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Abstract 

Background 

Procedural sedation (PS) is commonly required in the Emergency Department (ED).  

Propofol is a drug commonly used for this.  It is administered as an intravenous bolus 

and adverse events can occur.  Target-controlled infusion (TCI) is another way of 

administering Propofol and may produce less adverse events as the concentration is 

targeted to be within the therapeutic window.  TCI is not currently used in the ED.  I 

assessed the feasibility of running an RCT comparing Propofol TCI vs bolus 

administration in the ED. 

Methods 

I assessed feasibility of a future RCT by; conducting a survey to describe current local 

PS practice, a time to set up TCI study, a systematic review of rate of adverse events 

for Propofol TCI vs bolus in PS and a multicentre single arm feasibility study on 

Propofol TCI in ED sedation. 

Results 

112 respondents completed the survey; most respondents experienced a complication 

during PS and 79% of respondents were comfortable using Propofol.  The difference in 

median set up time of TCI vs bolus was 143 seconds, approximately half of what 

participants felt was acceptable.  There is a paucity of studies involving TCI in the ED.  

Twenty-five patients were recruited to the study and results suggests a trend towards 

fewer respiratory and hypotensive events with Propofol TCI versus other methods of 

administration.  No adverse events were recorded.  TCI was deemed acceptable by 

patients and staff. 

Conclusion 

Although results indicate that an RCT to compare the incidence of adverse events in 

ED procedural sedation would be technically feasible, there may be more efficient 

approaches to achieving a safe change in practice. 
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Chapter 1 Procedural Sedation in the Emergency 
Department 

1.1 History of Emergency Medicine in the UK 

In 2015 the Royal College of Emergency Medicine (RCEM) was permitted to use the 

word Royal in its title, seven years after being granted a Royal Charter.  Compared to 

the Royal College of Physicians of London which was granted a Royal Charter from 

King Henry VIII in 1518, the RCEM is a relatively new medical college as is the 

specialty of Emergency Medicine (EM). 

Emergency Departments had existed for many years before the establishment of the 

NHS in 1948 but with the introduction of the NHS, they were more commonly known 

as Casualty departments (Guly, 2005).  Until the publication of the Sir Harry Platt 

report in 1962, there had been no consistency in the organisation of Emergency 

Departments nor consideration of future development.  The Platt report also 

recommended that departments were renamed from ‘Casualty’ to Accident and 

Emergency (Standing Medical Advisory Committee, 1962).  The recommendations 

included an increase in consultant staffing to three consultant surgeons and the 

recommendation that at least two of these should be Orthopaedic surgeons.  The 

majority of the workload at that point was within the skillset of an Orthopaedic 

surgeon.  In 1962 there was one recognised consultant in Casualty, Dr Maurice Ellis 

who had been appointed in 1952.  On his retiral in 1969 he was replaced by an 

Orthopaedic consultant as outlined in the Platt report. 

Unfortunately, during the subsequent years after the Platt report the standards in the 

Accident & Emergency (A&E) departments did not improve as they had trouble with 

staffing and “absentee Orthopaedic landlords” (Ellis, 1972).  Medical recruitment was 

difficult as it was widely viewed as an appointment for a ‘failed surgeon’.  The 

majority of the medical staffing was provided by surgical trainees who were 
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mandated to complete a period of working in the A&E to satisfy requirements for the 

Fellowship of the Royal College of Surgeons (FRCS) (Collins, 1972). 

In the 1970’s it was appreciated that the task given to the Orthopaedic surgeons of 

managing and developing the A&E departments had failed.  Discussions began about 

the correct medical staffing model for A&E departments.  The majority view for the 

post holders was that there should be dedicated A&E consultants and that the 

individual’s background was of no consequence (Garden, 1965). 

At the end of 1971, members of the British Medical Association (BMA) convened and 

outlined what they saw as the future of A&E.  They recommended the appointment of 

A&E consultants to manage the departments.  Their background training should be 

reflective of the diversity of presentations at the A&E departments (Bainbridge, 

1972).  The importance of teaching junior doctors was also recognised.  Based on the 

BMA’s recommendations the proposal was ratified by both the government and the 

NHS and 32 consultant posts were created on a pilot basis to be monitored over a five-

year period (Bruce, 1971). 

1.1.1 Emergency Medicine Curriculum 

At the 1971 BMA meeting, the appointment of A&E consultants was judged a success 

and the need for increased recruitment to the specialty was acknowledged (Lewin, 

1978).  It was realised that specialty A&E trainees had to be trained to become the 

A&E consultants of the future.  A curriculum was developed despite opposition from 

the Royal College of Surgeons and in 1978 the first senior registrar was appointed 

(Guly, 2005).  In 1981 the Royal College of Surgeons of Edinburgh (RCSEd) announced 

the first professional exam for A&E with the first candidates sitting the examination in 

1982. 
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The following 40 years have seen a significant expansion in consultant numbers with 

some of the larger departments having more than twenty consultants (Smith et al., 

2018).  Trainees in the specialty no longer universally have a surgical background and 

are entering their higher specialist training years with more varied backgrounds of 

Medicine, Anaesthesia and Intensive Care Medicine (ICM) (Nazir et al., 2011). 

Entry into Emergency Medicine training in 2023 is possible via a few routes following 

an initial successful two-year period as a Foundation Year doctor (RCEM, 2023).  The 

Acute Common Care Stem (ACCS) describes a 24-month period where a trainee will 

rotate between Emergency Medicine, Anaesthesia, ICM or Acute Medicine with 12 of 

those months being in EM.  There is also the Defined Route of Entry into Emergency 

Medicine (DRE-EM).  This is possible for trainees who have completed two years of a 

UK core surgical training programme and obtained their MRCS.  Successful completion 

of these programmes will give the participants the Certificate of Completion of 

Training (CCT) which allows them to enter the General Medical Council’s (GMC) 

specialist register and be eligible for consultant positions.  It is also possible for a 

doctor to join the specialist register via the Certificate of Eligibility for Specialist 

Registration (CESR).  CESR is for doctors who have acquired the necessary skill sets 

and examinations but not in recognised training positions.  It requires submission of 

evidence to the RCEM.  It is also now possible for trainees to accredit for the specialty 

register with dual accreditation in another specialty; Paediatric Emergency Medicine 

(PEM), Pre-Hospital Emergency Medicine (PHEM) and ICM. 

The EM curriculum has evolved as have the examinations to ensure that trainees 

understand the various breadth and complexity of the clinical scenarios they may 

encounter (Driscoll et al., 1988, Johnson et al., 1997, Boyle et al., 2021).   A trainee 

doctor must successfully achieve their Membership of the Royal College of Emergency 

Medicine (MRCEM) and Fellowship of the Royal College of Emergency Medicine 
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(FRCEM) exams (RCEM, 2021) to progress in EM training.  These exams have been 

designed to test the knowledges and skills required to be an EM consultant. 

The MRCEM must be satisfactorily completed before a trainee can embark upon higher 

training in EM.  There are three component parts, two Single Best Answer (SBA) 

multiple choice papers and an Objective Structured Clinical Examination (OSCE).  The 

FRCEM is completed during a trainees higher training to indicate readiness to become 

a consultant.  The FRCEM currently consists of a SBA paper and an OSCE. 

1.2 Procedural Sedation 

Procedural sedation is an essential skill for Emergency Physicians to allow painful, 

anxiety inducing procedures to be undertaken within the ED.  It too has evolved over 

the years and there are now numerous options available for patients.  The skill of the 

clinician is developed through their years of experience as they rotate through various 

specialities and EM.  Emergency physicians choose the most appropriate method 

depending upon various factors including the procedure to be undertaken, patient 

choice and patient physiology. 

Procedural sedation in the ED is required for a variety of procedures.  These 

procedures can include chest drain insertion, joint reduction, fracture manipulation 

and cardioversion.  Each patient and procedure combination is unique requiring a 

bespoke approach to their sedation. 

In line with the curriculum, the skillsets of teams delivering emergency patient care 

have grown and the ability to provide safe, effective procedural sedation is one of the 

key skills necessary (Royal College of Emergency Medicine, 2022).  Today’s Emergency 

Physicians are trained to deliver procedural sedation in contrast to the past when 
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procedural sedation was delivered by either the General Surgeon, Anaesthetist, 

Orthopaedic surgeon, and junior medical or surgical doctors working in the ‘Casualty’ 

(Guly, 2005).  It is recognised in the 2021 Curriculum (RCEM) as Specialty Learning 

Outcome (SLO) 6, deliver key procedural skills. 

1.2.1 Defining Procedural Sedation 

Clinicians providing procedural sedation recognise the American Society of 

Anesthesiologists (2019) (ASA) description of a sedation continuum.  It ranges from 

mild to deep sedation/general anaesthesia (Table 1-1).  However, when it comes to 

defining the term procedural sedation, there is a lack of consensus.  Clinicians will be 

biased towards including the elements of procedural sedation which are most 

important to them (Williams et al., 2017). 

  



Chapter 1 Procedural Sedation in the Emergency Department 6 

Table 1-1 ASA Continuum of Depth of Sedation: Definition of General Anesthesia and Levels of 
Sedation/Analgesia (2019) 

 Minimal 

Sedation 

(Anxiolysis) 

Moderate 

Sedation/ 

Analgesia 

Deep Sedation/ 

Analgesia 

General 

Anesthesia 

Responsiveness Normal 

response to 

verbal 

stimulation 

Purposeful 

response to 

verbal or 

tactile 

stimulation 

Purposeful 

response after 

repeated or 

painful 

stimulation* 

Unresponsive

, even with 

painful 

stimuli 

Airway patency Unaffected No 

intervention 

needed 

May require 

intervention 

Intervention 

often 

required 

Spontaneous 

breathing 

Unaffected Adequate May be 

inadequate 

Frequently 

inadequate 

Cardiovascular 

function 

Unaffected Usually 

maintained 

Usually 

maintained 

May be 

impaired 

*Reflex withdrawal from a painful stimulus does not represent a purposeful response 

 

The International Committee for the Advancement of Procedural Sedation (ICAPS) 

recognised the lack of consensus on the definition of procedural sedation.  ICAPS 

noted that the definitions of procedural sedation would often describe the continuum 

or be so non-specific that they could be describing general anaesthesia.  Green et al. 

(2021), published the results of a Delphi exercise undertaken over an 11-month period 

with input from clinicians from various specialities that undertake procedural 

sedation, not just Emergency Medicine. They defined procedural sedation as, 
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‘.....the administration of one or more pharmacological agents to 
facilitate a diagnostic or therapeutic procedure while targeting a state 
during which airway patency, spontaneous respiration, protective airway 
reflexes, and haemodynamic stability are preserved while alleviating 
anxiety and pain.’ 

1.2.2 Training in procedural sedation 

Training in procedural sedation in the ED is provided following national guidance from 

the Royal College of Emergency Medicine (2022), Table 1-2. 
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Table 1-2 RCEM procedural sedation training requirements for clinicians, Level 1 = minimal 
sedation & Level 2 = moderate/deep sedation (RCEM 2022).  Reproduced with the permission of 
the RCEM. 

Level 1 Sedation Training Requirements Level 2 Sedation Training Requirements 

ASA grading As per level 1 

Pre procedural assessment including 

prediction of difficult airway 

Drug selection with emphasis on 
potential alternative strategies and/or 
lighter sedation 

Pre procedural fasting and risk benefit 

assessment 

Monitoring complications (e.g., hypoxia, 
hypotension) and rescue strategies 

Consent and documentation Safe use of Propofol 

Drug selection and preparation: 

benzodiazepine/opioid combinations; 

increments and reversal 

Safe use of ketamine 

Monitoring, complications (e.g., hypoxia 

and hypotension) and rescue strategies 

Governance and audit 

Governance and audit  

 

By the end of the Acute Common Care Stem (ACCS) training, trainees will have shown 

competency in providing procedural sedation for ASA Grade I & II patients to level 2b 

on the RCEM entrustment scale (Table 1-3).  ASA Grade I is defined as a normal 

healthy patient and Grade II is a patient with mild systemic disease that poses no 

functional limitation, and the disease is well-controlled.  Level 2b correlates to 

having ‘supervision within the hospital for queries, able to provide prompts and 
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direction or assistance and the trainee knows reliably when to ask for help’.  On 

completion of the certificate of training, a trainee will be competent at Level 4 which 

implies they ‘will be able to manage procedural sedation with no supervisor 

involvement’. 

To evidence this training and progression, they will submit the following to their 

Annual Review of Competence Progression; initial assessment of competence 

certificate, logbook, holistic assessment of learning objectives, multi-source 

feedback, multiple consultant report, exam success and training courses attended. 
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Table 1-3 RCEM Entrustment Scale where the entrustment score is a ‘judgement based 
assessment’ decided by trainers who understands the area being assessed (RCEM, 2021).  
Reproduced with the permission of the RCEM. 

1 Direct supervisor observation/involvement, able to provide immediate 
direction/assistance 

2a Supervisor on the ‘shop-floor’ (e.g., ED, theatres, AMU, ICU), monitoring 
at regular intervals 

2b Supervisor within hospital for queries, able to provide prompt direction or 
assistance and trainee knows reliably when to ask for help 

3 Supervisor ‘on call’ from home for queries, able to provide directions via 
phone and able to attend the bedside if required to provide direct 
supervision 

4 Would be able to manage with no supervisor involvement (all trainees 
practice with a consultant taking overall clinical responsibility) 

 

1.2.3 Planning for procedural sedation 

The first decision for a trained provider of procedural sedation is having the 

situational awareness to decide firstly whether the procedural sedation should be 

undertaken in the ED or if it should be undertaken in a theatre environment. Patients 

that are likely to benefit from the theatre procedure are those that are 

physiologically unstable with a higher ASA or a procedure unlikely to be successful in 

the ED.  The second decision is which level of sedation is required (Royal College of 

Emergency Medicine, 2022). 
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The four categories of sedation that comprise the continuum of sedation as described 

by the ASA are well known and accepted by the medical community (Table 1-1).  

Whilst not described by the ASA, there is an accepted fifth category describing 

dissociative (Domino and Warner, 2010, Corssen and Domino, 1966) sedation. 

Dissociative sedation describes a state of profound sedation and analgesia but with 

maintenance of breathing and protective airway reflexes.  This is unlike the sedation 

continuum where these gradually disappear as general anaesthesia is reached.  The 

clinician must have the appropriate skill set and training to keep the patient safe if 

the patient enters the next level on the sedation continuum. 

1.2.4 Procedural sedation guidelines 

In 2012, the RCEM and the Royal College of Anaesthetists published, ‘Safe Sedation of 

Adults in the Emergency Department’(2012). This publication outlined the essential 

monitoring for each of the sedation levels in addition to guidance on fasting and 

discharge of patients post sedation. Implementation of the guidelines and safe 

sedation has been the topic of the RCEM national audits in both 2016 and 2018. 

Guidelines for ED procedural sedation in the UK developed by the working party 

recommend that Oxygen should be given to patients undergoing procedural sedation 

from the start of the encounter(2012).  The use of capnography (Whitaker and 

Benson, 2016, Burton, 2012) is recommended for moderate sedation and stated as 

mandatory for stages beyond this including dissociative sedation.  Continuous 

monitoring with ECG, non-invasive blood pressure (NIBP) and pulse oximetry is 

recommended for moderate sedation and the subsequent stages including dissociative 

sedation.  These guidelines were released in 2012 and have recently been reviewed as 

an RCEM Best Practice Guideline (2022), Table 1-4. 
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Table 1-4 RCEM Requirements for monitoring, minimum staffing, competencies and location for 
adult procedural sedation (RCEM, 2022).  Reproduced with the permission of the RCEM. 

 

1.3 Pharmacological Principals 

Pharmacokinetics (PK) describes the concentration of a drug as it is absorbed, 

distributed, metabolised, and excreted by the body.  Pharmacodynamics (PD) 

describes the physiological effects of a medication. 

 

Moderate Sedation 

“Conscious 
sedation” 

Deep Sedation 
Dissociative 

Sedation 

Example Benzodiazepines Propofol Ketamine 

Monitoring 

Pulse Oximetry 

Capnography 

ECG 

NIBP 

Pulse Oximetry 

Capnography 

ECG 

NIBP 

Pulse Oximetry 

Capnography 

ECG 

NIBP 

Minimum Staffing 

Nurse 

Sedationist 

Proceduralist 

Nurse 

Sedationist 

Proceduralist 

Nurse 

Sedationist 

Proceduralist 

Competencies 

ILS/ALS 

Level 1 sedation 

Training local sign-
off 

RCoA initial 
assessment of 
competencies 

 

Level 2 sedation 
training local 

sign-off 

RCoA initial 
assessment of 
competencies 

 

Level 2 sedation 
training local sign-

off 

Location 
Resus Room 

facilities 
Resus Room 

facilities 
Resus Room 

facilities 
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1.3.1 Volume of Distribution (VD) 

The VD of a drug describes the extent that the drug is distributed to the rest of the 

body compared to the plasma: 

VD= Amount of drug in body 
     Plasma concentration 

If the drug largely remains in the plasma, the denominator will be larger with a 

resultant small VD.  This would indicate that the drug is not redistributed to the rest of 

the body.  If, however, the drug is redistributed to the rest of the body, the 

denominator will be smaller with a resultant larger VD.  The VD is the theoretical 

volume of distribution (Øie, 1986). 

1.3.2 Steady-state concentration (Css) 

A steady-state concentration (Css) is achieved when there is no net flux of drug 

between the compartments, the compartments have achieved a state of equilibrium 

where all movements are equal.  The concentration of the drug in the body is now 

consistent. 

1.3.3 Volume of Distribution in a steady-state (Vss) 

The Vss describes the VD when the Css has been achieved. 

1.3.4 Context-sensitive half time 

Context-sensitive half time is used to describe the offset times of a drug when used in 

an infusion with the underlying principle that the longer the infusion time the longer 

the offset time (Bailey, 2002). 
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1.3.5 pKa 

The pKa of a drug is the pH at which it is completely balanced between its lipophilic, 

lipid soluble, unionised form and its ionised, water-soluble form.  Propofol has a pKa 

of 11 which means that at a physiological pH of 7.4, most of this weak acid is 

unionised, active and fat-soluble (Smith et al., 2015). 

