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Definitions 

Rapid sequence intubation RSI is a process that utilises sedative and 

paralytic drugs to facilitate placement of an 

endotracheal tube.
1,2

 

Non-traumatic brain 

pathology 

NTBP is defined as an acquired brain injury 

(either permanent or transient) that includes 

brain tumours, meningitis, encephalitis, 

hypoxic/anoxic brain injury, stroke, 

arteriovenous malformations, tumours, 

aneurysms, brain haemorrhage, as well as brain 

injury due to diabetes, seizures and toxicity, 

metabolic conditions, and alcohol and drug 

overdose.
3
 

Traumatic brain injury Traumatic brain injury (TBI) is a 

nondegenerative, noncongenital insult to the 

brain from an external mechanical force, 

possibly leading to permanent or temporary 

impairment of cognitive, physical and 

psychosocial functions, with an associated 

diminished or altered state of consciousness.
4
 

Ischaemic stroke Ischaemic stroke occurs when a blood vessel 

supplying blood to the brain is obstructed and an 

acute neurologic deficit lasting > 24 hours is 

present.
5
 

Haemorrhagic stroke Haemorrhagic stroke is a stroke caused by 

the rupture of a blood vessel in or on the surface 

of the brain with bleeding into the surrounding 

tissue, with an acute neurologic deficit 

lasting > 24 hours.
5
 

Observational study Observational studies draw from samples 

inference to a population in which the 

independent variable is not under the 
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researcher’s control due to ethical concerns or 

logistical constraints.
6
 

Randomised controlled trial A study in which people are allocated at 

random (by chance alone) to receive one or 

several clinical interventions. One of these 

interventions is the standard of comparison or 

control.
6
 

Survival-to-hospital 

discharge 

Defined as the patient being discharged from 

hospital alive and is identified from the discharge 

disposition at hospital separation.
1
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Abstract 

Non-traumatic brain pathologies (NTBP) are acquired brain injuries that form a 

substantial proportion of presentations to emergency departments and emergency 

services. Examples of these pathologies include brain tumours, meningitis, 

encephalitis, hypoxic/anoxic brain injury, stroke, arteriovenous malformations, 

tumours, aneurysms, brain haemorrhage, as well as brain injury due to diabetes, 

seizures and toxicity, metabolic conditions, and alcohol and drug overdose. NTBPs 

are a frequent cause of coma, which compromises the patient airway and one’s 

ability to exchange gases in respiration. 

Endotracheal intubation techniques such as rapid sequence intubation (RSI) are 

frequently used to manage the airways of NTBP. A type of intubation that is 

preceded by drugs that sedate and paralyse the patient, it is not known how common 

RSI is in those with NTBP or how prevalent such pathologies are in patients that 

receive the treatment. It is also unclear whether RSI leads to better survival in NTBP 

and whether the evidence on RSI in brain trauma can be applied to NTBP such as 

strokes and seizures. 

This thesis, which comprises published works, begins by quantifying how 

common RSI is in NTBP patients. The systematic review showed that emergency 

intubation, which is typically RSI, was utilised in 12% of all NTBP cases in the 

published literature. Relatedly, and in the second study of this thesis, it was revealed 

that in a cohort of paramedic RSI, NTBP formed 58% of all intubations. Therefore, 

RSI is common in NTBP, and conversely, NTBP are frequent in those that receive 

RSI. Since the NTBP population receives RSI frequently the importance of good 

evidence becoming increasingly pressing. 

Next, this thesis examined whether RSI is associated with survival for stroke—

the most prevalent NTBP treated by paramedics. In a large data-linked propensity-

matched cohort study, out-of-hospital RSI by paramedics was associated with 

decreased survival for intubation in strokes, with an odds ratio (OR) of 0.61 (95% 

confidence interval [CI] 0.45 to 0.82; p = 0.001). Further, this cohort study 

demonstrated a considerably larger reduction in systolic blood pressure for RSI 
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recipients compared to no-RSI, with a decrease that was more than twice as large for 

the latter group. Additional derangements in carbon dioxide (CO2), oxygen, pulse 

rate and respiratory rate found here might explain this reduced rate of survival in 

stroke.  

Thereafter, this thesis analysed the full stroke cohort from linked dataset again. 

The aim of that analysis was to test if the reductions in systolic blood pressure 

accompanying RSI found in the propensity matched study are indeed associated with 

poorer survival. Using regression analysis, this study showed that reductions in 

systolic blood pressure in strokes are not associated with poorer survival. This 

counter-intuitive finding of no decrease in survival with decreased blood pressure is 

in concordance with results from in hospital randomized controlled trials (RCT) 

however. These RCT compared general anaesthesia to conscious sedation in 

ischemic strokes, and similar to my results, reductions in blood pressure were found 

with anaesthesia, but with no concomitant increased mortality.  

The only RCT evidence to support RSI in both out-of-hospital settings and 

emergency departments was conducted by Bernard et al. However, this study was 

directed to TBIs, wherein patients present differently from typical cases of stroke or 

seizure, and it might follow that this RSI evidence is non-transferable to NTBP. As 

such, this thesis examines whether the brain trauma evidence can be extrapolated to 

non-traumatic pathologies. In another large cohort study, the researcher showed that 

RSI and related factors statistically interact with stroke and TBI, which suggests that 

intubation affects stroke survival differently from brain injury. Specifically, this 

analysis found significant interactions in the RSI-only group for age, number of 

intubation attempts, atropine and fentanyl use, pulse rate and perhaps both scene time 

and time-to-RSI. Such interactions imply that RSI affects survival differently for TBI 

versus stroke. If this is the case, then perhaps the TBI evidence cannot be used for 

stroke RSI. 

Finally, it is suggested that progress towards finding a causal link between 

paramedic RSI and survival in NTBP can be found by employing both observational 

and experimental study designs. For example, the researcher recommends a 

pragmatic controlled trial of all RSI, with a subgroup analysis of various clinical 

conditions. Natural experimental observational designs such as regression 
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discontinuity and instrumental variables also have their use. A trial remains of 

primary importance, and this thesis makes a case for such an experiment. 



1 

 

Chapter 1: Description and rationale for this research 

1.1 Introduction 

1.1.1 What are NTBPs? 

Acquired brain injuries are either traumatic or non-traumatic, occur after birth and result 

in pathological changes in neuronal functioning, affecting the activity, metabolism and 

physical integrity of neurons.
7-9

 Rice et al. define acquired brain injury as ‘those instances 

where an individual sustains damage to the brain sometime after birth … from traumatic or 

non-traumatic causes’.
7
 A leading cause of death worldwide,

9
 pathological alterations of 

neurons due to such trauma can result in mild, moderate or severe disability in areas such as 

cognition, speech, memory and attention, capacity to reason, abstract thinking, physical 

function, psychosocial functioning and information processing.
7
 These disabilities might 

cause either transient or permanent disability of functional or psychosocial capacities.
10

 

Non-traumatic brain pathologies (NTBP) are a subset of acquired brain injuries that can, 

similar to traumatic brain injuries (TBI), cause neuronal injury and consequent disability.
7
 

Non-traumatic brain pathologies are defined as acquired brain injuries (either permanent or 

transient), and include brain tumours, meningitis, encephalitis, hypoxic/anoxic brain injury, 

stroke, arteriovenous malformations, tumours, aneurysms, brain haemorrhage, as well as brain 

injury due to diabetes, seizures and toxicity, metabolic conditions, and alcohol and drug 

overdose.
9,11,12

 This definition excludes any brain injury caused by traumatic means or during 

the birthing process.
7
 Table 1.1 presents a complete list of all ICD10-AM codes for NTBP 

included in this definition. 
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Table 1.1: ICD10-AM Codes Used to Practically Define NTBP 

Type of NTBI ICD10-AM codes and description 

Haemorrhagic stroke I60 (subarachnoid haemorrhage) 

I61 (intracerebral haemorrhage) 

P52 (intracranial non-traumatic haemorrhage of fetus and newborn) 

I62.9 (intracranial haemorrhage [non-traumatic], unspecified) 

Ischaemic stroke I63 (cerebral infarction) 

G45 (transient cerebral ischaemic attacks and related syndromes) 

Other types of stroke I64 (stroke not specified as haemorrhage or infarction) 

Inflammatory brain 

diseases 

G00 (bacterial meningitis, not elsewhere classified) 

G01 (meningitis in bacterial diseases, classified elsewhere) 

G02 (meningitis in other infectious and parasitic diseases, classified 

elsewhere) 

G03 (meningitis due to other and unspecified causes) 

A20.3 (plague meningitis) 

A83 (mosquito-born viral encephalitis) 

A84 (tick-born viral encephalitis) 

A85 (other viral encephalitis, not elsewhere classified) 

A81 (atypical viral infections of the central nervous system) 

A87 (viral meningitis) 

B50 (cerebral malaria) 

G04 (encephalitis, myelitis and encephalomyelitis) 

G05 (encephalitis, myelitis and encephalomyelitis in diseases, 

classified elsewhere) 

G06 (intracranial abscess and granuloma) 

G07 (intracranial and intraspinal abscess and granuloma in diseases, 

classified elsewhere) 

G08 (intracranial and intraspinal phlebitis and thrombophlebitis) 

B22 (HIV disease resulting in encephalopathy) 

Anoxic/hypoxic brain 

injury 

G93.1 (anoxic brain damage) 

G97.8 (brain [non-traumatic] hypoxia, resulting from procedure) 

P20.9 (brain [non-traumatic] hypoxia, anoxic intrauterine and 

resulting from birth) 
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T88.5 (complications resulting from a procedure, anoxic/hypoxic 

brain damage) 

P91.6 (hypoxic ischaemic encephalopathy of newborn) 

Seizures  G41 (status epilepticus) 

G40 (epilepsy) 

F445 (dissociative convulsions) 

P90 (convulsions of newborn) 

R56 (convulsions, not elsewhere classified) 

Toxicity and toxic 

encephalopathy 

G92 (toxic encephalopathy) 

T51-T65 (toxic effect of alcohol, organic solvents, etc.) 

