exposure
impacting survival in low- to middle-income countries, which will contribute to developing
context-specific decision aids. In addition, the use of clinical decision-making tools for

quality improvement is of benefit if we wish to improve the care continuum for persons
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who have sustained a tSCI. However, to develop such a tool, it is important to first identify

context-specific factors that influence the care continuum and survival of these patients.

A theoretical risk model developed in the United States of America (USA) by Professor
James Krause was designed to predict mortality in persons with SCI (Krause, 1996).
The model has identified four domains which include:
e modifiable (i.e., psychological factors, socio-environmental factors, risk behaviour
factors; secondary conditions/global health factors);and
e non-modifiable (i.e., demographic and injury factors) variables that were found to

be predictive of early mortality.

Krause’s theoretical risk model consists-of the following domains, which are important
when determining the risk of mortality in persons who have sustained SCI (1)
demographic/lnjury factors, (2) psychological/socio-environmental,(3) protective/risk

behaviour, (4) health and secondary/conditions (Krause, Carter, et al., 2009).
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Figure 1.1 Krause’s theoretical risk model (Krause, Zhai, et al., 2009)

Using Krause’s theoretical risk- model, the researcher can identify predictive factors of
cause-specific mortality which could enable tailored intervention/prevention programmes
to decrease the exposure of risk to mortality, thus improving patient survival (Cao, DiPiro,
Krause 2019). This moves away from the concept of only focusing on all-cause mortality,
which is defined simply as all deaths that may occur within a given population regardless
of the cause of death. Furthermore, the model can be used to determine system factors
related to mortality, such as the quality of the prevention programmes being used =
(Protective/Risk behaviours); occurrence of secondary complications = (Secondary

conditions/Global health) and the presence of a specialised care environment i.e., time to
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surgery (socio-environmental). Lastly, it is integral to the development of a healthcare
decision-making model, as it will assist in identifying the candidate factors related to
mortality and survival. One limitation or critique of such conceptual models is the lack of
clarity on what variables should be included in each domain, and how it should be
measured. On the other hand, recognising the role of context and local healthcare
environments, key factors related to mortality should emerge from features relevant to the
setting. Hence, Krause’s model is considered as a conceptual model instead of a
theoretical model, which would assume that empirical research confirmed the relationship

and proximity of exposures on outcomes.

Step 1 - Identification of
Derivation predictive factors

Step 2 = Narrow and broad

validation valigation SICI - Identification of key processes of
Derivation step care.

Step 3 » Effectiveness of the .I*1 "I. Step 2 * Perform a rapid review to identify
Impact analysis tOOI_W|th|n the clinical e the predictive factors related to
P Y setting. Derivation step early mortality in the literature.
Step 3 * Linking of the above two steps to
o Krause's theorectical risk model and
Derivation step Donabedian’s model of care.

Figure 1.2 Development process of a prediction tool to inform decision making.

As seen in Figure 1.2 above, this study seeks to only contribute to the development of a
decision-making model by identifying exposures that are linked to early mortality. The

validation and impact analysis steps can only be done once a list of possible predictive
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factors have been identified. To identify candidate exposures of mortality and survival,
one would first need to identify the key processes of care related to the management of
persons who have sustained a tSCI. Second, one would need to consult the literature
regarding the predictive factors linked to survival and mortality by specifically
distinguishing process from demographic and injury-related factors. To assist with
unravelling the relevant contextual factors, a rapid review methodology is advisable, as
the findings generated will expedite the knowledge-to-practice gap by informing policy
briefs in the management of these patients. Third, one would then need to link the
processes of care and candidate exposures identified in the literature to that of Krause’s
theoretical risk model, which has been suggested to predict mortality in persons with SCI.
Ultimately, each step provides input with-respect-to.developing a crude model, but more
importantly, a concrete and immediate starting point for-the prediction of survival, while

at the same time employing a systems approach to patient management.

1.2 PROBLEM STATEMENT

tSCls cause considerable consequences and cost 'society millions of rands. South Africa
is reengineering its primary health care services to improve quality of care while
maintaining high levels of access and affordability (Joseph, Scriba, et al., 2017). However,
the process of restructuring the healthcare system still remains a work in progress
(Maphumulo & Bhengu, 2019). According to the researcher, no specialised and
comprehensive pathway of care is available for all persons with tSCI, and no information
on mortality and other pertinent outcomes is available (Joseph, Scriba, et al., 2017), which
is necessary if we wish to develop SCI focused care packages specifically geared to
improve the health and well-being of these patients while addressing historical injustices
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such as unequal access, unaffordability, and healthcare inequality. To achieve this, one
would need to include a rigorous observation of key processes/interventions central to
the management of SCI and how these interventions impact survival in the medium and
long term. Medium and long-term in relation to this study will be defined as 3 to 6 months
and 6 months to 1-year post-injury, respectively. The literature is not clear as to what is
defined as medium and long-term survival in the context of SCI, however based on the
study by Mccoll et al. (1997), short- and medium-term survival ranged from 7 to15 years
post-SCI (Mccoll et al., 1997), while long-term survival was considered to be 20 years
and onwards (Frankel et al., 1998; Mccoll et al., 1997). However, this is dependent on

context and the quality of health services.

Current knowledge regarding the acute-management-of SCI is that early intervention is
key to improving patient outcomes. These time-sensitive interventions include surgery,
rehabilitation, diagnostic imaging, and access to-level-one trauma facilities which have
specialised spinal units (Fehlings et al., 2011; Fehlings, Martin, et al., 2017; Fehlings,
Tetreault, Aarabi, et al., 2017; Fehlings, Tetreault, Wilson, Aarabi, et al., 2017; Walters et
al., 2013), have been shown to decrease the chances of early mortality thus improving
life expectancy. However, it is hard to determine the cut-off points for interventions where
the benefits still outweigh the harms. Furthermore, obtaining data with respect to the
processes of care and mortality are necessary if we wish to motivate the redistribution of
resources to strengthen the quality of care which is to provide quality care to all in need.

If quality care (right care) is provided at the right place and right time the chances of long-
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term survival increase due to the decreased impact of injury-related factors on survival

outcomes (Mccoll et al., 1997).

Patient care is not necessarily made using the best available evidence due to the lack of
a decision-making model. A decision-making model that assists in determining survival in
low and middle-income countries (LMIC) such as South Africa allows one to successfully
stratify patients into high or low-risk groupings which is necessary especially within the
South Africa context which is a resource constrained environment. This would inevitably
improve patient outcomes, particularly with respect to survival, and assist in the
redistribution of care services. In addition, the presence of a decision-making tool will
assist in improving care processes. by providing a structured approach to patient
management, especially in instances where-evidence-is lacking. Furthermore, patients
who are classified as being high risk might not receive the necessary care, they require
to improve their chances of survival,-as medical practitioners may find it challenging how
best to manage these patients due to allack of expertise and training if no system is in
place to guide their decisional ‘processes. Hence, this study aims to lay the foundation
with respect to the development of a preliminary decision-making tool for the prediction

of mortality following acute tSCI.

1.3 RESEARCH QUESTION

What are the variables and their utility in informing the development of a health care

decision-making model for predicting survival in persons with tSCI?
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1.4

AIM OF THE STUDY

The overall aim of this study is to contribute to the development of a healthcare decision-

making model grounded in existing processes of care and implemented guidelines, which

can facilitate the prediction of survival in persons who have sustained a tSCI.

1.5

1.5.1

OBJECTIVES OF THE STUDY

Determine the profile of participants with tSCI according to the International

Core Data Set

1.5.2

To determine the characteristics (i.e., age, sex, aetiology, associated injuries,
vertebral injuries, spinal surgery, length of hospital stay) of all tSCI participants
who have sustained a tSCl.enrolled-in the cohort-for an 18-month timeframe.

To determine the mortality-rate-of the {SCI| cohort-during acute care and one year
after injury onset.

To descriptively study the one-year and two-year mortality cases based on their

key exposures in terms of successes and failures.

To evaluate the processes of tSCI care within a specialised acute care setting
To determine the timing of time-sensitive interventions related to the time to
surgery; time to specialised care, which includes time to acute care from
intermediate hospitalisations and time to rehabilitation.

To determine the total length of hospital stays.
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1.5.3 To conduct a rapid review to establish candidate processes (exposures) of
care linked to acute management and survival
e To identify independent predictors of early mortality of persons who sustained a

tSCI.

1.5.4 To determine the prevalence of risk factors for mortality of persons with tSCI
according to the theoretical risk model

e To determine the injury factors (i.e., severity and associated injuries).

e To determine the risk indicators (i.e., comorbidities and secondary medical

complications).

1.5.5 To determine morbidity after tSCi
e To determine neurological recovery from admission to discharge.

e To determine functional recovery from admission to-discharge.

1.6 DEFINITION OF TERMS

e Acute injuries: “Acute injuries are of sudden onset, caused by high intensity

forces, and of short duration” (Knight, 2008).

e Abnormal imaging: Any form of diagnostic imaging that has identified damage to

the spinal column /spinal cord that may results in neurological fallout.
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Traumatic spinal cord injury (tSCI): A traumatic spinal cord injury is an injury to
the spinal cord which is brought about by a traumatic event such as a motor

vehicle accident, fall etc. (Ahuja et al., 2017).

Non-traumatic spinal cord injury (nNTSCI): A non-traumatic spinal cord injury is

caused by various medical conditions (Ahuja et al., 2017).

Complete spinal cord lesion: A complete spinal lesion is defined as complete loss

of motor and sensory function below the injury level (Ho et al., 2007).

Incomplete spinal cord lesion:-An-incomplete spinal lesion is defined as partial

loss of motor and sensory function betow the injury level (Ho et al., 2007).

Tetraplegia: The loss of motor and/or sensory function in the cervical segments.

In most instances, all four extremities will be affected (Nas et al., 2015).

Paraplegia: is defined as the loss of motor and /or sensory function in the
thoracic, lumbar, or sacral segments. In most instances, the trunk, pelvis and

lower extremities are usually affected (Nas et al., 2015).

Secondary medical condition: A “condition that is causally related to a disabling

condition (that is, occurs as a result of a primary disabling condition) and that

may either be a pathology, an impairment, a functional limitation or an additional

disability” (Jensen et al., 2013).
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Mortality: The number of individuals who are at risk of dying within a specified

time period. (Porta et al., 2008).

Epidemiology: The “study of the distribution and determinants of health-related
states or events in specified populations, and the application of this study to

control health problems” (Porta et al., 2008).

Sensitivity: The “ability to identify those individuals who do not have the disease

in question” (Swift et al., 2020).

Specificity: The “ability to identify those individuals who have the disease in

question” (Swift et al., 2020).

Negative predictive value:If an.individual has a negative test, what is the
probability that the individual does not have the disease in question (Monaghan

et al., 2021).

Positive predictive value: If an individual has a positive test, what is the
probability that the individual has the disease in question (Monaghan et al.,

2021).

Prevalence “represents existing cases of a disease and can be seen as a
measure of disease status; it is the proportion of people in a population having a

disease” (Noordzij et al., 2010).
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1.7 EXPLANATION OF ABBREVIATIONS

. AANS: American Association of Neurological Surgeons
o ACDF: Anterior cervical decompression fusion
o AlIS: Age and neurological injury severity

J ASIA/AIS: American Spinal Injury Association or ASIA Impairment Scale

o ATLS: Advanced trauma life support

J AUC: Area under the curve

. BMI: Body mass index

. CCl: Charlson comorbidity index

. CCS: Central cord syndrome

. CPR: Clinical prediction-rules

. EMS: Emergency medical services

. GDP: Gross domestic product

o GRADE: Graded Recommendation Assessment Development and
Evaluation

o GSH: Groote Schuur Hospital

J ICU: Intensive care unit

. ID: |dentity Document

) ISS: Injury severity scale

. LMIC: Low and middle-income countries

o LOS: Length of hospital stay

. MCAR: Missing Completely at Random
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MLA:

MVA:

NHI:

NICE:

NPS:

NPV:

nTSCI:

POPI:

POPIA:

PPV:

PVA:

SAMRC:

SCl:

SCI-SCS:

SMR:

TBI:

tSCl:

UTI:

UWC:

VAP:

WCRC:

WHO:

WHO:

Machine learning algorithm

Motor vehicle accidents

National Health Insurance

National Institute for Health and Care Excellence
Neuropathic Pain Scale

Negative predictive values
Non-traumatic spinal cord injury
Protection of Personal Information
Protection of Personal Information Act
Positive predictive values
Pedestrian-vehiecle-accidents

South African-Medical Research-Council
Spinal cord injuries

Spinal Cord Injury Secondary Health Conditions Scale
Standardised Mortality Ratio

Traumatic brain injury

Traumatic spinal cord injury

Urinary tract infection

University of the Western Cape
Ventilator-Acquired Pneumonia
Western Cape Rehabilitation Centre
World Health Organization

World Health Organization
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1.8 OUTLINE OF THESIS CHAPTERS

Chapter 1: Introduction

Chapter one provides the background and theoretical framework with respect to this
specific study and outlines the specific aims and objectives. Furthermore, this chapter

gives an overview with respect to the studies rationale and problem statement.

Chapter 2: Literature review

Chapter two provides an extensive yet concise review of key literature relating to the
incidence, prevalence, aetiology and mortality related to persons who have sustained
tSCI. Risk stratification and the use of decision-making tools are also highlighted.
Furthermore, the chapter highlights the differences in measures of disease frequency by
comparing rates between developed and developing countries which brings to the fore
South Africa’s position relative to.moredeveloped countries. In addition to the above,
Krause’s theoretical risk model was discussed; which formed the guiding framework of

this study in determining predictors of early mortality.

Chapter 3: Rapid review

Chapter three describes the methodological steps and findings of the rapid review that
was conducted to identify the predictors of early mortality in persons who have sustained
tSCls. All literature pertaining to early mortality was reviewed and appraised to assess

methodological rigour. In addition, the final list of articles that met the eligibility criteria are
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provided in a table format highlighting each study’s key predictors with respect to early

mortality.

Chapter 4: Methodology

Chapter four provides the methodological steps that were followed in order to reach the
objectives as set out in Chapter 1. In addition, a description of the study design, research
setting, population and sampling technique, data collection procedure and data analysis
were outlined. Furthermore, the ethical considerations related to the process of

conducting this study was explained.

Chapter 5: Results

Chapter five provides a descriptive quantitative analysis of the cohort that was recruited
to participate in this study. This descriptive analysis related to the baseline characteristics
of the incidence cohort, which included data relating to the aetiology, spinal injuries and
concomitant injuries, length of hospital stays (within each area of care), secondary
medical complications and functional data (specifically relating to ASIA classification).

Furthermore, this chapter reported on the various associations found between variables.

Chapter 6: Survival model

Chapter six descriptively reports on the first- and second-year mortality cases based on
their key exposures (i.e., age, gender, aetiology, intermittent hospitalisation, vertebral

injury, secondary complications, associated injuries, time to surgery, ASIA classification
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on admission) in terms of successes and failures (i.e., whether exposures were present
and whether they were aligned to the best available evidence). In addition to this, a
sensitivity analysis of all candidate exposures was performed to determine their
predictability of vital status at one year. Furthermore, these candidate exposures were
grouped under specific domains using Donabedian’s model of care and Krause’s

theoretical risk model, thus providing areas for systems strengthening.

Chapter 7: Discussion

Chapter 7 discusses the study’s main results from Chapter 5 (i.e., Results) and Chapter

6 (i.e., Survival model) in detail, and compares.it to current literature.

Chapter 8: Conclusions, recommendations and limitations

This chapter discusses the concluding points, recommendations, and limitations
concerning developing a decision-making tool to improve. the survival of persons who

have sustained a tSCI.
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CHAPTER TWO

LITERATURE REVIEW

21 INTRODUCTION

This chapter discusses key literature on the incidence, prevalence, aetiology and factors
impacting mortality with respect to persons who have sustained a traumatic spinal cord
injury (tSCI). Furthermore, it describes the current management of spinal cord injuries
(SCI) within the South African context. In addition, it expands on the concepts of risk
stratification and clinical decision making, which are essential in providing quality care
and improving patient outcomes. Models of risk stratification and care, specifically
Krause's theoretical risk model, which is_the guiding framework in this thesis, and
Donabedian's model of care, will be discussed in relation to how they can be used to

operationalise and predict early mortality.

2.2 EPIDEMIOLOGY AND TRAUMATIC SPINAL CORD INJURIES

Although there have been many definitions over the past several decades relating to
epidemiology, these definitions have gradually changed to be more representative of what
the field of epidemiology entails. A definition that sums it up quite well is that of Porta et
al. (2008, pp. 81), which states that epidemiology can be defined as “the study of the
distribution and determinants of health-related states or events in specified populations,
and the application of this study to control health problems”. The World Health
Organization (WHO), on the other hand, defines the concept of health “as the state of
complete physical, mental and social well-being and not merely the absence of disease
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or infirmity” (World Health Organization, 1946, pp. 1). Taking into account these two
definitions, one can state that epidemiological studies, which seek to determine the
relationship between exposure and outcome, can be used to answer a wide range of
clinical questions, including those that gravitate towards physical, mental and social well-
being. If epidemiological measures are used to measure injury frequency (i.e., incidence,
prevalence, aetiology, and mortality rate), a more tailored approach to preventative
measures can be established. This can curb the occurrence of injuries and improve the
survival rate of persons with SCI. This will, in turn, improve current care processes and
preventative programmes in the management of these patients. Determining the mortality
rate and identifying factors affecting survival will also allow us to expand on existing
epidemiological studies which affect survival will-also allow us to expand on existing
epidemiological studies conducted-in this area (Joseph et al., 2015; Sothmann et al.,
2015). The sections that follow will include evidence pertaining to the incidence,
prevalence, aetiology and factors which -may contribute to the mortality of persons who

have sustained tSClI’s.

2.2.1 Incidence of traumatic spinal cord injury

The incidence of traumatic spinal cord injuries in sub-Saharan Africa was estimated to be
at 29 per million people, according to a 2011 global update (Lee et al., 2014). More than
a decade ago, a study by Velmahos et al. (1995) estimated the incidence of tSCI in South
Africa to be approximately 48.5 cases per million; however, this was a single centre cohort
in Johannesburg from 1988 — 1992. While a study conducted in South Africa by Joseph

et al. (2015), found the incidence rate of tSCI within the Cape Metropolitan region alone
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to be 75.6 cases per million, which is alarmingly high when compared to findings from
more developed countries which range from 13.1 to 52.2 cases per million (Chiu et al.,
2010). Besides the above-mentioned studies, a systematic review identified an incidence
rate of 25.5 cases per million for persons with SCI in developing countries (Rahimi-
Movaghar et al., 2013). Specifically in relation to developing countries within the sub-
Saharan region, incidences of 11.7 cases (Levy et al., 1998) and 13 cases per million
were reported in Zimbabwe and Botswana, respectively (Lofvenmark et al., 2015).
However, it should be noted that numerous factors may impact the reporting of accurate
numbers with respect to this information. This may be due to the lack of adequate
registries to calculate the true incidence and prevalence rates with respect to persons
who have sustained a tSCI, as well as.the-geographical context or setting in which these
studies have taken place (i.e., limited to-a geographical region or facility), which in turn
may overestimate or underestimate measures of tSCI frequency in these countries.
Furthermore, data regarding incidence of {SClin developing countries are minimal, which
prevents the development of strategies to curb its occurrence (Furlan, Krassioukov, et al.,
2010; Lee et al., 2014). From the published figures the burden of disease is high in the

local South African context.

2.2.2 Prevalence of traumatic spinal cord injuries

Data regarding the prevalence of tSCI in developing countries is scarce (Wyndaele &
Wyndaele, 2006) as most studies to date have been conducted in developed countries
as opposed to developing countries. The prevalence rates for developed countries are

relatively high, as seen in the United States of America (USA) (700-755 per million),
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Stockholm (223 per million), Helsinki (280 per million) and Australia (681 per million)
(Wyndaele & Wyndaele, 2006). Research on prevalence data places the prevalence rate
of tSCI of the USA at 906 per million, Canada at 1298 per million, Nepal at 848 per million,
India at 236 per million and Iran at 440 per million (Furlan et al., 2013). However, these
estimates may have changed due to preventative measures that may have been phased
in after these studies were conducted. Nevertheless, no updated prevalence estimates
have been published to date to corroborate any change. As noted above, those countries
that have recorded higher prevalence rates may have seen this rise due to improved care
systems specifically due to improved health registry systems and healthcare coverage.
These have been shown to prevent early mortality, thus improving patient longevity.
According to the researcher, minimal prevalence data exists in developing countries, such
as South Africa. Between 2009 and 2022 only-countries from Egypt (180 cases per
million) (El Tallawy et al., 2013), Iran (236 cases per million) (Derakhshanrad et al., 2016),
and Pakistan (5.74 per million) (Khan et al.;-2018) published findings related to
prevalence in developing countries. This lack-of prévalence data may be due to the lack
of an active SCI registry or surveillance system to-track persons with SCI from time of
injury to death or the lack of point prevalence data of specific health diagnoses in typical
census-style studies. Furthermore, standardisation with respect to reporting of data,
representativity of the sample (urban versus rural) being used and where the data
originated (i.e. developed vs developing countries) are all challenges that are
encountered when trying to synthesise prevalence data for SCls (Singh et al., 2014).

From the published figures in the review by Golestani et al. (2022), it is clear the burden
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of disease is relatively high in developing countries which, ranged from 13 (Lofvenmark

et al., 2015) to 75.6 (Joseph et al., 2015) cases per million.

2.3 AETIOLOGY RELATED TO TRAUMATIC SPINAL CORD INJURIES

tSCls could be severe injuries and are normally dependent upon the mechanism of injury
(El Masri, 2006), and whether the injuries were of a high- or low-velocity nature. In sub-
Saharan Africa, these injuries can be attributed to land transport accidents (32%), falls
(12%), sports recreation and violence/self-harm (43%), and account for 65% of people
with paraplegics and 35% of people with tetraplegia, respectively (Lee et al., 2014). A
study by Joseph et al. (2015) found the-main-causes of tSCI to be assault (59.3%),
transportation (26.3%), and fall-related aeticlogy (11.7%). In other developing countries
such as Botswana, the main causes of injuries were noted as road traffic collisions
(transportation) (68%), followed by assault (16%) and fall-related aetiology (10%)
(Lofvenmark et al., 2015). A study:from Tanzania further reported the main causes of SCI
to be falls (48.8%), road traffic'accidents (34.3%), being hit by animals or heavy landing
on a person (9.4%) and assault (7.4%) (Moshi et al., 2017). When comparing the studies
mentioned above, it is clearly evident that transport and fall-related aetiology were the
most prevalent causes of injury in these developing contexts, with only the study by
Joseph et al. (2015) conducted in South Africa noting assault as the leading cause of
tSCI. This is due to South Africa's high crime rate and interpersonal violence (Harris &
Vermaak, 2015). Furthermore, the study by Lofvenmark et al. (2015) attributed the
substantial number of tSCI, as a result of transport aetiology, to the fact that many of the

highways were single laned with high-speed limits. Additionally, it is important to highlight
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that the study by Lofvenmark et al. (2015) included mainly participants from the road
accident fund. When comparing the aetiology of tSCI to more developed countries such
as Sweden, the predominant causes were noted as falls (58%) and transport-related
(40%) aetiology (Joseph, Andersson, et al., 2017). Furthermore, the only difference
between developed and developing countries is the higher percentage of SCI’'s which is
caused due to assault/interpersonal violence, which is virtually non-existent in some
developed countries. In addition, road traffic accidents is the leading cause of SCI
globally, however this is not the case in rural settings within developing countries where
access to motorised transportation is much less(Moshi et al., 2017). As a result of the
reduced access to motorised modes of transportation other causes of tSCI would

therefore be more prevalent (Moshi et.al;;"2017)

As noted above, it is evident that the aetiology of tSCI is based on the context in which
these injuries have taken place and may differ based on the socio-economic and cultural
differences that are at play (Burns & O!conneli, 2012). For.example, a large proportion of
people within the developing context are involved injobsthat require more manual labour,
which may increase their risk of sustaining a tSCI (Burns & O'connell, 2012). Although
not addressed in this study, one may also consider how various aspects, such as socio-
economic status, may interact with aetiology in predisposing patients to early mortality
(Mcgrath et al., 2019). If preventative measures can be put in place to curb some of these
causes/mechanisms of injury, one could possibly see a reduction in the incidence and
mortality rate. Furthermore, preventative measures can be put in place to target these

causes of SCI, which would reduce the incidence and mortality rate.
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24 MORTALITY RELATED TO TRAUMATIC SPINAL CORD INJURIES

A review of existing literature conducted in 2017 shows that mortality among developed
countries ranged from 3.1% to 22.2%, compared to developing countries, where these
figures ranged between 1.4% to 20% (Kang et al., 2017). Differences in mortality rates
will be evident between developed and developing countries, as each country has
differing healthcare structures and processes based on their access to resources (Paulus-
Mokgachane et al.,, 2019; Pilusa et al., 2021). The above-mentioned mortality
percentages in developing countries can be attributed to non-standardised means of
patient monitoring. However, it is important to note that China, which is one of the largest
developing countries, recorded the lowest mortality estimates. This finding could be
attributed to the study’s facility, as-a great divide persists between rich and poor in the
country (Ma et al., 2016). All studies comparing the mortality of persons with SCI to that
of the general population were conducted primarily within developed countries (See Table
2.1). However, with the subsequent enhancement of medical care, there may be an
improvement in these figures. Based on the literature in Table 2.1, which only included
studies that reported SMR, it can be clearly seen that mortality in persons with SCI is
much higher than when compared to the general population, with all studies documenting
mortality that is twice that of the general population. In addition, females were reported to
have a higher standardised mortality ratio compared to their male counterparts. This
increased risk of mortality among female patients who sustained a tSCI may be due to
the profound social and emotional changes that may negatively impact the patient’s
psyche following a traumatic event such as an SCI (Pentland et al., 2002). In addition, the

paper by Hagen et al. (2010) reports that females had a higher standardised mortality
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ratio for poisoning and suicide, which is usually the result of an altered mental state (Budd
et al., 2022) following an SCI. These findings support Krause’s theoretical risk model
assumption that psychological status can been seen as a predictor of mortality.
Furthermore, the presence of secondary complication medical respiratory disease, which
includes pneumonia and influenza, sepsis, neoplasms, and cardiovascular disease all
contribute to increasing the patient’s risk of mortality (Mckinley et al., 1999). However,
they are not necessarily dependent on the patient's gender. Furthermore, these
complications following injury are preventable if the necessary measures are put in place
to curb their occurrence. Therefore, this highlights the need for more context specific data
relating to mortality so that appropriate measures can be put in place to curb modifiable
factors impacting short and long-term survival, such.as secondary medical complications.
As seen below, Table 2.1 provides-a brief overview of the SMR with respect to the tSCI

population (i.e., traumatic and non-traumatic).

Table 2.1: Mortality in spinal cord injury

Author Title "~ 'Study ~ Sample = Country SMR Causes of
| design size

(Hartkopp et~ Survival and Retrospective N: 888 Denmark SMR male: Sepsis

al., 1997) Cause of death (Developed) 2.07 Pneumonia
after traumatic SMR
spinal cord female: 4.9
injury A long-
term

epidemiological
survey from

Denmark
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(Frankel et
al., 1998)

(Yeo et al.,
1998)

(Soden et
al., 2000)

(Garshick et

al., 2005)

(Lidal et al.,
2007)

Long-term
survival in
spinal cord

injury

Mortality
following spinal

cord injury

Causes of
death after
spinal cord

injury

A prospective
assessment of
mortality in
chronic spinal
cord injury
Mortality after

spinal cord

injury in Norway

Retrospective ' N: 3179

Retrospective = N: 1453

- Retrospective ; N:;195
| ]

Retrospective N: 361

Retrospective = N: 387

Great
Britain

(Developed)

Australia

(Developed)

Australia

(Developed)

USA
(Developed)

Norway

(Developed)

https://etd.uwc.ac.za/

SMR by
age: (0-30)
-1.99

(31-45) -
4.58

(46-60) -
1.39

(61+) -
1.37
SMR:
Cervical
4.0
SMR:
Thoracic
and
Lumbar
2.4
Overall
SMR:2.3

Overall
SMR:1.47

SMR male:
1.8

Respiratory
diseases:
Pneumonia

and influenza

Level of lesion
Severity of

lesion

Sepsis
Respiratory
diseases:
Pneumonia
and influenza
Neoplasms
Circulatory

disorders

Respiratory

disease:
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(Hagen et
al., 2010)

(Ahoniemi et
al., 2011)

(Sabre et al.,
2013)

Mortality after
traumatic spinal
cord injury: 50
years

of follow-up
Survival after
spinal cord

injury in Finland

Mortality and
causes of death
after traumatic
spinal cord

injury in Estonia

Retrospective N: 401

Retrospective = N: 1647

Retrospective = N: 595

SMR = Standardised Mortality Ratio—

2.5

SETTING

Norway

(Developed)

Finland

(Developed)

Estonia

(Developed)

SMR
female:
49

SMR male:

1.72
SMR
female:
2.88

SMR male:

2.54
SMR
female:
3.56

SMR male:

2.70
SMR
female:
3.80

RECOMMENDATIONS FOR TSCI MANAGEMENT IN THE ACUTE CARE

Pneumonia

and influenza

Respiratory

disease

Cardiovascular
disease

Suicide

Cardiovascular
disease

Suicide

Optimal health systems endeavour to provide effective and timely care to persons who

have sustained traumatic injuries. These systems allow for care to be delivered promptly

to improve neurological outcomes of patients who have sustained a tSCI. In pursuit of

improving health outcomes for persons who have sustained tSCI, specialised centres of

care have been developed to improve the quality of care being delivered. These

specialised care units include evidence-based characteristics in terms of the structure

https://etd.uwc.ac.za/
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and process of care that have been shown to decrease mortality, prevent the occurrence
of secondary conditions and reduce the length of hospital stays (Parent et al., 2011).
Furthermore, this system of specialised care does not stop within the hospital setting but
continues post-discharge, which improves the patient’s probability of returning home and
resuming their roles both at home and in society (Cheng et al., 2017). For these units to
function optimally, they should include a wide range of clinicians with expertise and
training in the management of tSCI, which has been shown to lead to improved patient
outcomes (Maharaj et al., 2017). Sir Ludwig Guttman established the first of such
specialised SCI units in 1944 in Aylesbury, England (Parent et al., 2011). Subsequently,
developed countries such as Norway, Sweden, Netherlands, Italy, Portugal and the
United States of America have followed-this-approach and have specialised means of
care for patients who have sustained a tSCI-(Baricich-et'al., 2017; Campos et al., 2017;
Post et al., 2017a; Richards et al., 2017; Strom et al., 2017). Although this system of care
has proven benefits, established SCHunits in the government sector and those that are in
the process of being implemented may experience imany- challenges. Some of these

challenges may pertain to, but are'not limited to:

unequal distribution of resources (public versus private);

management and leadership crisis (mismanagement of state healthcare facilities);

increased disease burden (multiple burdens of disease); and

slow progress in restructuring the healthcare system (Maphumulo & Bhengu,
2019).
Irrespective of the challenges, a systematic and guided approach to managing these

patients remains important. In this regard, a recent study by Burger and Christian (2020)
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has shown that a noticeable difference in the availability of healthcare services exist
between urban (85%) and rural setting (60%). Furthermore, this difference between
urban and rural settings also translates to the accessibility of healthcare service

(Booysen, 2003).

In 2002, the American Association of Neurological Surgeons developed a set of
guidelines (see Table 2.2 below) to manage patients with acute SCI in an evidence-based
manner to improve patient outcomes. This set of initial recommendations was then
subsequently updated in 2013, considering new evidence regarding patient management
(Walters et al., 2013). During this same period, the Consortium of Spinal Cord Medicine
also published its own set of clinical guidelines-(Consortium for Spinal Cord, 2008). In
addition to the much larger societies-publishing guidelines, further research such as those
conducted by Fehlings, Tetreault, Wilson, Kwon, et al. (2017) also developed clinical
guidelines to manage persons with-acute SCI better. However, a large proportion of
recommendations, specifically relating to [Fehling’s set: of-guidelines, were graded as
relatively low to weak based on their Graded' Recommendation Assessment Development
and Evaluation (GRADE) scores (Fehlings, Martin, et al., 2017; Fehlings, Tetreault,
Aarabi, et al., 2017). These weak to low scores were primarily due to the lack of rigorous
research specifically addressing topics relating to the timing of rehabilitation and
diagnostic imaging (Fehlings, Martin, et al., 2017; Fehlings, Tetreault, Aarabi, et al.,
2017).

Based on the findings from Fehling’s research, more rigorous and high-quality evidence

is needed if we wish to recommend certain interventions or processes in persons with
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SCI. A positive to take from this is that researchers have been actively prioritising key
clinical questions that seek to facilitate managing persons who have sustained tSCI.
Although these clinical guidelines are important for patient management, they may not
necessarily apply to the South African context; hence they cannot be adopted without
taking into account our country’s healthcare system and context-specific barriers. To date,
no formalised standard management guideline for tSCI management exists within the
South African context, impacting how care is designed, implemented, and evaluated. The
table below highlights the key process measures clinical guidelines consistently make
reference to, and which will be relevant to this study based on their evidence backing.
This list was constructed by conducting a limited literature search for all available acute
care guidelines in the management of persons who-sustained a tSCI. The extent to which

the following processes are followed in the local context remains unknown.
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Table 2.2 Recommendations based on key process measures in the management of persons with tSCI.

Process

measures

Pre-hospital

management

Recommendations

“On arrival at the scene of the incident, use a
prioritising sequence to assess people with
suspected trauma, for example, ABCDE” (Uk
National Clinical Guideline Centre, 2016).

“Protect the person's cervical spine - with-manual in-

line spinal immobilisation, particutarly-during-any :

airway intervention and .avoid moving the remainder ..

of the spine.”

“EMS providers should use-the-combination-of rigic
cervical collar immobilisation with supportive blocks
on a backboard with straps or similar device to
secure the entire spine of patients with potential

spinal injury” (Consortium for Spinal Cord, 2008).

“According to the literature, patients should be
immobilised before transport to the hospital using a
cervical collar, head immobilisation and a spinal
board” (Fehlings et al., 2011).

Quality of evidence

(Scientific evidence-l/ll; Grade of

recommendation-A; Strength of panel

opinion->5)

https://etd.uwc.ac.za/
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o “All trauma patients with a cervical spinal column
injury or with a mechanism of injury having the
potential to cause cervical spine injury should be
immobilised at the scene and during transport by

using 1 of several available methods” (Hadley and

Walters 2013).

Spinal surgery o “Consider early surgical spinal canal o (Scientific evidence-Il/ll/IV; Grade of
decompression in the setting of a deteriorating recommendation-B;
spinal cord injury as arpractice option that may ; Strength of panel opinion-5)

improve neurologic recavery. However,-there-is no
compelling evidence that it will. Consider early
spinal stabilisation where indicated” (Consortium for
Spinal Cord, 2008).

e “Early surgical intervention (8-24hr) should be
considered following acute tSCI” (Fehlings et al.,
2011).

(Quality of evidence - Low; Strength of
e “Early surgery be offered as an option for adult recommendation: Weak)

acute SCI patients regardless of level” (Fehlings,

Tetreault, Wilson, Aarabi, et al., 2017).
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Associated
injuries

evaluation

Specialised SCI

care

Multidisciplinary

team

“Complete a comprehensive tertiary trauma survey e (Scientific evidence - ll/lll/IV; Grade of
of the patient with potential or confirmed spinal cord recommendation-B; Strength of panel
injury” (Consortium for Spinal Cord, 2008). opinion->5)

“Outcomes can be improved by management in
specialised centres with access to intensive care
units” (Fehlings et al., 2011).

“Transfer the patient with a spinal cord injury to a e (Scientific evidence - Il/lIl/IV; Grade of
Level | trauma centre as soon-as possible, as | recommendation—B; Strength of panel
defined by the American College-of Surgeons or'by | opinion->5)

state statute. Given local triage protocols and
guidelines relating to transportation|times to trauma
centres, consider taking thepatient directly to-a

Level | centre if possible, in preference to passing
through a Level Il or lll-centre first”’:(Consortium for
Spinal Cord, 2008). |

“For people in a trauma unit who have a spinal cord
injury, the trauma team should immediately contact

the specialist neurosurgical or spinal surgeon on
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call in the trauma unit or nearest major trauma
centre” (Uk National Clinical Guideline Centre,
2016).