1.3.6 Time to Peak Effect (TTPE) 

The TTPE is the time taken for a drug to achieve the maximum clinical effect after a 

dose. 

1.4 Analgesics 

Opioids are the most used analgesics used to aid procedural sedation of which 

morphine and fentanyl are used most often. 

1.4.1 Morphine 

Morphine is commonly used in the ED to alleviate pain in patients.  The analgesic 

pharmacodynamic properties of morphine are mainly achieved by binding to the µ-

opioid receptors in the peripheral and central nervous system.  Binding to µ-opioid 

receptors has the effect of decreasing pain transmission by activating inhibitory 

pathways in the CNS and inhibiting peripheral nociceptors. The side effects of 

morphine include respiratory depression, reduced conscious level, nausea, vomiting 

and hypotension.  It is normally administered at a dose of 0.1-0.2mg/kg of body 

weight and titrated to effect.  It’s time to peak effect is approximately 20 minutes 

(Aubrun et al., 2012) and has a duration of action of approximately 3-4 hours. 
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1.4.2 Fentanyl 

Fentanyl acts in a similar pharmacodynamic manner to Morphine by binding to µ-

opioid receptors but has a faster onset with a time to peak effect of 4 minutes and is 

100 times more potent than morphine.  Fentanyl is lipophilic compared to the 

relatively hydrophilic Morphine which means that it can cross the blood-brain barrier 

more rapidly.  The lipophilic properties explain its reduced duration of action of 30-60 

minutes of analgesia as the fentanyl is redistributed rapidly from the effect 

compartment.  It is normally administered 1-1.5mcg/kg of body weight titrated to 

effect.  Fentanyl has a similar side effect profile to morphine. 

1.4.3 Alfentanil 

Alfentanil is a Fentanyl derivative which mainly acts by binding to µ-opioid receptors.  

It has a time to peak effect of approximately 90 seconds, is less potent than Fentanyl 

but it has a faster onset and shorter duration of action. Alfentanil is less lipophilic 

than Fentanyl but its lower pKa means that a greater proportion is available to cross 

the lipid membranes at a pH of 7.4 and it has a similar side effect profile to other 

opioids. 

1.4.4 Remifentanil 

Remifentanil is an opioid that became available in the late 1990’s (Rosow, 1999).  It is 

an ultra-short-acting opioid. Remifentanil is a µ-opioid receptor agonist with less 

affinity for the δ- and κ-receptors (Rosow, 1999, Glass et al., 1999).  Non-specific 

esterases in blood and other tissue metabolise Remifentanil by acting at its ester 

linkage.  Its metabolite is dependent on renal excretion, but it is of such low potency 

that it is unlikely to reach clinically significant concentrations in clinical practice 

(Hoke et al., 1997).  Remifentanil has a time-to-peak drug effect after a bolus of 1.5 
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min and a rapid offset with a context-sensitive half-time of 3-5 min regardless of the 

duration of the infusion. 

Dose dependent respiratory depression is one of the main side effects (Glass et al., 

1993) of Remifentanil but given its ultra-short duration of action these effects are 

short lived and if needed can be reversed by Naloxone. An increased incidence of 

muscle rigidity has also been noted when compared with Fentanyl. 

1.4.5 Nitrous Oxide 

One of the earliest analgesic agents used was Nitrous Oxide (N2O).  In most 

departments, it can be delivered via an anaesthetic machine allowing the clinician to 

vary the ration of N2O:O2 or via cannisters of Entonox which is a 50:50 mixture of 50% 

N2O and 50% O2.  N2O is inhaled via a mouthpiece or delivered via a facemask, no 

intravenous access is required.  It provides a degree of amnesia, with no sedative 

effect in normobarbic conditions and is primarily an analgesic agent. 

Nitrous oxide is relatively insoluble in blood with an associated rapid onset of effect 

of 30-60 seconds as the alveolar concentration rises rapidly.  When it has been 

stopped it also has a fast offset as it is rapidly cleared from the lungs.  If it is 

administered via an anaesthetic machine, there is a safety system in place (Royal 

College of Anaesthetists, 2001, Saunders and Meek, 2001) to ensure that the % of N2O 

can never rise above 70% and that the mix always contains a minimum of 30% O2 to 

avoid hypoxaemia.  It has shown to be clinically safe with very few side effects.   

These include nausea, dizziness, and euphoria.  Despite it being relatively safe the 

relative solubility of N2O in comparison to nitrogen means that N2O moves faster into 

closed gas cavities than nitrogen is removed.  This will result in an increase in the 

cavity's volume or pressure.  Certain cavities can increase their volume and they are 

known as compliant cavities such as the pleural space, lung, or bowel.  Others result 
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in a pressure increase as they are non-compliant cavities such as head injuries, eye 

injuries, pneumothorax, bowel obstruction and severe COPD emphysematous bullae. 

Whilst nitrous oxide has been shown to be clinically safe with very few side effects, 

there are concerns about its contribution to environmental toxicity (Muret et al., 

2019) Figure 1-1.  In 2013, the NHS Sustainable Development Unit reported that the 

total emissions for anaesthetic gases represented 2.5% of the UK footprint with more 

than 50% attributable to Nitrous Oxide (2013).  In the ‘Delivering a ‘Net Zero’ National 

Health Service (2022), NHS England has committed to decreasing Nitrous Oxide 

wastage which may see a decrease in its availability over the coming years. 

1.5 Sedating Agents 

Currently there is no ideal sedating agent if we consider what would constitute the 

ideal (Dundee, 1980).  These properties can be considered as the agent’s 

pharmaceutical, pharmacokinetic (PK) and pharmacodynamic (PD) properties.   

The perfect sedating agent would be water soluble and chemically stable.  Ideally it 

would have a rapid onset, offset, could be administered in a variety of routes, would 

have no deleterious impact on the patient’s cardiovascular or respiratory system and 

there would be no interindividual variation in dose.  This does not currently exist 

though the common sedating agents will display some of the properties. 

A clinician’s choice of sedating agent is based upon their understanding of the drug, 

the patient, and the procedure being undertaken. Clinical experience with sedative 

drugs will often be a key part of this decision-making.  Sedating agents are co-

administered with analgesics as most sedative agents have no analgesic properties.  It 

is important for the clinician to be familiar with the analgesia being used as this will 
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impact the pharmacodynamics of the sedating agent.  Clinicians need to be mindful of 

the time to peak effect (TTPE) to ensure that the synergistic relationship between the 

analgesia and sedating agent occurs to the benefit of the patient to achieve adequate 

sedation safely. 

1.5.1 Emergency Department Choice 

The National RCEM audit of ED procedural sedation in 2017/18 (2018) showed that the 

most frequently used agents were opioids, benzodiazepines, ketamine and Propofol.  

The National RCEM audit noted a rise in the use of Propofol and ketamine from the 

last national audit in 2015/16 of 45% to 50% and 9% to 12% respectively (Royal College 

of Emergency Medicine, 2016).  It also showed that the two most common 

combinations used were opioid/benzodiazepines and opioids/Propofol at 32% and 23% 

respectively. 

1.5.2 Midazolam 

Midazolam is a commonly used benzodiazepine in procedural sedation.  It has no 

analgesic properties and requires co-administration of a suitable analgesic but is a 

potent retrograde amnesic at a relatively non-sedating dose. Midazolam works as an 

agonist at benzodiazepine receptors which are coupled to GABA type A receptors.  

Stimulation of this leads to an increased frequency of opening of the GABAA Chloride 

ion channel leading to an influx of Chloride ions into the cell.  This causes membrane 

hyperpolarisation and inhibits neurotransmission. 

Midazolam is a lipophilic drug with a time to peak effect of 15 minutes.  It has a 

duration of 60-90 minutes.  Dosing of midazolam for sedation varies between 0.02-

0.1mg/kg and can be titrated to effect.  Care must be taken when opioids have been 

co-administered as combined there is a synergistic effect that may lead to 
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undesirable respiratory depression.  It is also recommended to start at the lower end 

of the dosing scale in elderly patients as the desired effects (Sun et al., 2008) occur 

with a significantly lower dose. 
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Figure 1-1 Greenhouse Gas Emissions From The National Health Service (NHS).  NHS Carbon 
Footprint = emissions controlled directly by the NHS.  NHS Carbon Footpring Plus = emissions 
we can influence.  Image reproduced from the Delivering a ‘Net Zero’ National Health Service 
report (2022).  Contains public sector information licensed under the Open Government Licence 
v3.0. 

1.5.3 Ketamine 

Ketamine is a dissociative agent that is popular for procedural sedation in the ED (Pai 

and Heining, 2007, Morton, 2004).  It produces a dissociative state where the patient 

appears detached from the external environment entering a trance like state with 
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their eyes open and desensitised to pain.  Ketamine has many different mechanisms 

of action but the main one is by acting as an NMDA receptor antagonist.  By blocking 

the NMDA receptors, it prevents Glutamate, an excitatory neurotransmitter from 

binding and inhibits the transmission of an action potential. 

Ketamine is lipophilic with a rapid onset and a time to peak effect of 1-5 minutes.  It 

has a duration of action of 10-20 minutes.  Dosing of ketamine is recommended at 1-

2mg/kg of body weight administered over 1-2 minutes.  Ketamine preserves 

protective airway reflexes and is felt to be haemodynamically stable secondary to its 

sympathomimetic properties.  Common side effects associated with the use of 

Ketamine are hypersalivation and dysphoric auditory and visual hallucinatory 

emergence reactions.  Ketamine should be avoided in patients with schizophrenia as it 

may potentially trigger a psychotic reaction. 

1.5.4 Etomidate 

Etomidate was traditionally used as an induction agent but at times also used for 

procedural sedation in the ED (Vinson and Bradbury, 2002).  It has a brief duration of 

sedation with no analgesic effects.  It exhibits very little cardiorespiratory upset but 

can cause myoclonic movements and is painful on injection.  Despite it having little 

analgesic effect it was felt to be a safe and effective choice of drug as it caused 

relatively little cardiovascular instability.  However, it was shown to cause adrenal 

suppression in those receiving infusions for sedation in Intensive Care Units (ICU) 

(Ledingham and Watt, 1983) but this was not evidenced after a single bolus 

(Thompson Bastin et al., 2014).  Despite a lack of clinical evidence, etomidate 

remains an unpopular choice for procedural sedation and anaesthesia in the UK. 
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1.6 Propofol 

Today Propofol (2,6-diisopropylphenol, Figure 1-2) is commonly used for the 

intravenous (IV) induction and maintenance of general anaesthesia as well as 

procedural sedation.  It is a rapid acting IV sedative-hypnotic agent that exhibits rapid 

recovery with additional anti-emetic (Borgeat et al., 1992) and amnesic properties.  It 

has no analgesic properties. 

 
Figure 1-2 Chemical Structure of Propofol.  Image used with permission from Pub Chem 
Propofol Compound Summary (https://pubchem.ncbi.nlm.nih.gov). 

1.6.1 Development of Propofol 

Propofol was developed by a team of researchers from the Imperial Chemical 

Industries (ICI) who gathered to look for and evaluate novel anaesthetic agents. They 

wanted to identify compounds that could be administered intravenously and provide a 

rapid recovery regardless of repeated doses in contrast to Sodium Thiopentone which 

exhibited delayed recovery when administered in repeated doses.  They also sought to 

maintain the positive attributes of Sodium Thiopentone with its ability to provide a 
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rapid, smooth induction.  Other compounds being evaluated at that time were often 

found to produce unwanted excitatory effects often manifesting as myoclonic 

movements. 

Dr John B Glen, a veterinarian from the West of Scotland, led this multi-disciplinary 

group on their journey to develop Propofol to the solution that we are familiar with 

today.  In their quest to discover novel anaesthetic agents, the ICI team had 

discovered a group of phenolic compounds that existed as oils at room temperature 

(James and Glen, 1980).  Given that the solubility of these compounds in water was 

poor, this prohibited them from investigating further until a suitable carrier vehicle 

was identified. 

Cremophor EL, a polyethoxylated castor oil derivate was identified as that suitable 

carrier vehicle and allowed the team to revisit that group of compounds.  Dr Glen first 

noted the anaesthetic activity of Propofol or as it was referred to then, ICI 35 868, in 

the animal population on the 23rd May, 1973 (Glen, 2019).  In 1980 Dr Glen presented 

the results of animal studies looking at the anaesthetic activity of Propofol in the 

British Journal of Anaesthesia (Glen, 1980), reporting the positive attributes that they 

had been seeking. 

As clinical trials continued using the Cremophor EL, it become apparent that some of 

the trial participants experienced anaphylactoid reactions in response to the 

Cremophor EL (Baker et al., 2005, Briggs et al., 1982, Glen and Hunter, 1984).  Trials 

using this preparation were halted as Dr Glen and his team at ICI looked for an 

alternative.  Working with the ICI pharmaceutical department they identified the 

soybean emulsion formulation that we are familiar with today.  This allowed the 

research to continue in the human population with the first patient receiving this 

formulation in July 1983 in a dose confirmation study (Cummings et al., 1984). 
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1.6.2 Propofol Pharmacokinetics 

Propofol crosses the blood brain rapidly owing to its highly lipophilic nature.  This 

enables it to exert it’s sedative and hypnotic effects in less than a minute.  Propofol 

is a γ-aminobutyric acid (GABA) receptor agonist acting by decreasing the dissociation 

of the GABA from the receptor, keeping the GABA-mediated chloride channels open 

for longer with hyperpolarisation of the cell membrane.  This leads to inhibition of 

nerve conduction as it increases the threshold for an action potential to be conducted 

by hyperpolarising the cell membrane. 

Propofol emulsion appears white to the eye and is available in 1% or 2% preparations.  

It is administered intravenously owing to low bioavailability because of high first-pass 

metabolism if given orally (Raoof et al., 1996).  Propofol is extensively protein bound 

in the order of 97-98% and has a high volume of distribution (VD), approximately 4L.kg-

1. 

When considering Propofol we use a multi-compartment model to predict its 

absorption, distribution, and elimination.  All compartmental modelling is theoretical 

with the compartments themselves not equating to actual anatomical spaces but 

instead reflecting mathematical constructs that allows us to predict the 

pharmacokinetics of a drug. 

A single compartment model assumes that the drug administered will stay within that 

compartment with equal distribution throughout that volume.  We know that this is 

not the case for Propofol given its lipophilic nature hence why the three-compartment 

model is used (Figure 1-3).  Our three compartments can be thought of as a central 

(V1) compartment, a well-perfused (V2) compartment, and a poorly perfused (V3) 

compartment. 
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Movement of Propofol between compartments is concentration dependent.  The rate 

at which this equilibration occurs is known as the ke0, a first order rate constant. The 

larger the ke0, the faster the predicted equilibrium between the plasma and effect 

site. 

 

 

 

Figure 1-3 Three-compartment model outlining the different compartments and associated rate 
constants. a.V1/V2/V3 = volumes of respective compartments b. K12 = rate constant between V1 and 
V2 c.K12 = rate constant between V2 and V1 d. K13 = rate constant between V1 and V3 e. K31 = rate 
constant between V3 and V1 f. K10 = rate constant for elimination of drug from the central 
compartment g. ke0 = rate constant for equilibration between plasma and effect-site 
concentrations (Al-Rifai and Mulvey, 2016).   Image reproduced with the permission of Elsevier. 

A bolus dose of Propofol rapidly moves from the plasma (V1) into the peripheral 

compartments, this is known as the initial, distribution phase (Figure 1-3).  The time 

taken for the plasma concentration to fall by 50% is known as the distribution half-life 

(t 1/2 (α)) and for Propofol this is 2-8 minutes, reflecting its fast offset (Khan et al., 

2014).  After the distribution phase is the elimination phase where concentrations of 

Propofol declines in all compartments.  This is followed by the terminal phase.  
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During the terminal phase, stored Propofol is redistributed from the poorly perfused 

compartment into the central compartment.  This is the most prolonged of all the 

phases. 

When Propofol is administered as an infusion, the concentration in the compartments 

move towards achieving a steady state equilibrium which equates to the volume of 

distribution.  Over time, as the concentration of the drug steadily increases with the 

infusion, the three compartments achieve a VD known as steady state (VSS).  Steady 

state is achieved when there is no net flux between the compartments, the 

compartments have achieved a state of equilibrium where all movements are equal. 

When considering Propofol infusions we must consider half-life times, the time for the 

concentration to fall to half its original value.  Context-sensitive half-life time is used 

to describe the offset times of Propofol when used in an infusion with the underlying 

principle that the longer the infusion time the longer the offset time (Bailey, 2002).  

Propofol has been shown to decrease its plasma concentration by 50% within 5 

minutes of stopping a short infusion.  When an infusion is longer, >8 hour, the 

context-sensitive half-life time will increase significantly, upwards of forty minutes 

(Sahinovic, Struys, and Absalom, 2018).  This is not a concern in the Emergency 

Department where an infusion for procedural would be short lasting. 

Propofol is mainly metabolised by the liver with other sites being the kidneys, small 

intestine with some believing that the lungs are also potential sites (Dawidowicz et al, 

2000).  Metabolites of Propofol do not exhibit any hypnotic activity.  Eighty eight 

percent of Propofol is excreted in the urine within five days occasionally turning it 

green. 
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1.6.3 Propofol Pharmacodynamics 

Propofol has obvious clinical effects on numerous systems; respiratory, 

cardiovascular, and central nervous system. 

Positive effects of Propofol during procedural sedation are its ability to create a 

hypnotic effect on the patient altering their consciousness as they move through the 

continuum of sedation with an eventual state of unconsciousness as they enter 

general anaesthesia.  It also induces amnesia and anxiolysis. 