T36-T51 (poisoning by drugs, medicaments and biological 

substances) 

X40-X49 (accidental poisoning by and exposure to noxious 

substances) 

X60-X69 (intentional self-poisoning) 

Neoplasms of brain C70 (malignant neoplasms of meninges) 

C71 (malignant neoplasm of the brain) 

C793 (secondary malignant neoplasm of the brain and cerebral 

meninges) 

Hydrocephalus G91.0 (communicating hydrocephalus) 

G91.1 (obstructive hydrocephalus) 

G91.2 (normal-pressure hydrocephalus) 

G94 (hydrocephalus, other) 

G91.8 (other hydrocephalus) 

G91.9 (hydrocephalus, unspecified) 

Diabetic metabolic 

encephalopathy 

E15 (non-diabetic hypoglycaemic coma) 

E16.1-E61.2 (other hypoglycaemia and hypoglycaemia, unspecified) 

E10.0 (insulin-dependent diabetes mellitus with coma) 

E10.4 (insulin-dependent diabetes mellitus with neurological 

complications) 

E11 (non-insulin dependent diabetes mellitus with coma) 

E11.4 (non-insulin dependent diabetes mellitus with neurological 

complications) 

E12 (malnutrition-related diabetes mellitus with neurological 
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complications) 

E13 (other specified diabetes mellitus with coma) 

E14.0 (unspecified diabetes mellitus with coma) 

E14.4 (unspecified diabetes mellitus with coma) 

Other 

encephalopathies 

B15 (hepatitis A with hepatic coma) 

B16 (hepatitis B with hepatic coma [with delta agent]) 

B16.2 (hepatitis B with hepatic coma [without delta agent]) 

B19 (unspecified viral hepatitis with hepatic coma) 

E03.5 (myxoedema coma) 

E51.2 (Wernicke’s encephalopathy) 

G93.4 (encephalopathy, unspecified and metabolic) 

G93.5 (non-traumatic compression of brain) 

G93.6 (non-traumatic cerebral oedema) 

I67.4 (hypertensive encephalopathy) 

T67 (heat stroke) 
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1.1.2 Disease burden NTBPs 

There is a paucity of research on the prevalence or incidence, morbidity and mortality of 

NTBP.
9
 One study conducted in the province of Ontario, Canada found that persons with 

traumatic brain pathologies were younger, male and more likely to live in rural areas 

compared to non-TBIs.
13

 NTBP patients also had more comorbidities and more mental health 

diagnoses.
13

 Among older adults aged 65 years or more, NTBPs covered brain tumours 

(44%), anoxia injury (20%) and vascular insults (14%),
13

 and had elevated costs for health 

care compared to TBI. Notably, a separate Ontario-based study found that annual NTBP 

medical costs totalled CAD$368.7 million versus CAD$120.7 million for brain injury.
14

 

Although a disease burden among the elderly, children can be affected, with at least 10% 

of NTBP cases reported in patients under the age of 18.
15

 Such pathologies are often 

overlooked as a source of long-lasting sequelae and subsequent expenditure to the healthcare 

system.
16

 Contrary to adults, children present with a different distribution of NTBP: across the 

types of diagnoses, toxic effect of substance episodes of care was found to be the highest 

(22.7 per 100,000 persons annually), followed by brain tumour episodes of care (18.4 per 

100,000 persons annually) and meningitis (15.4 per 100,000 persons annually).
15

 

In Australia, acquired brain injuries are a substantial disease problem, with incidence 

ranging from 57 to 377 per 100,000 persons, compared to an estimated range of 100 to 270 

per 100,000 annually overseas.
8
 However, domestic data on prevalence and incidence of 

NTBPs in Australia are less easily identified than for brain trauma.
8
 Even so, some statistics 

on NTBP conditions are available nationally. The Australian National Hospital Morbidity 

Database indicates that stroke accounts for an incidence of 280 per 100,000 persons, anoxic 

brain injury precipitates 19 per 100,000 and alcohol-related brain injury stands at 15 per 

100,000 persons each year.
8
 

1.1.3 Coma and airway compromise in NTBPs 

NTBP causes dysfunction of the neurons, which can lead to injury and death. Coma is a 

common presentation, with 40% of patients presenting to emergency with persistent coma 

(≥ 6 hours) due to ingestion of alcohol and other toxic substances, and 25% due to 

hypoxic/anoxic injury after cardiac arrest.
17

 Coma, which can be caused by NTBP, results 
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from dysfunction of the brain’s ascending reticular activating system (ARAS), which is 

responsible for arousal and conservation of alertness.
17,18

 In this sense, coma is a state of 

unarousable unconsciousness caused by an insult to the ARAS.
17

 It is perhaps self-evident that 

for NTBP to produce coma, the ARAS must be functionally interrupted, diffusely or at 

important activation sites.
17

 

Such pathological disruption can produce either transient or even permanent coma. 

Structural brain lesions such as those caused by ischaemic stroke, haemorrhagic stroke, 

inflammatory lesions or tumours can compress or destroy brain parenchyma,
17-19

 while lesions 

that involve the rostral ARAS, diencephalons and cerebral cortex can and do produce acute 

coma.
17

 Supratentorial mass lesions caused by strokes or tumours can also cause coma by 

producing ‘herniation’, shifting brain structures from one intracranial compartment into 

another. Meanwhile, the diencephalon can herniate through the tentorial opening, affecting 

ARAS and (thus) producing coma.
20

 

NTBPs can also be caused by metabolic, nutritional and toxic encephalopathies.
3
 

Examples of pathologies that cause many of these diseases include organ failure (liver, renal, 

lung, cardiovascular or adrenal), electrolyte disturbances (hypo and hypernatraemia, 

derangements of calcium, and hypo or hypermagnesaemia), hypo and hyperglycaemia, 

disturbances in thyroid function or inborn derangements of metabolism.
17

 These 

encephalopathies that result from imbalances in electrolytes, organ failure or metabolic 

derangements typically cause a brain-diffuse, reversible encephalopathy without any 

localising signs. It is likely that these disorders cause additional alteration of the polysynaptic 

function in the ARAS.
17

 

Infections can likewise cause inflammation that results in NTBP (including 

encephalopathies) and present similar to diseases caused by metabolic derangements.
21

 

Mechanisms that could cause ARAS disruption by the inflammatory effects of systemic or 

brain infections include impairment of microcirculation, alterations of neurotransmitters, the 

effect of cytokines and free radicals.
21

 Concurrently, inflammatory processes operating in 

brain infections alter the blood–brain barrier permeability, resulting in vasogenic cerebral 

oedema with leakage of serum proteins and other molecules into the cerebrospinal fluid. 

These purulent exudative processes could ultimately result in the blockage of cerebrospinal 
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fluid flow, causing hydrocephalus and interstitial oedema.
17

 Exudate narrows the diameter of 

the large arteries of the brain base, with inflammatory cells infiltrating the arterial wall 

causing alterations in cerebral blood flow, which result in cerebral ischaemia and subsequent 

neurological deficits and stroke.
17

 Thus, it follows that purulent meningitis leads to brain 

oedema, hydrocephalus, seizure, and ischaemic and haemorrhagic infarcts. 

Practically, a comatose NTBP patient might present to the emergency physician, nurse or 

paramedic as mere failure to open one’s eyes or respond to stimulation, or with simple 

withdrawal-type movements and a verbal response no better than simple vocalisation of non-

word noises.
17

 The depth of coma is typically measured in the emergency setting by the 

Glasgow Coma Scale (GCS),
22,23

 where lower GCS corresponds with deeper coma.
17,18

 Coma 

due to NTBP is a medical emergency, as it can result in secondary brain damage caused by 

brain haemorrhage, raised intracranial pressure, seizure and loss of airway control.
17

 Airway 

management in comatose patients is thought to be essential to prevent aspiration of stomach 

contents and asphyxia due to airway collapse.
17

 Endotracheal intubation using techniques such 

as RSI is the mainstay of airway management.
24

 

1.1.4 What is RSI? 

Endotracheal intubation is the process in which a tube is inserted into the trachea to 

oxygenate, ventilate and protect critically ill patients from aspiration.
25

 Endotracheal 

intubation is utilised in patients that are considered at high risk of inhaling stomach contents, 

such as those that are comatose due to NTBP,
17

 thus, risking exposure to increased risk of 

pneumonia.
26-28

 Aspiration is not uncommon in emergency settings, with 1:600–900 cases 

reported—which is far more frequent than elective procedures (1:3,000–4,000).
29-31

 Indeed, 

pulmonary aspiration has long been recognised as a cause of death during anaesthesia. In 

1950, the Association of Anaesthetists of Great Britain and Ireland found that 43 deaths were 

caused by regurgitation and aspiration, and by 1956 a further 110 deaths were attributed to 

aspiration of gastric contents.
32

 The consequences of pulmonary aspiration are dire, with 

acidic solids and liquids breathed into the lungs known to induce severe aspiration 

pneumonitis in many, resulting in lobar pneumonia with cyanosis, tachycardia, dyspnoea, 

mediastinal shift, consolidation and greater morbidity.
33

 Endotracheal intubation aims to avoid 

pulmonary aspiration by sealing the trachea with a cuffed plastic tube; this physically blocks 
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the stomach contents from entering the lungs.
28

 Gastric insufflation of the stomach is also 

avoided if all ventilation is given though the endotracheal tube.
34

 

Intubation of the trachea can proceed using a variety of methods, ranging from ‘cold’ 

intubation, which proceeds without the use of any drugs, to drug-assisted intubation, where 

the patient receives medication before and after insertion of the endotracheal tube. Rapid 

sequence intubation (RSI) is one such drug-assisted endotracheal technique in which patients 

receive anaesthesia before intubation. First, the lungs are pre-filled with oxygen before 

administering rapid-onset sedative or hypnotic and neuromuscular-blocking drugs that cause 

coma and paralysis; after, a plastic endotracheal tube is inserted to secure the airway.
35

 

Typically, RSI utilises a muscle-blocking agent that relaxes all musculature and causes the 

patient to stop breathing.
3
 Classically, RSI employed thiopental and succinylcholine, but in 

later years etomidate and (even later) propofol were used alongside muscle-relaxant agents.
33

 

Recent variations of RSI utilise non-depolarising neuromuscular-blocking agents and opioids. 

Additional drugs such as atropine, lidocaine, ketamine as well as benzodiazepines such as 

midazolam are used to facilitate RSI, as is administered by paramedics in Victoria, 

Australia.
36

 

RSI is used by physicians in emergency departments and increasingly by paramedics in 

out-of-hospital settings.
37,38

 Although the extent of its practice by emergency medical services 

(EMS) globally is not known, numerous out-of-hospital agencies in Australia, Europe, South 

Africa and the United States utilise RSI.
39-43

 Practically, the procedure facilitates a variety of 

pathologies such as acquired brain injury, along with brain trauma and NTBP. As an example, 

Mobile Intensive Care Ambulance (MICA) paramedics in Victoria are authorised to provide 

RSI to patients that have a GCS of less than 10 due to head trauma, NTBP, respiratory failure, 

severe hyperthermia, severe uncontrolled pain and airway burns.
36

 That said, paramedic use of 

RSI is not without controversy, with concerns raised regarding its success and adverse event 

rates being poorer than those of emergency physicians.
24,38

 A recent systematic review also 

showed that RSI by paramedics have poorer first pass and overall success proportions, as well 

as higher adverse event rates such as hypoxia, endobronchial intubation and 

hyperventilation.
38

 However, this review found that some EMS jurisdictions use RSI with 

proficiency that is on par with out-of-hospital emergency physicians and anaesthesiologists. 
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Some paramedic RSI systems, such as those in Victoria, exceed the pooled success and 

adverse event rates found in this reveiw,
44

 showing that with adequate training, paramedics 

can administer RSI proficiently. Evidently, then, RSI is a complicated and potentially risky 

procedure, so its application for conditions such as NTBP needs a solid evidence base. 