“For people who have a spinal cord injury, the
specialist neurosurgical or spinal surgeon at the
major trauma centre or trauma unit should contact
the linked spinal cord injury centre consultant within
4 hours of diagnosis to establish a partnership of
care” (Uk National Clinical Guideling.Gentre, 2016)
(Specialist neurosurgeon or-spinal”surgeon).

e (Quality of evidence - No included
“Rehadbilitation be offered to patients who sustained" | studies; Strength of recommendation:
acute spinal injury when they are medically stable Weak)

and can tolerate required rehabilitation intensity”

(Fehlings, Tetreault, Aarabi, et al., 2017).

e (Scientific evidence - NA; Grade of
“Assess mental health in general and possible risk recommendation-NA; Strength of

for psychosocial problems after admission and panel opinion-5)
throughout acute care stay. Involve members of the

health-care team as needed.” (Consortium for

Spinal Cord, 2008) (Psychologist and Social

worker).
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Secondary
complications

prevention

Length of acute

care

(Scientific evidence-Ill/IV; Grade of
“Provide appropriate nutrition when resuscitation recommendation-C; Strength of panel
has been completed and there is no evidence of opinion->5)

ongoing shock or hypoperfusion”(Consortium for

Spinal Cord, 2008). (Dietician).

SCl patients are at a significant risk-of
cardiovascular and respiratory problems, and
management should proactively anticipate these

potential complications (Fehlings et al., 2011).

“Develop appropriate gLiidélil;le§ ei\'/arlLrlai‘}'ng and

(Scientific evidence-Ill/IV; Grade of
transporting patients with potential'spinal cord recommendation—C; Strength of panel
injuries based on local resources. Identify regional opinion->5)

trauma centres with special resources for the acute

management of spinal cord injuries”(Consortium for

Spinal Cord, 2008).

Consider directing spinal cord—injured patients

expeditiously to a specialised spinal cord injury
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centre that is equipped to provide comprehensive, e (Scientific evidence-l/Il/lIl/IV; Grade of
state-of-the-art care. Discuss pretransfer recommendation-A; Strength of panel
requirements with the referral centre (Consortium opinion-5)

for Spinal Cord, 2008).

Rehabilitation e “Develop protocols that allow rehabilitation e (Scientific evidence—NA; Grade of
specialists to become involved early in the recommendation—-NA; Strength of
management of persons with SCI, immediately panel opinion-5)

following injury during the acute hospitalization
phase” (Consortium for Spinal Cord, 2008)
(Physiotherapist and Occupational therapists).

e (Quality of evidence - No included
e “That rehabilitation be offeredto patients who | studies; Strength of recommendation:
sustained acute spinal injury when they are ‘ Weak)
medically stable and can tolerate required
rehabilitation intensity” (Fehlings, Tetreault, Aarabi,
etal., 2017).

e Research however still remains minimal. '

*** N/A: Not applicable; EMS: Emergency medical services; Level I: High quality randomised controlled trial with statistically significant
difference or no statistically significant difference but narrow confidence intervals, systematic review of level | randomised controlled
trials (studies were homogenous) Level ll: Lesser quality randomised controlled trials (e.g., <80% follow-up, no blinding , or improper

randomisation), prospective comparative study; systematic review of level Il studies or level | studies with inconsistent results: Level
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Ill: case control study, retrospective comparative study, systematic review of level Il studies; Level |V: case series; GRADE A: The
guideline recommendation is supported by one or more level | studies; GRADE B: The guideline recommendation is supported by one
or more level Il studies; GRADE C: The guideline recommendation is supported only by one or more level Il, 1V, or V studies; Level of

panel agreement 5: Strong (mean agreement score = 3.67 to 5)
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2.6 SCI MANAGEMENT IN SOUTH AFRICA

Although South Africa’s pre-hospital/trauma services have improved over the years, it is
not at a point where it should be, as we are still addressing the inequalities and disparities
of the past as a result of apartheid (Brauns & Stanton, 2016). Public facilities within South
Africa serve approximately 80% of the general population, with only 20% having access
to private medical aid services (Goosen et al., 2003). Apartheid played a role with respect
to how our healthcare systems were set up, highlighting vast discrepancies in the quality
of care and issues of healthcare equality. Healthcare facilities are predominantly situated
within urban areas, while facilities situated in rural areas were put in place to provide
healthcare service to ethnic groups such as blacks, coloureds and Indians. As a result of
the past inequalities, with respect to our health system, we are not at the point of attaining
an optimal healthcare system that allows for improved patient-centred care, as all
specialised services are found in urban areas. This disparity still exists today, where
people residing in rural settings are required to travel long distances to receive generalist
care, let alone specialised care, which-has,been shown. to improve patient prognosis
(Mclaren et al., 2014). Due to the long distances these patients are required to travel, the
critical period in which surgeries can be performed will be missed and may negatively
impact the patient's diagnosis (Ahuja et al., 2020), leading to premature death. These
long travelling distances required to receive specialised care result in delayed hospital
admission (Frielingsdorf & Dunn, 2007), and a number of intermediate hospitalisations
that are not always beneficial. Currently, the pre-hospital time in South Africa is believed
to be in the region of 2 hour, which is relatively long if time is of essence when handling

trauma-related injuries (Goosen et al., 2003). Patients are currently managed by only a
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select number of specialised centres equipped to manage persons with tSCI. Ideally,
those who have sustained a major trauma such as a tSCI should be transferred to a level
one trauma facility. However, many present to district healthcare facilities that are not
adequately equipped to handle major traumatic injuries (Goosen et al., 2003). This raises
the question of whether emergency medical services (EMS) possess the requisite
expertise to screen for potential SCI, or whether sufficient bed space exists to manage
these patients within an acute setting (Naidoo & Naidoo, 2021; Netshisaulu et al., 2019;
Sothmann et al., 2015). In addition, patients who did not meet strict entry requirements
may not receive the much-needed specialist inpatient /outpatient rehabilitation services
that have been shown to improve patient outcomes. Although the above-mentioned
challenges may still exist (Maphumulo-& Bhengu,;-2019), the introduction of a primary
healthcare system post-apartheid has helped.-io provide more equitable access of care to
patients (Naledi et al., 2011). However, within the context of acute SCI, few patients
benefit from primary healthcare at the onset of their injury but do so later in their recovery

process.

Further challenges, such as prolonged waiting times for patients; increased litigation of
avoidable medical errors; adverse events; poor hygiene and infection control measures;
poor record keeping and shortages in medicine and resources, further hinder the

provision of acute care for these patients (Maphumulo & Bhengu, 2019).

Secondary medical complications remain relatively high within the acute phase (Joseph

& Wikmar, 2016), which may negatively impact patient survival. In addition, persons who
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sustained a tSCI due to gunshot-related aetiology were found to have longer hospital
stays coupled with frequently occurring secondary medical complications (Joseph, 2017).
Furthermore, these secondary medical complications, such as pressure ulcers, are
preventable (i.e., modifiable) and may increase the length of hospital stay. Research
within the local context has proven that mortality is relatively high in the long term for
persons with tSCI following discharge with a high prevalence of otherwise preventable
secondary complications (Madasa et al., 2020). This high prevalence of secondary
medical complications further increases the likelihood of patients being readmitted after
they have been successfully discharged (Mashola et al., 2019). In addition, these

increased readmission rates further overburden an already struggling healthcare system.

2.7 KRAUSE'S THEORETICAL RISK'AND PREVENTION MODEL

As seen in Figure 1.1, Krause's theoretical risk model was developed in 1996to prevent
early mortality and assist injthe  preventing; the -development of secondary health
complications in persons who 'have-sustained.SCI. Furthermore, it sought to improve
patient outcomes by identifying those factors which cause ill health or even increase a
patient’s likelihood of early mortality (Krause, Saunders, Dipro & Reed 2014). In the
pursuit of identifying these predictors of early mortality in patients who sustained tSCI’'s
Krause et al. developed a theoretical risk model (Figure 2.1), which consists of four
domains namely: basic biographic and injury factors; health factors; behavioural factors;
psychological and environmental factors (De Vivo, Stuart Krause, & Lammertse, 1999;
Krause, Sternberg, Lottes, & Maides, 1997; Krause, Carter, Pickelsimer, & Wilson, 2008;

Krause, Zhai, Saunders, & Carter,2009; Krause, Saunders, DiPiro, & Reed, 2013). In this
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theoretical risk model, demographics and injury characteristics were used as
controls/mediators due to the direct involvement of these variables in mortality (Krause,
Saunders, Dipro & Reed 2014). It was also found that many non-clinical factors, such as
health behaviour and psychological status, were important predictors in determining early
mortality or the development of secondary complications. Hence, factors such as socio-
economic and socio-environmental status, psychological status and health behaviour are,
at times, crucial predictors in determining early mortality in persons who have sustained
a tSCI (dderud, 2014). The aforementioned variables are modifiable, which means that
if the objective is to decrease mortality to improve survival rates, we need to employ the
necessary preventative measures towards these modifiable factors, such as health
behaviour, which could include aspects-of-physical activity, psychological status and
current physical environment (Cao et al.,-2013; Krause-et al., 2008). Recent studies have
shown how the identification of psychological risk factors may assist in preventing cause-
specific mortality of persons who have sustained spinal cord injuries (Cao et al., 2019).
Hence, intervening in the patient's healih  behaviour,, psychological status and
environment will directly impact on the health factors that the patient may encounter.
Furthermore, targeting the “high-risk” patients earlier rather than later will decrease the
probability of early mortality and improve survival rates among this specific cohort of
patients as additional resources may be directed to this vulnerable grouping of patients.
By identifying and narrowing down clear predictors of early mortality, one would be able
to determine which patients should receive more intensive care to improve their
probability of survival. For this research study, Krause's theoretical risk model will be used

when assessing the factors (exposures) contributing to mortality. However, these factors
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will only be selected based on the following criteria: i) strongest evidence arising from the
rapid review (i.e., Chapter 3) and ii) whether these factors are contextually relevant and
measurable in the current healthcare system of South Africa. However, this risk model
does not assess the impact of healthcare care processes on mortality; hence,
Donabedian's model of care (Figure 2.2) will be used to assess its impact. This was
achieved by determining which key process measures were consistently present in the
acute care guidelines identified in Chapter 2 (See Table 2.2) and ii) whether these process
measures are contextually relevant and measurable in the current healthcare system of

South Africa.

| Outcome

* Physical and o Foctis on-the » Effect of health

organisational " cate deliverad care on the
characteristics ta patients status of
where health =—{e.g-services patients and
care occurs ERY treatments) populations

¥ pF oM L T B T

Figure 2.1: Donabedian’s conceptual model of care

Donabedian’s quality of care model is used to identify any changes in the processes of
care to improve patient outcomes and is one of the most widely used models to assess
care processes within healthcare structures (Mitchell et al., 1998). As stated earlier, the
process of care reflects appropriate interventions, timing and dose. This means that if
quality evidence-based interventions are not administered at the right place and time, it

may likely reduce the patient’s probability of survival. Conversely, the structure of care
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relates to specialist units which are in place to manage persons with tSCI's. This model
leans towards the understanding that the structure and process influence outcome;
however, outcomes obtained in medical care are not fully explained by the inputs alone,
and hence the inclusion of risk factors as operationalised by Krause’s model improves
the ability to understand better what contributes to survival (Donabedian, 1966). As seen
in Krause’s theoretical risk model various factors such as psychological status, protective
and risk behaviour, socio-environmental status, and secondary conditions /global health
are not factored into Donabedian’s model care but play an integral part in determining
which patients might be at a higher risk of mortality. Therefore, factors affecting mortality
should be seen through the lens of the system providing that care (Donabedian’s model
of care) and the factors which the patient-bring-to-this system (Krause’s theoretical risk

model).

Multiple factors are at play when assessing the mortality of patients who have sustained
a tSCI, be it during the acute or post-discharge of the patient (Hagen et al., 2010; @derud,
2014; Varma et al., 2010) However, knowing which-of these factors are strong candidate

factors are key if we wish to improve patient-specific outcomes such as survival.

2.8 USE OF CLINICAL PREDICTION RULES TO IMPROVE PROCESS

MEASURES

Novice clinicians often struggle with decision-making processes due to their lack of
experience, especially decisions regarding high-risk patients, which are predominantly

made subjectively, or by means of expert opinion (Smith, 2008). The latter is not ideal
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since many factors that influence one's decision-making process, such as values/norms
and work experience (Smith, 2008). Clinical prediction rules (CPR) may be used to
improve evidence-based decisions regarding care to improve patient prognosis.
Therefore, using a CPR facilitates the evidence-based medicine approach, such as acute
care guidelines (Consortium for Spinal Cord, 2008; Fehlings, Tetreault, Wilson, Kwon, et
al., 2017; Walters et al., 2013). By determining predictors of early mortality, one could
contribute to developing a healthcare decision-making model or guideline based on
empirical evidence that could improve the survival of persons with tSCI following an injury.
However, a distinction must be made between CPRs and decision-making tools as the
way impact is assessed differs. CPRs predict a relevant outcome, while the impact of
clinical decision-making tools can only-be assessed by the extent to which the CPR
affects decision-making processes-io-improve patient-outcomes (Reilly & Evans, 2006).
These forms of decision-making models are merely a way for healthcare practitioners to
make an informed decision to_address certain clinical questions that may need to be
answered. It is further used to ideniify patients. need scarce treatments and interventions,
and to allocate of resources within the clinical setting' (Kennedy & Gallego, 2019). In
addition, using healthcare care decision-making models, such as CPRs, are useful in
ensuring quality improvement in the care that is being delivered, identifying environmental

factors that need to be considered, and developing CPRs (Bae, 2014).

CPRs are being actively researched within the field of SCI, however, these CPRs have
primarily been developed to predict patient function following an SCI (Facchinello et al.,

2017; Kaminski et al., 2017; Van Middendorp et al., 2011; Wilson, Grossman, et al.,
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2012). Although being able to predict function after an injury is important, it is even more
important to determine which patients would be at an increased risk of reduced survival
so that a more intensive care package may be directed to these patients, as opposed to
redirecting resources away from those who have a lower chance of survival. Rarely do
these crude prediction tools reach the validation and impact analysis phase of model
development (Vaillancourt et al., 2011), which is a loss as there is always an opportunity
to improve the quality of care that is delivered to patients. For a CPR to be used within
the clinical setting, it needs to undergo four steps:

e Step one, otherwise known as Derivation, entails identifying those factors that
have a high predictive power regarding the outcome of interest (Adams & Leveson,
2012).

e Step two, otherwise known as Vafidation (broad-and narrow), determines whether
the model works in the setting within which the tool was developed and other
clinical settings (Adams & Leveson, 2012).

e Step three, otherwise known'as Impact Analysis assesses usefulness within the
given clinical setting concerning resource allocation and cost-effectiveness
(Adams & Leveson, 2012).

e Step four, which is referred to as the Implementation stage and involves adopting

the tool within the clinical setting (Adams & Leveson, 2012).

Only two prediction models have been developed to date that specifically address the
aspect of survival in persons with SCI (Fallah et al., 2022; Hossain et al., 2019). Both

prediction models have undergone the validation process but still need to undergo the
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impact analysis and implementation stage. These final two steps are seldom possible due
to challenges that may arise concerning the readiness for implementation as well as the
design and analysis of the impact study (Kappen et al., 2018). Being able to predict
survival in low-middle-income countries (LMIC) such as South Africa allows one to
successfully stratify patients into high- or low-risk groupings, which is necessary
especially within the South African context that is a resource constrained environment.
This stepwise approach to developing a CPR is applicable to South Africa, however,
challenges may be experienced with respect to identifying predictors of mortality due to
a non-existent national patient registry. Furthermore, challenges may be encountered
with the implementation of such rules owing to clinician’s preferences with respect to
patient management. The latter is_however an-obstacle that is experienced in both

developed and developing countries.

2.8.1 Models of clinical prediction tool development

Various methods of clinical prediction exist to inform clinician practices. As outlined
below, Grobman and Stamilio (2006) identified five methods (i.e., scoring systems,
nomograms, classification, regression trees and neural networks) that are commonly
used within the medical literature. These methods are primarily based on univariate or

multivariate analysis, neural networks, nomograms and decision trees/CART analysis:

e Scoring systems: “In this method, associations between categoric variables and
a clinical outcome are ascertained through the use of univariable statistical tests

such as the Student t test and chi-square analysis (Grobman & Stamilio, 2006).”
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e Nomograms: “Nomograms allow for the accounting of the interactive effects of
multiple independent variables and present these interactions in a graphic form
that is accessible to clinicians (Grobman & Stamilio, 2006).”

e Regression trees: “Multivariable techniques such as logistic regression allow for
the improved assessment of the association of each independent variable with
the dependent outcome (Grobman & Stamilio, 2006).”

e Decision trees: “CART analysis is another type of predictive model that uses
nonparametric techniques to evaluate data, account for complex relationships,
and present the results in a clinically useful form (Grobman & Stamilio, 2006).”

e Machine learning algorithm (MLA): “A neural network seeks to account for the
complex nonlinear relationships-of independent variables with one another and

with the dependent variable as well (Grobman & Stamilio, 2006).”

Each of the above-mentioned models of clinical prediction-has limitations concerning its
design and application to the clinical'setting. However; it'is important to use a model that
fits the end user of the model well, as they will be using it daily to inform their practice. If
not compatible and user friendly to their practice or setting, one would find a definite lag
in its uptake. The most common model used to inform decision making tools to date is a
regression framework (Bonnett et al., 2019).However, there has been a gradual move
towards using neural networks when predicting patient-specific outcomes related to this

group of patients.
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However, as technology improves and clinicians/researchers explore alternative means
of improving care for these patients, innovative ways, such as the use of MLA, have been
used in predicting patient outcomes related to persons who have sustained an SCI
(traumatic and non-traumatic) (Khan et al., 2019). However, there is more reliance on
research decision-making tools that incorporate logistic regression as opposed to MLA,
as the former is well-researched in the literature while the latter is relatively new (Khan et
al., 2019). The use of MLA also has noticeable advantages compared to their regression
model counterparts. These advantages relate specifically to the fact that no prior
knowledge of predictors is required, there is no cap on the number of predictors that can
be used in the model, and algorithms are capable of picking up on complex relationships
(Khan et al., 2019). Due to the nonexistence of a-national registry, there is insufficient
data to input into models that employ‘a-machine-learning approach. These algorithms
usually identify predictors based on the availability of large datasets absent in South

Africa.

Although the above-mentioned 'models may be useful in predicting the probability of
survival of those patients who are at a higher risk of mortality, they do not tell us what can
be done to improve survival. Prediction will merely tell us what would happen if a patient
presents with a set of variables that may place them at a higher risk of mortality (i.e.,
predicting the mortality rate of persons with SCI will not give you the information as to
how mortality can be reduced). Hence, the use of an explanatory/descriptive model
(Shmueli, 2010), as opposed to a predictive model, should be used if we wish to improve
the care pathway in which these patients are managed. Moreover, as this type of

modeling will provide us with the necessary information needed to change care processes
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which may negatively impact patient survival. Furthermore, the use of an
explanatory/descriptive model seeks to discuss the relationships that may exist between
variables, thus explaining the possible reasons for increased mortality amongst these
patients. This, however, is not the case when using a predictive model as casual
relationships between variables will be ignored as inferences will be solely made based
on the available data. Therefore, for the purposes of this study, an explanatory/descriptive
model approach will be used to better understand inputs of mortality. It therefore will lead

to unlocking what should be considered and measured.

2.8.2 Presentation of decision support tool

The use of evidence-based practice also has its noticeable challenges. Methodologically
rigorous tools may be developed; however; they may not be adequately implemented due
to aspects of clinical practicality being considered. If these tools are not practical and
simplistic clinicians will experience difficulties in their implementation. As each clinical
context differs from the next, it is important to engage with those healthcare practitioners
that will be using the tool thereby ensuring its uptake (Bonnett et al., 2019) . The reduced
or simplified version of the prediction tool should undergo the same testing as would be
the case for the full regression model. This is to ensure that the psychometric properties
related to the use of the tool is sufficiently rigorous. In addition, Bonnett et al. (2019) found
the following presentation means most appealing when presenting decision support tools:
a point score system; a graphical score chart, a nomogram and a website/application
Furthermore, each presentation style has its own noticeable advantages and

disadvantages, hence context will always remain key when deciding how the final
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decision support tool should be presented within the clinical setting to facilitate its uptake.
However, with technological advances there may be a point at which these tools are used

on an online platform which will allow researchers to evaluate data in real time.

29 CONCLUSION

In conclusion, not much is known regarding the mortality rate of persons with SCI in
developing countries such as South Africa, as majority of the published evidence comes
from developed countries. Accurate and reliable data pertaining to SCI within developing
countries, still hampers the development of appropriate preventative measures
concerning injury prevention and secondary-level effects, such as medical complications,
activity limitations and participatory restrictions.-As noted above, the lack of evidence on
measures of injury frequency are due to the lack of a standardised approach in monitoring
patients with SClin LMIC, such as South Africa. If a standardised approach is putin place,
one would get a better idea with respect to the overall burden of tSCI within the South
African context. Accurate and rup-to-date. prevalence data will further assist in
restructuring our current healthcare contextto better manage these patients by targeting
factors that may directly impact survival. Therefore, this study seeks to add to the
epidemiological profile of existing literature regarding tSCI within the Cape Metropolitan
area. Furthermore, it will provide an overview of SCI care in South Africa, as it appears
that numerous suggestions point to the fact that specialised care is not fully operational

and opportunities to strengthen this philosophy and implementation remain plentiful.

Currently, CPRs are exclusively being used to predict function in persons who have

sustained tSCI, however, a dearth of CPR used to predict survival still exists, with only
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two such CPRs being developed to date. Hence, this study seeks to contribute to the
development of a predictive rule that is contextually relevant, and is focused on improving
survival for persons who have sustained a tSCI. Lastly, this study also seeks to provide
rigorous data on time-sensitive interventions in the patient’s pathway of care which can
be used in the developing a contextually relevant set of clinical guidelines, as none exist

to date for our context.

57
https://etd.uwc.ac.za/



CHAPTER THREE: RAPID REVIEW

PREDICTORS OF EARLY MORTALITY

3.1  INTRODUCTION

The rapid review aligns with objective 1.5.3, which set out to determine the predictors of
early mortality for persons who sustained a traumatic spinal cord injury (tSCI). The
findings of this review were used to inform the selection of candidate exposures which
were, firstly, included in the design of the methods of this study and, secondly, may be
linked to the mortality cases in Chapter 6. With the adoption of Krause’s theoretical model
and the limited guidance from clinical prediction tools for mortality in spinal cord injury
(SCI), there is a need to identify rigorous faetors;-both modifiable and non-modifiable, that
impact survival from the literature. This chapter employed a rapid review methodology as
set out by Tricco et al. (2017) to identify these factors. The rapid review methodology
includes the followings steps:

e protocol development;

o literature search;

e screening and study selection;

e data extraction;

e risk of bias assessment; and

e knowledge synthesis.

Furthermore, this chapter provides an overview of the characteristics of the included

studies, which reported on independent predictors of early mortality (i.e., from injury onset
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to one-year post-injury) that may impact patient survival. These independent predictors
were chosen based on their relevance to the context and their ability to be measured or
screened in the current healthcare system as part of routine care, i.e., to understand the
system as it is before proposing changes. Furthermore, these independent predictors
were integral in identifying candidate exposures (i.e., factors which influencing early
mortality) that may be linked to acute management and early mortality. Krause'’s
theoretical risk model and Donabedian’s model of care, which specifically addressed the

aspects of process measures, were used as guiding frameworks in this chapter.

Predictors related to personal factors included demographical (i.e., age and gender)
information, while injury factors included-alli-baseline injury characteristics. on the other
hand, process factors included  time-sensitive-interventions, transfer logistics and
screening for pre-existing comorbidities and secondary medical complications. Lastly, the
chapter discusses the main findings of the included studies related to risk factors

associated with and predictive of poarer survival outcomes, within the first year post-SCI.

3.2 RAPID REVIEW METHODOLOGY

The rapid review methodology used in this chapter was guided by that of Tricco et al.
(2015) and Tricco et al. (2017).As mentioned above, the primary reason for conducting
this rapid review was to identify the candidate exposures, which may place persons who
have sustained a tSCI at a higher probability of reduced survival. It was decided not to
employ a systematic review methodology. This is because of the complexity and

magnitude of the factors associated with mortality and morbidity and the fact that each
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factor would need to have been studied separately, provided that sufficient quality of

studies was available.

3.2.1 Search strategy

The following search terms were used to identify potentially relevant studies for inclusion
in this rapid review: “traumatic spinal cord injury “AND “predictors” AND “mortality”. It is
important to note that a distinction must be made between risk factors and predictors, as
all risk factors will not necessarily be predictors of mortality. Hence, the reason why the
search term “predictors” was only used in the context of this rapid review. Although
survival and mortality are sometimes used interchangeably, they are calculated and
defined differently and influenced by varying factors. Therefore, the researcher decided
only to use the term “mortality”. The following databases were searched Ebscohost -
(Medline; Academic search complete and Cinahl Plus) and SCOPUS. The search limits
set for each database were language i.e., only English studies were included. These
databases were searched individually. by one reviewer: (i.e., the researcher) while the
main supervisor conducted a'random check of the ‘'search results. The researcher
performed independent “pearling / snowballing” of potentially relevant articles for inclusion
in the review while the main supervisor did a random check of the reference lists to ensure
no relevant articles were omitted from the review. The main supervisor was consulted if
the researcher could not decide whether the article should be included in the review or
not. Contacting authors of literature was not considered, as this step does not routinely

form part of the rapid review process (Tricco et al., 2017).
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3.2.2 Study selection

One reviewer independently performed a screening of titles and abstracts. After titles and
abstracts were screened, a list of potentially relevant articles was created. This list of
potentially relevant articles was then subjected to the inclusion and exclusion criteria

mentioned below. Studies that met the inclusion criteria were included in the rapid review.

The inclusion criteria for this review were as follows:

¢ the studies should include participants who have sustained tSCI;

participants in the studies should be >18 years;

e studies published in English only;

e studies that were publishedfrom-database-inception till 2020;

e all study designs were considered (i.e., experimental and non-experimental) and
systematic reviews;

e studies that assessed predictors for early mortality (as mentioned earlier, early

mortality was defined as the date.from the onset of injury to one-year post-injury).

Studies were excluded from this review if they were (1) poster presentations and

(2) no full-text articles were available for screening.

3.2.3 Data extraction

A single reviewer performed data extracted from included studies. As per the literature
search process, the main supervisor verified the extracted data (i.e., no more than 10%
of the included studies). A self-adapted data extraction form based on the Joanna Briggs

institutes was used to obtain all relevant information related to this review. A piloting
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phase was done to ensure all relevant aspects of the included studies were extracted:
authors’ details, year of publication, country, study type, aim/purpose of study, sample
size, factored-in confounding, mechanism of injury, independent predictors of early

mortality.

3.2.4 Quality appraisal

Quality appraisal of included studies were not performed as the purpose of this rapid
review was to scope the available literature relating to predictors of early mortality rather
than to determine the overall effectiveness of individual predictors within the clinical
setting. Furthermore, this decision was in line with four of the six rapid review approaches

as outlined by Tricco et al. (2017).

3.3 RESULTS

The following databases were searched from database inception to the end of July 2020
(see Figure 1): Ebscohost (Medline; Academic search complete and Cinahl Plus) = 38
articles, and SCOPUS = 19 articles. These databases were chosen as they are the most
widely searched/used databases. The pearling of reference lists yielded an additional
nine articles, bringing the total to 66 articles. After duplicates were removed (n=22), 42
articles were screened against the eligibility criteria. After screening titles and abstracts,
17 articles were excluded for not referring to predictors or early mortality. An additional
11 articles were then excluded for not meeting the inclusion criteria. This left 16 articles

which were included in the review.
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As seen in Table 3.1 majority of the research was conducted in Canada (5 articles) and
the United States of America (4 articles), respectively. The remaining studies were from
Iran (1 article), Australia (2 articles), Saudi Arabia (1 article), Brazil (1 article), Japan (1
article) and France (1 article). Fifteen of the sixteen studies used a retrospective design
to identify key early mortality predictors, while only one study (Daverat et al., 1989) used

a prospective study design.

The main independent predictor of early mortality was age. Nine (Alsaleh et al., 2017;
Banaszek et al., 2020; Claxton et al., 1998; Daverat et al., 1989; Furlan & Fehlings, 2009;
Inglis et al., 2020; Shibahashi et al., 2019; Tee et.al., 2013; Varma et al., 2010) of the
fourteen studies reported on age.-Of the nine studies which reported on age, eight
(Alsaleh et al., 2017; Banaszek et al., 2020; Claxton et al., 1998; Daverat et al., 1989;
Furlan, Bracken, et al., 2010; Inglis-et al.; 2020; Tee et al, 2013; Varma et al., 2010) of
these studies found age to be an independent predictor of,early mortality of persons who
sustained tSCI. The above studies proved that an'increase in patient age increased the

odds of early mortality.

The second most common predictor after age was neurological level /deficit. Eight
(Alimohammadi et al., 2020; Alsaleh et al., 2017; Bokhari et al., 2019; Claridge et al.,
2006; Claxton et al., 1998; Daneshvar et al., 2013; Neumann et al., 2009; Tee et al., 2013)
of the included studies reported on neurological levels/deficit. However, only five (Bokhari

et al., 2019; Claxton et al., 1998; Daneshvar et al., 2013; Inglis et al., 2020; Varma et al.,
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2010) of the seven studies found the severity or the level of injury to be independently
predictive of mortality. These studies proved that patients with a higher neurological level

of injury, or deficit, were at an increased likelihood of early mortality.

Lastly, the third most common predictor related to the presence of comorbidities. Only six
studies (Alimohammadi et al., 2020; Alsaleh et al., 2017; Bokhari et al., 2019; Inglis et al.,
2020; Tee et al., 2013; Varma et al., 2010) reported on the presence of pre-existing
comorbidities with only five (Alsaleh et al., 2017; Bokhari et al., 2019; Inglis et al., 2020;
Tee et al., 2013; Varma et al., 2010) proving that the presence of multiple comorbidities
is considered an independent factor to early mortality. The following were found to be
independent predictors of mortality but-were-nét-as.common as those stated above: the
mechanism of the injury; physiological parameters; access to a level one trauma; centre;

pharmacological intervention, and secondary complications.

These independent predictors in Table 3.1 were further grouped into either modifiable or
non-modifiable predictors of mortality, with* most-predictors being classified as non-
modifiable. Modifiable factors are those clinical variables that can be changed, while non-
modifiable factors are those that cannot be changed. Regarding gender, all studies had
a larger proportion of male than female participants. The leading causes of injury with
respect to the included studies were either transport or fall-related. The percentage of in-
hospital mortality ranged from 7.7% (Claridge et al., 2006) to 48% (Tee et al., 2013). All
studies except one (Daneshvar et al., 2013) controlled for confounding variables during

the computation of regression models. The reason the one study did not factor in

64
https://etd.uwc.ac.za/



confounding was due to the small sample size, which prevented the authors from

performing any subgroup analysis or multivariable regression analysis.
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Table 3.1 Characteristics of included studies identifying independent predictors of early mortality.

Study Study type Aim or Sample Factored-in  Mechanism of injury Mortality % Independent predictors
information purpose size confounding
(Alimohammadi Retrospective  To evaluate n=87 Yes 1. Road traffic  In-hospital: Predictors (in-hospital
et al., 2020) study design the predictors  injuries crashes 21.86% mortality)
Iran Level Il of in-hospital M =48 (67.8%) Six-month: o Level of injury (non-
evidence and six-month  F =39 Fall (11%) 11.76% modifiable)
mortality in Violence e Presence of
patients who (9.2%) respiratory failure
sustained 4. Struck by (modifiable)
acute object Predictors (six-month
traumatic (5:/%) mortality)
quadriplegia. 5. Sport (4.6) e Level of injury (non-
modifiable)
(Inglis et al., Retrospective  To outlinerisk n= Yes 1. _[Falls Overall: 16% Predictors
2020) study design factors 1340 (77.4%) e Age (non-modifiable)
Canada Level Il associated injuries 2./ Transport Surgical group: e Concomitant
evidence with in-hospital M = 957 (16.2%) 10% comorbidities (non-
mortality in F= 383 3. Sports modifiable)
elderly (= 65 (2.4%) Non-surgical ¢ Neurological severity
years) surgical 4. Other (4%) group: 27% (AIS) (non-modifiable)
and non- e Ventilation status
surgical (modifiable)
patients
following tSCI
67
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(Banaszek et
al., 2020)
Canada

(Bokhari et al.,
2019)
Australia

Retrospective
study design
Level Il

evidence

Retrospective
study design
Level Il

evidence

and to
determine
those
unlikely to
have a
favourable

outcome.

To determine
the effect of
frailty on
patient
outcome after
traumatic
spinal cord
injury (tSCI).

To identify the
demographics
and
complications
in

elderly cervical
spine injuries
and predictive
factors for

surgery,
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n=634
injuries

M = 488
F =146

n=223
injuries
M=113
F=112

Yes

Yes

Falls
(46.5%)
Transport
(25.2%)
Sports
(21.1%)

Other (7.1%

Falls

Motor
vehicle
accident
Fall from
height >2m
Fall from
height <2m
Sports
Pedestrian

Not stated

In-hospital (Sub-

groups)

Incomplete cord
injury: 32%
Complete cord
injury: 100%
Non-operative:
12.9%

Operative :18.5%

Predictors

Age (non-modifiable)
Motor score on
admission (non-

modifiable)

Predictors

Neurological deficit
Comorbidities (non-
modifiable)
Presence of other
injuries (non-
modifiable)
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(Shibahashi et
al., 2019)

Japan

(Alsaleh et al.,
2017)
Saudi Arabia

Retrospective
study design
Level Il

evidence

Retrospective
study design
Level Il

evidence

complications

and mortality.

To determine n =8069
the =
epidemiology, 6294
identify F=1775

predictors of
early mortality,
and develop
predictive
models for
traumatic
spinal cord

injury.

To assessthe n=62
in-hospital injuries
mortality rate M= 49
in adult F=13

https://etd.uwc.ac.za/

Yes 2004 - 2007
1. Road traffic
accidents
2. Fallfroma
height
3. Fall at
ground
level
2008.onwards
1. Fall at
ground

level

Yes 4. Motor
vehicle
accidents

5. Fall

In-hospital: 5.2%

In-hospital: 17.7%

Predictors

Increased age (non-
modifiable)

Gender: Male (non-
modifiable)

Low GCS on
admission (non-
modifiable)
Hypotension on arrival
(modifiable)
Bradycardia on arrival
(modifiable)

Severe head injury
(non-modifiable)
Higher ISS (non-
modifiable)

Complete spinal cord
syndrome (non-

modifiable)

Predictors

Advanced age (non-

modifiable)
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(Daneshvar et
al., 2013)

Canada

Retrospective
study design
Level Il

evidence

patients
suffering acute
traumatic
complete
quadriplegia
and determine
the

possible
predictors of
mortality in

these patients.

To determine
the mortality
rate of elderly
patients with
SCls related to
C-spine
fractures and
identify factors
that contribute
to a higher risk
for negative

outcomes.

https://etd.uwc.ac.za/

No
(Subgroup
and
multivariate
analysis not
used dueto
small sample

size)

6. Sports/guns
hots

Not stated

e Comorbidities (non-

modifiable)

In-hospital: 38% Predictors
o Level of injury (C4)
(non-modifiable)
e Severity of injury
(complete) (non-

modifiable)
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(Tee et al.,
2013)
Australia

(Varma et al.,
2010)
USA

Retrospective
Study design
Level Il

evidence

Retrospective
study design
Level Il

evidence

To identify
early
independent
mortality
predictors after

spine trauma.

To identify
predictors of
early mortality
following
traumatic
spinal cord
injury (tSCI).

https://etd.uwc.ac.za/

N =215 Yes Fall (43.3%)
M=150 2. MVA
F=65 (50.2%)

3. Non- motor
vehicle
accident
(0.4%)

4. Other
(4.1%)

n= Yes Nat stated
1995

injuries

M=

1493

F=501

In-hospital: 48%
[ )

In-hospital: 13%
[ )

Predictors

ISS (non-modifiable)
Abnormal coagulation
profile (modifiable)
Age 65 years and
older (non-modifiable)
Hypotension
(modifiable)
Tachycardia
(modifiable)

Hypoxia (modifiable)
Multiple comorbidities

(non-modifiable)

Predictors

Age (non-modifiable)
Gender: Male (non-
modifiable)

Severe systematic
injuries ISS (>15)
(non-modifiable)
Concomitant TBI (non-
modifiable)

One or more
comorbidities (non-

modifiable)
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(Claridge et al.,
2006)
USA

(Neumann et
al., 2009)
Brazil

Retrospective
study design
Level Il

evidence

Retrospective
study design
Level Il

evidence

This study was n =492 Yes 1. Blunt force
undertaken to  injuries trauma
analyse M= 417 (76.7)
hospital F=75 (Remaining
mortality and causes of
disposition of injuries
patients were not
with SCI with a specified)

specific focus
on evaluating
the effect of

payor source

on discharge.

to a RF.

