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Abstract 

Obstructive sleep apnoea (OSA) is a highly prevalent complication of tetraplegia that 

worsens health and quality of life. There are effective treatments available yet access to 

OSA diagnosis and treatment is poor. The overall aim of this research was to document, 

understand and address some of the knowledge gaps and issues preventing the optimal 

management of OSA for people with tetraplegia. 

 

Four separate but related research projects have been conducted, using a variety of 

methods. The research questions were chosen because the findings will guide future 

interventions aiming to improve the clinical management of OSA in tetraplegia, with 

the ultimate goal of improving quality of life. The aims of the individual projects were:  

 

1. To develop and validate a simple method for detecting OSA in tetraplegia that 

does not require full in-laboratory sleep study. 

2. To describe CPAP use in acute tetraplegia, including adherence rates, factors 

associated with adherence, and average pressures and mask leak. 

3. To estimate CPAP adherence in people with chronic tetraplegia and OSA, and to 

understand the experience of using CPAP.  

4. To describe the variation in OSA management practices in tetraplegia, and to 

explore factors influencing clinical practice.  

 

In the first study, a highly feasible two-stage model designed to detect moderate to 

severe OSA was modified and validated for people with tetraplegia. The model, 

consisting of a four-item questionnaire followed by portable overnight oximetry, 

provides a translatable alternative to full in-laboratory sleep study for identifying 

moderate to severe OSA in people with chronic tetraplegia. As such, this screening 

model has the potential to substantially increase the detection of OSA and improve 

access to treatment. 

 

The second study involved secondary analysis of CPAP data from a multicentre trial 

investigating the effect of CPAP on neurocognitive outcomes in people with acute, 
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traumatic tetraplegia and OSA. This study found that within the trial adherence to 

CPAP was low, but similar to that observed in other specialized population groups, such 

as stroke and aged care. The study confirmed findings of previous research that people 

with tetraplegia require less pressure to treat OSA than people without disability, and 

those with more severe OSA are more likely to adhere to CPAP. 

  

Both qualitative and quantitative research methodologies were used in the third project 

to estimate rates of CPAP adherence in people with chronic tetraplegia and to 

understand the experience of the treatment. The burden of using CPAP was found to be 

substantial, and the balance between the perceived benefit and perceived burden 

appeared to strongly influence ongoing use. CPAP adherence patterns took up to six 

months to establish in people with tetraplegia; substantially longer than reported in 

people without disability.  

 

Finally, the fourth study used qualitative methods to describe variations in the clinical 

management of OSA within the spinal unit environment and to identify factors 

influencing doctors’ ability to practice in accordance with evidence-based 

recommendations. The clinical management of OSA was highly variable. Many spinal 

physicians were not routinely screening for OSA because they lacked resources and 

reminder systems. Few spinal units were independently diagnosing and treating non-

complicated OSA. Those that were tended to be well resourced, involved the 

multidisciplinary team, and had “clinical champions” to lead the program.  

 

This thesis has confirmed that people with tetraplegia are under-diagnosed and under-

treated for OSA. Several modifiable contributors have been identified, generating 

opportunities for further research aiming to improve access to OSA screening, diagnosis 

and treatment. Shifting current practice has the potential to greatly improve the quality 

of life and participation outcomes of people with OSA and tetraplegia. 
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Preface 

This thesis investigates a series of research questions concerned with understanding and 

improving the management of OSA in tetraplegia. No third party editorial assistance 

was provided in preparation of this thesis. With appropriate guidance from my 

supervisors, David Berlowitz and Sally Green, Chapters 1 and 6 are entirely my own 

work. Chapters 2, 3, 4 and 5 are presented as manuscripts, either published, in press, 

under review or prepared for submission. I performed over 50% of these original 

studies. A detailed account of the contribution of others to these four chapters is 

provided below.  

 

Chapter 2. This study was conducted in two stages. The development stage involved 

secondary analysis of data collected for a population survey investigating OSA 

prevalence.[1, 2] All analyses in the development stage were performed by me. The 

prospective validation component of the research was conducted at four international 

study sites. Under the supervision of David Berlowitz and Sally Green, I primarily 

designed the study. Additional contributors to study design were: Rachel Schembri, 

Shirin Shafazand, Najib Ayas, Mark Nash, Warren Ruehland, Ching Li Chai-Coetzer, 

Peter Rochford, Tom Churchward. Statistical consulting was provided by Rachel Sore. 

Participant recruitment and data collection at the Austin Hospital was conducted by 

myself, Carmel Nicholls, Sandra Henderson and Sarah Dahlgren-Allen. Participant 

recruitment and data collection at Stoke-Mandeville Hospital, Ayslebury UK was 

coordinated and conducted by Sue Cross under the supervision of Chinnaya 

Thiyagarajan.  Participant recruitment and data collection at GF Strong Rehabilitation 

Centre, Vancouver, Canada was coordinated and conducted by Nurit Fox under the 

supervision of Viet Vu and Najib Ayas. Data from Miami were originally collected for 

another trial (clinicaltrials.gov NCT02176928). De-identified data from Miami were 

prepared and sent electronically by Shirin Shafazand. The Miami sleep studies were 

converted from Embletta to Compumedics format with assistance from Warren 

Ruehland. All sleep studies were staged and scored by Natalie Pournaris from Bayside 

Sleep Analysis, and Rachel Schembri. I oversaw the conduct of the entire study.   
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Data collection at Stoke-Mandeville Hospital was supported by a Stoke-Mandeville 

Masson Research Award grant from the Buckinghamshire NHS Trust Charitable Trust 

Funds, UK. Data collection at the University of Miami was funded by the Department 

of Defense (Award No W81XWH-13-1-0479). ResMed donated the ApneaLink Plus 

monitors.  

 

I conducted all data analysis and interpretation and prepared the manuscript. All authors 

were given the opportunity to edit the manuscript, and all approved the final version. 

The manuscript was accepted for publication in Thorax on 16 April 2018 and first 

published online on 7 May 2018.  

 

Chapter 3. The research in this chapter involved secondary analysis of data collected 

within the ‘Continuous positive airway pressure for Obstructive Sleep Apnoea in 

Quadriplegia’ (COSAQ) trial, a multicentre multinational randomized controlled trial. 

Lauren Booker performed additional CPAP data entry and cleaning for this study. 

Graham Hepworth provided statistical advice. I conducted all analysis and interpretation 

and prepared the manuscript. Rachel Schembri, Jack Ross, Najib Ayas and Peter Cistulli 

all contributed to the study design and all named authors were provided the opportunity 

to edit the manuscript. All approved the final version. The “COSAQ investigator group” 

is included on all publications arising from COSAQ study data. All members of this 

group approved the manuscript for submission. At the time of thesis submission, this 

chapter was unpublished material not yet submitted for publication. It had been 

prepared for a peer-reviewed journal to be submitted when the primary COSAQ trial, in 

which this study is embedded and which is not a part of this thesis, had been accepted 

for publication. The COSAQ trial was accepted for publication while this thesis was 

under examination, and this chapter was submitted to a peer-reviewed journal.  

 

Chapter 4. At the time of thesis submission, this original research was in press, having 

been accepted for publication in Spinal Cord on 4 October 2018. I primarily designed 

the study. Participants were prescribed CPAP by Maree Barnes. CPAP initiation and 

support was provided by Carmel Nicholls, Sandra Henderson, Julie Tolson and 

Bronwyn Stevens. Under the supervision of David Berlowitz and Sally Green, I 

conducted all data analysis and interpretation and prepared the manuscript. All named 



vi 

authors were provided opportunity to edit the manuscript and all have approved the final 

version. ResMed donated the AirSense 10 Autoset devices. 

 

Chapter 5. This original research was submitted for publication to BMC Health 

Services Research on 8 June 2018 and was under review at the time of thesis 

submission. All of the work involved in this study, including the design, participant 

recruitment, data collection, data analysis and manuscript preparation was conducted by 

me, under the supervision of Sally Green and David Berlowitz.  

 

During the conduct of this PhD I was supported by an Australian Government National 

Health and Medical Research Council postgraduate scholarship (grant number 1114181) 

and an Australasian Spinal Cord Injury Network PhD scholarship. 
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“Sleep that knits up the ravell'd sleave of care, the death of each day's life, sore 

labour's bath, balm of hurt minds, great nature's second course, chief nourisher in life's 

feast.” ~ William Shakespeare, Hamlet. 

1 INTRODUCTION, LITERATURE REVIEW AND 
THESIS AIMS  

1.1 Overview of Chapter 1 

The overall aim of this body of work is to improve the health and quality of life of 

people with tetraplegia by investigating and translating clinical management options for 

obstructive sleep apnoea (OSA). This first chapter provides contextual information to 

position this thesis within the body of existing knowledge and to demonstrate the need 

for the research.  

 
The research presented in this thesis traverses two areas of clinical medicine (spinal 

cord injury (SCI) and OSA) and is framed by knowledge translation theory. This 

introductory chapter provides a brief background on the relevant clinical information 

about SCI and OSA separately, followed by a more detailed literature review of OSA in 

people with tetraplegia, including epidemiology, aetiology, morbidity, and diagnosis 

and treatment options. Later in the chapter, a high level overview of knowledge 

translation theory and methodology is provided, before a discussion of the current state 

of knowledge translation research aiming to improve outcomes for people with SCI.  

 
The chapter conclude with the rationale and aims of the four individual research studies 

presented in subsequent chapters, and positions each study within the context of 

knowledge translation theory.  
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1.2 Spinal Cord Injury 

 What is Spinal Cord Injury? 

SCI occurs when damage to the spinal cord results in a loss of function below the level 

of the lesion. The spinal cord element of the central nervous system connects the brain 

to the peripheral nervous system and is contained by the spinal column. The spinal cord 

extends from the brain down to the L1-2 vertebral level, with the cauda equina 

continuing to travel caudally and exiting through the sacral levels. The spinal cord has 

31 pairs of spinal nerve roots or “neurological levels” (eight cervical (C1-C8), 12 

thoracic (T1-T12), five lumbar (L1-L5), five sacral (S1-S5) and one coccygeal, each 

exiting the spinal column between the vertebrae.[3] Within each nerve root pair, the 

anterior carries the motor nerves and the posterior carries the sensory nerves. 

 
Damage to the spinal cord can be due to trauma (e.g. car accidents, assault or falls), or 

non-traumatic causes, usually involving pathology (e.g. tumour, congenital 

malformations or osteoarthritis). Such damage can be temporary or permanent. 

Depending on the level and the extent of the damage, the symptoms can involve loss of 

motor and sensory function to the limbs and trunk and loss of autonomic function. 

Generally speaking, the higher the level of the injury and the more “complete” the 

injury, the greater the impairment. Those with injuries at levels C1-T1 are classified as 

having “tetraplegia” (sometimes called “quadriplegia”) because innervation to all four 

limbs is disrupted, while those with injuries from T2 down are classified as having 

“paraplegia”. People with paraplegia have no impairment of upper limb function from 

the spinal cord. The population of interest in this thesis is traumatic tetraplegia.  

 

SCI is classified according to the International Standards for Neurological Classification 

of Spinal Cord Injury (ISNCSCI). The ISNCSCI examination involves a thorough 

motor and sensory assessment to ascertain left and right motor and sensory levels, one 

overall level, and the American Spinal Injury Association (ASIA) Impairment Scale to 

indicate injury completeness. Motor level is assessed by testing the strength of key 

muscles on both sides of the body that correspond to each myotome from C5 to T1, and 

L2 to S1. The motor level for each side of the body is determined by the most caudal 

(lowest) myotome with normal muscle strength. Similarly, right and left sensory levels 
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are obtained by testing areas of the body corresponding to the dermatomes with light 

touch and pinprick sensations. The sensory levels are determined by the most caudal 

dermatome with normal sensation. The overall neurological level is the highest of the 

left and right motor and sensory levels, in other words, the highest level with normal 

motor and sensory function.[4] See Figure 1.1 for the ISNCSCI exam sheet. 

 

 
Figure 1.1 International Standards for Neurological Classification of Spinal Cord 

Injury (ISNCSCI) Examination Sheet 

The ASIA Impairment Scale is used to describe injury completeness and is an important 

predictor of prognosis and recovery. Classifications range from A to E, with A 

indicating complete injury, and B, C, D and E indicating varying levels of incomplete 

injury. The definitions of each can be found in Table 1.1. 
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Table 1.1 ASIA Impairment Scale 

ASIA 

Impairment 

Scale 

classification 

Description Definition 

A Complete No sensory or motor function is preserved in the 

sacral segments S4-S5. 

 

B Sensory incomplete Sensory but not motor function is preserved 

below the neurological level and includes the 

sacral segments S4-S5, AND no motor function 

is preserved more than three levels below the 

motor level on either side of the body. 

 

C Motor incomplete Motor function is preserved below the 

neurological level, and more than half of key 

muscle functions below the single neurological 

level of injury have a muscle grade less than 3 

(Grades 0–2). 

 

D Motor incomplete Motor function is preserved below the 

neurological level, and at least half (half or more) 

of key muscle functions below the neurological 

level of injury have a muscle grade >3. 

 

E Normal If sensation and motor function as tested with the 

ISNCSCI are graded as normal in all segments, 

and the patient had prior deficits, then the ASIA 

Impairment Scale grade is E. Someone without a 

SCI does not receive an ASIA Impairment Scale 

grade. 
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Whilst a component of the peripheral nervous system, the autonomic nervous system 

can be affected by SCI because some sections travel to and from the brainstem via the 

spinal cord. The autonomic nervous system provides involuntary control of bodily 

functions, including (but not limited to) blood pressure, heart rate, sexual function, 

temperature control, bladder and bowel emptying, appetite and sleep. The autonomic 

nervous system is composed of two components: sympathetic nervous system and 

parasympathetic nervous system, which differ in both function and structure. The two 

systems operate as functional opposites enabling the body to maintain equilibrium. 

Balance is achieved by the autonomic nervous system adjusting the relative inputs from 

both systems. The sympathetic nervous system prepares the body for stress by 

expending energy, while the parasympathetic nervous system is responsible for 

everyday functions and conserving energy. The fibres of the sympathetic nervous 

system travel from the brainstem with the spinal cord and exit the spinal cord with the 

thoraco-lumbar nerve roots (T1 to L3). In contrast, the parasympathetic nervous system 

fibres exit the brainstem via two paths: the cranial nerves, and the sacral nerve roots (S2 

and S3). Therefore both components of the autonomic nervous system can be affected 

with cervical SCI. Following cervical SCI, outflow of the sympathetic nervous system 

and the sacral component of the parasympathetic nervous system are disrupted, while 

the cranial nerve components of the parasympathetic nervous system remain intact. 

Unopposed parasympathetic nervous system activity will upset the body’s equilibrium 

in a number of ways, primarily affecting cardiovascular, urinary, gastrointestinal, sexual 

and thermoregulatory systems.[5, 6] 

 

While the sympathetic nervous system continues to exit the spinal cord until L3, most 

fibres involved in cardiovascular and pulmonary function have left the by T6. Thus 

people with lesions below this level have intact sympathetic and parasympathetic 

control of the heart and lungs, although other organs (e.g bladder, bowel) can still be 

affected. Conversely, those with high cervical injury experience the most disruption to 

autonomic function and usually suffer from abnormal blood pressure control throughout 

their lives.[6] 
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 Secondary complications of SCI  

Because the majority of SCI occurs in young people, people typically live with their 

injury and the associated complications for several decades. Motor, sensory and 

autonomic compromise are responsible for the many secondary complications of SCI. 

Common SCI-related complications include pneumonia, pressure ulcers, urinary tract 

infections, autonomic dysreflexia, pain, and spasticity, among many others.[7] A meta-

synthesis of qualitative research investigating quality of life following SCI supports 

quantitative findings that secondary complications have a significant impact on the lives 

of people with SCI.[8] In particular, neurogenic pain, spasticity and neurogenic bladder 

and bowel problems have been strongly associated with worse quality of life. These 

secondary complications of SCI are reported to have a greater negative effect on quality 

of life than the SCI impairment itself.[9]  

 

Loss of motor, sensory and autonomic control following SCI also leads to respiratory 

system compromise, particularly for those with higher and more complete injuries. The 

ability to breathe deeply and to generate a strong, effective cough is primarily affected 

by respiratory muscle paralysis. Injuries at C5 or above can affect all respiratory 

muscles, and are more likely to need ventilatory support. Unopposed parasympathetic 

nervous system activity further compromises respiratory function by increasing 

bronchial reactivity. People with cervical SCI are particularly vulnerable to respiratory 

complications in the first year but continue to be at risk throughout their lives.[6, 10] 

 
Poor sleep is a common secondary complication of SCI. A higher prevalence of sleep 

disorders has been demonstrated in a number of population surveys of people with SCI. 

The Stockholm spinal cord study of a near-total regional SCI population found that 35% 

regularly experience sleep disturbances, and that the odds of having a sleep disturbance 

were 3.5 times higher in people with SCI than the general population.[11] A Danish 

postal survey evaluating subjective sleep disturbances in SCI found that individuals 

with SCI were more likely than the general population to have problems falling asleep, 

to wake during the night, use sleeping pills, sleep longer at night and during the day, 

and to snore.[12] Similarly, another large survey in the USA found people with SCI 

experienced greater levels of sleep disturbance, snoring, respiratory problems, poor or 
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inadequate sleep and daytime sleepiness than a normative population.[13] Although the 

causes of poor sleep in people with SCI are not clear, tendency towards obesity, 

sleeping in supine, nasal congestion, disruption of the melatonin pathway, pain, spasm, 

and medications are all thought to contribute to the increased prevalence of sleep 

disorders in this population.[14] Sleep disordered breathing, including OSA, is highly 

prevalent in SCI, with a demonstrated negative impact on quality of life.[1, 15, 16] The 

prevalence, potential aetiology and morbidity of OSA in SCI are discussed later in 

Section 1.6. 

 
The experience of sleep in people with SCI has been investigated using qualitative 

methods.[17] Poor sleep quality and quantity, including frequent disturbances, and poor 

sleep patterns were identified as major issues. Three factors contributing to poor sleep 

were documented in this study: SCI dysfunction and care, such as bladder management, 

medications, and positioning; the sleep environment, particularly for those in 

institutions such as hospitals or care homes; and pain and mental health issues. 

Importantly, participants in this study attributed occupational disengagement, daytime 

fatigue and impaired cognitive functioning to their poor sleep.[17]  

 Epidemiology of traumatic SCI 

The global incidence of traumatic SCI varies significantly by country and is estimated at 

13 to 53 new cases per million population per year.[3] The annual incidence of 

traumatic SCI in Australia is estimated at approximately 12-14 new cases per million 

population.[18] Whilst the incidence of traumatic SCI is relatively stable in Australia, 

the prevalence is thought to be increasing, which is likely to reflect both population 

increases and increasing life-expectancy of people with SCI attributable to 

improvements in health care.[19] Prevalence data is scarce worldwide, including in 

Australia. In 1997 it was estimated that there were approximately 10,000 people living 

with SCI in Australia, or 681 per million of population. Unfortunately there have been 

no recent estimates of SCI prevalence in Australia, however, statistical modeling has 

predicted that by 2021, the number of individuals living with SCI in Australia could rise 

to 12,000.[19]  
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The National Injury Surveillance Unit at Flinders University in South Australia 

produces an annual report on incident cases of SCI in Australia using data from the 

Australian Spinal Cord Injury Register. The most recent report published in 2018 shows 

that 80% of traumatic SCI injuries are in males, and traumatic SCI is most likely to 

occur in young adults (aged 15-24) and those between 65 and 74 years old. Almost half 

of SCI is caused by transport-related accidents, with falls accounting for over a third of 

injuries. Tetraplegic injuries account for approximately half of incident cases and a third 

of the tetraplegic injuries are complete (ASIA Impairment Scale A).[18] These 

Australian data are broadly consistent with international estimates.[3] 

 
Although the incidence is relatively low, the lifetime care costs are enormous and 

estimated in Australia to be $9.5 million per person with tetraplegia and $5 million per 

person with paraplegia. The majority of these costs are attributable to long-term care, 

loss of productivity, aids and modifications, and healthcare.[20] 

 
Fortunately SCI is a rare condition, however for the afflicted individual it has a life-

altering impact and can have permanent effects on almost every system of the body.  

Improvements in the management of SCI in high-income countries have resulted in a 

steady increase in life expectancy, mostly due to increased survival in the first two 

years.[21-23] Despite this, people with SCI still die younger than people without SCI, 

with life expectancy most reduced in those with higher injuries and greater 

impairment.[24] Mortality in people with SCI in Australia is most commonly from 

pneumonia and influenza, diseases of the urinary system and suicide.[24] 

1.3 Sleep Disordered Breathing 

Whilst the focus of this thesis is OSA, other forms of sleep-disordered breathing are 

also commonly reported in people with tetraplegia. As discussed later in this chapter 

and throughout the thesis, the literature on the prevalence of these different types of 

respiratory sleep disorders in people with tetraplegia is conflicting and at times 

contentious. A basic understanding of the different types of respiratory sleep disorders, 

including mechanisms, measurement and management, is therefore provided below.  
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 What is Sleep Disordered Breathing? 

Sleep disordered breathing is an umbrella term representing a group of sleep disorders 

involving the respiratory system. According to the International Classification of Sleep 

Disorders, sleep disordered breathing consists of three main categories of disorders: 

OSA, central sleep apnoea disorders, and sleep-related hypoventilation disorders. All of 

these are known to affect people with SCI. Sleep disordered breathing is characterized 

by repetitive periods of total cessation in airflow (i.e. apnoeas) or reductions in airflow 

(i.e., hypopnoeas) that occur during sleep. These events are typically associated with a 

reduction in oxygen saturation and an arousal from sleep.[25] 

 
The pathophysiological mechanisms underpinning the breathing disruption define the 

different groups of disorders. OSA is characterised by complete or partial obstruction of 

the upper airway resulting in complete or reduced airflow. In contrast, central sleep 

apnoea is primarily a result of reduced respiratory drive mediated by the brain. Whilst 

the reduction in airflow is essentially the same, it is the absence of respiratory effort at 

the time of reduced airflow that distinguishes central sleep apnoea from OSA. In reality 

there is much overlap between the two disorders with few patients experiencing purely 

“central” or “obstructive” events. Additionally, obstructive and central apnoeas can, and 

frequently do, overlap within the same event. This is reported as a “mixed” apnoea, 

when an apnoea begins with loss of central drive to breathe and then continues with 

increasing effort against an obstructed airway.[25] 

 
The other common group of disorders of breathing and sleep are sleep-related 

hypoventilation disorders which are characterized by abnormal ventilation and gas 

exchange during sleep. Ventilation naturally decreases during sleep in response to 

decreased metabolic activity, however certain pathologies can result in hypoventilation, 

defined as an excessive reduction in ventilation. These abnormalities result in increased 

blood carbon dioxide levels (hypercapnia) and associated low blood oxygen 

concentrations (hypoxemia). Common causes of hypoventilation include obesity, 

medications and substance use, and neuromuscular diseases (e.g. motor neurone disease 

and SCI) whereby respiratory muscle weakness impairs gas exchange during sleep.[25] 

http://sleepdisorders.sleepfoundation.org/glossary/a#apnea
http://sleepdisorders.sleepfoundation.org/glossary/h#hypoxemia
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 Measurement and diagnosis of sleep disordered breathing 

Sleep disordered breathing is usually assessed with a combination of clinical 

presentation and an objective sleep study. Sleep studies can be divided into four 

categories, from Level I to Level IV, depending on the number and type of channels. 

They can be supervised or unattended, and their duration can be full night, split night 

(diagnostic followed by treatment) or restricted.[26] 

 
The “gold-standard” sleep study is a Level I, overnight, attended polysomnography 

(PSG). Level I studies involve an overnight stay in a sleep laboratory where the 

individual is connected to a multichannel device, which takes a comprehensive 

recording of the biophysiological changes that occur during sleep. It is a highly 

specialised test, which requires a sleep scientist and sleep physician for analysis and 

reporting. Level I studies are often accompanied by arterial blood gas analysis and/or 

transcutaneous monitoring of CO2 pressure for detection of hypoventilation. 

 
The signals required for a Level I PSG include: 

• Two electroencephalograms to record brain waves, required for analysis of sleep 

and its stages. 

• Electromyogram to record muscle activity (e.g masseter muscle), required for 

detection of Rapid Eye Movement (REM) sleep. 

• Bilateral electrooculogram to record eye movements in sleep, required for 

detection of REM sleep. 

• Airflow sensor (nasal pressure and oronasal thermistor) 

• Respiratory effort sensors. These are bands around the thorax and abdomen to 

detect movement of the chest wall and abdomen. 

• Pulse oximeter, to detect oxygen saturation and pulse. 

• Electrocardiograph to detect heart rate and rhythm. 

• Body position sensor, which detects whether the patient is lying on their back, 

front, right or left side. 

• Leg movement sensors, usually electromyogram of tibialis anterior to detect 

periodic leg movements during sleep. 

• Snoring sensor, usually by microphone.[25-27] 
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By contrast, Level II sleep studies are conducted with a portable PSG device and are 

“unattended” by staff, enabling them to be performed at home rather than in a sleep 

laboratory. Level II studies can be performed in a number of ways: the patient attends 

the laboratory to be “set-up” and is sent home to sleep; a technician travels to the 

patient’s house to “set-up” the study and then leaves; or the patient is mailed the kit 

with instructions to “set-up” at home without technician assistance. Level II studies 

must still include electroencephalograms, electrooculogram, electromyogram, 

electrocardiograph, oxygen saturation, airflow and respiratory effort recordings. As a 

result the same sleep and respiratory indices can be calculated. Evaluation of Level II 

studies has demonstrated good agreement with Level I studies, and Level II studies have 

been endorsed by the Australasian Sleep Association as a diagnostic technique for sleep 

disordered breathing. However due to the practical issues and a higher failure rate, they 

are not commonly used in clinical practice.[26] However the use of home-based sleep 

studies is likely to increase in Australia, which has recently authorised billing for Level 

II studies when an approved questionnaire indicates high probability of moderate to 

severe OSA.[28] 

 
The data from a Level I or II study are collated and displayed on a computer screen in a 

“montage”. A typical montage showing five minutes of recording is presented in Figure 

1.2. These data are “staged and scored”, either manually by a sleep scientist or 

automatically using software, to generate sleep and respiratory indices. The staging 

process involves categorising sleep in 30 second “epochs” into the following stages: 

wakefuleness, non-rapid eye movement (NREM) stage 1, NREM stage 2, NREM stage 

3, and REM. Following this, the respiratory events are marked, or “scored”, according 

to rules devised by the American Academy of Sleep Medicine (AASM). As previously 

mentioned, respiratory events can be apnoeas (cessation in breathing for a defined 

period of time) or hypopnoeas (reduction in breathing). Both apnoeas and hypopnoeas 

can be classified as obstructive, central or mixed in nature. The scoring rules for 

respiratory events have undergone several iterations and different sleep laboratories 

employ different rules. Table 1.2 summarises the AASM respiratory event rules.[27, 29, 

30] Following the staging and scoring process, various indices required for the 

diagnosis of sleep-disordered breathing are calculated.  
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Figure 1.2 A typical PSG montage, showing 30 seconds of electroencephalogram 

recording and five minutes of respiratory data recording. 
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Table 1.2 Overview of the American Academy of Sleep Medicine (AASM) 

respiratory event rule differences  

 Chicago AASM 2007 AASM 2007 AASM 2012 

Hypopnoea 

 

Clear decrease in 
breathing of  >50% 

OR 

a lesser reduction in 
breathing associated 
with a >3% 
desaturation or 
arousal 

(alternative 
definition) 

≥50% airflow 
reduction 

AND 

a ≥3% desaturation 
or arousal 

(recommended 
definition) 

> 30% airflow 
reduction  

AND 

a >= 4% 
desaturation 

 

> 30% airflow 
reduction  

AND  

a ≥3% 
desaturation or 
arousal 

Obstructive 
apnoea 

 

Complete cessation 
in breathing 

≥90% reduction in 
airflow, with 
continued 
inspiratory effort 

≥90% reduction in 
airflow, with 
continued 
inspiratory effort 

≥90% 
reduction in 
airflow, with 
continued 
inspiratory 
effort 

Central 
apnoea 

 

Absence of 
breathing and 
respiratory effort 

≥90% reduction in 
airflow and 
inspiratory effort 

≥90% reduction in 
airflow and 
inspiratory effort 

≥90% 
reduction in 
airflow and 
inspiratory 
effort 

Mixed 
apnoea 

Absence of 
breathing and an 
initial absence of 
respiratory effort, 
followed by 
gradually increasing 
effort 

≥90% reduction in 
airflow and 
inspiratory effort, 
with a resumption 
of inspiratory effort 
in the second 
portion of the event 

≥90% reduction in 
airflow and 
inspiratory effort, 
with a resumption 
of inspiratory effort 
in the second 
portion of the event 

≥90% 
reduction in 
airflow and 
inspiratory 
effort, with a 
resumption of 
inspiratory 
effort in the 
second portion 
of the event 

RERA 
(respiratory 
event related 
arousal) 

Increased 
respiratory effort, 
leading to an 
arousal from sleep 

Increased 
respiratory effort or 
flattening of airflow 
leading to an 
arousal 

  

Event 
duration 

≥ 10 seconds ≥ 10 seconds with 
the event meeting 
criteria for at least 
90% of the duration 
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Level III and IV sleep studies record fewer signals and are frequently referred to as 

“limited channel studies”. The data analysis is commonly automated. These studies 

typically do not measure electroencephalogram, rendering sleep staging impossible. 

Level III studies record at least four signals of which three should be oximetry, airflow 

and respiratory effort. By comparison Level IV studies include only one or two signals; 

usually oximetry and/or airflow. Oximetry has been suggested as the single most 

important signal for the diagnosis of sleep disordered breathing and is discussed in more 

detail in Chapter 2.[26]  

1.4 Obstructive Sleep Apnoea 

Most of our knowledge about OSA comes from research in non-disabled populations. A 

high-level summary of what is known about OSA from these populations is included 

here as this information can inform research in other specialised populations, such as 

SCI. An understanding of the similarities and differences between the epidemiology and 

aetiology of OSA in non-disabled and tetraplegic populations is necessary for the design 

and interpretation of the research presented in this thesis.  

 Prevalence, risk factors and symptoms of OSA 

OSA is the most prevalent form of sleep-disordered breathing. Population estimates in 

the non-disabled suggest that the prevalence of OSA is 10-17% in men, 3-9% in women 

and has substantially increased over the last two decades.[31] A more recent survey of 

people over the age of 40 has found OSA is prevalent in up to 50% of men and 23% of 

women in this older age group.[32] A meta-analysis published in 2017 estimated OSA 

prevalence to range between 9 and 38%, higher in men and increasing with age.[33] 

The well-established risk factors include obesity, central body fat distribution, large 

neck circumference, increasing age and craniofacial and upper airway abnormalities. 

Being male and obese is a major risk factor for OSA. Other suspected risk factors for 

OSA include genetics, smoking, menopause, alcohol use and nasal congestion.[34, 35] 

Common symptoms of OSA in adults include snoring, daytime sleepiness, witnessed 

apnoeas and/or waking up with a choking sensation.[35]  
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 Pathophysiology of OSA 

Several underlying physiological mechanisms have been suggested to cause OSA. 

These factors vary substantially among individuals whose disease may predominantly 

arise from one predisposing factor or a combination. In 2014, Jordan et al[35] 

summarised several key pathophysiological factors associated with OSA. Upper airway 

anatomy, causing a reduction in the size of the pharyngeal airway lumen, is one such 

factor, often caused by increased body fat or craniofacial anatomy. During sleep, upper 

airway dilator muscle activity naturally reduces, predisposing a narrower airway to 

collapse. Instability of the respiratory control system during sleep, characterised by 

large shifts in respiratory output, can also lead to a reduction in upper airway dilator 

muscle activity, higher airway resistance and consequent upper airway collapse. This is 

often referred to as “high loop gain”.[35, 36] 

 
Another important variable is waking prematurely to airway narrowing, or having a 

“low respiratory arousal threshold”. This can upset the stability of the respiratory 

system by causing disruptions to gas exchange and respiratory drive, leading to further 

abnormal respiratory events. Low lung volumes may also contribute to OSA. Lower 

lung volumes are associated with a smaller and more collapsible upper airway and a less 

stable respiratory control system, all of which are known to contribute to OSA. Finally, 

dysfunctional upper airway dilator muscles during sleep have also been attributed to 

OSA pathogenesis. Poor responsiveness of these muscles to airway collapse can be the 

result of fatigue, neural injury or myopathy.[35, 36]  

 
In reality, a combination of these pathophysiological causes occurs in most individuals 

with OSA. In 2013 Eckert and colleagues quantified the relative contribution of each of 

these causes in a large sample of people with OSA, compared to those without OSA. 

They found that the causes varied significantly among patients, and have proposed three 

phenotypes for characterising individuals based on the presence or absence of these 

traits.[36]  

1. Patients with a highly collapsible airway and severe OSA, as defined by a high 

passive critical closing pressure. Approximately 23% of patients belong to this 

category.  
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2. Patients with a moderately collapsible upper airway with a range of OSA 

severities. Approximately 58% of patients belong to this category.  

3. Patients with some vulnerability to upper airway collapse and milder OSA, but 

one or more non-anatomical causes of OSA (e.g poor muscle responsiveness, 

waking up prematurely and/or having an oversensitive ventilatory control 

system). Approximately 19% of patients belong to this category.  

The authors of this scale reason that understanding the different phenotypic causes of 

OSA will help direct new treatments. However more research is needed to determine 

whether these categories are both valid and useful for prescribing targeted therapy.[36]  

 Morbidity of OSA 

Economic modelling has estimated that people with untreated OSA have a two-fold 

increase in healthcare costs compared to controls.[37] Daytime sleepiness is considered 

a direct consequence of OSA, and is likely to contribute to the higher risk of someone 

with OSA having a motor vehicle accident.[38] While causality has not been 

established, OSA is independently associated with disorders of mood and 

neuropsychological function. A meta-review of several systematic reviews and meta-

analyses assessing the effects of OSA on cognition concluded that OSA is associated 

with deficits in memory, attention, executive function and visuospatial abilities.[39] 

People with OSA also have a significantly higher risk of depression than those 

without.[25] 

 
Several studies have established that OSA contributes to hypertension.[34] However the 

link remains controversial with other research showing that the association is weak 

when covariates are accounted for.[35] Whilst any causal association is unproven, OSA 

is commonly pre-morbid with a number of other chronic diseases, including diabetes, 

stroke, myocardial infarction and congestive heart failure.[35] A meta-analysis 

investigating the relationship between OSA and cardiovascular disease concluded that 

the positive relationship exists for moderate to severe OSA but not mild.[40] Whether 

or not treatment of OSA can alleviate and prevent some of these associated conditions is 

yet to be fully established. 
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1.5 OSA management in non-disabled 

 Diagnosis of OSA 

As discussed in Section 1.3.2 above, Level I PSG is considered the “gold-standard” 

diagnostic test for OSA. A staged and scored Level I or II PSG will produce a metric 

known as the Apnoea Hypopnoea Index (AHI). This is the number of apnoeas and 

hypopnoeas per hour of sleep. Different thresholds for the AHI are used to diagnose 

OSA and its severity. The AASM has defined mild OSA as an AHI of between 5 and 

15, moderate OSA as an AHI of between 15 and 30 and severe OSA as an AHI of 

greater than 30, but only when respiratory events are scored according to the 1999 

AASM “Chicago” rules.[29] Unfortunately these diagnostic thresholds have not been 

updated to reflect more recent changes in the AASM scoring criteria (Table 1.2). The 

newer rules alter the AHI substantially and have major implications for the diagnosis of 

OSA in non-disabled populations[41, 42] and in SCI.[16] This issue is discussed in 

further detail in Chapter 2.  

 
There have been many attempts at finding alternative methods for detecting and 

predicting OSA in people without disability. The most commonly used and well known 

tools include the Berlin questionnaire, STOP questionnaire, STOP-Bang questionnaire, 

Multivariate Apnea Prediction Index, American Society of Anesthesiologists checklist, 

Wisconsin questionnaire, and the Sleep Disorders questionnaire.[43, 44] Overnight 

oximetry (Level IV studies) and partial channel/partial time devices (Level III studies) 

have also been studied as cheaper and more accessible alternatives to full PSG.  

 

Several systematic reviews and meta-analyses have attempted to compare and rate these 

alternative screening methods.[43-45] Heterogeneity in study designs has limited the 

ability of these reviews to compare model performance and to make strong 

recommendations. In general, questionnaires and clinical prediction models were found 

to predict severe OSA with a high degree of accuracy but miss a significant proportion 

of those with mild disease. Clinical prediction models typically include algorithms 

based on multivariate analysis of risk factors, and usually contain a combination of 

demographic variables, symptoms and clinical test results such as respiratory, 

morphometric or cephalometric measures. One review found clinical prediction models 
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performed better than questionnaires[44], and another concluded that partial 

channel/partial time studies were the most accurate alternatives to full PSG. [45] The 

application of some of these alternative methods are discussed later in Section 1.5.3.  

 Treatment for OSA 

Applying positive airway pressure (PAP) via a mask to stabilise the upper airway is the 

primary respiratory treatment for sleep-disordered breathing, including OSA, central 

sleep apnoea, and sleep-related hypoventilation. Continuous Positive Airway Pressure 

(CPAP) and bi-level PAP are the most widely known and prescribed forms of PAP.  

 
CPAP remains the first-line treatment for OSA. CPAP maintains a continuous PAP 

throughout inspiration and expiration with most CPAP devices providing pressure 

settings between 4 and 20 cmH2O. The goal of CPAP is to splint open the upper airway 

with pressurised air during sleep to prevent its collapse. Typically patients attend a sleep 

laboratory for initiation of CPAP. Manual pressure titration is performed overnight to 

determine the optimal level that abolishes hypopnoeas and apnoeas. Alternatively auto-

adjusting CPAP (APAP) devices can be used to determine CPAP requirements. APAP 

devices detect respiratory events and adjust the pressure automatically to maintain and 

optimise respiratory flow patterns, whilst still maintaining the same pressure throughout 

the respiratory cycle.[46] Fixed CPAP prescription can be based on the 90th percentile 

pressures provided from up to one week of APAP.[47] 

 
CPAP has been shown to improve daytime sleepiness, measures of sleep quality, health 

related quality of life, and mood in people without disability.[48-50] Systematic reviews 

demonstrate clinically significant improvements in blood pressure, endothelial function 

and insulin sensitivity from CPAP.[51-53] However until recently no studies had 

investigated whether treating OSA could prevent major cardiovascular events. The 

SAVE (Sleep Apnea Cardiovascular Endpoints) study was a large randomised 

controlled trial of CPAP for people with OSA and cardiovascular disease, which found 

that treating OSA with CPAP in an at-risk population did not prevent cardiovascular 

events.[49]  
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There have been several studies investigating the effect of CPAP on neuropsychological 

function, with frequently conflicting and inconclusive findings. The conflicting findings 

may reflect heterogeneity in both the populations studied (i.e. different severities of 

OSA), and the outcome measures employed. [54] A meta-review of neurocognitive 

function in OSA concluded that CPAP appears to improve executive function, memory, 

attention and global cognitive function.[39] Greater improvements in measures of 

daytime sleepiness, depression, anxiety and quality of life were seen in the group 

receiving CPAP in the SAVE trial, who also took significantly fewer days off work 

because of poor health.[49] Improvements in these secondary outcomes suggest that 

societal participation also improved, although this was not directly measured.  

 

A significant limitation of CPAP effectiveness is poor adherence and acceptance of the 

therapy. When adherence is defined as greater than four hours per night, rates of 30-

60% are reported in the non-disabled with OSA.[55] The CPAP literature is ambiguous 

on what constitutes “adherence”, at least partly because the amount of CPAP resulting 

in optimal outcomes has not yet been established. Several studies have observed a dose-

response relationship for improvements in sleepiness and cognitive function, suggesting 

that any CPAP use is better than none. At least four hours seems to be required for 

normalization of daytime sleepiness, quality of life and neurocognitive function, and 

average doses of six hours a night and higher are associated with better clinical 

outcomes.[56-59] Achieving a minimum of four hours per night is considered by 

experts to be “adherent” to the therapy.[60] 

 

Factors associated with poor CPAP use in the non-disabled include lower OSA severity, 

less subjective sleepiness, increased nasal resistance, psychological problems, mask 

discomfort and side-effects, poor self-efficacy with CPAP use, worse coping skills, and 

lack of spousal support.[57] In reality, optimal adherence is difficult to achieve in the 

real world. A systematic review of CPAP adherence over a 20 year period, including a 

total of 66 randomised controlled trials with recorded CPAP usage, reported that non-

adherence was 34% overall. Furthermore there was no significant improvement in 

adherence over the 20 year period.[61] However this study estimated non-adherence by 

calculating the mean CPAP use across all studies (4.6 hours), subtracting this from 

“optimum use”, defined by the authors as seven hours, and converting to a percentage. 
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In reality, an average of seven hours a night is difficult to achieve. Nonetheless, the 

finding that CPAP adherence had not improved over 20 years despite significant 

research investment is an interesting one.  

  

Bi-level PAP can also be used to treat OSA, although it is more commonly used to 

provide respiratory support to treat hypoventilation disorders. Bi-level PAP provides a 

higher pressure during inspiration and lower pressure during expiration, which may be 

more comfortable for the individual.[46] Bi-level PAP is often trialled clinically after 

the patient has failed to tolerate CPAP, however clinical trials investigating this method 

have reported mixed results.[62] A Cochrane review found no difference in adherence 

between bi-level and CPAP devices and recommended further research into whether bi-

level PAP is a viable alternative for those who are unable to tolerate CPAP.[63] 

 

Mandibular advancement splints are often prescribed as an alternative to CPAP or as a 

first-line treatment for mild OSA. These mouth guard-like devices pull the lower jaw 

forwards to open up the upper airway and generate tension in the soft tissues and 

muscles of the upper airway, thereby making it less likely to collapse during sleep. 