1.1.5 Lack of high-quality evidence to support paramedic RSI 

Generally, little evidence supports the use of RSI for NTBP in emergency settings, 

whether employed in departments or by services.
35

 However, some RSI literature exists in 

relation to brain injury. Notably, in 2003 Davis et al. published the results of an historically-

controlled trial of RSI by paramedics for TBI,
45

 which saw 209 recipients of intubation using 

midazolam and succinylcholine prospectively enrolled and compared to an historical cohort of 

627 patients. The RSI group had significantly worse survival compared to controls (33.0% v. 

24.2%, p < 0.05), with incidence of a ‘good outcome’ lower in the former compared to the 

latter (45.5% v. 57.9%, p < 0.01).
45

 A subgroup analysis of the Davis et al. trial suggested that 

the poorer results could be attributable to inappropriate ventilation and hypoxemia.
45

 

Of course, these results are perhaps biased by the limitations inherent in historically 

controlled trials. It is unclear that the RSI and historical controls were similar in confounding 

factors, as such data can result in selection bias, decreased power and increased type I errors.
46

 

Thus, a more recent Australian randomised controlled trial (RCT) on TBI by Bernard et al. 

avoided the pitfalls of the Davis example. In comparing paramedic RSI to emergency 

department intubation,
39

 the median-extended Glasgow Outcome Score at six months was 5 in 

patients that received RSI by paramedics compared with 3 in those intubated at hospital 

(P = 0.28). Even though the main outcome showed no significant difference, a secondary 

outcome was meaningfully different: the proportion with a favourable outcome (Glasgow 

Outcome Score, 5–8) was 51% in the paramedic RSI group compared with 39% in the 

hospital intubation group (risk ratio 1.28; 95% confidence interval [CI] 1.00–1.64; 

P = 0.046).
39

 Importantly, Bernard et al. found a 3% non-significant survival-to-hospital 

discharge advantage for paramedic RSI. 

With over 230 citations,
47

 the Bernard et al. trial is a landmark study and the only RCT to 

guide RSI for any indication, either prehospitally or in an emergency department. Although it 
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is used internationally to support the practice of RSI by paramedics, the trial has received 

criticism for its apparent shortcomings, suggesting that it might be unsuitable to justify RSI by 

paramedics. Fitzgerald et al. stated that no correction was made for the multiple secondary 

outcomes, deeming those used to justify paramedic RSI subsequently responsible for 

increasing the outcome data by chance.
47

 It is also apparent that the Bernard trial might have 

been too small in terms of sample size, and that the significant secondary outcome found 

could be a chance finding. The implication of these criticisms implies that this RCT might not 

serve as an adequate evidence basis for paramedic RSI. Evidently, there is clinical equipoise 

for evidence on paramedic RSI, with a trial urgently needed.
48

 

Even if the Bernard trial did not have the shortcomings suggested by Fitzgerald et al., it 

remains unclear that evidence from a brain trauma study can be applied to examine NTBP, as 

such patients are comparatively different in several ways.
7
 For example, consider that 

mechanical ventilation increases intrathoracic pressures
49

 and RSI patients receive such 

ventilation. Since myocardial dysfunction is often found in subarachnoid haemorrhage (and 

perhaps other strokes),
50

 and given that positive pressure ventilation can decrease cardiac 

output, it follows that ventilation after RSI could decrease cardiac output in subarachnoid 

haemorrhage.
49

 If plausible, perhaps intubation could do so for other types of stroke and 

NTBPs. Conversely, a recent prospective study shows that TBI is not linked with myocardial 

dysfunction in contrast to subarachnoid haemorrhage.
50

 It stands to reason that positive 

pressure ventilation after RSI could affect mortality differently when brain trauma and NTBPs 

are compared. 

While it is possible that RSI-related mechanical ventilation could affect survival 

differently for brain trauma patients compared to NTBPs, other potential mechanisms could 

inhibit application of the trauma evidence to NTBPs. Primarily, patients intubated for TBI are 

younger than those with stroke.
42

 As age is associated with increased mortality from 

nosocomial infections following mechanical ventilation,
51

 and given that many patients with 

NTBPs such as strokes are older than those with TBI, intubation could actually cause more 

infection in stroke compared to brain trauma. Similarly, increased age is associated with 

increased risk of RSI-related hypotension.
52

 Since stroke patients tend to be older than TBI, it 

follows that the elderly stroke patient might be more prone to low blood pressure compared to 
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individuals with brain trauma. Undoubtedly, there are other factors that separate NTBP 

patients from their TBI counterparts. Thus, it is argued that mechanical ventilation and the age 

effects on nosocomial infections and hypotension together suggest that the evidence from the 

Bernard RSI trial in brain trauma cannot necessarily be applied to NTBPs.
39

 

1.2 Rationale for the research in this thesis 

As indicated in Section 1.1, NTBPs such as stroke, seizure and encephalopathies caused 

by toxidromes comprise a substantial proportion of acquired brain injuries (at least, from what 

can be gleaned from the sparse research on this topic). It is also apparent that NTBPs are a 

cause of coma and (therefore) a common cause of presentations to both emergency 

departments and the EMS. If NTBPs were common in those that receive RSI, and, conversely, 

if RSI were prevalent in NTBP, then it is clear that high-quality evidence to support intubation 

for NTBPs is needed. 

A cursory literature search showed a shortage of studies outlining the exact prevalence of 

NTBPs in RSI recipients, with the inverse remaining equally true: there are few, if any, 

studies that report the true proportion of RSI in patients with NTBPs. Again, this is important 

knowledge, as the greater the amount of patients contributing to increased disease burden, the 

more pressing the need for quality evidence to support RSI in out-of-hospital settings. While a 

quick literature review revealed few studies that aim to answer these questions, it was clear 

that at least some research does provide a modicum of the prevalence of NTBPs receiving 

RSI. 

Bernard et al. conducted a study counting the prevalence of non-traumatic coma in a group 

of patients that received RSI over a four-year period in Victoria.
53

 The authors found that 551 

of 1,152 (48%) RSIs were conducted on individuals that paramedics considered to have 

experienced non-traumatic coma. However, they could not stratify this incidence into the 

various pathologies that comprise NTBPs, as paramedics were limited in their diagnostic 

capabilities prehospitally. Wholly dependent on paramedic provisional diagnosis and further 

restricted by their inability to (for example) diagnose stroke (as no radiological capabilities 

exist in ambulances), the Bernard et al. study suffers key limitations. Seemingly the only work 

to date to compute the prevalence of NTBPs in RSI recipients, this research falls short of 
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providing a true prevalence for non-traumatic coma. To get an accurate picture of NTBP 

incidence in paramedic RSI cohorts, it is critical to count hospital-based diagnosis, since this 

is more likely to be correct and less biased. Overall, these estimates will provide a truer 

indication of the NTBP burden in patients that receive RSI by paramedics, and further serve to 

inform the importance of a solid intubation evidence base. 

There is merit in knowing the true prevalence of NTBPs in RSI administered by 

paramedics, but current research is not adequate for this purpose. To do so, Eqn. 1 denotes the 

prevalence of NTBP in RSI: 

Prevalence of non − traumatic brain pathologies in RSI =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑁𝑇𝐵𝑃

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑆𝐼
 (1) 

It is equally critical to grasp the inverse. Hence, Eqn. 2 denotes the prevalence of RSI in 

NTBPs: 

Prevalence of RSI in non − traumatic brain pathologies =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑆𝐼

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑁𝑇𝐵𝑃
 (2) 

Reckoning both prevalence estimates, in which the numerator and denominator are 

exchanged, will highlight the true burden of NTBPs. Knowing both these prevalence 

estimates, where the numerator and denominator are switched around, will give us an idea of 

the true burden of non-traumatic brain pathologies, and an inference for the urgency of quality 

evidence to support RSI would be easier as a consequence. There are no high quality trials to 

support the use of RSI in non-traumatic brain pathologies. The brain trauma patient might 

differ too much from the non-traumatic brain pathology patient, and the evidence is not 

transferable.  

1.3 Aims and objectives of this thesis 

This thesis, and the research that informs it, aims to calculate the prevalence of RSI in 

NTBPs (and vice versa), further employing observational methods to examine whether 

intubation benefits such pathology. Furthermore, this thesis aims to determine whether brain 

trauma evidence can reasonably inform NTBP RSI. In sum, the research objectives include: 

1. quantifying the prevalence of RSI by paramedics in NTBPs presented in out-of-

hospital settings 
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2. further enumerating the proportion of NTBPs in patients receiving RSI (Note that 

this is the inverse of the prevalence that is calculated in the previous point) 

3. measuring the survival benefit (or harm) of paramedic RSI in the most common 

NTBPs revealed by the first two studies—which the researcher a priori 

hypothesised as either stroke or seizure 

4. investigating if RSI affects survival similarly for TBI versus non-TBI to determine 

whether researchers can use brain trauma evidence to guide non-trauma intubation 

5. guiding methodologies to further research the effectiveness of RSI for NTBPs that 

are more rigorous than the observational methods employed in this study. 

1.4 Chapters of this thesis 

This thesis is broadly outlined in seven chapters. The first introduces the research, and the 

second provides a systematic review quantifying the prevalence of RSI in NTBPs in 

emergency settings (i.e., emergency departments and out-of-hospital settings). This review 

will also enumerate survival proportions associated with RSI for various pathologies. 

Next, Chapters 3 and 4 include observational studies. The former counts the prevalence of 

NTBPs in a cohort of paramedic RSI, and the latter is based on a large-linked dataset that uses 

propensity score matching to evaluate the survival benefit of RSI in a cohort of strokes. 

Similar to Chapter 4, Chapter 5 and 6 are also observational studies based on a large 

linked dataset that aimed to find the mechanisms underlying different survival for RSI versus 

none. Also, statistical interactions explore the mechanisms that underpin differential survival 

of RSI when comparing brain trauma to strokes. This reveals whether the controlled trial 

evidence from brain trauma RSI can be applied to strokes. All observational studies in this 

thesis received ethics approval from the Monash University, and the certificates are shown in 

appendix A and B. Finally, this thesis closes with the key findings, implications and 

recommendations of the research in Chapter 7, including a formal conclusion. 
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Chapter 2: The prevalence of intubation in NTBPs 

2.1 Declaration for Chapter 2 

2.1.1 Monash University 

Fouche PF, Stein C, Jennings PA, Smith K, Boyle M, Bernard S. Emergency endotracheal 

intubation in non-traumatic brain pathologies: a systematic review and meta-analysis. Emerg 

Med Australas [Internet] 2019; 31(4): 533–41. Available from: 

https://onlinelibrary.wiley.com/doi/abs/10.1111/1742-6723.13304 doi: 10.1111/1742-

6723.13304 

2.1.2 Declaration by candidate 

In the case of Chapter 2, the nature and extent of my contribution to the work were the 

following: 

Nature of contribution Extent of 

contribution (%) 

Lead author responsible for data collection, literature review, statistical 

analysis and manuscript preparation. Responsible author who accepts overall 

responsibility for publication. 