To identify n=284 Yes 1. Car crash
predictors of injuries (39%)
death in M=T71 2. Falls
traumatic F=13 (37.8%)
cervical spinal 3. Penetrating
cord injury wound/ hit

https://etd.uwc.ac.za/

In-hospital: 7.7%

In-hospital: 26.2%

Poor neurological
status (non-
modifiable)

Level one trauma

centre (modifiable)

Predictors

Level of the injury:
Cervical spine (non-
modifiable)

Number of blood
transfusions received
(modifiable)

Predictors

GCS score <9 (non-
modifiable)
Mechanical ventilation
(modifiable)
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(Furlan &
Fehlings, 2009)
Canada

(Michael et al.,
1999)
USA

Retrospective
study design
Level Il

evidence

Retrospective
study design
Level Il

evidence

(tSCl) in

Brazil.

To determine
whether age at
time of injury
affects
mortality,
motor sensory
recovery, and
functional
recovery in
chronic stage
after traumatic
spinal cord

injury.

To identify and
quantify trends
in mortality
and causes of
death among
persons with
spinal cord

injury.

n =499
injuries
M
F

N=2823
9
M=2290
2

F=
5337

Yes 1.

Yes ik

with object

(21.95%)

Crushing

(1.22%)

Motor 6 Weeks

vehicle Older: 25%

accident Younger: 2%

Fall

Other 6 months
Older: 36.4%
Younger:2.2%
1Year
Older: 38.6%
Younger: 3.1%

Motor Not stated

vehicle

accident

(43.3%)

Violence

(18.8%)

Falls

(18.5%)

https://etd.uwc.ac.za/

e Vasopressor use
(modifiable)

Predictors
e Age (non-modifiable)
e Severity of SCI (non-

modifiable)

Predictors
e Age (non-modifiable)
e Gender (non-
modifiable)
e Injury level (non-
modifiable)
e Frankel Grade (non-

modifiable)
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(Claxton et al.,
1998)

Canada

(Daverat et al.,
1989)
France

Retrospective
study design
Level Il

evidence

Prospective
study design
Level Il

evidence

To identify
predictors of
death and
mechanical
ventilation in
patients with
traumatic
cervical spinal

cord injury.

The objective
was to
estimate
mortality rates
in SCI patients
and to
determine
initial
predictors of

survival

https://etd.uwc.ac.za/

n=72
injuries
M =62
F =10

N=157
M=129
F28

Yes

Yes

Sporting
injuries
(11.3%)
Other
causes
(8.1%)
Falls/jumps
(44%)
Motor
vehicle
accidents
(36%)
Sports
injuries
(14%)

Hit by an
object (4%)
Not stated

In-hospital: 21%

(Thirteen deaths
in the ICU and
two deaths
outside the ICU)

3 months: 20%

Among

tetraplegic: 29%

Among

paraplegic: 11%

e Ventilator status
(modifiable)

Predictors (First three
months)
¢ Age (non-madifiable)
¢ Neurological level
(non-modifiable)
e GCS (non-modifiable)

Predictors (First three
months)
e Age (non-modifiable)
¢ Initial conscious level
(non-modifiable)
o Respiratory assistance
(modifiable)
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(Griffin et al.,
1985)
USA

Retrospective
study design
Level Il

evidence

Mortality, n=154
survival and M=111
prevalence of  F=43
traumatic

spinal cord

injury in

Olmsted

County,

Minnesota,

1935-1981

Yes

Not stated

Prior to
hospitalised:38
%

Male

e Single marital status
(modifiable)

e Concomitant head
trauma (non-

modifiable)

Females

e Mechanism of injury

(non -modifiable)

GCS: Glasgow coma scale; AIS:ASIA impairment scale; ISS: injury severity score; TBI: Traumatic brain injury; ICU: Intensive Care Unit; n/a: Not

applicable; Level lll evidence: Cohort or case control studies

https://etd.uwc.ac.za/
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3.4 DISCUSSION

As seen in Table 3.1, very few of the included studies found system-related factors as

independent predictors of mortality. This clearly shows the lack of published literature and

the need to understand the influence of process and structural measures of care on early

mortality. Alternatively, it could be that the process issues were not relevant in the context

of the studies. The main factors associated with mortality were predominately related to:

. demographics (age and gender)

. injury characteristics (injury severity score, level of injury, severity of injury, level of
consciousness, fragility, physiological parameters, mechanism of injury)

o process measures (surgical intervention,-admission to level one trauma centre,
pharmacological intervention)

o secondary complications (infections, pneumonia/respiratory failure); and

o multiple pre-existing comorbidities.

3.4.1 Personal factors

3.4.1.1 Age

Nine (Alsaleh et al., 2017; Banaszek et al., 2020; Claxton et al., 1998; Daverat et al.,
1989; Furlan & Fehlings, 2009; Inglis et al., 2020; Shibahashi et al., 2019; Tee et al.,
2013; Varma et al., 2010) of the sixteen studies reported on age. In the study by Tee et
al. (2013), age was seen as an independent predictor relating to mortality, which was
more so for those patients who were older than 65 years of age and who presented with
a higher injury severity scale (ISS) (Tee et al., 2013) which quantifies the combined effects
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injuries sustained by the patients. Fifty-eight per cent of participants who were demised
fell within the age category of 65 years and older (Tee et al.,, 2013). The findings
mentioned above by Tee et al. (2013) were similar to those by Alsaleh et al. (2017), who
found that patients who did not survive were much older than those patients who survived
(median age = 73 years). However, in Asaleh’s study, no significant difference with
respect to age was noticed for those who were characterised as early and late deaths
(Alsaleh et al., 2017). Shibahashi et al. (2019), also reported the median age of fatalities
to be 73 years, with a range from 62 to 81years. The study by Furlan and Fehlings (2009)
found similar findings at 6 weeks (25%), 6 months (36.4%) and one year post-injury
(38.6%) for persons of advanced age (Range: 65-92), with the majority of deaths
occurring within the first six weeks following injury.-The fact that patients who fell within
the elderly age group were at increased-risk-of early mortality was further corroborated
by Inglis et al. (2020). He found the highest rate of mortality in the age category of 77-85
years for those who underwent surgery compared to the age category of 80-90 years for
those patients who did not receive.any form of surgical intervention. Patients in the non-
surgical group who were 80 years and older were at a higher probability (14 times) of
mortality than when compared to patients within the age category of 65-75 years (Inglis
et al., 2020). While the odds of mortality in the surgical group of patients, who were 77
years and 50 days post-surgery, were six times higher than those patients in the age
category of 65-75 years (Inglis et al., 2020). Studies by Claxton et al. (1998) and Varma
et al. (2010) conversely found that increased risk of mortality started at a much younger
age. This could be explained as being the result of increasing numbers of comorbidities

in the younger population and the fact that these individuals usually present with severe
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concurrent systemic injuries (Varma et al., 2010). Furthermore, Claxton et al. (1998)
found that patients who were 40 years and older were predicted to have a higher degree
of mortality (odds ratio: 1.22), while Varma et al. (2010) noted that persons 20 years and
older experienced an increased odds of reduced survival, compared to those persons
who were 20 years and younger, where age was not associated with a reduced chance
of survival. Lastly, Banaszek et al. (2020) noted that age at onset of injury was only
associated with an increased odds of mortality, however, it was not actually predictive of
it. In addition, Daverat et al. (1989) proved that age was predictive of survival of patients
who sustained tSCI one year after injury. From the above-mentioned findings, patients
who are of advanced age are at a higher risk of mortality, and therefore in-hospital care
may need to be intensified to improve-survival-of patients who fall with this grouping.
Furthermore, age should be factored in-when 'making-decisions about patient prognosis

especially regarding survival.

3.4.1.2 Gender

Two studies (Alimohammadi et al., 2020; Varma et al., 2010) reported on gender. In the
study by Alimohammadi et al. (2020), no difference in mortality was noted between male
and female patients. However, in the study by Varma et al. (2010), the odds of early
mortality for males were much higher than when compared to their female counterparts.
But this may be due to confounding as males had higher ISS scores (>15). Although very
few studies reported on gender and its association with mortality, several studies
indicated that males formed a larger percentage of patients who did not survive following

injury (Alsaleh et al., 2017; Claridge et al., 2006; Griffin et al., 1985; Inglis et al., 2020;
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Neumann et al., 2009; Tee et al., 2013). This finding may be due to the severity of injuries
males sustained concerning the mechanism of injury, as it has been proven that males
tend to engage in riskier behaviour (Tamas et al., 2019). Although this is the case, there
is inconclusive evidence from the above studies that gender differences in mortality exist

following tSCI.

3.4.2 Injury factors

3.4.2.1 Injury severity (Injury Severity Score)

Eight (Alsaleh et al., 2017; Bokhari et al., 2019; Claridge et al., 2006; Inglis et al., 2020;
Neumann et al., 2009; Shibahashi et al., 2019; Tee et al., 2013; Varma et al., 2010)
reported on injury severity. A large proportion-of studies found ISS scores greater than or
equal to 15 to be highly predictive of early mortality in persons who sustained tSCI
(Bokhari et al., 2019; Claridge et al., 2006; Inglis et al., 2020; Neumann et al., 2009;
Varma et al., 2010). ISS, coupled. with other independent predictors such as age, further
increases a patient’s risk (Bokharicet al.; 2019; Tee et al., 2013). Contrary to the
aforementioned studies, differences in ISS scores were not noted between those who
survived and those who did not survive in the study by Alsaleh et al. (2017), as ISS scores
were similar in both groups (median 25; range 16-75). It is evident from the findings above
that a patient who presents with polytrauma, or an increased number of associated
injuries, is at a greater risk of early mortality, which impacts short-term survival (Reyes et
al., 2022). Furthermore, as stated by Tee et al. (2013), the presence of severe polytrauma
is considered non-modifiable as these are injury characteristics that have already taken
place and are unable to change. Timely access to radiological services (Consortium for
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Spinal Cord, 2008) and the standardised use of the ISS can benefit in identifying high-
risk cases. Furthermore, based on the findings related to polytrauma and its association
with early mortality, it may be necessary to assess closely (Consortium for Spinal Cord,
2008) and monitor these patients to ensure associated injuries are managed

appropriately and timeously to improve patient survival.

3.4.2.2 Level of injury

Besides the relevance of trauma scores, the injury level seemed to contribute to early
mortality, especially with patients who sustained high-level cervical lesions. In this regard,
seven (Alimohammadi et al., 2020; Alsaleh et al., 2017; Bokhari et al., 2019; Claridge et
al., 2006; Claxton et al., 1998; Daneshvar et-al., 2013; Tee et al., 2013) of the included
studies reported on spinal injury-levels. Patients-in theincluded studies, who did not
survive, presented with high or low cervical spine lesions (Alimohammadi et al., 2020;
Alsaleh et al., 2017; Bokhari et al., 2019; Claridge et al., 2006; Claxton et al., 1998;
Daneshvar et al., 2013; Tee et al,,.2013). Howeyver, Alimohammadi et al. (2020), Claridge
et al. (2006), and Bokhari et al; (2019) did not specifyithe exact spinal injury level, which
was most common among those patients who had demised following cervical spinal
trauma. Contrary to the results of the above studies, Daverat et al. (1989) found that the
level of injury was not predictive of early mortality. The authors of the study explained this
finding as a result of selection bias whereby younger patients who present with complete
tetraplegia are more likely to be admitted to hospital and survive compared to older
patients who usually die before reaching the hospital setting (Daverat et al., 1989). From
the studies mentioned above, it can be clearly seen that patients who present with cervical
spine injuries were at an increased risk of reduced survival during the acute period
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following SCI, compared to patients who have much lower spinal cord lesions. Once
again, timely access to radiological investigations (Consortium for Spinal Cord, 2008) is
key in determining the exact level at which the patient sustained their injury so that

appropriate management can be commenced.

3.4.2.3 Severity of spinal injury (Complete or incomplete)

Two studies (Daneshvar et al., 2013; Neumann et al., 2009) reported on the severity of
the spinal lesion. These studies found that patients with a complete spinal lesion classified
as either an ASIA A or Frankel A increased a patient’s risk of mortality than when
compared to patients who were classified as an ASIA B, C or D. However, the severity of
the lesion was not found to be.an independent predictor of mortality in the study by
Neumann et al. (2009). The studies assessing the severity of injury found that patients
who presented with complete spinal lesions were at a higher risk of early mortality than
patients with incomplete spinal lesions. As noted in the literature, there is conflicting
evidence with respect to when exactly the AStA'impairment scale should be administered
(Kirshblum et al., 2021). However, irrespective of the timing of assessment, it remains a
vital tool for functional prognostication purposes and stratifying patients with high or low
risk of mortality. Thus, emphasising the need for a more intensified care package for these

patients following injury.

3.4.2.4 Level of consciousness (Glasgow Coma Scale)

Eight studies (Claridge et al., 2006; Claxton et al., 1998; Daverat et al., 1989; Griffin et
al., 1985; Neumann et al., 2009; Shibahashi et al., 2019; Tee et al., 2013; Varma et al.,
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2010) reported on decreased consciousness levels. GCS scores of < 13 on admission
to care were found to decrease the likelihood of survival (Claridge et al., 2006; Claxton et
al., 1998; Daverat et al., 1989; Neumann et al., 2009; Shibahashi et al., 2019). However,
it is important to note that low GCS on admission could result from respiratory dysfunction
resulting in hypoxia or TBI brought upon by the mechanism of injury (Claxton et al., 1998).
Although not part of the final predictive model in the study conducted by Tee et al. (2013),
the authors found that the presence of severe TBl was associated with a higher risk of
mortality. However, the existence of TBI was predictive of early mortality in the studies by
Griffin et al. (1985) and Varma et al. (2010). In the study by Varma et al. (2010), 15% of
patients who demised presented with TBl. However, Griffin et al. (1985) only found TBI
to be predictive of early mortality in_males-as-opposed to females. Hence, low GCS
scores, which could be the result-of other factors,-are-seen as an important predictor to
consider when determining short-term survival of patients. From the above findings, one
can deduce that poorer consciousness levels-on-admission, which may be due to TBI or
respiratory dysfunction, reduces' a.patient who sustained:an tSCI’s probability of short-

term survival.

3.4.2.5 Fragility

One study (Banaszek et al., 2020) reported on patient fragility. According to Fried et al.
(2004), frailty is defined as “a state of high vulnerability for adverse health outcomes,
including disability, dependency, falls need for long term care and mortality”. In the study
by Banaszek et al. (2020), patient fragility was found to be an independent predictor of

mortality in patients < 60 years of age, while motor scores on admission were considered
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a predictor of mortality in persons within the age categories of < 60 years, 61-75 years
and 76+ years. Furthermore, patients who fell within the frail grouping experienced an
increased risk of developing secondary complications and had higher percentages of
cervical injuries (i.e., high and low) compared to the non-frail grouping, who had a higher
probability of survival (Banaszek et al., 2020). Besides the study by Banaszek et al.
(2020), no further studies assessed the impact of fragility on persons who sustained tSCI.
Furthermore, the concept of fragility should not only be associated with the elderly
population group but should also include patients who fall within your younger age

groupings owing to the rise of comorbidities and disease in this population group.

3.4.2.6 Physiological parameters

Four (Alimohammadi et al., 2020; Claridge et al., 2006; Shibahashi et al., 2019; Tee et
al., 2013) studies reported on physiological parameters. Tee et al. (2013) identified the
following physiological parameters: that were -predictive of mortality: hemodynamic
instability, abnormal coagulation ‘and hypaoxia. These physiological parameters were
termed as being modifiable since medical management can alter their course (Tee et al.,
2013). Similar findings relating to physiological variables were seen in the studies by
Alimohammadi et al. (2020) and Shibahashi et al. (2019), who noted that patients who
presented with bradycardia were at an increased odds of mortality (odds ratio: 4.22 and
1.4, respectively). Shibahashi et al. (2019) also found hypotension to increase the odds.
Furthermore, the number of blood transfusions required during hospitalisation seemed to
predict a patient’s probability of early mortality (Claridge et al., 2006). However, this could

be related to the fact that patients who present with higher ISS on admission could have
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a greater degree of blood loss requiring more blood transfusions, as polytrauma
(increased ISS) has been identified as an independent predictor of mortality. Although not
many studies assessed the impact of physiological parameters on early mortality, it
remains an important factor which could assist in early risk stratification of patients at the

point of care.

3.4.2.7 Mechanism of injury

Three studies (Alsaleh et al., 2017; Furlan & Fehlings, 2009; Griffin et al., 1985) studies
reported on the mechanism of injury. According to the study by Alsaleh et al. (2017), the
mechanism of injury was associated with_early mortality as 8 of the 11 patients who
demised sustained injuries due to-fall; while the remaining two patients were injured due
to transport-related aetiology. However, the mechanism of injury did not form part of the
final predictive model (Alsaleh et al., 2017). The cause of injury was also not associated
with mortality in the study by Furlan and Fehlings (2009) (HR: 0.78), hence not included
in the final predictive model. On the other hand; Griffin.etal. (1985) found pedestrian and
bicyclist status at the time of injury to be predictive of early mortality in females, while the
mechanism of injury was not predictive of early death in males even though 60% of
injuries were related to transport aetiology. The impact of aetiology on early mortality was
not consistently reported upon in each study; however, mechanisms of injury which
increase the likelihood of polytrauma (e.g., transport and fall-related aetiology) may need
to be closely monitored as they usually present with higher injury severity scores which

has been documented as an independent predictor of mortality.
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3.4.3 Process factors

3.4.3.1 Surgical intervention

Three (Alimohammadi et al., 2020; Bokhari et al., 2019; Inglis et al., 2020) of the included
studies reported on surgical management. According to the study by Alimohammadi et
al. (2020), patients who did not receive early surgery (i.e.,> 48hrs) or no surgery were at
4.19 and 6.12 higher risk of early mortality, compared to patients who received early (i.e.,<
48hrs) surgical intervention. This means those patients who received surgical intervention
earlier rather than later had a greater chance of short-term survival as their risk of mortality
was reduced. In the study by Inglis et al. (2020), 53%, 83% and 91% of patients within
the non-surgical group died within one week;-one month and 2 months following injury.
While 16%, 60%, 76% and 97 % of patients in-the surgical group died within one week,
one month, two months and six months following surgery (Inglis et al., 2020). Majority of
patients in the non-surgical group died within 20 days following injury compared to
patients in the surgical group, where the largest proportion of patients died within 50 days
post-injury (Inglis et al., 2020). Predictors of in-hospital mortality of patients in the surgical
group were age, comorbidities, neurological injury severity (AlS) and ventilation status,
while predictors of mortality for the non-surgical group were only age and neurological
injury severity (AIS) (Inglis et al., 2020). In the study Inglis et al. (2020), mortality was also
associated with admission to an ICU, with the total length of ICU stays being significantly
longer in the group of patients who demised. However, the study by Bokhari et al. (2019)
stated that no difference existed with respect to in-hospital mortality when comparing
those patients who underwent surgery and those who did not. However, a slightly higher
percentage of deaths was noted for those who fell within the operative group (18.5%)
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than when compared to the non-operative grouping (12.9%). The findings from the above-
mentioned studies did not confirm whether access to surgery or the lack thereof can be
considered an independent predictor of mortality. Nevertheless, what can be noted from
two of the three studies addressing surgical intervention is that patients who did not
receive surgical management were at a higher probability of early mortality than those
who did. There is a possibility that the severity of the injury (i.e., complete vs incomplete)
or ISS impact on the decisions made by clinicians as to whether certain patients receive
surgical interventions early or not (Ter Wengel et al., 2018). Further research regarding

its influence on mortality in tSCI is needed.

3.4.3.2 Admission to level one trauma centre

One study (Varma et al., 2010) reported on admission to level one trauma centres. As
stated in Chapter 2, timely access to level one trauma facilities is essential to patient
prognosis and survival. Level one trauma cenires are tertiary healthcare facilities that
offer specialised trauma services to treat vanious medical:conditions and injuries. A rather
strange finding related to process measure outcomes was that persons with tSCI who
were admitted to level 1 trauma centres had increased odds of early mortality (Varma et
al., 2010). This result was, however, explained under the premise that patients who
presented with higher ISS scores were managed at the level 1 trauma centre (Varma et
al., 2010). This result by Varma et al. (2010) could be due to the fact that injury severity,
as documented by the ISS, was not controlled for during analysis. However, the lack of

timely access to level one trauma centres (i.e., patients who received intermediate
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hospitalisation) may be seen as a possible risk factor for early mortality following spinal

injury. However, evidence regarding this candidate exposure remains inconclusive.

3.4.3.3 Pharmacological intervention

Three studies (Alimohammadi et al., 2020; Furlan & Fehlings, 2009; Neumann et al.,
2009) reported on pharmacological interventions. Patients who did not receive
methylprednisolone were 15 times more likely to die in the hospital compared to patients
who received MP on admission (Alimohammadi et al., 2020). The findings by
Alimohammadi et al. (2020) were contrary to those by Furlan and Fehlings (2009), who
found that patients who received standard or-alternative strategies of MP were at almost
three times higher risk of dying (HR:2.62). The siudy by Neumann et al. (2009) found the
use of vasopressors as an independent predictor of mortality as 57.1% of patients who
demised were administered vasopressors. The mortality rate for this group of patients
increased as GCS scores decreased for those receiving vasopressors (Neumann et al.,
2009). Based on the above, there is.inconclusive evidence to suggest that vasopressor
use impacts on early mortality in the tSCI population, however, it has been linked to poorer

outcomes in patients who have sustained traumatic injuries (Hylands et al., 2017).

3.4.3.4 Secondary medical complications

Ten studies (Alimohammadi et al., 2020; Banaszek et al., 2020; Bokhari et al., 2019;
Claridge et al., 2006; Claxton et al., 1998; Daneshvar et al., 2013; Daverat et al., 1989;
Inglis et al., 2020; Neumann et al., 2009; Tee et al., 2013) reported on complications

found in patients who died prematurely. In the study by Tee et al. (2013), the leading
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secondary complications in the survivor and non-survivor groupings were infections
(survivor group:27.7% ; non-survivor group: 25.5%) and pneumonia (survivor group:
11.6%; non-survivor group: 21.6%). The occurrence of pneumonia was also relatively
high in the study by Bokhari et al. (2019), who found that pneumonia and respiratory
failure were the most prevalent complications in the non-operative (12.3%; 12.9%) and
operative (43%; 27.8%) groupings. Twenty-eight (87.5%) of the 32 patients who died
presented with respiratory failure, with all ten patients in the operative group dying solely
from respiratory failure (Bokhari et al., 2019). However, the study by Bokhari et al. (2019)
did not link the prevalence of these secondary medical complications to the level of injury.
The aforementioned findings were similar to those of Daneshvar et al. (2013), where
57.1% (n=8) of patients who demised presented with respiratory failure. Pneumonia was
also found to be the most prevalent.complication in the-studies by Neumann et al. (2009)
and Banaszek et al. (2020), where 42.9% (9/22) and 51.3% of patients presented with
pneumonia in the mortality (Neumann-et al.; 2009) and frail (Banaszek et al., 2020)
groupings. In Claridge et al. (2006), 54.1%-of patients ;who demised with ventilator-
acquired pneumonia, which was found to be-associated with mortality. While Claxton et
al. (1998), reported that 60% (9/15) of patients who did not survive died as a result of
respiratory complications. In support of the above Alimohammadi et al. (2020) found that
patients who presented with respiratory failure were at 3.81 times higher odds of mortality,
while Daverat et al. (1989) and Inglis et al. (2020) found that patients who required
respiratory assistance were at a reduced probability of survival. Furthermore, patients
who underwent surgery were more likely to develop secondary medical complications

such as pneumonia, respiratory failure, cardiac arrhythmia and deep vein thrombosis
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(Bokhari et al., 2019). As reported in the studies above, pneumonia and respiratory failure
were the most common secondary complications to have occurred in patients who did not
survive. Furthermore, pneumonia may also be linked to those cases where patients
present with respiratory failure and may require assistance via mechanical ventilation to
breathe. According to the evidence-based recommendations outlined in Chapter 2 Table
1.2 “SCI patients are at a significant risk of cardiovascular and respiratory problems and
management should be proactively anticipate these potential complications (Fehlings et
al., 2011).” These preventative measures involve removing copious amounts of
secretions using physiotherapy or suctioning (Fehlings et al., 2011). While the medical
management of pneumonia or VAP entails the prescription of gram specific antibiotics
(Torres et al., 2018). Therefore, early.referral for-physiotherapy and appropriate use of
antibiotics are essential in the prevention-and-management of pneumonia in this high-risk

population.

3.4.4.5 Pre-existing comorbidities

Six studies (Alimohammadi et al., 2020; Alsaleh et al., 2017; Bokhari et al., 2019; Inglis
et al.,, 2020; Tee et al.,, 2013; Varma et al., 2010) reported on the comorbidities of
patients. In the study by Tee et al. (2013), independent irreversible predictors of mortality
were seen as those patients who presented with multiple comorbidities. A large proportion
of patients who did not survive (63.1%) had two or more comorbidities compared to those
who did survive (27.7%) (Tee et al., 2013). There was a similar trend in the study by
Alimohammadi et al. (2020), who found that each unit increase in the Charlson

comorbidity index (CCl) score also increased the patient’s probability of mortality by 5.43
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times, while Inglis et al. (2020) proved that CCl scores between 1.4 and 2 increased a
patients probability of in-hospital mortality. These findings are further supported by a prior
study conducted by Alsaleh et al. (2017), who also identified pre-injury comorbidities as
a predictor of reduced survival. In the study by Varma et al. (2010), 90 (36%), 50 (20%)
and 41 (16%) of persons who demised out of a total of 251, had one, two and three or
more comorbidities, respectively. The above studies did not refer to the exact
comorbidities that should be screened, merely the number of comorbidities present. As
the number of comorbidities increases, the risk of mortality does so too. Some studies
used the CCI, which assesses the presence of the following: history of myocardial
infarction; chronic heart failure; peripheral vascular disease; history of transient ischemic
attack (TIA)/cerebrovascular accident (CVA);-dementia, chronic obstructive pulmonary
disorder; connective tissue disease;-pepitic ulcer disease; liver disease diabetes mellitus;
hemiplegia and moderate to severe chronic Kidney disease. Based on the above, the
literature clearly shows that the-number of pre-existing comorbidities a patient presents
with does play a role in determining short-term survival of persons who sustained a tSCI.

However, a need exists to identify ‘specific comorbidities which are linked to mortality.

3.5 Conclusion

Several independent predictors relating to early mortality exist for persons who have
sustained a tSCI. It is clear from Table 3.1 that most of the studies have been conducted
in developed countries. The high prevalence rates with respect to Canada and the USA
may be due to the preventative measures that have been put in place to mitigate some

of the predictors of early mortality. Therefore, to identify patients who may be at a reduced
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probability of short-term survival, attention may need to be given to the following
independent predictor variables, which were documented in the included studies:
Demographical factors (Age = = 65 years, Gender = male); injury factors (injury severity
[ISS = 15 ] ); level of spinal injury [cervical spine high C1-C4 / low C5-C8]; severity of
spinal injury [complete]; level of consciousness [GCS < 9J; fragility [classified as being
frail]; physiological parameters [hemodynamic instability, hypoxia, bradycardia and
abnormal coagulation]; mechanism of injury [falls; transport-related aetiology], process
measures (surgical intervention [no surgery]); pharmacological interventions [use of
vasopressors and methylprednisone]; secondary complications (pneumonia/ Respiratory

failure)l; and pre-existing comorbidities (multiple pre-exiting comorbidities).

In addition, these early mortality predictors provide valuable information on how current
healthcare processes in managing persons with tSCI can be improved to increase the
probability of patient survival, especially in-instances where predictors are modifiable.
Therefore, the findings of this chapter have been used io inform the selection of candidate
factors, which are routinely evaluated in the public ‘healthcare setting, for the empirical

longitudinal, observational study.
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CHAPTER FOUR

METHODOLOGY

41 INTRODUCTION

This chapter details the methodology that was applied to address the study objectives.
The researcher discusses in detail the research design, which in this case, was a
prospective in-hospital-based design. In addition, the researcher describes the research
setting, which included the Cape Metropolitan area and the tertiary healthcare facility,
Groote Schuur Hospital, where data collection had occurred. Furthermore, the population
and sampling technique will be discussed as well as the data collection procedures and
tools used to address the main aim of this study. In relation to the data collection
procedure, findings from the rapid review (i.e., Chapter 3) informed the data collection on
exposure variables related to early mortality. Additionally, the data analysis process will

be explained in detail. Lastly, the ethical principles used in this study will be described.

4.2 STUDY DESIGN

The study employed a quantitative approach and the design was longitudinal and
prospective in nature (Hammoudeh et al., 2018). A prospective study design entails
following up with participants for a pre-determined period to assess whether they develop
the outcome in question (Hammoudeh et al., 2018; Ranganathan & Aggarwal, 2018). In
this specific study, participants who sustained a tSCI were followed up from the day of
onset of injury to one-year post-injury. Furthermore, the prospective longitudinal design

allowed the researcher to collect data on numerous variables concerning each individual
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patient without influencing the outcomes in question. On the other hand, the quantitative
approach entails analysing the set of numerical data captured in response to the study’s
objectives (Quick & Hall, 2015). This approach was chosen as it is the most appropriate
to describe the incidence cohort in detail and explore the possible associations between

variables and their impact on mortality and survival.

Since participants were recruited from only one healthcare facility, the design is
considered hospital based as opposed to population based since all cases of persons
with traumatic spinal cord injury (tSCI) within the Cape Metropolitan region were not
included. However, a previous study has found that more than 80% of acute tSCI cases
are managed at the included hospital,~providing.adequate coverage of the source
population. Furthermore, this design - was chosen to identify the potential predictors of
mortality and survival, since patients were followed up prospectively for 18 months (14
April 2017- 31 December 2018). In-addition, this- design may present with a high loss to

follow-up rate (Song & Chung, 2010).

The study employed a positivist research paradigm, verifying a hypothesis that has been
set up a priori and noting any functional relationship between independent and dependent
variables (Park et al., 2020). From the perspective of this study, a positivist paradigm will
assist in determining whether any relationships may exist between exposures and
outcomes relevant to this study. The overall hypothesis by the researcher was that
predictors of mortality are multifactorial (i.e., personal, injury and process factors are at

play) and cannot be attributed to one sole factor. Furthermore, this research paradigm is
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closely linked to the hypothetico-deductive model of science, which is seen as a
diagnostic reasoning model in the context of medicine (Donner-Banzhoff, 2018). Any

significant findings could thus be considered for implementation.

4.3 RESEARCH SETTING

The research study was conducted at one government-funded tertiary hospital situated
in the Cape Metropolitan area / City of Cape Town. Approximately two-thirds of the
inhabitants that reside within the Western Cape live within the Cape Metro Metropolitan

area.

wﬂ”i“l‘"l
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Figure 4. 1 Cape Town Metropolitan Mun|C|paI|ty
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People residing within the Cape Metropole come from a wide array of socio-economic
backgrounds and live in a mix of urban and peri-urban environments. The City of Cape
Town has a total population of 3 740 025 consisting of the following population groups:
coloured (42.4%), black African (38.6%), White (15.7%), Indian/Asian (1.4%) and other
(1.9%) (Statistics South Africa, 2011). According to Stats SA, the metros unemployment
rate is at 23.9% (Statistics South Africa, 2011). The only level 1 government-funded
tertiary trauma centres within the Cape Metropolitan area are Groote Schuur Hospital
(GSH) and Tygerberg Hospital. Groote Schuur Hospital is the only government-funded
hospital in the Western Cape that offers specialised acute care for patients who have
sustained an acute tSCI. Patient care within the acute spinal care unit (ASCI) is provided
in a multidisciplinary approach, which incorpeorates-trained medical practitioners and allied
health workers (i.e., physiotherapists, -occupational -therapists, dieticians and social
workers). These practitioners and health workers are trained and experienced in
managing patients who have sustained-a tSCl from the acute phase till discharge. The
ACSI unit was established in April:2003 and consists of;only six beds in total. Four ICU
beds are assigned to ventilated patients, while only two beds are available for non-
ventilated patients (Sothmann et al., 2015). Once patients have been admitted to the
ASCI unit after a spinal cord injury (SCI), the goal is to stabilise the patient from a
physiological and mechanical perspective (Sothmann et al., 2015). However, time to
surgery, which has been shown to improve patient outcomes, may only occur 10 days
following the onset of the injury, while patients admitted to acute care can stay on average
37 days with a median of 24 days (Conradsson et al., 2019). Apart from a specialised ICU

ward for persons with SCI, there is a dedicated general ward in which less severe cases
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are admitted, or patients who have been transferred from the ICU once their condition
has improved. Patients were recruited exclusively from GSH as the facility treats
approximately 75% of the total population of persons who sustain tSCls within the Cape
Metropolitan region (Joseph et al., 2015), with the remaining percentage accessing

healthcare through private medical aid services.

44 STUDY POPULATION AND SAMPLING

Patients who sustained a tSCI between 14 April 2017 — 31 December 2018, and were
admitted to GSH, were eligible for inclusion in this study. The researcher anticipated a
similar number of participants to be recruited in this study as in the study conducted by

Joseph et al. (2015), which had a total number-of. 150 participants.

4.4.1 Sampling type

A total population sampling technique, sometimes known as consecutive sampling
technique, was employed whereby each consecutive person admitted to GSH with a tSCI,
meeting the inclusion criteria, was included in the study. This type of sampling technique
seeks to include the whole target population in question and was therefore considered
the best form of non-probability sampling to use (Hulley, 2007). Furthermore, there is no
degree of volunteerism or any other form of selection bias, as each participant meeting
the inclusion criteria as noted above, was included (Hulley, 2007). Based on these
advantages, this sampling strategy seemed to fit the study design best, as more
confidence can be drawn from the findings on mortality and processes linked to it.

However, this type of sampling technique has noticeable disadvantages as it may
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increase the degree of bias and likelihood of outliers (Etikan et al., 2016). Outliers were

assessed by a sorting method and by determining interquartile ranges.

4.4 1.1 Inclusion criteria

In addition to the below-mentioned criteria, patients were only included if they were equal
to and greater than seven days post-injury (Divanoglou & Levi, 2009; Joseph et al., 2015).
Only patients surviving equal to and longer than seven days were eligible for inclusion in

the study, since their injury would need to have been confirmed by a specialist physician.

All inclusion criteria were mutually inclusive-and.exclusive.

e AtSCl is defined as a sudden loss of voluntary muscle strength, sensation and
autonomic functions below the level of injury, which will vary depending on the
neurological level of injury and extent of impairment, but must include altered
sacral sensation, in line with international standards for classification.

e The injury must result in persisting impairment (i.e., not just a concussion) after
emergence from neurogenic shock, which generally occurs within the first 24-72
hours after injury.

e Abnormal imaging (see section 1.6), such as with MRI scan or multi-slice CT
scan.

e Patients 18 years of age and older sustaining an acute injury (see section 1.6)
within the surveillance year.

e Permanent residents of South Africa, which included South African citizens.
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e Patients admitted to GSH to receive SCI care.

e Patients consenting to participate in the study i.e., informed written consent.

4.5 DATA COLLECTION

4.5.1 Data collection instruments

The following data collection tools were used:
¢ International Spinal Cord Society basic data set form (see Appendix 10);
e the International Standards of Neurological Classification (AIS) (see Appendix 11);
e the Spinal Cord Injury Conditions Scale (see Appendix 12) and

e data relating to key process measures (see Chapter 2, Table 2.2)
Figure 4.2 below outlines how the data collection instruments relate to the key domains
within Krause'’s theoretical risk model for mortality and secondary medical conditions. The

following sections will discuss each. of these instruments.in more detail.

4.5.2 Data collection tools and coverage in relation to the theoretical model

Krause’s theoretical risk Study objectives Data collection instruments
model
e Demographic and injury = Determine the profile of International Spinal Cord Injury
factors participants with tSCI according = Dataset Form
e Protectives and risk to the International Core Data
behaviours Set. Spinal Cord Injury Secondary

Conditions Scale (SCI-SCS)
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e Secondary conditions /

global health

e  Socio-environmental

e Demographic and injury
factors

e Protectives and risk
behaviours

e Secondary

conditions/global health

e Protective and risk

behaviours

e Demographic and injury

factors

To evaluate the processes of
tSCI care within a specialised

acute care setting.

To conduct a rapid review to
establish candidate processes
(exposures) of care linked to

acute management and survival.

To determine the prevalence of
risk factors for mortality of
persons with tSCl according to

the theoretical risk model.

To determine morbidity after
tSCI.