Similar improvements to sleepiness, neurocognitive performance and functional 

outcomes have been observed with a mandibular advancement splint compared to 

CPAP, although they do not reduce the AHI to the same degree.[25] 

 

While CPAP and mandibular advancement splints are the most common OSA 

treatments, several alternative treatments are also available. Positional therapy may be 

effective for patients whose respiratory events are predominantly supine. In these cases 

devices can be worn at night to prevent the person from sleeping on their back, which 

can lead to improvements in AHI. Weight loss and bariatric surgery has also been found 

to alleviate OSA severity in obese patients. Surgery on the upper airway (e.g. 

tonsillectomy, nasal septoplasty) may be effective for patients whose upper airway 

anatomy has been assessed as contributing to OSA and is suitable for the procedure.[25]  

 

In 2009 the Adult OSA taskforce of the AASM released clinical guidelines for the 

overall management of OSA in adults. These recommendations include the routine 

screening for OSA followed by comprehensive sleep evaluation for those with 
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suspected OSA. According to these guidelines, those diagnosed with OSA should be 

actively involved in selecting a treatment regime that may include CPAP, mandibular 

advancement splint, behavioural treatments, surgery, and/or adjunctive therapies.[64] 

Similarly, in 2013 the American College of Physicians released clinical practice 

guidelines for the management of OSA in adults[48] with the following three 

recommendations: 

Recommendation 1: American College of Physicians recommends that all 

overweight and obese patients diagnosed with OSA should be encouraged to 

lose weight. (Grade: strong recommendation; low-quality evidence) 

Recommendation 2: American College of Physicians recommends continuous 

positive airway pressure treatment as initial therapy for patients diagnosed with 

OSA. (Grade: strong recommendation; moderate-quality evidence)  

Recommendation 3: American College of Physicians recommends mandibular 

advancement devices as an alternative therapy to continuous positive airway 

pressure treatment for patients diagnosed with OSA who prefer mandibular 

advancement devices or for those with adverse effects associated with 

continuous positive airway pressure treatment. (Grade: weak recommendation; 

low-quality evidence)  

 Alternative OSA management models  

In most countries in the Organisation for Economic Cooperation and Development 

(OECD), the diagnosis of OSA involves referral of patients suspected to have OSA to 

specialist physicians at sleep centres for diagnostic PSG. While PSG is the gold-

standard, definitive test for OSA, it is largely considered to be a cumbersome, labour 

intensive and expensive procedure.[35, 65] In 2010, the fee for a full PSG in Australia 

was US$580, costing Medicare Australia over US$48 million in just one year of 

claims.[66] The requirement for in-laboratory attendance creates a barrier for patients. 

Furthermore, lack of trained sleep specialists relative to the high prevalence of OSA 

have led to prolonged waiting times for sleep services.[65] In 2004 the mean wait time 

from referral to CPAP provision was estimated to be 14 months in the UK, 24 months 

in Canada and 7-8 months in Australia.[67] Up to 93% of women and 82% of men with 

moderate to severe OSA have been estimated as undiagnosed.[68] While it is likely that 
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the delay to sleep services and OSA diagnosis rates have improved since these studies 

were published, more recent estimates have unfortunately not been produced.  

 
As a result of these issues, several alternative models have been suggested and 

investigated to hasten diagnosis, improve access to treatment and reduce costs. These 

include home-based diagnostic models that do not require overnight laboratory testing 

(i.e. Level II to IV sleep studies). In 2007 a task force of the AASM published clinical 

guidelines for the use of unattended portable monitors for the diagnosis of OSA.[69] 

This was the first document supporting the use of portable monitoring for diagnosis of 

OSA and for prescribing therapy. All reviews published prior to this document 

dismissed the use of portable monitoring due to insufficient evidence. The 2007 

guidelines recommended portable monitoring as an alternative to PSG for patients with 

high pre-test probability of moderate to severe OSA, and in those without significant 

comorbid medical conditions. According to these guidelines, the portable monitoring 

equipment must record airflow, effort and oximetry at a minimum. The paper also 

recommended portable monitoring is performed under the auspices of an AASM 

accredited sleep medicine program, conducted by experienced sleep technician, and the 

data reviewed by a specialist sleep physician.  

 
Alternative treatment initiation practices have also been investigated. Increasingly 

APAP devices are being used at home (unattended) to determine the ongoing pressure 

requirements, eliminating the need for in-laboratory titration of CPAP. 

Recommendations for the use of APAP to treat OSA were also published in 2007 by the 

AASM.[70] This report included two practice parameters regarding unattended APAP: 

• “certain APAP devices may be initiated and used in the self-adjusting mode for 

unattended treatment of patients with moderate to severe OSA without 

significant comorbidities (CHF, COPD, central sleep apnoea syndromes, or 

hypoventilation syndromes).” 

• “certain APAP devices may be used in an unattended way to determine a fixed 

CPAP treatment pressure for patients with moderate to severe OSA without 

significant comorbidities (congestive cardiac failure, chronic obstructive 

pulmonary disease, central sleep apnoea syndromes, or hypoventilation 

syndromes).” 
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Also in 2007, an international workshop was held in Virginia USA to determine 

research priorities for incorporating ambulatory models of managing OSA into 

healthcare systems. Eight recommendations were made, with participants identifying 

the most important priority as “conducting adequately powered, high quality research 

studies to generate the evidence needed to incorporate ambulatory management into 

current practice.”[71] 

 

In 2009 the Adult OSA taskforce of the AASM released updated clinical guidelines for 

the overall management of OSA in adults.[64] These recommendations include routine 

screening of symptoms of OSA followed by comprehensive sleep evaluation for those 

with suspected disease. The recommendations were similar to those published two years 

earlier.[69] Regarding the use of unattended auto-titrating CPAP for OSA, the 2009 

guidelines similarly deferred to previously published practice recommendations.[70]  

 

Since 2007 there have been many clinical research studies comparing portable, 

ambulatory models of OSA diagnosis and management to the traditional in-laboratory 

specialist model.[47, 72-78] All studies have concluded that the alternative model was 

non-inferior to the specialist approach. As yet, there have been no updated AASM 

practice guidelines since the publications in 2007 and 2009,[64, 69, 70] however in 

2013 and 2014 the American College of Physicians produced two clinical guidelines for 

the diagnosis and management of OSA in adults.[48, 79] These guidelines 

recommended “portable sleep monitors in patients without serious comorbidities as an 

alternative to PSG when PSG is not available for diagnostic testing”, and “continuous 

positive airway pressure treatment as initial therapy for patients diagnosed with OSA.” 

While the American College of Physicians guidelines acknowledged the evidence that 

CPAP and APAP are equally efficacious, it did not discuss the use of APAP in an 

unattended way for determining fixed pressure requirements.  

 

Whether the diagnosis and management of OSA requires oversight from a specialist 

physician has also been questioned. At least three randomised controlled trials have 

investigated alternatives to this specialist model in the non-disabled population. Antic et 

al 2009[80] compared a nurse-led model to standard physician led care. The nurse-led 
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model included overnight oximetry to detect OSA, and prescription of home APAP. 

The standard physician led model included in-laboratory diagnostic PSG and a CPAP 

titration study. This non-inferiority study, with change in subjective sleepiness as the 

primary outcome, randomised participants within a specialist sleep unit to the nurse-led 

or physician led models. After three months of CPAP, there were no differences 

between the groups in sleepiness or CPAP adherence, and the nurse-led model was 

found to be significantly cheaper.[80] 

 

Another randomized controlled non-inferiority study, led by Chai-Coetzer et al[81] 

compared an alternative model to standard specialist sleep centre care. In this study the 

care in the alternative model was provided by a primary care physician and community 

based nurse. Again, the alternative model employed ambulatory management strategies, 

while the sleep specialists were instructed to manage OSA as they would normally. 

Participants were recruited from within the primary care clinic and screened for 

eligibility with a validated two-stage model of a four item screening questionnaire 

followed by overnight oximetry.[82] Eligible participants were then randomized to 

receive either primary care management or specialist sleep centre management. The 

primary outcome measure was change in subjective daytime sleepiness at six months. 

At six months, primary care management was found to be non-inferior to specialist 

management and significantly cheaper.[81] 

 

A similar multicentre non-inferiority randomised controlled trial investigating an 

alternative model of care was recently conducted in Spain.[83] Participants of this study 

were also randomised to primary care with portable monitoring, or in-hospital 

specialised management. Again there was no difference between the groups in the 

primary outcome (subjective sleepiness) or any secondary outcomes. Again the primary 

care protocol was substantially cheaper. The populations studied in each of these three 

randomised controlled trials were non-disabled and without major co-morbidities. 

Whether non-sleep specialists can safely and effectively manage more complicated 

population groups has not yet been investigated.  

 

Two review papers have summarised this literature and questioned the traditional model 

of in-laboratory, specialist management of OSA. The reviews have highlighted the 
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number of high quality clinical trials that have clearly and consistently demonstrated 

non-inferiority of alternative ambulatory management strategies.[65, 84] Chai-Coetzer 

et al [65] cites emerging evidence to support the role of other health-care providers, 

such as nurses and GPs, in providing an ambulatory management strategy for OSA, and 

argues that primary care may be the ideal setting for such strategies. Similarly, in 2016 

Suarez et al [84] reason that for prevalent diseases with high costs and significant 

comorbidities, all levels of medical care must be involved, including primary care 

physicians and nurses. The Suarez et al paper calls for the primary care management of 

“non-difficult” OSA patients, with specialized sleep centres remaining responsible for 

“difficult” patients, including those with co-morbidities and poor adherence.  

1.6 Obstructive Sleep Apnoea in Spinal Cord Injury 

 Epidemiology of OSA in SCI 

OSA is likely to be the most common sleep disorder in SCI.[85] Berlowitz et al[86] 

established that OSA was highly prevalent within weeks of cervical SCI, peaked at 83% 

at three months and then stabilised at 60-70% after six to 12 months. Similarly, another 

cohort study in acute SCI (T12 and higher) reported 73% prevalence of OSA at 6-8 

weeks post injury, and 75% at six months.[87] Both studies assessed OSA with full 

PSG.  

 

Population surveys have estimated OSA prevalence in people with chronic SCI to be 

between 28% and 77%[1, 15, 16, 88-92]. Heterogeneity in study design is primarily 

responsible for the wide range of prevalence estimates reported in the literature. Testing 

methods for OSA, scoring methods for respiratory events and definitions of OSA vary 

enormously between studies. In general, older studies (published >10 years ago) and 

those not using PSG tended to report lower prevalence of disease. The populations 

studied also varied significantly. Some studies limited inclusion to those with 

tetraplegia only, others included thoracic lesions of varying levels, and one included all 

levels of SCI. [1, 15, 16, 88-92]  
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OSA surveys published in the last decade suggest that the prevalence of OSA in 

tetraplegia lies somewhere between 56% and 93%.[1, 15, 16] Leduc et al[15] performed 

unattended home PSG on 41 adults with cervical injuries, and identified OSA in 56% of 

participants. In this study OSA was defined as an AHI of greater than five, scored 

according to the AASM “Chicago” criteria. Similarly Berlowitz et al[1] performed 

unattended PSG on 78 community dwelling individuals with tetraplegia (T1 level or 

higher) and reported that that 72% of the sample had OSA, as defined by an AHI > 10 

(AASM “Chicago”). When separated into complete and incomplete injuries, OSA 

prevalence was 91% and 56% respectively. In 2013 Sankari and colleagues[16] 

performed unattended PSG in 28 people with SCI from level T6 and above. 

Approximately three quarters (77%) of participants had sleep disordered breathing 

(AHI>5), when scored using the AASM 2012 criteria. When the sample was divided 

into cervical and thoracic injuries, the reported prevalence of sleep disordered breathing 

was 93% and 55% respectively.[16] 

 

Several of the population surveys also investigated associations between patient 

characteristics and the presence of OSA in SCI.  Characteristics significantly associated 

with OSA have included: higher (cervical) lesions, complete injuries, larger neck 

circumference, obesity, supine sleeping position, increasing age, increasing time since 

injury, male gender, cardiac and antispasmodic medications, daytime sleepiness, self-

reported snoring and awakenings.[1, 15, 16, 88, 90-93] However the risk factors 

identified were often conflicting across studies with several found to be significantly 

associated in one or more studies, and insignificant in others. Differences in study 

methodologies have hindered pooling of data and meta-analyses of both the prevalence 

estimates and the risk factors for OSA in SCI.  

 Screening for OSA in SCI 

As alternatives to full PSG, few screening tools developed for non-disabled populations 

have been tested in people with SCI. The Multivariate Apnea Prediction Index [94] was 

found to have a low sensitivity (16-17% in those with complete and incomplete injuries) 

and high specificity (100%) for predicting OSA (AHI≥10) in chronic tetraplegia.[1] 
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Another study found that 47% of those with cervical lesions reported high risk scores on 

the Berlin questionnaire[95], while 93% had evidence of OSA (AHI≥5).[16]  

 

More recently, Sankari et al [96] investigated whether several self-reported sleep 

questionnaires could predict OSA in SCI, using threshold scores previously established 

to predict OSA in non-disabled populations. The questionnaires and the corresponding 

thresholds investigated were: the Epworth Sleepiness Scale (ESS) (≥10);[97] the 

Pittsburg Sleep Quality Index(>5);[98] the Berlin Questionnaire (high risk 

categorisation);[95] and the Fatigue Severity Scale (≥2).[99] Bivariate analyses were 

undertaken to determine whether these pre-determined thresholds were associated with 

at least mild OSA (defined as AHI≥5) and at least moderate OSA (AHI≥15) in 28 

patients with SCI. The analyses established that none of the questionnaire thresholds 

were significantly associated with at least mild OSA or at least moderate OSA in 

SCI.[96] However the thresholds investigated were established for non-disabled 

populations. Whether alternative thresholds for this population are any better at 

predicting mild, moderate or severe OSA is yet to be determined.  

 

Another study purported to evaluate whether home based testing could diagnose OSA in 

people with SCI (T6 lesion or higher). The authors of this study concluded that use of a 

Level III portable monitoring device and a transcutaneous partial pressure CO2 device 

can effectively identify sleep-disordered breathing. However, there was no comparator 

diagnostic technique (i.e. full PSG) to verify the accuracy of the two ambulatory testing 

methods. Rather, this study demonstrated that home based testing was feasible.[93]  

 Aetiology of OSA in SCI 

A seminal study by Berlowitz et al[86] investigated incidence of OSA in acute 

tetraplegia by following a cohort of people with new tetraplegic injuries for 12 months. 

PSG was performed within 48 hours of injury, finding none of the 30 participants had 

evidence of OSA at this time point. Within two weeks 60% of the sample had 

developed OSA, which peaked at 83% at three months post injury. Only three (10% of 

the sample) were predicted to have OSA prior to their injury.[86] As a result of this 

study, OSA is considered a direct consequence of tetraplegia. 



28 

 

Tendency towards obesity, high proportion of males, sleeping in supine, and medication 

use have all been suggested to contribute to the increased prevalence of sleep disordered 

breathing in this population.[14] Until recently the phenotypic causes of OSA in people 

with tetraplegia had not been investigated nor understood. Gainche and colleagues [100, 

101] compared the upper airway physiology of people with tetraplegia with non-

disabled controls (matched for OSA severity, gender, and age) and found nasal 

resistance to be up to seven times higher in people with tetraplegia. This discovery may 

represent a specific phenotype contributing to the high prevalence of disease in this 

population. Following the administration of a topical sympathomimetic (a nasal 

decongestant), the high nasal resistance in those with tetraplegia and OSA dropped to 

the same levels as the non-disabled control group. Sympathetic outflow to the upper 

airway is disrupted following cervical SCI and the subsequent unopposed 

parasympathetic activity results in engorgement of the nasal mucosa, raising nasal 

resistance and providing one possible explanation for the high prevalence of OSA in 

people with tetraplegia.[102]  

 

Wijesuriya et al[103] also found higher nasal resistance in people with tetraplegia and 

OSA compared to a control group with OSA. However, despite the higher nasal 

pressures found using gold-standard laboratory techniques, patients in this study were 

unable to perceive high nasal resistance, effectively ruling out the potential for clinically 

useful self-reported measures of nasal congestion. 

 

The study by Gainche et al also discovered that people with SCI and OSA had a slower 

and smaller cortical reflex response to upper airway occlusion than the non-disabled 

control group, suggesting that the upper airway dilator muscles may respond too late to 

prevent upper airway collapse.[100, 101] These findings highlight the need for more 

research into therapies that lower nasal resistance and improve reflex responsiveness in 

people with tetraplegia, which may in turn reduce OSA severity.  

 

Other physiological determinants of OSA have also been postulated in SCI. In a review 

paper, Sankari and colleagues[85] highlight that sleep is a physiological challenge for 

the respiratory system for healthy individuals, and that unfortunately high SCI causes 
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many changes that impair the ability of the respiratory system to compensate for these 

challenges. Problematic changes that occur after high SCI include neuromuscular 

weakness, reductions in lung volume, disruptions to the autonomic nervous system and 

abnormal mechanics of the chest wall. More research is required to understand the 

aetiology of OSA in SCI, which will hopefully lead to more effective therapeutic 

interventions. 

 Morbidity of OSA in SCI  

People living with OSA and tetraplegia have a substantially lower health utility value 

than their tetraplegic peers without OSA. The difference is almost five times the 

minimal important difference, which raises the possibility that effectively treating OSA 

may substantially improve health and quality of life.[1] Although it has not specifically 

been investigated in SCI, there is no reason to believe that the cardiovascular and 

metabolic complications associated with OSA in the non-disabled would not be present 

in SCI.[104] Sankari et al[85] point to a strong relationship between OSA and 

cardiovascular disease in SCI, citing an audit of 168 veterans with SCI which found one 

in five had either hypertension or cardiovascular disease.[105] Unfortunately no 

statistical associations were made between the presence (or severity) of OSA and the 

presence (or severity) of cardiovascular disease, which has been repeatedly confirmed 

in the non-disabled.[34, 106] Research investigating the relationships between OSA and 

morbidity from cardiovascular and metabolic diseases is needed in this population with 

many additional risk factors for poor cardiovascular health.[105, 107] 

 

OSA is associated with impaired cognition in people with chronic tetraplegia, 

particularly in the areas of attention, concentration, memory and learning skills.[108] 

Analysis of neuropsychological function in people with OSA following acute 

tetraplegia (approximately two to three months after injury) found that more severe 

OSA was associated with poorer attention, information processing, and immediate 

recall. However the neuropsychological deficits did not extend to memory, as was 

previously demonstrated in chronic tetraplegia, suggesting that deficits in memory 

associated with OSA may take longer to form.[109] Impairment in neuropsychological 



30 

function is likely to impact vocational outcomes, particularly for people with 

tetraplegia, whose physical disabilities usually limit engagement in physical jobs.  

 Treatment for OSA in SCI 

There is a general paucity of research investigating OSA treatments in SCI. To date, 

only one randomised controlled trial has investigated the effect of PAP on the outcomes 

of people with SCI and OSA. The COSAQ study (‘Continuous positive airway pressure 

(CPAP) for Obstructive Sleep Apnoea in Quadriplegia) was a multicentre randomised 

controlled trial that examined the effect of CPAP on neuropsychological function, 

sleepiness, quality of life, anxiety and depression. One hundred and sixty participants 

with acute, traumatic tetraplegia and OSA were randomly assigned to receive auto-

adjusting CPAP for three months or to wait for the treatment. The study found that 

whilst CPAP significantly improved sleepiness after acute quadriplegia, it did not 

improve the neurocognitive function beyond that seen with post-injury, spontaneous 

recovery.[110]  

 

Overall CPAP use in the COSAQ study averaged 2.9 hours (SD=2.3) per night with 

21% of those randomised to CPAP classified as fully “adherent”, defined as at least four 

hours of use on 71% (5 of 7) nights over the three-month trial.[110] However in 

accordance with the protocol, only those who could tolerate at least four hours on one of 

three nights were randomised. Given those who failed this hurdle requirement were 

unlikely to be long-term users,[111] CPAP adherence in the acute tetraplegic population 

is likely to be even lower. This randomised controlled trial was preceded by a smaller 

feasibility study of treating OSA with CPAP after acute tetraplegia. After three months 

of CPAP treatment, seven of the 14 participants (50%) were adherent, defined as using 

the device for more than four hours on at least five nights in the final week.[111] 

 

Whilst there are few studies reporting PAP use in people with chronic SCI, those that 

exist suggest that CPAP acceptance and use is low, and may be lower in SCI than in 

non-disabled populations. A handful of highly heterogeneous studies have followed 

PAP use in people with chronic SCI diagnosed with OSA. [88, 92, 96, 112, 113] Only 
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one of these studies clearly defined adherence using objectively measured PAP usage 

data,[112] with others relying on self-report. 

 

Stockhammer et al[92] offered 31 people with tetraplegia treatment with bi-level PAP 

for OSA. Only 16 accepted the trial and 11 continued with the therapy, representing 

36% of the initial cohort. How and when adherence was measured was not reported, 

though almost certainly through self-report. Burns et al[88] identified eight men with 

OSA in a prevalence study of 40 individuals with SCI of any level. Of the eight 

individuals, only two (25%) were able to tolerate CPAP and reported continuing nightly 

CPAP use approximately one year post CPAP prescription. Sankari et al[96] studied 28 

people with SCI (T6 or higher) of whom 22 (79%) had OSA. In this study, those with a 

positive diagnosis of OSA were encouraged to follow-up with their health care provider 

for treatment. They were contacted between six and 12 months later, and 50% had 

discussed their diagnosis with their health care provider. Six people were prescribed 

PAP therapy, and four reported using it at the time of follow-up.[96] Finally, a postal 

survey of 72 SCI patients with diagnosed OSA aimed to identify long-term treatment 

outcomes. Of the 40 respondents, 32 (80%) had tried CPAP and 20 (63%) reported 

continuing to use it at the time of the survey, for a self-reported average of 7 hours on 

6.5 nights per week.[113] 

 

These four studies are likely to be subject to significant response bias in their estimates 

of PAP acceptance and use. Much larger and more rigorous studies are needed to 

confirm rates of PAP use in chronic SCI and to understand the different factors 

contributing to poor adherence. Recently Brown et al[112] used objective data from 

device downloads to assess PAP use in chronic SCI (T6 lesion or higher). Bi-level PAP 

was prescribed to 63 people with OSA; after three declined, 60 were initiated with the 

therapy. Device data were obtained at three, six and 12 months. After three months 17 

of the original cohort were classified “good users”, defined as at least 4 hours on 70% of 

nights. The reported adherence rate was 38% (17/44). However 16 participants 

withdrew from the study between CPAP initiation and three months. Assuming those 

who withdrew would not have been adherent at three months, the PAP adherence rate 

would be 28%. Furthermore, the number of “good users” fell to 11 (18% of the original 

cohort) at six months, and 10 (17%) at 12 months.[112] 
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Few alternatives to PAP therapy to treat OSA have been investigated in SCI. An 

uncontrolled, safety and feasibility trial of using a mandibular advancement splint to 

treat OSA in eight people with tetraplegia found that the mandibular advancement splint 

was effective in treating OSA and was well tolerated. However titration of the device, 

which takes an average of six to 12 weeks in the non-disabled, took up to 12 months in 

people with tetraplegia. (Unpublished data; personal communication with DJ Berlowitz) 

As yet there have been no randomised controlled trials investigating mandibular 

advancement splint to treat OSA in SCI. 

 

Our group has investigated whether topical application of phenylephrine can improve 

OSA severity in a single night. This within-subjects cross-over randomised trial 

concluded that phenylephrine was effective in reducing nasal resistance, but this did not 

translate into a significant reduction in the AHI.[114]The manuscript for this study is 

currently under review. Whether or not a longer acting agent that is suitable for ongoing 

use can impact OSA severity is yet to be explored.  

 Clinical Practice Guidelines for the Management of OSA in SCI 

Although the evidence supporting treatments for OSA in SCI is limited, current 

guidelines developed by the Consortium for Spinal Cord Medicine recommend PSG 

evaluation for all people with SCI with excessive daytime sleepiness or other symptoms 

for sleep disordered breathing.[115] These guidelines also recommend the prescription 

of PAP therapy, starting with CPAP, for those with a positive diagnosis of OSA. 

Similar recommendations have been published by the Spinal Cord Injury Rehabilitation 

Evidence (SCIRE) project.[116] The SCIRE recommendations include vigilance for 

suggestive signs and symptoms and further testing with oximetry or PSG when these 

signs are present. Both guidelines are underpinned by evidence from non-controlled 

studies, and based on strong clinical opinion.  

 

In reality, little is known about the current management of OSA in people with 

tetraplegia. An audit of 584 medical records from a Veterans Affairs SCI service 

revealed only 15% of those with tetraplegia had received a diagnosis of OSA, despite 
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prevalence estimates of up to 93%. Of those with a diagnosis, only 47% were receiving 

treatment with CPAP, bi-level PAP or nocturnal oxygen (due to CPAP intolerance). 

Intolerance or refusal of PAP explained the majority of non-treated cases. Those not 

using PAP therapy were more likely to have motor-complete lesions at C5 or 

above.[117] Similarly, a recent audit by Sankari et al[105] revealed that only 37 of 168 

(22%) veterans with SCI had been evaluated for OSA, and of the 34 who had a 

diagnosis of OSA confirmed, only six (18%) were using PAP. This indicates an 

enormous burden of disease that is both undetected and untreated. 

1.7 Knowledge Translation  

 Background 

Knowledge translation is the process of facilitating the uptake of evidence from 

research into clinical practice and health related policy. It has been defined as “the 

synthesis, exchange and application of knowledge by relevant stakeholders to 

accelerate the benefits of global and local innovation in strengthening health systems 

and improving people’s health”.[118] Recognizing its importance, in 2005 the WHO 

held a meeting to discuss “Knowledge Translation in Global Health”. Arising from this 

meeting was the published statement: “Bridging the know–do gap is one of the most 

important challenges for public health in this century. It also poses the greatest 

opportunity for strengthening health systems and ultimately achieving equity in global 

health.”[118] Since then there have been a number of global initiatives aiming to bridge 

the evidence-practice gap in various clinical areas.  

 

An evidence-practice gap exists when there is a lack of concordance between evidence-

based recommendations based on research; and healthcare policy, systems and practice. 

Implementing the findings of research ensures our investment in research is not wasted 

and patients ultimately benefit. It can take one to two decades for the publication of 

high quality, synthesized evidence to be taken up into routine clinical care.[119, 120] In 

a seminal paper highlighting the failure of clinical care to meet recommended standards, 

McGlynn et al[121] estimated that patients in the USA received 55% of recommended 

care as measured on 439 indicators of quality. Quality of care varied by medical 
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condition from 79% with senile cataracts receiving recommended care compared to just 

11% with alcohol dependence.[122] Similar findings were reported in a replicate 

Australian study evaluating compliance with 522 expert consensus indicators for 22 

common conditions. Guideline-compliant health care was provided in 57% of the total 

encounters evaluated, which ranged by condition from 13% for alcohol dependence to 

90% for coronary artery disease.[123] 

 

Failure to translate current research evidence into practice and policy results in 

suboptimal outcomes for patients and enormous economic impacts on the healthcare 

system. Evidence-practice gaps can occur in the form of underuse of proven therapies 

and overuse of treatments shown to be ineffective.[124] At a systems level, it has been 

suggested that evidence practice gaps are caused by four key factors: the growing 

complexity of medical knowledge and technology; the rise in chronic and comorbid 

conditions associated with a higher life expectancy; a complicated and poorly organized 

health-care delivery system; and constraints on exploiting the revolution in information 

technology.[124] At the clinician level, a systematic review of the barriers to guideline 

adherence among physicians identified many factors that may be important, including 

lack of awareness of new research, lack of familiarity and agreement with guidelines, 

poor self-efficacy, low outcome expectancy, falling back on previous practice and 

external barriers such as lack of time, environmental factors and staff shortages.[125]  

 

According to Grimshaw et al[126] producing up to date systematic reviews that are 

accessible to clinicians and policy makers should be the foundation of knowledge 

translation activities. A high quality evidence-based clinical practice guideline is 

considered to be the “basic unit of knowledge translation”[126] and tools for assessing 

the quality of the guidelines have been validated and widely used.[127] Beyond this, 

there are several methodologies designed to assist clinicians to interpret synthesised 

evidence and develop and implement interventions to increase the uptake of evidence. 

While knowledge translation is the process of moving evidence into clinical practice 

and health policy, implementation science involves systematically testing interventions 

that implement the evidence in real-world settings, although both terms are often used 

inter-changeably.[128] Implementation science has emerged as a field of research 
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concerned with reducing the lag between the availability of high-quality evidence and 

its implementation into clinical practice.  

 The Knowledge to Action Cycle 

The Knowledge to Action Cycle (Figure 1.3), first published by Graham in 2006, is a 

useful model for understanding the scope of knowledge translation activities. The cycle 

divides the process into two categories: the creation and synthesis of new knowledge; 

and the action cycle, where that knowledge is transferred into clinical practice. Graham 

et al stress that the processes are often iterative and fluid, and can occur concurrently or 

sequentially, by the same research groups or in isolation.[129]   

 

 
Figure 1.3 The Knowledge to Action cycle [129] 

In the centre of the model is a pyramid representing the creation of knowledge, which 

organises knowledge from least to most tailored forms. At the base is “Knowledge 

inquiry”, which encompasses the many primary studies that investigate a research 

question, e.g. a randomised controlled trial of the effects of a new treatment. The second 

tier is “Knowledge synthesis,” e.g. systematic reviews and meta-analyses of like studies 

representing a body of evidence about a given topic. Finally, “Knowledge 
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tools/products” (e.g. clinical practice guidelines, patient management pathways) are 

based on these research syntheses and include context and local application tailored to a 

given setting. [129] 

 

The action cycle surrounding the knowledge creation triangle represents the activities 

required to translate and sustain the knowledge into clinical practice. In developing the 

model, Graham and colleagues identified over 60 theories that have been employed to 

change clinical practice and the steps common to all are presented in this action 

cycle.[129]  

1.7.2.1 Identify the problem and adapt knowledge to the local context 

In most cases the first step in translating research evidence into practice is identifying 

and prioritising the problem. This step involves recognizing and where possible, 

quantifying where there is a gap between evidence and practice in the local setting. For 

example, a hospital may conduct an audit of their medical records to identify whether 

clinical practice recommendations for dementia screening are being adhered to.  

 

Once the problem has been identified, the knowledge tools (e.g. clinical practice 

guidelines) need to be adapted to the local context. For example, in some rural settings 

it may not be possible to provide access to state-of-the-art equipment within a certain 

timeframe, requiring the existing clinical practice guidelines to be adapted to meet the 

abilities of the local facility.[129] Tools and frameworks are available to guide the 

process of local adaptation of clinical practice guidelines.[130, 131] 

1.7.2.2 Assess barriers to knowledge use 

A recent systematic review has concluded that interventions that are tailored to address 

identified barriers to knowledge use are more likely to improve clinical practice than 

simple dissemination of guidelines or no intervention.[132] Prior to developing an 

intervention to improve the uptake of evidence, the barriers that may be impeding 

practice and the facilitators that are likely to enhance practice should be assessed. 

 

One approach to this assessment is to use the Theoretical Domains Framework (TDF). 

The TDF was developed by a group of psychologists and researchers to facilitate 
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research aiming to improve the uptake of evidence into practice.[133] To develop the 

TDF, Michie and colleagues simplified the plethora of existing psychological theories 

and constructs into a set of 12 relevant behaviour change domains, thereby providing an 

accessible framework for other disciplines to explore clinical behaviours.[133]  

 

The 12 domains of TDF are: knowledge; skills; social/professional role and identity; 

beliefs about capabilities; beliefs about consequences; motivation and goals; memory, 

attention and decision processes; environmental context and resources; social 

influences; emotion regulation; behavioural regulation; and nature of the behaviour. The 

authors reason that the TDF enables a comprehensive, systematic and precise approach 

to defining the behaviours that need to be changed, thereby identifying opportunities for 

improved practice.[133] The TDF has subsequently been validated and is commonly 

used in knowledge translation research. [134-138]  

1.7.2.3 Select, tailor and implement intervention 

Using a framework like the TDF to systematically assess and understand barriers to 

knowledge uptake and enabling factors, facilitates the development of a tailored 

intervention. French et al [136] have published an operational four step approach to 

developing “theory-informed” behaviour change interventions for knowledge 

translation research.[139] The four steps, and the guiding tasks for each step, are set out 

in Table 1.3.  
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Table 1.3 Steps for developing a theory-informed implementation intervention[136] 

Step Tasks 
STEP 1: Who needs to 
do what, differently? 

· Identify the evidence-practice gap 
· Specify the behaviour change needed to reduce the evidence-
practice gap 
· Specify the health professional group whose behaviour needs to 
change 
 

STEP 2: Using a 
theoretical framework, 
which barriers and 
enablers need to be 
addressed? 

· From the literature, and experience of the development team, 
select which theory(ies), or theoretical framework(s), are likely 
to inform the pathways of change 
· Use the chosen theory(ies), or framework, to identify the 
pathway(s) of change and the possible barriers and enablers to 
that pathway 
· Use qualitative and/or quantitative methods 
 

STEP 3: Which 
intervention 
components (behaviour 
change techniques and 
mode(s) of delivery) 
could overcome the 
modifiable barriers and 
enhance the enablers? 

· Use the chosen theory, or framework, to identify potential 
behaviour change techniques to overcome the barriers and 
enhance the enablers 
· Identify evidence to inform the selection of potential behaviour 
change techniques and modes of delivery 
· Identify what is likely to be feasible, locally relevant, and 
acceptable and combine identified components into an acceptable 
intervention that can be delivered 
 

STEP 4: How can 
behaviour change be 
measured and 
understood? 

· Identify mediators of change to investigate the proposed 
pathways of change 
· Select appropriate outcome measures 
· Determine feasibility 
 

 

1.7.2.4 Monitor intervention and evaluate outcomes 

As with all quality improvement activities, once the intervention has been developed 

and implemented, it must be monitored (is the knowledge being applied?) and evaluated 

(what impact has it had on patient/practitioner/system outcomes?). Knowledge 

translation interventions can be challenging to evaluate, reflecting the complex nature of 

their development and implementation.[140] Study designs commonly used to evaluate 

knowledge translation interventions include randomised designs such as individual 
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patient and cluster randomised controlled trials, and also non-randomised designs such 

as interrupted time series or simple before and after studies.[141] Choice of study 

design should be based on the research question, the local context and the resources 

available. 

1.7.2.5 Sustain knowledge use 

The final stage of the knowledge-to-action cycle is to sustain knowledge use. Graham 

suggests that the sustainability phase requires ongoing identification of new problems, 

new barriers, and changes to the local context; thus continuing the cycle.[129] 

 Limitations of knowledge translation research in the field of SCI and OSA  

A significant barrier to knowledge translation activities aiming to improve the health of 

people with SCI and OSA is the lack of robust, synthesised evidence to guide practice, 

and the corresponding absence of high quality clinical practice guidelines.  

 
A recent systematic review of knowledge translation research in SCI care found that of 

the 10 studies identified, at least seven did not translate robust evidence from 

randomised trials, but rather from expert clinical opinion and studies of weaker 

methodological design.[142] The relatively low incidence and prevalence of SCI and 

the highly specialised care required poses significant challenges to the conduct of high 

quality, adequately powered clinical trials. With so many systems of the body affected 

from SCI, competition for recruitment and limited funding often result in smaller, less 

robust clinical trials being undertaken.[143] Moreover, large randomised controlled 

trials are rarely repeated in this population; robust meta-analyses are rarely achieved; 

and SCI clinical practice guidelines are usually supported by weaker evidence and 

clinical opinion.[115] As a consequence, knowledge translation research in SCI is still 

in its infancy.[142]  

 

This population with high disability and disadvantage deserve the best available care. 

Knowledge translation interventions should therefore focus on translating the best 

available evidence into practice, despite the limitations. The US Department of Veterans 

Affairs “SCI Quality Enhancement Research Initiative” (SCI-QUERI) is adopting this 

approach. SCI-QUERI is committed to promoting the quality of life of US veterans with 
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SCI by implementing clinical practice guidelines. Some of the projects to date have 

focussed on improving influenza vaccinations, MRSA infection prevention and pressure 

ulcer prevention, by implementing guidelines that are based on best available 

evidence.[144] 

 

Similarly, the Rick Hansen Institute in Canada has developed a model for addressing 

evidence-practice gaps in SCI research and care. The “Praxis Model” includes three 

essential components: a coordinated program strategy to foster collaboration between 

all stakeholders; a method for knowledge translation in the form of an action cycle; and 

resources and infrastructure to help overcome known obstacles to effective 

translation.[143] The model is currently being applied to pressure ulcer prevention in 

SCI with a range of activities completed or underway. One component of this program 

was the development of clinical practice guidelines and the subsequent development of 

a “Pressure Ulcer Prevention Initiative”. This project provides another example of 

knowledge translation of the best available evidence in SCI.[143, 145] 

 

Coordinated knowledge translation activities aiming to improve the care delivered to 

people with SCI within our region are in the early stages of development. This is 

enabled by the development of a regional SCI research strategy for Australia and New 

Zealand which commenced in 2012. This strategy was developed in three stages: a 

review of the SCI prioritisation literature;[146] a qualitative study involving interviews 

with key SCI research stakeholders to develop a draft research strategy 

framework;[147] and a one day structured dialogue with 23 experts to develop clear 

objectives for further development.[148] The resulting strategy identified a series of key 

objectives that broadly fit within four main themes: collaboration, coordination, 

consumer engagement, and resources. The importance of conducting research to 

improve the quality of life of people living with SCI, by researching issues that are 

important to them and engaging them in the process, was a recurrent theme in this series 

of papers. The importance of implementation research was also highlighted, particularly 

in relation to concerns about the lack of standards of care, and inconsistency in clinical 

practice.[146-148]  
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1.8 Rationale and aims for this thesis 

OSA is a highly prevalent and deleterious secondary complication of tetraplegia that is 

under-diagnosed and under-treated. The two available clinical practice guidelines on 

management of OSA in SCI are based on the best available evidence. [115, 116] The 

practice recommendations within these guidelines have been described earlier in this 

chapter,(Section 1.6.6) and are similar to the more evidence-based recommendations 

guiding practice for a non-disabled population.[64] To date, there is no reason to 

suggest that OSA should be treated vastly differently in SCI than in the non-disabled 

population. Much can be done to improve the management of OSA in people with 

tetraplegia, to ultimately improve their quality of life.  

 
This thesis aims to address some of the practical knowledge gaps and issues preventing 

the optimal management of OSA in the SCI population. As described by Graham et 

al,[129] the path from evidence to practice is usually a complex, dynamic one where 

several steps may be occurring simultaneously and iteratively. The ultimate aim for 

anyone conducting research in the field of OSA in tetraplegia is to improve the quality 

of life of people living with these two conditions, and the final step to achieving this is 

to implement evidence-based practice. As the knowledge to action cycle describes, we 

need to first generate knowledge about how to improve patient management and then 

apply this knowledge to routine clinical care. However there is much to be done in-

between and this thesis addresses several impending and, as yet unanswered, questions 

necessary for the development of tailored interventions. Four separate but related 

research projects have been conducted. The objectives and rationale for each are 

described below. 

 Study 1: Can moderate to severe OSA be identified in chronic tetraplegia 
without PSG? 

1.8.1.1 Aim 

To develop and validate a simple method for detecting OSA in tetraplegia that does not 

require PSG. 
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1.8.1.2 Rationale 

OSA is a highly prevalent secondary complication of SCI yet essentially no research has 

sought to determine how to identify this problem without using PSG; an expensive, 

onerous and frequently inaccessible test. Improving OSA diagnosis rates has the 

potential to increase access to treatment and prevent the undesirable quality of life and 

long-term health consequences for the individuals concerned. This project investigates a 

pragmatic approach to detecting moderate to severe OSA in traumatic tetraplegia, using 

a similar methodology to that developed and validated in a non-disabled, primary care 

population.[82] A tool that accurately detects moderate to severe OSA in people with 

tetraplegia could provide both a readily accessible and a cost-effective alternative to full 

PSG for units and countries with poor access to sleep studies. This research is presented 

in Chapter 2. 

 Study 2: Understanding adherence to CPAP in acute tetraplegia 

1.8.2.1 Aim 

To describe CPAP use in acute tetraplegia, including adherence rates, factors associated 

with adherence, and average pressures and mask leak. 

1.8.2.2 Rationale 

Our limited understanding of adherence rates and factors associated with poor CPAP 

adherence in people with tetraplegia means there is no ability to identify which patients 

are more likely to be adherent with therapy prior to, or after, CPAP implementation. A 

better understanding of CPAP adherence rates and the predictors of adherence is 

required to develop and test screening models and interventions that may improve the 

management of OSA in this population. This research involves the secondary analysis 

of data from a large multicentre randomised controlled trial of CPAP for OSA in acute 

tetraplegia.[110] It is presented in Chapter 3. 

 Study 3: Understanding adherence to CPAP in chronic tetraplegia 

1.8.3.1 Aim 

To estimate CPAP adherence in people with chronic tetraplegia and OSA, and to 

understand the experience of using CPAP.  
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1.8.3.2 Rationale  

No research has previously sought to understand the experience of using CPAP from the 

perspective of people with SCI, nor to identify the patient level barriers and enablers to 

CPAP use. A more in-depth understanding of the unique experiences of CPAP use in 

this population is required to facilitate the development of targeted interventions to 

improve adherence. This study utilises a mixed methods design including both 

quantitative and qualitative methods and is presented in Chapter 4. 

 Study 4: Documenting and understanding clinical practice  

1.8.4.1 Aim  

To describe the variation in OSA management practices in tetraplegia, and to explore 

factors influencing clinical practice.  

1.8.4.2 Rationale 

No previous research has aimed to systematically describe the clinical management of 

OSA in tetraplegia, nor investigate the influences on these clinical practices. 

Anecdotally, practice is highly varied and is likely to be heavily influenced by access to 

sleep laboratories and expertise, and physician knowledge and beliefs about OSA. This 

qualitative research utilises the Theoretical Domains Framework to explore the 

influences on clinical behaviours, to ultimately facilitate the development of effective 

interventions to improve the management of OSA in tetraplegia. This research is 

presented in Chapter 5.   
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“Someone is sitting in the shade today because someone planted a tree a long time 

ago.” ~ Warren Buffett 

2 DEVELOPMENT AND VALIDATION OF A TWO-
STAGE MODEL FOR DETECTING OBSTRUCTIVE 
SLEEP APNOEA IN CHRONIC TETRAPLEGIA 

2.1 Overview of Chapter 2 

This chapter presents the findings of comprehensive study aiming to validate a simple 

and accessible method for detecting moderate to severe OSA (MS-OSA) in chronic 

tetraplegia. This is the first study to investigate the accuracy of an alternative approach 

to full overnight polysomnography in this population. The Screening for OSA in 

Tetraplegia (SOSAT) study was conducted between September 2015 and April 2017, 

submitted for publication to Thorax in October 2017 and accepted in April 2018.[149] It 

was published with an accompanying editorial which is discussed at the end of this 

chapter (Section 2.7.2).[150] This chapter is presented in five main sections. Section 2.2 

provides an overall introduction and rationale for the project. In particular it includes 

detailed information about the original development and validation of the two-staged 

screening model for identifying moderate to severe OSA (MS-OSA) in a primary care, 

non-disabled population.[82] It includes additional information on pulse oximetry as a 

method of detecting OSA, and further justification for the decision to investigate a 

screening model aiming to detect moderate to severe OSA, rather than any OSA. The 

introduction also includes background information and rationale for a side-study into 

the relationship between subjectively measured nasal congestion and MS-OSA, which 

was not presented in the main manuscript.   