85% 

The following co-authors contributed to the work. If co-authors are students at Monash 

University, the extent of their contribution in percentage terms must be stated. 

Name Nature of contribution Extent of contribution 

(%) for student co-authors 

only 

Paul Jennings Manuscript preparation – 

Chris Stein Quality ratings, manuscript 

preparation 

– 

Malcolm Boyle Manuscript preparation – 

Karen Smith Manuscript preparation – 

Stephen Bernard Manuscript preparation – 
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2.2 Background and context 

Emergency intubation such as RSI is used to manage the airways of comatose patients 

with NTBPs including brain tumours, meningitis, encephalitis, anoxic injury, stroke, seizures, 

toxidromes, diabetic and other metabolic encephalopathies.
9,11,12

 High quality evidence that 

justify  RSI in NTBP is essential, but there is an apparent shortage of trials of advanced 

airway management for NTBP. However, RCT evidence exists to support RSI in TBIs, but it 

is unclear that this information can be extrapolated to NTBPs. Differences between TBI and 

NTBP patients are apparent, particularly regarding the effect of mechanical ventilation that 

follows intubation in RSI. Indeed, ventilation could worsen the low cardiac output states 

found in some strokes (which are comparatively less prevalent in brain trauma).
3,49

 Another 

difference in comparing TBI and NTBPs regards the age-related propensity for nosocomial 

infections after intubation and ventilation. Generally, NTBPs such as strokes mostly occur in 

older cohorts than typical brain trauma.
3,42

 Differences in the age distributions between TBI 

and NTBP could drive survival dissimilarities between both pathology types, since the 

likelihood of infection after intubation naturally increases with age. For these reasons the TBI 

evidence cannot be used to inform NTBP RSI, and finding studies that underpins RSI in 

NTBP is critical.   

2.3 Aims of this chapter 

Evidently, if the typical stroke patient differs from sufferers of TBI, and both pathologies 

might vary in response to intubation, then this suggests that the brain trauma evidence cannot 

be applied to stroke or seizure RSI. It would be equally important to find evidence that 

supports NTBP RSI by paramedics. The value of a rigorous research base would prove further 

critical if RSI were commonly used in pathologies such as brain tumours, meningitis, 

encephalitis, anoxic injury, stroke, seizures and toxidromes. 

The systematic review and meta-analysis in this chapter aimed to discover and collate 

evidence that supports RSI in NTBPs in both emergency departments and out-of-hospital 

settings. Additionally, determining the extent of RSI use in these pathologies by calculating 

the prevalence of intubation for various NTBPs is equally important. To gauge the prevalence 

and uncover the evidence base upon which to support RSI in these pathologies, both a 
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systematic review and meta-analysis of all intubation (not just RSI) were performed. Included 

in the meta-analysis are paramedic-based studies and those from emergency departments in 

order to compare estimates from these two settings. This analysis employs a new method of 

pooling study-level statistics. The quality effects model enables adjustment for study-level 

bias, which could produce pooled estimates that are truer.
54

 Additionally, and to enable proper 

quality ratings of all included studies, both a custom quality checklist and accompanying 

guide were developed to reduce inter-rater variation. The list was modified from the Hoy et al. 

prevalence checklist
55

 and refined over three years, after which it was utilised (along with the 

guide) in two other advanced airway systematic reviews.
37,38

 One key strength of this review 

is the large number of studies included, as well as use of a novel statistical method and bias 

adjustment to produce truer estimates.  
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*See Appendix C, Tables C.1.1 and figure C2.1 for the supplementary material 
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2.4 Principle findings and conclusions 

The systematic review and meta-analysis show that endotracheal intubation and RSI are 

commonly used in both emergency departments and out-of-hospital settings, but no rigorous 

evidence actively supports emergency endotracheal intubation for NTBPs in either setting. 

Numerous observational studies that report survival are presented, but the quality assessment 

indicates that these are not unbiased enough to guide clinical practice. Importantly, the 

findings are based on all types of intubation, and not just RSI. That said, the review indicates 

that most intubations are likely RSI, and the conclusions gleaned are applicable to RSI itself. 

Since intubations (and RSI) are common for NTBPs, and given that no high-quality evidence 

supports RSI for these illnesses, it remains clear that a randomised trial is urgently needed. 
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Chapter 3: Survival in out-of-hospital RSI of NTBPs 

3.1 Declaration for Chapter 3 

3.1.1 Monash University 

Fouche PF, Jennings PA, Smith K, et al. Survival in out-of-hospital rapid sequence intubation 

of non-traumatic brain pathologies. Prehosp Emerg Care [Internet] 2017; 21(6): 700–8. 

Available from: 

https://www.tandfonline.com/doi/abs/10.1080/10903127.2017.1325952?journalCode=ipec20 

doi: 10.1080/10903127.2017.1325952  

3.1.2 Declaration by candidate 

In the case of Chapter 3, the nature and extent of my contribution to the work were the 

following: 

Nature of contribution Extent of 

contribution (%) 

Lead author responsible for data collection, literature review, statistical 

analysis and manuscript preparation. Responsible author who accepts overall 

responsibility for publication. 

80% 

The following co-authors contributed to the work. If co-authors are students at Monash 

University, the extent of their contribution in percentage terms must be stated. 

Name Nature of contribution Extent of contribution 

(%) for student co-

authors only 

Paul Jennings Manuscript preparation – 

Malcolm Boyle Manuscript preparation – 

Karen Smith Manuscript preparation, data collection – 

Stephen Bernard Manuscript preparation – 

Gabriel Blecher Manuscript preparation, data collection – 

Jonathan Knott Manuscript preparation, data collection – 
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Mani Raji Manuscript preparation, data collection – 

Pamela Rosengarten Manuscript preparation, data collection – 

Michael Augello Manuscript preparation, data collection – 

3.2 Background and context 

RSI is used to stabilise the airways of NTBPs in emergency settings. However, despite the 

procedure’s clinical importance, no high-quality studies in the literature support its use for 

such pathologies.
2
 Urgency to generate evidence that backs RSI for would be more pressing if 

the disease burden of NTBPs were sizable. That is, if many patients with strokes, seizures, 

encephalopathies and/or other non-TBIs were commonly intubated using RSI, then the 

urgency for clinical evidence becomes critical because more patient lives are at stake. 

Through a systematic review, Chapter 2 showed that intubation methods such as RSI are 

common in NTBPs, both in emergency departments and in prehospital settings. Further, the 

meta-analysis found that emergency intubation was used in 12% of NTBPs, while 

endotracheal intubation was used commonly in haemorrhagic stroke (79%) and to a lesser 

extent for seizures (18%) and toxidromes (25%). Rapid sequence intubation proved to be the 

most common method of intubation in these studies. 

It is clear that endotracheal intubation using RSI are commonly used in the ED and by 

paramedics. Even so, this systematic review did not tell us how prevalent non-traumatic brain 

pathologies are in RSI, which is the inverse of the prevalence of RSI in NTBP. To estimate 

this statistic the numerator and denominator needs to be inverted. Stated differently, instead of 

looking at the prevalence of RSI in non-traumatic brain pathologies, we also need to know the 

prevalence of these pathologies in RSI. The reason that this knowledge would be useful is that 

if stroke, seizures and so forth are common in RSI, then the training and evidence for 

nontrauma RSI would become important. It is possible to RSI a large proportion of NTBP (the 

finding of chapter two), but if NTBP are not prevalent, then the proportion of NTBP in RSI 

(the inverse) would become small. This counterintuitive situation emphasizes the need for a 

study that counts the prevalence of non-traumatic brain pathologies within a cohort of RSI.   
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3.3 Aims of this research 

This cohort study was published in the Prehospital Emergency Care journal under the title 

‘Survival in out-of-hospital rapid sequence intubation of non-traumatic brain pathologies’. It 

aimed to calculate the prevalence of NTBPs in a sample of paramedic RSI in Victoria. 

Previous research has attempted to enumerate NTBP in RSI, but this was based on paramedic 

diagnosis, which is limited by the respective diagnostic capacities of EMS.
53

 It is believed that 

using hospital-based ICD10-AM codes would result in less measurement bias and a more 

accurate NTBP prevalence estimate for intubation recipients. 

Research governance approval was sought from seven Melbourne-based hospitals and 

Ambulance Victoria (AV), with data manually collected from in-hospital records by the 

principal investigators at each site. We anticipated that this study would take two years due to 

laborious data collection and recruiting principal investigators from each location. Such a 

multisite study would entail seeking governance approval from all participating Melbourne-

based hospitals in addition to the manual data collection. Data had to be linked painstakingly 

due to differences in site-specific collection and storage practices. 

In addition to calculating the prevalence of NTBPs in a cohort of RSI, the researchers 

aimed to uncover the out-of-hospital predictors of survival-to-hospital discharge. This 

information would be useful for future research and further serve as possible confounding 

variables that must be accounted for in statistical models. 
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*See Appendix C, Tables C1.2 for the supplementary material 



39 

 

3.4 Principle findings and conclusions 

This cohort study showed that 58% of the 1,940 patients who received RSI had at least 

one hospital-diagnosed NTBP, and 69% all of NTBPs survived to hospital discharge. Stroke 

was the most common pathology that had generally poor survival to discharge at 37%, 

compared to the second most common NTBP (toxicity/toxic encephalopathy) at 98%. No out-

of-hospital clinical intervention or prehospital time interval predicted survival significantly. 

Factors that did prove indicative include the GCS, duration of mechanical ventilation, age, 

ICU length of stay and comorbidities. Evident from this cohort of RSI patients, NTBPs are 

very common. Despite their prevalence, no high-quality evidence that supports RSI is 

currently available. Hence, this paper emphasises that a randomised trial or quality 

observational study is urgently needed. 
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of-hospital stroke 
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4.2 Background and context 

Although paramedics practise RSI to secure patient airways in cases of stroke,
1-3

 the only 

high-quality evidence to support its use derives in one out-of-hospital RCT of TBIs.
39

 

Importantly, brain trauma differs from stroke, so it is not clear that the evidence from this 

head injury trial can be extrapolated to NTBP.
3
 Urgency for evidence that support NTBP RSI 

has increased following the systematic review in Chapter 1, which demonstrated how 

intubation is commonly used in seizure, overdose and poisoning, and stroke.
2
 Not only is RSI 

frequently employed in NTBPs, but stroke is the most prevalent condition in patients that 

receive paramedic RSI (further demonstrated in the researcher’s own recent cohort study).
3
 

The systematic review also showed that almost 80% of haemorrhagic strokes receive 

intubation and ischaemic stroke anywhere from 6–25% through methods such as RSI.
2
 

Further noted, stroke is the most common NTBP in RSI recipients with the highest mortality 

rate—especially if haemorrhagic in nature. 