The main negative effect of Propofol is that it is a potent respiratory depressant at 

sedative doses.  The respiratory depression becomes more pronounced as the dose 

increases, reducing responses to hypercapnia and hypoxia eventually leading to 

apnoea.  There is also loss of upper airway reflexes with upper airway relaxation 

which is good for induction of anaesthesia and airway instrumentation but undesirable 

in procedural sedation when maintenance of ventilatory effort and respiratory 

protection is required.  

Propofol administration causes a fall in the systemic vascular resistance with a 

resultant fall in blood pressure.  This has been shown to be more pronounced in frail, 

elderly and particularly in blood volume depleted, cardiovascularly unstable patients.  
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Figure 1-4 Plasma concentration of Propofol after successive bolusing showing the relationship 
between this and the resultant clinical effects.  Successive bolusing leads to plasma 
concentrations that overshoot the therapeutic range resulting in unwanted clinical effects like 
apnoea or hypotension. 

Concerns highlighting the use of Propofol by non-anaesthetists are not uncommon 

(Wade, 2014, Lamb and Harper, 2014, Green et al., 2016).  In response to an article 

(Davison and Stewart, 2009) describing Propofol sedation for reduction of hip 

dislocations in the ED, a group of anaesthetists (Anderson et al., 2010) from Glasgow 

felt the results demonstrated that it represented unsafe clinical practice. 

The initial reporting in the article did not present the incidence of adverse events 

with confidence intervals (CI) but the authors of the letter did.  They reported that 

the rate of airway/respiratory events equated to 80/1000 but potentially could be 

anywhere between 26 and 134/1000 patients.  They compared unfavourably to the 

adverse incidence rate of 0.3 (95% CI – 0.3 to 0.9)/1000 patients in a group of 3000 

patients undergoing conscious sedation for oocyte retrieval (Edwards et al., 2010). 
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Review of the oocyte retrieval article (Edwards et al., 2010) showed that the way in 

which the Propofol was delivered was different to our standard bolus administration 

in the ED and was delivered using a target-controlled infusion (TCI) system.  The 

ability to target a concentration and smooth out the variability inherent with bolus 

dosing (Figure 1-4 & 1-5) may be a safer option in the ED (Green and Krauss, 2016). 
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Figure 1-5 Simulated Propofol Concentration; Bolus, Infusion & TCI 
Simulation of 1,000 patients receiving either a 10-mg bolus of Propofol (top graph), a 
Propofol infusion at 10 mg/minT1-5016 (middle graph), or a target-controlled infusion of 
Propofol at a target plasma concentration of 1 μg/ml (bottom graph). The log scale 
permits visual assessment of the coefficient of variation for the three drug delivery 
paradigms. The coefficient of variation is greater with bolus injection. (Hu et al., 2005) 
Reproduced with permission from Wolters Kluwer. 

1.7 Summary 

Emergency Medicine has evolved over the years and continues to do so.  Patient 

safety has been at the heart of all the developments made within the field.  

Procedural sedation is commonly undertaken by trained clinicians in line with current 

guidance in a safe environment with monitoring.  Adverse events do still happen 
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despite this, and these are often cardio-respiratory in nature with the potential to 

cause morbidity or mortality. 

There is an increased frequency in the use of Propofol for procedural sedation in the 

Emergency Department.  Propofol has the potential to have negative impacts on the 

cardio-respiratory system and cause harm to the patient if dosing and tissue 

concentrations are in excess of the therapeutic window. 

Normal practice in the ED is to administer Propofol in intermittent boluses which 

results in peaks and troughs in the drug concentration.  TCI provides the ability to 

choose a target concentration within the therapeutic window eliminating the peaks 

and troughs in propofol concentration. 
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Chapter 2 Target-Controlled Infusion 

TCI is used extensively outside of the ED and is no longer considered a ‘new’ 

technology in these areas (Edwards et al., 2010).  It is used in dentistry (Oei-Lim et 

al., 1998), for alleviation of anxiety in MRI imaging (Haberman and Oliver, 2013), to 

supplement local/regional anaesthesia (Arslan and Sezen, 2020, De Castro et al., 

2003), sedation for bronchoscopy (Caron et al., 2015, Lee, 2004) and for endoscopy 

(García Guzzo et al., 2020).  What could be taken from other areas into the ED to 

develop procedural sedation with improved safety? 

2.1 What is a Target-Controlled Infusion? 

A Target-Controlled Infusion (TCI) system consists of a user interface, 

microprocessor(s) with PK software, infusion pump and audio-visual safety alarm 

systems.  When a target concentration is entered, along with the patient covariates, 

the system will calculate a bolus dose and subsequent infusion rate to achieve and 

maintain that target concentration.  Infusion rates are adjusted in accordance with 

the calculations being continuously updated. Combined with the expertise of the 

operator who has pre-existing knowledge of the drug being used, PK models and real 

time clinical information from the patient, TCI is delivered (Figure ). 
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Figure 2-1 Operating a Target-Controlled Infusion (TCI) pump. 
A schematic layout of selected elements of the knowledge base and clinical assessment 
required to operate a TCI pump.  No element can work independently of the other and 
administration of TCI requires the human and machine based interactions.  Reproduced 
from Egan et al. (2020) with permission. 

The target concentration can be either the plasma concentration (Cpt) or the effect 

site concentration (Cet).  Effect site TCI is referring to the concentration at the brain.  

If a target concentration is increased, an additional bolus is given, and the infusion 

rate is adjusted to achieve the higher target concentration.  If the target 

concentration is decreased, the infusion is stopped until the target concentration is 

reached and then the infusion is restarted at a rate to maintain the lower target 

concentration. 

This is displayed in Figure 2-2 where the Cpt has initially been set at 3 µg/ml.  A bolus 

is administered with the infusion returning to a steady state as the concentration at 

the effect site rises (Cet).  The operator then chooses to increase the Cpt to 6 µg so 

another bolus is given with an associated peak in the concentration and a subsequent 

reduction to a steady state at a higher concentration.  The Cet continues to rise.  At 

ten minutes the operator reduces the Cpt to 3 µg/ml.  The infusion stops for a period 
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of time as dictated by the model and then resumes at a lower rate to allow the Cet to 

decrease. 

 

Figure 2-2 Cpt and Cet concentrations during a Propofol TCI using the Marsh model.  Changes in 
both concentrations when the target concentrations is adjusted are shown.  Phases shown are the 
initial target concentration set followed by an increase in the target concentration and then a 
reduction in the target concentration.  Reproduced with permission from the World Federation of 
Societies of Anaesthesiologists (https://resources.wfsahq.org/atotw/target-controlled-infusions-
in-anaesthetic-practice-anaesthesia-tutorial-of-the-week-75/). 

2.2 History of TCI 

Prior to the launch of the first commercial target-controlled infusion (TCI) system in 

1996, TCI systems had been developed and used in research settings.  TCI systems 

used various Pharmacokinetic (PK) models with some based on two compartment and 
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some three compartments.  Various systems existed with differing PK models meaning 

there was no standardisation.  Huge variation was noted across the studies whereby 

TCI systems using the same target Propofol concentration (Vuyk et al., 1992) but 

different PK models, led to very different measured Propofol concentrations and 

clinical outcomes. 

In 1992, ICI collaborated with the TCI community to develop a TCI system to 

administer Propofol for the maintenance of anaesthesia considering safety, efficacy, 

and expert opinion.  ICI chose to develop the Diprifusor module.  The Diprifusor TCI 

system was the first commercially available in 1996. 

2.2.1 Nomenclature 

In 1997, a group of experts in the TCI field collectively agreed the nomenclature 

(Glass et al., 1997) for these devices.  TCI was defined by the group as ‘all such 

systems that require a microprocessor-controlled infusion pump programmed with 

infusion rate control algorithms linked to a PK simulation programme.  The program 

includes a PK model and a specific set of PK parameters for the drug to be infused.  

Target-controlled infusion (TCI) now replaced; computer-assisted total intravenous 

anesthesia (CATIA), titration of intravenous agents by computer (TIAC), computer-

assisted continuous infusion (CACI) and computer-controlled infusion pump (CCIP) 

(Figure 2-3).  The removal of computer from the nomenclature, highlighted that a 

clinician was adjusting the targets to maintain the desired clinical effects.  The group 

also outlined the terminology that should be used to denote the target site 

concentration. 
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Figure 2-3 Computer TIVA systems. 
Top image, Computer-assisted total IV anesthesia system; Bottom image, Computer-
assisted continuous infusion II system.  Reproduced with permission (Struys et al., 2016). 
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2.2.2 Diprifusor 

White and Kenny (Glen, 1998, Gray and Kenny, 1998) from the University of Glasgow 

developed the Diprifusor module.  The Diprifusor module utilises two microprocessors 

to solve the PK equations based on the three compartment Marsh model (Marsh et al., 

1991) aiming for a target plasma concentration defined by the clinician.  There was 

an error in the Marsh manuscript published that was subsequently used to develop the 

Diprifusor software (Glen and Servin, 2009).  The publication was meant to detail a k12 

of 0.112min-1 but it accidentally retained a k12 of 0.114 min-1 from the Gepts model 

which Marsh was based on (Gepts et al, 1987).  

The second microprocessor was employed as a safety feature to check the 

calculations of the first microprocessor.  This module was placed into a conventional 

syringe infusion pump allowing it to now function as a Diprifusor TCI system (Figure ). 
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Figure 2-4 TCI pumps incorporating Diprifusor module. 
Top Left - Alaris IVAC P6000 TCI pump, Top Right - Graseby 3500 syringe pump, Bottom 
Left - Fresenius Master TCI pump, Bottom Right - Terumo TE-372 syringe.  Reproduced with 
permission (Struys et al., 2016) 

 
The Diprifusor system could only be used with pre-loaded DiprivanTM syringes that had 

unique identifier labels (Struys et al., 2016).  As generic Propofol was manufactured 

and replaced DiprivanTM, the commercial market opened for development of new 

open TCI systems capable of delivering other medications, using other PK models, and 

targeting the effect site.  Whilst this has led to a decrease in the number of Diprifusor 

pumps, they paved the way for TCI moving it from the research tool to clinical use. 
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2.3 TCI model Development 

2.3.1  PK/PD Modelling 

A PK/PD model can outline the relationship between dose, concentration, desired 

effects, and side effects.  It is an alternative to conventional “dose-effect” analysis of 

drug effects. 

2.3.2 TCI Models 

There are three commonly used and one more novel model for Propofol TCI.  Models 

commonly used are the Marsh, Modified Marsh and Schnider.  The Eleveld model is the 

most recent.  All are based on three compartment models. 

2.3.2.1 Marsh Model 

The Marsh (Marsh et al., 1991, Gepts et al., 1987) model has a central compartment 

volume, V1 of 0.228 ml/kg-1.  The only PK variable used in this model is the volume of 

V1.  The Marsh model increases the volume of V1 as the body weight increases.  Rate 

constants in the Marsh model are fixed with a ke0 of 0.26 min-1.  There are no 

adjustments made based on age and inputting the age when setting up the pump is a 

safety feature to ensure it cannot be used in the paediatric population. 

2.3.2.2 Modified Marsh Model 

A ‘modified’ Marsh (Struys et al., 2000) module was developed to allow effect site 

targeting.  On the original Diprifusor TCI pump screens, the Cet was for information 

only.  To allow effect-site targeting using the Marsh model a new ke0 of 1.2 min-1 was 

suggested and is currently used in TCI systems for effect site targeting using the 

‘modified’ Marsh method. 
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2.3.2.3  Schnider Model 

The third commonly used model in commercially available TCI systems is the Schnider 

(Schnider et al., 1998, Schnider et al., 1999) model.  This contrasts with the Marsh 

model by looking at multi-covariates; age, height, total body weight and lean body 

mass (LBM) as opposed to just weight.  Compartment volumes of V1 (4.7 L) and V3 are 

fixed with the volume of V2 decreasing with age.  This impacts upon the rate of the 

infusion after the initial bolus as the decrease in compartment size and associated 

clearances signifies a slower decrease in the plasma concentrations.  This is used to 

estimate the k10, the elimination rate constant and allows the system to adjust the 

infusion rate to compensate for the anticipated losses.  PK/PD modelling was used to 

derive a ke0 of 0.456 min-1 for this model.   

2.3.2.4 Eleveld model 

Researchers have developed the Eleveld Propofol PK-PD model as one that they feel is 

more applicable to the general population (Eleveld et al., 2018).  The development of 

this model incorporated PK data derived from 30 published studies.  A total of 1033 

patients were included spanning age range from 27 weeks to 88 years old.  This model 

uses age, post-menstrual age (PMA), weight, height, sex, and administration of 

concomitant anaesthetic agents as variables when determining drug dosages.  The 

Eleveld model was developed using a large group of patients in comparison to both 

Marsh and Schnider and has incorporated a greater number of covariates in the model 

to potentially deliver safer, more accurate Propofol TCI. 

A recent study (Vellinga et al., 2021) seeking clinical validation of the Eleveld 

Propofol model in general anaesthesia recruited four groups of 25 patients undergoing 

elective surgical procedures.  Results showed a low population bias and that the 

model performed at least as well as the other TCI models designed for specific 

populations. 
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2.4 TCI Site Targeting 

TCI systems can be programmed to target either plasma (Cpt) or effect (Cet) site 

concentrations. 

 

Figure 2-5 Estimated Propofol concentration at Cet & Cpt using Schnider vs Marsh model during a 
TCI infusion set with for a target concentration of 3 µg ml-1 

2.4.1 Plasma Site Targeting (Cpt) 

When a clinician enters the desired plasma target concentration, there is a delay to 

the onset of the intended clinical effect when the target plasma concentration has 

been reached.  This is due to the three compartment PK model that describes 

eventual equilibration with the effect site.  This lag between plasma concentration 

and clinical effect is known as hysteresis. 
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The size of the initial bolus in plasma targeting is directly proportional to the value of 

V1.  Bolus dose (mg)= (Cp, target, new-Cp,target, old) x V1 ÷ drug concentration in syringe. 

In the Marsh model, V1 varies with the weight of the patient (22.8 ml/kg) but is fixed 

at 4.27L regardless of the patient’s weight in the Schnider model. This means that all 

patients regardless of age, weight and height receive the same initial dose using 

Schnider.  This isn’t adequate and the Marsh model is the preference for plasma site 

targeting as it delivers a larger initial bolus dose as the weight increases. 

2.4.2 Effect Site Targeting (Cet) 

Effect site targeting is an alternative when we want to decrease the time taken to 

achieve the intended clinical effect.  Equilibrium between the plasma and effect site 

is dependent on many factors only one of which we can influence and that is the 

concentration gradient. 

The ke0 describes the rate at which the drug moves between the central compartment 

and the effect site.  The movement of Propofol between compartments is dependent 

on the concentration gradients between compartments, this follows first-order 

kinetics, and the rate constant is the ke0. 

The slower the ke0, the longer it takes to achieve plasma and effect site equilibration.  

This is important to appreciate when considering the various TCI models commercially 

available and choosing which is most appropriate for the patient. 

Effect site targeting requires plasma overshoot with the initial bolus dose based on 

the PK model used and the associated ke0  (Figure 2-5).  The Schnider model is 
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favoured for effect site targeting.  This PK model incorporates age, weight, and 

height. Despite the ke0 of 0.456 min-1 being larger (faster) than the 0.26 min-1 of the 

Marsh model, the initial dose administered via the Marsh model is significantly higher 

for the same given body weight because of the relationship between V1 and weight in 

the Marsh model.  This difference may have undesired PD effects on the patient. The 

modified Marsh model uses a higher ke0 of 1.2 min-1 which partially compensates for 

the larger V1 volumes with a smaller increment in the initial dose. 

2.5 Special Circumstances 

2.5.1 Frail & Elderly 

In the UK, the population is growing (Dunnell, 2008).  Adults aged 85 years and older 

account for the fastest growing age group.  Those over state pension age exceeded 

the size of the group aged under 16 in 2007.  The population is predicted to continue 

to grow and become increasingly older.  As patients age, their physiology (Aalami et 

al., 2003) changes and this must be considered when choosing the most appropriate 

TCI model. 

Unlike the Marsh model, development of the Schnider model (Schnider et al., 1999, 

Schnider et al., 1998) used age as a co-variate.  As a patient’s age increases, doses 

and infusion rates are adjusted accordingly.  As a result, this may be the chosen 

model for some clinicians for their older, frailer patients.  Other models can still be 

used in this group with the choice dependent on the individual clinician and their 

preference. 
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2.5.2 Obesity 

A Body Mass Index (BMI) ≥ 30kg/m2 defines obesity as outlined in a WHO consultation 

report (Prevention, 1997), with a BMI ≥ 50 kg/m2 classed as super morbid obese.  

These patient groups were not included in any of the studies from which the Marsh 

and Schnider models were derived.  Super morbid obese patients would generally be 

out with the patient population that would be sedated in the Emergency Department 

but those that sit between BMI 30-40 are not uncommon as we have an increasingly 

overweight population (Wang et al., 2011).  Obesity impacts the PK properties of 

Propofol as the increased fat compartments create a larger reservoir for lipophilic 

drugs by increasing the volume of distribution.  It also impacts upon the peak plasma 

concentration, elimination half-life and clearance of drugs.  This impact on plasma 

concentrations has a subsequent effect on the PD of Propofol. 