 
Section 2.3 is presented as a manuscript published in Thorax, and section 2.4 includes 

the online supplementary file accompanying the manuscript. While the supplementary 

file has been reformatted for this thesis, the content is unchanged from that published 

online. Section 2.5 includes methods for the subjective nasal congestion side-study. 

Section 2.6 contains some additional results from the SOSAT study that were not 
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presented in the main manuscript and online supplement. It also presents the results of 

the subjective nasal congestion side-study. Finally Section 2.7 provides a high level 

overview of this chapter, some limitations of the SOSAT study that were not provided 

in the manuscript, and a new discussion about the results of the nasal congestion side-

study.  

2.2 Introduction 

 Introduction and rationale for the SOSAT study 

2.2.1.1 Screening for OSA  

PSG is considered the “gold-standard” method for diagnosing sleep disordered 

breathing, including OSA, and is currently recommended by the Consortium for Spinal 

Cord Medicine for all people with SCI with excessive daytime sleepiness or other 

symptoms for sleep disordered breathing. [115]   

 
However full PSG typically involves an overnight stay in a sleep laboratory. It uses 

highly specialised and expensive equipment, and usually requires access to a sleep 

scientist and sleep physician to analyse and report the data. Anecdotally, very few spinal 

units have access to PSG. Existing models of referral to a specialist sleep centre for 

initial consultation, followed by overnight, in-laboratory testing and review, have 

ensured that diagnoses and subsequent treatments have remained out of reach for the 

bulk of the SCI community. Even if the disorder is suspected, essentially all sleep 

laboratories are physically constructed assuming the clientele will be able-bodied, 

community dwelling people. People with tetraplegia often require overhead lifts, 

specialty mattresses, frequent overnight turning and wheelchair access, all of which are 

rarely provided in a sleep laboratory. Thus, the typical sleep laboratory environment is 

rarely able to effectively manage people with substantial physical disability and 

attendant care needs.  

 
Available evidence points to massive under-diagnosis of OSA in tetraplegia. Two 

clinical practice audits, conducted within specialized SCI services, found that only 15-

20% of patients had been diagnosed with OSA.[105, 117] This is despite prevalence 
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estimates of up to 93%.[16] Limited access to in-laboratory testing for people with SCI 

is a recognized contributor to the under-diagnosis of OSA.[85] 

 
As discussed in Chapter 1, few OSA screening questionnaires have been tested in SCI. 

Those that have investigated whether threshold scores developed and validated in the 

non-disabled could predict OSA in high SCI. Sankari et al [16] investigated whether 

established threshold scores for the Epworth Sleepiness Scale (ESS),[97] the Pittsburg 

Sleep Quality Index,[98] the Berlin Questionnaire[95] and the Fatigue Severity 

Scale[99] were associated with at least mild OSA (defined as AHI≥5) and at least 

moderate OSA (AHI≥15) in 28 patients with SCI. Using this method, none of the 

questionnaires were significantly associated with mild or moderate OSA, although their 

abilities to screen out those who do not require further objective testing have not been 

investigated.  

 
Bauman et al[93] evaluated the use of home based testing with a Level III portable 

monitor and a transcutaneous CO2 recording device to diagnose sleep disordered 

breathing in chronic SCI (T6 lesion or higher). While they found similar prevalence 

estimates of OSA (81%) to studies using PSG, in the absence of a reference standard 

(PSG), they were unable to report the accuracy of the home testing method. The 

diagnostic model was found to be feasible, however the diagnostic accuracy remains 

unknown.[93] 

 
Berlowitz et al[86] established that OSA was highly prevalent within weeks of cervical 

SCI and is a direct consequence of the injury. Whilst the aetiology of OSA following 

SCI remains largely unknown, the rapid onset in SCI is markedly different to that 

observed in people without disability who experience a slow, insidious development of 

disease over time. Thus it is likely that the risk factors are also different, and 

questionnaires and screening models developed specifically for people with SCI may 

perform better than those developed for non-disabled populations. To date, no OSA 

screening methods have been developed specifically for people with SCI.  
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2.2.1.2 Chai-Coetzer two-stage screening model 

As discussed in Chapter 1, several systematic reviews and meta-analyses have 

summarised alternative OSA screening methods for people without disability.[43-45] 

Since publication of these reviews, a two stage model of screening questionnaire and 

home monitoring to detect MS- OSA has been developed and validated in a primary 

care, non-disabled, population. This model consists of a simple four item questionnaire 

to rule out OSA, followed by overnight pulse oximetry for those with a positive 

questionnaire result.[82]  

 
The authors of this study defined MS-OSA as an apnoea-hypopnoea index (AHI)≥30, 

with respiratory events scored with the AASM 1999 “Chicago” criteria. As discussed in 

Chapter 1, the AASM assigned mild, moderate and severe OSA severities to various 

ranges of the AHI, when scored using the “Chicago” rules. According to these rules, an 

AHI of 5 to 15 indicates mild disease, 15 to 30 indicates moderate and over 30 indicates 

severe disease. However the rules for scoring respiratory events have undergone two 

further iterations since the 1999 “Chicago” criteria. The 2007 AASM rules result in 

markedly lower AHI scores, and Ruehland et al showed that an AHI of ≥30 scored 

according to “Chicago” criteria is equivalent to an AHI of approximately 10.8 when 

scored according to the 2007 criteria.[42] Using these data, Chai-Coetzer et al justified 

their decision to define MS-OSA as an AHI of ≥30 using the “Chicago” criteria.[82] 

 
Their two-stage model was developed in a group of 79 people attending one of six 

primary care clinics. Participants underwent unattended, home-based PSG and oximetry 

monitoring, and also completed a questionnaire battery including a general health 

questionnaire, the ESS and the Berlin questionnaire. Following regression analysis, four 

variables were found to be predictive of MS-OSA. The regression coefficients were 

subsequently used to develop a questionnaire, called the “OSA50” with a simple scoring 

algorithm out of 10. (Table 2.1) ROC curve analysis identified the optimal threshold for 

the screening questionnaire to be ≥5/10, with a sensitivity of 100% and specificity of 

29%.   

 
Overnight oximetry in the Chai-Coetzer two-stage model was recorded with a ResMed 

ApneaLink device and the 3% oxygen desaturation index (ODI) was obtained 
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automatically using ApneaLink software. Receiver Operating Characteristic (ROC) 

curve analysis identified a 3%ODI of greater than or equal to 16 as the optimal 

threshold for diagnosing MS-OSA.[82] When the two-stages were combined in the 

development group, the overall diagnostic accuracy of the model was 91%. 

 

Table 2.1 The four-item OSA50 questionnaire 

 If YES, 

score: 

Obesity: Waist circumference (Males>102cm or Females>88cm) 3 

Snoring: Has your snoring ever bothered people?  3 

Apneas: Has anyone noticed that you stop breathing during your 

sleep? 

2 

50: Are you aged 50 years or over? 2 

Total 10 

 
The model was then prospectively applied to an independent validation group of 78 

people, recruited with the same method as the development group. The two-stage model 

was found to have a sensitivity of 88% and a specificity of 82%, with an overall 

diagnostic accuracy of 83%. This model has subsequently been used to detect OSA in a 

clinical trial investigating primary care management of OSA.[81] 

2.2.1.3 Pulse oximetry  

Pulse oximetry is a simple non-invasive method of estimating the percentage of 

haemoglobin molecules in arterial blood that are bound with oxygen, and is a useful 

indicator of oxygenation. Pulse oximetry plays a role in detecting OSA, both within a 

PSG study and increasingly in portable, limited channel devices. OSA is characterized 

by repetitive episodes of desaturation followed by re-saturation, as a direct result of the 

airway obstruction that impairs breathing. As in the Chai-Coetzer two-stage model, the 

oximeter recordings can be used to calculate the Oxygen Desaturation Index (ODI), 

which is the number of times in one hour that the oxygen saturation dips by a 

predetermined amount (e.g 3%, 4%).[151]  

 



49 

Oximetry has been described as the “cornerstone” of OSA detection because it is the 

most accurate, quantifiable, reliable and informative signal. For these reasons it is the 

most commonly used signal in any limited-channel sleep study. One major advantage of 

the oximeter is that an automated algorithm can generate an ODI in place of a manual 

scorer, which can be more expensive and less reliable.[65] According to the 

Australasian Sleep Association “Guidelines for Sleep Studies in Adults”, oximetry 

should only be used to diagnose MS-OSA in populations with a high pre-test 

probability. This is because the ODI performs well at “ruling in” MS-OSA 

(sensitivity>85%) but less well at “ruling out” the disease (specificity~40-70%).[26, 

151] The 3%ODI has been found superior to the 4%ODI in detecting moderate to 

severe OSA across a range of Body Mass Indices (BMIs).[152] 

2.2.1.4 OSA severity 

As discussed in Chapter 1, systematic reviews have concluded that screening models for 

OSA tend to be good at predicting severe OSA and poor at identifying mild disease. 

However there are also clinical imperatives for focusing on identifying more severe 

disease. 

 
In people without disability there is growing evidence to suggest that all-cause 

mortality, stroke and cardiovascular disease are all strongly associated with OSA 

severity, with those with moderate to severe disease carrying the highest risk.[153-158] 

Whilst these serious health outcomes of OSA have not been studied in SCI, there is no 

reason to believe that they would be substantially different.  

 
There is evidence from literature in non-disabled populations to suggest that severity of 

OSA and oxygen desaturations are associated with poorer neuropsychological 

function.[159-161] Large and frequent desaturations, a common feature of more severe 

OSA, have also been associated with worse neuropsychological function in chronic 

tetraplegia.[108] A recent study investigating the relationships between OSA and 

neuropsychological function in acute tetraplegia found that severe OSA (AHI≥30) was 

associated with worse neuropsychological function in the domains of attention, 

information processing, immediate recall, executive function and freedom from 

distractibility.[109]  
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As previously discussed in Chapter 1, CPAP improves daytime sleepiness and sleep 

quality, and is the first-line treatment for OSA.[48] However available literature 

indicates that only 30-60% of people without disability are adherent with the 

treatment.[55] More severe disease and greater daytime sleepiness have been 

consistently found to predict CPAP adherence.[48, 57] In fact, a meta-analysis 

investigating the relationship between OSA severity and CPAP adherence found the 

AHI to be, on average, six events per hour higher in adherent than in non-adherent 

groups.[162] 

 
Predictors of CPAP adherence have not yet been investigated in tetraplegia, however 

chapters 4 and 5 of this thesis present original research investigating adherence rates 

and predictors in acute and chronic tetraplegia.  

 Subjective nasal congestion and OSA 

OSA is a multifactorial and highly heterogeneous disease. As discussed in Chapter 1, 

the phenotypic causes of OSA in the non-disabled are thought to include upper airway 

collapsibility, upper airway anatomy, and other pathophysiologic factors such as upper 

airway muscle responsiveness and respiratory system stability.[35] The phenotypical 

traits of OSA have not been fully defined in SCI, however recent research by our group 

indicates that nasal resistance is up to seven times higher in people with tetraplegia and 

OSA when compared with controls, and may be a specific factor contributing to the 

high prevalence of disease in this population.[40] Elevated nasal resistance is a known 

risk factor for OSA in people without disability.[42]  

 
Whether subjectively measured nasal congestion is associated with OSA in people with 

tetraplegia has never been investigated. We hypothesized that subjectively measured 

nasal congestion is associated with MS-OSA in chronic tetraplegia. If true, the accuracy 

of the prediction model could be improved with the addition of a subjective nasal 

congestion estimate. 
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 Study rationale 

OSA is a highly prevalent secondary complication of SCI yet essentially no research has 

sought to determine how to identify this problem without PSG. Untreated OSA is 

associated with significant neurocognitive deficits and substantially lower quality of life 

in tetraplegia, which likely reduces independence and limits vocational options.[1, 108] 

Improving the diagnosis of OSA has the potential to prevent these undesirable 

consequences for the individuals concerned. This project investigates a pragmatic 

approach to detecting MS-OSA in chronic, traumatic tetraplegia, using a similar 

methodology to that developed and validated in a non-disabled, primary care 

population. If successful, a screening model that accurately detects MS-OSA in people 

with tetraplegia could provide a readily accessible and a cost-effective alternative to full 

PSG. 



52 

2.3 Diagnostic accuracy of a two-stage model for detecting obstructive 
sleep apnoea in chronic tetraplegia 
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AbSTrACT 
background Obstructive sleep apnoea (OSa) is 
highly prevalent in people with spinal cord injury (Sci). 
Polysomnography (PSg) is the gold-standard diagnostic 
test for OSa, however PSg is expensive and frequently 
inaccessible, especially in Sci. a two-stage model, 
incorporating a questionnaire followed by oximetry, has 
been found to accurately detect moderate to severe OSa 
(MS-OSa) in a non-disabled primary care population. this 
study investigated the accuracy of the two-stage model 
in chronic tetraplegia using both the original model and 
a modified version for tetraplegia.
Methods an existing data set of 78 people with 
tetraplegia was used to modify the original two-stage 
model. Multivariable analysis identified significant 
risk factors for inclusion in a new tetraplegia-specific 
questionnaire. receiver operating characteristic (rOc) 
curve analyses of the questionnaires and oximetry 
established thresholds for diagnosing MS-OSa. the 
accuracy of both models in diagnosing MS-OSa was 
prospectively evaluated in 100 participants with chronic 
tetraplegia across four international Sci units.
results injury completeness, sleepiness, self-reported 
snoring and apnoeas were included in the modified 
questionnaire, which was highly predictive of MS-OSa 
(rOc area under the curve 0.87 (95% ci 0.79 to 0.95)). 
the 3% oxygen desaturation index was also highly 
predictive (0.93 (0.87–0.98)). the two-stage model with 
modified questionnaire had a sensitivity and specificity 
of 83% (66–93) and 88% (75–94) in the development 
group, and 77% (65–87) and 81% (68–90) in the 
validation group. Similar results were demonstrated with 
the original model.
Conclusion implementation of this simple alternative 
to full PSg could substantially increase the detection of 
OSa in patients with tetraplegia and improve access to 
treatments.
Trial registration number results, 
actrn12615000896572 (the australian and new 
Zealand clinical trials registry) and pre-results, 
nct02176928 ( clinicaltrials. gov).

InTroduCTIon
People with tetraplegia have a higher prevalence 
of sleep disorders than the non-disabled popula-
tion.1 The most widely studied sleep disorder in 

tetraplegia is obstructive sleep apnoea (OSA). More 
recent estimates of OSA prevalence in chronic tetra-
plegia range from 56% to 77%2–4 which is higher 
than in people over the age of 40 without disability 
(up to 50% in men and 23% in women).5 OSA is 
associated with both substantial neurocognitive 
impairment and reduced quality of life in people 
with tetraplegia.2 6 7 People living with OSA and 
tetraplegia have a substantially lower health utility 
value than their tetraplegic peers without OSA. 
This difference is almost five times the minimally 
important difference and as such effectively treating 
OSA is likely to translate into an improved quality 
of life.2 

Current guidelines recommend polysomnog-
raphy (PSG) for all people with spinal cord injury 
(SCI) and excessive daytime sleepiness or other 
symptoms of sleep disordered breathing.8 Full PSG 
is the ‘gold-standard’ method for diagnosing OSA9 
and involves an overnight sleep laboratory stay and 
connection to a multichannel polygraph during 
sleep. Very few spinal units have access to PSG, 
and specific care needs of people with tetraplegia 
can prohibit access to full PSG in standard sleep 
laboratories. Even portable PSG requires expensive 
equipment and specialised staff to apply, score and 

Key messages

What is the key question?
 ► Can a two-stage model of questionnaire
followed by overnight oximetry accurately
detect moderate to severe obstructive sleep
apnoea in people with chronic tetraplegia?

What is the bottom line?
 ► This model could substantially increase the
detection of obstructive sleep apnoea in people
with tetraplegia and subsequently improve
access to treatment.

Why read on?
 ► This is the first time a model for detecting
obstructive sleep apnoea has been adapted and
applied in people with tetraplegia, a population
with a high burden of disease but limited
access to full diagnostic services.
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report the study. Although there are no published estimates on 
the proportion of people with SCI and OSA who remain undi-
agnosed, it is likely to be high. It is well recognised that access 
to PSG is poor and commonly results in long waiting times for 
diagnosis and subsequent treatment.10 11

The high costs and limited access to PSG have resulted in the 
development of simpler methods for detecting OSA in people 
without disability. These simpler methods tend to predict severe 
OSA with a high degree of accuracy but miss a substantial 
proportion with milder disease.12–14 More recently, a two-stage 
model to detect moderate to severe OSA (MS-OSA) has been 
developed and validated in a primary care, non-disabled popu-
lation.15 The model, with an overall accuracy of 83%, consists 
of a simple four-item screening questionnaire (the OSA50) to 
rule out OSA, followed by overnight oximetry for those with a 
positive questionnaire result.15

Two OSA screening questionnaires, the Multivariate Apnea 
Prediction Index and the Berlin Questionnaire, have been tested 
in the SCI population and both performed poorly at identifying 
OSA.2 16 OSA is highly prevalent within weeks of cervical SCI 
and is considered a direct consequence of the injury,17 in contrast 
to the progressive onset of OSA in people without disability. As 
such, it is possible that the risk factors also differ, and question-
naires developed specifically for the SCI population may perform 
better than those developed for the non-disabled population. 
This project aimed to determine the accuracy of the original 
two-stage model, developed for the non-disabled population, for 
diagnosing MS-OSA in people with chronic tetraplegia. Further-
more, the study tested whether inclusion of readily obtainable 
tetraplegia-specific risk factors would improve model accuracy.

MeThodS
The reference standard for this study, MS-OSA, was defined as 
an Apnea Hypopnea Index (AHI)≥21, scored with the American 
Academy of Sleep Medicine (AASM) 2012 criteria. We consid-
ered this threshold equivalent to an AHI≥30 scored using AASM 
‘Chicago’ criteria; the reference standard used in the original 
two-stage model validation in a non-disabled population.15 18 19 
Further details are provided in online supplementary material 
including eTable2).

Stage 1: initial validation and modification of the two-stage 
model with oSA50 questionnaire
An existing data set, including a questionnaire battery and full 
PSG in a sample of 78 people with chronic tetraplegia, was 
used to validate and modify the original two-stage model.2 20 
Demographic data coupled with questionnaire responses from 
the Basic Nordic Sleepiness Questionnaire21 enabled deriva-
tion of the OSA50 scores (online supplementary eFigure 1 and 
eTable1). The overnight oximetry was simulated by analysing the 
raw oximetry signal from the PSG independently of all other 
signals and scored events. The 3% oxygen desaturation index 
(3%ODI) was generated by Compumedics (Abbotsford, Vic, 
Australia) ProfusionPSG software (V.3.4). To mirror the condi-
tions of the original study, the 3%ODI was calculated over total 
(study) recording time.15 Full PSG data were independently 
staged and scored as per AASM 2012 criteria to calculate the 
reference standard AHI.18 Further details are provided in online 
supplementary material.

Receiver operating characteristic (ROC) curve analyses of the 
OSA50 and 3%ODI were performed to assess the accuracy of 
the two stages separately and to determine optimal thresholds. 
Following application of the model to the data set, sensitivity 

and specificity, positive and negative predictive values, positive 
and negative likelihood ratios and overall test accuracy were 
calculated for the two-stage model as a whole and the 3%ODI 
alone. This was performed using the original thresholds (ie, 
OSA50 ≥5/10 and 3%ODI ≥16/hour) and repeated with the 
optimised thresholds.

A 95% CI for the 3%ODI threshold was calculated by 
obtaining 999 bootstrap replicate samples.22 Resampling sepa-
rately the ‘OSA negative’ and ‘OSA positive’ cases and deter-
mining the optimal threshold for each sample provided the 95% 
CI as the 2.5th and 97.5th percentiles of the 999 thresholds.

Stage 2: development of the tetraplegia-specific 
questionnaire (Screening for oSA in Tetraplegia) and two-
stage model
Using the same data set (n=78) a modified version of the ques-
tionnaire was developed by investigating previously identified, 
tetraplegia-specific risk factors and their associations with 
MS-OSA. The risk factors investigated were age, gender, Amer-
ican Spinal Injury Association (ASIA) Impairment Scale (AIS), 
lesion level, neck and waist circumference, body mass index, 
time since injury, daytime sleepiness, self-reported snoring and 
self-reported apnoeas. Non-binary variables were dichotomised 
to enable simple questionnaire administration. Further details 
are provided in online supplementary material.

Univariate associations between the binary risk factors and an 
AHI≥21 were investigated. Variables with a p<0.1 on univar-
iate analysis were entered into a backward, stepwise, multi-
variable logistic regression model. Weightings of the regression 
coefficients of variables significantly associated with MS-OSA 
(p<0.05) were used to develop a simple scoring algorithm for 
a new questionnaire, called Screening for OSA in Tetraplegia 
(SOSAT).23

The same diagnostic accuracy statistics used in stage 1 were 
calculated for the SOSAT questionnaire alone and, after inclu-
sion of the 3%ODI, for the two-stage model as a whole.

Stage 3: validation of two-stage models
Stage 3 involved validation of the two-stage models (with both 
OSA50 and SOSAT screening questionnaires) against the refer-
ence standard (PSG derived AHI≥21) in a prospective sample. 
Study design complied with the Standards for Reporting of Diag-
nostic Accuracy Studies (STARD) statement .24 The study was 
prospectively registered in the Australia and New Zealand Clin-
ical Trials Registry (ACTRN12615000896572). The University 
of Miami provided baseline data from a concurrent randomised 
controlled trial which was prospectively registered on  clinical-
trials. gov (NCT02176928).

Sample size
The sample size calculation for the prospective validation was 
based on the estimated sensitivity, given its relative importance 
for diagnosis of this disease. Assuming a 50% prevalence of 
MS-OSA,2 4 98 participants were required for a sensitivity of 0.85 
(95% CI 0.75 to 0.95). Assuming a home sleep study failure rate 
of approximately 9%,15 we aimed to recruit 108 participants.

Participant recruitment
Consecutive patients, with chronic (>1 year postinjury), trau-
matic tetraplegia (level T1 or higher; AIS A, B, C or D), attending 
the spinal outpatient or inpatient units between September 2015 
and April 2017 at Austin Hospital, Stoke-Mandeville Hospital 
and GF Strong Rehabilitation Centre were invited to participate. 
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All participants with chronic, traumatic tetraplegia recruited 
to the University of Miami study between April 2015 and 
November 2016 were also assessed for inclusion. Participants 
were excluded if they were: being treated for OSA; an inpatient 
with a cardiorespiratory complication; medically unstable; or 
unable to provide informed consent.

Data collection
Unattended PSGs were conducted in the participants’ homes 
or the spinal inpatient units and set up by two trained staff. 
PSGs were conducted with a SomtePSG device (Compumedics, 
Abbottsford, Australia) except in Miami where an Embla 
Emblettax100 PSG device (Natus Medical, Pleasanton, USA) 
was used. All studies were sleep staged, and respiratory scored by 
an independent, experienced sleep scientist in Melbourne using 
Profusion software (Compumedics).

Oximetry was collected within the PSG devices and the 
3%ODI generated as described in stage 1. To determine whether 
a different oximeter could be confidently used in the model, 
oximetry was also collected with a ResMed (San Diego, CA, 
USA) ApneaLinkAir device in a subset of 20 participants, and 
the 3%ODI was calculated using ApneaLink software (V.10.20). 
The ApneaLink oximeter was placed on the same finger of the 
opposite hand to the SomtePSG oximeter. Detailed descriptions 
of PSG devices and oximeters are provided in online supplemen-
tary material.

Demographic data were collected from the medical record. 
Abdominal girth (at end expiration) and neck circumference 
were measured immediately prior to the sleep study with the 
patient in the supine position. If weight and height were not 
recorded in the medical record, participants provided estimates. 
The Berlin Questionnaire25 and Karolinska Sleepiness Scale26 
were collected before the sleep study.

Data analysis
Baseline characteristics of participants in the development and 
the validation groups were compared with Student’s t-tests (or 
Wilcoxon signed-rank test if non-normally distributed) and Χ2 
analyses.

The accuracy of both two-stage models and the ODI alone 
were evaluated with the same diagnostic accuracy statistics 
described previously. Differences in overall accuracy of the 
models were evaluated with a McNemar Χ2 test.

Sensitivity analyses of model accuracy examined the poten-
tial effects of study site (Χ2) and PSG quality. High-quality 
sleep studies were defined as 3 hours of sleep plus 6 hours of 
concurrent EEG, oxygen saturation and either nasal flow and/or 
thoracic/abdominal excursion traces.

Agreement between the 3%ODIs generated by both the 
ApneaLink and Compumedics devices was compared using a 
Bland-Altman plot, Pearson’s correlation and the proportion 
changing categories.

reSulTS
Participants of the development (n=78) and validation (n=100) 
groups were predominantly male, slightly overweight and less 
than half had complete injuries (AIS A). Participants of the vali-
dation group were on average 6 years older and 6 years longer 
postinjury than those in the development group. Prevalence of 
OSA was high in both groups, although significantly higher in 
the validation group (table 1). See online supplementary mate-
rial for the characteristics of sleep disordered breathing in both 
samples.

Stage 1: initial validation and modification of two-stage 
model with oSA50 questionnaire
In the development data set, the OSA50 questionnaire alone was 
significantly predictive of MS-OSA with an ROC area under the 
curve (AUC) of 0.83 (95% CI 0.73 to 0.92, figure 1). When 
using the original threshold (≥5/10), the sensitivity and speci-
ficity of the questionnaire were 86.7% and 52.1%, respectively. 
A threshold of ≥3/10 with a sensitivity of 100% and a specificity 
of 29.2% gave the best performance for ruling out OSA.

The ROC AUC for the 3%ODI alone was 0.93 (0.87–0.98, 
figure 1). When using the original threshold of ≥16, sensitivity 
and specificity of the ODI were 80.0% and 87.5%. A threshold 
of ≥13 was deemed the optimal threshold for classifying 
MS-OSA (86.7% and 83.3%, respectively), and the 95% CI was 
9.5 to 22.2.

Sensitivity and specificity of the two-stage model (OSA50 
questionnaire and ODI in combination) with original thresh-
olds (OSA50 ≥5/10 and 3%ODI ≥16) were 70.0% and 91.7%. 
Sensitivity and specificity with optimised thresholds (OSA50 
≥3/10 and 3%ODI ≥13) were 83.3% and 85.4% (table 2 and 
online supplementary eTable 3A–C).

Stage 2: development of the tetraplegia-specific 
questionnaire (SoSAT) and two-stage model
The ROC analyses for non-binary predictor variables, the 
thresholds selected and the subsequent univariate analyses can 
be found in online supplementary eTables 4 and 5. Multivari-
able analysis established that four variables were predictive of 
MS-OSA (table 3). The multivariable factor weightings were 
simplified to generate a scoring algorithm out of 10 for the 
SOSAT questionnaire (figure 2). Two variables were given a 

Table 1 Characteristics of participants in development and validation 
groups

development 
group (n=78)

Validation 
group (n=100) P values

Age, years (SD) 43.9 (12.3) 49.6 (13.9) 0.01

Gender male, % (n) 75.6 (59) 79.0 (79) 0.59

Time since injury, median years 
(IQR)*

10.0 (11.0) 12.7 (17.7) 0.03

AIS A, % (n) 44.9 (35) 38.0 (38) 0.36

AIS B, % (n) 11.5 (9) 21.0 (21) 0.09

AIS C, % (n) 11.5 (9) 19.0 (19) 0.18

AIS D, % (n) 32.1 (25) 22.0 (22) 0.13

C1-C4, % (n) 30.8 (24) 20.0 (20) 0.10

C5-T1, % (n) 69.2 (54) 80.0 (80) 0.13

BMI, kg/m2 (SD) 25.0 (4.0) 26.4 (6.1) 0.07

Waist circumference, cm (SD) 104.9 (15.9) 104.0 (16.8) 0.71

Neck circumference, cm (SD) 41.3 (5.4) 42.3 (5.9) 0.26

KSS, median (IQR)* 3 (2) 3 (4) 0.81

AHI†, median events/hour (IQR)* 13.3 (28.2) 22.3 (30.0) <0.01

AHI≥21, % (n) 38.5 (30) 53.0 (53) 0.05

AHI≥5, % (n) 73.1 (57) 97.0 (97) <0.01

AHI≥15, % (n) 48.7 (38) 72.0 (72) <0.01

*Non-normally distributed.
†AASM 2012 scoring criteria.18

AASM, American Academy of Sleep Medicine; AHI, Apnea Hypopnea Index; AIS, ASIA 
Impairment Scale; BMI, body mass index; KSS, Karolinska Sleepiness Scale. 
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weighting of 3 (AIS A, B or C and self-reported snoring) and two 
variables a weighting of 2 (self-reported apnoeas and sleepiness).

The ROC AUC for the SOSAT questionnaire was 0.87 (0.79–
0.95, figure 1). Sensitivity and specificity at a threshold of ≥5/10 
were 100.0% and 27.1%, respectively. When combined with 
oximetry the sensitivity and specificity of the two-stage model 
(SOSAT ≥5/10 and 3%ODI ≥13) were 83.3% and 87.5% 
(table 2 and online supplementary eTable 6).

Stage 3: validation of two-stage models
Figure 3 shows the participant recruitment pathway for the 
validation group. Three models were applied to the validation 
data set for comparison: the two-stage model with OSA50 (with 
optimised thresholds), the two-stage model with SOSAT and 
the 3%ODI alone (tables 2 and 4A–C). No differences in the 
overall accuracy of the three models were observed (p=0.56, 
0.48, 0.56 for the three pairwise comparisons). The OSA50 and 
SOSAT questionnaires excluded 19% and 22%, respectively, 
from further testing with oximetry.

The SOSAT questionnaire incorrectly excluded three people 
with MS-OSA and 3%ODI ≥13. In the model using SOSAT, the 
3%ODI was responsible for 18 of the 21 incorrectly classified 
cases. Of these, eight (44%) were within the 95% CI for the 
3%ODI (9.5 to 22.2). The AHIs for the 12 incorrectly missed 
and the nine incorrectly diagnosed ranged from 21.5 to 37.9, 
and 12.6 to 20.3 respectively (online supplementary eTable 7).

There was no effect of study site (model with SOSAT p=0.40; 
OSA50 p=0.54), nor PSG quality on overall accuracy (high 
quality (n=76) vs all (n=100); model with SOSAT=79% vs 
79%; with OSA50=82% vs 80%).

Oximetry device data comparisons
Oximetry data from simultaneously collected ApneaLink 
and Compumedics devices revealed four technical failures 
when using the ApneaLink. Mean 3%ODI scores from the 16 

participants with both ApneaLink and Compumedics devices 
were 20.0 (SD=16.7) and 21.6 (17.2) (p=0.36). Correlation 
was high (0.92; p<0.01). Two (12.5%) participants whose 
Compumedics derived 3%ODI was ≥13 were <13 on Apnea-
Link (online supplementary eFigure2 for Bland-Altman plot).

dISCuSSIon
This study evaluated the accuracy of a two-stage model of a 
screening questionnaire followed by overnight oximetry as 
an alternative to PSG for diagnosing MS-OSA in people with 
chronic tetraplegia. The model was tested using both the OSA50 
questionnaire, as originally developed and validated for the 
non-disabled primary care population15 and a modified version 
developed specifically for chronic tetraplegia. To our knowl-
edge, this is the first time an OSA diagnostic model has been 
adapted and applied in people with tetraplegia, a population 
with a high burden of disease but limited access to full diagnostic 
services. Both models performed similarly, correctly classifying 
80% (OSA50) and 79% (SOSAT) of participants.

We hypothesised that the model with SOSAT questionnaire 
would be more accurate than with OSA50 questionnaire. 
However, two of the four items (self-reported snoring and 
apnoeas) were identical. Despite the strong association found 
on univariate analysis, waist circumference (an item of the 
OSA50) was excluded from the SOSAT questionnaire because 
it is a highly impractical measurement to obtain in tetraplegia. 
The absence of waist circumference may partly explain why 
SOSAT did not outperform the OSA50. Given the performance 
of SOSAT was comparable to the OSA50 with simpler adminis-
tration we recommend using SOSAT.

The two-stage model with SOSAT incorrectly diagnosed nine 
participants with MS-OSA. Their AHIs ranged from 12.6 to 
20.3. All had evidence of at least mild OSA and would poten-
tially benefit from therapy. Of greater concern were the 12 
participants who were incorrectly ‘missed’ in the model (AHIs 

Figure 1 ROC curve showing performance of two questionnaires (OSA50 and SOSAT) and the 3%ODI in discriminating MS-OSA in people with 
tetraplegia in development group. AUC, area under the curve; MS-OSA, moderate to severe OSA; ODI, oxygen desaturation index; OSA, obstructive 
sleep apnoea; ROC, receiver operating characteristic; SOSAT, Screening for OSA in Tetraplegia. 
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21.5–37.9). In six of these cases the SOSAT questionnaire failed 
to identify individuals at risk, and in nine the ODI was too low. 
In settings where PSG is readily available, clinicians could order 
full PSG for patients whose unexplained symptoms persist, 
despite the negative result in this model.

Despite sensitivity and specificity results that were comparable 
to the original Chai-Coetzer et al’s validation study,15 the nega-
tive predictive value (76%) is low in our sample, indicating a 
24% chance of a false-negative result. The high prevalence of 
MS-OSA in this population poses challenges for any diagnostic 
model to modify post-test probability. The use of CIs partially 
addresses this issue. A bootstrapping technique determined the 
optimal threshold for the 3%ODI was ≥13 with a 95% CI of 9.5 
to 22.2. Application of the CI could reduce the risk of misclassifi-
cation. We suggest that clinicians use the 95% CI for the 3%ODI 
as an ‘uncertain’ category where, with clinical judgement, they 
could further investigate OSA and/or proceed to treatment, 
based on the symptoms and desires of the individual patient. In 
our study, removing the incorrectly classified participants with 
3%ODIs within the CI would have improved the sensitivity and 
specificity of the two-stage model with SOSAT to 80% and 93%, 
with an overall accuracy of 86% (n=92).

When OSA is defined as AHI≥5, the prevalence in our vali-
dation sample was found to be 97%. This is substantially higher 
than in the retrospective sample used to develop the model 
(73%), yet similar to that recently reported in a prevalence 
study using comparable methods (93%).4 Unfortunately, meth-
odologies vary substantially among prior prevalence studies 
and as such, there are no meta-analyses that estimate the popu-
lation prevalence of OSA in SCI.1 Undertaking screening tests 
for a highly prevalent disease could be considered redundant. 
However, funding for treatment is usually dependent on a clini-
cian’s diagnosis of OSA, and few clinicians and patients would 
prescribe and accept treatment without solid evidence of disease. 
We have focused on detecting MS-OSA, for which the preva-
lence was 38% and 53% in our two samples. In people without 
disability, all-cause mortality, stroke and cardiovascular disease 
are strongly associated with more severe OSA.27–30 In people 
with acute and chronic tetraplegia, more severe OSA has been 
associated with worse neuropsychological function.6 7 Further, 
those with more severe disease and more daytime sleepiness are 
more likely to adhere to CPAP treatment, the first-line therapy 
for OSA.31

There is currently no agreed threshold for the diagnosis 
of OSA or its severity9 and furthermore, the AHI is poorly 
correlated with symptoms.32 There are also significant prob-
lems with intra-rater and inter-rater reliability of AHI scoring 
and different laboratories use different scoring rules for hypo-
pnoeas which substantially impact the AHI.9 Reliability studies 
have demonstrated high night-to-night variability in the AHI, 
affecting OSA diagnosis at various thresholds.33 34 Other Ta
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Table 3 Multivariable logistic regression analysis: associations 
between significant baseline variables and MS-OSA

Variable beta coefficient or P values 95% CI

AIS A, B or C 2.88 17.81 <0.01 1.25 to 4.50

Self-reported snoring 2.42 11.25 0.01 0.74 to 4.09

Self-reported apnoeas 1.71 5.53 0.01 0.38 to 3.04

How sleepy did you feel at 
midday today? (KSS≥3/9)

1.82 6.17 0.02 0.32 to 3.33

AIS, ASIA Impairment Scale; KSS, Karolinska Sleepiness Scale; MS-OSA, moderate to 
severe OSA. 
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research suggests the ODI has relatively low variability35 and 
a comparison of the night-to-night variability of respiratory 
sleep indices found that the ODI was substantially more reli-
able than the AHI.36 Additionally, the ODI, and not the AHI, 
has been significantly associated with cardiovascular disease in 
a large non-disabled population with suspected OSA.37 This 
evidence suggests that ODI is a more reliable and, potentially, 
a better marker of cardiovascular risk than the ‘gold-standard’ 
AHI. Researchers and clinicians must be mindful of the limita-
tions of the AHI for diagnosing OSA, and the implications for 
diagnostic accuracy studies investigating alternative models. 

Evaluating the effectiveness of alternative tests on patient 
outcomes rather than traditional diagnostic accuracy methods 
has been suggested to address this issue.9

While central sleep apnoea has previously been identified 
in tetraplegia,38 our data suggest that it is not the predomi-
nant characteristic of sleep disordered breathing, accounting 
for just 4% of the classified events on average. Only 2% of 
our combined sample (3/178) had predominant central sleep 
apnoea. Hypoventilation is a risk in patients with neuromus-
cular weakness, however its frequency and severity in tetra-
plegia is yet to be established. Assessment for hypoventilation 

Figure 2 Screening for OSA in Tetraplegia (SOSAT) questionnaire. ASIA, American Spinal Injury Association. 

Figure 3 Participant recruitment pathway (validation group). OSA, obstructive sleep apnoea. 
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would be an important component of any OSA management 
pathway using our two-stage model. Further research is 
required to assess the safety and feasibility of using this model 
in an OSA management pathway. Consideration of symptoms, 
individual patient comorbidities, assessment for hypoventila-
tion and the availability of full PSG for ambiguous or compli-
cated cases would also be important components of this 
pathway.

The scope of our study was limited to testing the accuracy 
of a two-stage model of questionnaire followed by overnight 
oximetry (a level IV portable device). As yet, the accuracy 
of level III portable monitors, including airflow, respiratory 
effort and oximetry recordings, has not been tested in people 
with tetraplegia, although they have been assessed as feasible 
in this population.39 Level III monitors are an accepted alter-
native for OSA diagnosis in non-disabled populations.40 Based 
on research showing similar effectiveness of level III devices 
to PSG and substantially lower costs, others have suggested 
that PSG is no longer necessary for most patients with clinical 
suspicion of OSA.41 Further research into the accuracy of level 
III devices and their safety and acceptability in tetraplegia is 
warranted.

limitations
The ODIs were obtained from the PSG oximeter and the Compu-
medics software. A recent study comparing the ODIs generated 
by a ResMed system with those from a Compumedics system 
found the ResMed system generated higher values. The source 
of the difference was in the data collection processes rather 

than the algorithms built into the software.42 This finding has 
major implications for the use of ODIs to diagnose OSA and 
may limit translation of models using oximetry into clinical prac-
tice. It highlights a sleep industry-wide failure to develop refer-
ence criteria for oximeters, analysis software and algorithms. 
Our addition of the ODI CI to the two-stage model partially 
addresses this issue. In our substudy there were two participants 
with conflicting OSA classifications from the ApneaLink and 
Compumedics systems. In both cases, the wrongly classified ODI 
was within the CI.

The development and validation samples in this study were 
recruited with different methods and approximately 10 years 
apart. The validation group were older, longer postinjury and 
had more severe OSA, which may reflect a selection bias and 
have affected the performance of the model.

ConCluSIon
The two-stage model of SOSAT questionnaire followed by over-
night oximetry provides a potential alternative to full PSG for 
identifying MS-OSA in people with chronic tetraplegia. This 
model could be considered in settings where PSG is inaccessible 
or when patients are unable or unwilling to attend an overnight 
sleep study, in conjunction with comprehensive assessment of 
symptoms, comorbidities and hypoventilation. Some patients 
with MS-OSA may be missed; however, the addition of CIs to 
the 3%ODI may reduce this risk. Despite the limitations, this 
translatable model has the potential to substantially increase the 
detection of OSA in people with tetraplegia and subsequently 
improve access to treatment.

Author affiliations
1institute for Breathing and Sleep, austin Health, Melbourne, Victoria, australia
2Department of Medicine, the University of Melbourne, Melbourne, Victoria, australia
3national Spinal injuries centre, Stoke-Mandeville Hospital, aylesbury, UK
4Miller School of Medicine, the University of Miami, Miami, Florida, USa
5Department of Medicine, University of British columbia, Vancouver, British 
columbia, canada
6Spinal cord injury Department, gF Strong rehabilitation centre, Vancouver, British 
columbia, canada
7adelaide institute for Sleep Health: a Flinders centre of research excellence, 
Flinders University, adelaide, South australia, australia
8Sleep Health Service, Southern adelaide local Health network, adelaide, South 
australia, australia
9School of Public Health and Preventive Medicine, Monash University, Melbourne, 
Victoria, australia
10Department of Physiotherapy, the University of Melbourne, Melbourne, Victoria, 
australia

Acknowledgements the authors thank resMed for the donation of the 
apnealink monitors, and the research staff involved in the recruitment of 
participants and collection of data. We also thank our participants with spinal cord 
injury who so generously allowed us into their homes to perform the sleep studies. 

Contributors Study design: Mg, rS, SS, nta, MSn, Wrr, clcc, Pr, tc, Sg, DJB. 
Participant recruitment and data acquisition: Mg, rS, Sc, ct, SS, VV, Wrr. Data 
analysis: Mg, rS, Wrr, tc, Pr, DJB. Manuscript preparation and approval of final 
version: all authors. guarantors: Mg and DJB.

Funding Mg was supported by an australian government national Health and 
Medical research council postgraduate scholarship (grant number 1114181) and 
an australasian Spinal cord injury network PhD scholarship. Data collection at 
Stoke-Mandeville Hospital was supported by a Stoke-Mandeville Masson research 
award grant from the Buckinghamshire nHS trust charitable trust Funds, UK. Data 
collection at the University of Miami was funded by the Department of Defense 
(award no W81XWH-13-1-0479).

disclaimer none of the funders have had any role in the design, conduct, 
collection, management, analysis or interpretation of the data, nor have they been 
involved in the preparation, review or approval of the manuscript for publication.

Competing interests none declared.

Patient consent Obtained

Table 4A Contingency table for two-stage model with OSA50 
questionnaire (optimised thresholds)

MS-oSA (AhI≥21/hour)

Positive negative

OSA50 ≥3/10 and 3%ODI 
≥13/hour

Positive 42 9 51 (51%)

Negative 11 38 49 (51%)

53 (53%) 47 (47%) 100 (100%)

AHI, Apnea Hypopnea Index; MS-OSA, moderate to severe OSA; ODI, oxygen 
desaturation index; OSA, obstructive sleep apnoea. 