Since strokes are most commonly intubated using RSI and have the highest mortality, 

generating evidence to support (or contest) stroke RSI is critical. Ideally, an RCT would 

provide the best quality evidence, but many obstacles, including gross financial expense and 

time required for completion, impede its viability. In the absence of a trial, observational 

studies can be used to generate estimates of treatment effects.
56,57

 

4.3 Aims of this research 

This section presents the results of a cohort study published in the Emergency Medicine 

Journal under the title ‘The association of paramedic rapid sequence intubation and survival 

in out-of-hospital stroke’.
1
 Essentially, it aimed to compare the survival-to-hospital discharge 

of a sample group that received paramedic RSI for strokes against another that did not. This 

study was based on all strokes RSI conducted in Victoria by paramedics for a full decade. 

This large data-linkage study utilised a total of 38,352 complete stroke observations 

(including 782 RSIs) to predict propensity scores through a boosted logistic regression model. 

Propensity score methods are efficient at reducing bias in observational research.
58-60

 Since 

haemorrhagic strokes had poorer prognosis than ischaemic strokes, the large number of 



42 

 

haemorrhagic strokes in the RSI group could bias results in favour of no-RSI. To counter 

imbalances between the RSI and no-RSI groups, the analysis used propensity score matching. 

Ideally, an RCT would be employed to compare RSI to no-RSI, as this is the most reliable 

method of ensuring that confounding factors are equalised between treated and control groups. 

When a trial is not easily conducted, observational research using propensity score methods 

can instead be used. As propensity score matching attempts to emulate features of an RCT, 

the technique was applied to create a matched dataset, with a multilevel logistic regression 

estimating the treatment effect of RSI. The results were tested for robustness for missing data 

and to gauge the effects of unmeasured confounding due to illness severity. Appendix C.3 

contains figures that show the causal directed acyclic graph and distribution of propensity 

scores referred to in the publication of this chapter. Appendix C.4 is a response to a letter to 

the editor in comment of this publication. 
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*See Appendix C3, Figures C3.1–C3.3 for the supplementary material 
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4.4 Principle findings and conclusions 

This propensity score-matched cohort study of paramedic RSI is the first out-of-hospital 

study to show decreased survival for intubation in cases of stroke. The matched-cohort found 

39% lesser odds of survival for RSI in strokes compared with a no-RSI sample. A subgroup 

analysis further showed no statistically significant survival difference for ischaemic strokes 

(odd ratio [OR] 0.66; 95% CI 0.40 to 1.07; p = 0.09) but survival odds for haemorrhagic cases 

were 40% lower for RSI OR 0.60 (95% CI 0.41 to 0.90; p = 0.01). This study is likely 

protected against bias problems that results from to unmeasured confounding and missing 

data. Additionally, a causal directed acyclic graph was compiled and broadly showed the 

effect of illness severity on survival estimates. Such a graph can be used to guide future 

research.
61

 Researchers must acknowledge that any observational data on NTBP airway 

management have to properly account for illness severity.
1,2,62,63

 

Overall, the propensity-matched study found a considerably larger decrease in systolic 

blood pressure for those that received RSI compared with no-RSI. Additional derangements in 

carbon dioxide (CO2), oxygen, pulse rate and respiratory rate found here could, then, explain 

this decreased survival in stroke. Thus, one limitation of this study is its observational nature, 

and (despite rigorous analysis) one cannot rule out unmeasured confounding. Doctors Gibson, 

Jones and Watkins responded to this publication with a letter to the editor, to which the 

authors responded, please see Appendix C4. 
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5.2 Background and context 

Chapters 2 and 3 showed that RSI is common in the emergency setting, and is frequently 

used by paramedics in patients with stroke in Victroia, Australia.
2,3

 Chapter 4 revealed that 

strokes which receive RSI by paramedics in Victoria have worse in-hospital survival, with 

heammorhagic strokes poorer survival compared to ischemic strokes.
1
 Additionally, the 

propensity matched cohort study in chapter 4 compared systolic blood pressure changes 

during paramedic care for the RSI versus no-RSI group, and found that the RSI group had a 

much larger decrease in blood pressure. Specifically, the decrease in the RSI group was lower 

by almost 16 mmHg from the baseline, compared to the no-RSI group where the decrease was 

only 6mmHg.
1
 In the mansucript of this matched study, the authors ventured that this decrease 

in systolic blood pressure could be a cause of poorer survival for RSI. Decreased blood 

pressure has been put forward as a mechanism that could cause worse survival after advanced 

airway managemnt.
1,3,64

 Clearly, this blood pressure-related mechanism as a cause of poorer 

RSI survival in strokes warrants further investigation. 

5.3 Aims of this chapter 

Chapter 5 aims to test whether  decreases in systolic blood pressure associated with 

paramedic RSI during the out-of-hospital phase is correlated with survival. This chapter 

presents a study that utilized a large data-linkage cohort of almost 44,000 strokes(wih 882 

RSI) to investigate if a decrease, increase or static systolic blood pressure impacts survival to 

discharge. Firstly, a logistic regrsssion model is used to compare RSI survival for 

heammorhagic versus ischemic strokes. Secondly, this change in blood pressure continous 

variable was tested for its interaction with the stroke type to see if blood pressure changes 

impacts survival differenlty for heammorhagic versus ischemic strokes. If a decrease in 

systolic blood pressure is not associated with a survival difference, then the hypothesis that 

such blood pressure changes could impact RSI survival carries less weight. 
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5.4. Principle findings and conclusions 

This analysis measured the association of changes of systolic blood pressure in the RSI 

group of a large data-linkage cohort. Almost 48% of RSI had a decline in systolic blood 

pressure of more than 20% from baseline, and the decline in systolic blood pressure after RSI 

was larger for haemorrhagic compared to ischemic strokes; -21.3 versus -10.9 mmHg. Despite 

the decrease in systolic blood pressure in this RSI group, the decrease was not associated with 

poorer survival for either haemorrhagic nor ischemic strokes. Stroke type and the change in 

systolic blood pressure interacted significantly, implying that changes in blood pressure after 

RSI impacts survival differently for the two types of stroke. Paramedic rapid sequence 

intubation related changes in systolic blood pressure is not associated with decreased survival, 

and this lack of association concords with stroke anaesthesia trials. Consequently, a stroke 

RCT comparing RSI to no-RSI in the out-of-hospital setting is urgently needed.  
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6.2 Background and context 

Chapters 2 and 3 demonstrated that RSI is commonly used in emergency settings and that 

NTBPs such as stroke form a large part of paramedic intubation.
2,3

 Stroke is also the most 

common pathology that receives RSI, and has the largest mortality rate among recipients.
3
 

Thereafter, Chapter 4 found that stroke recipients of paramedic RSI have worse survival-to-

hospital discharge, especially if haemorrhagic in nature. These observational studies do have 

limitations, with one being a tendency to show only confounded associations rather than 

causality.
56

 Even so, the Chapter 4 study show that paramedic RSI is associated with 

decreased survival in cases of stroke. Ultimately, the best evidence to support RSI to date 

resides in the Bernard et al. RSI in TBI trial.
39

 

Fitzgerald et al. have pointed to potential shortcomings in Bernard’s RCT, such as over-

reliance on secondary outcomes and failure to account for multiple outcomes (see Section 

1.1.5).
65

 Here, the non-significant p-values and large CIs for outcomes such as survival to 

discharge in the Bernard et al. trial imply a lack of statistical power. This deficit and the 

limitations pointed out in Fitzgerald et al. indicate that the research might not be considered as 

solid evidence to support RSI for any indication, including TBI and strokes. If the Bernard 

trial were sufficiently powered, and if the inadequacies pointed out by Fitzgerald were 

rectified, could the findings be applied to cases of stroke? That is, are strokes and TBI similar 

enough that the TBI evidence can be translated to strokes and other NTBPs? This begs the 

question; does RSI in TBI affect survival similarly for stroke? 

6.3 Aims of this chapter 

Chapter 6 aims to investigate whether researchers can transfer the TBI RSI evidence to 

strokes by studying how RSI affects brain injury compared with stroke in terms of survival. 

The RSI procedure itself is comprised of many factors, including whether intubation is 

successful and how many attempts success necessitates. RSI further consists of the 

administration of all the intubation and anaesthesia related medications, such as paralytics and 

sedatives and/or hypnotics. Furthermore, RSI is also related to scene time due to the time it 

takes to RSI. Rapid sequence intubation could have a direct effect on “vital signs” such as 

blood pressure, pulse, GCS, ETCO2, SPO2 and so forth. Each of these components might 
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affect survival differently for TBI and stroke, and have the capacity to produce differences in 

outcome between both pathologies. 

This chapter employs a large data-linkage cohort to investigate how these components of 

RSI (and therefore RSI itself) impact survival differently for TBI compared to ischemic and 

haemorrhagic strokes. We utilized a dataset in excess of 107,000 patient encounters, obtained 

after deterministic linkage of hospital and in hospital records. The governance and ethics 

applications, plus liaison with the data custodians and linkage of the datasets was very time 

consuming, and took a year-and-a-half. The statistical analysis itself took six months. To 

show the lack of transferability of the brain trauma evidence of RSI to stroke, we tested for 

statistical interactions in the RSI cohort. All the RSI components were tested for interactions 

separately, and if any of these interactions were significant at a 5% level, then it might follow 

that RSI impacts survival differently when TBI is compared to strokes.  Such differential 

impacts of RSI components on survival would imply that the brain trauma evidence cannot be 

transferred to stroke RSI. 
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6.4. Principle findings and conclusions 

This analysis found no significant difference in RSI survival for TBI, noting a –

0.7% comparatively lower survival compared to no-RSI. At the same time, 

haemorrhagic and ischaemic stroke experienced –14.1% and –4.3% lesser survival 

for RSI versus no-RSI, respectively. Significant interactions in the RSI-only group 

for age, number of intubation attempts, atropine, fentanyl, pulse rate and scene time, 

and time-to-RSI together suggest that intubation affects survival differently for TBI 

versus stroke. As RSI interacts with both pathologies, this indicates that RSI affects 

stroke survival differently from brain injury. If this is the case, then conceivably the 

TBI evidence cannot be utilised for stroke RSI. Nonetheless, a trial comparing RSI to 

no-RSI in out-of-hospital settings is immediately required. 
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Chapter 7: Key findings, implications and 

recommendations 

7.1 Interpreting the findings and suggestions for further 

investigation 

This thesis, which includes published work, investigated the causal link between 

RSI and NTBP survival using observational research methods. Now, Chapter 7 

discusses the key findings and interprets the results, as they affect clinical practice. 

Detailed suggestions are also made for future research. 

7.2 NTBPs are common in RSI, and vice versa 

7.2.1 Key findings 

Although RSI is an advanced airway technique with the potential to save lives, its 

complexity and use of medications, which paralyse patients and stop breathing, mean 

that many adverse events are possible. For example, failure to intubate the trachea 

and inadvertent oesophageal intubation can cause hypoxic brain damage and death.
66-

68
 Additionally, alterations in blood pressure after laryngoscopy and pre-medications, 

pneumonia, hypo/hyperoxia, hypo/hyperventilation, cardiac arrhythmias, adult 

respiratory distress syndrome and atelectasis, along with dysphagia associated with 

intubation, are all possible causes of decreased survival.
51,64,69-72

 In light of so many 

potential risks that could increase mortality and morbidity, the need for high-quality 

evidence is necessary to support RSI. 