As an individual’s total body weight (TBW) increases, so too does the amount of fat 

and lean body weight.  The relationship is not proportionate when the BMI >35kg/m2 

in females and >42kg/m2 in males and fat accounts for an increasing proportion of the 

TBW (Coetzee, 2014).  Most of the blood flow is to the lean tissue groups and the fat 

compartments have a relatively poor blood supply.  The risk of this is when the TBW is 

used, as in the Marsh model, there is an assumption that the lean body weight has 

increased proportionately, and the bolus dose calculated results in an overdose.  The 

use of Servin’s formula (Servin et al., 1993) in this group to calculate a corrected 

body weight to enter in place of the TBW has been advocated (Al-Rifai and Mulvey, 

2016): 

• [Ideal Body Weight (IBW) + 0.4 x (TBW-IBW)] When - IBW = Ideal BM (male 26, 

female 22) × height2(m) 
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Lean body mass (LBM) is the difference between TBW and fat mass. The Schnider 

model uses LBM as a covariate derived from the James’ formula (Waterlow, 1976, 

Absalom et al, 2009): 

• LBM (male) = 1.1 x weight – 128 x (weight/height)² 

• LBM (female) = 1.07 x weight – 148 x (weight/height)² 

The Schnider model uses weight and LBM to calculate k10 min -1:  

• 0.443 + 0.0107 × (weight−77) − 0.0159 × (LBM−59) + 0.0 

Using the James’ formula to calculate the LBM functions well in the non-obese 

patients but as the BMI >35kg/m2 in females and >42kg/m2 in males the LBM begins to 

decrease towards zero.  Instead of the weight and LBM increasing simultaneously as 

expected, the LBM begins to decrease and the calculated k10 increases resulting in 

increased infusion rates. 

Emerging models developed using data from obese patients may be possible solutions 

in the future (Cortinez et al, 2010, Eleveld et al, 2018). 

2.6 Which model should be used? 

I have discussed various TCI models and when one may be more appropriate than 

another dependent on the clinical scenario. 

Development of the Eleveld PK/PD (2018) model could possibly have simplified this 

choice. It suggests it is appropriate for all co-variants with a reassurance that the 

population being sedated were considered when it was developed.  Having one 

accepted model could potentially increase clinician ‘buy-in’ to the use of TCI 
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technology.  Clinicians may be more trusting of a one size fits all model, potentially 

combatting decision fatigue (Zheng et al., 2020) but could this possibly result in the 

clinician understanding less about how it works, and the calculations made? 

Whilst each model has its merits, one of the key factors is to achieve consistency and 

familiarity with the model being used (Absalom, Mani and Struys, 2009).  Consistency 

should ideally be achieved within departments using TCI to avoid potential patient 

safety disasters.  Users must be familiar with the model they are using to allow them 

to programme them safely for each patient and trouble shoot if the sedation is not 

occurring as expected.  Patient safety and aviation history have taught us the 

importance of this (Mongan & Kohli, 2020, Van Beuzekom et al., 2010). 

2.7 Summary 

TCI has been called ‘a mature technology’ by Absalom et al (2016) but this is within 

the realms of anaesthesia and not in other clinical settings delivered by non-

anaesthetists.  In the Emergency Department TCI is perceived as something novel and 

complex. 

The feasibility of a future RCT using Propofol TCI in the Emergency Department for 

procedural sedation had to be considered.   Was TCI technology already being 

considered in other Emergency Departments?  Is this something that had already been 

researched?  If not, what barriers might be present to the introduction of this 

technology?
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Chapter 3 Research standards for studies involving 
procedural sedation 

3.1 Introduction 

Inconsistencies in research standards exist for research on procedural sedation.  In 

2017, the Sedation Consortium on Endpoints and Procedures for Treatment, 

Education, and Research (SCEPTER) published a two-part paper (Ward et al., 2018, 

Williams et al., 2017) evaluating patient-centred outcomes in clinical trials of 

procedural sedation.  Their aim was to define domains that should be consistently 

considered when planning a research study.  They identified four key domains that 

are as applicable in routine procedural sedation as well as the research environment.  

Procedural sedation should be safe, effective, patient centred and efficient. 

3.2 Safe 

Safety of any new development in procedural sedation is key.  We want to avoid 

patient harm and the incidence of adverse events.  My aim is to show that TCI is 

superior or at the very least, non-inferior to bolus administration of Propofol.  

Extensive use of TCI technology in other clinical settings satisfied us and the ethics 

committee that it was safe to explore further in Emergency Medicine procedural 

sedation. 

3.2.1 Adverse Events 

Inconsistency with definitions and recording across research studies makes it difficult 

to ascertain what the actual incidence of adverse events are and what the term itself 

means. 
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Prior to publication of a consensus document by the Society of Intravenous 

Anaesthesia (SIVA) in 2012 describing an adverse event reporting tool, there was no 

agreed definition of sedation related adverse events due to the wide disparity in what 

people consider to be an adverse event.  Generally, the vast majority of adverse 

events in procedural sedation impact on the respiratory and cardiovascular systems.  

However, there is not only variation in the definition of cardiovascular and respiratory 

adverse events but in the severity of the events classified as significant adverse 

events. 

Recording of adverse events for research in procedural sedation is also important 

(Ward et al., 2018, Williams et al., 2017). Both researchers and clinicians are aiming 

to have an instance where the incidence of adverse events with a new sedation 

technique or novel drug is almost negligible, or at the very least less than or equal to 

the existing procedural sedation practice. 

3.2.1.1 Definition of Adverse Events 

Sentinel events were defined by the Joint Commission (Chen et al., 2015) as: 

‘an unexpected occurrence involving death, serious physical or psychological 
injury.’ 

Sentinel events are rare in procedural sedation (Roback et al., 2018) and as a result, 

occur so infrequently that they can’t be used alone to comment on the safety of the 

procedural sedation being undertaken (Ward et al., 2018).  This is when adverse 

events prove useful to identify the potential to deteriorate into a sentinel event.  

Thresholds for these are very different with some choosing limits related to duration 

whilst others have no associated duration.  Others are only identified as ‘adverse’ if 

an intervention was undertaken.  In one study hypoxia was defined as oxygen 
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saturations (SpO2) below <85% (Messenger et al., 2008) whilst in another study it was 

defined as SpO2 <93% (Deitch et al., 2010).  Consistency is required to allow 

meaningful statistical comparisons of procedural sedation studies and the pooling of 

results in a meta-analysis. 

3.2.1.2 World Society of Intravenous Anaesthesia (SIVA) Adverse Event 
Reporting Tool 

Many attempts were made by various organisations to define an adverse event; the 

Institute of Medicine (Kohn et al., 2000), European Medicines Agency (1994), World 

Health Organisation (World Health Organization, 2002) and the United States Food 

and Drug Administration (Sonawane et al., 2018) all published definitions, but experts 

felt they weren’t specific enough for sedation related adverse events. An 

international group of experts were gathered to form the World Society of Intravenous 

Anaesthesia (SIVA) International Sedation Task Force (ISTF) to define sedation related 

adverse events and develop a reporting tool to help with research in the area and 

drive excellence in clinical care.  In 2012 they published a paper that defined 

sedation related adverse events as: 

‘unexpected and undesirable response(s) to medication(s) and medical 
intervention used to facilitate procedural sedation and analgesia that threaten 
or cause patient injury or discomfort.’ 

As part of this exercise, they developed an adverse event reporting tool to 

standardise reporting and thresholds for recognition of an adverse event (Mason et 

al., 2012).  The intention was to help reporting in research by being able to combine 

and contrast results and in the clinical environment so that subjectivity could be 

removed to allow accurate recording of adverse events. 
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The SIVA adverse event reporting tool has five steps.  Firstly, it asks the reporter to 

identify the adverse event in a predetermined list divided into minimal, minor and 

sentinel categories.  Secondly, they then identify any interventions undertaken to 

treat the adverse event in a predetermined list divided into minimal risk, minor risk, 

moderate risk and sentinel intervention.  The reporter then notes the outcome of the 

adverse event; no adverse outcome to sentinel outcome and assigns a severity rating 

to the adverse event.  Severity ratings range from a Sentinel adverse event to a 

minimal risk adverse event.   

In the RCEM 2017/18 national audit of ED procedural sedation (2018) they reported on 

adverse events.  Of the 8815 patient encounters included in the sample, 3% had an 

adverse event documented.  These were reported as 0.6% oxygen desaturation (severe 

<75% at any time or prolonged <90% for >60 seconds), 0.8% apnoea (prolonged >60 

seconds), 0.3% cardiovascular collapse/shock (no definition), 0.2% cardiac 

arrest/absent pulse and 1.7% other (no definition).  In the outcome analysis it shared 

that of the 8815 patient encounters, 0.1% died (nine patients), 0.06% had a 

permanent neurological deficit and 0.01% developed pulmonary aspiration syndrome.  

The RCEM contacted the centres that reported these outcomes.  They found that of 

the deaths, seven were not directly attributable to the sedation, they were unable to 

get details of one and the remaining case was felt to be directly attributable to the 

sedation and was under investigation. At that point in time the SIVA adverse event 

reporting tool was the tool recommended by international experts.  It was reported as 

being used in 0.2% of the adverse events. 

In 2019, results from the SIVA adverse event reporting tool database were published 

(Mason et al., 2019).  The data was collected between 14/12/2010 to 12/11/2018 and 

contained information on 7952 sedations entered during that time.  Of these entries, 

622 were reported as adverse events.  The mean age of the population was 33 years 

(0.02-98.7) with the distribution of adult versus paediatric sedations at 50.9% and 
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49.1% respectively.  Countries, settings, and procedures were reflective of the 

international, multispecialty use of the tool. Most patients, 94.5%, were ASA 1 or 2 

and were having procedural sedation for non-emergent procedures.  Only 2% of the 

population, approximately 159 patients, were undergoing emergent procedures. 

In the group who experienced adverse events, the mean age was 32.1 (0.1-98.7) 

years.  Twelve (2.9%) had sentinel outcome risks with no deaths being reported.  

There were 94 sentinel events (15.1%); 65 patients had an Oxygen desaturation (75% 

at any time), 25 had prolonged apnoea (>60 seconds), three experienced 

cardiovascular collapse/shock and three had a cardiac arrest/absent pulse. 

The majority of the adverse events were classified as moderate.  There were 389 

(62.5%) moderate adverse events; 128 oxygen desaturation (75-90% for <60 seconds) 

and 89 incidents of airway obstruction. Most interventions for adverse events were 

categorised as minor on 457 (59.5%) sedations.  There were 167 (21.7%) minimal 

interventions and 20 (2.6%) sentinel interventions. 

With the minority of procedures being non emergent, the best representation of EM 

procedural sedation was identified in the results by looking at the time the procedure 

was undertaken.  Two time periods; 6:00pm-12:00am and 12:00-06:00am were 

defined as being out of normal working hours and as such, it was more likely to be 

emergent procedures being undertaken.  Both time periods were identified as being 

predictors of adverse events; 6:00pm-12:00am (OR 8.74, 95%CI 5.43-14.06, p=0.0027) 

and 12:00-06:00am (OR 5.86, 95% CI 2.24-15.34, p=0.0003).  Interpretation of any 

results from a voluntary database such as SIVA must bear in mind the potential of 

reporting bias.  They could opt to report nothing or only report minor adverse events.  

Likewise, some clinicians may have only reported more serious adverse events as they 

felt that the minor adverse events were relatively unimportant. 
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Results from other trials with procedural sedation being administered by non-

anaesthetists show interesting variation.  A group of GPs in Australia sedated patients 

for endoscopy with an incidence of adverse events of 4.1 (95% CI 3.3 to 4.9)/1000 

patients (Clarke et al., 2002).  In the Glasgow Royal Infirmary two non-medical 

personnel provided sedation for oocyte retrieval; one was a theatre senior nurse and 

the other was an operating department practitioner.   Their adverse incident rate was 

only 0.3 (95% CI -0.3 to 0.9)/1000 patients (Edwards et al., 2010). 

3.2.1.3 Tracking and Reporting Outcomes of Procedural Sedation (TROOPS) 

Despite the ISTF being disbanded, there remained a group of its members and other 

experts who felt there was a need for a team to guide development in procedural 

sedation internationally.  In 2014, the International Committee for the Advancement 

of Procedural Sedation (ICAPS, proceduralsedation.org) was formed by co-chairs 

Professor Green and Professor Mason both from the USA.  Professor Steven M. Green is 

a Professor of Emergency Medicine and Professor Keira P. Mason is an Associate 

Professor of Anesthesiology.  Both have published extensively in procedural sedation.  

ICAPS is an independent organisation, and their mission is 

‘to provide an independent, international, multidisciplinary forum to facilitate 
open dialogue and consensus generation between experts in the area of 
sedation, and to promote optimal, evidence-based, safe and effective practices 
for worldwide procedural sedation and analgesia in patients of all ages.’ 

ICAPS retained the definition of sedation related adverse events generated by ISTF 

but sought to simplify the SIVA adverse event reporting tool.  They recognised the 

importance of having such a tool to promote improvement in the clinical environment 

and standardisation for research reporting but felt that two separate reporting tools 

were better.  One tool is to promote quality improvement in the clinical environment 

and the other tool is to provide consistency in reporting for research studies. 
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Using a Delphi approach, ICAPS recognised that certain elements of the SIVA adverse 

event reporting tool were potential barriers to its wider acceptance. It was felt better 

to remove the threshold and time parameters outlined in the SIVA adverse event 

reporting tool and instead use the format of the Quebec Guidelines.  The Quebec 

Guidelines (Bhatt et al., 2009) were developed for use in paediatric ED procedural 

sedation and noted the interventions taken in response to adverse events.  This was 

also part of the SIVA adverse event reporting tool.  ICAPS also noted the absence of 

patient-centred outcomes in previous tools. 

In 2018, ICAPS presented their new reporting tool (Mason et al., 2019); Tracking and 

Reporting Outcomes of Procedural Sedation (TROOPS).  TROOPS focused on 

interventions undertaken in response to the adverse event and outlines it as an 

‘unplanned’ intervention as some felt interventions were planned/anticipated to an 

extent during certain procedural sedations.  It is a pragmatic tool laid out to mirror 

the clinical systems that may require the interventions. These are then divided into 

categories to denote the implied severity of the intervention undertaken, each colour 

coded to green, yellow and red.  Inclusion of a minor category with some additional 

intermediate interventions is the only addition to the research version. 

The TROOPS reporting tool is relatively new and there are no studies within the 

Emergency Department using it.  It has been endorsed in the most current RCEM Best 

Practice Guideline on Procedural Sedation in the Emergency Department (2022).  A 

large-scale observational study using the TROOPS tool in Emergency Departments 

would be helpful to set our baseline incidence of adverse events. 

Regardless of which reporting tool is used, responsible clinicians should employ 

clinical governance to minimise adverse events occurring during procedural sedation.  

One of the ways in which they do this is to choose the most appropriate medication 

for sedation. 
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A systematic review (Williams et al., 2016) of prospective randomised double blind 

involving procedural sedation estimated the incidence of adverse events at 5%.  The 

studies included Emergency Department settings as well as others.  This compares to 

the reported 3% in the national RCEM audit (2018) and as high as 11% in an 

observational study (Smits et al., 2017) conducted in a Dutch ED using the SIVA 

adverse event reporting tool. 

3.2.2 Supplemental Oxygen 

Use of supplemental Oxygen is recommended for procedural sedation in the 

Emergency Department guidelines (2022).  Evidence recommending a certain method 

of supplemental Oxygen over another is currently lacking (American Society of 

Anesthesiologists, 2018).  High Flow Nasal Oxygen (HFNO) is becoming increasingly 

available.  It might be a safer, more comfortable way of delivering supplemental 

oxygen which is humidified and heated. 

HFNO was developed in the paediatric setting (Shoemaker et al., 2007) and over the 

past decade has become an increasingly popular way to deliver supplemental Oxygen.  

HFNO delivers heated and humidified oxygen up to a rate of 15-60L/min and an FiO2 

of 21% to 100%.  Flow and FiO2 can be altered independently. 

A systematic review and metanalysis was undertaken by Liu et al (2021) to evaluate 

the efficacy of HFNO when compared to standard oxygen therapy during procedural 

sedation.  Their primary outcome was desaturation events (SpO2 <90%).  Six studies 

were included, five of which delivered oxygen via nasal cannula.  HFNO was 

associated with a significantly lower risk of intraprocedural desaturation (RR 0.18, 

95% CI 0.04-0.87) compare with standard oxygen therapy.  None of the studies 

included in this metanalysis were undertaken in the Emergency Department setting. 
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The results of Liu et al (2021) are interesting but not directly transferable to the ED 

setting.  However, it does pose the question of whether a study should be undertaken 

in the ED setting to compare oxygen delivered HFNO versus nasal cannula for 

procedural sedation?  We have evidence that it is tolerated by patients, and would 

this be a justification for using it routinely?  Whilst this may be the case in ‘normal’ 

times, recent events with the COVID pandemic have highlighted that interventions 

once perceived as minimal risk can suddenly be reclassified as high risk and stopped 

with immediate effect for all except those requiring it as a lifesaving intervention. 

3.2.3 Fasting 

Fasting before procedural sedation was advised, if possible, to minimise the risk of 

pulmonary aspiration of gastric contents.  Best practice advice was taken from a 

guideline developed for healthy, elective patients (American Society of 

Anesthesiologists, 2011) for anything but minimal sedation.  This guideline advised 

two hours for clear fluids and six hours for solids. 

A systematic review conducted in 2017 (Green et al.) aimed to identify published 

reports of pulmonary aspiration in procedural sedation.  They identified 292 

incidences of pulmonary aspiration with eight subsequent deaths.  All incidences of 

pulmonary aspiration occurred during endoscopy. 

There is an argument that trauma and the associated pain and opiate administration 

can delay gastric emptying and that perhaps this group of patients are at higher risk 

of pulmonary aspiration.  In some regions it is normal practice to undertake a point of 

care ultrasound assessment of gastric contents before elective procedures.  A 

systematic review (Van de Putte and Perlas, 2014) was conducted to summarise the 

use of this imaging modality.  The review contained information on how it was 

performed.  Emergency Physicians are skilled in the use of bedside ultrasounds and 
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developing this skill would be achievable without relative difficulty.  However, the 

main concern is that suitable views would require moving the patient into multiple 

positions and given the nature of the presenting complaint requiring procedural 

sedation this is probably not feasible.  This has not been assessed in the Emergency 

Department population yet and may be of interest for future research. 

We adopted the guidance from a multidisciplinary consensus practice guideline for 

unscheduled procedural sedation (Green et al., 2019) which has also been endorsed 

by the RCEM (2022).  This guideline advocates an individualised approach to aspiration 

risk management which considers the urgency of the procedural sedation, the level of 

sedation we want to achieve, and the drugs being used.  This is combined with 

information on the patient’s past medical history, when and what they last had to eat 

and drink along with their current physiology. 