Table 4b Contingency table for two-stage model with SOSAT 
questionnaire

MS-oSA (AhI≥21/hour)

Positive negative

SOSAT ≥5/10 and 3%ODI 
≥13/hour

Positive 41 9 50 (50%)

Negative 12 38 50 (50%)

53 (53%) 47 (47%) 100 (100%)

AHI, Apnea Hypopnea Index; MS-OSA, moderate to severe OSA; ODI, oxygen 
desaturation index; SOSAT, Screening for OSA in Tetraplegia. 

Table 4C Contingency table for 3%ODI alone

MS-oSA (AhI≥21/hour)

Positive negative

3%ODI ≥13/hour Positive 44 14 58 (58%)

Negative 9 33 42 (42%)

53 (53%) 47 (47%) 100 (100%)

AHI, Apnea Hypopnea Index; MS-OSA, moderate to severe OSA; ODI, oxygen 
desaturation index. 
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2.4 Online supplement 

Section 2.4 was published online with the Thorax manuscript. It has been reformatted 

for this thesis but the wording, tables and figures are unchanged. The table and figure 

numbering system is also unchanged from the online publication because the original 

numbers have been cross-referenced in the Thorax manuscript.  

Additional methods 

2.4.1.1 Stage One: Initial validation and modification of two stage model with OSA50 

questionnaire 

Establishing the definition of moderate to severe OSA with new respiratory scoring 

rules. 

Moderate to severe obstructive sleep apnoea (MS-OSA) was originally defined by Chai-

Coetzer et al as an apnoea-hypopnoea index (AHI) ≥30 scored according to the 1999 

American Academy of Sleep Medicine (AASM) “Chicago” criteria.[82] When the 

“Chicago” criteria were formulated, the AASM defined an AHI threshold of ≥30 as 

“severe OSA”, with 5 to 15 indicating mild disease, and 15 to 30 indicating moderate 

disease.[29] However the rules for scoring of respiratory events have undergone two 

further iterations since the 1999 “Chicago” criteria.[27, 30] The 2007 AASM rules 

result in markedly lower AHI scores, and Ruehland et al showed that an AHI of ≥30 

scored according to “Chicago” criteria is equivalent to an AHI of approximately 10.8 

when scored according to the 2007 criteria.[42] Based on this information, Chai-Coetzer 

et al chose to define moderate to severe OSA as an AHI of ≥30 using the “Chicago” 

criteria.[82] We have chosen to replicate this definition in our study but with use of the 

current 2012 AASM scoring criteria. It was therefore necessary to establish the AHI2012 

equivalent of an AHIChicago≥30.  

An existing dataset of 78 sleep studies in people with chronic tetraplegia was used for 

this purpose. These sleep studies were conducted for a different research project aiming 

to examine the relationships between demographics, symptoms and objectively 

measured sleep in people with chronic tetraplegia.[1, 2] Full PSG was performed in the 

participants’ homes with the Compumedics SomtePSG (Version 1) portable devices 

(Compumedics™, Abbottsford, Australia) collecting EEG, EOG, EMG (mentalis and 
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diaphragm), electrocardiograph, respiratory motion, nasal pressure, arterial oxygen 

saturation, snoring and body position. An experienced sleep scientist originally analysed 

the PSG data using AASM “Chicago” rules.[1]  

 

The AASM 2012 rules are less inclusive of respiratory events, and as such, existing 

respiratory events were reviewed for compliance with AASM 2012, and removed if 

they no longer met criteria.[42] The re-scoring enabled Receiver Operating 

Characteristic (ROC) curves and sensitivity and specificity tables to be calculated in 

order to estimate an equivalent threshold for MS-OSA as per the original two-stage 

model validation.[82] The equivalent AHI2012 threshold for MS-OSA was subsequently 

used as the reference standard for Stages One, Two and Three of this study. Results are 

provided below.  

 

Derivation of the OSA50 questionnaire 

The OSA50 questionnaire contains four questions detailed in eFigure 1.[82] Each 

question was derived from the retrospective dataset of 78 people with chronic 

tetraplegia (described above) to enable calculation of the questionnaire. Waist 

circumference and age were available in the retrospective dataset, allowing simple 

calculation of these scores. However the Berlin questionnaire,[95] which was originally 

used by Chai-Coetzer to derive the self-reported snoring and apnoea questions, was not 

available. Similar questions regarding self-reported snoring and apnoeas are contained 

within the Basic Nordic Sleep Questionnaire (BNSQ, eTable 1).[163] BNSQ Question 

16 asks “Do you snore whilst sleeping?”, and BNSQ Question 18 asks “Have you had 

breathing pauses (sleep apnoea) during sleep? Have other people noticed that you have 

pauses in respiration when you sleep?” Responses for BNSQ questions 16 and 18 are on 

a 5-item Likert scale (Never or less than once a month; less than once per week; on 1-2 

days per week; on 3-5 days per week; daily or almost daily). Both variables were 

dichotomized as “never or less than once per month” versus all other responses because 

this was thought to best reflect the “all or nothing” nature of the OSA50 responses. 

eTable 1 details the OSA50 questions and the corresponding data from the retrospective 

dataset. 
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 If YES, 

score: 

Obesity: Waist circumference (Males>102cm or Females>88cm) 3 

Snoring: Has your snoring ever bothered people?  3 

Apnoeas: Has anyone noticed that you stop breathing during your 

sleep? 

2 

50: Are you aged 50 years or over? 2 

Total 10 

eFigure 1: OSA50 questionnaire 

 
 
eTable 1: Derivation of the OSA50 questionnaire 

OSA50 questionnaire Corresponding variable in retrospective 

dataset  

 

Obesity: Waist circumference 

(Males>102cm or Females>88cm) 

 

Waist circumference (cm; at time of sleep 

study) 

 

Snoring: Has your snoring ever bothered 

people? (Berlin questionnaire, Question 

4) 

 

BNSQ question 16: Do you snore whilst 

sleeping (ask other people)?  

 

 

Apnoeas: Has anyone noticed that you 

stop breathing during your sleep? (Berlin 

questionnaire, Question 5)  

BNSQ question 18: Have you had 

breathing pauses (sleep apnoea) during 

sleep (have other people noticed that you 

have pauses in respiration when you 

sleep? 

 

50: Are you aged 50 years or over? Age (at time of sleep study) 
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2.4.1.2 Stage Two: Development of the tetraplegia-specific questionnaire. 

Dichotomising non-binary variables 

Potential risk factors and their associations with MS-OSA were investigated for 

inclusion in the new questionnaire. The following risk factors were available for 

investigation in the retrospective dataset of 78 people with chronic tetraplegia: age, 

gender, American Spinal Injury Association Impairment Scale (AIS), lesion level, neck 

circumference, waist circumference, Body Mass Index (BMI), time since injury, 

daytime sleepiness, self-reported snoring, and self-reported apnoeas. Daytime sleepiness 

was assessed with the Karolinska Sleepiness Scale (KSS), an assessment of state 

sleepiness. The KSS asks participants to rate their level sleepiness at midday of the day 

the questionnaire is completed on a scale from 1 (very alert) to 9 (extremely sleepy; 

fighting sleep).[164] Self-reported snoring and self-reported apnoeas were assessed with 

questions 16 and 18 of the BNSQ, as described previously. 

 

The tetraplegia specific questionnaire was developed for use in busy outpatient and 

primary care locations. As such it was important to dichotomize the non-binary 

outcomes to facilitate simple scale development. To determine the optimal point for 

dichotomising variables, ROC curves were calculated for all continuous variables and 

categorical variables with more than two categories. Only variables where the 95%CI 

for ROC area under curve (AUC) did not cross 0.5 were dichotomised and progressed to 

univariate analysis. The ROC curves for these variables were examined and 

dichotomised at the point that maximized sensitivity and specificity. Univariate and 

multivariable regressions of the binary risk factors were then performed as outlined in 

the methods of the main paper. 

2.4.1.3 Stage Three: Validation of two-stage models  

Home sleep studies 

Full PSG was conducted on all participants, using Type II ambulatory devices. Sleep 

studies from all sites except the University of Miami were conducted with SomtePSG 

(Compumedics™, Abbottsford, Australia) units, measuring EEG, EOG, EMG (mentalis 

and diaphragm), ECG, respiratory motion, nasal flow estimated from nasal pressure 

cannula, oronasal thermistor, arterial oxygen saturation, snoring and body position. 

Sleep studies from the University of Miami were conducted with Embla® 
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Embletta®x100 (Natus Medical Inc.®, Pleasanton, USA) portable units. These units 

recorded EEG, EOG, EMG, nasal flow, respiratory motion and arterial oxygen 

saturation. Oronasal thermistor and ECG were not recorded in the 10 studies from the 

University of Miami.  
 

Attended, in-laboratory PSG is considered to be the “gold standard” test for the 

diagnosis of OSA. However the unattended, portable SomtePSG unit has been validated 

against the “gold-standard” with the manually scored AHIs from the two systems 

showing good agreement.[165] Similarly, the Emblettax100 unit has been validated 

against a standard in laboratory attended PSG with good performance characteristics 

and accuracy in detecting OSA.[166] 
 

The raw PSG data from the University of Miami were de-identified and electronically 

sent to the Austin Health site for central independent analysis. These studies were 

exported to European Data Format and imported into Profusion software 

(Compumedics™) for manual scoring by the same experienced sleep scientist. The 

sleep scientist was blinded to the questionnaire data and the automatically generated 

3%ODI data. Sleep, arousals and respiratory events were scored according to the most 

recent AASM standard criteria. Apnoeas were defined as ≥90% reduction in airflow. 

Hypopnoeas were defined as a ≥30% reduction in airflow with a ≥3% desaturation or 

arousal.[27]  

 

Oximeters 

The Resmed ApnoeaLink oximetry system uses a Nonin pulse oximetry sensor (Nonin 

Medical, Minnesota, USA), and the Compumedics SomtePSG (Version 1) uses a 

Compumedics oximeter. The Compumedics oximeter samples oxygen saturation (SpO2) 

every heartbeat and uses the seven most recent measures to calculate SpO2. The largest 

and smallest values are removed from the analysis, and the remaining five are averaged 

to give the SpO2 result. The ApnoeaLink oximeter samples data at 1Hz and averages the 

signal every three seconds to generate the SpO2 value.[167] How each system 

automatically calculates the ODI from the SpO2 data is unknown and at the discretion of 

the companies who do not publish their algorithms. The researcher performing the 

3%ODI analysis was blinded to the full PSG data, including the AHI.  
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 Additional results 

2.4.2.1 Stage One: Initial validation and modification of two stage model with OSA50 

questionnaire  

Establishing the definition of MS-OSA with new respiratory scoring rules. 

The AHIs scored using the AASM 2012 criteria (AHI2012) were significantly lower than 

those scored with AASM “Chicago” (AHIChicago) rules. Mean (median) AHIs were 22.4 

(13.3) and 26.9 (18.9), respectively. The equivalent threshold for AHI≥30Chicago was 

AHI≥212012, which had sensitivity and specificity of 100%. eTable 2 shows the 

sensitivity and specificity of the various thresholds.  
 
eTable 2. Sensitivity and specificity of AHI2012 in classifying MS-OSA (AHI≥30Chicago) 

Cutpoint Sensitivity Specificity Correctly 
Classified 

( >= .9 ) 100.00% 0.00% 38.46% 
( >= 1 ) 100.00% 0.00% 38.46% 
( >= 1.1 ) 100.00% 4.17% 41.03% 
( >= 1.5 ) 100.00% 6.25% 42.31% 
( >= 2 ) 100.00% 8.33% 43.59% 
( >= 2.4 ) 100.00% 10.42% 44.87% 
( >= 2.5 ) 100.00% 16.67% 48.72% 
( >= 2.7 ) 100.00% 18.75% 50.00% 
( >= 3 ) 100.00% 20.83% 51.28% 
( >= 3.1 ) 100.00% 22.92% 52.56% 
( >= 3.2 ) 100.00% 25.00% 53.85% 
( >= 3.6 ) 100.00% 29.17% 56.41% 
( >= 3.7 ) 100.00% 31.25% 57.69% 
( >= 3.8 ) 100.00% 33.33% 58.97% 
( >= 4.1 ) 100.00% 35.42% 60.26% 
( >= 4.9 ) 100.00% 39.58% 62.82% 
( >= 5.3 ) 100.00% 41.67% 64.10% 
( >= 6.1 ) 100.00% 43.75% 65.38% 
( >= 6.7 ) 100.00% 45.83% 66.67% 
( >= 7 ) 100.00% 47.92% 67.95% 
( >= 7.1 ) 100.00% 50.00% 69.23% 
( >= 7.8 ) 100.00% 52.08% 70.51% 
( >= 8.2 ) 100.00% 54.17% 71.79% 
( >= 9 ) 100.00% 58.33% 74.36% 
( >= 9.1 ) 100.00% 60.42% 75.64% 
( >= 9.9 ) 100.00% 62.50% 76.92% 
( >= 10 ) 100.00% 64.58% 78.21% 
( >= 10.2 ) 100.00% 66.67% 79.49% 
( >= 10.4 ) 100.00% 68.75% 80.77% 
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( >= 12 ) 100.00% 77.08% 85.90% 
( >= 12.1 ) 100.00% 79.17% 87.18% 
( >= 14.4 ) 100.00% 81.25% 88.46% 
( >= 15.2 ) 100.00% 83.33% 89.74% 
( >= 15.3 ) 100.00% 85.42% 91.03% 
( >= 15.5 ) 100.00% 87.50% 92.31% 
( >= 16.7 ) 100.00% 89.58% 93.59% 
( >= 19 ) 100.00% 91.67% 94.87% 
( >= 19.2 ) 100.00% 93.75% 96.15% 
( >= 19.7 ) 100.00% 97.92% 98.72% 
( >= 21.2 ) 100.00% 100.00% 100.00% 
( >= 21.7 ) 96.67% 100.00% 98.72% 
( >= 24.4 ) 90.00% 100.00% 96.15% 
( >= 27.9 ) 86.67% 100.00% 94.87% 
( >= 28.1 ) 83.33% 100.00% 93.59% 
( >= 29.1 ) 80.00% 100.00% 92.31% 
( >= 30.1 ) 76.67% 100.00% 91.03% 
( >= 30.2 ) 66.67% 100.00% 87.18% 
( >= 31.2 ) 63.33% 100.00% 85.90% 
( >= 32.3 ) 60.00% 100.00% 84.62% 
( >= 34.3 ) 56.67% 100.00% 83.33% 
( >= 35.8 ) 53.33% 100.00% 82.05% 
( >= 36.6 ) 46.67% 100.00% 79.49% 
( >= 41 ) 43.33% 100.00% 78.21% 
( >= 41.4 ) 40.00% 100.00% 76.92% 
( >= 44.8 ) 36.67% 100.00% 75.64% 
( >= 46.9 ) 33.33% 100.00% 74.36% 
( >= 48.4 ) 23.33% 100.00% 70.51% 
( >= 51.5 ) 20.00% 100.00% 69.23% 
( >= 53 ) 16.67% 100.00% 67.95% 
( >= 57.5 ) 13.33% 100.00% 66.67% 
( >= 59.3 ) 10.00% 100.00% 65.38% 
( >= 62.1 ) 6.67% 100.00% 64.10% 
( >= 63.3 ) 0.00% 100.00% 61.54% 

 

 

Contingency tables for two-stage models in development group 

Contingency tables showing accuracy of the two-stage model with OSA50 

questionnaire (using original and optimized thresholds) and the 3%ODI alone in the 

development group can be found in Tables 3A-C. 
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eTable 3A: Contingency table for two-stage model with OSA50 (using original thresholds). 
 
 
 

 

 

 

 

 

 

 

eTable 3B: Contingency table for two-stage model with OSA50 (using optimised 

thresholds) in development dataset 
 

 

 

 

 

 

 

 

 

eTable 3C: Contingency table for validation of 3% ODI alone in development dataset 
 

2.4.2.2 Stage Two: Development of the tetraplegia-specific questionnaire. 

SOSAT questionnaire development 

ROC curve analyses were performed for 10 non-binary potential risk factors against 

AHI≥21 (eTable4). The ROC AUC with confidence intervals for each variable can be 

found in eTable4. Reasoning that anthropometry measures differed substantially 

  Moderate to severe OSA 

(AHI≥21/hour) 

 

  +ve -ve  

OSA50≥5/10& 

3%ODI≥16/hour 

+ve 21 4 25 (32%) 

-ve 9 44 53 (68%) 

  30 (38%) 48 (62%) 78 (100%) 

  Moderate to severe OSA 

(AHI≥21/hour) 

 

  +ve -ve  

OSA50≥3/10& 

3%ODI≥13/hour 

+ve 25 7 32 (41%) 

-ve 5 41 46 (59%) 

  30 (38%) 48 (62%) 78 (100%) 

  Moderate to severe OSA 

(AHI≥21/hour) 

 

  +ve -ve  

3%ODI≥13/hour +ve 25 8 33 (42%) 

-ve 5 40 45 (58%) 

  30 (38%) 48 (62%) 78 (100%) 
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between men and woman, neck and waist circumference were split in to male and 

female subgroups. Seven of the potential risk factors were significantly predictive of 

MS-OSA. The thresholds that optimized sensitivity and specificity, the corresponding 

sensitivity and specificity, and the percentage of participants who were excluded at this 

threshold are detailed for each variable in eTable 4. 
 

eTable4: ROC-AUC for “non-binary” variables, threshold selected, and sensitivity, 

specificity and % excluded for given threshold. 

Variable ROC AUC Optimal 
threshold 

Sensitivity Specificity % excluded 

AIS 0.70 (0.59-0.81) ABC vs DE 90.0% 45.8% 32% 
Lesion level 0.49 (0.36-0.62) NA NA NA NA 
Neck circumference 
ALL 

0.71(0.59-0.83) ≥41cm 80.0 47.9 37% 

Neck circumference 
MALES 

0.71(0.57-0.83) ≥42cm 80.0 50.0 28% (37% 
males) 

Neck circumference 
FEMALES 

0.80 (0.59-1.0) ≥35cm 100.0 50.0 9% (35% 
females) 

BMI 0.61(0.49-0.78) NA NA NA NA 
Waist circumference 
ALL 

0.75 (0.63-0.86) ≥103 80.0 66.7 49% 

Waist circumference 
MALES 

0.74 (0.61-0.87) ≥103 84.0 64.7 33% (43% 
males) 

Waist circumference 
FEMALES 

0.70 (0.35-1.0) ≥99 80.0 64.3 13%(50% 
females) 

Age 0.65 (0.53-0.77) ≥40 73.3 56.3 45% 
Time since injury 0.52(0.38-0.66) NA NA NA NA 
KSS 0.63 (0.50-0.75) ≥3 86.9 31.3 24% 
Snoring BNSQ16 0.70 (0.58-0.82) Not never (>1) 90.0 36.4 26% 
Apnoeas BNSQ18 0.68 (0.57-0.79) Not never (>1) 56.7 78.3 65% 

 

The seven significant (p<0.05) variables on ROC AUC analysis were then dichotomized 

at the selected thresholds and, along with gender, underwent univariate logistic 

regression analysis to determine association with MS-OSA (AHI≥21). The regression 

co-efficients and p-values for these variables can be found in eTable5. All except 

gender were significantly associated with MS-OSA (p<0.1) and were therefore 

candidates for multivariable regression. However given that waist and neck 

circumference are both measures of adiposity and likely to be collinear, only neck 

circumference was selected for multivariable analysis. Waist circumference was not 

chosen because of the difficulty in obtaining this measurement in people with 

tetraplegia in the outpatient setting. Six variables were therefore entered into the 

multivariable model and the results are detailed in the main paper. 
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eTable5: Univariate logistic regression analysis: associations between binary variables and 
MS-OSA 
Variable  Co-

efficient 

P value 

AIS (ABC)** 2.03 <0.01* 

Neck circumference (Males≥42cm, Females≥35cm)** 1.61 0.01* 

Waist circumference (Males≥103cm, Females≥99cm) 2.21 <0.01* 

Age (≥40)** 1.26 0.01* 

Daytime sleepiness (≥3KSS)** 1.08 0.08* 

Snoring (BNSQ16>1; not never)** 1.86 0.01* 

Apnoeas (BNSQ18>1; not never)** 1.60 <0.01* 

Gender (male) 1.08 0.22* 

*p<0.1; **entered into multivariable model 

 

Contingency table for two-stage model in development group 

The contingency table showing accuracy of the two-stage model with SOSAT 

questionnaire in the development group can be found in eTable6. 

 
eTable6: Contingency table for two-stage model with SOSAT in development dataset 

 

 

 

 

 

 

 

 
 

2.4.2.3 Stage Three: Validation of two-stage models 

The characteristics of the 21 incorrectly classified participants in the two-stage model 

with SOSAT questionnaire in the validation group are shown in eTable7. 
 

  Moderate to severe OSA 

(AHI≥21/hour) 

 

  +ve -ve  

SOSAT ≥5/10 &  

3%ODI≥13/hour 

+ve 25 6 31 (40%) 

-ve 5 42 47 (60%) 

  30 (38%) 48 (62%) 78 (100%) 
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              eTable7: Characteristics of incorrectly classified participants  

Gender Age AIS Level KSS Snore Apnoea Waist  SOSAT OSA50 ODI AHI 

Incorrectly classified as having moderate to severe OSA 

M 44 C C4 1 Yes No 112 6 6 20.1 12.6 

F 62 C C7 1 Yes No 131 6 8 16.7 13.7 

M 64 B C6 3 Yes No 113 8 8 16.1 14.3 

M 72 D C6 3 Yes No 95 5 5 14.8 14.5 

M 25 A C8 3 Yes Yes 105 10 8 21.8 14.9 

M 44 A C5 7 Yes No 103 8 6 22.4 15.0 

F 32 A C3 9 Yes Yes 98 10 8 23.7 16.0 

M 62 A C6 5 Yes No 115 8 8 19.9 20.2 

M 37 A C5 7 Yes Yes 91 10 5 25 20.3 

Incorrectly classified as not having moderate to severe OSA 

F 61 D C4 7 No No 107 2 5 5.0 21.5 

F 39 B C7 3 No No 90 5 3 3.1 22.6 

M 43 D C5 4 Yes No 82 5 3 3.7 22.9 

M 54 D C3 1 No No 102 0 2 25.2 23.2 

M 67 A C6 5 Yes No 83 8 5 6.7 26.2 

M 56 D C5 2 Yes Yes 98 5 7 10.6 29.9 

M 61 D C8 3 No No 98 2 2 9.0 31.3 

M 36 A C5 3 Yes No 91 8 3 2.8 31.5 

M 49 D C4 1 Yes No 93 3 3 33.7 34.8 

F 24 A C6 1 No No 138 3 3 16.5 35.4 

M 63 D C3 6 Yes No 123 5 8 12.3 37.6 

M 62 B C4 2 No No 105 3 5 6.5 37.9 
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eTable8a: Classification of event types in development group (n=78) 

 N Hypopnoea 

Index 

Obstructive 

Apnoea 

Index 

Central 

Apnoea 

Index 

Mixed  

Apnoea 

Index 

AHI 

All, mean(SD) 78 17.4(14.5) 7.9(15.6) 1.4(6.0) 0.2(0.7) 27.0(23.4) 

All (%) 78 80% 16% 4% <1% 100% 

AHI<10 (%) 22 95% <1% 5% <1% 100% 

10≤AHI<30 

(%) 

26 87% 11% 2% <1% 100% 

AHI≥30 (%) 30 62% 32% 6% <1% 100% 

*AASM 1999 Chicago criteria 
 

 

eTable8b: Classification of event types in validation group (n=100) 

 N Hypopnoea 

Index 

Obstructive 

Apnoea 

Index 

Central 

Apnoea 

Index 

Mixed  

Apnoea 

Index 

AHI 

All, mean(SD) 10

0 

19.9(14.4) 11.6(21.2) 1.4(5.3) 1.0(3.6) 33.7(26.9) 

All (%) 10

0 

74% 20% 4% 2% 100% 

AHI<10 (%) 13 91% 4% 4% 1% 100% 

10≤AHI<30 

(%) 

47 88% 8% 3% 1% 100% 

AHI≥30 (%) 40 54% 39% 4% 3% 100% 

*AASM 2012 criteria 
 

The proportions of central and mixed apnoeas are low and relatively stable as OSA 

severity increases in both datasets. Only three participants in the combined samples of 

178 (2%) had predominant central sleep apnoea, with 56%, 62% and 67% of events 

classified as central apnoea. Central sleep apnoea is observable in this population; but is 

not the predominant characteristic of sleep disordered breathing in people with 

tetraplegia. 
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Oximetry device data comparisons 

The Bland-Altman plot of differences in the 3%ODIs measured simultaneously by the 

Compumedics and ApnoeaLink oximeters (eFigure2) shows the overall bias is low at 

1.6 events/hour and, whilst the 95% limits of agreement are wide (-12.4 to 15.5), all 

differences are within two standard deviations of the mean. However there appears to be 

larger differences in 3%ODIs at the lower range of the measure, which could result in 

disagreement when various OSA diagnostic thresholds for the 3%ODI are applied. Ng 

et al found the ApnoeaLink oximeter generated higher 3%ODI values than the 

Compumedics oximeter by an average of 7.1 events/hour (95% limits of agreement -6.4 

to 20.6).[167] This was not replicated in our small sample of 16 participants, however 

the width of the 95% limits was comparable, suggesting a similar clinical impact on 

diagnostic thresholds for OSA.  
 

 
eFigure2: Bland-Altman plot of mean difference in 3%ODIs from Compumedics and 

Resmed oximeters 
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2.5 Additional methods 

The following sections (2.5, 2.6 and 2.7) contain new material associated with the 

SOSAT study that was not published in the main manuscript (Section 2.3) or online 

supplement (Section 2.4). 

 Subjective nasal congestion and MS-OSA 

To test whether subjectively measured nasal congestion is associated with MS-OSA in 

chronic tetraplegia, two self-reported nasal congestion questionnaires were included in 

the questionnaire battery during the SOSAT validation phase.   

 
At the time of study development, our group had obtained funding for a National Health 

and Medical Research Centre (NHMRC) trial of treating nasal resistance in people with 

tetraplegia and OSA and this trial was underway at our centre. The aim of the study was 

to determine whether topical application of phenylephrine prior to sleep onset could 

reduce the AHI.[114] In addition to objective measures of nasal resistance, two 

questionnaires assessing subjective nasal congestion were also being collected in this 

trial: the Congestion Quantifier five-item (CQ-5) questionnaire[168] and a Borg scale of 

nasal obstruction. The CQ-5 asks five questions about symptoms and impact of nasal 

congestion over the past week, and is scored on a likert scale from “none of the time” to 

“all of the time”. The range of possible scores is 5-25. (See Appendix 8.1) This 

questionnaire was previously found to be a reliable, valid and responsive measure for 

evaluating the severity of nasal congestion in non-disabled populations.[168] The Borg 

scale of nasal obstruction asks participants to rate how blocked their nose is “right now” 

on a scale of 0-10, with verbal descriptors placed at different numbers to guide 

participants (e.g 1=slight blockage; 9= very, very severe (almost maximal) blockage). 

This scale was adapted from the Modified Borg Dyspnoea Scale[169], a valid measure 

of breathlessness during exercise, specifically for this trial.[103] (See Appendix 8.2) 

 
These two questionnaires were included in the protocol for the prospective validation 

component of the SOSAT study, and administered immediately prior to the sleep study 

along with the other self-report measures. Descriptive analysis of the questionnaire 

scores included measures of central tendency and spread. The relationships between the 
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overall scores for both questionnaires and the AHI were investigated with correlation 

statistics and univariate linear regression analysis. Whether these questionnaire scores 

could predict the presence or absence of MS-OSA was investigated with univariate 

logistic regression analysis. 

2.6  Additional results 

 Development of the SOSAT questionnaire  

As detailed in Section 2.4 (Online supplement) non-binary potential risk factors for MS-

OSA were dichotomized prior to univariate and multivariate analyses to determine 

associations with MS-OSA. Additional results showing the ability these non-binary 

variables to discriminate MS-OSA and the process of selecting the thresholds are 

presented here.  

 
ROC curves were established for each of the following continuous variables and 

categorical variables with more than one category: AIS, injury severity,[170] injury 

level, neck circumference, BMI, waist circumference, age, years since injury, daytime 

sleepiness (as measured by the Karolinska Sleepiness Scale[171] (KSS)), self-reported 

snoring (as measured by Basic Nordic Sleep Questionnaire (BNSQ) question 16), and 

self-reported apnoeas (as measured by BNSQ question 18).[163] Results are 

summarized below. The ROC curves and sensitivity and specificity tables for each 

variable can be found in Appendix 8.3. From these tables the thresholds deemed to 

optimize sensitivity and specificity were selected for each variable. 

2.6.1.1 ASIA Impairment Scale (AIS) 

Possible responses for this ordinal variable were A, B, C, D and E. Table 2.2 shows the 

frequency of responses. 
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Table 2.2 Frequency of AIS categories 

AIS category Frequency Percentage 

AIS A 35 44.9 

AIS B 9 11.5 

AIS C 9 11.5 

AIS D 22 28.2 

AIS E 3 3.9 

Total 78 100 

 
ROC AUC for AIS was 0.70 (95% CI 0.59-0.81). (Figure 8.1) The AIS threshold 

selected for univariate analysis was ABC vs DE, which had a sensitivity of 90.0% and a 

specificity of 45.8%. At this threshold 32% of the sample were excluded. (Table 8.1 ) 

2.6.1.2 Injury severity 

Possible responses for injury severity included: C1-C4, AIS A, B or C; C5-C8, AIS A, 

B or C; T1-S5 AIS A, B or C; AIS D; Ventilator Dependent at any level. Table 2.3 

shows the frequency of responses. 

Table 2.3 Frequency of injury severity categories 

 Frequency Percentage 

C1-C4, AIS A, B or C 13 16.7 

C5-C8, AIS A, B or C 37 47.4 

T1-S5 AIS A, B or C 3 3.9 

AIS D or E 25 32.0 

Ventilator dependent 0 0 

Total 78 100 

 
ROC AUC for injury severity was 0.74 (0.64-0.84). (Figure 8.2) The threshold selected 

for further analysis was between C5-C8, AIS A, B or C and T1-S5, AIS A, B or C, which 

had a sensitivity of 90.0% and a specificity of 52.1%. This threshold excluded 32% of 

the sample. (Table 8.2) 

 
There were only three participants with T1 lesions in this dataset and consequently the 

optimal threshold for this variable divided the sample in almost the same manner as the 



 77 

optimal threshold for the AIS. Only the AIS was selected to progress to univariate and 

multivariate analysis.  

2.6.1.3 Injury level  

Possible responses for injury level included: C1, C2, C3, C4, C5, C6, C7, C8 and T1.  

Table 2.4 shows the frequency of responses. 

Table 2.4 Frequency of injury level categories 

 Frequency Percentage 

C1 1 1.3 

C2 0 0 

C3 3 3.9 

C4 20 25.6 

C5 25 32.1 

C6 18 23.1 

C7 7 9.0 

C8 1 1.3 

T1 3 3.9 

Total 78 100 

 
ROC AUC was 0.51 (0.38-0.64), indicating that this variable was no better than chance 

at predicting OSA. (Figure 8.3) This variable did not progress to univariate and 

multivariate analysis. ((Table 8.3) 

2.6.1.4 Neck circumference  

Neck circumference was measured in centimeters as a continuous variable. ROC AUC 

for neck circumference was 0.71 (0.59-0.83). (Figure 8.4) When all subjects were 

included in the analysis a threshold of ≥41cm, with a sensitivity of 80.0% and a 

specificity of 47.9%, was selected. (Table 8.4) This excluded 37% of the sample. ROC 

AUC for males and females separately were 0.71 (0.57-0.84) and 0.80 (0.59-1.0). 

(Figure 8.5; Table 8.5) A threshold score of ≥42cm, with a sensitivity and specificity of 

80.0% and 50.0%), was deemed to be optimal for males, excluding 37% of the male 

sample (28% of the total sample). The optimal threshold for women in this sample was 



 78 

≥35cm, with a sensitivity and specificity of 100.0% and 50.0%, excluding 35% of the 

female sample (9% of the total sample). (Figure 8.6; Table 8.6) 

2.6.1.5 BMI 

BMI was measured as a continuous variable in kilograms per metre squared. With an 

AUC of 0.62 (0.49-0.75), BMI was a poor discriminator of MS-OSA. (Figure 8.7; Table 

8.7). This variable did not progress to univariate and multivariate analysis. 

2.6.1.6 Waist circumference 

Waist circumference was measured in centimetres as a continuous variable. The ROC 

for waist circumference was 0.75 (0.63-0.86). (Figure 8.8). A threshold of ≥103cm in 

the total sample was deemed to optimize sensitivity and specificity (80.0% and 66.7% 

respectively) and eliminated approximately 50% from further testing. (Table 8.8) 

 
When males and females were separated, thresholds of ≥103cm for males 

(sensitivity=84.0 and specificity=64.7), and ≥99cm in females (sensitivity=88.0% and 

specificity=64.3%) were selected as optimal. (Figure 8.9; Figure 8.10; Table 8.9; Table 

8.10) 

2.6.1.7 Age 

Age was measured in years as a continuous variable. ROC AUC for age was 0.65 (0.53-

0.77). (Figure 8.11) The optimal threshold was deemed to be ≥40 years with a 

sensitivity of 73.3% and a specificity of 56.3%, which excluded 45% of the sample. 

(Table 8.11) 

2.6.1.8 Years since injury 

ROC AUC for years since injury was 0.52 (0.38-0.67). (Figure 8.12; Table 8.12) This 

was no better than chance at discriminating moderate to severe OSA. This variable did 

not progress to univariate analysis.  

2.6.1.9 Karolinska Sleepiness Scale (KSS) 

The KSS is scored on a nine point scale (from 1-9). ROC AUC for the KSS was 0.63 

(0.50-0.75), and the optimal threshold was deemed to be ≥3 with a sensitivity of 86.7% 

and a specificity of 31.3%.(Figure 8.13, Table 8.13) This score eliminated 24% of the 

sample from further testing.  
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2.6.1.10 Self-reported snoring (BNSQ16) 

Possible responses for this question of the BNSQ (“Do you snore whilst sleeping (ask 

other people)?”) included: never or less than once a week; less than once per week; on 

1-2 days per week; on 3-5 days per week; daily or almost daily. Table 2.5 shows the 

frequency of responses. 

 

Table 2.5 Frequency of BNSQ Question 16 responses 

 Frequency Percentage 

Never or less than once a week 19 25.7 

Less than once per week 13 17.6 

On 1-2 days per week 11 14.9 

On 3-5 days per week 7 9.5 

Daily or almost daily 24 32.4 

Total 74 100 

 
ROC AUC was 0.70 (0.58-0.82). (Figure 8.14) A threshold of ≥2 (never or less than 

once a month vs everything else) demonstrated a sensitivity of 90.0% and a specificity 

of 36.4%, and eliminated 26% of the sample from further testing. This dichotomization 

is closest to that in the OSA50 questionnaire, which asks, “Has your snoring ever 

bothered people?” In both cases the questions are asking for “never” vs “not never” 

responses. (Table 8.14) 

2.6.1.11 Self-reported apnoeas (BNSQ18)  

The responses for this question of the BNSQ (“Have you had breathing pauses (sleep 

apnoea) during sleep (have other people noticed that you have pauses in respiration 

when you sleep?)” included: never or less than once a week; less than once per week; on 

1-2 days per week; on 3-5 days per week; daily or almost daily. Table 2.6 shows 

frequency of responses. 



 80 

Table 2.6 Frequency of BNSQ Question 18 responses 

 Frequency Percentage 
Never or less than once a month 49 64.5 
Less than once per week 6 7.9 
On 1-2 days per week 7 9.2 
On 3-5 days per week 4 5.3 
Daily or almost daily 10 13.2 
Total 76 100 
 
ROC AUC was 0.68 (0.57-0.79). (Figure 8.15) A threshold of ≥2 (never or less than 

once a month vs everything else) had a sensitivity of 56.7% and a specificity of 78.3%, 

and ruled out 65% of the sample. Whilst this sensitivity is low, it is the highest of all 

possible thresholds. As with the previous question about self-reported snoring, this 

dichotomization is closest to that in the OSA50 questionnaire, which asks, “Has anyone 

noticed that you stop breathing in your sleep?” (Table 8.15) 

 
The thresholds that optimized sensitivity and specificity for each of these variables, the 

corresponding sensitivity and specificity values, and the percentage of participants who 

were excluded at the selected threshold are summarized in eTable 4 of Section 2.4 

(Online supplement). 

 Thresholds for questionnaires and ODI for identifying MS-OSA 

The ROC curves (including AUC) demonstrating the ability of the two questionnaires 

(OSA50 and SOSAT) and the 3%ODI to discriminate MS-OSA are presented in the 

main manuscript (Section 2.3). The sensitivity and specificity tables, used to select the 

thresholds for examination in validation group are provided in Appendix 8.4 (Table 

8.16; Table 8.17; Table 8.18). As detailed in the manuscript, the thresholds selected for 

prospective validation were: OSA50 questionnaire ≥3/10 (sensitivity=100%, 

specificity=29%); SOSAT questionnaire ≥5/10 (sensitivity=100%, specificity=27%); 

3%ODI≥13/hr (sensitivity=87%, specificity=83%). 

 Subjective nasal congestion and MS-OSA 

Summary statistics for both measures of subjective nasal congestion are summarized in 

Table 2.7. Both questionnaires were significantly skewed towards the lower end of the 

scale (p<0.01), with the Borg scale in particular demonstrating a substantial “floor 
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effect” in this sample. Almost 40% of the sample recorded the lowest possible score in 

the scale, and over 80% scored in the bottom 10% of available scores. The mean and 

median scores for the Borg scale of nasal obstruction were 1.0 (SD=1.4) and 0.5 

(IQR=0-1), respectively. Of the 85 responders, five scored higher than two (out of a 

possible 10), and were considered outliers. (Figure 2.1)  

 
The CQ-5 questionnaire was less skewed than the Borg with a mean of 8.7 (SD=4.1) 

and a median of 7 (IQR=5-11) (Table 2.7 and Figure 2.2). However 37% of the sample 

still recorded the lowest possible score for this questionnaire. (Table 2.8) 

 

Table 2.7 Summary statistics for subjective nasal congestion questionnaires 

 N Mean (SD) Median Range 
Borg scale of nasal obstruction 85 1.0 (1.4) 0.5 0-7 
CQ-5 90 8.7 (4.1) 7 5-20 
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Figure 2.1 Boxplot of Borg scale of nasal obstruction 

 
Figure 2.2 Boxplot of congestion quantifier 5 item questionnaire 
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Table 2.8 Distribution of scores of Borg scale of nasal obstruction 

Borg scores Frequency Percent 
Cumulative 

percent 
0 34 37.78 37.78 

0.5 25 27.78 65.56 
1 15 16.67 82.22 
2 1 1.11 83.33 
3 9 10 93.33 
4 3 3.33 96.67 
5 1 1.11 97.78 
6 1 1.11 98.89 
7 1 1.11 100 

Total 90 100  
 
The two questionnaires were significantly correlated (Pearson’s R=0.64, p<0.01). 

However there was no evidence of correlation between the Borg scale of nasal 

congestion and the AHI (Pearson’s R=0.11, p=0.30), nor the CQ-5 questionnaire and 

the AHI (Pearson’s R=0.06, p=0.62). 

 
Similarly, linear regression analysis found there were no associations between either 

questionnaire and the AHI (p>0.05). Nor was either questionnaire associated with 

having MS-OSA (AHI≥21; p<0.05) with logistic regression analysis.(Table 2.9) 

Table 2.9 Associations between subjectively measured nasal obstruction and OSA 
severity  

 Linear association with AHI Logistic association with  
MS-OSA 

 Co-efficient p-value Co-efficient p-value 
Borg scale of nasal 
obstruction 

2.11 0.30 0.09 0.56 

CQ-5 0.37 0.61 0.01 0.92 
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2.7 Discussion 

 Limitations 

The dataset used for this retrospective analysis was initially collected for a population 

study that examined the relationships between quality of life, sleep symptoms, and 

objectively measured sleep, and sleep disorders in chronic tetraplegia.[1] The initial 

survey battery response rate was 38%, which may have introduced a non-responder 

bias. However, only small and clinically insignificant differences in basic demographic 

information were found between responders and non-responders, indicating that the data 

obtained were likely to be representative of the population. It is possible that those with 

sleep problems preferentially completed the questionnaires. If so, this may have 

introduced a selection bias to the study and inflated the estimated prevalence of OSA. 

We believe this is unlikely because the OSA prevalence in this sample was similar to 

comparable studies and lower than that found in the validation group.[15, 16] 

 

The self-reported snoring and apnoea questions in the OSA50 questionnaire were 

obtained from the Berlin questionnaire.[82] Our retrospective dataset did not include 

this questionnaire, and as such, these responses were derived from similarly worded 

questions in the BNSQ. It is possible that the derived responses may have differed from 

those otherwise collected from the Berlin questionnaire and affected the results. 

However both apnoea and snoring questions were significantly associated with MS-

OSA in the development dataset and therefore included in the SOSAT questionnaire for 

prospective validation.  

 

The KSS[171] was used in this study to measure daytime sleepiness. The KSS is a 

measure of “state” not “trait” sleepiness. State sleepiness is a short-term measure and 

therefore susceptible to random variation in sleep.[172] Sleepiness from OSA is more 

likely to become trait sleepiness because dysfunction occurs over a longer period of 

time. The ESS is the most common measure of trait sleepiness in people with OSA[97] 

however in 2002 it was reported to be difficult to administer in people with SCI because 

of the questions about driving and outdoor activities, which are less likely to be 

undertaken in this population.[92] The ESS is made up of eight questions, which asks 
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people to rate how likely they are to fall asleep during common situations, and is scored 

out of 24. Scores of ≥10 are generally considered to be abnormal. In 2015, Sankari and 

colleagues reported the ESS was significantly associated with OSA in people with 

SCI.[96] Over 60% of the SCI sample in this study scored 10 or higher on the ESS, 

although central tendency and spread of the questionnaire data were not reported.[96] 

More information about the performance of the ESS and other measures of trait 

sleepiness in SCI is required to understand whether trait sleepiness can be accurately 

and reliably measured in people with SCI. Anecdotally, people with tetraplegia are 

increasingly living more active lives, and the reasons this questionnaire was avoided 

previously may no longer be valid.  

 Thorax editorial  

The publication in Thorax attracted an accompanying editorial by Alder and 

Janssens.[150] The editorial discusses the need for assessment of hypoventilation and 

raises concerns about the potential of undiagnosed central respiratory events, and the 

inability of the SOSAT model to detect these. Research examining the extent of central 

sleep apnoea in tetraplegia is conflicting. Our group has previously reported low 

prevalence of central events.[149] In the SOSAT study, the central apnoea index was 

low at 1.4/hour, with central events accounting for an average of 4% of the total events. 