Chapter 1 reported the results of a systematic review that clearly showed the lack 

of research supporting RSI in NTBP, both for emergency departments and out-of-

hospital settings. This review did find some literature that reports survival for stroke 

and seizure patients receiving RSI, but none were methodologically rigorous enough 

to show a causal link between procedure and survival. Quality assessments of these 

observational studies found that all had failed to adequately account for the acute 

sickness of RSI versus no-RSI groups. Following the systematic review and meta-

analysis, it is evident that no high-quality evidence exist to supports intubation in 
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non-traumatic pathologies.
2
 That said, the RSI groups across the literature were 

typically sicker. When acutely ill patients receive a treatment because they are sicker, 

a type of confounding result, called ‘confounding by indication’,
73-76

 thus, 

introducing bias. This is particularly prevalent in observational studies in emergency 

medicine, especially advanced airway research.
62,63,77

 

This prompts several questions. First, is high-quality evidence needed if RSI 

were rarely used in NTBPs? Would it matter if RSI evidence were lacking if 

paramedics utilise RSI only infrequently? Evidently, if the disease burden of non-

traumatic cases were large and if RSI were frequently used in these pathologies, then 

the urgency of quality evidence becomes very important. Chapter 1 discussed the 

findings of a systematic review that showed how endotracheal intubation is 

commonly used in emergency departments and out-of-hospital settings to secure the 

airways of NTBP patients.
2
 It made a case that most of these endotracheal 

intubations are likely RSI, and showed that RSI proportions by paramedics range 

from 48% to 55% for NTBP, such as strokes and seizures.
78-80

 When comparing the 

out-of-hospital RSI to emergency-department based intubations, the intubation 

proportions proved similar. However, comparisons with emergency departments 

must proceed cautiously, given the small number of studies that report RSI in out-of 

hospital settings. Even so, it is clear that a sizable proportion of NTBPs receive RSI. 

While Chapter 1 shows that RSI is prevalent in the emergency NTBP population, 

it does not follow that NTBP would necessarily be common in RSI recipients. To 

demonstrate this apparent paradox, consider a scenario in which the incidence of 

NTBP in a population is very low. Even if RSI were commonly used in a low-

incidence NTBP, the annual RSI prevalence in NTBP itself would also be low. 

Therefore, to obtain a complete picture of the disease burden and utilisation of RSI, it 

is important to invert the numerator and denominator, and ask how common NTBPs 

are in those that receive intubation. As such, Chapter 2 enumerates the prevalence of 

NTBPs in RSI recipients over an eight-year period.
3
 Seven Melbourne hospitals 

contributed data, from which it clarified that 58% of all paramedic RSI were 

performed on NTBP patients—69% of whom survived to hospital discharge. The 

survival and prevalence in the RSI group varied greatly depending on the pathology. 

Strokes were the most common and had the poorest survival to discharge (37%) 
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compared to the second most common NTBP (toxicity/toxic encephalopathy), which 

had very high survival (98%).
3
 Additionally, the statistical model found that no out-

of-hospital clinical intervention or prehospital time interval predicted survival 

significantly, but that GCS, duration of mechanical ventilation, age, ICU length of 

stay and comorbidities did predict mortality. Thus, the systematic review in Chapter 

1 shows that RSI is common in NTBP, while the Melbourne-based cohort study in 

Chapter 2 demonstrates that NTBP is common in RSI. The NTBP disease burden is 

substantial, especially for strokes, and RSI is often used. Good evidence that supports 

RSI use remains critical. 

7.2.2 Implications 

The findings from Chapters 1 and 2 indicate that RSI use is common in NTBP 

(especially for stroke), and that strokes have typically poor survival, particularly if 

haemorrhagic in nature. Figure 7.1 graphs the survival of NTBP following RSI 

treatment across Melbourne, Australia. 

 

 

Figure 7.1. Survival of NTBP that received paramedic RSI in Melbourne, Australia. 

Figure derived from the cohort in Chapter 3.  
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Stroke accounts for 10% of global deaths
81

 and almost 5% of all disability-

adjusted life years.
2,3

 Not only is stroke a large cause of death and disability 

worldwide, the first two chapters show that stroke RSI is the most important NTBP 

that receive paramedic RSI in terms of its prevalence and mortality, and the 

implications of the high prevalence and frequent use of RSI in stroke is that creating 

an evidence base for stroke RSI is a high priority. Such high incidence and frequent 

clinical use exemplify just how crucial building a solid evidence base is for stroke 

intubation.
1
 Indeed, data from the Bernard et al. paramedic brain trauma trial might 

not be applicable to stroke or any other NTBP RSI.
1-3

 The chief implication 

following systematic review and the cohort study in Chapter 2 is that the disease 

burden remains high and that RSI is commonly used, but that paramedic RSI for 

NTBP is without support. This is especially true for stroke RSI, which is the most 

immediate and pressing problem, and for which the need for strong evidence is most 

necessary. 

7.2.3 Recommendations 

First, since no high-quality data readily support NTBP RSI—and given that 

NTBP is so common in paramedic intubation (and vice versa)—the need for 

evidence is increasingly critical. This is especially true, as the brain trauma literature 

cannot be applied to the non-trauma clinical domain. Future research should focus on 

strokes, as they are the most common pathology that receives RSI, especially if 

haemorrhagic. 

Both observational trials and RCTs would be suitable to study RSI in NTBP. The 

latter would provide the most robust evidence, but observational research is certainly 

complementary, as it offers ‘real-world’ evidence without the restrictions and lack of 

external validity that typically burden trials.
56,57

 

A randomised trial is feasible, as the successful completion of Bernard’s brain 

trauma RCT suggests.
39

 However, their efforts were possibly undermined due to a 

reliance on secondary outcomes,
47

 and possibly also lack of power. A much larger 

trial for NTBP would prove effective but more difficult to undertake. Thus, it is 

recommended that a qualitative study precedes the trial to test feasibility in out-of-

hospital settings. Problems with one Western Australian paramedic adrenaline trial 
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suggest that enrolment problems in domestic contexts could be potentially 

problematic and scupper such an attempt.
82

 To test feasibility of a large RCT, a pilot 

trial should precede the pivotal RCT,
83

 as was done in the Benger et al intubation in 

cardiac arrest experiment.
84

 

Concomitant and perhaps preceding such an NTBP trial, observational methods 

to study the treatment effect of RSI can be used. However, given the potential for 

confounding by indication in RSI (wherein only sicker patients receive treatment), 

bias may become a key limitation.
74-76

 An effective way to account for such data 

distortion in advanced airway research is to adjust for illness severity and 

comorbidity scores.
63,85

 For strokes, the National Institutes of Health Stroke Scale 

(NIHSS) or similar would suffice,
86

 and commonly used comorbidity scores such as 

the Charlson comorbidity index or Elixhauser score can work.
87-89

 If the combined 

illness severity and comorbidity score is adjusted for, and the area under curve 

exceeds 0.75, then such a study is well protected against the confounding effect by 

indication.
76

 Illness severity scores for seizures and other NTBP are not routinely 

available in Australian datasets, further limiting adjustment by these factors in future 

RSI studies. Such illness severity data would have to be prospectively collected. 

7.3 RSI in strokes is associated with decreased survival 

7.3.1 Key findings 

Chapters 2 and 3 showed that strokes are the most common NTBPs with the 

highest mortality of all neurological pathologies receiving RSI. As such, strokes are 

arguably the most important NTBP for which paramedic intubation is used. These 

two chapters argued that future research should begin with testing the efficacy of RSI 

in strokes, and that TBI RSI evidence might not apply to strokes. Consequently, 

Chapter 4 presented the results of a large data-linkage cohort study of strokes over a 

10-year period covering Victoria, Australia. Since the feasibility of a trial was not yet 

clear, this study utilised observational methods that mimic aspects of an RCT to 

avoid the bias that results from confounding by indication. Specifically, this large 

stroke linked-dataset was used to create a propensity score-matched cohort, which is 
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an efficient observational method to sidestep potential bias due to measured 

confounding.
90

 

Results from this propensity-matched cohort indicate that paramedic RSI might 

cause decreased survival for intubation in stroke. The direction of effect (of 

decreased survival) is believable, as indicated by robust testing for the potential 

effect of unmeasured confounding. However, the exact magnitude of this RSI 

treatment effect in stroke remains uncertain due to possible residual confounding. 

This study also shows a substantially larger decrease in systolic blood pressure for 

RSI recipients compared with no-RSI. Additional derangements in CO2, oxygen, 

pulse rate and respiratory rate found here could explain this decreased rate of 

survival.
1
 

7.3.2 Implications 

Increased mortality in out-of-hospital stroke RSI is a cause for concern, as it 

disagrees with the apparent benefit that intubation confers in TBIs. The Bernard trial 

found a 3% increase in survival-to-hospital discharge in favour of RSI,
39

 but this 

apparent benefit of paramedic intubation in brain injury does not seem to be 

conferred to stroke. Given that the stroke estimate from the propensity-matched 

cohort is lower for RSI (OR 0.61), the implication following analysis in Chapter 4 is 

that intubation does not benefit strokes and TBI equally, and RSI does not seem to 

affect ischaemic stroke as it does haemorrhagic stroke. The RSI survival for 

ischaemic stroke was superior to its haemorrhagic counterpart, with an OR 0.66 

(95% CI 0.40 to 1.07; p = 0.09). If the results of the propensity-matched stroke RSI 

study were unbiased, then this suggests that the TBI evidence cannot be applied to 

stroke RSI. However, what are the mechanisms that underpin the difference in RSI 

survival between strokes and TBI? Determining the exact causes that drive survival 

disparities when comparing the two would provide informed reasons through which 

to reject RSI in TBI evidence and apply it to incidence of stroke. Indeed, the 

propensity-matched cohort study suggested that blood pressure changes might drive 

such differences, in that the RSI cohort experienced a significantly larger drop of 

10 mmHg in on-scene blood pressure compared to no-RSI. 
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7.3.3 Recommendations 

Results of the propensity-matched cohort study in Chapter 4 cannot be used to 

guide clinical practice, but do serve to show that paramedic RSI can cause decreased 

survival in stroke. The need for an RCT is even clearer following this matched study. 

If RSI affects survival differently when comparing NTBP and TBI, then the 

mechanisms that underlie these differential effects need clarification. Changes in 

blood pressure are one such potential mechanism outlined in Chapter 4. Essentially a 

collection of treatments, RSI consists of many factors such as the number and 

success of intubation attempts, paralytic and sedative/hypnotics drugs, opiates and 

numerous other medications. The RSI procedure also involves ventilator parameters 

such as oxygen fraction, and the oxygen saturation that results from these fractions, 

tidal volume and rate, and ETCO2. All these composite factors should be tested when 

used within RSI to gauge their direct effect on survival or through such mediating 

factors as blood pressure, level of consciousness, respiration and oxygenations. If 

any prove influential, then it would clarify why (and if) the TBI evidence can be 

applied to NTBP RSI. 