International Standards for
Neurological Classification:

ASIA Impairment Scale

International Spinal Cord Injury

Dataset Form

Rapid review

Rapid review

International Spinal Cord Injury

“Dataset Form

Spinal Cord Injury Secondary

Conditions Scale (SCI-SCS)

International Standards for
Neurological Classification:

ASIA Impairment Scale
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4.5.2.1 International Spinal Cord Injury Core Dataset Form

The international SCI Core Data Set form, developed by Michael DeVivo, Fin Biering-
Saerensen, Susan Charlifue, Vanessa Noonan, Marcel Post, Thomas Stripling and Peter
Wing form (Devivo et al., 2006), was designed to ensure data regarding tSCI can be
collected in a standardised and uniform way so that it can be shared across countries.
Furthermore, this structured approach and standardisation in reporting make the process
easier to plan preventative measures and curb the occurrence of such injuries. The SCI
core basic dataset form consists of the following variables related to persons who have
sustained a tSCI (Biering-Segrensen & Noonan, 2016): birth date (age), injury date;
gender; acute admission; final inpatient discharge; days hospitalised; injury aetiology;
vertebral injury; associated injury; spinal-surgery;-ventilaior assistance and neurological
classification. Furthermore, this data set form highlights, the following causes of tSCI:
sports and leisure activities, assault, transport, falls and other traumatic causes (Biering-
Sagrensen et al., 2017). Assault was further categorised into gunshot and stabbing-related
aetiology, while transport-related injuries were broken done into motor vehicle and
pedestrian-related accidents. Each SCI data set form undergoes regular review by
relevant committees, organisations and individuals involved in managing persons with
tSCI. This review process is done by means of iterative consensus process which is
based on the best available evidence thus contributing to its validity (Biering-Sarensen et
al., 2017).The data with respect to the above-mentioned variables were primarily retrieved
from the patient’s medical folder on admission and discharge from the ASCI unit. This

information was then populated on the data capturing sheet.
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4.5.2.2 International Standards for Neurological Classification: ASIA Impairment Scale

The ASIA impairment Scale (AlS) is the most recent tool developed by the American
Spinal Cord Injury Association to classify impairment levels of persons with an SCI
(American Spinal Injury Association, 1984). The tool has a component that captures
information about motor and sensory status, whereby patients are further characterised
as having a complete or incomplete SCI (Biering-Sgrensen & Noonan, 2016; Kirshblum
et al., 2011). The reason for using this specific tool when collecting data was because it
set out to determine the neurological level of injury and the severity of the SCI post-injury
(Kirshblum et al., 2011), which is important in determining improvements in sensory and
motor function post intervention. The AIS is seen as a reliable (Marino et al., 2008) and
valid (Graves et al., 2006) instrument io be used within-the spinal cord population group
with an unweighted Kappa coefficient ranging from 0.68 - 0.78 (P <0.05), which indicates
a moderate agreement between raters (Furlan et al.; 2011; Kirshblum et al., 2011;
Maynard et al., 1997; Savic et al., 2007). Furthermore, several studies have assessed the
convergent and content validity of the ASIA classification standards, and a systematic
review reported that the instruments validity makes it suitable to use during various stages
of the patient’s pathway of care (Furlan et al., 2011). ASIA classification and scores (i.e.,
motor and sensory) were obtained from the participants’ medical folder during the data

collection process during admission and discharge from GSH.

4.5.2.3 Spinal Cord Injury Secondary Conditions Scale (SCI-SCS)

The Spinal Cord Injury Secondary Conditions Scale is a 16-item scale noting the most

common reasons for rehospitalisation following an SCI (Kalpakjian et al., 2007). Although
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only used in cases where rehospitalisation has occurred, the complications contained in
the SCI-SCS are still prevalent within the acute setting. Furthermore, reason for extracting
data relating to the main secondary medical complications was because they directly
impact the morbidity and mortality of persons who have sustained an SCI during the acute
and post-acute phases (Joseph & Wikmar, 2016; Madasa et al., 2020). Only the following
secondary complications as set out in the SCI-SCS were captured due to their prevalence
within the acute setting: pressure sores(s) (yes/no); muscle spasms (spasticity) (yes/no);
urinary tract infections (yes/no); autonomic dysreflexia (yes/no); postural hypotension
(yes/no); circulatory problems (yes/no); respiratory problems (yes/no) and neuropathic
pain (yes/no). The aforementioned secondary complications were noted as being present
or not if the specific complication was documented-in.the participants’ medical folder. With
respect to scoring pain intensity, a numerical rating-scale from 0-10 is the preferred
method while a composite score can be determined by using the Neuropathic Pain Scale
(Bryce et al., 2007). Following psychomeiric testing of the instrument, Cronbach's alpha
exceeded 0.76, which indicating. acceptable’ internal 'consistency with a test-retest
reliability ranging from 0.569 to' 0.805.(Kalpakjian-et al., 2007; Kirshblum et al., 2011;
Maynard et al., 1997) Lastly, only the presence (i.e., yes/no) of the secondary medical

complication was captured during the participants period of hospitalisation.

4.5.2.4 Processes of care

A data extraction sheet, which was based on key measures of processes of care as was
used when extracting data from the patients’ medical folders. The processes of care that
have been included were based on the recommendations of current acute care guidelines
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in managing persons with SCI (See Chapter 2 Table 2.2) and results from the rapid review

(See Chapter 3). Obtaining data relating to these specific processes is important as they

directly impact the morbidity and mortality following an acute SCI. Table 4.1 highlights the

relevant processes and their outcomes that were captured and illustrates how

Donabedian's model of care aligns and strengthens Krause’s theoretical risk model,

which neglects external input, such as health system structure and processes.

Table 4.1 Acute care processes

Acute care processes

Spinal surgery

Associated injuries evaluation

Specialised SCI care

Outcomes measurement
Decompressing/ stabilising spinal
surgery (Yes/No)

If yes, time-tofirst:surgery

WSrégeining for associated Vi'njjriéisi

(Yes/No)

Non-vertebral fractures requiring

-surgery;-severe-facialinjuries

affecting sense .0organs; major
chest.injury:-requiring chest-tube or
mechanical ventilation; traumatic
amputations of an arm or leg (or
injuries severe enough to require
surgical amputation); severe
haemorrhaging or damage to any
internal organ requiring surgery
Time (days) from accident scene to

specialised SCI unit admission;

https://etd.uwc.ac.za/

Domain of risk model

Demographic/injury factors

Demographic/injury factors

Socio-environmental
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Multidisciplinary team

Secondary complications

prevention

Length of acute care

Rehabilitation

number of intermediate

hospitalisations

Was the patient managed by a Socio-environmental
multidisciplinary team, i.e., defined

as a medical doctor, rehabilitation

personnel (occupational therapist;

physiotherapist; speech therapist,

dietician) and nurse (Yes/No)

Screening for secondary Secondary conditions and

complications global health
Protective / risk factors

Time (days) from first Socio-environmental

hospitalisation-until-the-end of

acute care

Iiéi’gféllﬁﬁbﬁéﬁtﬁéﬁp?ﬁéht Socio-environmental

rehabilitation

https://etd.uwc.ac.za/
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4.5.3 Data collection procedure

Ethical clearance and Two week piloting phase Recruitment of participants
approval January 2017 (14th April 2017)

Data collection

On admission and - One year follow- up post Two year follow up post
discharge injurv ‘From onset of inury (From onset of

(14th April 2017- 31st — foTy injury)
December 2018) T
=

Figure 4.2 Brief overview of the NIM!II!II!IIHI‘

UNIVERSITY of the
Data collection only commenc%g, ?ng'eltt'tg Regssse,%eiylipal approval and permissions

were obtained from the UWC Biomedical Research Ethics Committee (BMREC ethics

v |

number BM18/1/17) and GSH. Two spinal consultants linked to the ASCI unit were the
contact persons at GSH. All newly injured persons with tSCI were included in a closed-
ended cohort for 18 months. A two-week piloting period commenced in January 2017,
with the actual data collection taking place between 14 April-31 December 2018. The
cohort was classified as closed ended because participants were not replaced if they
dropped out or were loss to follow up during data collection (Hammoudeh et al., 2018;

Levin, 2006).

105

https://etd.uwc.ac.za/



Prior to commencing data collection, a two-week piloting phase was performed to ensure
that that self-developed data extraction sheet (See Appendix 14) extracted the necessary

data the researcher needed.

The first phase of this study pertained to the incidence cohort, which included all patients
who sustained tSClIs between the 14 April 2017 and 31 December 2018 (an 18-month
period). This time frame was chosen because the highest risk of mortality in persons with
tSCI occur within the first two years post-injury (Sabre et al., 2013). Participants were
recruited by the researcher by checking the admission books twice a week within the
spinal ICU, general ward SCI| and trauma-unit. Consultants within the ASCI unit were also
approached to determine whether there-were-any-patients in transit or who are yet to be
admitted to GSH. All relevant information as outlined in Table 4.2 below was extracted
from the patient’'s medical folder and then followed up periodically from admission to
discharge. These periodic visits forinew pariicipants were usually performed on Tuesdays
and Thursdays at the ASCI unit at GSH. Trauma admission books in C14 (GSH trauma)
were checked to determine whether any patients with suspected SCI were admitted to
GSH but were not booked into the ICU or ASCI ward for further management due to
limited bed space. This process was repeated on every visit to ensure no cases were
missed as patients who are stable with mild SCls might be referred to other healthcare

facilities following a period of observation.
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The study’s second phase determined the mortality of patients recruited into the incidence
cohort. These patients were then followed up at one and two years post-injury to
determine relevant outcomes pointing to health, functioning and mortality. However, vital
status (i.e., whether the participant is alive or deceased or their vital status cannot be
determined) was the sole outcome that could be assessed at one- and two-years post-

injury owing to the challenges that were experienced when following up participants.

As seen in Table 4.2 below, data concerning the outcomes were measured at three
points: within seven days of admission, seven days prior to discharge and one- and two-
years post-injury. Discharge plans were usually made in advance by the spinal
consultants within the unit, so this data-was captured when the discharge letter was
written up and placed in the participant's-medical folder. However, in instances where the
participant was discharged prior to collecting the required data, the medical folder was
requested from the hospital’s medical records unit to-capture the outstanding data. In
addition, the participants’ medical folders were accessed while they were still in the ICU
or general ward. Medical information from these records was used to determine patients’

survival status at discharge, which accounts for in-hospital mortality.
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Table 4.2 Data collected on admission to acute care, discharge from acute care,

and onel/two year follow up.

Admission Discharge acute care One and two-year follow up
Age Survival status Survival status
(i.e., alive or deceased)
Gender Days hospitalised
Acute admission Final inpatient discharge
Injury aetiology Secondary medical

complications

Vertebral injury Neurological status
Associated injury Functional status (based on
ASIA motor scores) ;
Spinal injury Ventilator assistance !

Ventilator assistance

Neurological status

Secondary medical
complications

Functional status (based
on ASIA motor scores)

In order to determine one-year mortality of participants, the initial strategy used was
verbal autopsy. This entailed contacting the participant or primary caregiver to ascertain
survival status and reason for death if the participant had died. This initial strategy proved
unsuccessful due to the difficulties experienced in following up with participants after they

were discharged. Patients often changed their contact numbers and place of residence,
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making it difficult to determine their vital status. Due to the challenges experienced with
determining verbal autopsy, a second strategy was used. This entailed sourcing the
information regarding vital status from the MRCs Burden of Disease Unit. Vital status was
determined by sourcing patient identity numbers (ID) from GSH, which is a collaborator
on the project. Once the participant’s ID numbers were obtained from GSH, a clean excel
spreadsheet reflecting only participant ID numbers were given to the MRCs Burden of
Disease Unit to determine the vital status of all patients who demised within the first two-
year post-injury. The unit has a death registry which is linked to the Department of Home
Affairs. The UWC Biomedical Research Ethics Committee approved this method of
determining vital status of patients following an amendment to the study’s ethics. This
was to ensure that all principles were followed with-respect to the Protection of Personal
Information (POPI) act 4 of 2013.All data were first captured and coded within Microsoft
excel before being exported to IBM SPSS version 28 for statistical analysis (SPSS, 2016).
However, to reduce the degree of loss to follow-up-of participants, contact details (landline
and cellphone numbers) and residential addresses were documented when patients were
recruited into the study (Kim et al., 2018; Teague et-al.; 2018). In addition to documenting
the contact details of participants, contact details and residential addresses of the next of
kin and family members were also documented. Participants were contacted

telephonically to gather follow-up data.

4.5.4 Data analysis

All data was first captured in a Microsoft excel spreadsheet and then transferred to SPSS

version 28 for statistical analysis. Since assumptions for logistic regression analysis could
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not be filled with respect to identifying predictors of early mortality, the data analysis plan
below was set up to deliver a preliminary descriptive healthcare decision making model.
Due to this, mortality is reported as an absolute percentage. This was achieved by
employing a retrospective cases series methodology of the eleven mortality cases who
have demised within one year post-injury (see Chapter 6). For all inferential statistics, the
alpha level was set at 0.05 with a power of 80% to identify any statistical significance
between exposures and outcomes. Although statistical significance was important,
aspects of clinical significance were made during the analysis concerning the presence
of secondary complications and the total length of hospital stay. Clinical significance was
defined as whether results were clinically relevant even if they were not statistically

significant (Ranganathan et al., 2015).

Descriptive statistics such as means, standard deviations, and percentages were used

e To describe the characteristics (i.e., age, sex, aetiology, associated injuries,
vertebral injuries, spinal surgery, length of haspital 'stay) of all tSCI participants
who have sustained a tSCI enrolled in the cohort for an 18-month timeframe.

e To determine the timing of time-sensitive interventions related to the time to
surgery; time to specialised care, which includes time to acute care from
intermediate hospitalisations and time to rehabilitation. (Based on another study
conducted in the same geographical (Conradsson et al., 2019), the cut point in
relation to time to surgery was set at three days, while a cut point of 35 days was

set in relation to total length of hospital stay. The latter cut point is supported by
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existing literature in relation to the acute length of hospital stay (Burns, Santos, et

al., 2017).

e To determine the injury factors (i.e., severity and associated injuries).

e To determine the risk indicators (i.e., comorbidities and secondary medical
complications).

e To descriptively study the one-year mortality cases based on their key exposures

in terms of success and failures.

In addition to describing the mortality cases using descriptive statistics, sensitivity
analyses of all candidate exposures-{(i.e.;--age, gender, aetiology, intermittent
hospitalisation, vertebral injury, secondary complications, associated injuries, time to
surgery, ASIA classification on admission) were cross-tabulated against vital status at

one year to determine the following:

True positive

e Sensitivity = ,
y True Positives + False Negatives

True Negatives

e Specificity =

True Negatives + False Positives’

True Positives

e Positive predictive value = — —
True Positives + False Positives

True Negatives

e Negative predictive value =

True Negatives + False Positives

Total number of cases

e Prevalence = ,
Total population

The prevalence of these candidate exposures was calculated to determine their influence

on the positive and negative predictive values.
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Inferential statistical tests included:
The chi-squared test was used primarily to:
¢ Determine any associations between demographic and injury characteristics and
how they may have impacted the care processes of persons who sustained a tSCI.

This is related to the objectives as outlined above.

Wilcoxon signed rank test and Welsch t-test was primarily used to:
e Determine neurological recovery at admission and discharge.

e Determine functional recovery at admission and discharge.

Binary logistic regression was used to:

e Determine factors which influenced the length of hospital stay and surgical status.
All independent variables included in the regression analysis were assessed for
multicollinearity. All condition-indices were proven to be low. Low condition index
scores indicate a low concern of multicollinearity between independent variables.
Indices greater than 15 indicate a possible collinearity problem, while indices
greater than 30 indicate a serious problem with collinearity. Concerning length of
hospital stay, associations were noted between the independent variables which
were surgical status (yes/no), ASIA A Classification on admission (yes/no) and
tetraplegia (yes/no). Concerning surgery status (yes/no), associations were noted
between male (yes/no) and MVA status (yes/no). “The fact that some or all

predictor variables are correlated among themselves does not, in general, inhibit
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our ability to obtain a good fit nor does it tend to affect inferences about mean

responses or predictions of new observations (Kutner et al., 2004).”

Listwise case deletion was performed using SPSS to cater for all missing data.
Furthermore, data imputation for missing values was not considered as the assumption
for "missing completely at random (MCAR) is not justified. Systematic differences may

exist and be linked to exposures or outcomes.

4.6 ETHICAL CONSIDERATION

This doctoral degree formed part of a larger study being funded by the Medical Research
Council of South Africa (SAMRC) that had.clearance at an institutional (Ethics reference
number BM/16/3/24), healthcare facility, and governmental levels, respectively (See
appendices 1 and 3). Ethical clearance for this degree was obtained from the UWC’s
Biomedical Medical Research Ethics Committee (Ethics reference number BM/18/1/17 —
see Appendix 2). The research study;incorporated-aspects of good clinical practice as set
out in the declaration of Helsinki (World Medical Association, 2013). Participants who met
the eligibility criteria were required to sign an informed consent after being provided with
full and accurate information. Participants were allowed to withdraw from the study at any
time and were not negatively impacted if they chose to do so. The anonymity of all
participants was maintained throughout the study by allocating each participant a record
number. The study was considered low to medium risk since no intervention was
administered at any stage. However, if in any way the participant was harmed, necessary
counselling would have been provided by the healthcare practitioners on site. Mortality
data obtained from the SAMRC’s (South African Medical Research Council) Burden of
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Disease Unit was considered public access and hence did not negatively impact the
participant or their families in any way. Participant ID numbers were sourced from the
attending acute hospital, Groote Schuur (specifically the ASCI UNIT), which is a dual
collaborator on the project. All data is kept in a locked cabinet and on a password-
protected laptop for five years. Data regarding this project was only accessible by the

researcher and his supervisors.
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CHAPTER FIVE

RESULTS

5.1 INTRODUCTION:

In this chapter, the researcher presents the results of the data relating to this traumatic
spinal cord injury (tSCI) cohort according to sub-objectives that were outlined in chapter
one and briefly summarised below. The results were further grouped according to the
domains related to Krause’s theoretical risk model and Donabedian’s model of care to
determine:

e the injury characteristics (i.e., age, sex, aetiology, associated injuries, vertebral
injuries, severity, spinal surgery, length-of hospital stay, severity and associated
injuries) of all tSCI participants who have sustained a tSCI enrolled in the cohort for
an 18-month time frame.

e time-sensitive interventions related to time to surgery from the onset of injury, time
to specialised care from the 'onset of injury, which includes time to acute care from
intermediate hospitalisations, and time to rehabilitation from admission to
specialised acute care.

e the prevalence of risk indicators (comorbidities; secondary medical complications).

e the total length of hospital stay of the participants.

e neurological recovery at admission and discharge of the participants.

e functional recovery at admission and discharge of the participants.
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5.2 CHARACTERISTICS OF THE STUDY SAMPLE

Data regarding patient demographics and injury characteristics for persons who had
sustained a tSCI were analysed descriptively and is described in Table 5.1 below. Of the
167 participants who were included in this study, 86% (n=144) were males, while 14%
(n=23) were females. This translates to a male-to-female ratio of 6.3:1. The mean age
concerning onset of injury was 33.5 years with a standard deviation (s.d) of 11.9 years.
Ages ranged from 18 years to 86 years, with 45% and 3% in the 18-30 and 261 age
categories, respectively. The most common causes of spinal cord injury (SCI) in this
cohort were because of assault (67%,110/167), which was followed by transport-
(23%,38/110) and fall-related (8%,14/110) aetiology. Sport-related aetiology only
accounted for 0.6% (1/167). Assault-was -broken-down-into gunshot, stabbing and blunt
force trauma-related aetiology. Gunshot and stabbing-related aetiology accounted for
57% (63/110) and 35% (39/110) of assault cases, respectively, while blunt force trauma
was minimal and only accounted for 4% (4/110) of the recorded assault cases. Transport-
related injuries consisted of pedestrian-vehicle accidents (PVAs) (individuals who were
struck by an oncoming motor vehicle or any other means of transportation) and motor
vehicle accidents (MVAs) (either a passenger or driver of the motor vehicle). Overall,
PVAs accounted for 24% (9/37), while MVAs contributed 76% (28/37). Seventy-seven
per cent of patients presented with vertebral injuries on admission, while 65% of patients
presented with associated injuries such as pneumothoraces, lung contusions, fractures

of either the upper or lower limb and injury to visceral organs, to name but a few.
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Table 5.1 Study population characteristics (N=167)

Gender (n; %)

Male 144 86.2
Female 23 13.8
Ratio 6.3:1

Age at injury (mean; s.d) 33.59 11.96
Age at injury (median; range) 31 18-86

Age categories (n; %)

18-30 75 | 449
31-45 69 413
46-60  sv— S 18 10.8
61 and older Ty - T —T 5 3

Aetiology (n; %)

Assault 110 65.9
Transport APE 37 22.2
Falls 14 8.4
Other traumatic causes 2 1.2
Sport 1 0.6
Missing 3 1.8

Associated injury (n; %)

Yes 109 65.3
No 45 26.9
Missing 13 7.8
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Vertebral injury (n; %)
Yes
No

Missing

Secondary complications (n; %)
Yes
No

Missing

Spinal surgery (n; %)
Yes
No

Missing

Days to surgery (mean; s.d)

Days to surgery (median; range)

Duration of acute care in days (mean; s.d)

Duration of acute care in days (median; range)

Duration of ward care in days (mean; s.d)

Duration of ward care in days (median; range)

Duration of rehab in days (mean; s.d)

Duration of rehab in days (median; range)

https://etd.uwc.ac.za/
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30

48

7

42

47

101

19

11

19.4

12

28.7

25

34.9

29.5

76.6

18

5.4

28.7

46.1

25.1

28.1

60.5

11.4

9.6

0-39

20.9

0-103

25.5

4-237

33.5

0-259
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ASIA class admission (n; %) according to recommendations for the SCI
core dataset

ASIA A 61 36.5
ASIAB 12 7.2
ASIAC 19 11.4
ASIAD 30 18
Missing (n; %) 45 26.9

5.3 INJURY FACTORS

5.3.1 Injury factor (Krause’s theoretical risk model): Aetiology and area of residence

In total, 146 participants have data relating-to-the suburbs where their SCI occurred (see
Figure 5.1). Suburbs with the largest number of injuries were Gugulethu (13%,19/146),
Phillipi (12%,17/146) and Mitchells plain (8%,11/146). Of the 146 participants, only 141
have data relating to the place of injury (i.e., suburb) and gunshot/stabbing-related status
(yes/no). Fifty-nine of the 141; participants whorsustained their injuries as a result of
gunshot-related aetiology came from Gugulethu (17%,10/59), Philippi (14%,8/59), and
Mitchells plain (9%, 5/59). Thirty-five of the 141 participants who sustained their injuries
as a result of stabbing-related aetiology came from the suburbs of Gugulethu (17%,6/35),
Atlantis (11%,4/35) and Mitchells Plain (11%,4/35), respectively. Besides presenting with
the second highest number of assault cases (10%,10/101), Phillipi (23%,7/31) also had

the highest number of transport-related injuries.
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Figure 5.1 Areas with the highest occurrence of tSClin-the Cape Metropole
5.3.2 Injury factor (Krause’s theoretical risk model): Aetiology and gender

In total, 110 participants had information relating to gender and assault status. Males
accounted for 93% (n=102) of the total number of assault cases compared to females,
with only 7% (n=8). Sixty-three patients sustained spinal cord injuries as a result of
gunshot-related aetiology. Males accounted for the largest percentage (92.1%,58/63),
while females accounted for only 7.9% (5/63). Of the 39 participants who sustained their
injuries as a result of stabbing-related aetiology, males accounted for 97.4% (38/39)
compared to females with 2.6% (1/39). A statistically significant association was found
between stabbing status (yes/no) and gender (x>= 5.845 df=1, p=0.01); however, this was

not the case for gunshot status (yes/no) and gender (x>=3.500, df=1, p=0.06).
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In total, MVAs and PVAs accounted for 75.7% (n=28) and 24.3% (n=9) of transport-
related cases, respectively. Males accounted for 68% (19/28) of the total MVA-related
cases compared to females with 32% (9/28). Concerning PVA, males accounted for 78%
(7/9) of the total PVA cases compared to females with 22% (2/9). There was no
statistically significant association between PVA (yes/no) and gender (x?>=0.517, df=1,
p=0.47); however, a statistically significant association was noted between MVA (yes/no)

and gender (x>=9.071, df=1, p=0.03).

5.3.3 Injury factor (Krause’s theoretical risk model): Spinal injury level by gender

As seen in Figure 5.2 below, male patients formed the largest percentage of injuries at
each spinal level, with the most.affected area beingthe thoracic spine. However, the most
affected area with respect to females was the cervical spine and the thoracic spine. No
association was found between the spinal injury level and gender (x?= 0,575 df = 2, p =

0.75).
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Gender
M Female
100 M ale

Percenatge

Cervical (n=44) Thoracic (n=62) Lumbar (n=12)

Spinal injury location

Figure 5.2 Spinal injury level by gender (n=118)
5.3.4 |Injury factor (Krause’s theoretical risk model): Aetiology and age

In total, 110 participants have information relating to age and aetiology. Stratified age
categories of 18-30 (56%,62/110) and 31-45 (35.5%,39/110) years showed the highest
percentage of SCl caused by assault. However, this trend carried over to the age category
of 46-60 years (8.2%,9/110). In total, 39 participants sustained spinal injuries as a result
of stabbing-related aetiology. The majority of stabbings took place in the age category of
18-30 years (66.7%,26/39) followed by the age categories of 31-45 years (30.8%,12/39)
and 46-60 years (2.6%,1/39), respectively. Only four participants sustained injuries as a
result of blunt force trauma. Two out of the four participants fell within the age category
of 31-45, while the remaining two participants fell within the age categories of 18-30 and
46 -60 years, respectively. The main causes of tSCI in the age category 61 and older

were transport and fall related. A statistically significant association was found between
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age categories and stabbing-related aetiology status (yes/no) (x>=10.6811, df=3, p=0.01),
indicating that patients in the age category of 18-30 years are associated with a higher
frequency of stabbing-related injuries. However, no association was found between

gunshot-related aetiology status (yes/no) and age categories (x?=5.417, d=3, p=0.14).

Twenty-eight participants sustained spinal injuries due to MVAs. Fifty-seven per cent
(16/28) of these participants fell within the age category of 31-45, while 29% (8/28) fell
within the age category of 18-30 years. The remaining age categories of 46-60 and 61
years and older accounted for 7.1% (2/28) of injuries each. In total, 9 participants
sustained spinal cord injuries due to pedestrian-related accidents. Forty-four per cent
(4/9) of these injuries fell within the age category-31-45, while the age categories of 18-
30 years and 46-60 years accounted for-22%-(2/9) of pedestrian-related accidents each.
In contrast, only one patient fell within the age category of 61 years and older. No
statistically significant association was found between-age categories and motor vehicle-
related aetiology status (yes/no) (x?£6.113, df =13, p=0.10). This finding was the same
when comparing pedestrian-related "aetiology “status (yes/no) to age categories (x?=

4.647, df=3, p=0.2).

5.3.5 Injury factor (Krause’s theoretical risk model): Aetiology and spinal injury level

In total, 44 participants sustained injuries because of gunshot-related aetiology and have
information related to spinal injury level on admission. Fifty-two per cent (n=23) of injuries
caused by gunshot-related aetiology occurred at the thoracic spine, which was followed

by the cervical (29.5%,13/44) and lumbar spine (18.2%,8/44), respectively. Irrespective
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of aetiology, 118 participants had information related to spinal injury level. Spinal injuries
to the thoracic spine were more common (53%, 62/118). This was followed by injuries to
the cervical spine (37.3%, 44/118). The lumbar spine was the least common site of spinal
injuries (10.2%,12/118). No injuries as a result of gunshot-related aetiology were noted

at the sacral region.

A total of four participants sustained spinal injuries because of pedestrian-related
aetiology and have information related to spinal injury level on admission. Two out of four
injuries occurred at the thoracic spine, while the remaining injuries occurred at the cervical
and lumbar spine. Regarding MVA, a total of 22 participants were included. Fifty per cent
(11/22) of injuries occurred at the thoracic spine, with 50% (11/22) of injuries occurring at
the cervical spine. No injuries were reporied- at the lumbar spine. Furthermore, no
association was found between the mode of the transport-related injury (i.e., PVA/MVA
status) and the location of the-spinal injury (PVA: x>=1.056, df=2, p=0.59)/(MVA: x?=

3.909, df = 2, p=0.14).

5.3.6 Injury factor (Krause’s theoretical risk model): American Spinal Injury Association

(ASIA) classification and spinal injury level

In total, 122 participants had data available regarding ASIA classification on admission
see Figure 5.3). Upon admission to the specialised spinal cord unit at Groote Schuur
Hospital (GSH), 50% (61/122) of participants presented with an AISA classification of A
(motor complete and sensory complete) followed by an AISA classification of D (motor

and sensory incomplete), which accounted for 25% (30/122) participants.
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Gender
B Female

100 L JIET

Percentage

ASIA A (n=61) ASIA Bor=12) ASIA C (n=19) ASIA D (n=30)

ASIAclassificationon-admission

Figure 5.3 ASIA classification by gender (n=122)

One hundred and twenty-nine participants had information relating to the severity of SCI
(i.e., completeness of injury). Forty-eight per cent of participants (62/129) were recorded
as having a complete lesion on admission (i.e., ASIA A), while 52% (67/129) participants
presented with incomplete spinal lesions (i.e., ASIA B, C and D) on admission. The
highest percentage of participants classified as AISA A (motor complete and sensory
complete) sustained injuries to either the thoracic (64%) or cervical spine (33%) (See

Figure 5.4 below).
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Spinal injury level
B Cervical

100 B Thoracic

M Lumbar

a0

Percentage

ASIA A (n=55)  ASIAB(n=11)  ASIAC(n=19)  ASIAD (n=26)

ASIA classification on admission

Figure 5.4 ASIA classification by spinal injury level (n =111)

In total, 50% (55/111) of participants were characterised as having complete lesions.
Sixty-seven per cent (37/55) of participants who were defined as having complete lesions
were characterised as being paraplegic, compared to those patients who were found to
have complete lesions and were characterised as tetraplegic (32.7%,18/55). A statistically
significant association was found between the ASIA classification on admission and the

location of the spinal injury (x?= 22.711, df=6, p<0.01).

5.3.7 Injury factor (Krause’s theoretical risk model and Donabedian’s model of care):

Morbidity after tSCI (neurological and functional recovery)

In total, 109 participants had data pertaining to ASIA classification on admission and

discharge. Of the 54 participants who recorded an ASIA A classification on admission,
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96.3% (52/54) of the cases were discharged as an ASIA A, 1.9% (1/54) as an ASIA B,
and 1.9% (1/54) as an ASIA C. Of the 11 participants who recorded an ASIA B on
admission, 45.5% (5/11) were discharged as an ASIA B, 45.5% (5/11) as an ASIA C and
as ASIA D in 9.1% (1/11) of the cases (see Table 5.2). Seventeen participants recorded
an ASIA C classification on admission, 47.1% (8/17) were discharged as an ASIA C, and
as ASIA D in 52.9% (9/17) of the cases. Of the 27 participants who recorded an ASIA D
on admission, 85.2% (23/27) of the cases were discharged as an ASIA D and 14.8%
(4/27) of cases as ASIA E. Using the Wilcoxon rank sum test, a statistically significant
association (P< 0.001) was noted between motor and sensory scores on admission and
discharge for the 85 participants who had data relating to motor and sensory scores on
admission and discharge (See Table.5:3). As-seen_in Table 5.3, the mean scores for
motor function were 25 (motor right) and-24 (motor left) but improved to 29 (motor right)
and 29 (motor left) on discharge. Mean scores for sensory function were 65 (sensory
right) and 67 (sensory left) on-admission but improved.to 76 (sensory right) and 74

(sensory left) on discharge.
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Table 5.2 ASIA impairment scale on admission and discharge (n=109).

On ASIAAon ASIABon ASIACon ASIADon ASIAEon
admission discharge discharge discharge discharge discharge
n (%) n (%) n (%) n (%) n (%) n (%)

ASIAA 54 (100%) 52(96.3%) 1(1.9%)  1(1.9%)

ASIAB 11 (100%) 5(45.5%) 5(455%) 1(9.1)

ASIAC 17 (100%) 8 (47.1%) 9 (52.9%)

ASIAD 27 (100%) 23 (85.2%) 4 (14.8%)
ASIAE 0 (0%) 0
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Table 5.3 ASIA motor and sensory scores on admission and discharge (n=85) - Wilcoxon signed-rank test

Motor score
(R) admission

Motor score
(L) admission

Sensory score
(R) admission

Sensory score
(L) admission

On admission
(n=85)
Mean (SD)
Median (IQR)
25.4 (15.0)

25 (12.0- 37.0)

23.9 (14.7)

25 (9.5 — 35.0)

Motor score
(R) discharge

~ Motor score
(L) discharge

On discharge

(n=85)
Mean (SD)

Median (IQR)

28.9 (15.1)

25 (22.0 - 45.0)

2815 (15.2)

25 (19.0 - 45.0)

65.1 (32.0)

66 (39.0 — 95.0)

66.5 (33.0)

66 (39.0 — 96.5)

IQR: Interquartile range; L= Left; R= Right

' Sensory score
(R) discharge
|

Sensory score
(L) discharge

,7612.(31.5)

.82 (51.0 - 112.0)

74.4 (31.5)

80 (49.0- 104.5)
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p-value

p <0.001

p <0.001

p <0.001

p <0.001
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54 PROCESS MEASURES

5.4.1 Process measure (Donabedian’s model of care): Time to acute care from

intermediate hospitalisation

Fifty-nine participants had intermediary hospitalisation, defined as those who were not
transferred directly to specialised care and acute care admission data. The mean time to
acute care from admission to intermediate facilities for these patients was 3.25 days (s.d
6.2). The aetiologies with the highest percentage of intermittent hospitalisations were
assault (54%,32/59) and transport-related (36%,21/59). In total, 23 participants
experienced intermittent hospitalisation of = 2 days. Participants within the age group of
31-45 years (61%,14/23) experienced-fonger periods-of hospitalisation at intermediate
care facilities prior to being admitted to acute care at GSH. This was followed by the age
category of 18-30 years (34.8%, 8/23). Upon further analysis, a statistically significant
association was found between aetiology and time to acute care admission from
intermediate hospitalisation (x?=13.841 df=3, p<0.01). When comparing patient age
groups (x?=6.638 df=3, p=0.84) and place of residence (x?=27,840 df=22, p=0.18) to
acute care admission from intermediate hospitalisation, no statistically significant

association was found.

5.4.2 Process measure (Donabedian’s model of care): Time to acute in-hospital

physiotherapy treatment

In total, 83 participants had information relating to admission dates to GSH and admission

dates to acute in-hospital physiotherapy. The mean time to acute in-hospital
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physiotherapy was 3.25 days (s.d 5.2) for the 83 patients. Acute in-hospital physiotherapy
was defined as physiotherapy treatment received within the intensive care unit (ICU) and
SCI ward and ranged from 0 to 42 days in length. Forty-one per cent of patients (41%,
34/83) received in-hospital physiotherapy treatment within one day after being admitted

to acute care (See Figure 5.5).

Transport-related injuries comprised the largest percentage (53%,18/34) of participants
who received physiotherapy treatment within one day after injury. This was followed by
assault (32%,11/34) and fall (11.8%,4/34) related aetiology. Sport-related injuries
accounted for (2.9%,1/34) of participants who received physiotherapy treatment within
one day. Furthermore, a statistically significant association was noted between time to in-

hospital rehabilitation and aetiology-(x?=22.029, df=4, p<0.01).

100
80 R e S T S A S

G0

Percentage

40

20

< 1 day (n=34) =1 day (n=49)

Time to acute in-hospital physiotherapy
Figure 5.5 Time to acute in-hospital physiotherapy (days) (n=83)
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5.4.3 Process measure (Donabedian’s model of care): Aetiology and spinal surgery

Forty-seven participants underwent surgery and have information related to aetiology. Of
those who underwent spinal surgery, 55% (26/47) had their injuries caused by
transport-related aetiology, 23% (11/47) due to fall-related aetiology, 15% (7/47) due to
assault-related aetiology and 4.3% (2/11) because of other traumatic causes. Seventy-
two per cent (34/47) of patients requiring surgery were male, while 27.7% (13/47) were
female. A statistically significant association was found between the aetiology of injury
and spinal surgery (yes/no) (x?=84.613, df=4, p<0.01), indicating that transport-related

aetiology is associated with a higher frequency of spinal surgery.