Only 2% of the combined sample (3/178) had predominant central sleep apnoea. By 

contrast Sankari et al[16, 173] have reported central sleep apnoea to be the predominant 

pattern of sleep disordered breathing in tetraplegia. In neither the SOSAT nor the 

Sankari et al[16, 173] studies were hypopnoeas classified as central, obstructive or 

mixed according to recommended criteria published in the 2012 AASM guidelines.[27] 

Given the high proportion of hypopnoeas found in our study, Adler and Janssens[150] 

highlight the possibility that some of these hypopnoeas may be central in nature, and 

that our assessment of central events may be an underestimate. This is a possibility and 

a study proposed in Chapter 6 will test this hypothesis. 

 

Clinically, concerns about hypoventilation and predominant central sleep apnoea are 

related to treatment prescription. In some cases, central sleep apnoea is associated with 

nocturnal hypoventilation, causing CO2 retention, which may worsen with CPAP. 

Usually bi-level PAP is prescribed in these circumstances. Adler and Janssens[150] 
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have recommended using manually scored Level III portable devices alongside 

transcutaneous CO2 monitoring as an alternative to full PSG in this population, but 

provide no evidence of increased diagnostic sensitivity or specificity with such an 

approach. As discussed in the main manuscript (Section 2.3), our group agrees that the 

SOSAT model should be accompanied by transcutaneous CO2 monitoring to assess 

nocturnal hypoventilation.[149] We also acknowledge that further research is required 

to determine how the SOSAT model could be incorporated into a comprehensive OSA 

management pathway. Our concern about manually scored Level III studies is that they 

limit the diagnosis of OSA to those with specialist respiratory or sleep qualifications. 

While this home-based approach will overcome the access barriers to overnight sleep 

testing in a laboratory, it will not address the barriers to specialist sleep service access. 

As discussed in the main manuscript (Section 2.3), our group agrees that further 

research comparing different models of OSA diagnosis in tetraplegia is warranted. 

However we hypothesise that, compared to manual scoring, automatic scoring of Level 

III and IV devices with assessment for hypoventilation will not alter treatment 

outcomes. Furthermore, automatically scored devices will improve access to diagnostic 

investigation and are therefore likely to lead to improved OSA diagnosis rates and 

patient outcomes.  

 

Stroke survivors have similarly high prevalence of OSA to people with tetraplegia, and 

a similarly low prevalence of predominant central sleep apnoea.[174, 175] There are 

several papers demonstrating the feasibility of early screening for OSA with Level III 

portable devices following stroke and transient ischaemic attack (TIA). The authors of 

these studies have similarly argued that this method facilitates rapid diagnosis and 

improved access to treatment.[176, 177]  

 Subjective nasal congestion and MS-OSA 

The side study investigating the relationship between subjectively measured nasal 

congestion and OSA severity demonstrated that subjectively measured nasal congestion 

was not associated with OSA severity in tetraplegia. Furthermore, perceived nasal 

congestion was low. 

 
Since completion of this project, Wijesuriya et al [103] published the results of a study 

investigating the relationships between three measures of nasal congestion in a group 
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with tetraplegia and OSA (n=8) and a non-disabled control group (n=6). Nasal 

congestion was measured with the Borg scale of nasal obstruction, and posterior and 

anterior rhinometry. They found that subjectively measured nasal congestion was 

significantly lower in the control group than the tetraplegic group, but that perceived 

nasal obstruction was essentially the same. They concluded that people with tetraplegia 

have poor perception of elevated nasal resistance, and furthermore, that subjective 

measures should not be used to identify people with high nasal resistance.  

 

The mean (SD) Borg score in the tetraplegic group was 0.5 (1.8); similar to that 

reported in our study.  The authors did not consider whether this finding could have 

been the result of a “floor effect” in the questionnaire responses. As previously 

discussed, this scale was adapted from the Modified Borg Dyspnoea Scale [169] which 

is a valid measure of breathlessness during exercise. This is the first time it has been 

used in tetraplegia to assess nasal congestion, and as such, its validity, reliability and 

responsiveness have never been assessed. That it may not be a valid or sensitive 

measure of subjective nasal obstruction in this population was also not discussed by 

Wijesuriya et al.[103] 

 
Wijesuriya et al [103] also reported that subjectively measured nasal congestion is not 

correlated with objectively measured nasal resistance in people with tetraplegia. 

Correlations were completed between the Borg scale and both objective measures of 

nasal congestion. Nasal congestion measures obtained from the Borg scale and anterior 

rhinometry were correlated in the tetraplegic group (Pearson’s R=0.19, p=0.02) and the 

control group (R=0.3, p=0.01). Both were measured at four time points for each 

participant, creating a sample size of 32 in the tetraplegic group and 24 in the control 

group. The authors report that there was no correlation between the Borg scale and the 

“gold-standard” posterior rhinometry measurement, however the correlation statistics 

are not provided in the paper. Posterior rhinometry was measured twice, thereby halving 

the sample size of this correlation analysis and reducing its power. Without the 

correlation statistics it is impossible to estimate whether this non-finding may have been 

the result an under-powered analysis. In my opinion, the scatterplots provided in the 

paper do suggest that a weak relationship existed.[103] 
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Data presented in this chapter and in the paper by Wijesuriya et al [103] indicate that the 

Borg scale of nasal obstruction suffers from a significant floor effect, and is not a valid 

and sensitive measure of subjective nasal obstruction in people with tetraplegia. The 

double blinded cross-over randomised controlled trial of topical phenylephrine to reduce 

OSA severity in people with tetraplegia, conducted by our group at the same time as the 

SOSAT study, concluded that whilst nasal resistance improved with topical 

phenylephrine, the AHI was not significantly lowered.[114]Nasal resistance is a known 

risk factor for OSA in the non-disabled[178] and is higher in people with tetraplegia and 

OSA than in non-disabled controls with OSA.[100] Further research into whether 

longer acting drugs, suitable for long-term use, can reduce OSA severity or improve 

adherence to CPAP is warranted. If nasal resistance is found to be an effective 

therapeutic target for OSA in people with tetraplegia, more research into whether a 

more sensitive measure of subjective nasal resistance can estimate total nasal resistance 

may also be warranted.  

 Overall summary and conclusion 

Within this chapter, the comprehensive rationale, methods and results of the SOSAT 

study have been presented. In conclusion, this model provides an alternative to full PSG 

for identifying MS-OSA in people with tetraplegia. It should be combined with a 

thorough clinical assessment of symptoms, comorbidities and hypoventilation. Further 

research is required to assess the safety and feasibility of using this model in a 

comprehensive OSA management pathway. These ideas are discussed in further detail 

in Chapter 6.  
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“He who has a why to live can bear almost any how.”~ Friedrich Nietzsche 

3 CONTINUOUS POSITIVE AIRWAY PRESSURE USE 
FOR OBSTRUCTIVE SLEEP APNOEA IN ACUTE, 
TRAUMATIC TETRAPLEGIA 

3.1 Overview of Chapter 3 

While the research presented in Chapter 2 investigated a potential solution to a known 

barrier to OSA detection in tetraplegia, the focus of Chapter 3 is on understanding the 

barriers to treatment. CPAP is the first-line treatment for OSA in tetraplegia, yet little is 

known about its uptake in acute tetraplegia, nor the factors associated with adherence. 

For the person with a new spinal cord injury, the first 12 months is usually a time of 

enormous change and significant challenges. A better understanding of CPAP use in 

this period is essential for the development future of interventions that may improve the 

management of OSA in this population. Improving OSA treatment adherence in the 

acute period is likely to enhance rehabilitation outcomes.  

 

This research involved the secondary analysis of data from a large multicentre 

randomised controlled trial of CPAP for OSA in acute tetraplegia (the COSAQ study). 

It is the largest study to evaluate CPAP use in acute tetraplegia.  

 

At the time of thesis submission, the manuscript for the COSAQ study was under 

review and the published abstract was referenced throughout the chapter. The 

manuscript has since been accepted for publication, and the referencing has been 

updated accordingly. This chapter is presented as a manuscript. Since the publication of 

the COSAQ trial, this chapter has been submitted to a peer-reviewed journal and at the 

time of thesis confirmation (March 2019), it was under review. 
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3.3 Abstract 

 Study objectives 

Up to 80% of people with acute tetraplegia have obstructive sleep apnoea (OSA). 

Continuous positive airway pressure (CPAP) is the recommended treatment for OSA 

but its use is poorly understood in tetraplegia. The aim of this study was to describe 

CPAP use in acute tetraplegia, including adherence rates and associated factors. 

 Methods 

CPAP data from a multinational randomized controlled trial of auto-titrating CPAP for 

OSA for three months after acute, traumatic quadriplegia (the COSAQ study) were 

analysed. Adherence was measured as mean daily hours of use. Adherent (yes/no) was 

defined as an average of at least four hours a night throughout the study. Regression 

analyses determined associations between baseline factors and adherence. CPAP device 

pressure and leak data were analysed descriptively.  

 Results 

79 participants from 10 spinal units (91% male, mean age 46 (SD=16), 78 (SD=64) 

days post-injury) completed the study in the treatment arm and 33% were adherent. 

Mean daily CPAP use was 2.9 hours (SD=2.3). Better adherence was associated with 

more severe OSA (p=0.04), and greater CPAP use in the first week (p<0.01). Average 

95th percentile pressure was low (9.3cmH2O; SD=1.7) and 95th percentile leak was high 

(27.1L/min; SD=13.4). Overall CPAP adherence in acute, traumatic tetraplegia was 

estimated at 21%. 

 Conclusion 

Adherence to CPAP following acute, traumatic tetraplegia is low. Early acceptance of 

therapy and more severe OSA predict CPAP use over three months. People with acute 

tetraplegia require less pressure to treat their OSA than the non-disabled; however, air 

leak is high. These findings highlight the need for further investigation of OSA 

treatment in acute tetraplegia. 
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3.4 Background 

Obstructive sleep apnoea (OSA) is thought to be a direct result of traumatic tetraplegia. 

A seminal paper examining the sleep and breathing of people with tetraplegia in the first 

year post injury found that OSA was not apparent until two weeks post injury, and 

peaked at 83% after 3 months, before dropping to 62% at 12 months.[86] Another study 

of OSA prevalence in acute spinal cord injury (SCI) found similarly high prevalence 

(75%) at six months post-injury. These prevalence estimates are significantly higher 

than those in people without disability; estimated at 10-17% in men and 3-9% in 

women.[31]  

 

Analysis of neuropsychological function in people with OSA following acute 

tetraplegia (approximately two to three months after injury) found that more severe 

OSA was associated with poorer attention, information processing, and immediate 

recall.[109] Acute impairment in neuropsychological function is likely to impact on 

rehabilitation outcomes in this population.  

 

Continuous positive airway pressure (CPAP) therapy is the first-line treatment for OSA, 

and has been shown to improve daytime sleepiness, and some measures of sleep quality, 

health related quality of life and mood in people without disability.[48, 49, 54] Efficacy 

of CPAP therapy for people with acute tetraplegia has recently been investigated with a 

multicenter randomized controlled trial design.[110]  While this trial reported no effect 

of CPAP on neurocognitive function, the CPAP group experienced greater 

improvements in subjective daytime sleepiness, and furthermore, weekly changes in 

subjective sleepiness were sensitive to CPAP use that week.  

 

A significant limitation to CPAP effectiveness is poor adherence and acceptance of the 

therapy. CPAP adherence in non-disabled populations is reported to range between 30 

and 60%.[55] Factors associated with better CPAP use in people without disability have 

included more severe OSA, subjective sleepiness, decreased nasal resistance, better self-

efficacy with CPAP use, and social and spousal support.[57] Early acceptance of 

therapy is a strong predictor of long-term use.[179-183] This information has enabled 
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the development of intensive interventions aiming to improve the uptake of CPAP in 

people without disability. [57]  

 

To our knowledge, only one study has previously investigated CPAP adherence in the 

acute inpatient SCI setting. Of the 14 participants, seven (50%) were adherent with the 

therapy in the final week of the three month trial.[111] Risk factors for non-adherence 

have not yet been thoroughly investigated in SCI but are likely to be different to people 

without disability because of the additional physical and psychosocial issues they 

face.[184] People with tetraplegia require significantly less CPAP to treat their OSA 

(for any severity) than those without disability and OSA, however the mechanisms 

leading to this difference remain unknown.[185]  

 

A better understanding of CPAP use in acute tetraplegia will assist clinicians and 

researchers to develop new strategies for maximising CPAP uptake in this population. 

The aim of this study was to describe autoset CPAP use in people with acute, traumatic 

tetraplegia, including adherence rates, average pressures and leak, night-to-night 

variability in pressure requirements, and to determine the predictors of adherence. 

3.5 Methods 

 The COSAQ study 

This study involved secondary data analysis of CPAP use in a multinational randomized 

controlled trial of auto-titrating CPAP treatment for OSA for three months after acute, 

traumatic tetraplegia (the COSAQ study). The methods for the COSAQ trial have been 

detailed previously.[186] Briefly, consenting participants who met the inclusion and 

exclusion criteria were screened for OSA with overnight polysomnography, and those 

with an Apnoea Hypopnoea Index (AHI) greater than or equal to 10 were provided a 

trial of auto-titrating CPAP (S8 and S9; Resmed Autoset, San Diego USA). Participants 

were only randomised to three months of CPAP or usual care if they could first tolerate 

CPAP for greater than four hours on one of three consecutive nights. Training in CPAP 

set-up, mask selection and troubleshooting was provided to each site by the central 

study team. ResMed nasal pillows, face and oro-nasal masks were available and the 

mask selection was individualised for each participant to maximise fit and comfort and 
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to minimise leak.[110, 186] Following randomization, weekly CPAP usage data were 

recorded for each participant.  

 CPAP adherence in the three month study 

Adherence within the 13-week study was measured as mean nightly hours of use. 

Adherent (yes/no) was defined as recorded device use of at least four hours average per 

night throughout the study.  

 Predictors of CPAP adherence in the three month study 

Univariate linear analyses were undertaken to determine associations between baseline 

factors and adherence. Baseline factors collected within the COSAQ study and included 

in the analysis were: age, gender, injury severity,[170] time since injury, OSA severity 

(AHI, 4% oxygen desaturation index (ODI), arousal index (AI) and  number of 

awakenings), quality of life,[187] premorbid intelligence,[188],anxiety and 

depression,[189] mood,[190] daytime sleepiness,[171] anthropometry (waist 

circumference, neck circumference and BMI) and early CPAP use (hours on night one, 

and average hours in week one). Variables were assumed to be collinear if the bivariate 

correlation co-efficient was greater than 0.3. Non-collinear variables associated with 

CPAP adherence on univariate analysis (p<0.1) were entered into a multivariate linear 

regression model. 

 Overall estimate of adherence in acute, traumatic tetraplegia 

An overall estimate of CPAP adherence in the acute, traumatic tetraplegic population 

was made with the assumption that those who initially failed the three night trial of 

CPAP, and thus were excluded from the study, would not have been adherent during the 

subsequent 13 week study. These participants were pooled with the sample of non-

adherent participants in the three-month trial. Differences in various demographic and 

sleep variables between those who failed the initial three-night trial and those who 

failed to adhere during the three-month study were first assessed to ensure the two 

groups were demographically similar. 
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 Average daily pressures and leak and their associations with CPAP use 

In addition to weekly summary data, daily CPAP data were collected in a convenience 

sample of 47 of the 79 participants. The COSAQ study protocol did not require these 

data to be collected; nonetheless the data were available for many of the sites.  The daily 

data included average pressure (cmH2O), average leak (L/min) and use (hours), were 

collected for 47 of the 79 participants administered CPAP in the three-month study. 

Median, maximum and 95th percentile pressure and leak data were analysed with 

descriptive statistics.  

 

Night to night variability in average 95th percentile pressure per patient was estimated 

by calculating the average co-efficient of variation (SD/mean) for each patient, and 

reporting the mean, median and range for the co-efficient of variation of the sample. 

Whether 95th percentile leak and pressure were associated with hours of use were 

analysed with a generalized linear regression model in this sub-set of participants, using 

daily hours of use as the dependent variable, 95th percentile pressure and 95th percentile 

leak as covariates and participant as the random effect.  

3.6 Results 

Eleven spinal cord injury centres participated in the study and 332 patients consented 

and underwent overnight PSG. 78% of participants with an Apnoea Hypopnoea Index 

(AHI) greater than or equal to 10 passed the initial three night CPAP trial (165/213). 

Forty-eight could not tolerate CPAP and were excluded from the COSAQ study. 160 

participants were randomized, 80 of whom were in the CPAP arm. 149 participants (134 

men, mean age 47) completed the study.[110]   

 

Allowing for withdrawals and cross-over from one group to another, 79 participants 

from 10 of the 11 sites (91% male, mean age 46 (SD=16), 78 (SD=64) days post-injury, 

and mean baseline AHI of 49 (SD=28)) completed the study in the treatment arm. (See 

Figure 3.1)  
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Figure 3.1 Participant CPAP flowchart 

 CPAP adherence in the three month study 

The mean daily CPAP use was 2.9 hours (SD=2.3). Median CPAP use was 2.5 hours. 

Of the 79 participants receiving CPAP, 33% (N=26) were adherent over the three month 

study with average daily use of greater than four hours. Forty-three percent (N=34) used 

CPAP for less than 2 hours per night, and 24% (N=19) used CPAP for between two and 

four hours per night on average. (Figure 3.2) 
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Figure 3.2 Histogram of average daily use for CPAP administered patients.  

 

Ten of the 11 sites administered CPAP to one or more participants, with the number of 

participants per site ranging from 1 to 19. Average CPAP use by site ranged from 0.6 

hours to 6.3 hours per night, however whether study site was statistically associated 

with adherence was unable to be determined due to the low numbers of participants 

from some sites. (Figure 3.3) 
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Figure 3.3 CPAP use by site in the 13 week study (n=79)  

 

 Predictors of CPAP adherence in the three month study 

Univariate linear regression analysis found that greater CPAP use over the 13 week trial 

was associated (p<0.1; Table 1) with CPAP use in the first week, higher premorbid 

intelligence as estimated by the North American Adult Reading Test (NAART), higher 

abdominal girth, increasing age and more severe OSA, as measured by Apnoea 

Hypopnoea Index (AHI), Arousal Index (AI), awakenings and 4% oxygen desaturation 

index (4% ODI). (Table 3.1) 
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Table 3.1 Univariate associations between average daily CPAP use and baseline 

predictor variables. 

Variable Coefficient (95% CI) p- value 

Gender (male) -1.07(-2.83-0.70) 0.23 

Age (years) 0.03(-0.00-0.06) 0.06 

ASIA impairment scale (A-D) 0.18(-0.28-0.65) 0.44 

Injury level (C2-T1) 0.07(-0.34-0.48) 0.73 

Time since injury (years) 0.00(-0.01-0.01) 0.60 

Baseline AHI 0.03(0.02-0.05) <0.01* 

AHI>30 1.70 (0.68-2.71) <0.01* 

Baseline AI 0.03(0.01-0.05) 0.02* 

Baseline awakenings 0.02(0.01-0.03) 0.01* 

Baseline 4% ODI 0.03(0.01-0.05) <0.01* 

Baseline KSS 0.18(-0.04-0.40) 0.11 

Baseline NAART 0.04(0.00-0.08) 0.049* 

Baseline AQoL  -1.73(-5.43-1.97) 0.35 

Baseline HADS anxiety -0.05(-0.18-0.08) 0.47 

Baseline HADS depression 0.00(-0.13-0.13) 0.97 

POMS total mood disturbance -0.00(-0.02-0.02) 0.99 

Abdominal girth (cm) 0.03(-0.00-0.06) 0.08 

Neck Circ. (cm) 0.07(-0.05-0.20) 0.25 

BMI (kg/m2) 0.02(-0.04-0.07) 0.59 

CPAP use week 1 (hours) 0.46(0.30-0.62) <0.01* 

KSS change in week 1 -0.12(-0.32-0.09) 0.26 
*<0.05. KSS=Karolinska Sleepiness Scale; NAART=North American Adult Reading Test; AQoL=Assessment 
of quality of life questionnaire; HADS=Hospital Anxiety and Depression Scale; POMS=Profile of Mood 
States.  
 
Variables associated with CPAP use (p<0.1) were considered for the multivariate 

model. Arousals, awakenings and oxygen desaturation all contribute to the AHI, and 

were therefore not included. Evidence of collinearity was found between AHI and 

abdominal girth (Pearson’s R=0.44, p<0.01) and AHI and age (Pearson’s R=0.43, 

p<0.01). Therefore variables selected for multivariate analysis included baseline AHI, 

average hours of CPAP use in week one, and NAART.  Higher baseline AHI and higher 
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CPAP use in week one remained significantly associated with more CPAP use in the 

three month study. (Table 3.2) The adjusted R-squared for this model was 41%. 

Table 3.2 Multivariate linear regression analysis: associations between significant 

baseline variables and average nightly CPAP use (hours) 

Variable Beta co-

efficient 

P 

value 

95% CI 

Average CPAP use in week 1 (hours) 0.43 <0.01 0.28-0.58 

Baseline AHI (OSA severity) 0.02 0.04 0.00-0.03 

Baseline NAART (pre-morbid intelligence) 0.03 0.06 -0.001-0.06 

 Overall estimate of CPAP adherence in acute, traumatic tetraplegia 

Assuming those who did not pass the initial three night trial (n=48) would not have 

achieved long-term adherence, the overall estimate of CPAP adherence in the acute, 

traumatic tetraplegic population was 21% (26/127).  

 

There was no difference in age, injury severity classification,[170] time since injury, 

baseline AHI, NAART or abdominal girth (p<0.05) between participants who initially 

failed the three-night trial (N=48) and those who failed to adhere (>4 hours on average 

per night) in the study period (N=53). However the proportion of women who failed the 

three night trial (14/48 =29%) was three times higher than the proportion of women 

who failed to adhere in the 13 week study (5/53= 9%; p=0.01).  

  Average daily pressures and leak  

Daily CPAP data, including pressure, leak and hours used were available for 47 of the 

79 participants. Three were excluded from analysis because the CPAP device was used 

for three nights or less, and for short periods only (<2 hours). On average each 

participant had 49 daily recordings, providing a total of 2160 observations. There was 

no difference in gender, age, injury severity, NAART, time since injury, abdominal 

girth or baseline AHI (p<0.05) between those with daily CPAP (n=44) data and those 

without (n=35).  
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Mean 95th percentile pressure was 9.3 cmH2O (SD=1.7), and mean 95th percentile leak 

was 27.1 L/min (SD=13.3). (Table 3.3) Excessive leak (>24 L/min) was present in 46% 

of patient*nights (2160 observations). Over half of participants (53%, n=44) 

experienced mean 95th percentile leak of >24L/minute. Whilst statistically significant 

(p<0.05), the absolute difference in 95th percentile pressure between observations 

(n=2160) with excessive leak and those without was small (mean = 9.6 (SD=2.4) versus 

9.3 (2.6) cmH2O). There was no difference in mean 95th percentile pressure between 

individuals (n=44) with mean 95th percentile leak above and below 24L/min 

(9.2(SD=1.6) vs 9.5 (1.8) cmH2O, p=0.50). There was no relationship between baseline 

AHI and mean 95th percentile pressure (Pearson’s R= 0.12, p=0.43). 

 

Table 3.3 Mean nightly CPAP pressures and leak per patient (N=44). 

 Mean SD Median 

Median pressure (cmH2O) 7.36 1.73 7.30 

95th percentile pressure (cmH2O) 9.28 1.65 9.56 

Maximum pressure (cmH2O) 9.94 1.83 9.98 

Median Leak (L/min) 10.20 9.34 7.18 

95th percentile leak (L/min) 27.10 13.39 25.14 

Maximum leak (L/min) 51.64 23.34 45.13 

 Night to night variability in 95% pressure 

The mean co-efficient of variation of 95th percentile pressure in 44 people with an 

average of 49 recordings (SD/mean) was 0.21 (SD= 0.15, range 0.05-0.93), indicating 

low variability. In this sample there were three outliers, whose average co-efficient of 

variation was greater than 0.4. (Figure 3.4) 
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Figure 3.4 Boxplot of average, per patient co-efficient of variation of 95th percentile 

pressure. 

 Effect of pressure and leak on average daily hours of CPAP use 

Covariates included in the generalized linear model were 95th percentile pressure and 

leak. Baseline AHI was also included given the association found in the larger sample 

(N=79). Collinearity was not present between any covariates (Pearson’s R correlation 

co-efficient<0.1). After accounting for individual variation in the generalized linear 

model, only 95th percentile pressure (cmH2O) was significantly associated with daily 

hours of use (co-efficient=0.20; 95%CI=0.16-0.25; p<0.001). Baseline AHI (co-

efficient=0.01; p=0.08) and 95th percentile leak (co-efficient=-0.001; p=0.68) were not 

associated with daily hours of use in this model. 

3.7 Discussion 

This study has established that CPAP adherence in people with acute, traumatic 

tetraplegia is low, even within the setting of inpatient spinal units participating in a 

clinical trial. Within the 13 week trial, participants averaged 2.9 hours of CPAP per 

night, and the proportion of those using CPAP for greater than four hours per night was 
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33%. Better adherence over the three month period was observed in those with more 

severe OSA and greater early CPAP use.  

 

Similar CPAP adherence rates have been observed in other disabled and special needs 

populations. A randomized controlled trial of treating OSA with CPAP in an aged care 

population found adherence (>4 hours per night) within the trial was 35% and median 

CPAP use was approximately one and a half hours per night.[191] Estimates of CPAP 

adherence for OSA after stroke vary considerably from 1.4 hours per night [192] to 4.1 

hours per night.[193] Differences in methodology have undoubtedly contributed to the 

wide variation. 

 

Unfortunately the CPAP literature is ambiguous on what constitutes “adherent”. CPAP 

adherence is inconsistently defined at least partly because the amount of CPAP required 

for optimal outcomes has not yet been established. Several studies in people without 

disability have observed a dose-response relationship for improvements in sleepiness 

and cognitive function, suggesting that any CPAP use is better than none. At least 4 

hours seems to be required for normalization of daytime sleepiness, quality of life and 

neurocognitive function, and average doses of six hours and higher per night are 

associated with better clinical outcomes.[55-59] Based on these findings, experts have 

recently recommended that greater than four hours per night be used to define 

“adherent”,[60] which is the definition used in this paper. This target is challenging for 

people with acute tetraplegia who are subject to much nighttime disruption associated 

with acute illnesses, skin and bladder care. Reduced upper limb function makes 

adjusting the mask difficult and they are also dealing with the psychological and social 

impacts of their new injury.  

 

Moreover, these recommendations are based on data from non-disabled populations. 

The amount of CPAP required to improve outcomes in populations with special needs, 

like tetraplegia, remains unknown. For people without disability, research has aimed to 

identify individuals at risk and their modifiable risk factors, with the intention of 

developing targeted interventions to improve adherence. There is some evidence to 

suggest that, in the non-disabled populations, intensive intervention can improve CPAP 
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adherence rates. Integrative interventions employing psychological therapies, support 

and education appear to be the most effective.[55]  

 

Our limited understanding of the factors associated with poor CPAP adherence in 

people with tetraplegia means we cannot confidently predict which of these patients are 

more likely to be adherent with therapy prior to, or after, CPAP implementation. None 

of the prediction tools tested in the non-disabled following CPAP initiation have ever 

been examined in people with SCI. Furthermore, there have been no intervention 

studies aiming to increase adherence in this population. There remains a scarcity of 

research in this area. Qualitative research could provide detailed information from 

participants to help explain why this therapy is so readily accepted by some and poorly 

tolerated by others.  

 

Secondary analysis of CPAP data from a large multicentre trial of CPAP to reduce 

cardiovascular events in non-disabled people with OSA found adherence to be 39% at 

12 months, with average daily use of 3.3 hours.[180] Multivariate analysis of baseline 

variables identified that early use and early side effects (both measured at one month) 

were significantly associated with adherence. While side effects were not measured in 

our study, early CPAP use (measured at one week) was a significant predictor. Early 

acceptance of therapy has consistently been found to predict longer term CPAP use in 

the non-disabled.[181]  

 

Increasing OSA severity has also been identified as a predictor of CPAP adherence in 

the non-disabled [57, 162] and was significantly associated with adherence in this study 

also. Our group previously conducted a study of the feasibility and effectiveness of 

early CPAP treatment for OSA; the results of which informed the COSAQ trial.[111] 

Adherent patients were found to be older, heavier, sleepier and with more severe OSA 

at baseline than those who did not tolerate CPAP. Early use was also found to be a 

strong predictor of adherence at three months. The 50% adherence rate was 

acknowledged to be the best possible in routine clinical care and was attributed to the 

significant amount of support provided by highly skilled staff. Time spent with CPAP 
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implementation and staff experience was not measured in this study, but it may have 

influenced adherence rates.  

 

Air leak was high in this study with over 50% of participants averaging 95th percentile 

leak over the accepted range of 24L/min. CPAP leak has received very little attention in 

the SCI literature but it may be a bigger problem for people with tetraplegia who, with 

impaired upper limb function, may have difficulty performing simple mask adjustments. 

Higher levels of air leak have been associated with poor adherence in a non-disabled 

population, although high air leak did not influence CPAP use in this study.[194]  

 

The average per-patient coefficient of variation in 95th percentile pressure was 0.2.   

Statistically this indicates low variability, however we were unable to locate any 

literature that quantitatively reports night-to-night variability in pressure for comparison 

to our sample, and are therefore unable to offer a clinical interpretation of this value. 

Several studies have calculated within night variability in pressure using a variability 

index,[195, 196] however we could not perform this analysis because our data provided 

daily summaries only. High variability in pressure could support a case for autoset over 

fixed pressure CPAP in this population, as was prescribed in the COSAQ trial.  

 

LeGuen et al[185] compared CPAP requirements of people without disability and 

people with tetraplegia and found mean required pressure was approximately 50% less 

in tetraplegia. The mean 95th percentile pressure reported in our study (9.3cmH2O) is 

similar to that reported by Le Gruen et al (9.0cmH2O),[185] supporting their conclusion 

that people with tetraplegia require less CPAP to treat OSA. They postulate that people 

with tetraplegia may have a more distensible and/or a less collapsible upper airway. 

There may also be other unknown factors influencing the pressure requirements in 

tetraplegia.  

 

Our generalized linear model found that higher 95th percentile pressure was associated 

with greater daily CPAP use in the participants with daily CPAP data (n=44, 2160 

observations). OSA severity is a known predictor of CPAP adherence [162] and higher 

pressures are correlated with increasing OSA severity[185, 197] in the non-disabled 
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literature. In contrast, in both our data and the report by Le Guen,[185] more severe 

OSA was not associated with higher pressures in tetraplegia.  As such, when both 

variables are included in the generalized linear model, baseline AHI was not associated 

with daily CPAP hours, while 95th percentile pressure remained highly significant.  

 

A recent study by Brown et al,[112] found that severity of sleep disordered breathing 

did not predict bi-level positive airway pressure (PAP) adherence in a linear regression 

model, but higher PAP significantly predicted adherence. Unfortunately, the paper does 

not contain the absolute levels of PAP applied and as such it is difficult to establish 

whether the AHI and pressure relationship held in their data. Nonetheless, we confirmed 

the findings of Brown et al that higher pressures were associated with better usage 

despite controlling for OSA severity. This was a surprising finding, with the authors 

highlighting the common belief among clinicians that higher pressures would have a 

negative impact on adherence. More research is required to unpack the relationships 

between CPAP use, pressure and OSA severity.  

 Limitations 

An overall estimate of CPAP adherence in acute tetraplegia was made by assuming that 

those who failed the initial three night trial, and therefore not randomized, would not 

have met the criteria for adherence in the 13 week study. Some may have become 

adherent, and as such our estimate of overall adherence is conservative. The only 

statistical difference we identified between the two non-adherent groups was that those 

who failed the three night trial were three times more likely to be women. Daily CPAP 

data were only available for 47 of the 79 participants. This is a possible source of bias, 

however there were no differences in baseline demographics between those with and 

without these data. This study did not record type of mask selected, therapist experience 

or time spent troubleshooting CPAP issues, all of which may have influenced 

adherence. 

3.8 Conclusion 

When defined as an average of at least of four hours use per night, adherence to CPAP 

following acute, traumatic tetraplegia is low. CPAP is particularly challenging for 

people with acute tetraplegia who are dealing with their new injury and its devastating 
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effects on the body. More information about the minimum dose required for 

improvements in daytime function for people with tetraplegia is warranted. People with 

acute tetraplegia require less pressure to treat their OSA than the non-disabled, however 

air leak is high. This study has found that those with more severe OSA and/or higher 

pressures are more likely to adhere CPAP, and early acceptance of therapy is a strong 

predictor of longer-term use. A better understanding of the relationships between CPAP 

use, pressure requirements and OSA severity could lead to interventions aiming to 

improve CPAP adherence in people with acute, traumatic tetraplegia.  Additionally, our 

study supports the need for research to assess the role of non-CPAP treatment 

alternatives in these patients. 
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“I have never been disabled in my dreams.” ~ Christopher Reeve 

4 WORTH THE EFFORT? WEIGHING UP THE 
BENEFIT AND BURDEN OF CONTINUOUS POSITIVE 
AIRWAY PRESSURE THERAPY FOR THE 
TREATMENT OF OBSTRUCTIVE SLEEP APNOEA IN 
CHRONIC TETRAPLEGIA.  

4.1 Overview of Chapter 4 

The previous chapter sought to understand CPAP use in people with acute tetraplegia, 

using data from a large clinical trial. It demonstrated that CPAP adherence is low in this 

setting. Chapter 4 focuses on CPAP use in those who have been living with their injury 

for greater than 12 months. Using a mixed methods design, it aims to understand the 

experience of using CPAP from the perspective of people with SCI. This study is the 

first to use qualitative methods to capture this perspective from people with the lived 

experience. It is also the first study to objectively measure CPAP use over a 12 month 

period in tetraplegia, thereby providing an estimate of long-term adherence.  

 

This chapter is presented in two parts: as a journal article that was accepted for 

publication in Spinal Cord on 4 October 2018; and the online supplementary material. 

The accepted version of the manuscript and online supplement are provided, with minor 

formatting changes only. 
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4.3 Abstract 

 Study design 

Mixed methods: cohort /qualitative study. 

 Objectives:  

Continuous Positive Airway Pressure (CPAP) therapy is the recommended treatment for 

obstructive sleep apnoea (OSA). The aim of this study was to estimate CPAP adherence 

in people with tetraplegia and OSA, and to explore the barriers and facilitators to CPAP 

use. 

 Setting:  

Hospital outpatient department in Melbourne, Australia 

 Methods:  

People with chronic tetraplegia and OSA were commenced with auto-titrating CPAP 

and supported for one month. Semi-structured interviews were conducted with 

participants at one month and analysed thematically. CPAP usage was measured at one, 

six and 12 months, with “adherent” defined as achieving more than four hours average 

per night. 

 Results:  

Sixteen participants completed the study (80% male; mean age 56(SD=15)). Mean 

nightly CPAP use at one month was 3.1 hours (SD=2.53; 38% adherent), and at 6 

months and 12 months were 2.6 hours (SD=2.8; 25% adherent) and 2.1 hours (SD=3.2; 

25% adherent). The perceived benefit/ burden balance strongly influenced ongoing use. 

Burden attributed to CPAP use was common, and included mask discomfort, and 

physical and emotional problems. Adherent participants were motivated by the 

immediate daytime benefits to mood, alertness and sleepiness. There was a tendency to 

not recognise symptoms of OSA until after they were treated. 
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 Conclusion:  

CPAP use is challenging for people with tetraplegia, who experience substantial burden 

from using the device. When tolerated, the proximate benefits are substantial. People 

with tetraplegia need more intensive support for longer to help them overcome the 

burdens of CPAP and benefit from the treatment.  
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4.4 Introduction 

People with spinal cord injury (SCI) experience worse sleep than people without 

disability, as a consequence of a range of sleep disorders.[14] The most common sleep 

disorder in tetraplegia is obstructive sleep apnoea (OSA), with prevalence estimates 

from 56 to 97%.[1, 15, 16, 149] For the individual, OSA has been associated with worse 

quality of life and substantial neurocognitive deficits in people with tetraplegia.[1, 108, 

109] Common symptoms of OSA in tetraplegia include snoring, daytime sleepiness and 

witnessed apnoeas.[149] It is thought that neuromuscular weakness, reduced lung 

volumes, disruptions to the autonomic nervous system, obesity, medications and supine 

sleeping position all contribute to higher OSA prevalence in tetraplegia.[85]  

 

Clinical practice guidelines for non-disabled populations and those with SCI 

recommend Continuous Positive Airway Pressure (CPAP) therapy for OSA.[48, 115] 

CPAP has been shown to effectively prevent the repetitive closure of the airway that 

occurs with OSA, and improve daytime sleepiness, quality of life and blood pressure in 

the non-disabled.[48, 49, 54] CPAP has also been found to improve daytime sleepiness 

in specialised populations such as stroke survivors and the elderly.[191, 198] 

 

Despite its benefits, CPAP effectiveness is limited by poor adherence to, and acceptance 

of, the therapy. Adherence to CPAP in the non-disabled is reported to range between 30 

and 60%.[55] Two small studies have followed CPAP uptake in people with chronic 

SCI and OSA, reporting adherence rates to be 25% (2/8) and 67% (4/6).[88, 96] 

However in both studies adherence was determined through self-report, which has been 

found an unreliable method.[55]  

 

CPAP acceptance and adherence is a complex phenomenon that is not adequately 

explained through the quantitative analysis of risk factors. Several studies have 

attempted to understand the factors associated with CPAP adherence in the non-disabled 

using qualitative methodology.[199-203] Family and spousal support, beliefs about 

OSA, self-efficacy, and perceived barriers and facilitators to treatment are among the 

factors found to be influential. [202, 203]  
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Factors associated with CPAP adherence in chronic tetraplegia have not been 

thoroughly investigated but are likely to be different to those of people without 

disability because of additional physical and psychosocial issues; including poor upper 

limb function, increased tactile sensitivity to the face, increased nasal congestion, 

reduced likelihood of bed partner, competing medical issues, socio-demographic 

differences, and additional causes of poor sleep such as pain and spasms.[184] To our 

knowledge, there have been no qualitative studies investigating the unique influences on 

CPAP use in people with SCI, although the experience of sleep per se has been 

investigated using secondary analysis of qualitative data collected for a larger 

ethnographic study. This study identified poor sleep quality and quantity among 

participants, including frequent disturbances, and poor sleep patterns. Importantly, 

participants attributed their poor sleep to occupational disengagement, daytime fatigue 

and impaired cognitive functioning.[17] 

 

Given the high prevalence and impact of OSA in tetraplegia, a more in-depth 

understanding of the unique experiences of CPAP use in this population is required to 

develop targeted interventions that improve adherence. The aims of the study were: 1. 

To estimate adherence to CPAP in people with tetraplegia and explore associations 

between baseline factors and adherence. 2. To understand the individual experiences of 

using CPAP; including barriers and enablers to CPAP use.  

4.5 Methods 

 Design 

Mixed methods study, including an observational study and qualitative semi-structured 

interviews, with a cohort of people with tetraplegia and OSA commencing CPAP 

therapy. Refer to online supplement (Section 4.9.1) for additional methods.  

 Setting 

Hospital outpatient department in Melbourne, Australia. 
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 Participants and data collection 

Consecutive patietns with chronic (>1year post-injury), traumatic tetraplegia (level T1 

or higher; American Spinal Injuries Association (ASIA) Impairment Scale (AIS) A, B, 

C or D) attending spinal outpatient departments were recruited for a larger multicentre 

study (Screening for OSA in Tetraplegia; SOSAT).[149] SOSAT data utilised for this 

study included: demographic information, Karolinska Sleepiness Scale (KSS),[204] 

Borg scale of nasal obstruction,[103] Congestion quantifier 5-item questionnaire,[168] 

General self-efficacy scale (GSES)[205] and sleep study data. (Online supplement 

Section 4.9.1). The sleep studies undertaken for the SOSAT study were unattended and 

performed in the participants’ homes.  

 

Upon receiving their sleep study results, all SOSAT participants recruited from the 

spinal outpatient clinic at the Austin Hospital in Melbourne, Australia were offered an 

outpatient appointment with a sleep physician. To access this service a referral from 

their treating doctor was required. Participants prescribed CPAP for OSA at this 

appointment were offered daytime auto-titrating CPAP implementation with an 

experienced sleep scientist at the CPAP clinic of the Austin Hospital, Melbourne. The 

autotitrating CPAP devices (AirSense 10 Autoset, ResMed, San Diego USA) wirelessly 

delivered real-time usage data to the treating clinical team. The sleep scientist contacted 

participants by telephone after three days, and at least weekly thereafter for four weeks. 

Additional support was available during the one-month period if required.  

 

The sleep physician reviewed participants after four weeks. Immediately following this 

appointment, participants completed an in-depth semi-structured interview, the KSS, 

and a 7-item CPAP adverse events questionnaire.[180] The interview consisted of open-

ended questions focusing on the experience of using CPAP, including barriers and 

enablers to CPAP use. CPAP usage data were obtained from the CPAP devices at one, 

six and 12 months. Interviews were conducted by an experienced interviewer with a 

clinical background in physiotherapy (MG). 

 Data analysis 

Quantitative data, including CPAP usage, pressure and leak, patient reported 

questionnaires and demographic information, were analysed and reported descriptively. 
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CPAP usage data (mean hours per night) were reported over three time periods: Date of 

CPAP initiation to one month; one to six months; and six to 12 months. CPAP 

“adherent” was defined as achieving more than four hours average per night over the 

entire period.[60] Potential associations between baseline factors and mean nightly 

CPAP usage were explored with univariate linear regression analyses.  

 

Interviews were audiotaped, anonymised and transcribed. Qualitative data were 

analysed using a general thematic approach.[206] Comparisons between “adherent” and 

“non-adherent” participants were made to identify patterns in the data and develop 

interpretations. Refer to Table 4.3 (Online supplement; Section 4.9.1.3) for for coding 

framework. 

 

The study was approved by the Austin Health research ethics committee; 

AU/1/5FB02015. All applicable institutional and governmental regulations concerning 

the ethical use of human volunteers were followed during the course of this research. 