3.3 Effective 

When we are evaluating the efficiency of a procedural sedation regime, we need to 

consider the physician’s satisfaction as well as the ability to sedate the patient. 

3.3.1  Sedation Scales 

There are several tools designed to assess the level of sedation. The Modified 

Observer of Alertness and Sedation Scale MOAA/S is derived from the Observer’s 

Assessment of Alertness and Sedation scale (OAA/S).  It is a simple tool used to assess 

the depth of sedation by attempted interactions with the patient.  The MOAA/S has 

six-points ranging from ‘responds readily to name spoken in normal tone’ to ‘no 

response after painful trapezius squeeze’. 
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Table 3-1 The Modified Observer of Alertness and Sedation Scale (MOAA/S) outlining the score 
and description associated with each score. 

Score Score Description 

5 Responds readily to name spoken in normal tone 

4 Lethargic response to name spoken in normal tone 

3 Responds only after name is called loudly and/or 
repeatedly 

2 Responds only after mild prodding or shaking 

1 Responds only after painful trapezius squeeze 

0 No response after painful trapezius squeeze 

 

Another sedation scale to be considered was the Ramsay Sedation Scale (RSS).  The 

RSS was first described in 1974 during a study assessing the sedating properties of 

alphaxalone-alphadone (Althesin) on thirty patients in an ‘intensive therapy unit’ 

(Ramsay et al., 1974).  Like the MOAA/S (Table 3-1) there are six levels in the RSS 

ranging from ‘anxious and agitated’ to no response (Table 3-2). 
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Table 3-2 The Ramsay Sedation Scale outlining the score and clinical descriptor for each score. 

 

 

In 2016, Williams et al, conducted a systematic review that looked at the efficacy 

outcome measures for adult procedural sedation. 

The authors of the systematic review reviewed the various scales and measurements 

used in procedural sedation studies.  Their aim was to create evidence-based 

recommendations to improve and standardise the reporting of efficacy in procedural 

sedation studies.  They included 245 studies in their analysis and found that 47% of 

the studies used the OAA/S or one of its modifications. 

Whilst they noted that the RSS had been validated extensively in the ICU setting, no 

studies existed that validated its use in procedural sedation.  One paper was 

identified that compared it with OAA/S and electroencephalographic (EEG) based 

monitors for patients undergoing elective surgery requiring mild to moderate sedation 

Score Score Description 

1 Patient anxious and agitated or restless or both 

2 Patient co-operative, orientated, and tranquil 

3 Patient responds to commands only 

4 Patient exhibits a brisk response to a light glabellar 
tap or loud auditory stimulus 

5 Patient exhibits a sluggish response to a light 
glabellar tap or loud auditory stimulus 

6 Patient exhibits no response to a light glabellar tap or 
loud auditory stimulus 
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(Chisholm et al, 2006).  This study showed that the two scales correlated well but 

again did not validate the RSS in isolation. 

Chernik et al (1990) published a paper describing the validity and reliability of this 

scale in a population of 18 healthy volunteers.  The volunteers received a placebo 

dose and two doses of midazolam in a randomised fashion to enable this.  The OAA/S 

contains four assessment categories; responsiveness, speech, facial expression, and 

eyes (Table 3-3).  An individual’s level of sedation is assessed by working through each 

category starting first with responsiveness.  A composite score is given which reflects 

the lowest level in one of the categories.  A patient may receive a score of 4 in the 

face category but 2 in the speech category, their resultant composite score would be 

2. 

  



Chapter 3  Research standards for studies involving procedural sedation 

 

60 

Table 3-3 the Observer's Assessment of Alertness and Sedation Scale (OAA/S) showing the 
constituent parts of the assessment and composite score level 

Assessment Categories 
Composite 
Score level Responsiveness Speech Facial 

Expression 
Eyes 

Responds readily to 
name spoken in normal 
tone 

Normal Normal Clear, no 
ptosis 

5 (Alert) 

Lethargic response to 
name spoken in normal 
tone 

Mild slowing 
or 
thickening 

Mild 
relaxation 

Glazed or 
mild ptosis 
(less than 
half the 
eye) 

4 

Responds only after 
name is called loudly 
and/or repeatedly 

Slurring or 
prominent 
slowing 

Marked 
relaxation 
(slack jaw) 

Glazed and 
marked 
ptosis (half 
the eye or 
more) 

3 

Responds only after 
mild prodding or 
shaking 

Few 
recognizable 
words 

- - 2 

Does not respond to 
mild prodding or 
shaking 

-  - - 1 (Deep 
Sleep) 

 

Chernik et al reported that the OAA/S scale was both reliable and valid, taking less 

than one minute to perform.  Each category influenced the composite score at one 

point in time, with responsiveness being the most influential on the resultant 

composite score.  In the systematic review the authors comment that the MOAA/S 
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mirrors the responsiveness category but there is variability amongst the various scales 

calling themselves the ‘modified’ OAA/S scale.  Versions ranging from 5 points to 7 

points have been used in the reviewed papers. 

Whilst Chernik et al commented that responsiveness appeared to be the most 

influential on the composite score, it was not validated by itself and there is a gap in 

the literature with no validation of a standardised ‘modified’ OAA/S.  The authors of 

the systematic review concluded that there was no robust evidence of the 

responsiveness, reliability and validity of the current sedation scales being used in 

procedural sedation.  This means that no recommendations can be made to inform 

the future study. 

The use of electroencephalographic (EEG) signals to indicate the depth of patient 

sedation is emerging and may be of use in ED procedural sedation. 

3.3.2 Electroencephalographic (EEG) signals 

Depth of anaesthesia (DOA) monitors exist that process EEG signals to provide an 

index number indicating ‘depth’ of anaesthesia alongside the EEG waveforms.  This is 

called processed EEG monitoring (pEEG) and has been studied extensively. 

Many systems exist but one of the most used in the UK is the bispectral index (BIS) 

monitor which was introduced in 1994 (Sigl and Chamoun).  BIS monitoring is achieved 

by attaching four adhesive electrodes to the patient’s forehead.  These electrodes 

can monitor the frontal EEG and by applying an algorithm, process this to generate 

the waveform and index number on a monitor for the clinician to see. 

The index number displayed on the monitor is between 0 to 100 and there is up to a 

30 second delay as the EEG is processed.  Ranges have been suggested to indicate 

varying depths of anaesthesia with depth increasing as the number decreases (Table 

3-4). 
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Table 3-4 BIS Index Ranges related to level of sedation (Doshi et al., 2011).  Reproduced with 
permission of Pediatric on call. 

BIS Index 
Range 

Level of Sedation 

100 – 80 Responds to normal voice 

80 – 60 Light/moderate sedation 

- Responds to loud commands or mild 
prodding/shaking 

60 – 40 General Anaesthesia 

- Low probability of explicit recall 

- Unresponsive to verbal stimulus 

40 – 20 Deep Hypnotic State 

20 – 0 Burst Suppression 

0 Flat Line EEG 

 

The 5th National Audit Project (NAP5) on accidental awareness during general 

anaesthesia (AAGA) reported that DOA monitors were used in just 2.8% of all general 

anaesthetics (Pandit et al.).  Certain or probable AAGA was reported in 141 patients, 

six of whom (4.3%) had DOA monitoring attached.  This result shows that despite 

optimal monitoring, depth can be incorrectly assessed.  Suggestions have been made 

in the literature that perhaps clinicians are focusing too much on the index number 

and not considering the basic waveforms themselves (Mulvey and Klepsch, 2020) thus 

limiting their ability to interpret the information provided by the DOA monitor.  This 

is echoed in the recent Association of Anaesthetists guideline on ‘Recommendations 

for standards of monitoring during anaesthesia and recovery’ (2021) which states: 
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‘Anaesthetists should not rely solely on index values displayed by pEEG 
monitors. Rather, they should develop a basic understanding of EEG 
waveforms and the interpretation of information from power spectral 
analysis, density spectral array (‘spectrograms‘) and relative band 
powers.’ 

Propofol has been described as having a distinctive EEG signature as the patient 

traverses the stages of the sedation continuum (Purdon et al., 2013).  The ability to 

identify this Propofol EEG signature and where the patient is on the continuum would 

enhance the use of the DOA monitor to ensure an appropriate depth is maintained 

(Figure 3-1). 
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Figure 3-1 Unprocessed electroencephalogram signature of Propofol-induced sedation and 
unconsciousness. 
A) Awake eyes open electroencephalogram pattern. (B) Paradoxical excitation. (C) Alpha and beta 
oscillations commonly observed during Propofol-induced sedation. (D) Slow-delta and alpha 
oscillations commonly seen during unconsciousness. (E) Slow oscillations commonly observed 
during unconsciousness at induction with Propofol. (F) Burst suppression, a state of profound 
anesthetic-induced brain inactivation. (G) Isoelectric electroencephalogram pattern commonly 
observed in anesthetic-induced coma.  Reproduced, with permission, from Purdon et al (2015). 
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Whilst Propofol produces this distinctive signature, other drugs used for ED procedural 

sedation may confuse the picture.  Ketamine and nitrous oxide can produce a higher 

index number because of faster EEG oscillations that would normally be associated 

with a more wakeful state (Yamamura et al., 1981, Hayashi et al., 2007).  An 

adequate dose of these agents can be administered, the patient appears to be 

clinically sedated, but the BIS index number would suggest otherwise.  Care would 

also have to be taken when opioids are being used as they potentiate the effects of 

other sedatives with minimal effects on BIS score.  Noticeable EEG changes would 

only be induced by opiates at approximately five times that of the analgesic doses 

(Dahaba, 2005, Shafer and Varvel, 1991).  If a clinician were using only the DOA 

monitor to guide depth, they could potentially be misled by a static index number and 

waveform as their patient becomes over sedated. 

Studies were conducted using BIS in Emergency Departments for a variety of reasons 

including procedural sedation (Gill et al., 2003, Miner et al., 2003, Miner et al., 2005, 

Fatovich et al., 2004, Miner et al., 2007).  In the early 2000’s, most of the studies 

were observational and no randomised interventional validation studies were 

published. The authors did however conclude that BIS had the potential to improve 

safety. 

Gill et al. (2003) conducted an observational study on a convenience sample of 270 

patients undergoing procedural sedation in the ED.  All patients had BIS attached and 

the clinicians were blinded to it.  They noted the BIS index number and sedation score 

using the RSS every five minutes.  Their results showed that BIS reliably predicted 

patients ‘sedated’ to the point of general anaesthesia from less deeply sedated 

patients.  It did not however discern between mild to moderate sedation, or 

moderate to deep sedation as measured by the sedation scale. 

Fatovich et al. (2004) ran an observational pilot study comparing the BIS index 

number with the OAA/S Scale on a convenience sample undergoing procedural 

sedation in the ED.  Twelve patients were enrolled with results from eleven patients.  
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They showed that there was poor correlation between both and recommended a 

larger study. 

Miner et al. (2003) enrolled 108 patients into their observational study of patients 

undergoing procedural sedation in the ED.  All patients had BIS applied and the 

treating clinical teams were blinded.  Their results describe a BIS index range of 70-85 

as the point at which patients were optimally sedated.  They described equivalent 

VAS outcomes for pain, recall and satisfaction as those more deeply sedated and the 

same rates of respiratory depression; (SpO2 <90%, a change from baseline EtCO2 >10 

mm Hg or an absent EtCO2 waveform at any point during the procedure) as those less 

deeply sedated. 

Further research from Miner et al. (2005) was conducted in the ED with the aim of 

using BIS to recognise adequately sedated patients and reduce the incidence of 

respiratory depression.  A total of 100 patients were randomised to either a group 

where physicians were blinded to the BIS information or to a group where clinicians 

could view the BIS information.  Their results showed that there was a lower rate of 

respiratory depression in the group with clinicians unblinded to the BIS information 

and who had received more than one dose of Propofol for the procedural sedation.  

There was no difference in incidence of respiratory depression when only a single 

dose of Propofol was required.  This result is interesting as it highlights my initial 

concern that repeated boluses of Propofol make it difficult to predict the effect site 

concentration and increase the risk of adverse events. 

Challenges to using BIS in my RCT would include cost and unfamiliarity with this 

technology amongst Emergency Department teams.  Given that the research into this 

is inconclusive and new recommendations urge clinicians to interrogate all 

information provided by the DOA monitors, not just the index number, it is unlikely 

that we will use this in the future RCT.  However, this is a promising technology which 

has the potential to enhance the safety of procedural sedation and a study validating 

its utilization in ED for procedural sedation should be considered at a later point. 
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3.3.3 Clinician Satisfaction 

Currently there are no validated tools to measure clinician satisfaction for procedural 

sedation undertaken in the Emergency Department.  A tool has been developed for 

use in endoscopy, the Clinician Sedation Satisfaction Index (Vargo et al., 2009).  It is a 

21-item questionnaire that asks the clinician to rate each from very satisfied to very 

dissatisfied.  It has not been validated for procedural sedation in the ED. 

3.4 Patient Centred 

Studies regarding procedural sedation must include patient related outcomes with 

regards to satisfaction.  It is also key that they are included as much as possible with 

the development of the design and outcome measures chosen to ensure they are felt 

to be representative of what the patient wants. 

3.4.1 Patient Satisfaction 

Patient satisfaction is a nebulous term with no real agreed definition of what it is or 

how best to measure.  Measurement depends on what aspect of this multifactorial 

variable we want to assess, and the term patient satisfaction minimises the true 

complexity of this patient-centred outcome.  Trying to assess patient satisfaction with 

the sedation in isolation is difficult and is recognised as such in the literature. 

The Sedation Consortium on Endpoints and Procedures for Treatment, Escalation, and 

Research (SCEPTER) met in 2014 (Williams et al., 2017) to discuss, agree by consensus 

and design recommendations for adult procedural sedation trials.  These 

recommendations set out the core sedation outcome domains and suitable measures 

to evaluate those domains. 
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3.4.1.1 Iowa Satisfaction with Anesthesia Scale 

One of the domains was to ensure that the sedation was patient and family centred.  

They noted that the end points had to be procedure and context dependent as not all 

are equivalent.  One of the proposed measures was the Iowa Satisfaction with 

Anesthesia Scale (ISAS) (Dexter et al., 1997, Dexter and Candiotti, 2011).  Professor 

Dexter is a researcher based in the department of Anaesthesia at the University of 

Iowa.  He was pivotal in the design and validation the ISAS tool.  ISAS had been 

assessed as a reliable and valid tool in single and multicentre clinical trials but 

interestingly not for comparing satisfaction scores between centres. 

This tool had been designed to measure satisfaction with the anaesthetic and not the 

overall experience.  We noted that it had been used in other studies relating to 

sedation and not general anaesthesia too (Fung et al., 2005, Rüschen et al., 2005, Ryu 

et al., 2009, Kwak et al., 2006). 

It consists of 11 questions (Table 3-5) presented on a sheet of paper handed to the 

patient post procedure, prior to discharge.  They are left to complete the form by 

themselves.  The statements are a mix of positive and negative.  Patients are asked to 

choose one of six responses (Table 3-6) for each of the statements. 

Each response is marked from -3 for disagree very much to +3 for agree very much.  If 

the statement is a negative one, the response score is reversed.  This means that a 

patient who is completely satisfied would score +3 after reversal for the response.  

Each patient’s ISAS score is the mean response of the patient’s responses to the 11 

statements. 
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Table 3-5 Questions from the Iowa Satisfaction with Anesthesia. 
Printed with permission, copyright in the Iowa Satisfaction with Anesthesia Scale (ISAS) is the 
property of Franklin Dexter and the University of Iowa Research Foundation. 

Order Statement 

1 I threw up or felt like throwing up 

2 I would want to have the same anesthetic 

again 

3 I itched 

4 I felt relaxed 

5 I felt pain 

6 I felt safe 

7 I was too cold or hot 

8 I was satisfied with my anesthetic care 

9 I felt pain during surgery 

10 I felt good  

11 I hurt 

 

In 2017, Johnson et al conducted a study in Australia with the aim to determine 

patient satisfaction with procedural sedation in the Emergency Department.  Patient 

satisfaction was measured with the ISAS after full recovery.  In this study full recovery 

was detailed as GCS 15 and talking normally. Their study was observational over a 

twenty-month period.  A convenience sample was recruited from patients requiring 

procedural sedation for a painful procedure and depth of sedation measured using 

OAA/S.  A total of 163 patients were recruited.  Their conclusion was patient 

satisfaction with procedural sedation was good with greater satisfaction associated 

with deeper sedation. 

In reply to this study, Professor Dexter (2017) wrote a letter to the journal and 

authors. 
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Table 3-6 Participants responses for Iowa Satisfaction with Anesthesia Scale. 
Printed with permission, copyright in the Iowa Satisfaction with Anesthesia Scale (ISAS) is the 
property of Franklin Dexter and the University of Iowa Research Foundation. 

  Disagree very much 

  Disagree moderately 

  Disagree slightly 

  Agree slightly 

  Agree moderately 

  Agree very much  

 

In his letter, Professor Dexter asked if the authors had established the validity and 

reliability of the ISAS tool in this population, asking specifically about the three 

questions that explored different aspects of pain.  He also noted that satisfaction was 

lower in those undergoing Orthopaedic procedures and wondered if patients in this 

group related to the question, ‘I felt pain during my surgery’ whereas those 

undergoing procedural sedation for other procedures might not have considered 

themselves to have had surgery and scored higher at this point as a result.  These 

points raised awareness of the difficulties in creating a tool (Boateng et al., 2018) and 

that it was more complex than first appreciated.  A tool tested in one population 

cannot be directly imported for use in another without testing for reliability and 

validity.  Such a tool for measuring patient satisfaction in procedural sedation in the 

Emergency Department did not exist.  I contacted Professor Dextor to discuss this 

further. 