5.4.4 Process measure (Donabedian’s model-of care):.Injury factors and spinal surgery

The mean time to spinal surgery was 11 days (s.d 9.6 days) for 45 participants, with data
related to the date of injury onset and time to spinal surgery. Of the 45 participants, 37
(82%) experienced a delayed time to spinal surgery (i.e.,> 3 days). The categories of 18-
30 years (14%, 5/45,); 31-45 years. (65%,23/45,) and. 46-60 years (16%,6/45), all
experienced longer times to surgery. Only 8 out of the 45 participants received surgery
within three days. The age category of 31-45 years had the highest number of cases
requiring surgical intervention (62%,28/45,). This was followed by the age categories of
46-60 (18%,8/45,) and 18-30 (16%,7/45), respectively. Participants within the age
category of 61 and older recorded the lowest number of persons undergoing spinal
surgery (4%,2/45,). No association was found between time to surgery and age groups
(x?= 1.509, df = 3, p=0.6). Overall, a statistically significant association was found

between surgery status (yes/no) and right upper and lower limb ASIA motor scores on
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discharge (x?=11.365, df=4, p=0.02). However, no association was found between spinal
surgery status (yes/no) and left upper and lower limb ASIA motor scores on discharge
(x>=6.383, df=4, p=0.17). In addition, when combining left and right motor scores on
discharge, no association was found with spinal surgery status (yes/no) (x?=5.678, df =

4, p=0.22).

Survival status at one year was only available for 36 of the 45 (80%) participants with
data relating to the time to spinal surgery. Eighty-three per cent of participants (30/36)
who were alive one year post-injury underwent spinal surgery at GSH, compared to 97%
(65/67) who were alive but did not receive any spinal surgery. Six out of eight participants
received spinal surgery but did not survive-one year.post-injury compared to two patients
who did not receive spinal surgery but passed away. A-significant association was found
between spine surgery status (yes/no) and survival status (yes/no) at one year (x?=6.119,
d =1, p=0.01). Meaning, undergoing spinal surgery is-associated with a reduced chance

of survival at one year post-injury.

Transport-related injuries were the most common mechanism of injury requiring spinal
surgery. Of the 45 participants who underwent surgery, 58% (n=26) were transport
related, 22% (n=10) were fall related, 13% (n=6) were assault related, and 2% (n=1) was
sports related. Other traumatic causes accounted for 4% (n=2). The main aetiologies
related to delayed surgery (n=37) were transport (60%, 22/37) and fall-related aetiologies
(22%, 8/37). Contrary to the finding above, a statistically significant association was found

between time to surgery and aetiology (x>= 37.712, df = 12, p < 0.01).
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Data regarding the severity of injury (i.e., completeness) was available on 42 of the 45
(93%) participants who had time to spinal surgery data. Fifty-six per cent (n=25) of
participants were classified as complete lesions, while 38% (n=17) were classified as
incomplete lesions on admission. However, on discharge, the percentage of complete
lesions dropped to 49% (n=22), and the percentage of incomplete lesions increased to

44% (n=20).

5.4.4.1 Process measure (Donabedian’s model of care): Spinal surgery and sensory

and motor changes

As seen in tables 5.4 and 5.5, only 27 participants who underwent surgery (60%,27/45)
had data related to the level and severity of spinal injury and ASIA scores (i.e., motor and
sensory) on admission. Those participants who were classified as having incomplete
lesions on admission and underwent surgery showed greater improvements in mean
motor and sensory scores at discharge than when compared to patients who were
classified as having complete lesions on admission. Regarding the level of injury, patients
with paraplegia on admission showed greater improvements in mean motor and sensory
scores at discharge than when compared to those with tetraplegia on admission. Although
this is the case, no statistically significant association was found between the groups (i.e.,

tetraplegic vs paraplegic)
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Table 5.4 Mean differences in motor and sensory scores (n=27)

Sensory score (L)

Sensory score (R)

Motor score (R)

Motor score (L)

Severity of
injury on
admission

Complete
Incomplete
Complete

Incomplete

Complete
Incomplete
Complete

Incomplete

Number
of patients

14

12

14

12

14

12

14

12

Mean

discharge
scores

51,29
90,75
69,50

51,00

91,83
69,85
18,64

30,75

Standard
deviation

24,631
21,093
23,231

21,396

9,427
13,315
2,299

5,261

95% Confidence interval for

Lower bound

37,06
77,35
37,59

78,24

13,20
22,29
14,25

20,00

mean

65,51
104,15
64,41

105,43

24,09
39,21
24,18

43,16

Table 5.5 Mean differences in‘motor and sensory scores at discharge (n=27)

Sensory score (L)

Sensory score (R)

Motor score (R)

Motor score (L)

Level of
injury on
admission

Tetraplegic
Paraplegic
Tetraplegic
Paraplegic
Tetraplegic
Paraplegic
Tetraplegic

Paraplegic

Number
of patients

13

13

14

13

14

13

14

13

Mean
discharge
scores

64.00
75.00
61.21
73.92
18.79
29.15
20.00

30.23

Standard
deviation

34.392
25.599
38.077
24.700
14.672
7.493
17.142

9.479

" 95% Confidence interval for
mean

: “Lower bound

43.22

59.53

39.23

59.00

10.31

24.63

10.10

24.50

https://etd.uwc.ac.za/

Upper bound
84.78
90.47
83.20
88.85
27.26
33.68
29.90

35.96

Upper bound

P -value

P <0.01

P <0.01

P <0.01

P =0.03

P -value

P =0.36

P=0.31

P =0.03

P =0.06
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Following binary logistic regression (see Table 5.6), the following predictors were the only
variables which were found to have a positive association in relation to surgical status
(yes/no): Male (yes/no) and MVA status. For each unit increase in gender (i.e., from
females to male) and MVAs status, surgical status increased by 216% and 1930%,
respectively. The overall model was shown to have a good fit after using the Hosmer and
Lemeshow Goodness of fit test (P=0.66). In addition, the area under the curve (AUC)
showed excellent discrimination (AUC=0.75). This, in effect, means that the model can

accurately discriminate 75% of the cases.

Table 5.6 Variables influencing surgical status following binary regression

(n=147).
Predictors Odds ratio Condition 95% CI P-value
i L1 lipden [ |1
Gender: Male 3.16 1.62 1.05 9.47 P=0.04
(Reference)
Aetiology: MVA 20.30 176 6.29 65.44 P <0.01
(Reference)

CI: Confidence interval

5.4.5 Process measure (Donabedian’s model of care): Secondary medical

complications

Thirty-nine per cent of participants (48/125) developed secondary medical complications
during acute care hospitalisation. As seen in Table 5.7 below, the four most prevalent
secondary complications that participants developed during acute care hospitalisation are
pressure ulcers (14%,17/125), pneumonia (12%,15/125), neuropathic pain (11%,14/125)
and urinary tract infections (UTls) (5%,6/125). Thirty-one (65%,31/48,) participants
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presented with one complication, 16/48 (33%) with two complications and 1/48 (2%) with
four complications. For those participants who underwent surgery and had information
relating to secondary medical complications (n=43), 58% (25/43) presented with
secondary medical complications during their hospitalisation, compared to (42%,18/43)
who did not. The four most prevalent secondary medical complications found in
participants who underwent spinal surgery were neuropathic pain (16%,7/43), pressure

ulcers (16%,7/43), pneumonia (16%,7/43,) and UTIs (7%,3/43).

Table 5.7 Prevalence of secondary complications (n=125)

Secondary medical complication Acute care n (%)
Pressure ulcers 17 (14)
Pneumonia = 15 ('1'2)
Neuropathic pain S—— L

Urinary tract infections == = | 6(5)
Spasticity : 3@

Auto dysreflexia ' gt oy (0'.8)'

Deep vein thrombosis 1(0.8)

As seen in Table 5.8 below, no associations were found between the level of the injury
and pressure ulcers (x?=0.839, df=1, p=0.36), pneumonia (x?>=0.604, df=1, p=0.43),
neuropathic pain (x?=0.103, df=1, p=0.74) and UTIs (x?=0.186, df=1, p=0.66). No

statistically significant association was found in relation to the number of medical
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complications and the level of injury on admission (i.e., tetraplegic vs paraplegic) (x*=

0.719, df=1, p=0.39).

Table 5.8 The number and type of secondary medical complications with respect

to the level of injury (n=111).

Variable n Tetraplegia Paraplegia p-value
Any complication 0.11
Yes 21 22

No 23 44

Number of complications 0.39
Zero or 1 — T 60

Two or more V4 7

Pneumonia Mmoo e 0.43
Yes - e 6

No by I'387 i S 61

Pressure ulcer 0.36
Yes 8 8

No 36 59

Neuropathic pain 0.74
Yes 5 9

No 39 58

UTI 0.66
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Yes 2 2
No 42 65

*UTI: Urinary tract infection

As seen in Table 5.9, a statistically significant association was also found between any
secondary medical complication and the completeness of the injury on admission (x?=
8.540, df=1, p<0.01). Furthermore, the presence of specific secondary medical
complications such as pneumonia (x>=7.880, df=1, p<0.01) and UTls (x?>=6.073, df=1,
p=0.01) proved to have a statistically significant association with respect to the
completeness of injury on admission (see Table 5.9). No statistically significant
association was found in relation to neuropathic pain (x?=0.704, df=1, p=0.40), pressure

ulcers (x?=0.748, df=1, p=0.38) and-number of complications (x?>=0.748, df=1, p=0.38)

Table 5.9 The number and type of secondary medical complications with respect

to the severity of injury (n=119).

Variable, n Complete Incomplete p-value
Any complication <0.01
Yes 29 17

No 26 47

Number of complications 0.38
Zero or 1 46 57

Two or more 9 7

Pneumonia <0.01
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Yes 12 3

No 43 61
Pressure ulcer 0.38
Yes 9 7
No 46 57
Neuropathic pain 0.40
Yes 5 9
No 50 55
UTIS <0.01
Yes 5 0

No = . 64
*UTI: Urinary tract infection

In addition, a significant association (x>=8.486, df=1, p<0.01) was found for UTls and vital
status at one year (see Table 5.10). This was the same for any secondary medical
complication and vital status at one year. No further associations were found with respect

to the remaining secondary complications and vital status at one year.
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Table 5.10 The number and type of secondary medical complications during

acute care (n=88).

Alive at one year p-value

Variable n No Yes

Any complication 0.04
Yes 6 31

No 2 49

Number of complications 0.13
Zero or 1 5 67

Two or more 3 13
Pneumonia 0.32
Yes = 2 ~10

No b

Pressure ulcer e o 0.53
Yes e e e 1

No ‘RS 67

UTI

Yes 2 2 0.00
No 6 78

Neuropathic pain
Yes 1 11 0.92
No 7 69

*UTI: Urinary tract infection
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5.4.6 Process measure (Donabedian’s model of care): Length of acute care stay

(ICU/high care)

The total length of acute care stay included 103 participants (see Figure 5.6). These
participants had a mean length of acute care stay of 19.49 days within the ICU or high-
care wards. The length of acute stays ranged from 0-103 days with a standard deviation
of 21 days. As seen in Figure 5.6, males had an increased length of acute care stays
compared to their female counterparts. A significant association was noted between
stabbing status (yes/no) and acute ICU/high care stays (x?=15.956, df=3, p=0.01),
however, no significant association was found between gunshot status (yes/no) and acute
ICU/high care stays (x?=0.939, df=3, p=0.81). Furthermore, no significant association was
found between acute length of hospital stay and MVAs (x?=4.640, df=3, p=0.20) and acute

length of hospital stay and PVAs (x?=6.148, df=3, p=0.10)

Length of acute
stay
W=7
Ws-12
Wi3-25
W 26+

100 i T ET & L%

a0

60

Percentage

40

Female (n=14) Male (n=869)

Gender

Figure 5.6 Gender by length of acute stay (n=103)
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5.4.7 Process measure (Donabedian’s model of care): Total length of hospital stay

One hundred sixteen participants had data relating to the total length of hospital stay. The
total length of hospital stays for these 116 participants ranged from 0 to 267 days with a
mean length of stay of 42.6 days (s.d 32.7days). Of the 116 participants, only 106 had
data relating to secondary medical complications and the total length of hospital stay.
Fifty-nine per cent of participants (63/106) did not present with any form of secondary

complication during their hospital stay.

When the length of the hospital stay was dichotomised <35 days or 36+ days, participants
who developed pressures ulcers (x?=6.926, df=1, p<0.01), pneumonia (x>=4.002, df=1,
p=0.04), neuropathic pain (x?=4.002, df=1, p=0.04)-and UTls (x?>= 5.053, df = 1, p=0.02)
had on average longer hospital stays. A larger percentage of participants presenting with
tetraplegia on admission experienced an extended duration of hospital stay compared to
those who were classified as people with paraplegia (see Figure 5.7). In addition, those
participants who were classified as having a complete spinal lesion on admission (i.e.,
AISA A) had a higher percentage of participants experiencing an increased length of
hospital stay (i.e., 2 36 days) compared to patients with an AISA B, C or D (see Figure

5.8).
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Level of
injury
{(Admission)
B Tetraplegic

100
M Paraplegic

Percentage

Length of stay < 35 (n=50) Length of stay 36+ (n=56)

Length of hospital stay (Days)

Figure 5.7 Total length of hospital stay by level of injury-(n=106)

ASIA
(Admission)
Wasiaa
HMasiAB
HEasiac
W AsIAD

100

80

60

Percentage

Length of stay 36+ (n=56)

Length of stay < 35 (n=49)
Total length of hospital stay (Days)

Figure 5.8 Total length of hospital stay by ASIA classification on admission (n=105)
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Following binary logistic regression (see Table 5.11), the following predictors were the
only variables that were found to have a positive association in relation to an increased
length of hospital stay: spinal surgery status (yes/no), ASIA A classification on admission
(yes/no) and level of injury (i.e., tetraplegic) (yes/no). This means that all three of the
variables mentioned above increased the odds of experiencing an extended length of
hospital stay. For each unit increase in spinal surgery, ASIA A classification and level of
injury, the total length of hospital stay increased by 229%, 389%, and 793%, respectively.
The overall model was shown to have a good fit after using the Hosmer and Lemeshow
Goodness of fit test (P=0.79). In addition, the AUC showed excellent discrimination
(AUC=0.82). This, in effect, means that the model can accurately discriminate 82% of the

cases in relation to the length of hospital-stay.

Table 5.11 Variables influencing total length of hospital stay following binary

regression (n=96).

Predictors Odds ratio © Condition ' 95% ClI P-value
index

Spine surgery 3.29 2.13 1.15 9.42 P =0.02

AIS A classification 4.89 2.37 1.69 14.19 P <0.01

Tetraplegic 8.93 3.55 2.84 28.08 P <0.01

ClI: Confidence interval
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5.7.8 Process measure (Donabedian’s model of care): Length of acute in-hospital

rehabilitation

Ninety-eight participants had data available with respect to the length of acute in-hospital
rehabilitation. The length of acute rehabilitation was dichotomised < 30 days or = 31 days.
The average number of days participants were admitted to acute in-hospital rehabilitation
was 35. This ranged from 0 to 259 days with an s.d of 33.5 days. Of the 98 participants,
49 experienced an extended duration of rehabilitation. Spinal injuries, which were
sustained as a result of assault-related aetiologies (stabbing: 3/49, Gunshot: 17/49 and
blunt force trauma: 3/49) had a higher percentage (47%,23/49) of participants
experiencing longer acute inpatient rehabilitation (i.e., = 31days). This was followed by
transport- (45%, 22/49) and fall=(8.2%,4/49) related aeticlogy, respectively. A statistically
significant association was found between total length of acute in-hospital rehabilitation
and stabbing status (yes/no) (x?=16.016, df=1, p<0.01), MVA status (yes/no) (x?=11.153,
df=1, p<0.01) and PVA status (yes/no) (x?=4.087, df=1, p=0.04). No statistically significant
association was found to exist between gunshot-related aetiology status (yes/no) and

length of acute in-hospital rehabilitation (x?=0.083, df=1, p=0.77).

5.5 SUMMARY OF RESULTS

The main findings of this study were grouped according to the domains of Krause’s

theoretical risk model and Donabedian’s model of care

146

https://etd.uwc.ac.za/



5.5.1 Domains related to Krause’s theoretical risk model

Of the 167 participants who were included in this study, 86.2% of participants were males.
This translated to a male-to-female ratio of 6.3:1. The most common cause of tSCI in this
cohort was assault (65.9%). A large percentage of patients (76.6%) also presented with
vertebral injuries on admission. These vertebral injuries were more prevalent at the
thoracic spine (37.1%). Those admitted with tSCI also presented with a high percentage
of concomitant injuries (65%). Lastly, a statistically significant association (P< 0.01) was
noted regarding neurological and functional recovery between motor and sensory scores
on admission and discharge. The mean scores for motor function on both the left and
right showed improvements at discharge from admission. The same finding was noted
with respect to left and right sensery scores at discharge.-Concerning ASIA conversion
from admission to discharge, those who were classified as an ASIA C on admission

showed the greatest percentage of conversion compared to other ASIA grades.

5.5.2 Process measures as per Donabedian’s model of care

Regarding time-sensitive measures, the following was found: The average time to surgery
was 11 days (s.d 9.6 days). Transport-related injuries contributed towards the highest
percentage of patients requiring spinal surgery. In addition, a statistically significant
association was found between spine surgery status (yes/no) and survival status (yes/no)
at one year (x?=6.119, df=1, p=0.01). The mean time to acute in-hospital physiotherapy
was 3.25 days (s.d 5.2). A statistically significant association was noted between time to
in-hospital rehabilitation and the mechanism of injury (x?=22.029, df=4, p<0.01), thus

indicating an association between transport-related injuries and the time to acute in-
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hospital rehabilitation. The mean time to acute care from admission to intermediate
facilities was 3.25 days (s.d 6.2 days). Transport-related aetiology experienced longer
periods of hospitalisation at intermediate care facilities prior to being admitted to acute
care at GSH. Overall, participants spent on average 42.6 days (s.d 32.7days) in GSH
after sustaining their SCI while receiving medical care. Participants who were classified
as having a complete spinal lesion on admission (i.e., AISA A) experienced longer periods
of time in the hospital. An ASIA A classification on admission, spinal surgery status
(yes/no) and level of injury (i.e., tetraplegic [yes/no]) were found to influence the total

length of hospital stay positively.
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CHAPTER SIX

SURVIVAL MODEL

6.1 INTRODUCTION

In this chapter, the researcher provides the baseline characteristics of all reported
mortality cases who died within the first and second year post-injury. Their characteristics
are tabulated against those of the survivor group (see Table 6.1). This is in line with
objective1.5.1 which sought to descriptively study the reported mortality cases based on
their key exposures (see Table 6.2) in terms of successes and failures (i.e., whether
exposures were present and whether they were aligned to the best available evidence),
while a concept map helped to illustrate the various linkages between exposures. These
candidate exposures identified in Chapter 3 (i.e., age, gender, aetiology, intermittent
hospitalisation, vertebral injury, secondary complications, associated injuries, time to
surgery, American Spinal Injury Association (ASIA) classification on admission) were
tabulated for each of the mortality.cases in the first, and,second year post-injury. These
successes and failures were described narratively, providing primary evidence to support
systems strengthening. In addition, a sensitivity analysis was performed on all exposures
included in Table 6.3 to determine their predictability of vital status (i.e., alive or not) at
one year. Lastly, Donabedian’s model of care and Krause’s Theoretical Risk Model was
used to group these factors under specific domains. Further discussion for this chapter

will take place in Chapter 7.
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6.2 CASE SERIES METHODOLOGY

A descriptive retrospective case series methodology was used in the write-up of this
chapter. The reason this research design was chosen is because it allows the researcher
to summarise the participants clinical pathways they followed and highlight the factors
that may have impacted on mortality (Kooistra et al., 2009). In addition, the low number
of fatalities identified in relation to the one and two-year mortality cases, and the
assumptions for regression analysis that were not able to be met, were also determining
factors for the design that was chosen for this chapter. All demographic and clinical data
related to the participants’ care pathway were reviewed. The data included body mass
index (BMI), aetiology, intermittent hospitalisation, vertebral injuries, secondary
complications, associated injuries; time to-surgery, acute-in-hospital physiotherapy, ASIA
on admission, and length of hospital-siay. Te-aveid confounding, a gender and age
category matching method was used to randomly match the one-year mortality group with
participants in the survival group (De Graaf et al., 2011).- This matching process was
performed retrospectively and was used to determine whether those in the mortality group
experienced a higher number of candidate exposures as opposed to those in the survival
group. As noted above, data analysis was performed using descriptive statistics while

each case was narratively described and discussed

6.2.1 Inclusion criteria

e All patients who demised within their first year post-onset of injury

e All patients who demised within the second year post-onset of injury
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6.2.2 Exclusion criteria

e None

6.2.3 Data collection

All data used in this case series was collected using the spinal cord injury (SCI) core

basic data set form, which is outlined in section 4.5.1.1

6.3 CHARACTERISTICS OF THE ONE-YEAR (n=11) AND TWO-YEAR

MORTALITY (n=6) COHORT (SEE TABLE 6.2)
6.3.1 Age

Of the 11 reported cases (see Table 6.1) who did not survive one year post-injury, 7
patients (64%) fell within the age category of 31-45, 2 (18.2%) in the age category of 46-
60 and 2 (18.2%) within the age category of 61rand above. Patients who demised within
the second year post-injury fell'within-the age categories of 18-30 (n=2), 31-45 (n=5) and
46 -60 (n=1). However, compared to the overall sample, patients within the age category
of 31-45 years only had the second highest percentage of tSCI, with patients in the age
category of 18-30 years presenting with the highest. In the one-year mortality group, age
ranged from 32-80 years, while age in the second-year mortality group ranged from 21-
46 years. The age of patients who survived post injury ranged from 18-86 years. The
largest percentage of survivors fell within the age categories of 18-30 (52%, 51/99;) and

31-45 years (39%, 38/99)
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6.3.2 Aetiology

As seen in Table 6.1, the main causes of injury in the one-year mortality cases were falls
(n=4), assault (n=3) and transport-related aetiology (n=3). While in the second-year post-
injury assault and transport-related injuries were the most common causes. However, in
the survivor group the main causes of injury was assault (67.6%, 71/105) transport
(24.8%, 26/105) and fall (5.7%, 6/105) related aetiology. Three of the four cases in the
one-year mortality group who were injured as a result of falls sustained their injuries after
falling from a height. Assault was further broken down into gunshot and stabbing-related
aetiologies, with 2 out of the 11 cases who demised within the first year post-injury,
sustaining injuries as a result of gunshot aetiology. The remaining patient sustained
injuries due to stabbing-related-aetioclogy. Stabbing--and-gunshot-related aetiology in the
second year post-injury, accounted for one mortality case each. Transport-related injuries
(n=4) within the first year post-injury included those patients who were pedestrians (n=2)
and those who were passengers (n=2). Those cases in the second-year mortality
grouping who died as a result of transport related injuries were a passenger and driver.
Transport-related injuries were the second most common cause of injuries in the one-
year, two-year and survivor group. Based on the above, fall-related injuries were the most
common cause of injuries in the one-year mortality group compared to the two-year
mortality and the survivor group, where the main cause of injury was assault related.

6.3.3 Associated injuries

As seen in Table 6.1, associated injuries (presented with on admission to acute care) in
the one-year mortality cases included haemothoraces (n=2); haemopneumothorax (n=1);

laceration to the scalp (n=1); degloving of the lower back (n=1); mild traumatic brain injury
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(TBI) (n=1); lung contusion (n=1); lung laceration (n=1); small bowel injury (n=1); fractures
of the, ribs (n=3); fracture of the iliac wing (n=1) and L4/L5 haematoma (n=1). The two-
year mortality cases presented with pneumothoraces (n=3); haemothoraces (n=2); lung
contusion (n=1); haematoma axilla(n=1); grade 3 liver injury (n=1); grade 1 pancreatic
injury; fractures to the ulnar (n=1), radius (n=1), fibula (n=1), clavicle (n=1), metatarsals
(n=1) and ribs (n=3); stabs wound to the neck, back and flank (n=1) and shoulder
dislocation (n=1). Associated injuries noted in both groups of mortality cases were also
prevalent in the group of survivors, with all three groups presenting with a substantial

percentage associated injuries on admission to the specialised unit.

6.3.4 Secondary medical complications

As seen in Table 6.1, secondary medical complications (which patients developed during
hospitalisation) in the one-year mortality cases included pressure ulcers (n=3); UTls
(n=2); ventilator-acquired pneumonia (n=1); pulmonary oedema (n=1); lung embolism
(n=1); atelectasis (n=1); seizures (n=1) and anemia (n=1). Furthermore, four of the
mortality cases presented with two or more complication during their hospital stay. Two
of the eleven mortality cases presented with no secondary medical complications during
the period of hospitalisation, while data on two cases were missing. In the second-year
mortality cases, only one patient had data concerning secondary medical complications.
Two of the six case developed no complications, while data was missing concerning the
remaining two. From the 99 survivors only 76 had data relating secondary medical
complications. Thirty-nine percent (30/76) of survivors developed complications during

their period of hospitalisation with 61% (46/76) presenting with no complications. The
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three most prevalent complications in the survivor group were: pressure ulcers (17%,

13/76), pneumonia (12%,9/76) and neuropathic pain (15%, 11/76).

6.3.5 Neurological level

Regarding the single neurological level of injury on admission, only 6 of the 11 cases who
demised within the first year post-injury had information relating to the neurological level
(see Table 6.1). Two cases had a single neurological level of C3, while two separate
cases had a neurological level of C4 and C5, respectively. The remaining two cases had
a neurological level of injury at the level of T11 and L2. Regarding those cases (n=6) who
died in the second year post-injury, only three had information relating to the single
neurological level of injury. These injuries were-at-the levels of C5, T2 and T7,
respectively. From the above, it'was noted that those who passed away in the first year
of injury had a higher percentage of a single neurological lesion in the cervical spine

region on admission compared to those who died two years post-injury.

Of the 11 patients in the one-year mortality group, only 8 had information relating to the
neurological level of injury compared to the 5 in the second-year mortality group. In the
one-year mortality cases, 4 (50%) were classified as paraplegics and 4 (50%) as
tetraplegics on admission to Groote Schuur Hospital (GSH). Regarding the second-year
mortality cases, only one patient was classified as a tetraplegic compared to four who
were classified as paraplegic. The survivor group had a similar trend as the second-year
mortality group, whereby a larger percentage of persons were classified as paraplegics

(59.7%, 43/72) as opposed to tetraplegics (40.3%, 29/72) on admission.
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In the one-year mortality group, the most common segmental level amongst patients who
sustained cervical spine injuries occurred at levels C3 — C7 (n=3), while thoracic spine
injuries occurred at levels T1 -T3 (n=3) and T11-T12 (n=1), respectively. Only one patient
reported an injury at the level of L4/5, while one patient presented with no vertebral
injuries on admission. However, in the second-year mortality group, two patients
sustained injuries to the cervical spine (i.e., C2-C7), while the remaining three patients
sustained injuries to the thoracic spine (i.e., T3 — T5). With respect to the survivor group,
injuries to the thoracic spine were the most common followed by injuries to the cervical
spine. Overlap with respect to the injury site was only present in one case in the first-year
mortality cohort. As highlighted above, cervical and thoracic spine injuries were the most

prevalent in one-year mortality, two-year mortality,-and survivor groupings.

6.3.6 Time to surgery

On average, patients who underwent surgery waited on average 6.8 days (s.d 5.2 days)
before receiving any form of surgical intervention (See Table 6.1). Time to surgery in the
one-year mortality group ranged from 1- 4 days post-injury, with only two participants
receiving surgery within three days (one and two days, respectively) post-injury, while
time to surgery in the second-year mortality cases ranged from 5-21 days in length. In the
one-year mortality cases, the mean time to surgery was 6.8 days (s.d 5.2 days), while in
patients who demised in the second year post-injury, the mean time to surgery was 14.6
days (s.d 8.5 days) before receiving surgery. Mean time to surgery in the survival group

was 10.8 days (s.d 9.4 days). The mean time to surgery was the least when compared to
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the one-year mortality and survivor groupings. However, time to surgery was the longest

for those in the second-year mortality grouping.

6.3.7 ASIA classification on admission

Regarding ASIA classification, only data for (6/11; 55%) patients who were demised were
present (See Table 6.1). On admission, these six patients were classified as an ASIA A
(i.e., complete lesion). The same trend was found in those patients who passed away in
the second year post-injury, with four (4/6; 67%) being classified as an ASIA A on
admission. Those in the survivor group also had a high percentage of patients (37/79;

47%) presenting with an ASIA A classification on admission.

6.3.8 Length of hospital stay

The mean length of hospital stays for the one-year mortality cases were 92.7 days (s.d
82.5 days) (See Table 6.1). The total length.of hospital stay ranged from 19-267 days.
However, there was one outlierwhich.recorded a total length of hospital stay of 267 days.
Length of hospital stay for the second-year mortality cases had a mean of 58 days (s.d
51.9 days) with a range of 1-114 days in length. Patients who survived had a mean length
of hospital stay of 40 days (s.d 22.5) which, when compared, was much lower than the
first- and second-year mortality cohorts. On the other hand, the one-year mortality cases
had the longest length of hospital stays when compared to the second-year mortality and

survivor groupings.
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6.3.9 Mortality rate

The one-year mortality rate for this cohort of patients where survival status is known
(n=116) was 9.5% (n=11), with 90.5% (n=105) of persons with tSCI still alive one year
post-injury. An additional six patients passed away in their second year post-injury,
resulting in a two-year mortality rate of 14.6%. Eighty-five per cent of patients (99/116;

85%) were still alive two years post-injury.

Table 6.1 Characteristics of the mortality and survivor group

Mortality Group Mortality Group Survivor Group
(First year) (Second year) n=99
n=14 3 n=6
Age (n; %) |
18-30 o (I [0 U 121 11333 51 51.5
31-45 7 63.6 IEw 50 38 38.5
46-60 2 18:2 ‘ 1 16.7 9 9.1
>61 2 WF 43p 0 0 1 1
Gender (n; %)
Male 7 63.6 5 83.3 84 84.8
Female 4 36.4 1 16.7 15 15.2
Aetiology (n; %)
Assault 3 27.3 2 33.3 69 69.7
Transport 3 27.3 2 33.3 24 24.2
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Falls
Others

Missing

Spinal surgery (n; %)
Yes
No

Missing

LOS (mean; s.d)

LOS (median; range)

Time to surgery
(mean; s.d)
Time to surgery

(median; range)

Associated injuries
(n; %)

Yes

No

Missing

Secondary complication

(n; %)

4 36.4 1 16.7
1 9.1 0 0
0 0 1 16.7
7 77.8 3 50
2 22.2 2 33.3
2 18.2 1 16.7
92.7 82.5 58 51.9
81 19 - 267 46 4-144
6.8 yroerbid—pe B 8.5
6.5 o s 0
6 54.5 5 83.3
4 36.4 1 16.7
1 9.1 0 0
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27

63

40.2

35

10.8

66

28

5.1

27.3

63.6

9.1

22.5

9-112

9.4

0-31

66.7

28.3

5.1
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Yes 7 63.6 1 16.7 26 26.3
No 2 18.2 3 50 50 50.5

Missing 2 18.2 2 33.3 23 23.2

ASIA classification (n;

%)
ASIA A 6 54.5 4 66.7 37 37.4
ASIA B 1 9.1 - - 10 10.1
ASIA C 1 9.1 - - 13 13.1
ASIAD 1 9.1 - - 16 16.2
Missing 2 18.2 2 33.3 23 23.2

6.4 SENSITIVITY ANALYSIS OF KEY CANDIDATE EXPOSURES

To determine the sensitivity, specificity, positive predictive values (PPVs), negative
predictive values (NPVs) and prevalence, the exposures below were cross-tabulated with
vital status at one year. As seen in Table 6.2 below, all:-candidate exposures that were
included have a relatively high positive predictive value, which means that these
exposures, with some degree of accuracy, can determine whether patients will be alive
one year post-injury. PPVs are positively correlated with prevalence (i.e., as prevalence
increases/decreases, the positive predictive value moves in the same direction)
compared to NPVs, which are negatively correlated with prevalence (i.e., as prevalence
increases, negative predictive value goes down and vice versa) (Akobeng, 2007). In this
instance, exposures with a prevalence of less than 10% was considered as being low. All
selected candidate exposures had a relatively high prevalence, resulting in high positive
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predictive and low negative predictive values (Akobeng, 2007). Candidate exposures with

the lowest prevalence were intermittent hospitalisation, secondary complications and

surgical status. Although these exposures have low specificity and sensitivity due to low

prevalence, they have an extremely high PPV which means they can still be used to

determine the probability of survival one year post-injury accurately.

Table 6.2 Sensitivity, specificity, PPV and NPV of all candidate exposures aligned

to the findings in the rapid review.

Exposures
Age
Gender
Aetiology

Intermittent
hospitalisation

Vertebral injury

Secondary
complications

Associated
injuries

Surgery

ASIA

Prevalence (%)
100
100
98

47

77

26

65

28

73

Sensitivity (%)

Specificity (%)

100 n/a
100 n/a
171 e nla
49| 46
83 11
T D5
71 33
32 25
100 n/a

PPV (%)
91
91
91

94

91

82

92

83

91

NPV (%)
n/a
n/a
n/a

11

n/a

PPV: Positive predictive value; NPV: Negative predictive value, n/a all participants had the candidate exposure of

interest

Based on the sensitivity analysis performed above, Table 6.3 sought to describe these

candidate exposures in detail as they relate to each mortality case within the first

(n=11), and second-year mortality groups (n=6).

https://etd.uwc.ac.za/

160



Table 6.3 Candidate exposure characteristics of individuals who have died within the first year and second year

post- tSCI.
One year post-injury mortality cases
Case Age Gender Aetiology Intermittent Vertebral injury Secondary Associated Time to ASIA Days of
hospitalisation? complications injuries surgery survival
(days)
Case 1 42 Female Transport Yes T3 vertebral body fracture 1. Pressure ulcer 1. Mild TBI 11 A 316
(Passenger)
2. Lung embolism | 2. Rib fractures
3.Chronic renal 3. Bilateral lung
disease contusions
Case 2 32 Male Other Yes L4/5 lamina and-spinous 1. Pressure ulcer 1. Degloving of 2 C 249
(Hit by train) process fracture and : lower back
[_spondyilelisthesis ‘
2. 3rd and 4th rib
fracture
3. lliac wing
fracture
4.L4/L5
. 1 haematoma
Case 3 54 Male Assault No C5-6 comminuted fracture 1. Ventilator- 1. Right- 14 A 85
(GSW) [ C7-T1yspinous process acquired Haemothorax
fractures " preumonia (VAP)
. C6 burst fracture
l
Case 4 75 Male Fall from No Bifacet dislocation C5/6, 1. Atelectasis N/A 4 A 187
height C6 compression fracture
2. Pulmonary
oedema
3. VAP
Case 5 45 Female Transport Yes C5 burst fracture; bilateral n/a 1. Laceration to 9 D 22
(Passenger) lamina fracture the scalp (CCS)
Case 6 49 Male Assault Yes T2 stable fracture- n/a 1. Bilateral n/a A 197
(GSW) shattered vertebral body haemothoraces
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Case 7

Case 8

Case 9

Case 10

Case 11

Case

Case 1

Case 2

43

36

38

80

32

Age

46

37

Female

Male

Male

Female

Male

Gender

Male

Female

Fall from
height
(Double bunk
bed)

Fell from
height
(Tree)

Transport
(PVA)

Fall
(Stairs)

Assault
(Stabbing)

Aectiology

Missing

Transport
(Passenger)

No C3 Bifacet dislocation 1. UTI
2. Seizures
Yes T11-T12 fracture 1. Pressure ulcer
dislocation 2. UTI
Yes C6/C7 bifacet fracture -—--
dislocation
No C4 teardrop fracture, C4- 1. Anaemia

C5, C5-C6.spinal-stenosis

_i i i — R

Missing n/a j o

o
Second year-post-injury mortality cases

Intermittent
hospitalisation?® |

Vertebral injury Secondary

complications
No C-spine C2-C4 body and -
lamina fracture C5

comminuted bilat lamina
fracture and displacement

Yes T3-4 fracture dislocation n/a

https://etd.uwc.ac.za/

3rd and 4th rib
fracture.

n/a

n/a

Missing

n/a

1. Bilateral
haemopneumotho
races

2. Lung laceration

3. Small bowel
injury -

Associated
injuries

L-pneumothorax,
axillary wall
haemotoma,
Fracture L-ulnar.
Multiple rib facture
,axilla dislocation

L-Radial shaft #,
Bilat rib #

n/a

n/a

Time to

surgery
(days)

21

A 64
A 277
- 233
B 218
(CCS)
ASIA Days of
Survival
- 416
A 532
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Case 3 39 Male Transport Yes T4, T5 lamina and Klebsiella Right 18 A 389

(MVA) transverse process pneumonia haemothorax; left
fractures bilat; T6 pedicles, pneumothorax,
lamina, transverse and right clavicle
spinous pr fracture; bilat rib

#; Gr3 liver injury;
Gr1 Pancreatic

injury, lung
contusion
Case 4 42 Male Fall Yes C6/7 Bifacet dislocation n/a n/a 5 A 627
(Fall from roof)
Case 5 22 Male Assault No T4 Vertebral fracture - Left fibula n/a A 443
(GSW) fracture; R-

Haemothorax; R-
foot metatarsal
2nd, 3rd, 4th

metatarsals
|

Case 6 21 Male Assault Yes Missing ‘ n/a Stab wounds: n/a - 447
(Stabbing) ; neck, right back
1 and arm, left arm
and flank; Right
pneumothorax

a [ntermittent hospitalisation are instances where patients; who-sustained-a tSCl.-were-not transferred to a specialised centre but were first
managed at a non-specialised care facility before being transferred to a specialised care facility (i.e., GSH)

Not applicable (n/a): No secondary complications were reported during the:patient’s period of hospitalisation.; UTI: Urinary tract infection;, PVA:
Pedestrian vehicle accident; GSW: Gunshot wound; CCS: central cord syndrome; -=--"Missing data
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6.5 MATCHING OF ONE-YEAR MORTALITY CASES TO CONTROLS

As outlined in section 6.2, a gender and age matching method was used to match the
one-year mortality cases to that of the survival group. Cases in the mortality group were
randomly aligned to eleven cases who survived one year post-injury. The head-to-head
matching of mortality to survival cases allowed the researcher to illustrate the difference
in exposures between those who survived and those who did not. The eleven cases within
the survival group were aligned according to the age category and gender of the mortality
cases. During the matching process of the survival cases, one of the mortality cases (i.e.,
Case 10) could not be matched with a suitable case in the survival group as there were
no patients who fell within this age category-and-gender membership. Patients were noted
as having the exposure of interest if their clinical history aligned with the findings of the
rapid review in Chapter 3. As is evident in Table 6.4, those patients who survived had a
lower presence of exposures (Mean: 49%) than when compared to the mortality cases
(Mean: 56%). For those cases where exposures were present, the variable was coded as
red for that specific block. However, the variable was coded as green for those cases
where exposures were not present. Cases with missing data related to certain variables
were coded as yellow. As seen in Table 6.4, the majority of the one-year mortality cases
who demised had the exposure of interest compared to the control cases where the

exposure was not consistently present.
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Table 6.4 A matched comparison of one-year mortality cases (n=11) to one-year survival cases (n=11)

Cases (one-year mortality cases) Controls (one-year survival cases)
No. Exp Exp Exp Exp Exp Exp Exp Exp Exp No. Exp Exp Exp Exp Exp Exp Exp Exp Exp
2 3 4 5 (5 7 8 9 1 2 3 4 5 (3 7 8 9

—_

- 67%

- 67%

- 67%

- T

= . ESE I EE
* NN

L e
| e e

N

w

56%

IS

33%

77%

o

7 5767% Lm0 33%
8 el 44%
9 [ 44% || |9 77%
10 B Lt || SR -
" i 7t “---------m
INIVERSIT
Mean: 56% Mean: 49%
(Excluding Case 10) IV OCTED N i - (Excluding Case 10)

Colour code: Red: exposure present; Green: exposure not present; Yellow: data regarding exposure is missing.