4.6 Results 

Of 44 eligible participants, 21 were referred to the sleep physician, 17 were prescribed 

CPAP, and 16 completed the study. (Figure 4.1) Participants were predominantly male 

(81%), mean age 56 years (SD=16) and mean body mass index (BMI) 27 (SD=6). On 

average they were two decades post injury, and had severe OSA. (Table 4.1) Refer to 

Online supplement (Section 4.9.2) for additional results. 
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Figure 4.1 Recruitment flowchart 
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Table 4.1 Demographic characteristics and other baseline data 

 N=16 

Age, years 56.3 (15.5) 

Gender male, %(n) 81.3 (13) 

Time since injury, years  21.0 (14.9) 

C1-C4, ASIA Impairment Scale (AIS) A,B,C, %(n) 6 (1) 

C5-C8, AIS A,B,C, %(n) 81 (13) 

T1-S3, AIS A,B,C, %(n) 0 (0) 

AIS D, at any level, %(n) 13 (2) 

C1-C4, %(n) 6 (1) 

C5-T1, %(n) 94 (15) 

AIS A, % (n) 25 (4) 

Body Mass Index (BMI), kg/m2  27.2 (5.7) 

Waist circumference, cm  109.9 (19.4) 

Apnoea Hyponoea Index (AHI), events/hour  49.5 (30.0) 

3% Oxygen Desaturation Index (ODI), events/hour  36.9 (27.0) 

Borg scale of nasal obstruction, score/10  1.0 (1.4) 

Congestion quantifier 5-item questionnaire, score range 0-20  3.8 (4.0) 

General self-efficacy scale (GSES), score range 10-40  33.6 (4.3) 

Karolinska Sleepiness Scale (KSS), score range 0-9: baseline 4.3(2.1) 

Karolinska Sleepiness Scale (KSS), score range 0-9: one month review 2.9 (2.1) 

Number of CPAP adverse events: one month review 3.4 (1.8) 
*DeVivo et al classification of SCI severity [170]             Values are mean (SD) unless otherwise indicated  

 

On average, the CPAP implementation appointment took 1.7 hours (SD=0.4). 

Participants were telephoned an average of six times between CPAP implementation 

and the review appointment. Seven participants required additional appointments with 

the sleep scientist, including nine additional face-to-face appointments and three home 

visits. The average time the sleep scientist spent with each participant in the first month 

was 3.1 hours (SD=1.5), including implementation, telephone calls and review 

appointments. On average, participants tried three different models of CPAP mask. 

Most settled with nasal pillows (n=10); while others opted for nasal masks (n=3), and 

full face masks (n=3); nine used a chinstrap.  
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At one month, mean nightly CPAP use was 3.1 hours, with 38% achieving at least four 

hours per night. Mean nightly use dropped to 2.6 hours at six months and 2.1 hours at 

12 months, with one quarter of the sample achieving at least four hours per night in 

these time periods. (Table 4.2) Individual participant CPAP usage data are displayed in 

Figure 4.2 and Table 4.5 (Online supplement, Section 4.9.2), showing six participants 

swapping their “adherent status” between months one and six (two became adherent and 

four became non-adherent). No participant changed adherent status after six months. By 

12 months CPAP usage was distinctly bimodal and stable, with either high usage (>6 

hours per night) or low usage (<3 hours per night). Average 95th percentile pressure 

ranged from 10 to 13 cmH2O during the three time periods, while average 95th 

percentile leak ranged from 21 to 26 litres/minute. (Table 4.2)  

Table 4.2 CPAP data (usage, 95th percentile pressure and 95th percentile leak)  

 0 to 1 

month 

(N=16) 

1 to 6 

months 

(N=16) 

6-12 

months 

(N=16) 

Mean nightly use, hours  3.1 (2.5) 2.6 (2.8) 2.1 (3.2) 

Proportion with > 4 hours use per night, % (n) 37.5 (6) 25 (4) 25 (4) 

Mean nightly 95th percentile pressure, cmH2O  13.1 (3.2) a 12.2 (2.1) a 10.0 (4.6) b 

Mean nightly 95th percentile leak, L/min  25.7 (19.6) 20.8 (10.0) 

c 

22.8 (13.6) 

d 
Values are mean (SD) unless otherwise indicated      a N=13, b N=8, c N=14, d N=9 
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Figure 4.2 Individual average nightly CPAP usage, measured at one, six and 12 months. 

CPAP use (average nightly hours) at six and 12 months were strongly associated with 

more hours spent with the sleep scientist in the first month and greater years since injury 

(p<0.05; Table 4.4, Online supplement, Section 4.9.2). Improvements in subjective 

daytime sleepiness in the first month appeared weakly associated with greater CPAP 

use at six (p=0.06) and 12 months (p=0.05; Table 4.4) No associations between any 

other baseline variables with CPAP use were identified.  

4.7 Qualitative interview results 

 The burden of CPAP versus the benefit: “the love-hate relationship” 

(72 year old male, C6 AIS-D) 

Most people in this study described the active, conscious decisions they made about 

whether the benefits of CPAP outweighed the burdens and hence whether to continue 

use. All participants experienced burdens and adverse events from using CPAP, and the 
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trade-off between the perceived burden and the perceived benefit appeared to impact 

adherence to the therapy. For some, the perceived benefits and burdens were negligible, 

requiring the participant to decide whether the treatment was worthwhile. These 

participants spoke of their plans to discontinue CPAP for a specified period of time to 

better understand the benefits and to enable an informed decision of whether to 

continue. None of the participants in this group were CPAP users at six or 12 months.  

 

I think the only way to prove it to myself is if I go off the machine for two weeks 

and then go back on and just see the difference. And that will probably convince 

me one way or the other. (79 year old female, C5 AIS-C) 

 

For others, both the immediate daytime benefits and the burdens were substantial. Three 

participants belonging to this group actively engaged with health professionals to 

troubleshoot issues and were able to overcome the burdens to become CPAP users. For 

those with high burden and little benefit, or low burden and substantial benefit, the 

decision of whether to continue with CPAP was easier, and their user status tended to be 

determined earlier. Unfortunately some participants did not experience any benefits 

from CPAP because they were unable to overcome the substantial burdens encountered 

from the beginning.  

 

I’ve never been able to fall asleep with it. I want to, but at the same time, am I 

fooling myself? (49 year old male, C5 AIS-C) 

 

The majority of participants were motivated by the immediate daytime benefits of 

having better sleep. Most were not concerned by the long-term health consequences of 

untreated OSA.  

 

For me [the main reason I am using CPAP is], so I’ll have better days, 

physically and mentally. (65 year old female, C6 AIS-C) 

 

I know how the professionals would put it, and that’s sleep apnoea can cause 

strokes or heart attack or whatever. I’ve never been one to worry about anything 
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like that, and I’m probably still not. If I didn’t use it, it wouldn’t overly concern 

me in that respect. (72 year old male, C6 AIS-D) 

 

This concept of burden versus benefit of CPAP is represented in  Figure 4.3, which 

describes four groups defined according to their perceived benefit and burden. 

Participants were retrospectively categorised to the most appropriate group (A-D) based 

on their interview data, and average nightly CPAP use over the three time periods were 

calculated for each group (Table 4.6, Online supplement, Section 4.9.2). This pilot 

exercise demonstrated that those whose perceived benefit from CPAP was high (B&D) 

had substantially higher CPAP use than those reporting low benefit (A&C). Perceived 

burden impacted CPAP use to a lesser degree than perceived benefit.  

 

 

Figure 4.3 CPAP burden versus benefit matrix 

The specific burdens and benefits are described in detail in the online supplement. 

Briefly, common burdens included issues with mask discomfort and fit, causing air leak, 
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skin irritation and breakdown, and dry eyes and mouth. Considerable trial and error was 

required to overcome these issues. Participants also described psychosocial and 

emotional problems, including guilt about additional partner burden, claustrophobia, 

frustration and fear. Some participants had difficulty sleeping with the device. These 

problems were exacerbated by their physical disability, particularly limited upper limb 

function, and the already substantial workload associated with managing their SCI and 

the associated complications. At the six and 12 month review phone calls, several 

participants reported discontinuing CPAP when unwell in order to simplify their 

healthcare routines. 

 

Benefits included improvements to sleep quality and sleep hygiene. Less daytime 

napping, reduced snoring, waking up refreshed, and fewer leg spasms at night were 

commonly reported. Other reported benefits included improvements in mood, energy 

levels, productivity, alertness and concentration.  

 

Additional barriers and enablers to CPAP use, such as partner/family support and health 

professional support are also discussed in detail in the online supplement (Section 

4.9.3). Briefly, partner/family support appeared moderately important for some, but 

merely having this support did not ensure CPAP adherence. Overall, participants of this 

study were highly satisfied with the assistance they received from the health 

professionals involved in CPAP implementation.  

 Barriers to OSA diagnosis  

While not an a priori focus of the interviews, two themes emerged relating to OSA 

diagnosis barriers.  

4.7.2.1 Poor recognition of OSA symptoms prior to diagnosis and treatment 

Several participants were surprised by the improvements they experienced from CPAP. 

Many felt they had incorrectly attributed daytime sleepiness to aging with a SCI, and 

did not realise the extent of their symptoms of OSA until after they had been treated. 

For these reasons many had not reported any symptoms of OSA to a health professional, 

and were initially surprised by their OSA.  
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No, I didn’t realise, I just took it for granted that this is what happens as you get 

old with quadriplegia. I thought, ‘well, just suck it up’. But now I realise what 

I’ve been missing out on. (71 year old male, C6 AIS-A) 

 

Personally, I was not aware of any problem whatsoever. I thought ‘I’m not 

concentrating enough, I’m getting old, I haven’t got enough to do.’ That has 

turned around now, so it is obvious. It’s made me aware of what the situation 

was. (72 year old male, C6 AIS-D) 

 

4.7.2.2 Overnight in-laboratory sleep studies are prohibitive to diagnosis 

Most participants felt that having an overnight sleep study in a hospital or sleep 

laboratory would have been too difficult, and had it not been for the SOSAT study 

offering the test in their home, they would never have been diagnosed and subsequently 

treated for OSA. Their concerns centred on the potential disruption to their daily 

routines, and the inability of sleep laboratories to cater for the needs of people with 

disability.  

 

A couple of years ago the Austin contacted me and wanted me to come in to do it 

[overnight sleep study], but three kids, work, my wife’s work; it was just too 

hard. I look back and now think I should have done it years ago. (43 year old 

male, C6 AIS-B) 

 

And being in a wheelchair, the thought of having to travel somewhere to go and 

do a sleep study and stay overnight, it’s not very appealing. But obviously since 

you came out to the house it meant that I didn’t have to leave home so it made it 

a lot easier. (49 year old male, C5 AIS-B) 

4.8 Discussion 

CPAP adherence was low in this sample of people with chronic tetraplegia and OSA. 

Half of the participants were regularly using CPAP at one month, however this had 

reduced to a quarter by six months. Between one and six months, six (38%) participants 

changed their “adherence status”, from above to below four hours per night or vice 
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versa. Adherence status was then stable for all participants in the following six months. 

This suggests that CPAP patterns, which are established within a week in the non-

disabled with OSA,[182] can take up to six months in people with tetraplegia.  

 

In this small study, we found that greater CPAP use at six months was strongly 

associated with more time spent with the sleep scientist in the first month. We speculate 

that participants who were more engaged were more likely to overcome the initial 

problems and continue with the treatment. Our qualitative data suggest it was the 

perceived benefit that drove the participants to seek solutions. These solutions required 

more time from the sleep scientist, but it was the perceived benefit, not simply “more 

therapy” that drove the improvements.  

 

The perceived burdens relative to the perceived benefits of CPAP were identified as a 

major theme in this study. This same ‘trade-off’ has also been described in non-disabled 

populations.[203] However for people with tetraplegia, this decision is also made in the 

context of living with SCI. Most people with tetraplegia experience multiple secondary 

complications, with bladder and bowel dysfunction, spasms, pain, and pressure injuries 

being the most common.[207-209] The decision about whether CPAP is worthwhile 

was strongly influenced by the overall, ongoing burden of managing these SCI 

complications. Unfortunately the complexity of living with SCI often tipped the balance 

in the direction of discontinuing the therapy.  

 

The concept of burden of treatment (BoT) has grown in the literature in the last decade 

in response to the rising prevalence of multi-morbidity. A recent meta-analysis of 

qualitative studies investigating BoT in people with chronic diseases found that the 

magnitude of the burden is related to the workload required, the individual’s capacity, 

and the environmental context. Patients often prioritise treatments to reduce the 

workload, and try to integrate the treatments into their daily lives.[210] Data from our 

study are concordant with these findings. At the six and 12 month reviews, our 

participants commonly reported discontinuing CPAP during times of illness. This 

phenomenon has been reported previously. In another study investigating OSA 

treatment adherence in people with SCI, participants reported only tolerating bi-level 
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positive airway pressure when their health was stable, and frequently suspended 

treatment during periods of illness.[112] 

 

Patient reported measures of BoT have been developed for people with multi-

morbidity.[211, 212] Rosbach et al[210] reason that the weight of BoT should be 

assessed in those with multi-morbidity, and health care providers should aim to reduce 

treatment burden where possible. Given the nature of SCI, BoT should arguably be 

considered in this population when prescribing new and challenging treatment regimes, 

such as CPAP. 

 

The simple matrix assessing perceived burden and benefit from CPAP in the first few 

weeks of treatment (Figure 3) could potentially be applied to predict long-term CPAP 

adherence. Further research could establish the clinical utility of this model to 

categorise patients into the four types of early CPAP users, in order to guide 

interventions to improve adherence. For example, those in the high burden, high benefit 

group (Group B) might be offered intensive support including home visits and/or 

additional appointments with health professionals to help them to overcome their 

substantial burdens. Given our finding that CPAP use takes longer to establish in this 

population, this support should be offered for a longer period of time. Potential 

strategies for those with low burden and low benefit (Group C) might include more 

education about the longer-term consequences of OSA and benefits of CPAP treatment. 

Those with high burden and low benefit (Group A) could be offered alternative 

treatments for OSA; and finally, those with high benefit and low burden (Group D) 

could be reviewed periodically to monitor adherence and encourage continuation of the 

therapy during or after illness.  

 

With the exception of reduced leg spasm, the daytime benefits described by participants 

of this study, such as improved sleep quality, reduced daytime sleepiness, and 

improvements in mood and cognition, were all common to other population 

groups.[213] In contrast, many of the burdens were either unique to people with SCI or 

augmented by their disability. Guilt about the additional burden using CPAP placed on 

partners was a major concern for many participants in this study. Conversely, 

qualitative research in adults without disability has identified that guilt about the impact 

on partners by not using the therapy is a motivator for use.[112] Fear of problems, 
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particularly recurrent skin break down, was another significant barrier for participants in 

this study, potentially exacerbated from previous experiences of pressure injuries. 

Frustration was usually described in relation to the participant’s inability to 

independently adjust the mask, and we hypothesise that claustrophobia is also 

magnified in this population because of reduced independence and hypersensitivity to 

the face. These additional and amplified burdens are likely to contribute to lower CPAP 

adherence in this population.  

 

That participants in this study were not motivated by the long-term consequences of 

untreated OSA may reflect health information fatigue from managing multiple co-

morbidities. In contrast, several qualitative studies in non-disabled populations have 

reported that fear of long-term consequences of OSA is an important motivator to CPAP 

use.[201, 202, 214] 

 

Given the unique and complex burdens and motivations for CPAP use in tetraplegia, we 

speculate that non-complicated OSA may be better managed within a specialist spinal 

unit. Specialised spinal units are generally responsible for the overall management of 

the person’s SCI and associated complications, coordinating care with other specialists 

as required. Diagnosis and treatment of non-complicated OSA is managed 

independently of respiratory/sleep specialists in several spinal units around the world, 

although this is not the usual model. We hypothesise that patient outcomes and 

satisfaction would improve with either enhanced disability training for respiratory/sleep 

units, or enhanced OSA management training for spinal units. Either way, research into 

alternative models of OSA care for people with tetraplegia is needed. 

 

Despite the low adherence to CPAP and the high treatment burden reported by many 

participants in this study, the daytime benefits for those adherent to the therapy 

appeared to be substantial. One quarter of our sample was adherent at six and 12 

months, with average nightly use of approximately seven hours among these four 

individuals. Given the positive effect CPAP had on our adherent participants, our data 

would suggest that it remains a worthwhile therapy in this population with such high 

prevalence of OSA. Ultimately, a better therapy will replace CPAP as the first line 

treatment for OSA, but until then, research investigating interventions to reduce burden 

and improve adherence is warranted.[115] 
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While not a focus of the study, barriers to OSA detection emerged as a major issue.  

Participants reported their reluctance to attend an overnight sleep study in a sleep 

laboratory, citing the potential disruption to healthcare routines and the inability of non-

spinal health services to meet the needs of people with tetraplegia. Available data 

suggest that OSA is largely under-diagnosed and under-treated in SCI.[105] Our 

qualitative data also suggest that many patients are not being screened, diagnosed and 

treated for OSA, despite the high prevalence. A simplified ambulatory model for 

diagnosing moderate to severe OSA in tetraplegia has recently been published, offering 

an alternative to overnight sleep laboratory testing.[93, 149] By overcoming this major 

barrier to OSA diagnosis, ambulatory diagnostic models have the potential to 

substantially increase diagnosis rates in this population.  

 Limitations 

This was a small study of 16 people living with chronic tetraplegia. As such the 

quantitative analysis should be considered as exploratory and hypothesis generating. 

Only five of the 16 interviews were double-coded by two researchers (MG and AR), 

however the coding framework was revised after the first five interviews and guided the 

analysis of the remaining 11. Our sample of convenience did not allow for sampling 

until saturation of themes; nonetheless saturation was achieved with no new themes 

emerging for at least the last five interviews.  

 Conclusion 

Adherence to CPAP is low among people with tetraplegia and OSA. However the 

benefits described in this study by the quarter that used it well were substantial. People 

with tetraplegia experience high burden from CPAP, exacerbated by their disability. 

More intensive support, for a longer period of time is recommended to help them to 

overcome these burdens and to allow them to be established on treatment. Individuals’ 

adherence patterns were set by six months and remained relatively unchanged out to 12 

months.  
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4.9 Online supplement 

 Additional Methods 

4.9.1.1 Participants 

Consecutive patients, with chronic (>1 year post injury), traumatic tetraplegia (level T1 

or higher; ASIA Impairment Scale A, B, C or D), attending the spinal outpatient or 

inpatient units between September 2015 and April 2017 at three spinal units were 

invited to participate to the Screening for OSA in Tetraplegia (SOSAT) study.[149] 

Only participants from the Austin Hospital, Melbourne Australia site were also invited 

to participate in this sub-study (N=44). All participants provided informed consent in 

accordance with the ethics approval from The Austin Hospital Ethics Committee.  

4.9.1.2 Data collection 

As part of the SOSAT study, unattended polysomnography was conducted in the 

participants’ homes. Sleep studies were sleep staged and respiratory scored by an 

experienced sleep scientist. Demographic data were collected from the medical record 

and abdominal circumference was measured in supine on the night of the sleep study. 

The following questionnaires were also obtained on the night of the sleep study and 

reported in this study: Karolinsksa Sleepiness Scale (KSS),[204] Borg scale of nasal 

obstruction,[103] Congestion quantifier 5-item questionnaire,[168] General self-efficacy 

scale (GSES).[205] 

 

Immediately prior to the interview, participants repeated the KSS; and on conclusion of 

the interview, the 7-item CPAP adverse events questionnaire.[180] Following the one 

month review, participants were offered ongoing clinical support through the CPAP 

clinic at the Austin Hospital.  

4.9.1.3 Qualitative data analysis 

The researcher conducting the interviews (MG) had experience with qualitative research 

methods and the clinical area.[149, 215] The first two interviews were open-coded by 

two researchers together (MG and AR) to identify recurrent themes and develop the 

initial coding framework for analysis of subsequent interviews. The researchers viewed 
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the data through a “theoretical” lens, specifically the barriers and enablers to CPAP use, 

and as such the coding framework reflected this.[206] Despite this general approach, 

themes in addition to barriers and enablers of CPAP use were inductively identified in 

the data and also included in the analysis. The same two researchers then independently 

coded the next three interviews and met to discuss and resolve any differences, and 

update the coding framework. MG coded the remaining interviews and further 

refinement to the coding framework was discussed with AR.  See Table 4.3 for the 

coding framework. 

Table 4.3 Qualitative coding framework 

1. Burdens VS Benefit = overall trade-off between burden of the CPAP 

machine and the daytime benefits. 

Common burdens: 

Mask issues 

• Mask discomfort/ fit/air leak 

• Skin irritation/breakdown/dry 

eyes and mouth/ blood nose 

• Trial and error required 

Psychosocial/emotional  

• Concerns about attractiveness 

• Guilt about partner burden 

• Claustrophobia 

• Frustration 

• Fear of problems 

Difficulty sleeping 

 

Common benefits: 

Sleep quality/sleep hygiene 

• Easier to get to sleep 

• Waking up brighter/ready to get up 

in the morning  

• Less snoring 

• Less napping 

• Less spasm 

Less daytime sleepiness 

Psychosocial benefits 

• Improved mood 

• Partner sleeping better 

• More energy / productivity 

• Increased social activity 

Cognitive benefits  

• Increased alertness 

• Improved concentration  

Other barriers and enablers (influencing factors) 

• Cost of device and masks etc 

• Partner/family support 

• Health professional support 
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o Understanding of the limitations association with SCI that may impact 

CPAP usage (i.e. mask adjustment)  

o Face-to-face monitoring of CPAP usage  

• Self-efficacy 

• SCI related physical limitations (Difficulty adjusting mask because of SCI 

related physical limitations, especially upper limb) 

• Complicated health and social circumstances associated with SCI 

2. Motivations  

• Motivated by immediate daytime benefits rather than long-term health 

consequences (e.g stroke, CVD)  

3. Barriers to OSA diagnosis in SCI 

• Poor recognition of OSA symptoms prior to diagnosis and treatment  

• Overnight stay in sleep lab prohibitive to diagnosis 

4. Equipment modifications for people with SCI 

• Remote on-off switch would be very helpful 

 

 Additional results 

Thirteen participants lived with family (10 with their partner). Three lived alone. Six of 

the participants were in regular employment, and six drove a car. 
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Table 4.4 Univariate linear regression: associations between baseline variables and 

hours of CPAP use at three timepoints.  

*p<0.05 

 

Appointments with the sleep physician were conducted between May 2016 and July 

2017. The average time from date of referral to appointment was 55 days (range 15-

105). Fourteen participants were initiated with CPAP immediately following the 

appointment with the sleep physician; the remaining two were initiated within two 

weeks.

 0-1 month 1-6 months 6-12 months 

Variable  Co-

efficient 

P 

value 

Co-

efficient 

P value Co-

efficient 

P 

value 

Age, years 0.01 0.90 0.04 0.40 0.04 0.50 

Gender, male 1.60 0.34 2.04 0.27 1.81 0.39 

AIS A  -1.12 0.46 -0.19 0.91 -0.51 0.79 

BMI, kg/m2  0.01 0.95 0.08 0.57 0.10 0.50 

Waist circumference, cm 0.001 0.98 0.06 0.10 0.08 0.08 

AHI, events/hour  -0.01 0.83 0.01 0.76 0.01 0.71 

3% ODI, events/hour -0.004 0.87 0.02 0.59 0.02 0.49 

Borg scale of nasal 

obstruction 

-0.70 0.15 0.39 0.47 0.62 0.31 

Congestion quantifier 5-

item  

-0.31 0.06 0.07 0.71 0.02 0.93 

General self-efficacy scale  -0.09 0.58 0.12 0.49 0.21 0.29 

Change (improvement) in 

KSS 

0.06 0.75 0.38 0.06 0.45 0.045* 

Time with clinician 

scientist, hours 

0.70 0.11 1.26 <0.01* 1.22 0.02* 

Time since injury, years 0.07 0.10 0.12 0.01* 0.12 0.02* 
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Table 4.5 Individual patient data: CPAP usage, adverse events, subjective sleepiness, and time with clinician scientist for CPAP initiation and 

troubleshooting.  

 
I
D 

CPAP 
hr/n  
0-1mth 

CPAP 
hr/n  
1-6mth 

CPAP 
hr/n  
1-6mth 

KS
S 
B/L 

KSS 
F/U 
1mth 

Hours 
with 
SS 

No. 
hospital 
appts.  

No.  
home 
visits  

AE 
Dry 
mouth 

AE 
Nasal 

AE 
Eye 

AE 
Claustr
ophobia 

AE 
Facial
/skin  

AE  
Mask 
fit 

AE 
Noise 

Total  
No. 
AE 

1 2.18 0.83 0.87 3 7 2.25 0 0 Y N N N N N N 1 
2 1.32 1.43 0.32 5 2 3 0 0 N Y N Y N Y Y 4 
3 1.82 0.45 0.55 1 3 2.5 0 0 Y Y Y Y N Y Y 6 
4 0.57 6.57 6.7 5 2 5.5 1 1 Y Y N Y N Y Y 5 
5 0.43 0 0 3 7 3 0 1 Y Y N Y Y Y N 5 
6 4.82 7.23 8.56 6 1 2.25 0 0 N N N N N N N 0 
7 3.93 6.43 6.82 9 1 4 2 0 Y Y N Y N Y N 4 
8 4.47 1.68 0 2 3 3 0 0 Y Y N N Y Y Y 5 
9 6.35 2.35 0 3 3 3 0 0 Y N Y N N Y N 3 
10 8.63 7.75 7 3 1 7.5 4 0 Y Y Y N Y Y Y 6 
11 3.88 1.57 0 3 2 3 1 0 Y Y N N Y N N 3 
12 0.5 0 0 7 1 1.75 1 0 Y N N N N N Y 2 
13 0.23 0 0 6 1 2 0 0 N N N N Y Y N 2 
14 4.07 1.52 0 6 5 2.9 0 1 Y Y N N Y Y N 4 
15 0.4 0 0 3 6 2.25 0 0 N Y N N Y Y N 3 
16 5.58 3.1 2.05 3 2 1.5 0 0 Y N N N Y N N 2 

Variable names: Participant ID; Average CPAP hours per night 0-1 month; Average CPAP hours per night 1-6 months; Average CPAP hours per night 6-12 months; 
Baseline Karolinska Sleepiness Scale; Follow-up Karolinska Sleepiness Scale at 1 month; Number of additional face to face hospital appointments; Number of home visits; 7 
item adverse event questionnaire: Dry mouth; 7 item adverse event questionnaire: Nasal symptoms; 7 item adverse event questionnaire: Eye problems; 7 item adverse event 
questionnaire: Claustrophobia; 7 item adverse event questionnaire:  Facial soreness or skin irritation from the mask; 7 item adverse event questionnaire: Mask fit; 7 item 
adverse event questionnaire: Noise problems; Total number of adverse events reported on 7 item adverse event questionnaire. 
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Table 4.6 Mean nightly hours at months one, six and 12 for participants categorised 

into groups defined by the CPAP burden versus benefit matrix. 

 Mean nightly CPAP 

use (SD): 

0-1 month 

Mean nightly CPAP 

use (SD): 

1-6 months 

Mean nightly 

CPAP use (SD): 

6-12 months 

Group A (N=6) 1.6 (1.9) 0.5 (0.8) 0.0 (0.0) 

Group B (N=4) 4.3 (3.8) 4.3 (3.4) 3.6 (3.8) 

Group C (N=3) 2.7 (1.6) 1.3 (0.4) 0.4 (0.4) 

Group D (N=3) 4.8 (0.8) 5.6 (2.2) 5.8 (3.4) 

 

 Qualitative interviews: Additional results 

4.9.3.1 Common benefits: “you end up getting a better sleep” (64 year old male, C6 

AIS-B) 

Many participants described with enthusiasm the improved quality of their sleep and 

improved sleep patterns. Most commonly, they reported waking up feeling refreshed 

and ready to start the day.  

 

On days where I do use CPAP and I sleep fine with it, I feel like I can just fly out 

of bed. (23 year old male, C7 AIS-A) 

 

Many reported snoring less, with obvious benefits to partners and family members. 

Deeper, longer sleep, ease of getting to sleep and less daytime napping were commonly 

cited changes to sleep hygiene and quality. Several participants noticed that with CPAP 

they were waking less from leg spasms during the night. 

 

Going back to before [using CPAP], the sleep was spread over the 24 hours. It’s 

getting more compacted now. (75 year old male, C6 AIS-B)  

 

With the CPAP I’m finding that I’m more alert and I don’t need a nap. I can 

stay awake in the afternoon. (65 year old female, C6 AIS-C) 

 



 135 

But with the sleep machine I am able to sleep throughout the night without the 

spasm or without being woken up by the spasm. (43 year old male, C6 AIS-A) 

 

These improvements in sleep quality resulted in functional, psychosocial and cognitive 

benefits for many participants. Several participants reported feeling more alert, having 

more energy and more ability to concentrate during the day. Functional gains included 

increased productivity at work, increased social activity and driving more. 

 

I feel so refreshed. I’ve got more energy, more get up and go. Not that physically 

I can do a great deal, but there are a lot of things that I didn’t accomplish 

during the day that I’m doing now. (71 year old male, C6 AIS-A) 

 

I’m definitely thinking clearer. (72 year old male, C6 AIS-D) 

 

Improvements in mood were also cited by many, who had either noticed this 

themselves, or were told by family and friends. In particular, they described feeling less 

irritable, and having more tolerance with others.  

 

Even the carers have said that my moods are better. (64 year old male, C6 AIS-

B) 

 

My family notice that I’m not as short and as sharp. (75 year old male, C6 AIS-

B) 

 Common burdens: “where do I start?”  

Most of the burdens from CPAP were associated with wearing a mask. Issues with mask 

fit and discomfort were common and often led to physical problems such as skin 

breakdown, a sore, bleeding nose, and dry eyes and mouth.  

 

My eyes are very sore of a morning, and my mouth gets very dry. (65 year old 

female, C6 AIS-C) 
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I finished up with pressure marks on the inside of my septum and then I think I 

had a scab under my nose, which has gone now. (71 year old male, C6 AIS-A) 

 

Air leak was a problem for many, who also described feeling intense frustration from 

not being able to adjust the mask when this occurred.  

 

And because of every slight movement you make during your sleep also moves 

the nasal mask, and so that caused a lot of leakage and also discomfort. (43 year 

old male, C6 AIS-A) 

 

And leaking air and blowing air in my eyes during the night, it’s really 

frustrating. (23 year old male, C7 AIS-A) 

 

“Trial and error” and perseverance was a common theme in the qualitative data. 

Participants reported making adjustments to pressure, ramp time, humidity and 

temperature, and trying different masks and attachments, such as a chin strap, in order 

to overcome some of the problems.  

 

I reckon it takes you easy six weeks to three months. I’m only just there now. (79 

year old female, C5 AIS-C) 

 

I think for most people it would be trial and error because you’re not going to 

all of a sudden put something over your mouth and it’s going to be perfect. I 

don’t think that’s going to happen. (65 year old female, C6 AIS-C) 

 

Some were not prepared to persevere because they were fearful that the problems they 

had experienced, such as skin breakdown, would occur again. 

 

I wasn't game to try it again because I don't want to get blisters again. (65 year 

old male, C4 AIS-C) 

 

Unfortunately many reported psychosocial burdens from the CPAP. Feelings of guilt 

associated with increased partner and carer burden were common. They spoke of the 
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amount of assistance already required from their carers, and the inclusion of CPAP at 

night was seen to be unfairly adding to the workload.  

 

It makes me feel like I’m a nuisance. Waking up my husband once a night is fine, 

but four to five times, I think that’s a bit unfair. It’s a big ask. (65 year old 

female, C6 AIS-C) 

 

Others resented having another health problem to manage and another piece of 

equipment to service and clean. Many described having complicated night-time routines 

for other SCI related care, such as spasm and pain management, skin care and bladder 

complications. Some participants felt that CPAP was adding further burden to an 

already difficult schedule. 

 

I guess it’s just another thing you have to do. Just another thing that you need to 

worry about, to annoy you. (43 year old male, C6 AIS-A) 

 

For these reasons, participants reported discontinuing CPAP when they became unwell 

with regular illnesses such as colds, or with SCI related complications. At the six and 12 

month review phone calls, many participants reported stopping CPAP because of an 

unrelated health issue, as a way of simplifying their routines. In some cases, they did 

not recommence CPAP after recovering from their illness.  

 

Feelings of frustration and claustrophobia were usually associated with impaired 

physical function from the SCI, particularly upper limb function. Participants described 

a sense of loss of control and fear from not being able to adjust or remove the mask, or 

turn off the machine if required.  

 

I also found that lying down flat, and I couldn't move, that anything could have 

happened to me. I had no control over it, and being claustrophobic, that made it 

worse as well. (65 year old female, C6 AIS-C) 

 

Related to this were suggestions to modify the CPAP device to make it easier for people 

with SCI to use it independently. Modifications to the “on-off” switch, so they could 

turn it off in the night rather than waking their carer to do so, was proposed by several 
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participants. Others had ideas for different designs to the strapping mechanism holding 

the mask to the face. 

 

What I thought with the machine is it could have some sort of control where you 

can turn it on and off from in the bed, because there’d be a lot of people who’d 

want to turn it off and they can’t.  (65 year old female, C6 AIS-C) 

 

Concerns over the appearance of the mask were apparent for some. This was either 

related to seeming unwell and disabled, or feeling unattractive. 

 

When I have it on and I’m in bed, I feel like a Martian, I feel very unattractive 

and very ugly. (65 year old female, C6 AIS-C) 

4.9.4.1 Partner and family support 

Partners and family were supportive and encouraging for some, and not for others. 

Whilst CPAP adherent participants tended to have supportive partners, families and 

carers, merely having this support did not ensure CPAP use.  

 

Oh, she’s quite happy [with CPAP], because any diagnosis that I get she always 

sees the darkest side of it, and thinks, you could have a stroke, or you could have 

a heart attack, where I’m totally the opposite. (72 year old male, C6 AIS-D) 

 

But her words are “you should be using it, that's what it's there for”. I'll get 

around to it one day, I suppose. (65 year old male, C4 AIS-C) 

 

Four participants reported their partners and families were not supportive of their CPAP 

use, mostly because it negatively impacted their own sleep, and this appeared to 

strongly influence the participant’s decision to discontinue the therapy.   

 

I want to [use CPAP] but I’m not going to do it if I’m going to disturb her or 

interrupt her. (49 year old male, C5 AIS-C) 
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4.9.4.2 Health professional support 

Overwhelmingly, participants were satisfied with the support they received from the 

health professionals involved in their CPAP prescription, implementation and 

troubleshooting. In particular, participants appreciated the weekly phone calls, and the 

ability to speak with a health professional whenever they needed to troubleshoot issues. 

 

I know I could have called whenever I needed to, and [health professional 

name] rang me a few times and said “I noticed this or that” or “Are you 

right?”, so that was helpful. (56 year old male, C5 AIS-B) 

 

They were great because [health professional name] rang me a few times just to 

check up. She was able to turn the pressure down from her end. And then I was 

able to use it so that was great. (44 year old woman, C6 AIS-C) 

 

One participant felt that the health professionals who treated him lacked understanding 

of the health issues and physical limitations associated with having a SCI, in particular 

the difficulties he experience donning and doffing and adjusting the mask with limited 

upper limb function.  

 

The people here bent over backwards to help but didn’t appreciate the problem 

of quadriplegia and our inability to handle things. I think they have to look more 

at people’s ability to do stuff without the use of fingers. (71 year old male, C6 

AIS-A) 

 

While most participants were happy with the ambulatory model of care, which 

minimised the need to travel for appointments, two participants suggested that more 

face-to-face monitoring of CPAP might have hastened the process of overcoming 

problems.  

 

It wouldn’t hurt for either the patient to come in and spend an hour in the 

hospital with it on and let the people at the sleep clinic actually see the problems 

first hand. (71 year old male, C6 AIS-A) 
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If it wasn’t for me working it’d be easier to go in for appointments and get it 

sorted. I would have liked to go in and stay a night, so I can talk to them during 

the night about it.  (23 year old male, C7 AIS-A) 
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“The truth is rarely pure and never simple.” ~ Oscar Wilde 

5 UNDERSTANDING THE CLINICAL MANAGEMENT 
OF OBSTRUCTIVE SLEEP APNOEA IN 
TETRAPLEGIA: A QUALITATIVE STUDY USING 
THE THEORETICAL DOMAINS FRAMEWORK. 

5.1 Overview of Chapter 5 

The research presented in the previous two chapters has described CPAP use and 

identified many patient-level barriers and enablers to optimal OSA management. 

Chapter 5 presents original research to systematically describe the clinical management 

of OSA in tetraplegia, and investigate the influences on these clinical practices. The 

participants of this research were the doctors responsible for the overall rehabilitation 

and management of people SCI, within a specialist spinal rehabilitation unit. This 

qualitative research utilised the Theoretical Domains Framework to explore the 

influences on clinical behaviours.  

 

This chapter is presented as a journal article that was submitted for publication in a 

peer-reviewed journal in May 2018. The online supplementary file that accompanies 

this manuscript contains only the interview guide. This is located in Appendix 8.5. The 

submitted version of the manuscript and online supplement are provided, with minor 

changes to the formatting. An addendum to the manuscript is provided at the end of the 

chapter (Section 5.7.3). The addendum provides additional discussion of material that 

had not been published at the time of manuscript submission.  
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5.3 Abstract 

 Background 

Clinical practice guidelines recommend further testing for people with tetraplegia and 

signs and symptoms of obstructive sleep apnoea (OSA), followed by treatment with 

positive airway pressure therapy. Little is known about how clinicians manage OSA in 

tetraplegia. The theoretical domains framework (TDF) is commonly used to identify 

determinants of clinical behaviours. This study aimed to describe OSA management 

practices in tetraplegia, and to explore factors influencing clinical practice.  

 Methods 

Semi-structured interviews were conducted with 20 specialist doctors managing people 

with tetraplegia from spinal units in Europe, UK, Canada, USA, Australia and New 

Zealand. Interviews were audiotaped for verbatim transcription. OSA management was 

divided into screening, diagnosis and treatment components for inpatient and outpatient 

services, allowing common practices to be categorised. Data were thematically coded to 

the 12 constructs of the TDF. Common beliefs were identified and comparisons were 

made between participants reporting different practices. 

 Results 

Routine screening for OSA signs and symptoms was reported by 10 (50%) doctors in 

inpatient settings and eight (40%) in outpatient clinics. Doctors commonly referred to 

sleep specialists for OSA diagnosis (9/20 in inpatients; 16/20 in outpatients), and 

treatment (12/20; 17/20). Three doctors reported their three spinal units were managing 

non-complicated OSA internally, without referral to sleep specialists. Ten belief 

statements representing six domains of the TDF were generated about screening. Lack 

of time and support staff (Environmental context and resources) and no prompts to 

screen for OSA (Memory, attention and decision processes) were commonly identified 

barriers to routine screening. Ten belief statements representing six TDF domains were 

generated for diagnosis and treatment behaviours. Common barriers to independent 

management practices were lack of skills (Skills), low confidence (Beliefs about 
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capabilities), and the belief that OSA management was outside their scope of practice 

(Social/Professional role and identity). The three units independently managing OSA 

were well resourced with multidisciplinary involvement (Environmental context and 

resources), had ‘clinical champions’ to lead the program (Social influences). 

 Conclusion 

Clinical management of OSA in tetraplegia is highly varied. Several influences on OSA 

management within spinal units have been identified, facilitating the development of 

future interventions aiming to improve clinical practice.  
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5.4 Introduction 

People with tetraplegia experience a range of complications from their injury, affecting 

almost every system of their body. Obstructive sleep apnoea (OSA) is one such 

complication, with prevalence estimates of up to 83% in the acute phase, and up to 97% 

in the community dwelling chronic population.[86, 216] The quality of life of people 

with tetraplegia and OSA is up to five times the minimally important clinical difference 

worse than their peers without OSA.[1] OSA has been associated with daytime 

sleepiness, poor memory, attention and information processing in both the acute and 

chronic populations, and is therefore likely to impact on rehabilitation and vocational 

outcomes.[108, 109] Improving the management of OSA has the potential to prevent 

these undesirable consequences of spinal cord injury (SCI). 

  

Guidelines developed by the Consortium of Spinal Cord Medicine recommend 

diagnostic testing with polysomnography for all people with SCI with excessive 

daytime sleepiness or other symptoms of sleep disordered breathing.[115] These 

guidelines also recommend the prescription of positive airway pressure (PAP) therapy 

for those with a positive diagnosis of OSA. Similar recommendations have been 

published by the Spinal Cord Injury Rehabilitation Evidence (SCIRE) project, a 

Canadian research collaboration that produces evidence-based practice 

recommendations for health professionals working in SCI rehabilitation.[116] The 

SCIRE recommendations include vigilance for suggestive signs and symptoms and 

further testing with oximetry or polysomnography when these signs are present. 

Management adherent to these recommendations therefore requires routine screening 

for the signs and symptoms of OSA, and subsequent investigation. 

 

Both guidelines are not explicit in fully detailing the recommended clinical practices, 

potentially hampering efforts by clinicians aiming to practice according to evidence-

based guidelines.[217] In particular, screening practices are recommended with little 

indication of how, when or where screening for signs and symptoms of OSA should be 

undertaken. Diagnosis of OSA is recommended with polysomnography in one 

guideline, and polysomnography or oximetry in the other, with no indication of who 

would perform these tests and what the clinical criteria for diagnosis should be. 
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Furthermore, only one guideline recommends a specific type of treatment; initially with 

continuous positive airway pressure (CPAP), and with bi-level PAP as a second option 

for those unable to tolerate CPAP. 

 

The lack of actionable recommendations in the OSA in SCI guidelines reflects a lack of 

robust clinical evidence. While the guidelines are based on evidence from non-

randomised studies and the expert panel consensus was reported to be strong, there is 

little randomised trial evidence in this setting. SCI is a relatively small and specialised 

clinical area, and as such, there are significant challenges for the conduct of clinical 

trials.[218] Thus, few guidelines in SCI are based on strong evidence. A review of 

knowledge translation research in SCI revealed almost all interventions were based on 

the findings of individual studies and expert opinion, with only one citing evidence 

from a randomised control trial.[142] Given the high prevalence and significant 

morbidity of OSA in tetraplegia, practice concordant with the best available evidence in 

the form of the current guidelines is important, and will contribute to reducing variation 

in practice and improving the clinical management of OSA. 

 

Very little is known about the current management of OSA in chronic tetraplegia. An 

older study investigating OSA treatment in people with chronic SCI found that in a 

service providing care to approximately 600 veterans with chronic SCI, approximately 

15% of people with tetraplegia had received a diagnoses of OSA.[117] Given the high 

prevalence estimates in this population, this is likely to reflect low screening and 

subsequent testing for OSA. More current research is required to determine the extent of 

OSA under-diagnosis in the present clinical environment.  

 

To our knowledge, there have been no studies that systematically describe the current 

management of OSA in SCI, nor what influences the clinical behaviours of health 

professionals involved in the care of people with SCI and OSA. Anecdotally, practice is 

highly varied. A systematic review of barriers to physician adherence to clinical practice 

guidelines generally (not specifically in SCI) identified many factors that may influence 

practice, including lack of awareness, familiarity and dis/agreement with the guidelines, 

poor physician self-efficacy, low outcome expectancy, inertia of previous practice and 

external barriers such as lack of time, environmental factors and staff shortages.[125] 

Understanding the prevailing and contextual influences on clinical practice is essential 
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for the development of any intervention aiming to improve the management of OSA in 

people with tetraplegia.  