7.4 Can the TBI evidence for paramedic RSI be applied to NTBPs 

such as stroke? 

7.4.1 Key findings 

Chapter 5 presented the results of a large cohort of strokes and chapter 6 also 

included TBI, derived from data linkage of in-hospital and out-of-hospital records. 

Chapter 5 showed that decreases in systolic blood pressure in a RSI cohort does not 

seem to cause poorer survival, and the results of this cohort study agrees  with in-

hospital anaesthesia RCTs. In chapter 6 significant differences in survival-to-hospital 

discharge were found when comparing strokes to TBI. Specifically, haemorrhagic 

stroke has an almost 13% lower chance of survival following RSI compared to brain 

injury. Brain trauma RSI by paramedics showed no significant difference in survival 

when compared to no-RSI, neither from a statistical nor clinical perspective. Overall, 

this observational study demonstrated that strokes—especially if haemorrhagic in 

nature—have poorer survival rates when receiving RSI compared to TBI. Further, 
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some mechanisms related to intubation could cause marked survival differences 

between stroke and TBI, thus, implying the unreliability of TBI evidence for stroke 

RSI. 

To highlight the intubation-related mechanisms that could cause such 

discrepancies, Chapter 6 reported the results of a study on interactions in an RSI-only 

group of RSI components. Significant interactions in this sample for age, number of 

intubation attempts, atropine, fentanyl, pulse rate and scene time, and time-to-RSI 

imply that RSI affects survival differently for TBI versus stroke. Stated differently, 

these interactions of the components of RSI demonstrated that RSI itself may well 

impact survival differently for TBI compared to strokes. Notably, this study made a 

strong case that the biggest cause in survival difference is not due to medications or 

derangements in blood pressure, pulse, oxygen or CO2 levels, but mostly due to the 

effects of age. Indeed, age decreases survival for both pathologies, but the rate of 

reduction is much more rapid for haemorrhagic strokes when RSI is used. 

Differences in the steepness of decline against age slopes are important given that the 

average age of haemorrhagic stroke is 65 compared to TBI at 43 years. Such a large 

difference in age for those that received RSI, and the greatly sharper decline in 

survival when comparing haemorrhagic stokes to TBI could be the cause of the large 

survival differences for haemorrhagic strokes compared to TBI. 

7.4.2 Implications 

Interactions in the RSI group between stroke and TBI for age, number of 

intubation attempts, atropine, fentanyl, pulse rate, scene time and time-to-RSI show 

RSI potentially causes distinct rates of survival for stroke compared to brain injury. 

Furthermore, decreases in systolic blood pressure with RSI might not be implicated 

as a cause of poorer survival, contrary to preconceptions. These two studies strongly 

suggest that researchers cannot use the evidence from TBI RSI and apply it to stroke, 

and that blood pressure changes might not be the cause of poorer survival in stroke 

RSI. Consequently, the two most rigorous RSI studies to date—the historically 

controlled trial by Davis et al. and the Bernard et al. RCT—are not transferable to 

stroke RSI.
39,45,91

 This lack of transferability means that more rigorous research is 
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needed, ideally in the form of an RCT comparing paramedic RSI to no-RSI—not 

only for strokes, but also for all NTBP. 

7.4.3 Recommendations 

Both an RCT and observational methods can be used to generate evidence to 

support NTBP RSI.
92

 Classical observational analytic techniques such as regression 

adjustments have limited application for neurological pathologies, as made-for-

purpose illness severity scores are poorly collected in Australian prehospital datasets. 

The supplementary material in Chapter 4 (see Appendix C.3.1) shows a causal graph 

for stroke RSI that demonstrates the importance of adjusting for illness severity. 

Stroke severity scales such as the NIHSS,
86

 seizure scales such as Chalfont Seizure 

Severity Scale
93,94

 and other NTBP are not routinely collected prehospitally. Since 

the anticipated benefit of RSI is small, any residual illness severity will cause 

confounding by indication and, thus, bias results to the extent that such studies 

become inadequate.
56,57

 Therefore, inability to adjust for illness severity in NTBP 

airways research severely limits research using traditional means. For observational 

research to show true causal effects of RSI, use of natural experimental methods is 

recommended. For an RCT, a pragmatic trial is likely optimal, as described in 

Section 7.4.5. 

7.4.4 Natural experimental methods 

Natural experiments can produce results that are as true as an RCT.
95

 The effect 

of RSI in NTBP such as stroke can be estimated in an unbiased way using natural 

experimental methods such as regression discontinuity and instrumental 

variables.
96,97

 To demonstrate how regression discontinuity might be used, consider 

that Ambulance Victoria clinical practice guidelines recommend paramedics 

withhold RSI if a patient has less than an estimated 10-minute transport time to 

hospital.
36

 This cut-off is expected to increase the probability of RSI for those at 

greater distance and likewise decrease the likelihood at closer proximity. Patients 

close to and on either side of the 10-minute mark are expected to be similar in all 

confounding factors that could affect their survival, similar to a randomised 

experiment.
98

 Therefore, one can compare all the patients on one side of the 10-

minute mark (who are very close to this cut-off) against those on the other side. For 
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example, a study could examine patients with a nine-minute transport time against 

those with 11 minutes. Both samples should be very similar in all important 

confounding factors, but the latter (more distant) group is more likely to receive RSI. 

Therefore, transport times around the 10-minute cut-off would serve well as a 

pseudo-randomisation device. Further, it is recommended that researchers limit 

analysis to transport within either side of the 10-minute mark or select these bin 

widths using data-driven methods. Two-stage least-squares regression could be used 

to predict a local average treatment effect as risk differences.
99

  

An alternative to regression discontinuity is to use instrumental variables. This 

natural experimental technique employs variables much like a coin flip does in an 

RCT,
99

 as it only predicts the treatment of interest (such as RSI) but is neither 

associated with any other variable, nor the outcome.
98

 An example of an instrumental 

variable that predicts RSI in strokes is calling for MICA paramedic backup and 

subsequent availability. When a paramedic crew attends to a stroke or other NTBP 

and notices that the severity of sickness might require RSI, it typically calls upon 

MICA assistance. However, potential unavailability at the time means that 

paramedics have no choice but to transport (likely unconscious) patients to hospital 

without RSI, despite being suitable for intubation. Hence, the variable ‘MICA 

availability’ would be a true instrumental variable (Figure 7.2), particularly as it is 

not associated with any other variable or the outcome, and adjusting for it using two-

stage least-squares regression will produce unbiased RSI estimates—assuming that 

the conditions for analysis are met.
99,100

 

Natural experimental methods were not employed in this thesis, as the RSI 

sample size was too small and, thus, prone to produce biased and unstable 

estimates.
101

 As time progresses, the RSI numbers for AV will increase, making 

instrumental variable methods more suitable for use, and offering a viable alternative 

to RCTs. 
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Figure 7.2. Directed acyclic causal graph showing MICA backup availability is a true 

instrumental variable. 

7.4.5 RCT 

Chapter 6 presented the results of a cohort study that revealed evidence from RSI 

in TBI cannot be extrapolated to NTBP. For this reason, it is essential to conduct a 

randomised trial that provides evidence for RSI in strokes and other neurological 

pathologies. There are other reasons why the TBI evidence is not suitable to inform 

RSI in NTBP. Firstly, the Bernard RSI trial might not be adequate to inform RSI in 

brain trauma (for which it was designed). Although a landmark trial,
47

 its limitations 

are such that it might not guide TBI RSI and neither guide NTBP airway 

management. It was Fitzgerald et al. who recently argued against the Bernard trial, 

claiming it suffers from selecting secondary end points as important results and fails 

to account for multiple comparisons.
47

 Furthermore, the researcher argue that the 

Bernard trial was underpowered to show a statistically significant difference survival 

to hospital discharge. To show this, the researcher calculated a confidence interval 

for the survival to discharge for the Bernard trial, which was not reported in their 

publication. Bernard reported a three percent benefit in terms of survival to hospital 
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discharge in favour of RSI, and the 95% confidence interval calculated ranges from -

7% to 13%. This very wide confidence interval implies lack of power due to a small 

sample size, and shows that RSI can harmful or beneficial for traumatic brain injuries 

in terms of survival. 

It is apparent that the TBI evidence for RSI might not support the use of RSI in 

the brain trauma, much less as an advanced airway method for NTBP, as chapter 6 

indicates. Indeed, natural experimental methods were proposed, but these depend on 

collecting data for the instrumental variables or having a suitable number of RSI for 

regression discontinuity. Since the current evidence for RSI is unreliable and cannot 

be applied to NTBP—even if the evidence were reliable—it is clear that an RCT 

garners increasing priority.
1-3

 Hence, the methodological elements of such a trial are 

as follows. 

Foremost, a pragmatic RCT is recommended.
102

 Typically, trials are selective and 

suffer from problems with external validity,
103,104

 but a pragmatic trial is designed to 

show the real-world effectiveness of intervention in wider patient groups.
102

 

Typically completed without strict inclusion criteria, such a trial has been the design 

of choice for recent paramedic intubation work in cardiac arrest.
105

 Chapter 3 showed 

that strokes and seizures are by far the most frequent NTBPs that receive paramedic 

RSI. Given that no reliable evidence supports RSI in brain trauma or NTBP, a 

pragmatic trial should ideally include all RSI for any pathology, including TBI.
106,107

 

A trial for paramedic RSI for NTBP-only would be practically difficult, as 

paramedics cannot randomize strokes in a trial, since they cannot reliable diagnose 

strokes prehospitally.
108

 A trial that enrols all RSI, regardless of underlying 

pathology, can then analyse these subgroups separately. 

Third, some of the pathology subgroups, such as for meningitis or brain 

neoplasms, will be unavoidably small, given that they receive few RSIs in Victoria.
3
 

An RSI trial will be underpowered for these samples, but could be powered for the 

most important pathologies, such as ischemic stroke, haemorrhagic stroke and TBI. 

Table 7.1 present various sample sizes for a pragmatic trial with a survival-to-

discharge, calculated for stroke and TBI and a variety of survival differences 
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between the groups compared. Consideration should be given to survival with good 

neurological function as alternative primary or as a secondary outcome. 