I met with Professor Dexter virtually to explore what could be developed for use in 

studies focusing on procedural sedation in the Emergency Department.  We discussed 

satisfaction and what aspect of it we were looking to assess.  We agreed that 

whatever we chose to measure, it must reflect what is important to the patient.  The 

simplest way to achieve this is by asking our patients undergoing procedures what it is 

that they are looking for, what matters to them.  We can look at their responses for 
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emerging themes and ask specifically about them as opposed to a tool to measure 

‘satisfaction’ en masse.  He also raised the added complication of when to ask our 

patients questions relating to satisfaction.  To be able to measure patient satisfaction 

the patient must be able to recall the events. 

Chadha et al. (2020) evaluated the validity of obtaining patient satisfaction in a group 

of patients being discharged forty-five minutes after sedation with midazolam.  

Twenty patients undergoing cataract surgery were recruited.  They were sedated with 

midazolam and fentanyl.  Patient satisfaction was assessed using the ISAS at 

approximately 30 minutes after the sedation.  Patients were then called 24 hours 

later and asked to share as many of the 11 questions they were asked whilst 

recovering with the researcher. 

Their results showed that 15 out of 20 patients recalled 0 or 1 of the themes.  They 

concluded that assessing patient satisfaction in such a short space of time is invalid.  

Whilst patients may report being comfortable at this time and appear to be alert and 

orientated, the lack of recall indicates that satisfaction can’t be assessed.  

Interestingly they also point out that provision of discharge information solely to the 

patient in this period is not advisable.  Safe but prompt discharges are required in the 

ED and therefore patient satisfaction should be collected after discharge from the ED. 

3.4.1.2 What matters to You? 

Since 2017 Scotland has had a national “What matters to you?” day.  This simple 

question has been used across lots of settings and populations allowing us insight into 

what’s important in people’s lives.  This patient-centred approach reflects Realistic 

Medicine Scotland which was first introduced in the Chief Medical Officer’s annual 

report 2014-15 (Scotland, 2014).  Realistic Medicine puts the patient at the centre of 
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the decisions made about their care and actively seeks to find out what matters most 

to them (Christie, 2016). 

I looked for examples of co-produced patient outcome measures that may be suitable 

for my future study.  Professor Paul Bowie was identified as a researcher with an 

interest in this area.  Professor Paul Bowie is the programme director for the Safety, 

Skills, and Improvement Research Collaborative (SKIRC) at NHS Education for 

Scotland.  He agreed to meet with us to discuss patient centred outcome measures. 

Professor Bowie has conducted research (Bowie et al., 2015, Houston and Bowie, 

2015) in always events and how these can be used to improve patient experience in 

healthcare.  Always events were first described by the Picker Institute in the US.  

They were defined as “those aspects of the care experience that should always occur 

when patients, their family members or other care partners, and service users 

interact with healthcare professionals and the healthcare delivery system”.  In 2012 

the Picker Institute transferred the strategic oversight of always events to the 

Institute for Healthcare Improvement (IHI) (Institute for Healthcare Improvement, 

2014).  The basic principles and four criteria (Table 3-7) have remained the same. 
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Table 3-7 Four criteria an Always Event must meet 
(Institute for Healthcare Improvement, 2014) 

 Criteria Description 

1 Important Patients, their family members or other care partners, 

and service users have identified the event as 

fundamental to improving their experience of care, and 

they predict that the event will have a meaningful impact 

when successfully implemented. 

2 Evidence-

based 

The event is known to contribute to the optimal care of 

and respect for patients, care partners, and service users 

(either through research or quality improvement 

measurement over time) 

3 Measurable The event is specific enough that it is possible to 

determine whether the process or behaviours occur 

reliably.  This requirement is necessary to ensure that 

Always Events are not merely aspirational, but also 

quantifiable. 

4 Affordable and 

Sustainable 

The event should be achievable and sustainable without 

substantial renovations, capital expenditures, or the 

purchase of new equipment or technology.  This 

specification encourages organisations to focus on 

leveraging opportunities to improve the care experience 

through improvements in relationship-based care and in 

care processes. 

 

 

Ascertaining Always Events for our local population undergoing procedural sedation 

would be relatively easy and outlined in Figure 3-2, generating always events (The 

Health Foundation, 2017).  Whilst this would be applicable locally there would be a 
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need for a larger piece of work if we wanted to develop Always Events at a national 

level. 

 

Figure 3-2 Generating Always Events 
Five step approach adapted from illustration 1 in the Health Foundation (2017) report 

3.4.2 Patient & Public Involvement 

Patient and public involvement (PPI) has been shown to mainly have a positive impact 

on identification of relevant research topics, study design, identifying important 

patient outcomes, ability to obtain consent, analysis, dissemination and 

implementation of results (Brett et al., 2014).  PPI has also been reported to have 

some negative impacts with public feeling disempowered, frustrations about ability to 

influence and the emotional toll (Popay and Collins, 2014, Barber et al., 2012). 

3.4.2.1 Background of PPI 

The National Institute for Health and Care Research (NIHR) defines public involvement 

in research as research being carried out ‘with’ or ‘by’ members of the public rather 

Step 1
•Select a specifc patient group (eg patients requiring procedural sedation) or care 
process/system (eg attending the ED)

Step 2
•Collect data (short interview or questionnaire) eg What should always happen to you when 
you are having a procedure in the ED?

Step 3
•Analyse data - group all responses into a small number of themes (eg care access or kindness 
and respect)

Step 4

•Generate possible Always Events (between 1 and 3): these should summarise themes and 
reflect patients' perspectives eg. "I always want to know what happens next after my 
consultation"

Step 5

•Assess candidate Always Event(s) to feasibility criteria: Look at the event from the patient's 
perspective, look at the care systems and behaviours and try to link them.  See if it is feasible 
to both deliver and measure
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than ‘to’, ‘about’ or ‘for’ them (Hayes et al., 2012).  Members of the public include; 

patients and potential patients, people who use health and social care services, 

carers and people from organisations that represent people who use services. 

The UK Standards for Public Involvement in research are a set of six standards that 

describe what good public involvement looks like (Crowe et al., 2020).  They were 

developed across the four nations and each standard provides the opportunity for the 

researcher to reflect on their activities.  The six standards are inclusive opportunities, 

working together, support and learning, governance, communication, and impact. 

In 2014 The British Medical Journal (BMJ) set out a strategy co-produced with their 

International Patient and Public Advisory Panel that promotes co-creation of content 

in their journals.  Requesting a statement on PPI in the methods section was one of 

the changes they adopted to encourage researchers to consider how this would 

benefit their research.  They anticipate that over time this nudge/prompt will shift 

consideration of PPI to the initial stages of research when the research question is 

being formed and will become part of normal business. 

To help researchers report PPI in their research, Staniszewska et al. (2017) developed 

a checklist in both a long and short format to guide them.  The checklists were 

produced as it was recognised that improvements were needed to provide quality, 

transparency, and consistency in reporting. The first version of the Guidance for 

Reporting Involvement of Patients and the Public (GRIPP) was developed by using 

published review evidence.  The developing team acknowledged that input from the 

wider international PPI community was required.  The GRIPP2 was published using a 

delphi approach.  It exists in two formats; long and short with the former of use in 

studies where PPI is the primary objective and the latter for studies where PPI is of 

secondary focus.  Table 3-8 outlines the GRIPP2 short checklist.  Reporting of any 

subsequent research would include this to outline the PPI. 
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Table 3-8 GRIPP2 short form – reporting checklist designed to improve reporting of patient and 
public involvement in research (Staniszewska et al., 2017).  Reproduced with permission from the 
authors. 

Section and topic Item Reported 

on page 

No 

1: Aim Report the aim of PPI in the study  

2: Methods Provide a clear description of the methods 

used for PPI in the study 

 

3: Study results Outcomes – Report the results of PPI in the 

study, including both positive and negative 

outcomes 

 

4: Discussion and 

conclusions 

Outcomes – Comment on the extent to 

which PPI influenced the study overall.  

Describe positive and negative effects 

 

5: 

Reflections/critical 

perspective 

Comment critical on the study, reflecting 

on the things that went well and those that 

did not, so others can learn from this 

experience 
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Chapter 4 Feasibility of TCI for procedural sedation 
in the Emergency Department 

4.1 Introduction 

The UK Medical Research Council (MRC) recommends a phase of assessing feasibility; 

can something be done, should we proceed and if so, how, before undertaking a 

large-scale study (Eldridge et al., 2016) (Figure 4-1).  In line with this 

recommendation, outlined below are the steps I have taken to assess the feasibility of 

performing a RCT of TCI propofol for procedural sedation in the Emergency 

Department as detailed in the subsequent four chapters.  Discussion within my clinical 

teams allowed me to identify emerging themes and uncertainties amongst my 

colleagues.  I used these to guide and target the exploratory, feasibility work. 

 

Figure 4-1 Feasibility & Pilot Studies, a Conceptual Framework. 
Stages of feasibility assessment in preparation for Randomised Controlled Trials, reproduced with 
permission © 2016 Eldridge et al, https://doi.org/10.1371/journal.pone.0150205 

https://doi.org/10.1371/journal.pone.0150205
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4.2 Local Practice 

Whilst the Royal College of Emergency Medicine national audit of Procedural Sedation 

in Adults (2018) showed that the use of Propofol was increasing I was unsure if that 

was reflected locally.  I therefore conducted a survey of ED procedural sedation in the 

West of Scotland.  I was concerned that my TCI intervention might be considered too 

complex by Emergency Medicine physicians. 

4.3 Barriers to TCI 

Target-controlled infusion is a relatively new technology in Emergency Medicine 

practice and something that is perceived to be in the domain of anaesthetic clinical 

practice.  Colleagues were aware that it involved a syringe driver and were concerned 

that it would be overly complicated to set up and increase the procedural time.  I was 

concerned that this would negatively impact upon recruitment to the feasibility study 

(Burton et al., 2019a) and therefore conducted an experiment to quantify the 

additional time taken to set up TCI in the ED. 

4.4 Systematic Review 

Prior to undertaking research in this area, I wanted to ascertain if this was something 

that had already been investigated.  I wanted to identify if the question had already 

been answered or if there was a need to research the use of Propofol TCI for 

procedural sedation in the ED.  I was unable to find a systematic reviews on this topic 

so I conducted a systematic review (Burton et al., 2020). 
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4.5 Feasibility Study 

A feasibility study (Burton et al., 2019b, Burton et al., 2021) looking primarily at 

patient satisfaction, recruitment rates and the incidence and severity of adverse 

events was conducted to address the remaining uncertainties.
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Chapter 5 Does the local picture reflect the national 
picture? 

5.1 Background 

I sought to establish if Propofol was used as a sedating agent in the population and 

centres that I planned to recruit from.  The Scottish deanery is divided into the North, 

East, Southeast and West regions. We are situated in the West region. 

The West region comprises NHS Greater Glasgow and Clyde, Ayrshire and Arran, 

Lanarkshire, Forth Valley and Dumfries and Galloway.  It serves a population of 

approximately 2.5 million people across ten Emergency Departments, a mix of district 

general and city centre hospitals.  Adults present to these departments and there is 

an additional paediatric Emergency Department in the West region. 

The RCEM procedural sedation audit 2017/18 (2018) suggested that Propofol was used 

in just over half (52%) of 8815 recorded procedural sedations.  Reading the audit 

report, I noted that three of the ten ED’s in the West of Scotland had taken part in 

the national RCEM procedural sedation audit 2017/18.  There was no representation 

from Greater Glasgow and Clyde, Ayrshire and Arran, or Dumfries and Galloway.  I felt 

it was not reasonable to extrapolate for the seven Emergency Departments that 

hadn’t taken part. 

To answer my question, I developed a survey to gather information from the adult 

Emergency Departments in the West of Scotland.  The aim of my survey was to 

describe current procedural sedation practice of consultant and associate specialists 

in Emergency Medicine. 
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5.2 Population 

My population was clinically active consultant and associate specialists in the West of 

Scotland Emergency Departments.  Dumfries and Galloway Royal Infirmary was 

excluded as they were not a potential site for recruitment owing to anticipated 

difficulties in supporting the site during the planned research study. 

5.3 Methodology 

I designed a survey covering fasting, drugs, complications and continuing professional 

development (CPD) in procedural sedation.  I chose a selection of sedating agents 

based on the results of the RCEM national audit and asked the provider if they used 

the agent by ticking yes or no.  If they did, I asked them to identify their comfort 

level on a visual analogue scale (VAS) ranging from ‘not at all comfortable’ at 0mm to 

‘completely comfortable’ at 100mm on a 100m horizontal line.  Sedating agents are 

often co-administered with analgesia.  I asked respondents to select which analgesic 

agents they would normally use. 

I asked participants to share their fasting requirements before undertaking procedural 

sedation for food, clear fluid, and other fluids.  Complications encountered were laid 

out in a vertical tick list asking participants to tick yes or no for those they had 

encountered.  The list incorporated events as well as interventions. 

The survey domains and questions were written by senior clinicians in Emergency 

Medicine, anaesthesia and intensive care trained in delivering procedural sedation.  

Initial piloting with Higher Specialist Trainees in Emergency medicine was conducted 

(Appendix 1) and led to amendments before medical illustration formatted and 

produced the final version that was to be distributed in paper format (Appendix 2).  
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Face and content validity were assessed by both medical education and anaesthetic 

colleagues. 

All surveys were anonymous with no identifiable data collected.  An introduction to 

the survey was placed at the top of the sheet as was the aim with the plan to 

distribute the results afterwards.  Procedural sedation was framed as in a 

requirement to achieve the anatomical reduction of a dislocated joint.  This study 

fulfilled the criteria for service evaluation under local research ethics committee 

guidelines and therefore did not require ethical approval. 

Clinical leads were approached on each site to ask for approval.  When obtained they 

identified an Emergency Medicine trainee to act as a liaison and provided information 

on which staff in their departments represented my target population.  Further to 

trainee consent to be involved, the departmental trainee acted as a liaison 

distributing and collecting the surveys before returning them to myself. A reminder 

email was sent to each clinical lead midway during the two-month period the survey 

was open for to share with their colleagues. The results of this work have been 

presented in a descriptive fashion using the functions of the Excel spreadsheet. 

5.4 Results 

The survey was opened for a two-month period from February 2017 to March 2017.  

Nine Emergency Departments were involved: University Hospital Hairmyres, University 

Hospital Wishaw, University Hospital Monklands, University Hospital Crosshouse, 

University Hospital Ayr, Forth Valley Hospital, Glasgow Royal Infirmary, Royal 

Alexandra Hospital, and the Queen Elizabeth University Hospital.  A total of 126 

doctors were eligible all of whom received a copy of the survey.  Of these 112 were 

returned.  There was an 89% response rate. 
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Clinicians most commonly co-administered Morphine (79%) or Fentanyl (57%) for 

analgesia with fewer using alfentanil (21%) or remifentanil (2%).  Entonox was 

comfortably used by 99% of clinicians.  Midazolam was used comfortably by 96%, 

followed by 79% of clinicians using Propofol with a VAS Comfort median (IQR) of 88 

(72-100).  The full results of sedating agents and comfort levels are described in Table 

5-1. 

Table 5-1 Drugs used for procedural sedation, whether the clinician uses it or not & comfort levels 
of the clinician using. 

(N=112) Yes VAS Comfort 

Median (IQR) 

No VAS 

Comfort 

Median 

(IQR) 

No Answer 

Entonox 111 100 (93-100) 1 - 0 

Midazolam 108 100 (86-100) 4 - 0 

Propofol 88 88 (72-100) 19 11 (4-30) 5 

Ketamine 73 78 (65-99) 36 4 (0-16) 3 

Etomidate 16 89 (60-100) 92 0 (0-10) 4 

 

The most common complication experienced by clinicians was respiratory compromise 

requiring a simple airway manoeuvre (81%) followed by oversedation (80%).  They had 

to use an airway adjunct, an oropharyngeal (Guedel) airway to manage respiratory 

compromise.  Table 5-2 outlines the complications and the number of clinicians that 

experienced them. 
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Table 5-2 Complications experienced by participating clinicians during procedural sedation 

(N=112) Yes No No answer 

Simple Airway manoeuvre 91 21 0 

Over-sedation 90 22 0 

Guedel insertion 44 67 1 

Bag Valve Mask ventilation 43 69 0 

Regurgitation 8 104 0 

Laryngospasm 6 106 0 

Profound Hypotension 

(SBP ≤70mmHg) 

5 107 0 

Laryngeal Mask Airway 

(supraglottic airway) 

3 109 0 

Cardiac Arrest 2 110 0 

Intubation required 1 111 0 

 

5.5 Discussion 

My results demonstrated that EM doctors trained in procedural sedation both used and 

were comfortable using Propofol in the departments surveyed.  At first it would 

appear that the percentage use of Propofol is higher in this survey, but we must bear 

in mind that a different question was being asked compared to the RCEM national 

audit.  In my survey, I asked individual clinicians about their routine practice as 

opposed to reporting procedural sedation episodes. 

Most clinicians surveyed have experienced a complication in relation to their 

procedural sedation over the duration they had been undertaking procedural 

sedation.  Minimal numbers have experienced what would be classed as a sentinel 

adverse event per SIVA adverse event reporting tool (Mason et al., 2012) but a high 

percentage, 80%, have experienced over sedation.  The survey was not able to 
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provide details of these events, but it has highlighted that one of my main motivators, 

the avoidance of oversedation using Propofol TCI is relevant in this population (Fanti 

et al., 2015, Kenny, 1996). 

Remifentanil (Michelsen and Hug Jr, 1996) was used by 2% of the participants as an 

analgesic.  Remifentanil TCI (Eleveld et al., 2020) is becoming increasingly popular in 

other non-ED settings and may be a potential method of procedural sedation in the ED 

in the future. 

5.6 Limitations 

Given the anonymous nature of the survey we cannot analyse the information from a 

demographic point of view.  Focusing on centres I would potentially be recruiting 

from was a pragmatic decision to provide information to inform this research project. 