 

The Theoretical Domains Framework (TDF) is a validated and commonly used set of 12 

behavioural domains for use when exploring factors that influence clinical 

behaviours.[133] The 12 domains of the TDF include: knowledge; skills; 

social/professional role and identity; beliefs about capabilities; beliefs about 

consequences; motivation and goals; nature of the behaviour; memory, attention and 

decision processes; environmental context and resources; social influences; emotion; 

and behavioural regulation.  The TDF enables a comprehensive, theory-based approach 

to recognising the behaviours that need to be changed, thereby identifying opportunities 

for improved practice.  

 

The aims of this study are: 1. To describe the OSA screening, diagnosis and treatment 

practices of specialist doctors managing the rehabilitation of people with tetraplegia. 2. 

To explore factors that influence the management of OSA in tetraplegia, informed by 

the Theoretical Domains Framework.  

5.5 Method 

In-depth semi-structured interviews were conducted with specialist doctors managing 

the rehabilitation of people with tetraplegia in the inpatient and outpatient settings of 

spinal rehabilitation services, between August 2016 and March 2018. Names and 

contact details of doctors were obtained from websites of hospitals with a specialised 

SCI Unit. Additionally, a snowball sampling technique, where existing participants 

recommended future participants from among their professional networks, was utilized. 

In recognition that practice may vary in different regions because of cultural and 

healthcare model influences, a purposeful sample was drawn to include a range of 

regions in the Organisation for Economic Co-operation and Development (OECD; e.g. 

Australia/New Zealand, North America, Europe, UK). Low and middle-income 

countries were not included because the availability of resources and infrastructure 

required to undertake OSA management, and hence culture and subsequent practice, 

were likely to be very different. Potential participants were approached by telephone or 

email and invited to participate in the study. All participants provided written, informed 
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consent prior to the interview. Ethical approval for the study was obtained from the 

University of Melbourne (School of Health Sciences Human Ethics Advisory Group; 

Ethics ID 1545475). 

 

Interviews were conducted face to face or via online video technology (e.g. Skype) or 

telephone at a time suitable to the participants. The researcher conducting the interviews 

(MG) had experience with qualitative research methods and the clinical area. An 

interview schedule, based on the TDF, was used to prompt the discussion and guide the 

analysis (see Appendix 8.4). The interview questions focused on describing current 

practices in the identification and management of OSA, and exploring the domains of 

the TDF to understand factors that influence practices.  

 

All interviews were audio recorded for verbatim transcription. Transcripts were de-

identified and imported into NVivo qualitative data analysis software (QSR 

International Pty Ltd. Version 12, 2018) to aid data management and analysis. The OSA 

management pathway was divided into screening, diagnosis and treatment components 

for inpatient and outpatient services, creating six categories. Self-reported practice was 

initially content analysed into these six categories. Data from the first five interviews 

were then independently analysed by two researchers (MG and DJB) to identify 

common clinical practices within each of the categories. For example, for inpatient 

diagnosis, clinical practice was found to fall within three main clinical practices. They 

were: conducted by spinal unit (with three sub-clinical practices), referral to sleep 

specialist and not undertaken. After the first five interviews, the two researchers 

discussed and resolved any differences in their identified clinical practices. Some 

changes to wording were required to ensure consistency and clarity. The clinical 

practices are presented in Figure 5.1.  
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             *outpatient clinical management only 

Figure 5.1 Predominant clinical practices 
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This matrix formed the coding structure for the remaining interviews, and as such, six 

clinical practice categories were assigned for each participant.  When clinicians reported 

more than one clinical practice (e.g. referring to sleep specialist and general practitioner 

in outpatients), the predominant practice was selected.  

 

Data were next thematically coded according to the 12 constructs of the TDF to assess 

influences on clinical practice and develop theoretical explanations about the influences 

on practice. The first five interviews were analysed independently by two researchers 

(MG and DJB). MG and DJB met after coding two interviews, and again after five, to 

discuss and resolve any differences and to revise the coding guideline. The remaining 

interviews were analysed by MG, who discussed any instances of ambiguity with DJB.  

 

Following coding to the TDF domains, common “belief statements” were generated. A 

belief statement has been defined as a collection of responses with a similar core belief 

about the barrier or enabler to the behaviour under investigation.[219] Comparisons in 

belief statements were made between participants with different clinical practices. For 

example, the influences identified for those routinely screening all their patients with 

tetraplegia were compared to those who were not. Similarly, the influences of those who 

were diagnosing and/or prescribing treatment for OSA themselves were compared to 

those who were referring to sleep specialists for OSA diagnosis and treatment. 

 

After the first five interviews were analysed, sampling continued until saturation of 

themes was achieved. Saturation was defined as when five consecutive interviews had 

been analysed with no new belief statements emerging [220].  

5.6 Results 

Interviews were conducted with 20 doctors, from 19 spinal units, from Australia and 

New Zealand (6), North America (6), mainland Europe (4), and UK/Ireland (4). Five 

were conducted face-to-face, 10 with online video technology, and five over telephone. 

Nine of the doctors were women. Interviews ranged in length from 22 to 66 (average 

41) minutes. Specialist sleep laboratories were on site for six doctors, available in 

nearby affiliated hospitals for seven, and not available for another seven.  
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 Predominant clinical practices  

Of the five interviews double-coded, there were three differences in categorization of 

clinical practices (6 practice types, 5 interviews = 30 cells), which were resolved on 

discussion. Table 5.1 summarises the self-reported clinical practices of the 20 doctors.  

Table 5.1 Results of categorisation into common clinical practices 

 Inpatient 
N (%) 

Outpatient 
N (%) 

SCREENING 
1. Routine 10 (50%) 8 (40%) 
    a Routine screening with objective tests for all people 
with tetraplegia 

    8 (40%)     0 (0%) 

    b Routine screening with objective tests for high risk 
people with tetraplegia 

    2 (10%)     0 (0%) 

    c Routine screening for subjective signs and symptoms     0 (0%)     8 (40%) 
2. Partial  Responds when alerted to signs and symptoms  10 (50%) 12 (60%) 
3. None  0 (0%) 0 (0%) 
DIAGNOSIS 
1. Spinal 10 (50%) 4 (20%) 
    a Diagnostic tests ordered and interpreted by spinal 
doctor  

    5 (25%)     3 (15%) 

    b Diagnostic tests ordered and interpreted by spinal 
doctor with some    support from sleep specialist 

    2 (10%)     0 (0%) 

    c Internal referral to spinal unit colleague/s for diagnosis     3 (15%)     1 (5%) 
2. External 9 (45%) 16 (80%) 
    a Referral to sleep specialist      9 (45%)     13 (65%) 
    b Referral to primary care       3(15%) 
3. None  1 (5%) 0 (0%) 
TREATMENT 
1. Spinal 8 (40%) 3 (15%) 
    a Prescribed and overseen by spinal doctor     4 (20%)     3 (15%) 
    b Prescribed and overseen by spinal doctor with some 
support from sleep specialist 

    1 (5%)     0 (0%) 

    c Managed internally by spinal unit colleague/s     3 (15%)     0 (0%) 
2. External 11 (55%) 17 (85%) 
    a Managed by sleep specialist    11 (55%)     16 (80%) 
    b Managed by primary care        1 (5%) 
3. None 1 (5%) 0 (0%) 

 

In the inpatient unit, 10 (50%) of physicians reported routine screening for OSA, with 

eight of these screening all patients with tetraplegia using objective tests (e.g. overnight 

oximetry). Ten (50%) reported diagnosing OSA within the spinal unit. Three of these 
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referred internally to their colleague(s) for diagnosis, and two were provided with some 

assistance from a sleep physician.  Of the spinal units diagnosing OSA, most used 

polygraphy (8/10) with two relying solely on overnight oximetry. Eight (40%) reported 

the prescription of treatment for OSA occurred within their spinal unit, with four 

prescribing treatment independently of any sleep specialist. Of these, seven offered 

CPAP as first-line treatment, and one predominantly prescribed bi-level PAP.  

 

In the outpatient environment, eight (40%) reported routine screening for OSA in all 

patients with tetraplegia, with questions about signs and symptoms. The remaining 12 

(60%) did not consider screening for OSA unless alerted to signs and symptoms from 

patients and/or their carers. These doctors also estimated that less than 10% of their 

patients were identified at risk for OSA, requiring further investigations. Three (15%) 

reported responsibility for diagnosing OSA in their outpatients with tetraplegia, and one 

referred internally to a spinal unit colleague. Of those diagnosing OSA, two used 

polygraphy and one predominantly used overnight oximetry. Doctors diagnosing OSA 

also reported managing the treatment and follow-up. The remaining 16 (80%) referred 

to a sleep specialist or the primary care physician for OSA diagnosis and ongoing 

management.  

 

In summary, three doctors (15%) reported that their spinal unit was predominantly 

diagnosing and treating non-complicated OSA in their inpatients and outpatients with 

tetraplegia. Eleven (55%) were predominantly referring all inpatients and outpatients 

with signs and symptoms of OSA to sleep specialists or GPs for diagnosis and 

management. The remaining six (30%) were practicing a “hybrid management model”; 

that is, predominantly diagnosing and treating OSA in their inpatient units, and referring 

to external specialists in their outpatient clinics. 

 Factors influencing practice 

For the qualitative analysis of factors influencing practice, OSA management practices 

were divided into screening practices and diagnosis and treatment practices. Diagnosis 

and treatment practices were not analysed separately as they were considerably related 

to one another. For example if a doctor referred for diagnosis of OSA, the referral also 

covered treatment. Similarly if a doctor diagnosed OSA, s/he tended to also prescribe 
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the treatment. If the influences on clinical practice were specific to the inpatient or 

outpatient settings, these were clearly reflected in the belief statements. 

5.6.2.1 Factors influencing screening practices 

Key themes regarding screening behaviours represented six domains of the TDF: 

Knowledge, Social/Professional role and identity, Beliefs about capabilities, Beliefs 

about consequences, Memory, attention and decision processes, and Environmental 

context and resources. Within these domains, 10 belief statements were generated, of 

which three were separated into opposite beliefs. Table 5.2 summarises the belief 

statements, corresponding TDF domains and representative quotes. 
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Table 5.2 Summary of relevant TDF domains, belief statements and representative quotes about screening for OSA in tetraplegia 

Domain Belief statements Representative quotes  Frequency of 
belief out of 20 

Knowledge I don’t know of any 
clinical practice 
guidelines recommending 
management of OSA in 
tetraplegia. 

“No I don’t know or aware of any existing clinical guidelines.” 
 
Regarding clinical practice guidelines: “I assume they [clinical practice guidelines] 
exist. But I wouldn’t go hunting for them because I don’t disagree with the concept 
that they should be screened.” 

10 

I know that the prevalence 
of OSA is very high in 
tetraplegia and that OSA 
causes negative outcomes. 

“So the paper that I usually refer to…where they followed acute spinal cord injuries, 
so it was within the first year, and they test for sleep apnoea and it was up to like 
80%. And then most other papers say, you know, up to 60% of spinal cord injury will 
have sleep apnoea.” 
 
“Yes. I’m aware it is high. It is definitely high in the first 2-3 months, but I can see a 
lot of the studies from one year post injury, that’s quite variable, it’s varies from 40-
70%.” 

14 

Social/Professi
onal Role and 
Identity 

As the doctor managing 
the patients’ rehabilitation 
and spinal cord injury 
needs, screening for OSA 
is my clinical 
responsibility. 

“I think it should be the physician’s role. I think that’s the most appropriate person 
because if the symptoms come back positive, it does have to be a medical referral 
onto the respiratory clinic.” 
 
“I think it is our responsibility as their spinal cord injury doctor to understand sleep 
apnoea and understand respiratory; it falls under the umbrella of respiratory 
management, right. Especially somebody with a cervical injury, like you have to 
know what MIPS and MEPS are, vital capacities are, what their PFTs are. And sleep 
apnoea is just another component of that.” 

17 
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Beliefs about 
Capabilities 

I am confident/not 
confident that I am 
identifying OSA in most 
of my patients. 

“I think we get everything, we get all patients we need, well we catch all the patients 
who are in need of ventilation, yes.” 
 
“I’d say I’m pretty confident, yeah I don’t miss it in many patients.” 
 
“I wouldn’t be very confident [to identify OSA symptoms]. The symptoms, there are 
so many other contributors to the symptoms that are described, I wouldn’t be very 
confident.” 
 
“In the acute phase, I think I’m probably missing a good proportion.  Just 
ballparking, maybe 30%, 30 to 40%, I might be missing.  In the community phase, of 
those that I follow regularly, probably missing less, but I’m sure I'm still missing 
some.  Maybe 10%, 10–20%.” 

8 
 
 
 
 
8 
 

Beliefs about 
Consequences 

Routine screening may 
identify non-symptomatic 
OSA that does not need to 
be treated.  

“Okay, but even if you screen symptoms, and they have some symptoms, people can 
be affected by their symptoms in a different way. Did he have a problem? If he didn’t 
have a problem, why suddenly I found a problem with him and I start him to sleep 
with a machine on. The problem is blanket screening and blanket investigation we’ll 
end up having more people on a treatment that otherwise may not need to be. That is 
my worry.” 
 
“From my point of view, in the clinic, I’d probably be most interested in following 
up patients who had symptoms that were relevant to them. I guess a disincentive for 
me is to be actively pursuing investigation results of patients who don’t seem to have 
symptoms of that. Because what’s the point? I mean, like, with any test or referral, 
there’s a saying in medicine, don’t do it if it’s not going to change the treatment. 
Yeah, well it would be a waste of resources, but also it’s inconvenient for the 

3 
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patient.” 
 Routine screening helps 

prevent patients who are 
poor at recognizing their 
symptoms from being 
missed. 

“Yeah because patients do not complain about that, that you have to measure it 
before you know that they have it, so sometimes they have the complaints of 
tiredness and that kind of stuff and then you have a trigger but if they don’t have that 
complaint then the screening might disappear.” 

3 

 I am/I am not sure that the 
benefits of routine 
screening would outweigh 
the costs. 

“No question about it, yes. Because most patients, when they’re eventually getting 
ventilation during the night, they feel a lot better and they can have more… what do 
you call it, they can do much better during the day, so I think most patients will 
benefit from it (screening).”  
 
“Have to do it.  Yeah, of course.  The only long run if you ignore something which is 
there and you don’t treat it, you don’t manage it, of course at the end of the day that 
will cost you even more.  And also you have to respect the patient’s wellbeing and 
their needs.” 
 
“I wouldn’t be convinced. I’m not convinced of that at the moment, no.  Should I just 
screen them all? I don’t know if that would be cost-effective, I don’t think so.” 
 
“I think it’s probably only worthwhile when the patient initiates the concern about 
fatigue and sleepiness because, otherwise, my experience is that if they’re really not 
troubled by symptoms in the day, they do not tolerate CPAP.” 

13 
 
 
 
 
 
 
 
 
 
5 
 
 

Memory, 
Attention and 
Decision 
Processes 

A checklist/form is 
helpful/would be helpful 
to prompt me to screen for 
OSA in the inpatient unit 

“With our clinics we do have a template, we always get prompted to ask these 
questions about sleep, excessive snoring, does your partner notice you are not 
breathing for a while, and then we check the risk factors. So as long as the template is 
there we usually – I usually, you get prompted to ask it and I would.” 

14 
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and outpatient clinic.  
“Inpatients definitely, so we have some standing orders ... And on there it was just 
immediate, everyone gets overnight oximetry and pulmonary function tests, and then 
in outpatient I do have like a template I use when I see patients, so there’s a 
respiratory heading which usually prompts me to ask about that.” 
 
“And I often think, “Oh, gosh, I should remember to ask the patients about their 
breathing but I never seem to.  So, I think that if there was a box, like, are you having 
sleep-disordered breathing symptoms, I mean, most doctors have an idea what those 
symptoms are, you could just quickly ask the patient four or five questions.” 
 
“I think it will be nice if we can come up with a routine screen that we will screen 
everybody on admission, like an admission ASIA, something like that, we could do 
an admission and a discharge. If it’s a very short questionnaire that we can do. I think 
it would be worthwhile.” 

 

Environmental 
Context and 
Resources 

I don't have enough time 
in outpatients to screen for 
OSA symptoms. 

“I think it’s, for us like, probably the time that I am allotted with patients, so there’s a 
lot of things to cover.  
 
“In our current setup we don’t have time. We still allocate an hour for the patient, 
there are so many things to discuss, especially if they come once a year. And we 
don’t have any allied health clinic.” 

6 

 Patients often have more 
important medical issues 
to discuss in their 
outpatient appointment 
than OSA. 

“So they're having a very hard time with bladder, with bowel, with pain, spasticity, 
and then unfortunately the respiratory system does fall on the wayside a little bit. 
And if you – if they are really worried about their bladder, and you finish talking 
about their bladder, and they're thinking about their bladder, and start talking about 
sleep apnoea, they tend not to take it – it's hard to then take on so much information.” 

6 
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“Usually I’ll have the patient kind of lead the discussion as to what their most 
important thing they want to talk about that day is and I’ll kind of ask them 
prompting questions just to see a more general review of systems, but in that 
appointment, like, yeah I think that might be why things are getting missed because 
they may just want to talk about pain that day or they may just want to talk about 
their bladder or their pressure ulcer; we don’t get around to discussing sleep apnoea 
as well as we should.” 
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Most doctors were not aware of any clinical practice guidelines about OSA 

management in tetraplegia, although they did know of research establishing high 

prevalence of OSA in tetraplegia (Knowledge). There was a strong belief that, as the 

person responsible for the holistic management of the person with SCI, screening for 

OSA was their responsibility (Social/professional role and identity). However many 

reported a lack of confidence in their ability to identify OSA in their patients. For some 

this was because they lacked confidence in identifying risk factors and symptoms, and 

for others, it was reflective of their incomplete screening practices (Beliefs about 

capabilities). 

 

Some doctors were fundamentally opposed to routine screening for a condition that the 

patient may not recognise as a problem. In contrast, others felt that routine screening 

was important because patients often have difficulty recognizing their symptoms of 

OSA. Most thought that the benefits of routine screening would outweigh the costs. 

However some doctors were not convinced of the need for routine screening for OSA, 

which appeared to reflect a lack of confidence in the outcomes of the treatment. (Beliefs 

about consequences). 

 

Those who reported routine screening practices for OSA tended to use reminders. These 

were usually a checklist or form in the outpatient clinic, standard orders for testing (e.g 

overnight oximetry) in the inpatient unit, or an agreed protocol for OSA screening 

within the spinal unit. Those who were not routinely screening for OSA, but believed 

that screening was their responsibility, commonly reported forgetting to screen in a busy 

clinical environment. When asked what they would change in their practice to improve 

the management of OSA, the most common response was the introduction of some sort 

of physical reminder, such as a form or checklist, to screen for likelihood of OSA 

(Memory, attention and decision processes). 

 

Related to this was lack of time and resources, particularly in the outpatient 

environment, which was commonly cited as a barrier to screening. Nursing and allied 

health support were not available for most doctors in the outpatient clinic. Doctors 

spoke passionately about the patients’ competing medical problems, and the lack of 

available time to discuss all of their medical issues. Screening for signs and symptoms 
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of a condition that the patient was not complaining about was not a priority when the 

patient had more significant medical problems such as bladder or bowel issues, pressure 

sores or pain. Most surveillance clinics for chronic spinal cord injury offered annual 

appointments. For one doctor, patients were reviewed twice yearly, enabling one of 

these visits to be dedicated to proactive screening for conditions such as OSA, while the 

other was focused on managing existing health problems (Environmental context and 

resources).  

5.6.2.2 Factors influencing diagnosis and treatment practices 

Key themes regarding diagnosis and treatment behaviours emerged as representing six 

domains of the TDF: Skills, Social/Professional role and identity, Beliefs about 

capabilities, Beliefs about consequences, Environmental context and resources, and 

Social influences. Within these domains, 10 belief statements were generated, of which 

three could be divided into conflicting beliefs (Table 5.3). 
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Table 5.3 Summary of relevant TDF domains, belief statements and representative quotes about diagnosing and treating OSA in tetraplegia 

Domain Belief statement Representative quotes  Frequency 
of belief out 
of 20 

Skills I don't have the 
necessary skills to 
interpret diagnostic tests 
and prescribe treatments 
for OSA. 

“I don’t order oximetry or spirometry or something myself because I’m not sure 
how to interpret it.” 
 
 “Lack of confidence and lack of training. Especially about the machines and about 
what pressures, and so on, to start with. I know that we would titrate it depending 
on the oximetry or the sleep study, but I would not know exactly how to start.” 

11 

Social/Professional 
Role and Identity 

The diagnosis and 
treatment of OSA is 
outside my scope of 
practice. It should be 
managed by a 
sleep/respiratory 
specialist. 

“If I was looking up the literature that wouldn’t be something I’d look up because it 
would never be appropriate for me to be the one prescribing the treatment for sleep-
disordered breathing.” 
 
“I don’t have the appropriate speciality qualification to interpret the results and 
prescribe the treatment. So, it would be sort of a, I’m trying to think of the word, it 
would be breaching my scope of practice. It would be implying to the patient that I 
know what I’m talking about when I don’t.” 
 
“The way our system works is once I get pulmonologists involved it’s sort of like 
their thing.” 
 
“I don’t consider myself a sleep specialist so if they’ve got symptoms that are 
consistent with that and there’s concerns on the oxygen saturation, that’s when I 
take them to the respirologist to see.” 

6 



 162 

Beliefs about 
Capabilities 

I am not confident to 
diagnose and treat OSA 
without sleep/respiratory 
specialist involvement. 

“But I think I like having the respirologist there to discuss sort of a game plan of 
what pressures to start them at, even though it’s auto CPAP or, you know.” 
 
[Regarding diagnosing OSA] “I’ve not been trained in it. You know, I can read a 
graph but just because I can read labels I am not confidently able to say, “Yes, you 
have sleep apnoea.”” 
 
“Personally, I don’t feel confident in prescribing.” 

12 

Beliefs about 
Consequences 

CPAP is beneficial to 
my patients with 
tetraplegia and OSA. 
 
 
  

“So once patients are diagnosed and treated successfully, the change in terms of 
cognitive improvement, we have patients who would sleep through their therapy 
sessions, their family meetings, because they were so tired. We have patients who 
are on numerous sleep inducers just to get them to sleep. So once we see that 
patients can come off of these medications, they’re fully participating and learning 
about their spinal cord injury, that’s huge, right, because that will decrease the 
length of stay in rehab, and all of the other complications associated with them.” 
 
“And then I’d say the more impressive thing that has happened, not uncommonly in 
patients who use it on our unit, is all of a sudden they do way better in tolerating 
therapies the next day, even day-to-day, like, “We’re going to try this tonight,” and 
the next day the therapists are like, “What did you do differently with Mr Smith? 
He’s like a different guy today.” It’s like, “Well, I think he has sleep apnoea and 
used CPAP last night. I guess his sleep apnoea was really affecting him.” And we 
have lots of the patients like that, I would say.” 

9 

 Adherence to CPAP is 
poor/good in our unit.  
 

“Of the patients who can’t take the mask off themselves, I'd say 80% of them don’t 
tolerate it. It’s bad but what are you going to do. I totally understand.” 
 

7 
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“I think the biggest challenge for us right now is to get people to adhere to the 
CPAP machine.” 
 
“But patients just find it [CPAP] really difficult to tolerate, so most patients go 
untreated.” 
 
“No I would say normally we have a high compliance in tetraplegics… I would say 
80% is compliant. We have of course some person who are not compliant and we 
check their compliance with the usual things.” 

 
 
 
 
 
 
4 

Environmental 
Context and 
Resources 

We have poor/good 
access to overnight sleep 
studies and sleep 
specialists. 
 

“It’s hard to get an in-patient sleep study now…But, yeah, that’s been a bit of an 
inhibitory factor, you know, to ask about patients early on and then say, “Well, you 
can have a sleep study in 14 months when you’re out of hospital.”” 
 
“It’s a logistical problem if they need a lot of care or ceiling lifts or anything like 
that, or an attendant.  Because you know what sleep labs look like. They’re not 
designed for people in wheelchairs.” 
 
“Having a sleep study is very difficult, for our inpatients, because [nearby acute 
hospital] has a sleep service but that is not manned, there is no nursing support.” 
 
“In a few weeks patients can go there and get the measurements, yep. And when we 
do it in our ward then it’s also very quickly, so the waiting list is no problem, no.” 

6 
 
 
 
 
 
 
 
 
 
 
4 

 I can’t diagnose OSA 
and/or prescribe 
treatment because the 
patient’s CPAP machine 

 “But most commercial payers in [XX country] require that a polysomnography is 
done, documented before they’ll pay for it. So we’re kind of hamstrung a little bit 
in that way.” 
 

7 
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won’t be funded. 
 

“I prescribe it, they won’t get funded. So there is a minority who can get funding or 
self-fund, but you still need to involve a respiratory professional in the set-up and 
reading and the compliance. 

 Our spinal unit has 
trained nurses and allied 
health to help manage 
OSA / We would need 
trained nurses and allied 
health to help manage 
OSA. 

“Yeah we’ve got nurses involved in this part of our clinic. The nurses would go to 
the patients with our CPAPs and then advise them around the mask they would use 
and instruct them and all that.” 
 
“So, we use a couple of our physios that kind of are the respiratory leads but, 
actually, any of our physios have the competence to set up BiPAP, CPAP, 
etcetera.” 
 
 “We also need the nurses of course, they have to be knowledgeable about this, we 
have to train the team, the doctors, everybody else, so maybe in the future we will, 
yes.” 
 
“I need to have other special respiratory nurse who needs to train and they need to 
educate.” 

9 
 
 
 
 
 
 
 
 
 
 
 
4 

 I practice in the same 
way as my colleagues 
from the same spinal 
unit. 

“We do the same thing. Whoever it is, they’ll be doing the same thing in our unit.” 
 
“I think we have a clear policy of all the screening and referring and intervention 
for sleep apnoea is probably standard practice.” 

16 

Social influences Our OSA management 
program is the result of a 
“clinical champion”  

“It started with my colleague…maybe even 10 years ago or a bit longer he saw 
[another hospital’s] sleep laboratory and you know the screening on sleep apnoea 
they do in their spinal cord centre … my colleague got inspired and started to set up 
a similar department here which existed of nurses and himself and later I would 
take part in that as well and over the years kind of grew in our expertise I guess.” 

6 
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Participant: “You sort of need a champion.” Interviewer: “Right, so you’ve 
basically, you’re the one who set up this program for your unit?” Participant: “Yep, 
pretty much, yeah, yeah.” 
 
“My colleague and I started 20 years ago and realised that our tetraplegic patients 
were falling asleep during therapies... And then, and then we started assessing our 
patients, realised this is a problem. And then since this experience done 20 years 
ago now and then it became the standard.  It was just translation from research to 
daily routine and now it’s well implemented.” 
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Those who were not diagnosing OSA or prescribing treatment did not believe they had 

the necessary skills or training to both interpret the diagnostic tests, and to prescribe and 

initiate treatment. They frequently pointed to the nature of SCI medicine, which 

requires management of multiple systems of the body and demands specialized skills in 

bladder, bowel, blood pressure, pain, spasticity, respiratory management and more, 

stating that they could not be “jack of all trades” (Skills). Related to the lack of skills in 

OSA diagnosis and treatment was the lack of confidence in their abilities to manage 

OSA. Several doctors reported diagnosing respiratory insufficiency and prescribing bi-

level PAP treatment in the inpatient units without a respiratory physician, but they were 

not confident in diagnosing OSA or prescribing PAP for OSA (Beliefs about 

capabilities).  

 

The ability to diagnose and treat some respiratory disorders with bi-level PAP but not 

treat OSA with CPAP appeared to reflect historical management pathways and beliefs 

about professional responsibilities. A subset of those who reported referring to sleep 

specialists for diagnosis and treatment of OSA felt very strongly that OSA should only 

be managed by a sleep specialist; that it was outside of their scope of practice and that it 

would be irresponsible to take on management of OSA (Social/Professional role and 

identity). For some this was also related to strict regulations from compensatory funding 

bodies. Seven of the doctors interviewed reported that funding bodies would only accept 

applications for PAP funding if the patient had been diagnosed with a full overnight 

polysomnography, and/or the diagnosis had been made by a sleep specialist. These 

regulations varied between and within countries (Environmental context and resources). 

 

There were conflicting views about the benefit of PAP therapy. Those who were 

independently managing all aspects of non-complicated OSA were very positive about 

the benefits of PAP in terms of individual patient outcomes and overall adherence in 

their units. However many were disappointed in the treatment, reporting poor tolerance 

in the majority of their patients, which was frequently cited as a disincentive to screen 

for OSA (Beliefs about consequences). 

 

Another commonly cited barrier was poor access to specialist sleep services. Several 

doctors described long waiting lists for overnight sleep studies and specialist 
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consultations. For others the poor access was related to the inability of the sleep services 

to cater for the needs of people with disability. For example, the lack of nursing support 

provided by the sleep service and the lack of specialized equipment. However, some 

doctors were satisfied with their local specialist sleep services, describing good 

relationships and relatively short waiting times for appointments, and consequently 

reported no need to change their current practice of referring patients with suspected 

OSA (Environmental context and resources). 

 

The availability (and lack) of allied health professionals and nurses with OSA 

management skills was both an enabler and a barrier to diagnosing and treating OSA 

within the spinal unit. The doctors who were performing any aspect of diagnosis or 

treatment in the inpatient or outpatient units reported their reliance on ancillary staff for 

support. The types of staff involved varied from unit to unit, but were usually nurses, 

physiotherapists or respiratory therapists. These staff tended to be involved in the 

application of diagnostic equipment (eg overnight oximetry or polygraphy), and/or 

treatment initiation and maintenance. Whilst doctors usually made the diagnosis and 

prescribed treatment, they mostly relied on the allied staff to perform the operational 

tasks. Conversely doctors not diagnosing or treating OSA tended to report the lack of 

available ancillary staff to support OSA management as a significant barrier to the 

practice (Environmental context and resources).  

 

Almost every doctor interviewed reported similar OSA practices to his/her colleagues 

from the same spinal unit, pointing to culture and the local environment as highly 

significant (Environmental context and resources). The three doctors (and units) who 

were independently managing all aspects of non-complicated OSA spoke extensively of 

a highly influential “clinical champion” who introduced and led the OSA management 

program in their unit (Social influences).  

 

Most doctors who were referring to specialists for OSA management thought that the 

diagnosis and treatment of non-complicated OSA could potentially be performed within 

their unit, provided there was additional training for staff (Knowledge and skills), more 

resources for equipment and staff and changes to the funding rules for PAP devices 

(Environmental context and resources).  
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5.7 Discussion 

This is the first time the breadth of OSA management practices within a spinal unit has 

been investigated and documented, and the first time a behavioural model, such as the 

TDF, has been applied to this area of clinical medicine to explore the influences on 

clinical practice. We found that 40 to 50% of spinal doctors in our sample were 

undertaking routine screening for signs and symptoms of OSA in their patients with 

tetraplegia. The remainder reported being alerted to signs and symptoms from the 

patient, family or ward staff before any investigation for OSA. This reactive practice 

may have contributed to an under-diagnosis of OSA in this population. Most doctors in 

this study felt that routine screening for OSA was their responsibility and was a 

beneficial practice to either continue or initiate. A comparison of the influences on 

screening practices between those routinely screening and those who were not, found 

that time available in outpatients, resources for allied health and nursing support, and 

reminders to prompt screening were likely to be important.  

 

Providing reminders is a common intervention to prompt clinicians to perform tasks 

such as screening for a condition or ordering an investigation. A 2012 overview of 35 

systematic reviews of reminder interventions aiming to change clinical behaviours 

found that reminders can lead to modest improvements in clinical practice, and 

concluded they are an effective intervention across a range of healthcare settings.[221] 

If reminders for OSA screening were to be implemented in a spinal unit, consideration 

of the local context to determine the most suitable type of reminder would be important. 

Further research is needed to explore the feasibility and effectiveness of reminders as an 

intervention to improve rates of screening for OSA in spinal cord injury settings. 

 

The types of screening varied significantly in the inpatient and outpatient environments, 

with objective tests (e.g. overnight oximetry) predominant in the inpatient unit, and 

questions about symptoms (e.g. daytime sleepiness, snoring) prevailing in the outpatient 

clinics. Two OSA screening questionnaires developed for the non-disabled sleep clinic 

population have been tested in the SCI and both performed poorly in identifying OSA, 

however their ability to identify individuals at high risk of OSA, who require objective 

testing has not been evaluated.[1, 96] Recently a two-stage model for identifying 

moderate to severe OSA in people with chronic tetraplegia has been validated and 
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published.[216] In this model a screening questionnaire identifies patients who require 

further testing with overnight oximetry. This simple four-item questionnaire (SOSAT) 

could be applied in the outpatient setting of a spinal unit to identify high-risk 

individuals for further investigation. 

 

Within our sample, three doctors reported that their spinal unit (15%) was 

predominantly managing all aspects of non-complicated OSA. Eleven (55%) described 

referring all patients with suspected OSA to sleep specialists for ongoing management, 

and six (30%) were performing some components of the diagnosis and/or treatment 

prescription, usually in the inpatient setting. Those referring to sleep specialists for OSA 

management tended to lack confidence and skills in interpreting diagnostic tests and 

prescribing treatments, and felt that OSA management was outside the scope of their 

specialty and should be managed by a sleep specialist. Seven (35% of the total sample) 

were also impeded by restrictive regulations from compensatory bodies that limit the 

diagnosis of OSA to sleep specialists. Spinal units independently managing non-

complicated OSA in their patients were well resourced for staff and training, were not 

impeded by regulations from compensatory funding bodies, and described “clinical 

champions” who initiated and led the OSA program within their spinal unit. Most of the 

doctors who were not diagnosing and treating OSA thought that their unit could do so 

with additional training, equipment, and greater involvement of allied health 

professionals and/or nurses.  

 

That almost half of the spinal doctors interviewed in this study were undertaking at least 

some diagnosis and/or treatment of non-complicated OSA suggests that it is entirely 

possible for spinal doctors to perform these tasks. The perception that OSA is outside of 

the scope of practice of a spinal doctor may be more likely to reflect local cultural 

influences, lack of training and resource constraints. The results of this study suggest 

that with adequate training and resources, spinal units that currently refer to sleep 

specialists for OSA management may be able to perform these practices within the unit. 

This is consistent with a non-randomised study in stroke survivors (reported to have a 

similarly high OSA prevalence to that observed in tetraplegia [175]) which 

demonstrated that it is feasible and safe to diagnose and treat OSA within a stroke 

rehabilitation environment.[222]  
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Poor access and high costs of in-laboratory specialist sleep services to diagnose and 

initiate treatment for OSA have been identified as a problem in the non-disabled 

population.[65, 67] In response, alternative ambulatory techniques, including 

automated, home-based diagnosis and treatment initiation, have been compared to 

specialist sleep laboratory management, with all studies demonstrating non-inferiority 

of the alternative model.[65, 84] There have now been three non-inferiority randomised 

controlled trials investigating whether non-sleep specialist health professionals can 

effectively treat OSA in people without disability using these ambulatory techniques. 

Two investigated OSA management delivered in primary care settings by general 

practitioners and practice nurses,[81, 83] with the other investigating OSA management 

provided by nurses in specialist sleep centres.[80] In each of the studies the alternative 

models were compared to the traditional sleep specialist model, and all concluded that 

the care provided by non-sleep specialist professionals was not inferior to that provided 

by the sleep specialists. As yet, there has been no research investigating alternatives to 

the specialist sleep model for people with tetraplegia.  

 

Ideally, a randomised controlled trial comparing the spinal unit management of non-

complicated OSA to specialist sleep laboratory management could determine whether 

spinal unit management is at least not inferior to the traditional model. The alternative 

OSA management model could be based on one, or a combination of the three, spinal 

units found to be independently managing OSA in this study. There are important safety 

and feasibility considerations, such as the identification and treatment of 

hypoventilation, to resolve prior to any such clinical trial. However evaluation of safety 

procedures at the spinal units identified in this study, and consultation with sleep 

specialists, should enable resolution of these concerns. In addition, our findings suggest 

that staff training, multi-disciplinary involvement, and resources for equipment are 

important components of the model.  

 Limitations 

Only five of the 20 interviews were independently double-coded in this study by two 

researchers (MG and DJB). However the coding framework was revised after the first 

five interviews and guided the analysis of the remaining 15, and any instances of 

ambiguity were discussed between the two researchers.  
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It is possible that the snowballing recruitment method resulted in the recruitment of 

participants with similar practices and beliefs, and thus saturation of themes could have 

occurred prematurely. However, participants were only asked to recommend doctors 

from different spinal units, and our purposive sampling method also involved recruiting 

participants from a range of countries in the OECD. The results demonstrate a wide 

variation in practice and beliefs. Self-reported clinical practice is also likely to be 

influenced by these sampling techniques and the small sample size. Whilst we are 

confident that our matrix of clinical practices describes the range of OSA practices in 

the OECD, we do not suggest that the proportions of doctors allocated to the different 

clinical practices in this study can be generalised to all spinal doctors in the OECD. 

 

Interviewing clinicians about their perceived influences on their clinical practice does 

not necessarily reveal the actual influences on their practices.[223] Triangulation is a 

commonly used technique in qualitative research, involving the use of multiple data 

sources to facilitate deeper understanding. Ideally the findings of this study should be 

compared and complimented with a quantitative clinical practice audit and, given the 

multi-disciplinary nature of OSA management, more qualitative research involving 

spinal unit nurses, allied health clinicians and people with tetraplegia. 

 Conclusion 

People with tetraplegia experience high disability and disadvantage. In this context, 

while we recognise that knowledge translation interventions should be primarily 

focused on clinical areas with robust evidence-based recommendations for clinical 

practice, we are advocating for the translation of best available evidence into practice. 

We assert that routine screening for a highly prevalent condition, for which there is a 

relatively cheap, simple and non-invasive treatment available, is both practical and 

worthwhile. Given the lack of specific, actionable practice recommendations in the 

existing guidelines, and the wide variation in OSA management practices described in 

this study, more research into the feasibility and outcomes of spinal unit management of 

non-complicated OSA is warranted. Interventions that target the factors identified in 

this study are likely to improve the management of OSA, which may ultimately 

improve the quality of life of people living with tetraplegia. 
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 Addendum  

Adler and Janssens[150] recommended that only symptomatic patients with tetraplegia 

who are likely to accept treatment should be screened for OSA, echoing the beliefs of 

several of the doctors interviewed in this study. The problem with this approach is that 

many patients are not aware of their symptoms of OSA until after they have been 

treated. This was an important finding from the qualitative research presented in 

Chapter 4, and contrasts starkly with the opinions of some health professionals about 

the value of screening patients who do not present with symptoms. In this population 

with profound disability and multiple comorbidities, disentangling fatigue from 

sleepiness and other symptoms of mental health problems like depression is 

challenging.[224] By only investigating OSA in those with “symptoms”, it is likely that 

many patients who would have benefitted from OSA treatment will be missed. Ideally 

all people with tetraplegia should be screened for OSA. 
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“There are known knowns; there are things we know we know. We also know there are 

known unknowns; that is to say we know there are some things we do not know. But 

there are also unknown unknowns – the ones we don't know we don't know. And if one 

looks throughout the history of our country and other free countries, it is the latter 

category that tend to be the difficult ones.” ~ Donald Rumsfeld  

6 SUMMARY, FURTHER RESEARCH AND 
CONCLUSIONS 

6.1 Overview of Chapter 6 

OSA is highly prevalent in tetraplegia and is associated with poor health-related quality 

of life.[1] In an ideal healthcare system, all people with tetraplegia would be screened 

for OSA and offered further investigation and treatment where required. In reality, few 

people with tetraplegia are screened, and most with the disorder remain undiagnosed 

and untreated. Given the high prevalence and poor health outcomes associated with 

OSA in tetraplegia, these known access issues have resulted in the provision of 

inequitable healthcare, and they must be addressed.  

 

The aim of this research was to document, understand and begin to address the issues 

that have resulted in under-diagnosis of OSA and poor access to OSA treatment for 

people with tetraplegia. This information is essential for effective planning of future 

interventions to improve the clinical management of OSA in tetraplegia. This final 

chapter recaps the main findings of this thesis, summarises what is known about OSA 

management practices in tetraplegia, and identifies relevant knowledge gaps. Two areas 

of future research are proposed, that together aim to advance the care of people with 

tetraplegia and OSA.  

6.2 Summary of research findings 

 OSA detection in tetraplegia 

Clinical practice guidelines recommend polysomnography for people with SCI and 

signs and symptoms of OSA.[115] However access to polysomnography is limited, 
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particularly for people with SCI, whose physical disability can prohibit access to 

standard sleep laboratories. Whilst the true proportion of people with tetraplegia and 

undiagnosed OSA is unknown, available data suggest that it is high. Two separate audit 

studies of spinal units have estimated that only 15-20% of patients are diagnosed with 

OSA.[105, 117] Given OSA prevalence estimates of 56-97% in people with 

tetraplegia,[15, 149] this represents an enormous burden of disease that is effectively 

being ignored. If these data are accurate, the proportion of those with undetected OSA is 

likely to lie between 45 to 82%. A more precise estimate, derived from systematic 

review and synthesis of available studies, of the prevalence and proportion of people 

with tetraplegia who have undiagnosed OSA would help to more accurately assess this 

burden.  

 

Chapter 2 addresses the problem of poor access to diagnostic investigations by refining 

and validating a simple two-stage model designed to detect MS-OSA in people with 

tetraplegia. This is the first time an alternative to full PSG has been thoroughly 

investigated in this population and demonstrates that full PSG is not necessarily 

required for accurate detection of MS-OSA in people with chronic tetraplegia. The four-

item questionnaire followed by portable overnight oximetry therefore has the potential 

to substantially increase the detection of OSA and improve access to treatment, 

particularly in settings where access to services is poor. [149] 

 CPAP use for OSA in tetraplegia 

The first-line treatment for OSA is CPAP, which has been found to improve daytime 

sleepiness in acute tetraplegia.[225] Chapter 3 reports secondary analysis of CPAP data 

from a multicentre randomised controlled trial investigating the effect of CPAP on 

neurocognitive outcomes among people with acute, traumatic tetraplegia and 

OSA.[226] The aims of this secondary analysis were to estimate CPAP adherence, to 

determine baseline predictors of adherence, and to describe average pressure 

requirements and unintentional mask leak. This is the largest study to estimate CPAP 

adherence in acute tetraplegia using objective data from the devices. The novel findings 

from this study included: 

• Adherence to CPAP is low in acute tetraplegia, estimated at 21% of the total 

population. 
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• Within trial CPAP adherence was low at 33%, but similar to that reported in 

other trials in aged care and stroke populations.  

• Following acute tetraplegia, those with more severe OSA were more likely 

to adhere to CPAP.  