Table 7.1: Sample Sizes (per Arm) for a Pragmatic RSI Trial at 5% Significance and 

80% Power for Survival to Discharge 

Difference in survival 

between RSI and no-RSI 

groups 

Sample size for 

ischaemic 

stroke◊ 

Sample size for 

haemorrhagic stroke© 

Sample size 

for TBI* 

3% 4,359 4,262 3,941 

5% 1,569 1,543 1,398 

7% 800 791 702 

9% 483 480 417 

11% 322 322 274 

* Baseline survival of TBI at 64%; © Baseline survival of haemorrhagic stroke at 41%; ◊ Baseline 

survival of haemorrhagic stroke at 48% 

Fourth, out-of-hospital trials of intubation in cardiac arrest show that intubation 

benefits are likely minor.
84,105,109,110

 The Bernard trial suggests that the survival to 

discharge is also likely small, with a 3% benefit noted for intubation in TBI.
39

 

Although the cohort study in this chapter suggests that survival for ischaemic stroke 

might be 4% lower for RSI and 14% less for haemorrhagic cases, these observational 

estimates cannot be used to calculate a sample-size calculation, as they are likely 

confounded by residual illness severity or other factors. Thus, a pilot trial would best 

inform a sample-size calculation for a later pivotal trial.
111

 In the literature, Benger et 

al. used such a study to guide sample size for subsequent RCT in intubation of 

cardiac arrest, which proved the value of piloting within the context of advanced 

airway research.
84,109

 

If the survival benefit of RSI proves to be small (as suggested in the Bernard 

trial), then an intubation study will be unavoidably long in duration, as the sample 

size will be large (Table 7.1). As such, a 3–5% survival benefit (or harm) is the most 

likely survival difference, meaning that a pragmatic RSI trial would be ≈ 1,569 to 

4,359 patients per arm or a total of 3,138 to 8,718. Alternatively, if an outcome such 

as good neurological survival is used, the sample size might be as low 269 per arm or 

538 in total, assuming that the likelihood of a positive outcome is the same in stroke 
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as it is in TBI. If enrolments are at 300 to 500 RSI annually, a trial might take 

between two and 10 (or more) years, depending on the chosen outcome. For these 

reasons a trial should use good neurologacl survival as the main outcome, and power 

the trial according to this outcome. 

Finally, small pathology subgroups and equally small numbers of annual RSI 

make for small sample sizes in trials. However, lack of adequate power does not 

preclude a conducting trial.
112,113

 An RSI study with survival-to-discharge as the 

main outcome and a sample of a 1,000 might not be large enough if statistical 

significance were essential, but it would still provide the best evidence on RSI-

acquired brain injuries to date, given its comparatively (4–5 times) larger size to 

Bernard’s trial. Likewise, it would take less than five years to conduct, considering 

that the number of RSIs in Victoria is ≈ 300–500 annually. 

7.5 Conclusions and summary of findings 

Non-traumatic brain pathologies are a common cause of morbidity and mortality, 

and are frequently treated by endotracheal intubation techniques such as RSI in the 

emergency milieu. This research demonstrates that RSI is commonly used for NTBP 

in the emergency department and out-of-hospital setting. It is also true that in 

Victoria, Australia, NTBP such as stroke comprise most of the RSI by paramedics. 

Despite RSI being commonplace, no high quality evidence such as a randomized 

controlled to support RSI for NTBP is available. 

In this thesis, the researcher showed that stroke is the most common pathology 

that receives RSI in Victoria, Australia.  Haemorrhagic strokes are the most common 

stroke type that receive paramedic RSI and has the highest mortality. It is evident 

from the cohort study in chapter four that observational research to estimate the 

treatment effects in stroke RSI would need to account for illness severity and 

comorbidity, and a matched cohort presented in chapter four showed that RSI in 

haemorrhagic strokes have poorer survival compared to ischemic strokes, but that 

RSI in both types of strokes fare worse than not receiving RSI at all. The propensity 

matched cohort study suggested that RSI might be a cause of decreased systolic 
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blood pressure on scene, and it is speculated that alterations in blood pressure are a 

cause of poorer survival in stroke.  

Alterations in blood pressure as cause of decreased survival after RSI in stroke 

proved an unlikely causal factor, as the studies in chapter 5 shows. Additionally, 

chapter 6 made a case that RSI impact survival differently for strokes compared to 

TBI, and that the brain trauma evidence base cannot be used to inform the use of RSI 

in NTBP. It is evident that a randomized controlled or observational research 

utilizing rigorous methods be used to generate a new evidence base for NTBP. In this 

thesis I suggested that natural experimental methods such a regression discontinuity 

and instrumental variable analysis might provide “real world” evidence to support 

RSI, but ultimately a trial would be needed. A pragmatic randomized controlled trial 

is possible to do in Vitoria, Australia, but might take as long as a decade, depending 

on the sample size required which would make adequately powered trial 

prohibitively difficult. A trial that is unavoidably underpowered would not be 

without use to guide clinical practice, and would be worth conducting.   
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Table C1.2: Multivariable Logistic Regression of Prehospital Predictors of Survival-to-

hospital Discharge for RSI in all NTBP 

Factor Adjusted OR (95% CI) P-value 

Age (years) 0.95 (0.94–0.97) < 0.001 

Anoxic brain injury 0.19 (0.07–0.55) 0.001 

Elixhauser–Walraven score†
 

5 

10 

20 

30 

40 

 

1.00 (ref) 

0.002 (0.001–0.09) 

0.01 (0.001–0.22) 

0.02 (0.001–0.24) 

0.003 (0.001–0.11) 

< 0.001 

Final pulse rate (p/min) 0.99 (0.98–0.99) 0.008 

Haemorrhagic stroke (yes) 0.32 (0.19–0.54) < 0.001 

ICU stay 1.68 (1.06–2.69) 0.03 

Initial pulse rate (p/min)†† 

40 

60 

70 

100 

150 

 

0.94 (0.90–0.98) 

1.00 (ref) 

1.05 (1.02–1.08) 

1.37 (1.12–1.67) 

3.59 (1.60–8.07) 

0.002 

Maximum blood sugar level (mmol/l) 

1.2–4.99 

5–9.99 

10–14.99 

15–19.99 

≥ 20 

 

0.23 (0.09–0.61) 

1.0 (ref) 

1.16 (0.68–1.96) 

1.59 (0.61–4.15) 

1.23 (0.25–5.97) 

0.04 

GCS
$
 1.11 (1.04–1.18) 0.001 

Seizures 15.18 (7.53–30.6) < 0.001 

Toxicity and toxic encephalopathy 25.47 (9.78–66.3) < 0.001 

Other encephalopathy types 0.10 (0.03–0.30) < 0.001 

† Elixhauser score fitted as fractional polynomial terms: β 1 (Elixhauser + 1/10)
3 
+ β 2 

(Elixhauser + 1/10)
3
ln + β3 (Elixhauser + 1/10)

3
ln

2
 + β4 (Elixhauser + 1/10)

3
ln

3
 

†† Initial pulse rate fitted as a fractional polynomial term: β1 (Initial pulse rate + 1/10)
3
 

$ Highest GCS measured by paramedics on scene. Variables included in multivariable were only 

those that were significant at the 5% level. *(OR) odd ratio 
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Table C1.3 to 5: Estimates of logistic regression of RSI adjusted for 

covariates in brain trauma and strokes 
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Table C1.6 – 25: Rapid sequence intubation interaction of factors 
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Chapter 2 figures 

 

Figure C2.1. Doi plot of non-traumatic brain pathologies intubation prevalence, QE model 
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C.3 Chapter 4 figures 

 

Figure C3.1. Directed acyclic graph of the causal path of RSI for survival.
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Figure C3.2. Distribution of propensity score across treatment and comparison groups in the unmatched 

cohort. 
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Figure C3.3. Effect of adjustment for additional unmeasured illness severity in the RSI cohort (dashed line at 

64% prevalence in RSI group). 
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C.4 Chapter 4 letter to editor and response  

Letter  

Published on: 23 July 2019 

Rapid sequence intubation (RSI) is uncommon in prehospital stroke care 

Josephine M E Gibson, Reader in Health Services Research; Senior Research Fellow University of Central 

Lancashire; NIHR Collaboration for Leadership in Applied Health Research and Care, North West Coast 

Other Contributors: 

Stephanie P Jones, Senior Research Fellow  

Caroline L Watkins, Professor of Stroke and Older People's Care  

As researchers with an interest in pre-hospital stroke care, we read this paper with interest, but also with 

some surprise at the authors’ assertion that ‘RSI is commonly used by paramedics in stroke’. On examining 

the cited studies and the authors’ own findings more closely, this statement is hard to justify. Although 

Meyer et al did indeed report that 55% of out-of-hospital haemorrhagic strokes received RSI, this actually 

refers to a retrospective chart review of 20 children, all of whom with a Glasgow Coma Scale ≤ 8 following 

acute haemorrhagic stroke from a cerebral arteriovenous malformation rupture. This small, selective 

paediatric sample cannot be held to be representative of all stroke patients who are conveyed to hospital by 

emergency medical services. The other study cited as evidence found that people with acute stroke form a 

substantial proportion (36.6%) of RSIs undertaken by paramedics (Fouche et al., 2017). Whilst stroke may 

be a common reason for paramedic RSI, it cannot therefore be inferred that paramedic RSI is common in 

stroke. The authors’ own findings bear this out: of their sample of nearly 44,000 stroke patients conveyed by 

the emergency medical services, only 2% had received paramedic RSI. 

Whilst we congratulate the authors on their comprehensive analysis of this large dataset, it is important that 

readers do not gain the impression that paramedic RSI is frequently indicated and performed in pre-hospital 

stroke care. 
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Response 

Published on: 2 September 2019 

Prehospital rapid sequence intubation is not uncommon in unconscious stroke  

Pieter F. Fouche, Paramedic Monash University 

Other Contributors: 

Paul A. Jennings, Clinical Manager  

Malcolm Boyle, Academic Lead in Paramedic Education  

Stephen Bernard, Medical Director  

Karen Smith, Director of Research  

We thank Drs Gibson, Jones and Watkins for their interest in our paper and for pointing out that our 

statement that RSI is commonly used by paramedics may be incorrectly interpreted by readers. We agree 

that whilst RSI for traumatic and non-traumatic causes of coma are common in paramedic practice, it cannot 

be inferred that paramedic RSI is common in stroke. It would have been more accurate to say that paramedic 

RSI is not uncommon in stroke patients that are unconscious. In our dataset of 38,352 strokes 3,374 had an 

initial Glasgow Coma Scale of less than nine, of which 627 (18.6%) received RSI by our paramedics, but 

this was not reported in our paper. In our opinion, 18.6 % paramedic RSI in unconscious patients would 

qualify as common use of RSI.  

Alternatively, we could have stated that the emergency use of intubation techniques such as RSI in the 

stroke patient is common. In our recent systematic review and meta-analysis it was demonstrated that 

emergency department and prehospital intubation via methods such as RSI is commonplace in strokes.1 This 

review shows that emergency endotracheal intubation was used in 79% of haemorrhagic, and 6% of 

ischemic strokes. In a sensitivity analysis, the removal of a large influential study raised the prevalence of 

mailto:Pieter.Fouche@monash.edu
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intubation in ischaemic strokes to 25%. We argue that most of these intubations were RSI, and we can 

therefore conclude that RSI in the emergency setting for strokes is frequent.  

Ultimately we agree with Drs Gibson, Jones and Watkins in that our statement that RSI is commonly used 

by paramedics for stroke is not clear without qualification, but we hope they agree that RSI is indeed 

commonly used in unconscious stroke patients and in the emergency setting more broadly. If it is true that 

RSI is frequently used, and that there is a lack of high-quality evidence to support emergency intubation in 

stroke patients, then it is clear that a trial is needed.  
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