However, the survey results are therefore not representative of the West of Scotland 

regional practice and the EM trainees trained in procedural sedation. 

It is possible that short periods of respiratory compromise needing a simple airway 

manoeuvre may have been anticipated (Roback et al., 2018) and the clinician did not 

perceive it to be unexpected, an adverse event or something that should be improved 

upon.  If clinicians do not perceive them to be an adverse event, then there is no 

incentive to improve nor change clinical practice. 

All surveys are open to self-reporting bias.  Individuals may be inclined to be very 

honest owing to the anonymous nature but equally there is the possibility that they 

overestimate their confidence with various sedating agents and under report their 

experience of complications.  Recall bias will inevitably be present when asking, as I 
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did, for participants to recall events from the past, from their memory.  There is a 

chance that they may not be able to recall an event or recall it completely. 

The layout of the survey appears in hindsight to be cluttered making it difficult for 

participants to follow the questions being asked.  I would move the introductory 

section to a separate sheet to create more room for the participant to see the 

questions.  It could also be commented that the survey was looking at what was ‘nice’ 

to know as opposed to what I needed to know.  The aim of this survey was to 

ascertain if the local picture reflected the national picture and questions relating to 

fasting and CPD were perhaps unnecessary. 

The two areas of interest were the sedating agent being used and the complications 

encountered.  If I had focused on these two areas, there would have been room to 

expand and ask about frequency of the complications as opposed to asking if they’ve 

ever experienced it or not.  On reflection I noticed that I used the word 

‘complications’ as opposed to adverse event.  I believe this was a subconscious 

decision and can only postulate that I felt it was less emotive than adverse events and 

perhaps would lead to participant’s answering more honestly.  There was no space on 

the survey for an open question.  If this had been included, participants may have 

shared some useful thoughts on procedural sedation practice in the ED that would 

have informed subsequent feasibility work.  I included Etomidate as a sedating agent 

choice.  Most clinicians use Etomidate for the induction of general anaesthesia.  The 

inclusion of Etomidate may have created confusion with respondents potentially 

recalling events from general anaesthesia delivered in the department and not 

procedural sedation. 

Not including trainees was deliberate and unhelpful.  An opportunity to engage with 

the groups that are actively training was missed.  This survey could have generated 

many conversations and been a chance to influence their practices.  Trainee EM 
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physicians were most likely to have had experience in this field given the proximity of 

their training time in anaesthesia compared to that of most consultants. 

5.7 Conclusion 

Propofol is a commonly used sedating agent in the consultant and associate specialist 

West of Scotland ED population surveyed.  Propofol is used by 79% of clinicians and 

they are comfortable with its use, VAS Comfort median (IQR) of 88 (72-100).  Most 

clinicians have experienced complications with 80% having experienced oversedation.  

These results would indicate that further investigation of Propofol TCI to reduce 

adverse events in ED procedural sedation is relevant to the study population. 
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Chapter 6 Does setting up TCI in the ED take too 
long? 

6.1 Background 

Target controlled infusion (TCI) is not currently being used in any ED in the West of 

Scotland.  The details about how TCI works, why it works and how it is set up are 

poorly understood and I was concerned they may prove to be insurmountable barriers 

to the introduction of a potentially safer delivery system. 

When discussing the use of TCI in the ED, one of the main concerns raised was that 

setting up for Propofol TCI would take considerably longer compared to the setup for 

bolus administration.  These concerns were reinforced by the unfamiliarity with TCI  

Propofol for procedural sedation.   

6.2 Aims 

6.2.1 Primary Endpoints 

• Median difference in set up time for Propofol TCI vs for bolus administration 

6.2.2 Secondary Endpoints 

• Anticipated set up time for bolus administration 

• Anticipated set up time for TCI administration 

• Anticipated ease of set up for TCI 

• Acceptable difference in set up time 
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6.3 Methodology 

I invited all Emergency Medicine consultants in five EDs in the West of Scotland to 

take part.  Departments were identified as those that may potentially be recruitment 

sites for the later RCT.  Eligible consultants were members of the departments 

currently using bolus Propofol for procedural sedation. 

This study fulfilled the criteria for service evaluation under local research ethics 

committee guidelines and therefore did not require ethical approval. 

Eligible consultants were invited to attend an educational session in their 

department.  Each participant was asked to complete an anonymous questionnaire 

before the session began.  My questionnaire scoped their previous experience and 

current use of TCI.  Participants were then asked to estimate set up times for both 

bolus and TCI and what they perceived to be an acceptable difference.  They were 

asked to rate their anticipated ease of setup for TCI on a visual analogue scale.  At 

the end there was a free text box asking if they had, ‘Any thoughts you’d like to 

share?’ (Appendix 3). 

Following completion of the questionnaire they received an educational session from 

a subject matter expert.  My subject matter expert was a Consultant Anaesthetist 

familiar with TCI and who was using it regularly in clinical practice. The session 

consisted of a tutorial on TCI and a practical demonstration on how to set up the TCI 

pump.  Time was given for questions and answers throughout the session. 

Following the session each participant was then randomised using an online list 

randomizer (www.random.org) to be timed preparing for set up of standard bolus 

administration followed by timing of set up of the TCI system, or vice versa. 

http://www.random.org/
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A prompt sheet outlining the steps for both methods was provided.  Preparing for 

bolus administration comprised taking a 21G needle and 20ml syringe out of their 

wrapping, drawing up 20mls of 1% Propofol and disposing of the sharp.  Preparing for 

TCI administration comprised removing the wrapping from a 21G needle and 50ml 

syringe, drawing up 40mls of 1% Propofol, flushing through a giving line, inserting the 

syringe in a pump, and programming the pump for an initial plasma concentration of 

one microgram/ml.  Each participant was allowed two practice attempts before the 

timed TCI set. 

6.4 Results 

Thirty consultants across the five hospitals participated.  None of the participants 

were currently using TCI in their routine practice for procedural sedation in the ED.  

Many of the participants (28/30) were familiar with the term TCI with just under half 

of them (14/30) having had previous experience during anaesthetic training. 

I utilised a visual analogue score (VAS) with ‘not very difficult’ at point 0 and ‘very 

difficult’ at point 100, participants reported a median (IQR) score of 34 (18) when 

asked to score how difficult they anticipated TCI set up would be. 

Table 6-1 summarises participants estimated set up times for both techniques versus 

the actual times taken.  The median (IQR) difference in set up time that was deemed 

to be acceptable by participants was 300 (30) seconds.  The actual difference in 

median set up time was 143 seconds (U=0, p<0.00001), approximately half of what 

participants felt was acceptable. 
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Table 6-1 Estimated median (IQR) time in seconds to set up Propofol TCI vs actual median (IQR) 
time taken to set up Propofol TCI 

  Bolus TCI 
Estimated time median 
(IQR) seconds 

120 (180) 300 (360) 

Actual time median (IQR) 
seconds 

56 (10) 199 (57) 

 

6.5 Discussion 

My results showed that the actual difference in set up time for TCI was less than 

participants expected.  The results also demonstrated that the time difference was 

well within the mean acceptable time difference suggested by participants.  Whilst it 

is not currently routinely used in the ED most of the participants have heard of the 

technology with half having had clinical experience of TCI Propofol. 

In terms of feasibility this was reassuring as I have shown that it is not a completely 

new technology for most.  I can also reassure my colleagues that it will take 

approximately 2.4 additional minutes to set up compared with that required for bolus 

administration. 

Those that contributed free text comments were generally positive with one 

participant sharing, “increased time for preparation is not important to me.  Patient 

safety and efficacy is much more important to me.  If this works, then it is a winner 

in my opinion.”.  However, one participant reflected upon the reality of the 

simulation and shared that in real life it wouldn’t be them drawing up the drug but 

most likely one of the trained nursing staff.  Whilst this is true for that individual, it 

highlights that wastage of any team members time is not in the best interests of the 

patient nor the department. 
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6.6 Limitations 

I know that most participants had heard of the technology, however I didn’t assess 

the extent of their knowledge.  This is something that would have been good to 

explore further as I cannot assume knowing about something is the same as 

understanding or the ability to utilise it. 

Questionnaires were completed at the beginning of the session and then gathered by 

the research team before commencing with the set-up timing.  They contained a free 

text box and collecting them at this point prevented participants from documenting 

their thoughts after they had the opportunity to set up the systems.  As a result, I 

have likely missed out on important feedback as it’s likely that given the opportunity 

to experience set up, this would have prompted participants to reflect on the set-up 

process. 

There were obvious limitations to how effectively I could replicate the clinical 

environment.  Attempts were made to recreate a bay in the resuscitation area, but 

this will never be completely authentic as there as so many other factors that would 

be involved in the real time situation.  This will have impacted upon timings for both 

preparations.  I don’t know if it would have had a significant impact but timing from 

the point the equipment was available attempted to standardise for the simulated 

nature. 

6.7 Conclusion 

My results suggest that the time to set up TCI would not act as a feasibility barrier to 

using TCI Propofol in the Emergency Department.  Combined with my greater 

understanding of current procedural sedation practice in local sites which showed 

that Propofol was a familiar sedative drug for procedural sedation, the possibility of 
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using Propofol TCI in the ED was a realistic proposition.  I proceeded to conduct a 

systematic review (Burton et al., 2020) to critically appraise the available evidence 

for the use of TCI Propofol for procedural sedation in Emergency Medicine. 
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Chapter 7 A systematic review : Effect of target-
controlled Propofol infusion to reduce the 
incidence of adverse events for procedural sedation 
in the emergency department 

7.1 Introduction 

A systematic review was completed in the early stages of the research project (Burton 

et al., 2020) to critically appraise the available evidence base to determine if target 

controlled Propofol infusion reduced the incidence of adverse events for procedural 

sedation in the Emergency Department. 

The systematic review protocol was registered prospectively on PROSPERO, the 

international prospective register of systematic reviews (Burton, 2015). 

7.2 Methodology 

7.2.1 Review question 

My objective was to determine whether the use of Propofol target-controlled infusion 

reduced the incidence of adverse events as described in the World SIVA adverse 

sedation event reporting tool (Mason et al., 2012) when compared to other methods 

of administration of Propofol for procedural sedation.  Search methods for 

identification of studies 

7.2.1.1 Electronic searches 

A computer-assisted search was performed without language restrictions for RCTs 

comparing Propofol (Diprivan; Fesofol; Pofol; Propofol; Recofol) with an alternative 
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sedating regimen for adult procedural sedation in any hospital setting.  I searched the 

Cochrane Central Register of Controlled Trials (CENTRAL) on The Cochrane Library 

(2019, Issue 1), MEDLINE (1946 to January 28, 2019), EMBASE (1974 to 2019 January 

29) and CINAHL (Appendix 4, 5, 6 & 7).  I used the Cochrane sensitivity maximising 

randomised control trials (RCT) RCT filter (Higgins et al, 2017).  I also searched the 

International Clinical Trials Registry Platform (www.who.int/clinical-trials-registry-

platform, January 2019). 

7.2.1.2 Searching other resources 

Additionally, I searched the reference list of review articles, relevant trials, and 

abstracts of scientific meetings to identify further RCTs.  The titles and abstracts 

were reviewed to identify all potential RCTs.  I obtained the full -text versions of 

these articles.  Additional efforts were made to identify potential RCTs relevant to 

the topic from the following data sources: 

• grey literature 

• references cited in primary sources 

I did not impose a language restriction and no articles required translation. 

7.2.2 Types of studies 

I included Randomised Controlled Trials (RCTs).  I defined an RCT as a study in which 

participants were randomly allocated to a treatment group. 



Chapter 7 A systematic review : Effect of target-controlled Propofol infusion to reduce the incidence of 
adverse events for procedural sedation in the emergency department 

 

96 

7.2.3 Types of participants 

Included studies involved adult service users that required procedural sedation in any 

hospital setting. 

7.2.4 Types of interventions 

The target intervention was administration of intravenous Propofol by target-

controlled infusion compared with alternate methods of intravenous Propofol 

administration. 

7.2.5 Comparator 

Included studies compared the Propofol target-controlled infusion with another 

sedating strategy that was delivered by someone other than the patient. 

7.2.6 Main Outcome 

My main outcome was the incidence of adverse events.  The definition of adverse 

events was set by the study authors and varied between studies. 

7.2.7 Inclusion criteria 

All studies which compared Propofol TCI to another Propofol administration regime in 

adult hospital for procedural sedation were included. 
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7.2.8 Exclusion criteria 

I excluded paediatric patients.  I also excluded studies using patient controlled 

Propofol administration regimes as a comparator and those receiving general 

anaesthesia. 

7.2.9 Types of outcome measures 

7.2.9.1 Primary outcomes 

• Incidence of adverse events (as defined by the study authors) 

7.2.9.2 Secondary outcomes 

• Severity of the adverse event in relation to the World Society for Intravenous 

Anaesthesia adverse sedation event reporting tool (Mason et al., 2012). 

• Dosing range for Propofol TCI 

7.2.10 Data collection and analysis 

Data collection and analysis was conducted following the guidelines available in the 

Cochrane Handbook of Systematic Reviews of Interventions (Higgins et al., 2017). 

7.2.10.1 Selection of studies 

All titles and abstracts for potentially relevant studies were screened independently 

by two authors.  Full-text copies of all papers considered potentially eligible by the 
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two authors were retrieved.  Both authors proceeded to screen these papers against 

the prospectively agreed inclusion criteria.  A third author was consulted to resolve 

differences by consensus and inclusion when authors 1 and 2 disagreed. 

7.2.10.2 Data extraction and management 

A piloted, standardised data collection form was designed and agreed prospectively 

by the research team.  Using this form two authors extracted data from the included 

studies and populated the form independently.  The data collection form included the 

year of publication, name of the first author, methodology, study population, study 

design, participant characteristics, study exclusion and inclusion criteria, details of 

interventions and study outcomes. 

An internet-based data storage system was used to store the extracted data.  

Covidence.org was the platform used.  When clarification was needed on details from 

individual studies the study authors of the relevant papers were contacted via email.  

A third author was consulted to resolve any disagreements. 

7.2.10.3 Assessment of risk of bias in included studies 

Using The Cochrane Collaboration’s tool for assessing risk of bias (Higgins et al., 

2017), two authors independently assessed and rated the methodological quality of 

each included trial.  Six domains were evaluated when each author judged the quality 

of the included studies: 

• Utilisation of allocation randomisation 

• Allocation concealment 

• Blinding of participants and personnel 

• Blinding of outcome assessment 

• Incomplete outcome data 
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• Other bias 

In addition, bias was assessed as: 

• Low risk of bias 

• High risk of bias 

• Unclear risk (lack of information or uncertainty over the potential for bias). 

Authors of included studies were contacted via email for further information if clarity 

was required regarding an included study.  A third author resolved any disagreement 

to reach a consensus within the research team. 

7.2.10.4 Assessment of heterogeneity  

Clinical and methodological heterogeneity was assessed by the authors.  In addition, 

statistical heterogeneity assessment was planned by creating a forest plot of adverse 

event and the P value for the χ2 test of heterogeneity (Higgins et al., 2017). 

7.3 Results 

7.3.1 Study selection and search results 

Four hundred and sixty-two records were identified after duplicates were removed by 

searching sources using the methodology described previously.  Of the 462 records 

identified, abstracts were obtained from 32 to allow further screening against the 

inclusion and exclusion criteria.  All abstracts qualified for full-text analysis.  Seven of 

the 32 full-text studies met the a priori criteria for inclusion in the final analysis.  

Figure 7-1 details the flow of information through the various phases of the 
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systematic review as outlined in the ‘preferred reporting items for systematic reviews 

and meta-analyses: the PRISMA statement’ (Moher et al., 2009). 

 

Figure 7-1 PRISMA flow diagram of studies identified for the systematic review (Moher et al., 2009, 
Burton et al., 2020).  Reproduced with permission from Wolters Kluwer. 

7.3.2 Risk of Bias assessment 

A summary of the Risk of Bias assessment using the Cochrane Collaboration’s tool for 

all studies combined is shown in Figure 7-2. 
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Figure 7-2 Risk of Bias Graph.Review authors' judgements about each risk of bias item presented 
as percentages across all included studies. Developed using Cochrane Collaboration. 2014. 
Review Manager (RevMan) [Computer program]. Version 5.3. 5.(Burton et al., 2020).  Reproduced 
with permission from Wolters Kluwer. 

7.3.3 Heterogeneity 

Authors found that significant methodological and clinical heterogeneity (Gagnier et 

al., 2012) existed between the seven studies.  Pooling of the results in a meta-

analysis was not appropriate.  A narrative synthesis was undertaken (Popay et al., 

2006). 

7.3.4 Description of the studies 

Seven studies in total were included in the systematic review (Burton et al., 2020).  A 

summary of the study characteristics is outlined in Table 7-1.  Five of the studies 

were parallel group Randomised Control Trials (Newson et al., 1995, Sakaguchi et al., 

2011, Vučićević et al., 2016, De Vito et al., 2011, Chiang et al., 2013), one was a 

randomised non-inferiority trial (Franzen et al., 2016) and one was a prospective 

randomised crossover trial (Wang et al., 2016). 

Gender of the patients was reported in all but one of the studies (Newson et al., 

1995) and all reported a mean age for participants.  Study duration was reported in 
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six of the included trials (Franzen et al., 2016, Sakaguchi et al., 2011, Vučićević et 

al., 2016, Wang et al., 2016, De Vito et al., 2011, Chiang et al., 2013) and ranged 

from 6 to 23 months. 

There was variation between the settings and procedures undertaken in the included 

studies.  Three of the studies included patients undergoing visualisation and/or biopsy 

of the gastrointestinal tract (Vučićević et al., 2016, Wang et al., 2016, Chiang et al., 

2013).  Upper airway visualisation and/or instrumentation was undertaken in one 

study (De Vito et al., 2011).  One study involved dental procedures (Sakaguchi et al., 

2011), one study involved bronchoscopy (Franzen et al., 2016) and one study involved 

patients undergoing a breast biopsy (Newson et al., 1995).  All the trials recruited 

elective patients.  None of the seven studies were conducted in the Emergency 

Department. 