Exp 1: Age; Exp 2: Gender; Exp 3: Aetiology; Exp 4: Intermittent hospitalisation; Exp 5: Vertebral injury; Exp 6: Secondary
complication; Exp 7: Associated injuries; Exp 8: Time to surgery, Exp 9: ASIA
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Table 6.5 Variables discussed in each case of the eleven mortality cases listed in Table 6.3.

Case Age Location BMI Aetiol Intermittent Vertebral Secondary Associated Time to Acute ASIA LOS
ogy hospitalisation injuries complications injuries surgery rehabilitation @ admission
1 v v x v v v v v v v v v
2 v - v v v v v v v v v v
3 v _ - v n/a v v v v - v 7
4 v - v v n/a v v n/a v - v v
5 v . - v v v n/a v v v v v
6 v v - v v v : n/a v n/a - v v
7 v v - v x B ; M. S n/a v - v v
v v ) v WA a— - v
8 | — L — n/a X X
9 Y Y - Y LA | ||| A | 1 x x - x x
10 v v v v X VY0 — - n/a n/a - v x
11 v - v x n/a x v n/a - x x

n/a: not applicable; BMI: Body Mass Index; LOS: Léng"ih of étéy; %1 No; v: Yesi |: Missing data
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6.6 DESCRIPTIVE NARRATIVE OF ONE-YEAR MORTALITY CASES (n=11)

This section provides a narrative discussion related to the eleven mortality cases who
demised within the first year post-injury. Variables discussed in each case have been
tabulated in Table 6.5 above. These variables included patient age, aetiology; intermittent
hospitalisation; vertebral injuries, secondary medical complications; associated injuries,
time to surgery, acute rehabilitation, ASIA classification on admission and total length of
hospital stay (LOS). Data regarding these variables were collected using the data
collection instruments outlined in 4.5.1. Based on the domains of Krause’s Theoretical
Risk Model, additional variables such as place of residence and BMI were also captured
as it is hypothesised these variables may-influence_may mortality. Variables related to
injury factors (i.e., Krause’s Theoretical Risk-Model and Rapid Review) were coded as
blue, while variables related to process measures (i.e., Donabedian’s Model of Care and

Rapid Review) were coded as red in the discussion sections of each case.

6.6.1 Case 1

The patient is a 42-year-old female from an urban/semi-urban suburb in the Cape
Metropole who sustained a tSCI as a result of a transport-related aetiology. She was not
directly transferred to a specialised level one trauma facility but was first admitted to a
non-specialised district healthcare facility for management. One day post-injury, the
patient was then referred from the non-specialised district healthcare facility to GSH
spinal cord intensive care unit (ICU) (i.e., specialised healthcare facility). Upon
examination at GSH, it was found that the patient sustained a T3 vertebral body fracture

and was classified as an ASIA A. In addition to the above-mentioned vertebral injuries,
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the patient also sustained several associated injuries, which included a liver laceration,
fracture of her left scapula, mild TBI, lung contusions, and bilateral rib fractures. On the
eleventh day post-injury, the patient was scheduled for posterior thoracic fusion to
stabilise the fracture site. During her period of hospitalisation, she developed sacral
pressure, which was later confirmed to be infected with methicillin-resistant
staphylococcus aureus and presented with a pulmonary embolism. In total, the patient

was hospitalised for 267 days while receiving acute in-hospital rehabilitation for 259 days.

6.6.1.1 Discussion of case one

In this case, the patient was not transferred directly to a specialised level 1 trauma facility
which may increase the patient’s-risk-of neurological-regression and development of
secondary complications such as pressure ulcers (Consortium for Spinal Cord, 2008;
Parent et al., 2011). She was also required tojwait 11 days post-injury before receiving
surgery, which has been shown to affect patient-specific outcomes such as function, and
probability of survival if surgical intervention is provided later rather than earlier (Ahuja et
al., 2020). The development of otherwise preventable secondary complications such as
pressure ulcers may have also increased the patient’'s LOS, which is evident in this
specific patient’s case as she spent approximately 267 days in hospital. Longer hospital
stays may have further increased this patient’s probability of acquiring other infections
or complications that may impact patient prognosis (Van Weert et al., 2014) and hamper

participation in rehabilitation.
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6.6.2 Case?2

The patient is a 32-year-old male who sustained a tSCI after being hit by a train. He
weighed 44kg and was 1.63 meters in length, thus giving a BMI of 16.6 (i.e., underweight).
Following his injury, he was directly transferred to GSH, where upon examination, it was
found that the patient sustained spinal fractures to L4/5 lamina and spinous processes.
In addition, he also presented with spondylolisthesis. Although he was transferred directly
to GSH, he spent a total of eight days in high care before being admitted to the spinal
ward. After undergoing a neurological examination, he was classified as an ASIA A. In
addition to his spinal injuries, he also presented with degloving of the lower back, an iliac
wing fracture, and a haematoma of L4/L5. Based on the patient’s clinical status, it was
decided by spinal consultants that-the patient receive-surgery, and a posterior lumbar
fusion was performed two days post-injury. However, during his period of hospitalisation,
he developed a sacral pressure ulcer. In total, the patient spent 81 days in hospital, while

receiving acute in-hospital rehabilitation for 73 days.

6.6.2.1 Discussion of case two

In this specific case, this patient’s surgical intervention was delayed by two days, which
is a similar trend for other patients within the mortality cohort. It was not reported in the
patient's medical folder whether he received surgical intervention for the iliac wing
fracture. Hence, one would assume that this fracture was managed conservatively without
any form of surgical intervention. Possible complications that may arise following this type
of fracture is infection, neurovascular injury, bowel injury and malunion, which may result

in deformity (Abrassart et al., 2009). In addition, he also developed a sacral pressure

169

https://etd.uwc.ac.za/



ulcer, which could have been linked to the delay in surgery (Balas et al., 2022). The
reduced BMI may further increase the risk of developing pressure ulcers due to protrusion
of bony prominences(Wen et al., 2022). As time to surgery increases, so does the
patient’s risk of developing secondary medical complications. Although the surgery was
not performed within the first 24hrs (Ahuja et al., 2020), it took place much sooner than
when compared to other cases within this grouping. Furthermore, due to multiple factors
which may cause hospital-acquired pressure ulcers, delay in surgery time cannot be seen
as the only one which may have affected this patient. Inappropriate turning schedules
may also predispose patients to develop pressure ulcers. However the evidence

regarding this intervention is relatively low (Gillespie et al., 2020).

6.6.3 Case 3

This case concerns a 54-year-old male who sustained a tSCI as a result of gunshot-
related aetiology. There was no jintermittent jhospitalisation, and the patient was
transferred directly to GSH for'management. However, the patient was first admitted to
the trauma unit, then moved to the respiratory ICU, and finally to the spinal ward for further
management. On admission to GSH, the patient presented with comminuted fractures of
C5-C6, spinous process fractures of C7-T1, and a burst fracture of C6. The only
associated injury documented was a right pneumothorax. Following neurological
assessment, he was classified as an ASIA A. Fourteen days post-injury, the patient
underwent an anterior cervical decompression fusion (ACDF) and a posterior cervical

fusion. During his period of hospitalisation, he developed ventilator-acquired pneumonia
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(VAP) due to an acinetobacter infection. The patient eventually passed away after

receiving care for 85 days

6.6.3.1 Discussion of case three

The patient presented with a low cervical spine injury, which has been proven to be an
independent predictive factor for early mortality (Alimohammadi et al., 2020; Daneshvar
et al., 2013). Furthermore, this patient had to wait 14 days post-injury to receive surgical
intervention, which may have impacted this patient’s prognosis (Ahuja et al., 2020). In
addition to the above, the patient developed VAP, which further increases the risk of early
mortality (Claridge et al., 2006), as pneumonia has been identified as a risk factor that
may impact patient survival. However,as noted in other-cases within the mortality group,
infections such as these can be easily prevented. Considering the above, the patient’s
allostatic load may have been high, which could have made it hard for him to cope with

the cumulative stresses placed on his body (Guidi et al., 2021).

6.6.4 Case4

A 75-year-old male sustained a tSCI as a result of a fall from a height. He weighed
approximately 86 kg and was 1.75 meters in length, thus giving a BMI of 28.1 (i.e.,
overweight). The patient was directly admitted to GSH high care, where he was then
transferred to the spinal ICU. The transfer to the spinal ICU took place on the same day
of admission to GSH. On examination, the patient presented with a C5/C6 bifacet

dislocation and a compression fracture of C6. In addition to the spinal injury mentioned
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above, he also presented with several comorbidities: hypertension, cholesterol, and
diabetes mellitus. It was decided that the patient would undergo surgery. However, he
waited four days post-injury before undergoing an ACDF. During his period of
hospitalisation, he developed pulmonary oedema, VAP, and atelectasis. In total, the
patient's LOS at GSH was 103 days, after which he was then transferred to a private
academic hospital for further management. However, the exact reason for being

transferred to hospital was not documented.

6.6.4.1 Discussion of case four

This specific patient was a high-risk case based on his advanced age (Inglis et al., 2020),
increased BMI (Wen et al., 2021),-and pre-exisiing-comaorbidities (Inglis et al., 2020) he
presented with on admission. Although surgical intervention was provided, the patient
was required to wait four days before receiving spinal surgery. Once again, the delay in
timely surgical intervention may have affected the patient’'s prognosis negatively as
surgery was not provided in a timely manner (Ahuja et al., 2020). In addition to the
patient’s advanced age and presence of comorbidities, the development of secondary
complications (Bokhari et al., 2019; Tee et al.,, 2013) during this patient’s period of

hospitalisation may have increased his probability of early mortality (Bokhari et al., 2019).

6.6.5 Case 5

In this case, a 45-year-old female who is RVD positive sustained a tSCI| as a result of

transport-related aetiology. Furthermore, she resided in an urban setting within the Cape
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Metropole. Following her injury, the patient was first transferred to a non -specialised
facility for management before being admitted to a specialised care facility. This period of
intermediary hospitalisation was two days in length. Upon examination, it was found that
the patient sustained a burst fracture of C5 and bilateral lamina fractures. The only
reported associated injury was a laceration to the scalp. Only nine days post-injury did
the patient undergo spinal surgery, which entailed the fusing of C5. In total, the patient
spent only 18 days receiving acute in-hospital rehabilitation, while his total LOS was 19

days.

6.6.5.1 Discussion of case five

As noted in previous cases, this:patiehrt-Was not transferied directly to a specialised care
facility for management (Consortium for Spinal Cord, 2008), which has been shown to
improve outcomes such as mortality (Badhiwala et al., 2018). In addition, the patients
time to surgery was also delayed as he only received surgical intervention nine days
following his injury, which can impact the neurological recovery and overall prognosis
(Ahuja et al., 2020). The relatively short LOS stay could be why this patient did not present
with any secondary complications compared to patients with longer hospital stays (Gour-

Provencal et al., 2021).

6.6.6 Case b6

A 49-year-old male from an urban/semi-urban suburb within the Cape Metropole
sustained a tSCI as a result of gunshot-related aetiology. Following his injury, he was first
transported to a non-specialised district healthcare facility. Thereafter, he was transferred
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to GSH. On admission to GSH, he presented with an ASIA A classification and a T2
vertebral body fracture and dislocation. He was first admitted to trauma and high care for
acute management, then transferred to the D15 spinal ward for further management. The
patient had no other pre-existing comorbidities besides being retroviral disease (RVD)
positive. In addition to the above, the following concomitant injuries were noted on
examination: bilateral haemothoraces and fractures of the third and fourth ribs. No
secondary complications were reported during this participant’s period of hospitalisation.

In total, the participants’ LOS was 30 days.

6.6.6.1 Discussion of case six

This patient was transferred to=an=intermediate—healthcare facility instead of being
transferred directly to a level one trauma facility (Consortium for Spinal Cord, 2008). He
also sustained bilateral pneumothoraces|and! irib| fractures, which may increase the
probability of reduced survival if not managed timely and appropriately. In addition to the
patient’'s concomitant injuries, he was also RVD positive; however, the exact CD4 count
was not available as a direct measure of the immune response. Since the patient was
RVD+, it increases his susceptibility to acquiring opportunistic infections (Mitiku et al.,
2015), which may impact patient survival. As noted in the previous case, no secondary
complications were reported and this may be due to a reduced LOS (Gour-Provencal et

al., 2021).
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6.6.7 Case7

In this case, a 43-year-old female from an urban/semi-urban suburb in the Cape
Metropole sustained a tSCI as a result of falling off a double bunk bed. She was admitted
directly to GSH trauma, where she was transferred to C27 respiratory ICU and finally to
C27 spinal ICU. On arrival at GSH she presented with a C3 bilateral facet dislocation and
a deep vein thrombosis of the upper extremity. No associated injuries were noted in the
patient’'s medical folder. Upon neurological examination, the patient was classified as
ASIA A. It was then decided that the patient receive surgical intervention, and an ACDF
was performed one day post-injury. In addition to the above spinal injuries, she developed
a urinary tract infection (UTI) and seizures during her LOS. In total, the patient’'s LOS was

64 days.

6.6.7.1 Discussion of case seven

Although the patient was admitted directly to a level 1 trauma centre, she was first taken
to the respiratory ICU before being-admitied,to the-spinal JCU. This may have been due
to limited space available in the spinal ICU. The presence of secondary complications
during this patient’s period of hospitalisation may have impacted her total LOS (Gour-
Provencal et al., 2021). However, UTIs can easily be prevented if strict infection control
measures are adhered to, and indwelling catheters do not remain inserted for prolonged
periods of time (Salameh et al.,, 2015). Alternate methods, such as intermittent
catheterisation, or using of condom catheters, may reduce this risk of bacteria growth in
the urine (Kim et al., 2021). Although intermittent catheterisation poses a risk to infection,

these infection rates are much lower than indwelling catheterisation (Kim et al., 2021).
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6.6.8 Case 8

A 36-year-old male from an urban/semi-urban suburb sustained a tSCI after falling from
a tree. The patient was initially admitted to a non-specialised secondary level healthcare
facility, where he was then transferred to a non-specialised level one trauma facility and
from the non-specialised level one trauma facility to GSH. The exact dates regarding
transfer logistics between intermediate care facilities were not clear. On arrival, he
presented with a vertebral fracture and dislocation of T11-T12 which was surgically
managed. On the third day post-injury, the patient underwent spinal surgery for a posterior
thoracolumbar fusion. During the patient’s period of hospitalisation, he presented with a

grade 3 pressure ulcer as well as a UTI.

6.6.8.1 Discussion of case eight

The patient was not immediately| transferred to a level one trauma centre as per acute
care guidelines. Furthermore, determining the dates regarding intermittent hospital
proved to be somewhat challenging, due o, inadeguate reporting of such information in
the patient’'s medical folder (Marutha & Ngoepe, 2017). During the patient’s period of
hospitalisation, he also presented with pressure ulcers which may have been due to an
inadequate turning schedule. Once again, the presence of UTIs may have been the result
of prolonged use of an indwelling catheter which could have increased the patient’s risk
of developing a UTI (Kim et al., 2021). As indicated in the previous case, alternative
methods which reduce the possibility of infection should be explored (Kim et al., 2021).

However, infections such as UTls are not usually fatal, but they may cause permanent
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damage to the urinary system if not managed appropriately (Moshi et al., 2021). This, in

turn, may further increase the allostatic load placed on the patient’s body.

6.6.9 Case9

This case concerns a 38-year-old male from an urban/semi-urban suburb within the Cape
Metropole. He sustained a tSCI as result of a transport-related aetiology, specifically a
pedestrian accident. The patient was first transferred to a non-specialised district
healthcare facility and subsequently transferred to a non-specialised level one trauma
facility. At the non-specialised level one trauma facility a closed cervical reduction was
attempted, however the closed reduction-was-not successful. Upon examination, the
patient presented with a bifacet fracture dislocation of C6/C7 and an ASIA A classification
on admission. The patient was then transferred to GSH to receive further surgical
management. At GSH he received spinal surgery; however, the type of procedure and
the date on which the procedure took place were-not captured. However, data were

missing regarding the development of secondary complications for this patient.

6.6.9.1 Discussion of case nine

As seen in the cases above, this patient was also transferred to an intermediary facility
prior to receiving level one trauma care (Parent et al.,, 2011). The patient was first
managed conservatively at a non-specialised healthcare facility; however, the cervical
reduction was unsuccessful, resulting in the patient being transferred to a specialised

healthcare facility for further care. The reason for the failed reduction may be due to the
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lack of training and experience in managing patients with SCI using this sort of
intervention (Workman & Kruger, 2019). Furthermore, techniques such as cervical
reduction, which are not performed correctly, may negatively impact a patient’s prognosis,

and increase their LOS.

6.6.10 Case 10

In this case, an 80-year female from an urban suburb within the Cape Metropole with a
history of hypertension sustained a tSCI after falling down a flight of stairs. She weighed
approximately 65kg and was 1.63 meters in length, thus giving a BMI of 24.5. (i.e.,
normal). The patient was admitted directly to GSH with no intermediate hospitalisation
taking place. Upon examination;-the patient presented with a C4 teardrop fracture with
spinal stenosis from C4 — C6. The spine injuries and-spinal stenosis resulted in a central
cord syndrome (CCS), and the patient was subsequently classified as an ASIA B. At a
five-month follow-up, the patient presented with neuropathic pain and bladder and bowel
dysfunction. Remarkedly, the patient did not present with any secondary complications

besides anaemia.

6.6.10.1 Discussion of case ten

Taking into account the patient’'s advanced age (Furlan & Fehlings, 2009), history of
hypertension (Varma et al., 2010), level of injury (low cervical spine injury) (Claridge et
al., 2006), and spinal stenosis, it places her within the high-risk grouping with respect to

early mortality. The positive that can be taken from this case is that the patient did not
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develop any secondary complications during her period of hospitalisation (Dorner et al.,
2019). Furthermore, complications, such as neuropathic pain and bladder and bowel
dysfunction, may have further impacted the patients’ health post-discharge (Madasa et

al., 2020).

6.6.11 Case 11

This case concerns a 32-year-old male who sustained a tSClI as a result of assault-related
aetiology, specifically stabbing. The acute spinal care unit saw the patient, however,
admission dates to GSH are missing, which makes it challenging to determine if and for
how long the patient was admitted to intermediate care. On examination, the patient

sustained bilateral haemopneumothoraces, lung laceration; and a small bowel injury.

6.6.11.1 Discussion of case eleven

Due to the limited data available on this patient; it was impossible to highlight the factors

that may have negatively impacted this patient care pathway.

6.7 CANDIDATE EXPOSURES IMPACTING EARLY MORTALITY

A concept map (see Figure 6.1) was used to illustrate the linkage between the candidate
exposures highlighted in chapter 3. Furthermore, it allowed a visual representation of how
each exposure from the cases discussed in section 6.5 may have directly, or indirectly
impacted the early mortality of these patients. As seen in Figure 6.1, the patients age at
the onset of injury is directly related to mortality, while inappropriate transfer logistics/
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intermittent hospitalisation would been seen as indirectly affecting mortality. These factors
are also at times interrelated. For example, intermittent hospitalisations may predispose
patients to secondary medical complications which are in turn linked to early mortality in

persons who have sustained tSCI.
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6.8 CONCLUSION

Process factors, according to the operationalisation of Donabedian’s model of quality
medical care and as found in the rapid review (Chapter 3), identified transfer logistics,
adequate documentation in medical records, time to spinal surgical intervention and
presence of secondary medical complications to be factors that may have influenced
early mortality in the above cases. Transfer logistics were not routinely present in the
medical folder, which did not allow one to determine time-sensitive measures from the

accident site to the level one trauma centre.

Furthermore, patients were not always transferred directly to a level one trauma facility.
Inadequate transfer logistics such as these may further impact a patient’s probability of
survival. Most of the mortality cases had mot received surgery in a timely manner, with
only one patient receiving surgery one day post-injury. In addition to the above, a large
proportion of cases developed secondary complications during their period of
hospitalisation. These complications are modifiable.and.can be prevented by screening
and maintaining strict infection control measures, or in the case of pressure ulcers, regular
turning schedules and pneumatic mattresses. In addition, if complications directly
affecting the respiratory system are not managed timeously and effectively, it may result

in early death.

As per Krause’s model, risk factors for mortality revealed in these one-year cases that
the presence of secondary complications coupled with advanced age or comorbidities

might further increase the probability of reduced survival.
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Based on the sensitivity analysis in Table 6.1, it is evident that these candidate exposures

have a high probability of determining the vital status of persons with SCI at one year.
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CHAPTER SEVEN

DISCUSSION

7.1  INTRODUCTION

This chapter will provide an integrated discussion of this study’s main results related to
Chapter 3 (i.e., rapid review), Chapter 5 (i.e., descriptive results on the cohort’s
characteristics and exposures) and Chapter 6 (i.e., survival model). In addition, this
chapter also seeks to integrate the results from this study to those of existing literature to
determine whether any similarities or differences exist between this study’s results and
other previously published research. Furthermore, this chapter will discuss the
methodological considerations which-may-have impacied the ecological validity of the
study findings (i.e., internal and external validity). Krause’s theoretical risk model and

Donabedian’s model of care were used to outline this discussion chapter.

7.2 EPIDEMIOLOGY

The epidemiological aspects that were investigated in this thesis included age and
gender. In relation to demographical factors, male participants in the age category of 18
-30 years formed the largest proportion of persons who sustained traumatic spinal cord
injuries (tSClIs) than when compared to their female counterparts, and is consistent with
findings in the local (Joseph et al., 2015; Sothmann et al., 2015) and international
literature (Golestani et al., 2022; Rahimi-Movaghar et al., 2013). This holds true with
respect to the one- and two-year mortality groups where males also formed the largest

percentage. The results of this study were further corroborated by Rahimi-Movaghar et
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al. (2013), who found that males made up the largest percentage of persons who
sustained a tSCI within developing countries (Rahimi-Movaghar et al., 2013). In contrast,
While the mean age from the pooled studies in the review by Rahimi-Movaghar et al.
(2013) was 32.4 years. This result was similar to the current study’s findings, which found
the age of injury onset to be 33.5 years in this specific cohort of participants. The
noticeable gender difference is because males within the age category of 15 -35 years
usually engage in riskier behaviour (Tamas et al., 2019) than when compared to their
female counterparts and may therefore increase their likelihood of sustaining a spinal
cord injury (SCI). Considering the roles that males play within various cultural settings,
sustaining an SCI may impact their ability to earn an income (Popowich Sheldon et al.,
2011). Considering these results, preventative -measures in South Africa should target
males within the age category of 18-30 years'who'are-at a higher risk of sustaining SCI

as a result of assault and transport-related aetiology.

Contrary to the findings of this study which found assault.to be the main cause of tSCl,
the reviews by Rahimi-Movaghar et al. (2013)and Golestani et al. (2022) found that motor
vehicle accidents were the main cause of tSCls in developing countries, which was
followed by fall-related aetiologies. The difference in aetiology in relation to this study’s
findings and other literature could be due to the high rate of crime and violence in South
Africa compared to other developing (Harris & Vermaak, 2015) and developed countries.
Lofvenmark et al. (2015) also found assault to be one of Botswana’s most common
causes of tSCI; however, it was only second to transport-related aetiologies. According

to the review by Chiu et al. (2010) and the study by Moshi et al. (2017), the leading cause
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of tSCI were falls which was only the third highest cause of tSCI in this specific study. In
more developed countries, motor vehicle accidents were also the most common cause
(Singh et al., 2014). The results regarding the causes of tSCI from this study are similar
to the results of a previous study conducted in the same geographical area (Joseph et
al., 2015). Based on the results of the current study and those by (Joseph et al., 2015),
not much has changed in the epidemiological profile of tSCI in the Cape Metropolitan
region in relation to the secondary medical complication rate and aetiology. This is
disturbing considering the burden SCI places on the healthcare system (Miseer et al.,

2019).

Results from the current study found_ thatiincomplete spinal lesions (52%, 67/129) were
slightly more prevalent than when ' compared- to-complete spinal lesions (48%,
62/129).This was contrary to the results by Rahimi-Movaghar et al. (2013), who found
that complete SCls were more_common-in developing countries than incomplete spinal
lesions. Although this is the case, Rahimi-Movaghar et al. (2013), Golestani et al. (2022)
found no difference in relation to the completeness (i.e., complete vs incomplete) of injury
after pooling data related to the severity of the injury. This finding in the current study
could be attributed to the high volume of assault cases which consisted of stabbing-
related aetiologies. As shown in the current study’s results, 35% of assault cases were
due to stabbing-related aetiology. This form of aetiology is linked to a higher likelihood of

incomplete spinal lesions (Peacock & Key, 1977; Takemura et al., 2006).
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Regarding the level of injury, of 119 participants who have data relating to the level of
injury, 60% (72/119) were characterised as paraplegics and 40% (47/119) as tetraplegics.
Literature has shown that patients who were classified as paraplegics on admission were
more common than those patients who were classified as tetraplegics (Golestani et al.,
2022; Rahimi-Movaghar et al., 2013). This is important as patients with paraplegia have
been found to have a greater probability of returning to work than patients with tetraplegia
(Anderson et al., 2007; Krause, 1992). Meaning, these individuals can still contribute to

the economy in a meaningful way and support their families.

7.3 INJURY CHARACTERISTICS AS PER KRAUSE’S THEORETICAL RISK

MODEL

7.3.1 Severity of injury (i.e., complete or incomplete)

Another factor related to injury characteristics was the completeness of injury, which also
contributes to the severity of injury. Based on the results of this study, 60% (6/10) and
50% (5/10) of participants who demised within the first- and second year post-injury were
classified as having a complete spinal lesion (i.e., ASIA A). This was in line with results
from the rapid review (See Chapter 3), which found that patients who were classified as
an ASIA A (i.e., complete lesion) are at an increased risk of early mortality than patients
who were classified as an ASIA B, C or D (i.e., incomplete lesion) (Daneshvar et al., 2013;
Neumann et al., 2009). Completeness of the spinal injury seems to play an integral part
in early mortality as patients who have complete lesions have impaired sensation and

motor function which may increase their risk of developing secondary medical
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complications such as pressure ulcers and respiratory complications which are linked to

early mortality (Joseph & Wikmar, 2016).

Regarding the level of injury, four participants within the one-year mortality sustained SCI
to the cervical spine. Of these, three were high-level lesions (i.e., C3, C3 and C4) and
one was low-level (C5). Once again, these results were consistent with the findings from
the rapid review in which Claxton et al. (1998) and Daneshvar et al. (2013) found that
patients with SCI at the level of C4 were at a higher risk or early mortality. This is because
patients with higher-level spinal lesions are at a higher risk of developing respiratory
complications owing to impaired function of the diaphragm, which may predispose them
to respiratory failure (Shao et al., 2011). Possible_interventions, as identified in the
literature, relate to respiratory muscle training, which seeks to improve the strength of the
muscles required for breathing (Berlowitz et al., 2016; Brown et al., 2006; Consortium for
Spinal Cord, 2008). Another intervention used is-abdominal binding. This intervention
seeks to decrease abdominal compliance; thus allowing the diaphragm to revert to its
normal resting position (Berlowitz et al., 2016). Abdominal binding also assists in restoring
pressure across the thorax and abdomen (Berlowitz et al., 2016). The above interventions
are relatively inexpensive and may reduce the risk of patients developing pneumonia.
Measures that can prevent respiratory infection, such as ventilator-acquired pneumonia,
should include the routine disinfection of ventilators (Abbasi & Korooni, 2018). In addition,
deep breathing exercises and mobilisation should also be encouraged to prevent the
occurrence of post operative pneumonia (Burns, 2007). Based on the above, there is no

reason for these interventions not to be used routinely at the point of care. Especially in
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the cases where patients present with dysfunction of the diaphragm or as a prophylactic
measure to prevent respiratory infection. Additionally, they are cost-effective to use in a
resource constraint environment such as South Africa. Therefore, identifying a patient’s
baseline injury characteristics is fundamental in determining their risk of early mortality
and ascertaining which strategies should be employed to prevent secondary medical

complications.

7.3.2 Secondary medical complications

This study's prevalence of secondary medical complications during acute care is directly
comparable to a previous study (Joseph et al., 2015). In relation to the occurrence of
secondary medical complicatiens-during acute care-hospitalisation, pressure ulcers
(17/125, 14%), pneumonia (15/125, 12%), neuropathic pain (14/125, 11%) and UTls
(6/125, 4.8%) were the four most prevalent secondary complications. These findings were
consistent with those identified in the rapid review that found infections and pneumonia
to be the most prevalent secondary complications impacting mortality. They were also in
line with the results of Joseph and Wikmar (2016) and Wahman et al. (2019) who found
pressure ulcers, pulmonary complications, UTIls and neuropathic pain to be the most
prevalent secondary medical complications during acute care. In the group which
underwent surgery, the four most prevalent complications were neuropathic pain (7/43,
16%), pressure ulcers (7/43, 16%), pneumonia (7/43, 16%), and UTls (3/43, 7%). The
rapid review did not find any evidence which support these results. Although this is the
case, the study by Bourassa-Moreau et al. (2013) found similar results in relation to the

current study with respect to persons with tSCI who underwent surgery. Secondary
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medical complications related to the one-year mortality cohort consisted mainly of
pressure ulcers, respiratory complications (pneumonia, lung embolism, atelectasis and
pulmonary oedema) and UTlIs. As found in the literature, it is well documented that the
presence of secondary complications related to respiratory dysfunction (Brown et al.,
2006), pressure ulcers (Shiferaw et al., 2020; Zakrasek et al., 2015) and UTls (Kim et al.,

2021) increase the risk of early mortality in persons following the onset of a tSCI.

The aforementioned complications can be modified, meaning, measures can be put in
place to reduce their occurrence when compared to non-modifiable factors such as age
and gender, which cannot be changed. If these complications are not managed
adequately, they will impact the survival-ofthese patients and increase the burden of care
on the health system used (White et al., 2017). This is especially true for patients who
develop pressure ulcers and are required to spend prolonged periods of time in the
hospital for treatment (Shiferaw et al., 2020). Furthermore, participants who developed
pressure ulcers, infection, pneumonia and UTIs in the current study also spent, on
average, a longer in hospital receiving care. This increased length of hospital stays and
the presence of secondary medical complications may result in financial implications for
the facilities providing the care and for the patients seeking care (Malekzadeh et al., 2022;
Merritt et al., 2019). Based on the above, it can be stated that the presence of secondary
medical complications can further complicate the care continuum of persons with tSCI if
they are not managed appropriately and in a timely manner. Although a significant
proportion of patients still presented with secondary complications in this specific cohort,

the overall presence of secondary complications such as pressure ulcers, pneumonia and
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UTI were much lower as compared to a previous study at the same facility (Conradsson
et al., 2019). This reduction in prevalence of secondary medical complications in the
current study could be as a result of improved secondary health prevention programmes,
or infection control measures. Conradsson et al. (2019) found the high prevalence of
secondary complications such as pressure ulcers to be disturbing specifically because
specialised care services seek to reduce the occurrence of such complications.
Prevention strategies to reduce the occurrence of secondary complications should
commence as soon as possible to reduce the impact of these complications on the patient
prognosis and quality of life. For example, rehabilitation should be commenced as early
as possible to encourage patients to be more responsible for their own health and to
educate patients on self-management sirategiesto-prevent the occurrence of secondary
complications. This may involve the- use-of mobile applications (Mortenson et al., 2018)
or structured self-management programmes (Meade et al., 2016). In addition, they
should also be encouraged to employ a more active. approach in the prevention
programmes (Conradsson et al., 2019),/ which! may be facilitated by encouraging early
mobilisation and independency" within'the "patient’s limitations due reduce secondary

complication rates(Epstein, 2014).