• People with tetraplegia require less CPAP to treat OSA at any severity than 

those without disability, however mask leak is high.  

• There is a complex relationship between OSA severity, CPAP pressure 

requirements and CPAP adherence, which is likely to reflect underlying 

differences in pathophysiology in this population. 

 

Using both qualitative and quantitative research methodologies, Chapter 4 reports 

estimated rates of adherence to CPAP in people with chronic tetraplegia, and patient 

level barriers and facilitators to the acceptance of CPAP. The novel findings from this 

study included: 

• The burdens of using CPAP are substantial and unique to this population.  

• The balance of perceived burdens relative to the perceived benefits of CPAP 

appears to influence ongoing use.  

• CPAP adherence patterns may take up to six month to establish in people 

with tetraplegia.  

• OSA is often being managed alongside many other secondary complications 

of SCI, and CPAP contributes to overall burden of treatment. 

• There is poor recognition of OSA symptoms among people with tetraplegia.  

• Estimated at 25%, CPAP adherence is low in chronic tetraplegia and likely 

worse than in people without disability.  

• For people with tetraplegia, the requirement to stay overnight in a sleep 

laboratory for OSA testing is a major barrier to diagnosis.  

 

This study is the first to investigate the experience of using CPAP in people with 

tetraplegia and OSA. It is also the first study to objectively quantify 12 month CPAP 

adherence in a cohort with chronic tetraplegia. The findings of this study point to new 

interventions which might improve adherence, such as providing more intensive support 

over a longer period to overcome the burdens of CPAP. It also highlights the need for 

more research into alternative treatments.  
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 Understanding current clinical practice 

Chapter 5 reports the variations in current management of OSA in tetraplegia and 

identified clinician and health system level factors influencing this management. The 

overall aim of this study was to document and understand the problems of under-

diagnosis of OSA and poor access to treatment. The novel findings from this research 

included: 

• The clinical management of OSA in tetraplegia is highly varied. 

• Many spinal physicians/spinal units do not routinely screen for OSA because 

they lack resources, especially ancillary staff support, and reminder systems. 

• Some spinal units independently diagnose and treat non-complicated OSA.  

• Most spinal physicians refer to specialist sleep/respiratory services for OSA 

management because they believe they lack the resources, knowledge and 

skills to fully diagnose and treat OSA.  

 

That OSA management practices were highly varied enabled comparison of the 

influences on clinical practice. Perhaps the most significant discovery was that it is 

feasible for spinal units to screen all patients with tetraplegia for OSA, and manage all 

aspects of non-complicated OSA. The logical enquiry arising from this finding is a 

comparison of patient outcomes between those managed by a spinal unit and those 

managed by specialist sleep services. Opportunities for further research aiming to 

improve access to OSA treatment are discussed in detail below. 

6.3 Further research 

As a result of this research, we now have a much deeper understanding of the OSA 

related issues faced by people with tetraplegia and their clinicians. These discoveries 

will inform a future research agenda to improve clinical practice and quality of life for 

people with tetraplegia. This thesis has primarily focused on understanding the problem, 

while the research proposals presented below, informed by this new knowledge, aim to 

find solutions.  

 

Figure 6.1 provides a summary of what we know and don't know about how to improve 

access to OSA management in tetraplegia. The figure is divided into four quadrants: the 
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known problems (barriers and enablers to OSA management) and the unknown 

problems; the known solutions (interventions that improve access) and the “unknown” 

solutions (interventions that may improve access). This provides a framework to guide 

future research in this area.  
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Figure 6.1 The “known” and “unknown” problems and solutions to improved access to OSA services in tetraplegia. 
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Detailed below is a proposal for two areas of research that aim to improve OSA 

management in tetraplegia, specifically by improving access to screening, diagnosis and 

treatment. Broadly, the two research areas are: 

 

1. The design, implementation and evaluation of a knowledge translation intervention 

to increase screening for symptoms of OSA within the spinal unit environment. 

2. Investigation of alternatives to the usual sleep/respiratory specialist model of OSA 

diagnosis and treatment.  

 

Findings from this thesis suggest that spinal units are not routinely screening for OSA, 

and furthermore, that with appropriate resources and training the spinal rehabilitation 

team could take primary responsibility for managing OSA without the need for external 

referral. I hypothesise that these two shifts in clinical practice could substantially 

improve OSA diagnosis and access to treatment. A brief summary of these two projects, 

including the rationale, aims and proposed methods, are presented in the subsequent 

section.  

 

This is by no means a comprehensive list of research projects that can and should be 

completed to advance knowledge in this area of medicine. In particular, other research 

is required to identify alternative treatments for OSA for people with tetraplegia, given 

the unique causes of OSA and the significant burdens associated with CPAP treatment. 

Further research into the use of mandibular advancement splits, considered to improve 

compliance with treatment in non-disabled populations with OSA,[227] warrants further 

investigation. Similarly, investigation of alternative agents to reduce nasal congestion 

may lead to new adjuncts to current therapies.[114] 

 

 Designing and testing a knowledge translation intervention to increase 
screening for OSA in tetraplegia 

6.3.1.1 Background and rationale:  

Clinical practice guidelines recommend screening patients with tetraplegia for signs and 

symptoms of OSA.[115] As discussed in Chapter 5, these guidelines are not explicit in 



 180 

their recommended screening practices. More detail about who should be screened and 

how would enhance knowledge translation activities.  

 

Qualitative research presented in Chapter 5 indicates that approximately half of spinal 

units are not routinely screening for OSA, despite most spinal doctors believing it is 

their role and being willing to increase OSA screening in their practice. There is an 

expressed enthusiasm from several spinal units to collaborate on further research to 

improve OSA screening. Using the Theoretical Domains Framework[133] to identify 

the influences on screening practices, this research identified that lack of time, 

knowledge and the absence of systems to trigger memory were largely responsible for 

the low screening behaviours.  

 

The Knowledge to Action Cycle[129] (Figure 1.3) describes the steps necessary for 

effective application of knowledge into practice. The research presented in this thesis 

has described the barriers to routine screening for OSA. The next stage in the cycle is to 

use this information to “select, tailor and implement interventions”, and to monitor and 

evaluate the outcomes.  

6.3.1.2 Aims:  

To design, implement and evaluate a tailored intervention aiming to increase screening 

for symptoms of OSA in the outpatient clinics of three spinal units.  

6.3.1.3 Proposed method:  

The multifaceted intervention will address knowledge, memory prompts, systems and 

resources. The setting will likely involve the spinal outpatient departments of several 

spinal units. Depending on the setting and available resources, effectiveness of the 

intervention could be evaluated using an interrupted time series design or a step-wedge 

trial. Medical record audit of monthly screening rates for OSA is the likely primary 

outcome measure. Secondary outcome measures could include referral rates to specialist 

sleep physicians and rates of OSA diagnostic testing. 
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 Investigating alternative models of OSA management  

6.3.2.1 Background and rationale:  

Interventions to improve the diagnosis and treatment of OSA require a different 

approach to those aiming to improve screening. More knowledge about the most 

effective way to diagnose and treat OSA in SCI must be generated before 

implementation research can be undertaken, because the current standard of evidence is 

relatively weak. Several novel findings from this research have led me to question 

whether OSA may be better managed by specialised spinal units rather than specialist 

sleep/respiratory units.  

 

Firstly, the current predominant model of referring to sleep specialists is clearly failing 

to provide adequate, accessible healthcare. People with tetraplegia are reluctant to 

attend overnight testing for OSA in a sleep laboratory, and furthermore, spinal doctors 

report poor access to these tests. People with tetraplegia and OSA describe unique 

burdens and motivations for CPAP use. Their experience of OSA diagnosis and 

treatment with CPAP is influenced substantially by their personal experience of living 

with their disability and its associated secondary complications. Given the unique and 

complex burdens and motivations for CPAP use in tetraplegia, I have hypothesised in 

Chapters 4 and 5 that spinal unit management of OSA may be preferable to specialist 

sleep management. The multi-disciplinary team within a spinal unit is generally 

responsible for the overall management of the person’s SCI and associated 

complications. They are trained to provide “holistic” care to those with SCI, and 

therefore are likely to have a deeper understanding of the physical limitations and the 

medical and psychosocial issues experienced by people with tetraplegia than health 

professionals outside this specialty.  

 

As discussed in Chapter 5, almost half of the spinal doctors interviewed were 

undertaking some diagnosis and/or treatment of non-complicated OSA, indicating that it 

is feasible for spinal doctors to perform and/or oversee these tasks. Three spinal units 

were independently managing all non-complicated OSA. To enable independent 

management of OSA, members of the multidisciplinary team would need to adopt new 

roles, requiring additional training and resources. 
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Poor access and high costs of in-laboratory specialist sleep services are also a problem 

for people without disability.[65, 67] In response, alternative ambulatory techniques to 

diagnose OSA and initiate treatment (under the auspices of sleep specialists) have been 

rigorously investigated, with all studies demonstrating non-inferiority of the alternative 

model.[65, 84] As discussed in Chapters 1 and 5, there have now been three non-

inferiority randomised controlled trials investigating whether general practitioners 

(GPs) and nurses can effectively treat OSA in people without disability using 

ambulatory techniques. In each of the studies the alternative models were compared to 

the traditional sleep specialist model, and all concluded that the care provided by non-

sleep specialist professionals was not inferior to that provided by the sleep 

specialists.[80, 81, 83]  

 

Stroke survivors have a similarly high OSA prevalence (approximately 62-72%) to that 

observed in tetraplegia,[174, 175] and research has found that it is feasible and safe to 

diagnose and treat OSA within a stroke rehabilitation environment.[222] To date, there 

has been no similar research investigating alternative OSA models of care in tetraplegia. 

6.3.2.2 Hypothesis:  

The clinical outcomes of people with tetraplegia and OSA managed by a spinal unit will 

not be inferior to the outcomes of those managed by a specialist sleep centre.  

6.3.2.3 Proposed method:  

This hypothesis could be evaluated with a step-wedge trial design, a multicentre 

individual participant or cluster randomised controlled trial. In all designs people with 

tetraplegia would receive either spinal unit management of OSA or specialised sleep 

centre management. Evaluation of the primary outcome would be based on non-

inferiority of the sleep specialist model. The primary outcome is likely to be change in 

subjective daytime sleepiness on a validated measure. Secondary outcomes could 

include quality of life, treatment adherence, waiting times to services, patient 

satisfaction, and adverse events. 

 

I have presented this research idea at the National Canadian SCI Conference in Niagara 

Falls in 2017, and to Austin Health (Melbourne) Department of Respiratory and Sleep 
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Medicine in 2017. In both forums the support for the overall concept was positive. Both 

audiences agreed that before such a trial could commence, several unanswered, critical 

questions must be addressed. The concerns raised in these two forums related to the 

assessment and management of hypoventilation, staff training requirements, and 

appropriate selection of the primary outcome measure. Briefly outlined below are an 

additional five research questions and proposed methods that aim to address these 

issues, and inform and strengthen the design of a potential multi-centre trial comparing 

these two models of care. 

 How do spinal units routinely and independently manage OSA? 

6.3.3.1 Background and rationale:  

Qualitative research presented in Chapter 5 identified three spinal units routinely 

screening, diagnosing and treating uncomplicated OSA in their patients with tetraplegia, 

without consultation from specialist sleep services. All three spinal unit heads have 

committed to collaborate on further research to determine the components, feasibility 

and implementation factors associated with these models of care, and to provide at least 

two years of data for review. This information will inform the design of the spinal unit 

care model to be tested. 

6.3.3.2 Aim:  

To document and evaluate OSA management models of care in three spinal units.  

6.3.3.3 Proposed methods:  

Screening, diagnosis, safety and treatment processes will be thoroughly documented for 

each unit, ascertained from unit records and from interviews with unit staff. Process 

outcomes will be assessed (for example: proportion of people with tetraplegia screened; 

proportion diagnosed with OSA; proportion commenced on therapy; types of therapy 

prescribed; models for assessment and management of hypoventilation; proportion 

screened for hypercapnia, proportion with hypercapnia). Prevalence of OSA, 

determinants and rates of CPAP adherence and cost per patient will be estimated. 
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 Measuring daytime sleepiness in people with tetraplegia. 

6.3.4.1 Background and rationale:  

Change in the patient-reported outcome of subjective sleepiness is the likely primary 

outcome of the proposed non-inferiority randomised controlled trial. For people with 

tetraplegia, the Minimal Important Difference (MID) has not been established for the 

Karolinska Sleepiness Scale (KSS)[204] or the Epworth Sleepiness Scale (ESS),[97] the 

two most commonly used measures of sleepiness in this population. Understanding how 

much change on these scales is clinically important is a critical trial element.  

 

As discussed in Chapter 2, the KSS is commonly used to measure daytime sleepiness, 

especially “state” sleepiness, in OSA and SCI research.[149, 226] However the MID 

has never been established for the KSS in any population. 

 

The ESS, a measure of trait sleepiness, is the most widely used measure of subjective 

sleepiness in sleep research.[97] However, as discussed in Chapter 2, its validity in SCI 

has been questioned because of questions about activities that are less frequently 

undertaken in this population, such as driving.[92] In my opinion, these dated 

assumptions should be challenged with future research investigating this common 

measure of trait sleepiness in tetraplegia.  

 

Until recently, there was no formal estimate of the MID for the ESS. The three 

published non-inferiority randomised controlled trials discussed in Section 6.3.2.1 all 

used the ESS as their primary outcome measure.[80, 81, 83] They estimated the MID of 

the primary outcome to be -2, using a simple, universal method of halving the known 

standard deviation.[228] Since then, two studies have formally estimated the MID of the 

ESS using both distribution and anchor based methods. Both provided similar or 

identical MID estimates to that used previously.[229, 230] However the MID has never 

been estimated in people with tetraplegia whose disability and associated fatigue may 

cause them respond differently to questions about sleepiness.   

  

Establishing the responsiveness and the MID of these two sleepiness questionnaires in a 

population of people with tetraplegia is essential for evaluative research investigating 

treatments for sleep disorders in tetraplegia. The performance of the two measures will 
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inform selection of the primary outcome measure, and the MID will enable calculation 

of the sample size in our planned study.  

6.3.4.2 Aim:  

To establish the responsiveness and MID for the KSS and ESS in people with 

tetraplegia. 

6.3.4.3 Proposed methods:  

Prospective cohort study in several spinal units with active OSA management 

programs.  Approximately 100 patients with tetraplegia, assessed for OSA and 

prescribed treatment, will complete the KSS and ESS pre and post treatment 

initiation.  Distribution and anchor-based methods will be used to determine the MID of 

both questionnaires.[231]  

 Safety and feasibility of spinal unit management of OSA 

6.3.5.1 Background and rationale:  

This study will test whether the model developed following the research proposed 

above in studies 6.3.3 and 6.3.4 is acceptable (to staff and patients), practical and safe to 

implement in a spinal unit that currently refers patients to specialist sleep services for 

OSA management.  

6.3.5.2 Aim:  

To determine the safety and feasibility of providing routine OSA screening, diagnosis 

and treatment to people with chronic tetraplegia in a spinal outpatient clinic setting.  

6.3.5.3 Proposed methods:  

A multidisciplinary team from within a spinal unit will be identified, roles delineated 

and a specialist OSA education package provided. Patients will be screened for OSA 

and managed by the spinal rehabilitation team according to the protocol developed. 

Measures of subjective daytime sleepiness and quality of life will be collected from 

participants, along with patient satisfaction, waiting times and CPAP usage data. 

Feedback on the model will be sought from staff. Potential adverse effects will be 

documented to assess safety. 
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 Prevalence of OSA in tetraplegia: a systematic review and meta-analysis.  

6.3.6.1 Background and rationale:  

A precise measure of OSA prevalence in tetraplegia is critical for service and research 

planning, however reported prevalence estimates range from 15% to 97%.[14, 149, 232] 

Heterogeneity in study design is primarily responsible for this wide range.[14, 232] 

Testing methods for OSA, scoring methods for respiratory events, definitions of OSA, 

and the populations studied have varied enormously between studies. These differences 

have previously hindered synthesis of data and meta-analyses, however four studies 

published in the last ~10 years have employed similar rigorous methodologies,[1, 15, 

16, 149] and suggest that the prevalence lies between 56 and 97%. Two meta-analyses 

of OSA prevalence in people with stroke and transient ischaemic attack have previously 

estimated the prevalence of OSA (defined as AHI≥5) to be 70% and 72%.[174, 175] 

Meta-analysis of OSA prevalence data in general, non-disabled populations has recently 

estimated the overall population prevalence to be between 9% and 38%, higher in men 

and increasing with age.[33] To date, there are no pooled prevalence estimates of OSA 

in SCI.   

6.3.6.2 Aims:  

To determine the prevalence of OSA in people with tetraplegia by conducting a 

systematic review and meta-analysis of OSA prevalence studies. 

6.3.6.3 Proposed methods:   

A systematic review and meta-analysis comprising: systematic searching of Medline, 

EMBASE and CINAHL databases employing SCI and OSA specific search terms; 

review of retrieved references against predetermined criteria to exclude ineligible 

studies; assessment of risk of bias of included studies; data extraction and analysis. 

Briefly, studies will be considered eligible if they objectively measured OSA in people 

with SCI using Level I or Level II studies, and reported prevalence with AHI.  
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 Understanding the extent of hypoventilation and central sleep apnoea in 
tetraplegia 

6.3.7.1 Background and rationale:  

As previously discussed in Sections 1.6 and 2.7, the nature of respiratory events in 

tetraplegia remains controversial in the literature, with some research indicating 

predominance of central sleep apnoea [16, 173] and other studies finding OSA more 

prevalent.[93, 149, 212] To our knowledge, no research in SCI has investigated whether 

hypopnoeas are predominantly central or obstructive in nature, though this has been 

recommended.[85, 150] Very little is known about the prevalence of nocturnal 

hypercapnia, an indicator of hypoventilation, in people with SCI. Understanding the 

extent of central sleep apnoea and hypoventilation is essential for planning diagnosis 

and treatment pathways within the non-inferiority randomised controlled trial.  

6.3.7.2 Aims:  

To estimate the prevalence of hypercapnia, central and obstructive sleep apnoea in 

people with tetraplegia.  

6.3.7.3 Proposed methods:  

This study will involve a retrospective audit of data from three research studies led by 

the Institute for Breathing and Sleep,[1, 149, 226] and clinical data from the Austin 

Health Respiratory Medicine database. Clinical data extracted will include PSG and 

CO2 studies in people with tetraplegia over the last 20 years. Descriptive analysis of the 

prevalence of hypercapnia and various respiratory event types will be undertaken, using 

previously staged and scored studies. In a sub-set of subjects, hypopnoeas will be 

classified as obstructive or central according to AASM 2012 guidelines.[27]  

6.4 Conclusions 

In chronic diseases such as stroke, cardiovascular disease, heart failure and diabetes, it 

is widely accepted that a pathway that incorporates the screening, diagnosis and 

management of sleep disordered breathing is essential for health and wellbeing.[233] 

However, for the majority of people with tetraplegia this is not yet available. 
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All people deserve timely access to evidence-based health care and living with a 

physical disability should not hinder this. Evidence suggests that OSA contributes to 

markedly reduced quality of life in tetraplegia, likely mediated through its negative 

effects on mood, cognition and participation. People living with tetraplegia and their 

clinicians are appropriately focused on their physical disability and pressing medical 

problems, however OSA goes mostly undetected.  

 

This thesis has demonstrated that people with tetraplegia are not receiving quality 

management of OSA. They are under-diagnosed and subsequently under-treated for this 

highly prevalent secondary complication. Within this thesis several modifiable 

contributors to sub-optimal clinical management of OSA in tetraplegia have been 

identified, and two new areas of research have been recommended. The proposed 

research targets these barriers and enablers to optimal management using knowledge 

translation and health services research methodologies. By raising awareness of OSA 

and removing the barriers to investigation and management, it is likely that this silent 

disease will be better managed. Further knowledge translation research is likely to 

improve clinical care for people with tetraplegia and OSA, and thus has the potential to 

greatly impact their quality of life and participation outcomes. 
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8 APPENDICES 

8.1 Congestion Quantifier Five-Item Questionnaire  

The following questions ask about the past week. For each question please select one 

response by checking the appropriate box.  

During the past week:  

1. How often did you have nasal stuffiness, blockage, or congestion?  

(a) None of the time  

(b) A little of the time  

(c) Some of the time  

(d) Most of the time  

(e) All of the time  

2. How often did you have to breathe through your mouth because you could not breathe 

through your nose?  

(a) None of the time  

(b) A little of the time  

(c) Some of the time  

(d) Most of the time  

(e) All of the time  

3. How often did you have difficulty completely clearing your nose even after repeated 

blowing? 

(a) None of the time  

(b) A little of the time  

(c) Some of the time  

(d) Most of the time  

(e) All of the time  

4. How often did any of these symptoms affect your ability to work, learn in school, or 

do the things you need to do?   

(a) None of the time  

(b) A little of the time  
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(c) Some of the time  

(d) Most of the time  

(e) All of the time  

5. How often was your sleep affected by your nasal stuffiness, blockage, or congestion?  

(a) None of the time  

(b) A little of the time  

(c) Some of the time  

(d) Most of the time  

(e) All of the time  
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8.2 Borg Scale of Nasal Obstruction  

This scale is designed to help us understand how easy or hard you feel it is for you to 

breathe through your nose right now.  

 

A score of ‘0’ means you feel no blockage in your nasal passage and ‘10’ means your 

nasal passage is completely blocked.  

 

Please select from the scale below the score that best describes how blocked you feel 

your nose is right now.  

 

0  
 
Completely unblocked  

 

0.5  Very, very slight (just noticeable) blockage  

1   
Slight blockage  

2   

3  Moderate blockage  

4  Somewhat Severe blockage  

5  Severe blockage  

6   

7  Very Severe blockage  

8   

9  Very, very Severe (almost maximum) blockage  

10  Maximum (Completely blocked)  
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8.3 ROC curves and sensitivity and specificity tables of non-binary 
variables for potential inclusion in SOSAT questionnaire. 

 

 
Figure 8.1 ROC curve showing performance of AIS in discriminating moderate to 

severe OSA in people with tetraplegia. 

Table 8.1 Sensitivity and specificity at various AIS thresholds for identifying moderate 

to severe OSA in people with tetraplegia 
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Figure 8.2 ROC curve showing performance of injury severity in discriminating 

moderate to severe OSA in people with tetraplegia. 

Table 8.2 Sensitivity and specificity at various injury severity thresholds for identifying 

moderate to severe OSA in people with tetraplegia 
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Figure 8.3 ROC curve showing performance of injury level in discriminating moderate 

to severe OSA in people with tetraplegia. 

Table 8.3 Sensitivity and specificity at various injury level thresholds for identifying 
moderate to severe OSA in people with tetraplegia 
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Figure 8.4 ROC curve showing performance of neck circumference in discriminating 

moderate to severe OSA in people with tetraplegia. 
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Table 8.4 Sensitivity and specificity at various neck circumference thresholds for 
identifying moderate to severe OSA in people with tetraplegia 
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Figure 8.5 ROC curve showing performance of neck circumference (males) in 

discriminating moderate to severe OSA in people with tetraplegia. 

Table 8.5 Sensitivity and specificity at various neck circumference thresholds (males) 
for identifying moderate to severe OSA in people with tetraplegia 
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Figure 8.6 ROC curve showing performance of neck circumference (females) in 

discriminating moderate to severe OSA in people with tetraplegia. 

Table 8.6 Sensitivity and specificity at various neck circumference thresholds (females) 
for identifying moderate to severe OSA in people with tetraplegia 
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Figure 8.7 ROC curve showing performance of BMI in discriminating moderate to 

severe OSA in people with tetraplegia. 
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Table 8.7 Sensitivity and specificity at various BMI thresholds for identifying 

moderate to severe OSA in people with tetraplegia
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Figure 8.8 ROC curve showing performance of waist circumference in discriminating 

moderate to severe OSA in people with tetraplegia. 
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Table 8.8 Sensitivity and specificity at various waist circumference thresholds for 
identifying moderate to severe OSA in people with tetraplegia 
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Figure 8.9 ROC curve showing performance of waist circumference (males) in 

discriminating moderate to severe OSA in people with tetraplegia. 
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Table 8.9 Sensitivity and specificity at various waist circumference (males) thresholds 
for identifying moderate to severe OSA in people with tetraplegia 
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Figure 8.10 ROC curve showing performance of waist circumference (females) in 

discriminating moderate to severe OSA in people with tetraplegia. 

 

Table 8.10 Sensitivity and specificity at various waist circumference (females) 
thresholds for identifying moderate to severe OSA in people with tetraplegia 
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Figure 8.11 ROC curve showing performance of age in discriminating moderate to 

severe OSA in people with tetraplegia. 
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Table 8.11 Sensitivity and specificity at various age thresholds for identifying moderate 
to severe OSA in people with tetraplegia 

 
 



 225 

 
Figure 8.12 ROC curve showing performance of years since injury in discriminating 

moderate to severe OSA in people with tetraplegia. 
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Table 8.12 Sensitivity and specificity at various years since injury thresholds for 
identifying moderate to severe OSA in people with tetraplegia 
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Figure 8.13 ROC curve showing performance of KSS in discriminating moderate to 

severe OSA in people with tetraplegia. 

 

Table 8.13 Sensitivity and specificity at various KSS thresholds for identifying moderate 
to severe OSA in people with tetraplegia 
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Figure 8.14 ROC curve showing performance of self-reported snoring in discriminating 

moderate to severe OSA in people with tetraplegia. 

 

Table 8.14 Sensitivity and specificity at various self-reported snoring thresholds for 
identifying moderate to severe OSA in people with tetraplegia 
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Figure 8.15 ROC curve showing performance of self-reported apnoeas in discriminating 

moderate to severe OSA in people with tetraplegia. 

 

Table 8.15 Sensitivity and specificity at various self-reported apnoea thresholds for 
identifying moderate to severe OSA in people with tetraplegia 
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8.4 Sensitivity and specificity tables of questionnaires and ODI for 
classifying MS-OSA  

Table 8.16 Sensitivity and specificity at various OSA50 thresholds for identifying 
moderate to severe OSA in people with tetraplegia.  

 

Table 8.17 Sensitivity and specificity at various SOSAT thresholds for identifying 
moderate to severe OSA in people with tetraplegia 
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Table 8.18 Sensitivity and specificity of various 3%ODI thresholds for identifying 
moderate to severe OSA 

 



 232 

8.5 Interview guide for Spinal Physicians managing patients with 
chronic tetraplegia. 

Introduction  

As outlined in the participant information sheet, this study aims to identify and explore 

the factors that influence the management of tetraplegic patients with obstructive sleep 

apnoea.  

You do not have to answer every question and can cease the interview at any time. If 

you need to attend to an urgent matter we can stop the interview and recommence it 

later. 

 

We will talk about your spinal unit, how you screen patients for obstructive sleep 

apnoea, how you manage patients with suspected or confirmed obstructive sleep 

apnoea, and the factors that influence this management. We are interviewing spinal 

physicians from around the world, and in different sized units, with and without access 

to specialist sleep services so that we get a broad view. Interviews will be audio-taped 

and you will be provided with a copy of the transcript and invited to provide feedback 

on the accuracy of the information. All information will be treated as strictly 

confidential. 

 

Before we start do you have any questions? 

 

Background information  

Can you describe your spinal unit, its clientele and the services it offers?  

 

Prompt questions 

How many years of experience do you have working as a spinal physician? 

How many inpatient beds do you have? 

What is the mix of traumatic vs non-traumatic injuries? 

How many new patients do you admit per year? 

What outpatient/ outreach services do you have? 

How big is the hospital? 

Emergency department? Trauma services? 

How would you describe the socio-economic status of your patient population? 
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Is there a sleep laboratory in the hospital? What sleep services do they offer? If not, 

where are the nearest specialist sleep services? Is there a waiting list for services?  

 

Now I am going to ask you questions about how you manage OSA in your SCI patients, 

and what factors influence your clinical practice. First I will ask how and why you 

screen for and diagnose OSA in both the inpatient and outpatient units, and then we will 

ask about how and why you manage a positive diagnosis of OSA.  

 
Screening for and diagnosing obstructive sleep apnoea 
 
Understanding clinical practice 
 
Can you talk me through the various steps in how you screen patients for obstructive 
sleep apnoea in: 

• The inpatient unit 
• The outpatient clinic 

 
Prompt questions: 

• Do you screen patients for signs and symptoms of OSA? 
o If so, how do you screen? What questions do you ask? Which signs and 

symptoms alert you to possible OSA?  
o Are there any particular clinical signs or symptoms that you would 

consider as high risk? How would you measure these? 
o Who does the screening?  
o Do you routinely screen everyone? If not, who do you (not) screen? 
o When do you screen? At what time point post injury? Roughly what 

proportion of your SCI outpatients do you screen for signs and 
symptoms? Is this different for paraplegia/quadriplegia? 

• Do you order diagnostic tests for suspected OSA? 
o If so, what tests do you order? If more than one type, how would you 

decide which test? 
o Who orders the testing? 
o Who performs the testing? 
o Which patients do you test for OSA?  
o Roughly what proportion of your SCI outpatients do you refer for testing 

for OSA? Is this different for paraplegia/quadriplegia? 
o Where are the results of the assessments/tests recorded? (and by who?) 
o How are the results used? (and by who?)  
o How do you determine whether a patient has a diagnosis of OSA? 
o Do you know roughly how long your patients wait for diagnostic test? 
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Factors influencing practice  
 
Now I want to ask you about what influences your OSA screening practices. I am using 
a framework called the Theoretical Domains Framework, which is a set of 12 domains 
that are known to influence clinical behaviours. Some of the questions will seem more 
relevant than others. 
 
Firstly, before I prompt with specific questions about potential factors that are known to 
influence clinical practice, can I first ask you tell me what you think are the biggest 
influences on your decision to screen/not screen your patients for OSA in both the 
inpatient and outpatient settings?  
 
Prompt questions to explore factors influencing practice (grouped by TDF domains). 
 
TDF Domains TDF Definitions 

[Constructs]  
Prompt questions (if required) 

Knowledge An awareness of the 
existence of something. 
[Knowledge including 
knowledge of 
condition/scientific 
rationale. 
Procedural knowledge. 
Knowledge of task 
environment.] 

Are you aware of any clinical practice 
guidelines recommending screening for 
OSA?  
 
What do you think is best practice in 
management of OSA in tetraplegia? 
 
Are you aware of any research about the 
prevalence and impact of OSA in SCI? 
 
Are you familiar with any risk assessment 
tools? 

Skills An ability or proficiency 
acquired through practice. 
[Skills 
Skills development 
Competence 
Ability 
Interpersonal skills 
Practice 
Skill assessment] 

What skills are needed? 
 
Do you know how to order a diagnostic 
test for OSA? 
 
Do you know how to interpret results of 
screening and diagnostic tests for OSA?  

Social 
professional 
role and 
identity 

A coherent set of 
behaviors and displayed 
personal qualities of an 
individual in a social or 
work setting. 
[Professional identity 

Do you think screening/diagnosing OSA 
is part of your role as physician? If not, 
whose role is it? 
 
Is there a commitment from your 
organization to manage OSA in 
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Professional role 
Social identity 
Identity 
Professional boundaries 
Professional confidence 
Group identity 
Leadership 
Organizational 
commitment] 

tetraplegia? 
 

Beliefs about 
capabilities 

Acceptance of the truth, 
reality, or validity about 
an ability, talent, or 
facility that a person can 
put to constructive use. 
[Self-confidence 
Perceived competence 
Self-efficacy 
Perceived behavioral 
control 
Beliefs 
Self-esteem 
Empowerment 
Professional confidence] 

Any difficulties in assessing signs and 
symptoms of OSA? 
 
Any challenges in determining presence 
of OSA in general and using/ordering 
different tests/tools in particular? 
 
What would help you to identify your 
patients with OSA? 
 
How confident are you that you can 
identify OSA in your patients? 

Beliefs about 
consequences 

Acceptance of the truth, 
reality, or validity about 
outcomes of a behaviour 
in a given situation. 
[Beliefs 
Outcome expectancies 
Characteristics of 
outcome expectancies 
Anticipated regret 
Consequences] 

What do you think are the benefits and 
costs of screening for OSA in people with 
tetraplegia? (for your patients, you, your 
colleagues and the organization) 
 
What are the benefits and costs of not 
screening for OSA? (for your patients, 
you, your colleagues and the 
organization) 
 
What will happen if you don’t routinely 
screen? 
 
Do the benefits outweigh the costs? 
 
Does the evidence suggest that screening 
is worthwhile? 

Motivation and 
goals 

A conscious decision to 
perform a behavior or 
resolve to act in a certain 

Are there incentives to screen for OSA? 
Do you feel you have to? 
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way. 
Mental representations of 
outcomes or end states 
that an individual wants 
to achieve. 
[Stability of intentions 
Stages of change model 
Transtheoretical model 
and stages of change 
Goals (distal/proximal) 
Goal priority 
Goal/target setting 
Goals 
(autonomous/controlled) 
Action planning 
Implementation intention] 

Are there other aspects of your role that 
interfere with screening for OSA? 

Memory, 
attention and 
decision 
processes 

The ability to retain 
information, focus 
selectively on aspects of 
the environment and 
choose between two or 
more alternatives. 
[Memory 
Attention 
Attention control 
Decision making 
Cognitive 
overload/tiredness] 

Are there any reminders in place to 
prompt you to do any of the relevant 
tests? If no, do you think these would be 
helpful?’ 
 
Is it something you do routinely? 
 
Is screening for OSA something you do if 
you have time? 

Environmental 
context and 
resources 

Any circumstance of a 
person’s situation or 
environment that 
discourages or encourages 
the development of skills 
and abilities, 
independence, social 
competence, and adaptive 
behavior. 
[Environmental stressors 
Resources/material 
resources 
Organizational 
culture/climate 
Salient events/critical 

Do resources influence whether you 
assess these patients for OSA? 
 
Are there sufficient human resources? 
 
Are there sufficient physical resources? 
 
Do you have enough time/do you have 
competing demands? 
 
Does the working environment in 
inpatient/ outpatients have an effect? 
 
Are there environmental stressors that 
impact on your ability to screen for OSA? 
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incidents 
Person x environment 
interaction 
Barriers and facilitators] 

  
Do rules/regulations from compensation 
bodies ever influence your decisions 
about screening/diagnosing OSA? 

Social 
influences 

Those interpersonal 
processes that can cause 
individuals to change 
their thoughts, feelings, or 
behaviors. 
[Social pressure 
Social norms 
Group conformity 
Social comparisons 
Group norms 
Social support 
Power 
Intergroup conflict 
Alienation 
Group identity 
Modeling] 

Do you seek opinions of colleagues in 
whether to screen for OSA/ interpreting 
test results?  
 
What are the views of your colleagues re: 
screening for OSA? 
 
Do you observe others screening patients 
for OSA? 
 

Emotion A complex reaction 
pattern, involving 
experiential, behavioral, 
and psychological 
elements, by which an 
individual attempts to 
deal with a personally 
significant matter or 
event. 
[Fear  
Anxiety 
Affect 
Stress 
Depression 
Positive/negative effect 
Burn-out] 

Is there anything about screening for 
OSA that evokes an emotional response? 
If so, what? Does this alter your clinical 
management decisions?  

Behavioral 
regulation 

Anything aimed at 
managing or changing 
objectively observed or 
measured actions. 
[Self-monitoring 
Breaking habit 
Action planning] 

Are there any protocols or referral 
pathways that facilitate screening for 
OSA?  
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Treatment of obstructive sleep apnoea 
 
Understanding clinical practice 
  
Can you talk me through the various steps in how you treat patients with a diagnosis of 
obstructive sleep apnoea in both the inpatient and outpatient units? 
 
Prompt questions 

• Are all patients diagnosed with OSA offered treatment? 
o If not, under what circumstances would they not be referred for 

treatment? 
• Who provides the treatment? 
• What is the process for referring a person with OSA for treatment?  
• Where is the referral for treatment recorded?  
• What treatment/s are offered to patients with OSA?  
• How is the decision to offer a particular treatment made?  
• Would you/others involve the patient in the decision? If so, how? 
• Where are the details of the treatment prescribed and the outcome of the 

treatment recorded?  
• If a particular treatment is not successful (ie not accepted by the patient), what 

happens next? Are they referred for an alternative treatment? 
• Do you know roughly how long your patients wait for treatment?  

 
Factors influencing practice 
 
Now I want to ask you about what influences your OSA treatment practices. Firstly, 
before I prompt with specific questions about potential factors that are known to 
influence clinical practice, can I first ask you tell me what you think are the biggest 
influences on your decisions to treat your patients for OSA in both the inpatient and 
outpatient settings?  
 
Prompt questions to explore factors influencing practice (grouped by TDF domains). 
 
TDF Domains TDF Definitions 

[Constructs][234] 
Prompt questions (if required) 

Knowledge An awareness of the 
existence of something. 
[Knowledge including 
knowledge of 
condition/scientific 
rationale. 
Procedural knowledge. 

Are you aware of any clinical practice 
recommendations regarding treatment of 
OSA in tetraplegia?  
 
What do you think is best practice in 
management of OSA in tetraplegia? 
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Knowledge of task 
environment.] 

Are you aware of any research about the 
effectiveness of OSA treatments in SCI? 
 

Skills An ability or proficiency 
acquired through practice. 
[Skills 
Skills development 
Competence 
Ability 
Interpersonal skills 
Practice 
Skill assessment] 

What skills are needed to treat OSA? 
 
Do you know how to prescribe treatment 
for OSA? 
 
Do you know how to initiate treatment 
for OSA? 

Social 
professional 
role and 
identity 

A coherent set of 
behaviors and displayed 
personal qualities of an 
individual in a social or 
work setting. 
[Professional identity 
Professional role 
Social identity 
Identity 
Professional boundaries 
Professional confidence 
Group identity 
Leadership 
Organizational 
commitment] 

Do you think prescribing treatment for 
OSA is part of your role as spinal 
physician? If not, whose role is it?  
 
Do you think it would ever be feasible for 
OSA treatment to become the role of the 
spinal physician or spinal unit? If not, 
why?  
 
Is there a commitment from your 
organization to manage OSA in 
tetraplegia? 
 

Beliefs about 
capabilities 

Acceptance of the truth, 
reality, or validity about 
an ability, talent, or 
facility that a person can 
put to constructive use. 
[Self-confidence 
Perceived competence 
Self-efficacy 
Perceived behavioral 
control 
Beliefs 
Self-esteem 
Empowerment 
Professional confidence] 

Any difficulties in prescribing treatment 
for OSA? 
 
What would help you to effectively treat 
your patients with OSA? 
 
How confident are you that you can 
effectively treat OSA in your patients? 

Beliefs about 
consequences 

Acceptance of the truth, 
reality, or validity about 

What are the benefits and costs of treating 
OSA in people with tetraplegia? (for your 
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outcomes of a behaviour 
in a given situation. 
[Beliefs 
Outcome expectancies 
Characteristics of 
outcome expectancies 
Anticipated regret 
Consequences] 

patients, you, your colleagues and the 
organization) 
 
What are the benefits and costs of not 
treating OSA? (for your patients, you, 
your colleagues and the organization) 
 
What will happen if you don’t prescribe 
treatment? 
 
Do the benefits outweigh the costs? 
 
Does the evidence suggest that treatment 
for OSA is worthwhile? 

Motivation and 
goals 

A conscious decision to 
perform a behavior or 
resolve to act in a certain 
way. 
Mental representations of 
outcomes or end states 
that an individual wants 
to achieve. 
[Stability of intentions 
Stages of change model 
Transtheoretical model 
and stages of change 
Goals (distal/proximal) 
Goal priority 
Goal/target setting 
Goals 
(autonomous/controlled) 
Action planning 
Implementation intention] 

Are there incentives to treat OSA? 
 
Do you feel you have to? 
 
Are there other aspects of your role that 
interfere with treating OSA? 

Memory, 
attention and 
decision 
processes 

The ability to retain 
information, focus 
selectively on aspects of 
the environment and 
choose between two or 
more alternatives. 
[Memory 
Attention 
Attention control 
Decision making 

Are there any reminders in place to 
prompt you to prescribe/refer for 
treatment? If no, do you think these 
would be helpful?’ 
 
Is it something you do routinely? 
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Cognitive 
overload/tiredness] 

Environmental 
context and 
resources 

Any circumstance of a 
person’s situation or 
environment that 
discourages or encourages 
the development of skills 
and abilities, 
independence, social 
competence, and adaptive 
behavior. 
[Environmental stressors 
Resources/material 
resources 
Organizational 
culture/climate 
Salient events/critical 
incidents 
Person x environment 
interaction 
Barriers and facilitators] 

Do resources influence whether you 
prescribe/refer patients for OSA 
treatment? 
 
Are there sufficient human resources? 
 
Are there clear communication channels? 
 
Are there sufficient physical resources? 
 
Do you have enough time/do you have 
competing demands? 
 
Does the working environment in 
outpatients have an effect? 
 
Are there environmental stressors that 
impact on your ability to treat OSA?  

Social 
influences 

Those interpersonal 
processes that can cause 
individuals to change 
their thoughts, feelings, or 
behaviors. 
[Social pressure 
Social norms 
Group conformity 
Social comparisons 
Group norms 
Social support 
Power 
Intergroup conflict 
Alienation 
Group identity 
Modeling] 

Do you seek opinions of colleagues in 
whether/how to treat OSA?  
 
What are the views of your colleagues re: 
OSA treatment? 
 
Do you observe others treating patients 
for OSA? 
 

Emotion A complex reaction 
pattern, involving 
experiential, behavioral, 
and psychological 
elements, by which an 
individual attempts to 

Is there anything about 
prescribing/referring for OSA treatment 
that evokes an emotional response? If so, 
what? Does this alter your clinical 
management decisions?  
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deal with a personally 
significant matter or 
event. 
[Fear  
Anxiety 
Affect 
Stress 
Depression 
Positive/negative effect 
Burn-out] 

Behavioral 
regulation 

Anything aimed at 
managing or changing 
objectively observed or 
measured actions. 
[Self-monitoring 
Breaking habit 
Action planning] 

 
Are there any protocols or referral 
pathways that facilitate OSA treatment? 

 
If time permits and only if these items have not yet been covered: 

• What do you think are the key actions/decisions when managing a patient with 
OSA that maximize the beneficial outcomes for the patient? 

• Is there an aspect of the patient pathway we should pay more attention to in 
future interviews? 

• If there was one thing you could change in your spinal unit to improve the 
management of OSA in people with tetraplegia, what would you change? 

• Do you think it would ever be feasible for your spinal unit to take on the 
diagnosis and treatment of non-complicated? If yes, what would be required to 
do this? If not, why? 
 

Final questions: 
• Is there anything else about the management of patients with OSA that you 

would like to mention that is not already covered? 
• Do you have any additional comments on the content of the interview or 

feedback on how the interview went? 
 

THANK YOU VERY MUCH FOR YOUR TIME 
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