7.4 PROCESS MEASURES AS PER DONABEDIAN’S MODEL OF CARE

7.4.1 Time to surgery

Time-sensitive measures such as time to surgery were not in line with the findings of
acute care guidelines (Consortium for Spinal Cord, 2008; Fehlings et al., 2011) in
managing persons who sustained tSCI. Findings in relation to spinal surgery found the
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mean time to surgery to be 11 days (s.d 9.6 days). Of the 45 participants who underwent
surgery, 82% (37/45) experienced a delayed time to spinal surgery (i.e.,>3 days) while
the mean time to surgery in the one-year and two-year mortality cohorts were 6.8 and
14.6 days, respectively. Aetiologies which accounted for the highest number of surgery-
related cases were transport and fall related. This finding is due to the fact that patients
with transport- and fall-related aetiologies are usually associated with polytraumas and
therefore may require management for other associated injuries prior to undergoing spinal
surgery (Kanna et al., 2021), thus causing a delay in time to spinal surgery. This trend of
delayed spinal surgical intervention following a SCI was in line with literature from other
developing countries, such as Botswana which reported a median time to spinal surgery
of 11 days following spinal trauma_(Lofvenmark-et al., 2015). While other studies by
Magogo et al. (2021) and Leidel et'al. (2005),-found the-median and mean time to surgical
intervention to be 23 and 33.2 days, respectively. Findings, such as those in Tanzania,
provide a greater argument for the-implications of delayed time to spinal surgery and its
impact on patient prognosis, as patients may be negatively,impacted by something seen
to be modifiable. It has also been proven thatthe timing of 'spinal surgery directly impacts
the rate of secondary medical complications (Bourassa-Moreau et al., 2013). As noted in
the current study, 77% of participants who underwent spinal surgery > 3 days developed
secondary complications compared to 23%, where spinal surgery was performed within
three days. Although surgery was eventually provided to patients who needed it, this was
not in line with best practice guidelines that advocate spinal decompression being
performed within the first 24 hours following an SCI (Glennie et al., 2017). This may

currently not be achievable owing to the many challenges faced by the South African
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public healthcare system (Coovadia et al., 2009), even though it has been proven that
patients who undergo early spinal decompression surgery (i.e., within the first 24 hrs.)
present with an improvement in neurological function post-surgery (Ahuja et al., 2020). A
noticeable finding though was that participants who did not undergo surgery had a higher
chance of survival. This could be attributed to the fact that patients receiving delayed
spinal surgery have an increased risk of developing secondary complications as well as
experiencing an increased length of hospital stay (Mckinley et al., 2004) Alternatively, it
could be because surgery is only recommended, reserved, for those with major spinal
instability, bony fragments in the spinal canal and complex associated injuries. All of
which may increase their likelihood of early mortality. It is therefore recommended to

audit the criteria used to determine those who-undergo spinal surgery.
7.4.2 Medical management

In relation to the mortality cohorts, two of the mortality cases in the one-year mortality
grouping underwent failed cervical reductions.jAlthough. the failed reductions related to
the mortality cases (see Chapter 6) may not have confributed directly to mortality, they
may increase a patient’s length of hospital stay, which has been proven to impact the
occurrence of hospital-acquired infections or secondary complications (Rojas-Garcia et
al., 2018; Siddique et al., 2021). These patients may then need to be transferred from
non-specialised facilities to specialised ones, further increasing the length of hospital stay
and time to management. A recent paper highlighted that persons who have sustained
tSCI are usually managed by specialist orthopaedic and neurosurgeons who are not
always confident in performing these procedures (Workman & Kruger, 2019). According

to the study by Workman and Kruger (2019), 21% of the specialists surveyed had
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indicated that they did not receive any formal training in cervical reduction at a
postgraduate level, while only 2% of participants indicated that they received training at
an undergraduate level. Hence, the results from this survey highlight the need for training
in cervical reduction for expert and novice clinicians, which could directly impact patient
outcomes and length of hospital stay. Currently, there is no prerequisite training for
emergency care clinicians regarding the management of tSClIs. Hence, they are required
to have advanced trauma life support (ATLS); however, this does not include training in
cervical reduction (American College of Surgeons, 2018; International Advanced Trauma
Life Support Working Group, 2013; Schmidt et al., 2009). If clinicians are upskilled at
every level of care, patients can then be managed at a district level, and referred to a
tertiary level when it is safe to do so, which would, in turn, lighten the load on already
overburdened trauma facilities. There is-an obligation-io-ensure all medical practitioners
are adequately trained to perform cervical reductions to ensure patient prognosis is not
negatively impacted taking into-account the-constitutional court ruling requiring cervical
reductions to be performed within at least 4 hours (Mohideen et al., 2019). However, this
may not be practically possible ‘in a resource constraint environment (Mohideen et al.,
2019). Furthermore, the lack of exposure of clinicians to spinal injuries that require
cervical reduction may pose a further challenge in obtaining an adequate level of skill and
expertise among medical practitioners. Therefore, there is a need to strengthen expertise
through continuous professional development courses, aiming to embed these
competencies into medical practitioners undergraduate and postgraduate medical
training. Owing to the high incidence of SCI in the Cape Metropolitan region optimising

the chances of survival and functioning of patients in the prime of their lives is
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fundamental. In addition, it can also assist in reducing the direct healthcare costs as
result of sustaining a SCI. The direct costs of healthcare for persons in developed
countries are relatively higher than when compared to developing countries
(Malekzadeh et al., 2022). This could be explained by the higher cost of
pharmaceuticals and workforce in these developed countries. According to a
systematic review by Malekzadeh et al. (2022) the mean cost of acute care persons

with SCls range from $290 to $612 510.
7.4.3 Inappropriate transfer logistics

Indirect transfer to intermediary care facilities was also common amongst the entire
cohort. It was also common amongst those patients who demised within the first and
second year post-onset of injury. Participants" mean time to acute care from admission to
intermediate facilities was 3.25 days (s.d 6.2). With transport and assault-related
aetiologies accounting for the largest number of intermittent hospitalisations. This is not
in line with acute management guidelines;  which suggest that persons with a tSCI be
immediately transferred to a level one trauma centre. Literature has proven that patients
who sustained a traumatic event, such as an SCI, and not transferred directly to a level
one trauma centre, may experience poorer outcomes/ prognosis (Yohann et al., 2022;
Yohann et al., 2021). A recent systematic by Yohann et al. (2021) review assessed the
effect of transfer status on trauma outcomes in low- and middle-income countries. Their
findings showed that patients who were indirectly transferred experienced longer periods
of hospitalisations and took longer to arrive at referral hospitals after their injuries
compared to those who were transferred directly. Reasons for indirect transfer within the

South African context could be related to specialised care services being predominantly
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centralised within the urban hubs. Hence, those who reside in semi-urban and rural areas
are first transferred to district or community health centres prior to being transferred to

level one trauma centres (Kong et al., 2019; Senekal & Vincent-Lambert, 2021).

A primary healthcare approach (PHC) is being employed within South Africa, which
merely seeks to provide equitable care to patients seeking medical attention (Dookie &
Singh, 2012; Keleher, 2001). At this stage, patients who are not transferred to specialised
SCI services are not receiving the same care as those who are recipients of specialised
care, which technically means it is not in line with a PHC healthcare approach.
Furthermore, due to the long distances these patients are required to travel, the critical
period in which surgeries can be performed is-missed and may negatively impact the
patient’s diagnosis (Ahuja et al., 2020) and may lead-to-morbidity and death in extreme
cases. The results from the current study support those by Yohann et al. (2021), 52%
(n=29) of patients, who were admitted at intermediary facilities for management, spent >
36 days in the hospital compared to 48% (n=27) who were admitted directly to the
specialised level one trauma care. -Another study by Yohann et al. (2022) found that
those patients who were not transported directly to a level 1 trauma centre doubled their
mortality risk compared to those who transferred directly. These findings by Yohann et al.
(2022) once again supported those of the current study, which found that 6 out of the 11
cases who demised within the first year post-injury received intermediary care at non-
specialised facilities. In addition, 67% (4/6) who demised within the second-year post-
injury received intermediate hospital. Considering the country's history with respect to

access to healthcare services and differences between urban and rural settings, one may
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find it challenging to standardise care with respect to access to level one trauma centres

and spinal surgery.

Therefore, ways in which to improve access to these services should be explored further,
such as the decentralisation of trauma care services for tSCI management. If a clear
pathway exists with respect to how a decentralised trauma network (Ernstberger et al.,
2018) should be established, we could then determine what is needed in terms of
resources and personnel to provide timely care. In addition, the National Health Insurance
(NHI) scheme may assist in reducing the degree of inequality in relation to access to
specialist services for persons with a tSCI. This may be a viable option as the main
objective of the NHI is to provide access to quality healthcare services for everyone
residing in South Africa (Naidoo, 2012).-One way- to achieve this is to create specialist
district clinical support teams (Naidoo, 2012) at a district level that can better manage
traumatic injuries at a district level.This can reduce the load being placed on

tertiary/specialised healthcare facilities.

7.4.4 Time to rehabilitation

Regarding time to acute in-hospital rehabilitation (i.e., time to referral since admission to
hospital), the mean time to rehabilitation was 3.25 days (s.d 5.2). Fifty-three per cent of
participants who sustained their injuries as a result of transport-related aetiology were
referred to acute in-hospital rehabilitation within one day. This was then followed by
assault. In addition, a statistically significant association was noted between time to in-

hospital rehabilitation and the mechanism of injury. The median time from onset of injury
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to admission to acute inpatient rehabilitation was six days for participants included in this
specific cohort, meaning that a large proportion of patients included in this cohort received
inpatient rehabilitation within one week of being admitted to the Groote Schuur Hospital
(GSH) ASCI unit. This is significant as it has been established that early referral to
rehabilitation is beneficial for the patients and can be seen as a strong predictor for
functional outcome within the first few weeks following a spinal cord injury (Scivoletto et
al., 2005; Sumida et al., 2001). These improvements in functional outcomes thus translate
to an improved ability of patients to perform their activities of daily life. A significant
difference can be noted with respect to motor scores and sensory scores on admission
and discharge. Whether these changes can be attributed to timely access to specialised
care, including inpatient rehabilitation,-is-debatable as these changes may result from
natural recovery. Natural recovery-relates to-the-conversion of a patient’s neurological
status from complete (ASIA A) to incomplete (ASIA B, C, D) and vice versa (Kirshblum et
al., 2021; Scivoletto et al., 2005). As found in the review by Kirshblum et al. (2021), natural
recovery occurs most rapidly within the firstthree months following injury and plateaus at
12- 18 months. Therefore, some of the ‘early'‘changes seen in relation to motor recovery
can result from normal progress. Determining whether changes occur as a result of
natural recovery (i.e., the normal healing process) or acute rehabilitation (i.e., intervention
to improve patient functional outcomes) would not be possible owing to obvious ethical
implications (i.e., withholding treatment that may \potentially improve patient prognosis).
Although this is the case, acute in-hospital rehabilitation that incorporates low-intensity
rehabilitation within the first four days post-injury has been shown to improve motor

recovery (Lewis et al., 2022). In addition to this, rehabilitation can be used as a means to
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promote patient well-being by utilising educational, vocational and peer support
interventions (Simpson et al., 2022). These, in turn directly, impact the patients’ quality of
life. Due to the fact that all persons who sustained a tSCI might not be in the position to
receive daily intensive rehabilitation, the use of telerehabilitation services should be
explored owing to the potential benefit it may have for these patients (Solomon et al.,
2022). Some of these potential benefits are related to the reduction in depression and
feelings of self-isolation (Solomon et al., 2022). In addition, it may reduce secondary
complications by utilising self-management strategies (Solomon et al., 2022). Regarding
acute in-hospital rehabilitation, the average length of stay of acute in-hospital
rehabilitation was 35 days. This ranged from 0 to 259 days with an s.d of 33.5 days.
Although studies have assessed the.influence of various rehabilitation interventions on
the SCI population (Burns, Marino, et al.,-2017), none have really assessed the length of
rehabilitation received when admitted for care at the hospital. Most studies assessed the
length of rehabilitation once admitted to rehabilitation facilities. Assault-related aetiologies
had a higher percentage of patients who spent longer acute-inpatient rehabilitation stays.
This was followed by transport and fall-related ‘aetiology, respectively A statistically
significant association was found between total length of acute in-hospital rehabilitation

and stabbing status (yes/no), MVA status (yes/no) and PVA status (yes/no).

7.4.5 Length of hospital stay

Overall, this study’s participants spent on average 42.6 days receiving care which was
longer than what is reported in the international literature (Burns, Santos, et al., 2017).
According to the literature review by Burns, Santos, et al. (2017), the total length of acute
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hospital stays ranged from 28 -37.8 days in length. Based on what was reported by Burns,
Santos, et al. (2017), this study’s current length of hospital stay is much higher than
international standards. Regarding the total length of hospital, surgery status, ASIA A
classification and tetraplegia were all found to be predictors of an increased length of
hospital. These findings were consistent with those of Dvorak et al. (2015), who found
that patients who received spinal surgery earlier (i.e., with 24hrs) experienced a
reduced length of hospital stay than when compared to patients who received surgery

later than 24 hours.

Timing of surgery also translated to improved functional outcomes with respect to those
who received surgery in a timely manner. This:supported the current study's results,
which found that post-surgery, the-percentage of complete spinal lesions dropped to
49% (n=22) and the percentage of incomplete lesions increased to 44% (n=20).
Patients who are classified with complete spinal cord lesions require more care and
usually present with more secondary . complications, which increase their likelihood of
increased length of hospital stay. This was proven by the study by Conradsson et al.
(2019), in which the risk factors related to acute hospitalisation were evaluated.
Corroborating the findings of the current study regarding the influence of the level of
injury (i.e., paraplegia/tetraplegia) on length of hospital stay were those by Tooth et al.
(2003), Eastwood et al. (1999) and (Richard-Denis et al., 2018). All the studies
mentioned above found that patients who presented with tetraplegia had an increased
acute length of hospital stay. This could be explained by the fact that patients who are

classified as tetraplegics also require more intensive care due to their increased risk of
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developing secondary medical complications (Joseph & Wikmar, 2016; Richard-Denis
et al., 2018), which explains the reason why these patients are hospitalised for

prolonged periods of time.

7.5 DESCRIPTIVE MORTALITY MODEL

The main findings of the survival model related to associated/vertebral injuries (Chhabra
et al., 2022), pre-existing comorbidities (Blex et al., 2022), inadequate transfer logistics
(Yohann et al., 2022; Yohann et al., 2021), development of secondary complications
during the participants’ period of hospitalisation (Tee et al., 2013), delayed time to spinal
surgery (Yousefifard et al., 2017), and total length of hospital stay (Blex et al., 2022). Most
of the secondary medical complications that developed during the participants’ length of
hospital stay were modifiable and could thus have been prevented. Results from the rapid
review found the presence of secondary medical complications to be an independent
predictor of early mortality, which should be further tested during the validation stage of

the model development process:

Six of the 11 one-year mortality cases and five of the six second-year mortality cases
presented with associated injuries on arrival to acute care. Patients who present with
multiple associated injuries will usually have higher ISSs on admission. The use of this
scoring system was found to be a consistent independent predictor of early mortality with

respect to the results of the rapid review (Divanoglou et al., 2010).

The presence of pre-existing comorbidities was not well documented in the one- and two-

year mortality cases. However, one case in the one-year mortality who demised was RVD
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positive, while a second case presented with hypertension, increased BMI, cholesterol,
and diabetes mellitus. Although not well documented, the results from the rapid review
clearly show that the presence of pre-existing conditions negatively impacts a patient’s
short-term patient survival (Blex et al., 2022). This holds true for those patients who have
been selected to undergo surgery (Mcgee et al., 2022). Furthermore, the use of the CCI

is a useful tool in the risk stratification of early mortality.

Six out of the 11 one-year and four out of the six second-year mortality cases experienced
intermittent hospitalisation. Patients who received intermittent hospitalisation due to
inappropriate decision making, or lack of bed space, are also at a higher risk of developing
secondary medical complications which-may be-due to poor infection control measures
or lack of access to resources. For.example,-access to-pneumatic mattresses to prevent

pressure ulcer and routine disinfection of ventilators (Divanoglou et al., 2010).

Three out of the five one-year mortality. cases who.- presented with secondary
complications experienced delayed surgery (=3 days). In relation to the second-year
mortality, three out of three second-year mortality cases who developed secondary
complications underwent delayed surgery. Delayed spinal surgery may increase the risk
of developing secondary complications, such as pressure ulcers, as patients must remain
immobile while waiting for surgical intervention (Joseph & Wikmar, 2016). Lack of
adequate turning surgical schedules and inadequate training of staff may further

exacerbate this problem.
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The length of hospital stay was also an important factor which was influenced by the
presence of secondary medical complications. Five out of five of the one-year mortality
cases who had increased length of hospital stay (= 36 days) developed secondary
complications during their hospital stay. The prevalence in the second-year mortality
cases was lower with only one participant presenting with a secondary complication.

However, the length of hospital stay for this one patient was longer than 36 days.

As noted above, all the process and injury factors found to be influencing early mortality
in the one- and two-year mortality cases are interlinked. However, they do provide a
starting point from which to develop a decision-making model relevant to our context. To
validate these candidate exposures, they-willfirst-need to be tested in a similar population
or setting (for example, in patients with _traumatic brain injuries). After testing they will
need to be validated in a different clinical setting or population. These validation stages
are to ensure that the results can be replicated in different clinical settings and
populations. It will also allowjone to assess:the plausibility of candidate exposures
identified here. The final stage ‘would “entail’ impact analysis and require the
implementation of a randomised controlled trial with risk stratification being determined

by the decision-making model or decisions based on clinical experience.
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CHAPTER EIGHT

CONCLUSION, RECOMMENDATIONS AND LIMITATIONS

8.1 INTRODUCTION

This chapter summarises the main results and conclusions, as highlighted in the previous
chapters of this thesis. Furthermore, it highlights the study’s limitations and
recommendations. The overall aim of this study is to contribute to the development of a
healthcare decision-making model grounded in existing processes of care and
implemented guidelines, which can facilitate the prediction of survival in persons who
have sustained a traumatic spinal cord injury (tSCI). To achieve this, Donabedian’s model
of care and Krause’'s theoretical risk- model-were combined, as the former only assessed
process measures. As highlighted.in the findings of this study, factors impacting survival
are multifaceted. Therefore, a more comprehensive approach was needed in determining
those factors responsible for reduced survival. Currently,.no form of decision-making
model is available to guide who should be prioritised for life-saving interventions that
could promote survival in a resource constraint context. As noted, if patients are

managed appropriately, it greatly increases their chances of survival.
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8.2 SUMMARY

8.2.1 Summary of methodology

The study employed a quantitative approach, and the design was longitudinal and
prospective in nature. Participants were followed up from the date of onset of injury till

two years post-injury.

Data were collected at three points: admission, discharge, and one/two years post-injury.
Data regarding personal and process factors were captured using a self-developed data
extraction form based on the spinal cord injury (SCI) core basic data set form,
International Standards of Neurological Classification, Spinal Cord Injury Secondary

Conditions Scale, and process measures as-identified-in-current literature.

Chapter three employed a rapid review methodology  which sought to identify the
predictors of early mortality in persons whao sustained a tSCI. The predictors identified in
this chapter were then used toinform the choice of candidate exposures concerning the
one-year mortality cases outlined in Chapter 6. These candidate exposures were the
personal and process factors captured on admission and discharge from acute care.
Chapter 6 then used a case series methodology to describe and discuss the influence of

these contextually relevant exposures on the participants’ risk of early mortality.
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8.2.2 Summary of results

The figure below outlines the steps that were followed in developing the preliminary

descriptive decision-making model for survival following tSCI.

STEP:2
STEP:3

STEP:1 Rapid Reiew o . STEP:4
Identifying baseline Identifying candidate

(Indpendent predictors

Figure 8.1 Steps followed in developing the preliminary decision-making model

As noted in Chapter one, the aim of this study was to contribute to the development of a
decision-making model. This entailed identifying contextually relevant candidate
exposures (routinely captured in clinical practice in the local context) which are supported
by existing literature. Based on the summary of results from Chapters 3, 5 and 6, it was
found that the variables (i.e., [Krause’s Theoretical risk Model: age, gender, ASIA
classification, mechanism of injury, vertebral injuries, associated injuries], [Donabedian’s
model of care: intermittent hospitalisation/delayed access to specialised care, surgery
status/ time to surgery, screening/presence of secondary complications]) mentioned

below may have positively influenced early mortality.
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8.2.2.1 STEP: 1

Regarding the epidemiological profile (see Table 1.1), the majority of persons who
sustained a tSCI were males. The highest number of injuries occurred within the age
categories of 18-30 years. A larger percentage of participants were classified as
paraplegics than those classified as tetraplegics. The most common American Spinal
Injury Association (AISA) level being ASIA A and D. Assault cases, which consisted of
gunshot, stabbing and blunt force-related aetiology, accounted for the largest number of
tSCl-related injuries. The number of participants classified with complete and incomplete
spinal lesions was evenly split. Baseline injury characteristics such as level of injury (i.e.,
tetraplegia), ASIA classification (A) and surgery status (yes/no) were fundamental
predictors in determining the total length of hospital-stay, while male (yes/no) and motor

vehicle accident-related aetiology (yes/no) were found to be predictors of spinal surgery.

Process factors such as delayed time to specialised care‘and spinal surgery have been
found to influence patient prognosis negatively. ‘As found'in this study, not all patients
were transferred directly to Groote Schuur Hospital (GSH) for specialist care. This may
be due to inappropriate transfer logistics or the need to stabilise patients first prior to
receiving specialised care. In addition to this result, the majority of participants within this
cohort were found to have received delayed surgical intervention. A rather interesting
finding was that six of the one-year mortality cases who received spinal surgery did not
survive, while three of the second-year mortality cases who received spinal surgery did
not survive (See Table 6.3). This novel finding should be further investigated when

validating the preliminary decision-making outlined in Table 8.1 below. Lastly, patients
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who were managed at the specialised SCI unit presented with a high proportion of

vertebral and associated injuries.

8.2.2.2 STEP: 2

The rapid review conducted to identify candidate exposures of early mortality in persons
with tSCI were found to relate primarily to injury factors as per Krause’s Theoretical risk
model. Baseline injury characteristics on admission were found to be fundamental
predictors of early mortality, with many of these being non-modifiable. This highlights the
importance of measures aimed at preventing the occurrence of tSCls as these injuries
usually result from preventable causes (Von Groote et al., 2014). The predictors identified
by the rapid review were then used-to determine which-candidate exposures identified in

the literature were present in the mortality cases.

8.2.2.3 STEP: 3

Participants who demised within the first and.second year post-injury were relatively
young with most cases falling within the age categories of 18-30 years and 31-45 years.
As noted in the larger cohort, the predominant cause of injuries in these cases related to
assault and transport related aetiology. These patients also had a high number of
secondary complications present, which could have predisposed them to early mortality.
Although the exact cause of death was not known for those participants who had died,
one can conclude that the causes of early mortality are multifactorial (i.e., injury/personal

and process-related factors) and cannot be linked solely to one specific factor. This is
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consistent with the results from the studies conducted by Krause. However, more context-

specific data is required in relation to this.

8.2.2.4 STEP: 4

Table 8.1 below provides a preliminary, descriptive decision-making model which is
grounded in evidence-based literature. and empirical findings from the primary study
conducted in this project. These findings provide the basis for further validation of these

factors in larger prospective, or retrospective, case control studies.

Table 8.1 Preliminary decision-making model based

Exposure ‘ Category
Age g :
¢ 18-30
(Risk of mortality increases with advancing
age) 1Tt iilgs
e 46-60
e 2061
Gender
(Males engage in more risker lifestyles than e Male
females)
e Females

Mechanism of injury

e Falls
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(Transport- and fall-related injuries are

associated with higher injury severity scores

= higher risk mortality)

Intermittent hospitalisation

(Indirect transfer to specialised SCI units

impacts patient prognosis)

Associated injuries by area

(Patients who present with polytraumas are

at a higher risk of early mortality)

Vertebral injuries by location

Transport

Assault

Head

Neck

Upper-limbs

Chest

Abdomen

Pelvis

Lower limbs

Cervical

https://etd.uwc.ac.za/
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(High and Low cervical injuries are at a

higher risk of early mortality)

ASIA classification on admission

(Patients classified as an ASIA A are at an

increased risk of early mortality)

Spinal surgery status

Time to spinal surgery

(Delayed surgery increases risk of

developing secondary complications which

in turn influences chances of survival)

Secondary complications

(Secondary medical complications

specifically related to pneumonia, pressure

ulcers and urinary tract infections have

been linked to mortality and morbidity)

Thoracic

Lumbar

ASIA A
ASIA B
ASIA C

ASIAD

Yes—
No
<3 days

=-3:days

Pneumonia
Pressure ulcers

Urinary tract infections
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8.3 CONCLUSION

The researcher sought to answer the following research question “What are the variables
and their utility in informing the development of a health care decision making model for
the prediction of survival in persons with tSCI?” In response to this question, the
researcher found that mortality is multifactorial and variables predictive of early mortality
may not necessarily behave the same in different contexts. This is evident in the results
of the rapid review, which identified a wide spectrum of predictors. Therefore, this study
sought to identify contextually relevant candidate exposures based on:

e personal factors such as age, gender, place of residence, aetiology, the severity
of injury [complete/incomplete] level of injury [paraplegia/tetraplegial, spinal injury
level, and ASIA classification;-and

e process factors that are, time to-acute care from.intermediate hospitalisation, time
to acute in-hospital physiotherapy treatment, time to surgery, screening of
secondary complications, tength of acute care stay {ICU/high-care], total length of
hospital stay, and total length of cute in-hospital physiotherapy) documented in the

results of this study.

To the researcher’'s knowledge, this is the first study in the South African context which
has sought to identify predictors which influence early mortality of persons with tSCI.
Furthermore, it is the first step in attempting to unravel the factors which place persons
with a tSCI at an increased risk of mortality. By identifying these predictors, the researcher
has addressed the overall aim of this study which is “to contribute to the development of

a healthcare decision-making model grounded in existing processes of care and
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implemented guidelines, which can facilitate the prediction of survival in persons who
have sustained a tSC/I”. Although this is the case, these findings should undergo larger
scale validation to inform its utility in the South African context. However, this was beyond

the scope and time-frame of this study.

8.4 RECOMMENDATIONS

8.4.1 Service recommendations

First, the majority of the causes of tSCI in the larger cohort and that of mortality cases
were related to assault transport and fall. Considering that the mechanism of injury may
influence early, ways in which to-prevent these traumatic injuries should be encouraged.
Preventative measures could include interventions such as education and policy changes
that may reduce the occurrence of tSCls and the health complication that is associated
with it. Reinforcing current education practices regarding using seatbelts and testing that
a vehicle is roadworthy before driving is important. Furthermore, education regarding
being intoxicated or using substances that may increase the likelihood of being involved
in riskier behaviour (Tamas et al., 2019) should be encouraged. Furthermore, these
interventions should target males as they are more inclined to engage in risky or
dangerous behaviour than their female counterparts. This is substantiated by the current
study where males accounted for the highest number of motor vehicle and assault-related
injuries. With a high rate of crime and unemployment in South Africa, you may find
individuals engaging in high-risk behaviour not just out of boredom but rather because of

a need to support their family and themselves financially. Policy changes should be
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enforced, and if the public does not adhere to these changes, heftier penalties may be
put in place to deter individuals from engaging in activities that may place themselves at
a higher risk of injury. The penalties may specifically target those individuals who drive
under the influence of alcohol or any other narcotic substance and those who find

themselves engaging in interpersonal violence.

Second, patients within the larger cohort and from the mortality cases were not
transported to GSH for specialist care but rather admitted to intermediary facilities, such
as district hospitals and community health clinics. Based on this result, a deliberate
attempt must be made to improve the timely access to specialised SCI services. To
achieve this, the decentralisation of trauma care services for tSCI management might be
the first point of call. As noted above, this'delay in-specialised acute care may negatively
impact patient prognosis and increase a patient’s probability of reduced survival in certain
instances. However, if decentralisation of specialised care services is not possible, then
another option would be to strengthen |SCI management through the creation of and

investment in centres of SCI excellence.

Third, the prevalence of secondary complications during acute care, as found in this
study, remains relatively high. The issue regarding the development of secondary
complications is a rather alarming problem which influences the length of persons’
length of hospital stay, morbidity and mortality of persons who sustained tSCI. Although
not directly accessed in this study, the occurrence of pressure ulcers may point directly

to the possible lack of knowledge regarding the importance of turning, pressure relief,
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and techniques to turn patients with spinal fractures. The same can be mentioned for
the occurrence of UTls and other respiratory complications. UTls can be prevented by
using an alternative mode of catheterisation. Although each has its own advantages
and disadvantages, evaluating which mode of catheterisation should be used can
positively influence process factors such as the length of hospital stay. It is
recommended that patients use intermittent catheterisation as opposed to other types
owing to the reduced risk of urinary tract infections. However, decisions such as these
should be made considering the patient’s preferences and the resources available to
the healthcare facility in question. The use of hydrophilic catheters should be advocated
for as it reduces injury to the urethra during insertion and is considered to be more
sterile than their non — hydrophilic..counterparis. (Li et al., 2013). Although more
research is required, this mode of catheterisation 'has been found to be more cost-
effective and result in improved patient outcomes (Xi et al., 2021), which is important if
we wish to reduce the length of hospital stays and improve patient outcomes. Decisions
such as these should be done in a consultative manner which includes feedback from
the whole disciplinary team. As neurological function and quality of life are important
for persons following the onset of injury it is integral to identify those core baseline

characteristics which may affect neurological function following surgery.

Fourth, delayed spinal surgical surgery was a common occurrence. The majority of
participants underwent spinal surgery only after three days. This is obviously not aligned

to best practice guidelines but is normal within our context. Possible interventions that
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may remedy this could include more theatre time dedicated to performing these surgeries

and a larger skilled surgical workforce to handle a high patient load.

Fifth, as seen in several of the mortality cases, the presence of pre-existing
comorbidities may increase the allostatic load placed on patients predisposing them to
early mortality. To address this problem, primary healthcare structures should also be
strengthened to ensure the survival of persons who sustained a tSCI. It is a known fact
that the presence of pre-existing comorbidities increases the risk of early mortality in
this group. Therefore, if prevention is provided at a primary level, one could lessen the
impact of comorbidities on someone’s life if they sustain a debilitating injury such as a

spinal cord injury or disease.

Sixth, associated and vertebral injuries are a highly prevalent occurrence within the
mortality cases and the larger cohort. As noted in-the literature, patients who present with
polytrauma are at an increased probability of survival. Therefore, objectively determining
injury severity on admission to the trauma facility is important. To achieve this, the ISS
can be used. Patients with a high ISS = 15, which is a measure used to quantify severity
in polytrauma cases, were consistently at a higher risk of early mortality following injury.
This was found to be a consistent predictor of early mortality in the result of the rapid
review. As found in this study, certain aetiologies, such as fall and transport-related
injuries demonstrate a greater risk for mortality. Both of the aforementioned causes of
injuries are usually associated with higher injury severity scores (Palmer, 2007) than

when compared to other forms of trauma-related injury. Thus, increasing their likelihood
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of adverse patient outcomes such as death. However, the trauma facility at GSH does
not utilise the ISS during triaging patients. Considering its usefulness in stratifying patients
into either low or high risk of early mortality, it is advisable for trauma units managing

persons with SCI to use this tool.

Seventh, an integrated health information system should also be explored within our
setting for persons with tSCI as it would be beneficial, especially concerning clinical
decision-making and to boost epidemiological data related to this population group.
Options to improve the quality of the data collected for persons with tSCI could include
the use of standardised reporting forms and electronic medical records. Therefore, the
SCI core basic data set form should always be used when capturing baseline injury data
following a tSCI. Doing so will facilitate the capturing of data in a standardised manner,
thereby assisting in monitoring the epidemiological profile of persons with tSCI and
assisting in improving quality -assurance measures.-The implementation of an SCI
registry, most notably a trauma registry, will assist in the long-term monitoring of persons
who have sustained a tSCI. By doing so, one would be'able to determine what baseline
injury characteristics influence patient longevity in the long term. Furthermore, it will also
facilitate yearly follow-ups to screen and provide self-management advice which is crucial
in preventing secondary health conditions. In addition, if trauma and SCI registries are
structured the same across developing countries, one would be able to merge data, thus
creating a more holistic picture to inform African-inspired pathways of care to optimise

survival and functioning within current resource constraints. Lastly, consideration should
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also be made regarding the de-escalation of yearly follow-ups to primary care level,

provided an appropriate workforce is in place to manage SCls.

Lastly, as noted above, being able to predict survival in low-middle-income countries
(LMIC) such as South Africa allows one to successfully stratify patients into high- or low-
risk groupings. This process of risk stratification provides a more objective mechanism in
which to allocate specialised rehabilitation services. Meaning, patients who are at a higher
risk of early mortality should receive a more intensive rehabilitation package to improve
their chances of survival and prognosis, compared to those who are considered low risk.
This is especially necessary within the South African context that is a resource

constrained environment.

8.4.2 Recommendations for further research

First, validating the candidate expasures .identified in this preliminary, descriptive
decision-making model is necessary. This would be the first step to identifying factors
of proximity to mortality and their strength of association. In addition, factor analysis
could be conducted to ensure that only independently associated factors remain in the
model to predict survival. Following the confirmation of predictors and validation, an
impact study will need to be conducted to determine how the tool performs in relation to
clinical decisions purely being made on clinical experience. Furthermore, an impact study
will also facilitate the implementation of the tool within the clinical setting as it would assist
in determining which clinical decision support systems would be best to encourage its
uptake.
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Second, further research is needed concerning novel ways to make medical records more
accessible while still considering privacy. One such novel technique may involve the use
of block chain technology which is commonly being used in the context of cryptocurrency
(Chenthara et al., 2020). Using such technology can help create a more integrated
healthcare system where data is easily accessible irrespective of where the patient and
healthcare practitioner may be situated. In addition, it will provide researchers with a
larger pool from which to harness clinical data that can be pertinent for decision-making

processes.

Third, additional research is needed regarding the process that needs to be followed if a
decentralised healthcare approach is-to be used -for tSClI management in South
Africa. The possible barriers and facilitators should first be identified before any definitive
steps are taken concerning this-approach to-specialised care in a developing context. If
a clear pathway exists with respect/ to how a decentralised trauma network should be
established, we could then determine whatis needed in terms of resources and personnel

to provide timely care.

Fourth, to prevent the increase of tSCls, alternative modes of knowledge translation to
bring about behaviour change should be explored. It seems as if awareness programmes

currently being used are not achieving the desired goals.
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Lastly, further research is needed to understand the factors influencing decision-
making regarding the candidacy for spinal surgery. As it was found in this study that a
higher proportion of patients who underwent surgery died within the first year post-

injury. In addition, factors influencing time to spinal surgery should be investigated.

8.5 LIMITATIONS

Some of the methodological considerations that may have impacted the internal validity
of this study relate to the availability of medical records. Medical folders were not
always readily available at medical records once patients were discharged, as some
needed to be processed first within the medicolegal department. In addition to the
accessibility of medical records, patients-who-were first managed at non-specialised,
or managed at district healthcare facilities were subjected to different care pathways,
which would have impacted patient outcomes upon discharge. Very little was known
about the care received and complications developed in previous episodes of care, which

would have impacted the recovery.irajectory ofithepatients.
8.5.1 Factors negatively influencing internal and external validity

J Only one government-funded tertiary healthcare facility was included as this facility
is the only specialised SCI unit that manages 80% of persons with tSCI in the Cape
Metropole region.

o A noticeable drawback is that results are not generalisable to other settings besides
that of the Cape Metropolitan area. This lack of generalisability would be attributed
to differences in care processes and gross domestic product spent on healthcare

services between provinces. For e.g., EMS in urban settings and proximity to
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specialised centres is better in urban setting than when compared to rural setting.
Another example would be access to specialised equipment and resources.

As the study employed a prospective study design, the loss to follow up was a
noticeable limitation. Following up on participants to determine vital status proved
challenging because participants either did not have a fixed abode or their contact
details changed from the time at the onset of injury. Furthermore, participants
recruited into this study were from suburbs within the Cape Metropole area that had
a relatively high level of violence and crime and posed a potentially high risk for
researchers to enter these areas to obtain follow-up data. A verbal autopsy was also
not possible as there was no guarantee that the person spoken to telephonically
was in fact the patient in question:-Furthermore, verbal/written autopsy was used
instead of determining the patient’s actual cause of death via a medical autopsy
which is seen as the gold standard.

Due to the lack of standardised reporting-throughout the patient care pathway,
missing data may result in the underestimation of personal and process measure
factors that are important for the development of preventative measures.

The severity of secondary medical complications encountered during the
participants length of hospital stay was often omitted from the medical records of
patients as captured by the attending physician which only indicated the presence
of a particular complication. A quantifiable way in which to measure severity may
have given more insight concerning how secondary medical complications influence

early mortality in persons with tSCI.
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The COVID-19 pandemic also posed its own challenges. When it started, the
researcher was still reviewing the medical folders of patients who had missing
data upon discharge from GSH. In the absence of physical follow ups, the
Biomedical Research ethics Committee at the University of Western Cape granted
the use of death registries which were linked to the South African Medical
Research Council (SAMRC) burden of disease unit. Due to the severity of the first
three waves of COVID-19, research access to all healthcare facilities was
restricted. Therefore, this impacted the researcher’s ability to address the gaps in
the dataset. There was also uncertainty with respect to how long the pandemic
would last. Hence, no definitive plans could be made going forward. It was then
decided to use the available data to-continue with the study as it was not sure
when access to the facility in question would-be granted. Although this is the case,
the study employed a total consecutive population sampling technique which
reduces the degree of bias, thus-increasing-the-generalisability of the findings of

this study.

8.5.2 Factors positively influencing internal and external validity

To enhance internal validity, the same resident clinicians conducted the
neurological classification, screening of complications and completing medical
records, using international standards and psychometrically sound outcome
measures. Furthermore, data elements included were considered objective and

used standardised formatting, for example, time to surgery, time to acute care,
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secondary medical complications and length of hospital stay per the SCI core basic
set form.

In addition, the sampling frame of the current study covered a wide geographical
area, and the epidemiological profile of the current study is comparable with
previous reports, enhancing the external validity to some extent. In both the current
study and Joseph et al. (2015), male patients within the age category of 18-30
were found to account for highest number of tSCI. In addition, the current study
found that 67 per cent (37/55) of participants who were defined as having complete
lesions were characterised as being paraplegic, compared to those patients who
were found to have complete lesions and characterised as tetraplegic
(32.7%,18/55). This was similar-to the results by Joseph et al. (2015) who found
that there were significantly-more-persons-with-paraplegia with complete injuries

(50%) compared to those with tetraplegia (28.6%).
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G466 Management Suite, Old Main Building, Private Bag X,
Observatory 7925 Observatory, 7935
Tel +27 21 404 6288 fax: +27 21 404 6125 www.cdpegateway.go.v.za
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Appendix 4 English consent form

L e

UNIVERSITY OF THE WESTERN CAPE

Frivate Bag X 17, Bellwille 7535, South Africa

e Taf +27.21950 2343

WESTERN CATE E-mail: bboggenpoel@nwe.ac.za

Title of research project:
The development of a health care decision making model to improve survival

of persons with traumatic spinal cord injuries (tSCI.

The study has been descrnbed to me in language that | understand. My
guestions about the study have been answered. | understand what my
participation will involve and | agree to participate of my own choice and free
will. | understand that my identity will not be disclosed to anyone . | understand
that | may withdraw from the-study-at-any time mithont-giving a reason and
without a fear of negative consequences or [oss of benefits. This research
project involves making audiotapes of vou The audictapes will be made to keep
track of participants that potentially need to provide werbal consent. The
researcher and his supemsisorwill-have-accessto-these-audiotapes and they
will be kept on a password, protected-laptop-and-discarded after five years.
_ lagreeto be audictaped durng my paricipation in this study.

|l donatagree to be audiotaped durng my participation in this study.

Participant’s name........................... .
Participant’s signature........... ... ...l

Eifte £.0 0 LUt e b
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Appendix 5 Afrikaans consent form

UNIVERSITY OF THE WESTERN CAPE

Sl Private Bag 2 17, Bellville 7535, South Africa
UNIVERSITY of the Tal £27 21 950 2343

WESTERN CAFE E-mail: bboggenpoel@uwe.ac.za

TOESTEMMING S YORM

Titel van narvorsingprojek:

Die ontwilkkeling wan 'n gesondheidsorg besluitneming model om corlewing te

verbeter van persone met traumatiese nugmurg besenngs.

Die studie is al beskryf vir my in n taal wat ek verstaan. My vrae oor die studie
is beantwoord. Ek verstaan wat my deelname sal betrek en ek stem saam om
deel te neem van my eie keuse en vrye wil. Ek verstaan dat my identiteit nie
aan enigiemand bekend gemaall sal word-Elewverstaan dat ek kan trek Uit die
studie te eniger tyd sonderom 'nirede en sonder vrees vir negatiewe gevolge
of veries van voordele. Die gebruikvan oudichandes sal gemaak word vir daai
persone wat mondelinges toestemming benodig. Dig navorser en sy toesighouer
sal toegang he aan hierdis oudic-bande-en-dit-sal wirwytjaar op 'n wagwoord
beskenmmde skootrekenaar.gehou-ward, MNawwi-jaar sal die narvorser ontslae
raak van die oudio-bande.

_ Ekstemin om tydens my deelname aan hierdie studie gehoor te gee.
___ Ekstem nie saam om tydens my deelname aan hierdie studie gehoorte

Ky nie.

Deelnemerse naam .........o.ccovvvucennennne
Deelnemer se handtekening ...........cccooviiiiiiiieiineee

EYatulmnit: . sl
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Appendix 6 isiXhosa consent form

UNIVERSITY OF THE WESTERN CAPE

UNIVERSITY of the
WESTERN CAFPE

Private Bag X 17, Bellwville 7535, South Africa

Tel 42721 958 2342
E-mail: bboggenpoel@nwe.ac.za

IFOMU YESIVUMELWANO

Isihloko sophando lweprojekthi:
Ukugulungwa  komkhomba-ndlela  wokuthabatha iziggibo  ngonakekelo
lwwezempilo ukuphucula ukuphila kwabantu abanomonzakalo womngongo

ngokwengozi.

Uphando luye lachazwa kum ngolwimi endilugondayo . Imibuzo yam malunga
nolu phando sele iphendulwe. MNdivayigendainkaxheba yvam iva lkubandakanya
kwaye ndivavuma  ukuthabatha —imeaxhetra—rngokokuthanda  kwam  yaye
ndizinikezele. Mdivagonda ukuba-inkeukacha-zam-azizo kutyhilwa nakubani.
Mdiyagonda ukuba ndingarhoxa kwesi sifundo nanini ngaphandle kokunika
isizathu nangaphandle koloyiko lwezighamo ezimbi okanye ukulahlelkelwa
vinzuzo. Olu phando Ilwale projekthi lubandakanya ukwenza ushicelelo lwakho
xa uthetha. MNgumthathi“meaxheba yedwa-oyalufikelela lawisishiceleli, yaye
Zivakuvalelwa kwikhompyuthia, emokhuseleko alwazivwa ngumshiceleli yedwa.
kuyalkuthi emveni kweminyaka emihlanu zicinywe kwikhompyutha leyo.

_ Mdivavuma ukushicelelwa ngethuba ndithatha inaxheba kwesisifundo.

- Andivumi ukushicelelvwa ngethuba ndithatha inxaxheba kwesisifundo.

FROM HOPE TO ACTION THROUGH KNOWLEDGE.
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Taf- 427 21-959 2342
E-mail: bboggenpoel@uwc.ac.za

lgama lomthathi nxaxheba ..........ccccooiiiieiis
Utyikityo lomthathi nxaxheba ...

Umhla .......o.eieeenaes

Supervisor: Dr Conran Joseph

Tel: +27219582542

Email: ojoseph@uwc.ao

- |
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Appendix 7 English participant information sheet

UNIVERSITY OF THE WESTERN CAPE

:-..r;,?1_Ln.::._T-;' Private Bag X 17, Bellville 7535, South Africa
UNIVERSITY of the Tal +27 21950 2343
WESTERN CATFE E-mail: bboggenpoel@uwe.ac.za

INFORMATION SHEET :

Project title: The dewvelopment of a health care decision making model to

improve survival of persons with traumatic spinal cord injunes (tSCI)

What is this study about?

Mr Blake Boggenpoel (Pl) from the University of the “Western Cape is
conducting this research project. The purpose of the research project is to
determine the mortality rate, functioning and processes of care of patients that
have sustained a traumatic spinal cord injury, so as to improve aspects of the
care being delivered, andto-develop-a healihtare decision making model to
improve allocation of resources:

What does participation in this study entail?

You were asked to paricipate in this research project because you are an
individual that has sustained-a traumatic-spinal-cord-imury. You will be asked
to answer questions relating to general function, quality of life and some

demaographic informatian.

Would my participation in this study be kept confidential ?

The researchers will undertake to protect your identity and the nature of your
contribution. To ensure your ancnymity, each participant will be allocated a
specific record number and no reference will be made to your name at anytime.
only the lead researcher will have access to each record number of each
participant. To ensure your confidentiality, all information gathered will be
stored In a locked filing cabinet and a password protected laptop. No
unauthorised parties will have access to yvourinformation in any way. If we wnte

areport or an article about this research project, vouridentity will be protected.

FROM HOFE TO ACTION THROUGH KNOWLEDGE.
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UNIVERSITY OF THE WESTERN CAPE

Private Bag X 17, Bellwille 7535, South Africa
Tal- £2721-959 2343

WESTERN CATE E-mail: bboggenpoel@uwc.ac.za

In accordance with legal requirements and/or professional standards, we will
disclose to the appropriate individuals andfor authorities information that comes
to our attention conceming child abuse or neglect or potential harm to you or
others. In this event, we will informm you that we hawve to break confidentiality to

fulfil our legal responsibility to report to the designated authorities.

What are the risks of this research?

There may be some risks from participating in this research study. All human
interactions and talking about self or others camry some amount of risks. Wye will
nevertheless minimise such nsks and act promptly to assist wou if wou
experience any discomfort, psychological or otherwise during the process of
yvour participation in this study Wherenecessary, an approprate refemral will be

made to a suitable professional Torfuither assistanteorintervention.

What are the benefits of this research?

0on a personal level, you will gain an understanding of how the injury affected
you and how you functionsin=relation-tooothers—itwitbalso provide you with
valuable information as to the factors that may improve your health outcomes
and prevent readmissions: The results-from this research-will also allow for
better management of patients.in hospital and post dischamge.

Do lhave to be inthis research and may | stop participating at any time?

Your participation in this research is completely voluntary. You may choose
nottotake part at all. If you decide to participate inthis research, wou may stop
participating at any time . If you decide not to participate in this study or if you
stop participating at any time, vou will not be penalized or lose any benefits to

which you otherwise qualify.
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UNIVERSITY OF THE WESTERN CAPE

; Private Bag X 17, Bellwille 7535, South Africa

UNIVERSITY o e Tel 427219592343
WESTERN CATFE E-mail: bboggenpoel@uwc.ac.za

What if | have questions?

This researchis being conducted by Mr Blake Boggenpoel at the University of
the Western Cape. If you have any guestions about the research study itself,
please contact me at worke 021959 2343 or cell 082582 9373,
email bboggenpoel@uwcacza Should you have any questions regarding this
study and your rights as a research participant or if you wish to report any

problems yvou have expenenced related to the study, please contact:

DOr Nondwe Mlenzana

Head of Department: Physiotherapy
University of the Westem Cape
Frivate Bag xX17

Bellville 7535

nmlenZzanaouwc ac 7 a

Prof Anthea Rhoda

Dean ofthe Faculty of Community and Health Sciences
University of the Westem-Cape

Private Bag 17

Bellville 7535

chs-deansoffice@uwe acza

BMREC

Robert Sobukwe Road
Bellville

Cape Town

7535

Tel: +27219582988
research-ethics@uwc acza
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Appendix 8 Afrikaans participant information sheet

UNIVERSITY OF THE WESTERN CAPE

UNIVERSITY of ihe
WESTERN CAFE

Private Bag X 17, Bellwille 7535, South Africa

Tel +2721 959 2342
E-mail: bboggenpoel@uwe.ac.za

INLIGTINGSBLAD:

Projektitel: Die ontwikkeling van 'n gesondheidsorg besluitneming model om

oodewing te verbeter van persone met traumatiese rugmurg beserings.

Wat behels die studie?

Hierdie navorsingsprojelk word deur mnr. Blake Boggenpoel (Pl van die
Universiteit wan Wes-Kaapland behartig. Die doel wvan die navorsing is om die
sterftesyfer, funksionenng en prosessevan. vy ersorging van pasiénte wat n
traumatiese rugmurghe serng het fe-bepaal, ten-einde-aspekie van versorging
te verbeter en om n modeal vir gesondheids arg-besluitneming te ontwikkel om

die toewysing van hulpbranne te verbeter,

Wat behels betrokkenheid in hierdie studie?

U is gevra om in hiemdie studie—deelte neem omdatu n traumatiese
rugmurgbesering opgedoen het. U sal gevra word om wrae te beantwoord
aangaande U algemeng | funksionedng, 'gehalte wan flewe en sekere

demografiese inligting.

Sal my betrokkenheid in hierdie studie vertroulik hanteer word?

Die navorsers sal onderneem om LU identiteit en die aard van die U bydrae te
beskerm. Om U anonimiteit te verseker, sal elke deelnemer n spesifieke
rekordnommer toegelen word, en daar sal op geen stadium na U naam venuys
wiord nie. Slegs die hoofnavorser sal toegang hé tot elke rekordnommer van
elke deelnemer. Om uvertroulikheid te werseker, sal alle inligtingwat ingesamel
word, gestoor word in 'n geslote liasserngskas en 'n wagwoordbeskermde
skootrekenaar, Geen ongemagtigde partye sal op enige manier toegang tot u
inligting hé nie_As ons 'nverslag of 'n artikel cor hierdie navorsingsprojek skryf,

sal U identiteit beskerm word.

FROM HOPE TO ACTION THROUGH KNOWLEDGE.
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WESTERN CAPE

Private Bag X 17, Bellwille 7535, South Africa

Taf- 427 21-959 2342
E-mail: bboggenpoel@uwc.ac.za

In coreenstemming met wetlike versistes enfof professionele standaarde, sal
ons aan die toepaslike individue enfof owerhede inligting bekend maak wat
onder ons aandag kom oor kindermishandeling of venwaarosing of potensiéle
skade aan u of ander. In hierdie geval sal ons u inlig dat ons u vertroulikheid
moet breek om ons wettige werantwoordelikheid te wervul om aan die

aangewese owerhede verslag te doen.

Wat is die risiko van betrokkenheid in hierdie studie?

Daaris sekere risiko's verbonde daaraamtm-des| te wees in hierdis studie. Alle
menslike interaksie enminte praat oor jouself ofander mense dra 'n sekere
mate van risiko. Ons sal egter poog om sulke risiko's-teyerminder en dadelik
optetree om U te help as U enige ongemak, sielkundige of andersins, sal ervaar
tydens die proses van U deelname aan hierdig studie | YWaar nodig, sal n

gepaste venwysing nan geskikie professiongsel virverdere bystand of ingryping.

Wat is die voordele van hierdie navorsing?

Op'n persoonlike viak sal jyverstaan hoe die besenng jou beinvioed het en hoe
omte funksioneerinvernouding met ander Uit sakjou ook waardevolle inligting
verskaf oor die faktore wat jou gesondheidsuitkomste kan wverbeter en
hertoelating kan woorkom. Die resultate wan hierdie navorsing sal ook
voorsiening maak vir beter bestuur van pasignte in die hospitaal en na ontslag

Lit die hospitaal .

Moet ek in hierdie navorsing wees en mag ek op enige stadium ophou
deelneem?

L deelname aan hierdie navorsing is heeltemal vrywillig. U mag kies om glad
nie deel te neem nie. As U besluit om aan hierdis navorsing deel te neem, kan

uenige tyd ontrel. Indien u besluit om nie aan hierdie studie deel te neem nie,
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TUNIVERSITY of the
WESTERN CAPE

Private Bag X 17, Bellwille 7535, South Africa

Taf- 427 21-959 2342
E-mail: bboggenpoel@uwc.ac.za

of a5 U op enige stadium ontrelk, sal u nie gepenaliseer word, of enige voordele

waarvoor U andersins kwalifiseer, verloor nie.

Wat as ek vrae het?

Hierdie navorsing word deur mnr. Blake Boggenpoel aan die Universiteit van
Wes-Kaapland gedoen. As U vrae het cor die navorsingstudie self, kontak my
gerus by owerlk 021959 2343 of sel 082582 8373 e-

pos bbogdenpoel@uwe acza. Indien u enige vrae rakende hierdie studie enu

regte as 'n navorsingsdeelnemer het, of as u enige probleme rakende die studie
aangemeld het, kontak asseblief

Dr Mondwe Mlenzana

Hoofwvan Departernent: Fisioterapie
Universiteit van Wes-Kaapland
Privaatsak X17

Bellville 7535

nmlenz ana @i e ac 7 4

Prof Anthea Rhoda

Delkaanvan die Falkulteit Gemeenskaps- en Gesondheidswetenskappe
Universiteit van Wes-Kaapland

Privaatsak X17

Bellville 7535

ches-deansoffice@uwe.ac za
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Appendix 9 isiXhosa participant information sheet

UNIVERSITY OF THE WESTERN CAPE

UNIVERSITY of the
WESTERN CAPE

Private Bag 2 17, Bellville 7535, South Africa

Tel- 42721959 2343
E-mail: bboggenpoeli@uwe.ac.za

INKCUKACHA ZENGCACISO

Isihloko seProjekthi:
Ukugulungwa  komkhomba-ndlela wokuthabatha  iziggibo  ngonakekelo
lwezempilo ukuphucula ukuphila kwabantu abanomonzalkalo womngongo

ngokwengozi.

Yintoni esi sifundo?

Le projekthi yvophando eyenziwa Dounumzana Blake Boggenpoel (PI) ovela
ki Dyunivesithi yeMNtshona Kaolanl. Ndivakumemna ukuba uthathe inkaxheba
kule projekthi yophando kuba ungumntu ove wanvamezela umonakalo
womngongo wakho Injongo yale prajekthi yophando Kukugonda ngezinga
lokufa, ukusebenziza amaldngu-—omzimba-kuhye-neenkaobo zokunyvamekela
kwezigulane eZive renza. wmonakale, wokulimala komngongo, ukwenzela
ukuba kuphuculwe iinkalo zokunyamekela, kunye nokuphuhlisa umgangatho

wesiggibo sokhathalelo wempilo ukuphucula nokwabiwa kwezibonelelo,

Ndiya kucelwa ukuba ndenze ntoni ukuba ndivuma ukuthatha
inxaxheba?
va kucelwa ukuba uphendule imibuzo ephathelene nomsebenzi jikelele,

umgangatho wobomi kunye nolwazi oluthile loluntu .
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Ngaba ukuthatha inxaxheba kwam kulesi sifundo kuya kugcinwa
ngasese?

Abaphand baya kukhusela ubunjani bakho kunye nesimo senkxaso yalkho.
Ukuze uginisekise ukuba ungaziwa, umntu othabatha inxaxheba uya kwabelwa
inombolo ethile yerekhodi kwaye akukho sikhokelo esizakwenziwa kwigama
lakho nanini na. Ngumphandi okhokela uphando  kuphela ova kufumana
inombolo yerekhodi womntu ngampye: hkuginisekisa imfinlo yakho, lonke
ulwazi oluzakugokelelwa luya kogeoinwa kwikhabhineth wokushicilela kunye
nephasived  skhuselweyo. Akukho magela —angagunyaziswanga aya
kufumana ulwazi lwakho nangayiphi indlela, Ukuba sibhala ingxelo okanye
sibhala ingaku malunga  nale’ projekihl ' yophando, isazisi sakho  siva

kikhuselwa.

Mogokuhambelana neemfuno  zomthetho  kunye [/ okanye  imigangatho
yvezobugcisa, siva kubhengeza kubantu abafanelekilevo kunye / okanys igunya
lokufumana  ulwazi  malunga nokuxhaphazwa  kwabantwana  okanye
ukunganakwia okanye Ukulimala wena okanye abanye. Kulo mcimbi, siva
kukuxelela ukuba kufuneka sidibanise imfinlo ukuze sizalise uxanduva lwethu

lomthetho ukunilka ingxelo kumagosa atyunjive yo.
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E-mail: bboggenpoel@uwc.ac.za

Ziziphi iingozi zolu phando?

Fukho ubungcipheko bokuthabatha inxaxheba kulo msebenzi wophando.
Zonke lintsebenziswano zabantu kunye nokuthetha ngabanye okanye abanye
bathatha inxalenye vengozi. Kodwa siyva kunciphisa ingozi enjalo kwaye senze
ngokukhawuleza ukukunceda ukuba Uuva ungakhululekanga, unophazamiseko
lwenggondo okanye ngenye indlela ngexesha lokuthatha inxaxheba kulolu
phofu. Xa kuyvimfuneko, ukuthunyelwa -akufanelekileyo kuya kwenziwa

kwicandelo elifanelekileyo lochwepheshe ukozeuncediswe olkanye uncedwe .

Ziziphi iingenelo zolu phando?

Fwinganaba lomntu, uya kugonda ukuba ukulimala kukuchaphazele njani
kunye nendlela osebenza nogayo ngokumalunga nabanye. Sivaku kunika ulwazi
olubalulekileyo malunga nezinto ezinokuphucula iZiphumo zempilo vakho
kunye nokukhusela ukuphinda ubuyele esibhedlels . IZziphumo ezivela kulo
phando ziva kuvumela ukuba kubekho ukulungiswa kolawulo lwezigulane

esibhedlele kunye nokulawula emyveni kokukhutshwa esibhedlels .

Ngaba kufuneka ndibe koluphando kwaye ndivumelekile ukuyeka
ukuthatha inxaxheba nanini na?
Ukuthatha inxaxheba kwakho kolu phando kukuzithandela ngokupheleleyo.

Unokukhetha ukuba ungathathi nxaxheba konke- konke. Ukuba uthatha
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isiggibo sokuthatha inkaxheba kolu phando, unokuyeka ukuthatha inxkaxheba
manini na. Ukuba uthatha isiggibo sokuba ungathathi nxaxheba kwesi sifundo
okanye ukuba ungamle ukuthatha inxaxheba nangaliphi na ixesha, awuyi
kuhlawulwa okanye ulahlekelwe nayiphi na inzuzo apho ufanelekile

uyifumane.

Kuthekani ukuba ndinemibuzo?

Olu phando  lughutywa nguinumzana Blake Boggenposl kwiYunivesithi
yeltshona Koloni UkobaUnemibuzo - malunga nophando  olu, nceda
ughagamshelane nam: ku; 0219592343 okanye isell 0825829373, imevyile
bboggenpoel@uwe.acza . Ukuba ngaba unayo naviphi na imibuzo malunga
nesi sifundo kunye namalungelo akho njiengomthathi-nzaxzheba okanye ukuba
ungwenela ukubika nayiphi na_ingxaki ove wahlangabezana nayo malunga

nophando, nceda ghagamshelana:

Dr Mondwe Mlenzana

Head of Department: Physiotherapy
University of the Westem Cape
Frivate Bag x17

Bellville 7535

nmMlenZ anaiisc ac za
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Prof Anthea Rhoda

Dean ofthe Faculty of Community and Health Sciences
University of the Westem Cape

Frivate Bag x17

Bellville 7535

chs-deansoffice@uwc acza

I I I I 0
P o I Sy WP e A
Robert Sobukwe Road KNI

BMREC

Eellvillz

Cape Town

K : |
E v |

UNIVERSITY of the
WESTERN CAPE

g;grc_l’j'—.e,thics@uwo_ao_za

7535

Tel: +27219592985
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Appendix 10 ISCoS basic data set, Core Form

INTERNATIONAL SPINAL CORD INJURY DATA SET
CORE DATA SET COLLECTION FORM

Dates (YYYYMMDD)

Birth date I S SR

Injury date I S S

Acute Admission I S SR

Final Inpatient Discharge I . R

Total Days Hospitalized -

Gender

Injury Etiology Vertebral Injury . Associated Injury
Spinal Surgery Ventilatory Assistance=== Place of Discharge __

Neurological Data

Acute Admission Final Inpatient Discharge
Date of Exam Date of Exam
I S S —_—
Sensory level Sensory, level
Left Right Teft Right
Motor level Motor level
Left Right Left Right
ASTA Impairment Scale ASTA Impairment Scale
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Appendix 11 American Spinal Cord Injury Association Impairment Scale (ASIA)

Patient Name

Examiner Name Date/Time of Exam

MAQ'&A STANDARD NEUROLOGICAL CLAssIFICATION ISC &
| ' OF SPINAL CORD INJURY

MOTOR SENSORY
KEY MUSCLES KEY SENSORY POINTS
R L (scoring on reverse side) LIGHT PIN
TOUCH PRICK
Cc5 Elbow flexors " L R L 0 = absent
c6 Wrist extensors 1 = impaired
Cc7 E{bow extensors gg ﬁ.l:_ g‘l’_"gt’fés tabla
Cc8 Finger flexors (distal phalanx of middle finger)
T1 Finger abductors (ittle finger) g;
UPPER LIMB
TOTAL +1= "1 g?
(MAXIMUM) (25) (25) (50)
C8 fﬁ
Ti
Comments: T2 ‘Dﬂ
T3 &
T4 A
£ gy
T6
T7
T8
T9
T10
T11
T12
L't
L2
L2 Hip flexors L3
L3 Knee extensors L4
L4 Ankle dorsiflexors L5
L5 Long toe extensors S1
S1 Ankle plantar flexors S2
Voluntary anal contraction | gﬁ_ 5
(Yes/No) l :] Any anal sensation (Yes/No)
[J<1- [ PIN PRICK SCORE (max: 112)
LOWEREME ]+ 1= TOTALS{ |:|+|£|—> =[_] LIGHT TOUCH SCORE  (max: 112)
(MAXIMUM) (25) (25) (50) (MAXIMUM) (56) (56) (56) (56)
NEUROLOGICAL R L COMPLETE OR INCOMPLETE? :l ZONE OF PARTIAL R L a1 s1
LEVEL SENsORY[ [ Incomplete = Any sensory or motor function in S4-S5 PRESERVATION sensory [ [
Tt vt Tomeron ™ MOTOR 11 ASIA IMPAIRMENT SCALE —1 o liricd MOTOR [
This form may be copied freely but should not be altered without p ission from the A it Spinal Injury Association.
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Appendix 12 Spinal Cord Injury Secondary Conditions Scale (SCI-SCS)

Health Problem

Description

Rating

Pressure sore(s)

Injury caused by loss of sensation

Muscle spasms (spasticity)

Contractures

Heterotopic bone ossification

These develop as a skin rash or redness and progress to an
infected sore. Also called skin ulcers, bedsores, and decubitus
ulcers.

Injury may occur because of a lack of sensation, such as
burns from carrying hot liquids in the lap or sitting too close
to a heater or fire.

Spasticity refers to uncontrolled, jerky muscle movements,
such as uncontrolled muscle twitch or spasm. Often
spasticity increases with infection or some kind of restriction,
like a tight shoe or belt.

A contracture is a limitation in range of motion caused by a
shortening of the soft tissue around a joint, such as an elbow
or hip. This occurs when a joint cannot move frequently
enough through its range of motion. Pain often accompanies
this problem.

This is an overgrowth of bone, often occurring after a
fracture. Early signs include a loss of range of motion, local
swelling and warmth at the area to the touch. This condition

Diabetes mellitus

Bladder dysfunction

Bowel dysfunction

Urinary tract infections

Sexual dysfunction

Autonomic dysreflexia

Postural hypotension

Circulatory problems
Respiratory problems

Chronic pain

Joint and muscle pain

must be diagnosed by a physician.

Diabetes is a problem resulting from irregularities in blood
sugar levels. Symptoms include frequent urination and
excessive thirst. This condition is diagnosed by a physician.
Incontinence, bladder or kidney stones, kidney problems,
urine leakage and urine back up are all symptoms of bladder
dysfunction. NOTE: There is a separate item for urinary tract
infections.

Diarrhea,. constipation, . aCtidents“and associated problems
ageSigns* cf bewel dysfunction.”

This, ul(,ludes xnfe(,tmns such-as cystitis.and pseudomonas.
Symptoms include pain.when. umaang,, a burning sensation
throughout-the body, blood.in the.urine.and cloudy urine.
This| indudes dissatisfaction with sexual functioning. Causes
for dissatisfactlon idan be decreasad sensation, changes in
body| image, diffictlty in movement, and problems with
bowlel jor blagider, like infections.

Aut@nm‘mc d}@sreﬂexia, sometimes called hyperreflexia, results
from—intererence in—the _body’s temperature regulating
systerns—Symptoms—of—dysreflexia—include—sudden rises in
blood pressure and sweating, skin blotches, goose bumps,
popil Hilation and’ Headachie. [t'dan alsé eécug as the bndys
response to pain where ‘an-individual ‘doesn’t experience
sensation,

This infolves alstrongl senBation of lighthéadedness following
a change in position. It is caused by a sudden drop in blood
pressure.

Circulatory problems involve the swelling of veins, feet or the
occurrence of blood clots.

Symptoms of respiratory infections or problems include
difficulty in breathing and increased secretions.

This is usually experienced as chronic tingling, burning or
dull aches. It may occur in an area that has little to no
feeling.

This includes pain in specific muscle groups or joints. People
who must overuse a particular muscle group, such as
shoulder muscles, or who put too much strain on their joints
are at risk of developing pain.

01

01

01

01

01

01

23

23

23

23

23

23

23

23

23

23

23

23

23

23

For the following 16 health problems, please rate how much each one affected your activities and independence in the last 3
months. If you have not experienced a secondary condition in the last 3 months or if it is an insignificant problem for you, please

cirde “0.” Use the following scale to rate each of the secondary conditions.
0 = NOT experienced in the last 3 months or is an insignificant problem.

1= MILD or INFREQUENT problem.

2 = MODERATE or OCCASIONAL problem.
3 = SIGNIFICANT or CHRONIC problem.
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Appendix 13 List of excluded articles (Rapid review)

Record number Title Reference Reason
1 Clinical Predictors of (Aarabi et al., 2012) No information
Recovery after Blunt Spinal relating to predictors
Cord Trauma: Systematic of early mortality.
Review
2 Risk factors for mortality (Cao et al., 2013) No information
after spinal cord injury in relating to predictors
the USA of early mortality.
3 Gainful employment and (Krause et al., 2012) No information
risk of mortality after spinal relating to predictors
cord injury: effects beyond of early mortality.
that of demographic, injury
and socio-economic factors
4 Is age a key determinant of | (Furlan, Bracken, et al., No information
mortality and neurological relating to predictors
outcome after acute 2010) of early mortality.
traumatic spinal cord
injury?
5 Long-term survival-after (Mutschieretal., 2016) No information
severe trauma relating to predictors
of early mortality.
6 The effect of frailty on (Banaszek et al., 2019a) | Poster presentation
outcome after traumatic
spinal cord injury
7 Sarcopenia;j independentjof | (Banaszek et al., 2019b) | Poster presentation
age, predicts mortality and
acute
care adverse events in
patients with traumatic
spinal cord injury
8 Predictors of mortality in (Rabadi et al., 2013) No information
veterans with traumatic relating to predictors
spinal cord injury of early mortality
9 Causes of death following (Osterthun et al., 2014) No information
spinal cord injury during relating to predictors
inpatient rehabilitation and of early mortality.
the first five years after
discharge.
A Dutch cohort study
10 Survival in Persons with (Barman et al., 2014) No information
Traumatic Spinal Cord relating to predictors
Injury Receiving Structured of early mortality.
Follow-Up in South India
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11

Clinical predictors of
neurological outcome,
functional status, and
survival after traumatic
spinal cord injury: a
systematic review

(Wilson, Cadotte, et al.,

2012)

Systematic review
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Appendix 14 Data extraction form

Variables according to International | Detail
Basic Core Data Set and
international acute guidelines
ISCoS - core data set

Date of birth (YYYYMMDD)

Sex (M/F)
Length (in cm’s)

Weight (in kilograms)

Date of injury (YYYYMMDD)

Any intermediate hospitalizations prior to
admittance to a level 1 trauma unit? Y/N

Name of hospital (s):

Date of admission and discharge:
(number of days)

Referral from other hospitals to GSH or
ASCI

Date of referral to GSH/ASCI

Where was the patient kept in the referring
hospital ( Resuss, High care/ICU)?

Ventilated or not? (Yes/No)

Closed cervical reduction at referring
hospital? (Yes/No)

Surgical procedure at referral hospital?
(Yes/No)

Title of operation?

Arrival with pressure ulcer? Yes/No

291
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Unique participant code:.......ccoveiniiencnne

Treatment
Time/date cervical reduction

Reduction performed by:
consultant/fellow/registrar/intern. ER Doctor

Duration of cervical reduction from start to
end-point

Maximum weight used in cervical reduction

Endpoint of cervical reduction-successful,
failed ( reason for failure- max weight used,
pin slippage, doctor uncomfortable with
further weight, patient neuro deterioration,
other)

Facet fracture present Y/N

Admission to Acute SCI Unit (GSH)? Y/N

Date of admission to acute care:

Priority score

Weanability score
Age
Radiological evidence lung pathology

Pre-existing CCF, IHD or other
cardiovascular disease

Chronic alcoholic

Severe TBI with GCS <9T or <13/15
Polytrauma

Social Stability

Permanent job or staying with family or a
partner who is permanently employed,
financially stable Yes/No

https://etd.uwc.ac.za/
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Strong support system (family, friends)
who makes a commitment to care for this
patient following rehabilitation and who
visits him regularly Yes/No

Lives in a Brick /RDP/Pre-fab house
Yes/No

Stays in a shack or a Wendy house without
easy access of an ablution facility Yes/No

Homeless/Lives on the street Yes/No

History of chronic drug addiction affecting
patients’ social
stability/circumstances Yes/No

Ventilation required: Date of onset
ventilation

Date of onset of weaning
Date of off ventilator 24/24
Needs permanent home ventilator Yes/No

Date of request for permanent home
ventilator

Date of arrival of permanenthome ventilator

Date of discharge from acute care to ASCI
ward D15

Date of referral to WCRC rehab:
Date of response from WCRC
Reason for non-acceptance from WCRC

Date of transfer to WCRC

Date of discharge from inpatient
rehabilitation?

Discharge destination?

https://etd.uwc.ac.za/
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Injury aetiology

1. Sport

2. Assault

3. Transport

4. Fall

5. Other traumatic cause
6. Non-traumatic SCI

9. Nonspecified

Vertebral injury/dislocation
0 No
1 Yes

Associated injury
0 No
1 Yes

Co-morbidities
0 No
1Yes

If yes, specify.

Spinal surgery
0 No
1 Yes

Ventilatory dependent at discharge

0 No

1 Yes, less than 24 hours per day at
discharge

2 Yes, 24 hours per day at discharge

3 Yes, unknown number of hours per day at
discharge

9 Unknown

Neurological assessment according to
international standards

Admission

Discharge

Date of assessment

Sensory

Sensory level Right
C01-C08

T01-T12

LO1-L05

S01-S05

Normal sensation

Exact sensory level (ex C35)

Sensory score admission (R)

Sensory score discharge (R)

Sensory level Left
C01-C08

T01-T12

L01-1.05

S01-805

Normal sensation
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Exact sensory level (ex C5)

Sensory score admission (L)

Sensory score discharge (L)

Total sensory score

/128

/128

Motor

Motor level Right
C01-C08
T01-T12

L01-1.05

S01-805

Normal sensation

Exact motor level (ex C3)

Motor score admission (R)

Motor score discarge (R)

Motor level Left
C01-C08
T01-T12
L01-1.05
S01-8S05
Normal sensation

Exact motor level (ex C5)

Motor score on admission (L)

Motor score at discharge (L)

Total motor score

Admission

/100

/100

ASIA Impairment Scale

A Complete injury

B Sensory incomplete injury
C Motor incomplete injury
D Motor incomplete injury
E Normal.

Secondary complications

On admission

Developed during stay

Pulmonary complications
Preumonia
Atelectasis

Pressure ulcer
Date of onset:

Location (s):
Size (Grade):

Time (date) to heal:

https://etd.uwc.ac.za/
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Treatment method used.:
Referral plastics Yes/No

Place of Plastics procedure: Eerste River,
GSH

Date of plastics procedure

Urinary tract infection

Spasticity

Autonomic dysreflexia (AD)

Deep vein thrombosis

Lung embolism

Orthostatic hypotension

Cardiovascular disease

Neuropathic pain

Other secondary medical problems

Processes of care 1yr follow up

Access to specialist services
0 No
1Yes
Who did yousee? [ |IM IV EH K5y 1.5 afdha o

Access to community-based rehabilitation
services

0 No

1 Yes

Was inpatient rehab (WCRC) received?
0 No
1 Yes

Did you receive any peer mentoring or
joined a support group?

0 No

1 Yes

Have you applied for a disability grant?
0 No
1 Yes

Have you started receiving payment already?
0 No

https://etd.uwc.ac.za/
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1 Yes

Have you been readmitted to hospital since
discharge from acute care?

0 No

1Yes

Reason for hospitalisation (s):

Outcomes at 1yr follow up

Alive at 1yr
0 No
1 Yes

If no, reason for death...........................

Secondary complications

Since discharge to lyr follow up

Pulmonary complications
Preumonia
Atelectasis

Pressure ulcer
Location (s):
Size:

Time to heal:

Treatment method used:

Urinary tract infection

Spasticity

Autonomic dysreflexia (AD)

Deep vein thrombosis

Lung embolism

Orthostatic hypotension

Cardiovascular disease

Neuropathic pain

Other secondary medical problems

Return to work
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Did you work prior to injury?
0 No
1 Yes

Other self-reported and objective
measures completed.

1. Spinal cord independence measure self-
report

2. Quality of life (tree questions for SCI) and
EQ-3D

3. Accelerometry (w/c user)
4. Self-efficacy scale (single item)

Admission | Discharge

1yr fu

Sociodemographic data

Marital status (on admission and discharge)
1. Single

2. Married

3. Living together (cohabitation)

4. Separated

5. Other

Admission

Discharge

Education level on admission
1. No formal education

2. Up to grade 7

3. Between grade 8 and 11

4. Matriculated

5. Some tertiary education

6. Tertiary diploma or degree
7.More than one tertiary degree
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Appendix 15 Editing services

De Velde Estate, 5 De Beers Avenue,

Somerset West, 7130

PROSE & CONSONANTS +27(0)21 825 9815

chantelle@proseandconsonants.co

WWW. proseandcon sochants.co

To whom it may concern

This letter serves to confirm that the thesis detailed below was edited by the
undersigned editor. It was edited for language, grammar, spelling, punctuation,
sentence construction, consistency and overall style and layout.

The editor endeavoured to ensure that the author's intended meaning was not
altered during the editing process...All-changes. were tracked using the
Microsoft Word track changes feature.

Author: Blake Boggenpoel
Title: The development of a health care decision- making model to improve

survival of persons with traumatic spinal cord injuries (t1SCI)

Sincerely,

Chantelle Hough Louw

Charteredf PrOfESSional ’
g o EDITORS" 9 Legai¥iitin

Proofreading G Id
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