Additional analgesia was routinely administered alongside the sedating regimes under 

investigation in six of the trials (Sakaguchi et al., 2011, Newson et al., 1995, Franzen 

et al., 2016, Vučićević et al., 2016, Wang et al., 2016, Chiang et al., 2013).  De Vito 

et al. (2011) was the only study not to use additional analgesia 

In Chiang et al. (2013), patients received premedication of 10 µg/kg alfentanil before 

commencement on their allocated Propofol sedation.  Wang et al. (2016) 

administered fentanyl 2µg/kg to both groups of patients undergoing colonoscopy. 

In Franzen et al. (2016), both groups received 5mg hydrocodone intravenously 

immediately prior to flexible bronchoscopy.  In addition to this, 2% lignocaine gel was 

used to achieve nasal anaesthesia with further aliquots of 1% lignocaine being used on 

both main bronchi, trachea, and vocal cords. No other additional analgesia was 
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permitted.  Lignocaine 1% was also used to infiltrate the incision area in Newson et al. 

(1995) with additional lignocaine being permitted up to 300mg. 

Midazolam was given at a dose of 0.04mg/kg intravenously as a premedication in 

Sakaguchi et al. (2011) for both groups of patients undergoing dental procedures.   

Vućićević (2016), administered midazolam to both groups in a 2mg bolus for patients 

weighing up to 70kg and 3mg bolus for patients >70kg.  They also administered 

fentanyl 50mcg for patients weighing 50-60 kg, 75mcg for patients weighing 60-80kg 

and 100mcg for those weighing >80kg. 

Routine Oxygen supplementation was used in six of the trials (Franzen et al., 2016, 

Newson et al., 1995, Sakaguchi et al., 2011, Vučićević et al., 2016, Wang et al., 2016, 

Chiang et al., 2013). 
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Table 7-1 Summary of Study Characteristics (Burton et al., 2020).  Reproduced with permission 
from Wolters Kluwer. 
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Propofol TCI was compared with alternative Propofol administration regimes in all the 

seven studies.  In four of the studies TCI was compared to manually controlled 

infusions (MCI) (Sakaguchi et al., 2011, Vučićević et al., 2016, Chiang et al., 2013, 

Wang et al., 2016).  In two of the studies TCI was compared to bolus administration 

(Franzen et al., 2016, De Vito et al., 2011).  Newson et al. (1995) had three 

intervention arms consisting of; bolus, manually controlled infusion and TCI. 

7.3.5 TCI models 

Two Propofol TCI models were used; Schnider and Marsh.  Table 7-3 outlines which 

were used in each study. 

7.3.6 Outcome Measures and adverse events 

Adverse events featured as part of the primary outcome measures in one of the 

studies included (Franzen et al., 2016) with the others including these as secondary 

outcomes.  The ‘adverse events’ per the author’s description for each study have 

been displayed in Table 7-2. 

Franzen et al. (2016) sought to evaluate the safety of TCI Propofol compared to bolus 

administration for flexible bronchoscopy.  The study used two coprimary outcome 

measures, safety, and the mean lowest arterial oxygen saturation.  This non-

inferiority trial comparing Propofol TCI with intermittent boluses for 77 patients 

undergoing flexible bronchoscopy requiring sedation.  This was the only trial with 

safety as a primary outcome measure.  This was defined as the mean lowest arterial 

oxygen saturation during the flexible bronchoscopy.  Their secondary outcomes 

included the number of occasions of SpO2 <90% and/or oxygen desaturation of >4% 

from baseline, number of occasions with systolic blood pressure <90mmHg and the 

mean SpO2.  They defined a serious adverse event as one requiring laryngeal mask or 
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endotracheal tube insertion.  There were no serious adverse events and no life-

threatening oxygen desaturations.  The author did not define life-threatening oxygen 

desaturation.  They reported that TCI was non-inferior to fractionated Propofol 

administration in terms of mean (SD) lowest SpO2 during the procedure (88.3% (5.4%) 

vs 86.9% (7.3%)).  The other secondary outcomes were comparable between bolus and 

TCI Propofol.  Interventions required in the bolus vs the TCI groups to maintain SpO2 

were similar; increase in oxygen delivery (53% vs 56%, p=0.8), chin lift and jaw thrust 

manoeuvre (49% vs 53%, p=0.7) and insertion of nasopharyngeal airway (18% vs 18%, 

p=0.9). 

Vućićević et al (2016) recruited 90 patients undergoing colonoscopy to compare TCI vs 

MCI.  They defined adverse events as; mean arterial pressure (MAP) <60mmHg, 

MAP>105mmHg, bradycardia heart rate (HR) <45bpm, tachycardia HR>115bpm, 

hypoxaemia SpO2<90% for longer than 30 seconds, bradypnoea <6 breaths/min and 

apnoea.  There were no reported physiological adverse events.  The authors noted 

that despite that pre-procedure MAP values being similar in both groups, ten minutes 

into the colonoscopy they were significantly lower in the MCI compared to the TCI 

group (86.50 ± 9.04 vs 92.39 ± 6.37 mmHg, p= 0.017) and likewise at the end of the 

colonoscopy (86.55 ± 9.28 vs 91.50 ± 7.05 mmHg, p= 0.006).  Whilst the oxygen 

saturations in both groups were in the range of 97% to 100%, it was noted that they 

were significantly lower in the MCI group compared to the TCI group in both the fifth 

(98.84 ± 1.67 vs 99.48 ± 0.82%, p=0.033) and 15th minute (97.38 ± 2.26 vs 99.60 ± 

0.51%, p=0.008). 

Vućićević (2016), stated that the aim of their clinical study was to compare patients’ 

safety and endoscopists’ comfort during colonoscopy when using Propofol TCI 

compared to a manually controlled infusion of Propofol.  This initially gave the 

impression that adverse events would be part of the primary outcome measures but 

further reading described that the effect size was calculated from the differences in 
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time taken to eye opening following cessation of sedation in another study (Passot et 

al., 2002) and not derived from safety data. 

Sakaguchi et al. (2011) recruited 40 patients with intellectual disabilities requiring 

dental sedation to undergo a dental procedure.  They compared a manual control 

infusion (MCI) with a target-controlled infusion (TCI).  Within the study procedures 

section of their paper, the authors state that if there was a severe haemodynamic 

change or severe airway obstruction that they stopped both the treatment and 

sedation.  They planned to exclude the patients with these haemodynamic or 

respiratory complications from the study analysis.  No patients were excluded, and no 

significant complications were reported.  They did not provide a definition of 

haemodynamic change beyond hypotension or bradycardia nor what constituted a 

severe airway obstruction.  Cardiovascular and respiratory variables did not differ 

between groups and were within clinically normal limits during the sedation. 

Newson et al. (1995) recruited 63 patients scheduled to receive Propofol sedation for 

an excisional breast biopsy.  Patients were allocated to one of three intervention 

arms: intermittent bolus, variable rate infusion or TCI. Adverse events were not 

formally recorded by the authors, but they did report that none of the patients in any 

of the three groups had a SpO2<90% during the Propofol administration period.  

Physiological parameters are not recorded, but the authors did report that the 

cardiovascular and respiratory variables were similar in all groups.  The authors also 

reported the number of interventions made by the anaesthetists delivering the 

sedation.  Significantly fewer interventions were made in both the TCI and variable 

rate infusion groups when compared to the intermittent bolus group (median (range) 

4 (1-11) vs 4 (1-11) vs 19 (5-52); p<0.01).  No description of the interventions or 

trigger for intervention was provided. 
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De Vito et al. (2011) recruited 40 patients undergoing drug induced sleep endoscopy 

and randomised them to one of two Propofol sedation groups: TCI or bolus.  The 

authors included the safety of the sedation plan as a secondary endpoint.  It is 

unclear which parameters were defined as the safety of the sedation plan.  They 

report that two patients in their non-TCI group needed oxygen because of a severe 

desaturation (65% and 61%) following the first Propofol bolus of 1mgkg-1.  Their table 

outlining safety of the groups reported safety in 18/20 in the bolus arm vs 20/20 in 

the TCI arm.  There is no other mention of safety nor of adverse events. 

Table 7-2 Key Results from papers reviewed in the systematic review (Burton et al., 2020).  
Reproduced with permission from Wolters Kluwer. 

First Author Key Results 

Chiang Incidence of mild desaturation (SpO2<90%) 34 (30.9%) vs 49 

(44.5%) p0.037 (RR 0.694; 95%CI 0.490-0.983).  Incidence of 

moderate desaturation (SpO2<85%) – 17 (15.5%) vs 34 (30.9%) 

p0.007 (RR 0.5; 95%CI 0.298-0.840). 

Franzen No significant difference between the incidence of SpO2<90%, 

SBP<90mmHg. 

Newson Boluses vs MCI vs TCI; median number of interventions 19 (5-52) 

vs 4 (1-11) vs 4 (1-11) p<0.01. No SpO2<90%. 

Sakaguchi MCI vs TCI; cardiovascular & respiratory variables within 

clinically normal limits during sedation. 

De Vito In bolus group 10% required Oxygen because of a severe 

desaturation (SpO2 61% & 66%) because of first bolus 1mg/kg.  

Vucicevic None of the patients required increase in oxygen flow, 

placement of an oropharyngeal airway, the assisted ventilation 

with bag-mask, or endotracheal intubation.  Chin lift in one 

patient from the MCI group. 

Wang TCI vs MCI; Lowest SpO2(%) 97.4±2.0 vs 95.6±3.0, p 0.008.  No 

severe adverse events occurred. 



Chapter 7 A systematic review : Effect of target-controlled Propofol infusion to reduce the incidence of 
adverse events for procedural sedation in the emergency department 

 

109 

Wang et al. (2016) recruited 78 patients into their crossover trial comparing Propofol 

sedation administered via TCI vs MCI for colonoscopy.  They defined severe adverse 

events as a SpO2<90%, heart rate lower than 50bpm or a MAP lower than 55mmHg.  

They reported no severe adverse events. When comparing TCI vs MCI, they reported 

that the lowest MAP was higher in the TCI group (72.9 ± 6.6 vs 67.7 ±7.8; p=0.001), 

the highest MAP was lower in the TCI group (95.4 ± 6.5 vs 100.3 ± 8.5; p=0.009) and 

the lowest SpO2 was higher in the TCI group (97.4 ± 2.0 vs 95.6 ± 3.0; p=0.008).  They 

also noted that there were no significant differences in heart rate between the two 

groups and the recovery time (min) was shorter in the TCI group (9.1 ± 2.4 vs 11.3 ± 

2.6; p=<0.001). 

Chiang et al. (2013) recruited 220 patients requiring sedation for bidirectional 

endoscopy and randomised them into a Propofol TCI group or Propofol MCI group.  

Haemodynamic performance and respiratory manifestations were stated as secondary 

endpoints.  The authors described haemodynamic performance as the duration of 

decreased mean arterial pressure (MAP) >20%/30% and respiratory manifestations as 

periods of bradypnoea, desaturation as well as the incidence of desaturation.  

Bradypnoea was defined as a respiratory rate of less than 8 breaths per minute.  

Desaturation events were classified as mild (SpO2<90%) and moderate (SpO2<85%). 

The results show that no endotracheal intubation or emergent resuscitation occurred 

in any patients.  The authors reported the periods of decreased MAP as percentages of 

the total procedure time and the MCI group experienced more hypotension than those 

in the TCI group.  The duration of 20% decreased MAP was shorter in the TCI group 

than in the MCI group (16.24 ± 16.61% vs 24.43 ± 26.69%; p = 0.007).  The duration of 

30% decreased MAP was also shorter in the TCI group (1.82 ± 5.15% vs 7.37 ± 15.46%; 

p<0.001). 
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The duration of mild desaturation during the procedure was shorter in the TCI group 

(1.11 ± 2.48 vs 3.81 ± 6.74%; p<0.001) as was the incidence (30.9% vs 44.5%; p=0.037), 

a 30.6% risk reduction (relative risk [RR] 0.694; 95% confidence interval [CI] 0.490 - 

0.983).  A 50% reduced risk (RR 0.50; 95% CI 0.298- 0.840) of moderate desaturation 

was observed in the TCI group (TCI vs MCI: 15.5% vs 30.9%; p=0.007). 

There is significant statistical and clinical heterogeneity amongst the studies and a 

meta-analysis will not be conducted.  However, the forest plot generated is still of 

interest.  Whilst there is no consistency in the definition of adverse events, the forest 

plot is a useful visualisation to compare the studies and the total number of adverse 

events as defined by the respective authors across each study.  Sample sizes in the 

studies are relatively small except for Chiang et al. (2013) which recruited 110 

patients in each arm.  The summary forest plot does not cross the line of no effect 

(odds ratio =1) but Chiang et al is one of only two trials reporting adverse events and 

it is the largest population making it the most influential study within the forest plot. 

The forest plot shows reduced adverse events for TCI Propofol but due to the small 

number of adverse events and the disproportionate influence of Chiang et al, this 

report cannot be relied upon. 
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Figure 7-3 Forest plot of all adverse events as defined by the study authors (Burton et al., 2020).  
Reproduced with permission from Wolters Kluwer. 



Chapter 7 A systematic review : Effect of target-controlled Propofol infusion to reduce the incidence of 
adverse events for procedural sedation in the emergency department 

 

112 

7.4 Discussion 

7.4.1 Population and Procedures 

None of the seven studies were conducted in the Emergency Department.  The 

populations in all the studies were fasted elective patients. There are physiological 

and psychological differences between the acutely unwell, distressed patients in the 

ED (Gray and Morris, 2013) requiring urgent reduction of a dislocated joint compared 

to the populations involved in the studies who were undergoing instrumentation of 

their alimentary tract (Vučićević et al., 2016, Chiang et al., 2013, De Vito et al., 

2011, Wang et al., 2016) or airway (Franzen et al., 2016).  Aspiration is a possible 

complication during procedural sedation and delayed gastric emptying secondary to 

pain and opioid use will increase the incidence of pulmonary aspiration (Gray and 

Morris, 2013, Søreide et al., 2005).  Pain and anxiety in emergent situations may 

require higher doses of adjuvant analgesia which could theoretically result in an 

increased incidence of hypotension, respiratory depression and airway loss (Tobias 

and Leder, 2011). 

7.4.2 TCI models 

The Marsh model calculates the compartment volumes by the patient’s actual weight 

whilst the Schnider model takes account of other variables to calculate the volumes 

per the patient’s lean body mass (Al-Rifai and Mulvey, 2015).  As described in this 

thesis (Chapter 2), both models will traditionally aim for different targets with the 

Schnider model using the effect site (Cet, brain) as opposed to the traditional plasma 

(Cpt) target concentration when using the Marsh model.  The use of the Cet, the bolus 

administered in the Schnider model will initially overshoot to achieve the target more 

rapidly.  These significant variations between the models will lead to different 

Propofol pharmacokinetics and pharmacodynamics which makes comparison of study 

outcomes statistically invalid. 
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Table 7-3 TCI targets and models used in research studies included in the systematic review 
(Burton et al., 2020).  Reproduced with permission from Wolters Kluwer. 

First 

Author 

Initial TCI target Dosing adjustments Comment TCI 

Model 

Chiang  Cet 4µg/ml  Cet  1µg/ml if 

unsettled.  After caecal 

intubation ¯ Cet by 

1µg/ml. ¯ Cet by 1µg/ml 

if 20% MAP fluctuation 

reached or mild 

desaturation not better 

after chin lift. 

- Schnider 

Franzen Cet 2.5µg/ml  0.2µg/ml to maintain 

level of sedation. 

- Schnider 

Newson Cpt 2µg/ml -  Range Cpt 1-

4 µg/ml 

Marsh 

Sakaguchi Cpt 1.5µg/ml BIS>70 

 0.3µg/ml.  BIS<50 

¯ 0.3µg/ml. 

- Marsh 

De Vito Concentration set 

1.5µg/m 

 0.2µg/ml every 2mins 

to desired BIS. 

Mean Cet 

was 2.71 ± 

0.75µg/ml 

Schnider 

Vucicevic Cet 2.5µg/ml  or ¯ by 0.5-1µg/ml to 

desired level of 

sedation. 

Range Cet 1-

4.5 µg/ml 

Schnider 

Wang Cpt 3µg/ml  0.2µg/ml to desired 

level of sedation. 

- Marsh 
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7.4.3 Additional Analgesia 

Propofol is a sedative with no analgesic properties.  As such it makes sense that it is 

administered with additional analgesic drugs when procedural sedation is being 

undertaken for a painful procedure.  Consistency in the additional analgesia used for 

each group was achieved in every individual study.  This consistency was helpful when 

interpreting the individual study results.  However, variability in the additional 

analgesia used between each of the studies made it more difficult to identify 

emerging trends in the incidence of adverse between the studies, it was a 

confounding factor.  Meta-analysis of the study results was inappropriate due to intra-

study protocol heterogeneity. 

7.4.4 Adverse Events 

There was no consistency between studies of what constituted an adverse event.  The 

‘adverse events’ per the author’s description for each study have been displayed in 

Table 7-3. 

Definitions and reporting of adverse events and other events were not consistent 

across the studies. Severe desaturation was described in one paper (Wang et al., 

2016) as SpO2 <90%, whilst in another (Chiang et al., 2013) this was classified as mild. 

In 2012, the World SIVA International Sedation Task Force launched an adverse event 

reporting tool to allow standardisation of reporting and tracking of adverse events 

during procedural sedation (Mason et al., 2012).  Three of the studies (Franzen et al., 

2016, Vučićević et al., 2016, Wang et al., 2016) were published after the launch of 

the adverse event reporting tool in 2012, none of the studies used this standard. As a 

result, all adverse events as defined by the authors have been included in the forest 

plot (Figure 7-2). 
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7.5 Conclusion 

This systemic review identified a paucity of studies involving procedural sedation in 

the Emergency Department using Propofol TCI.  Results from each of the studies 

included from other clinical areas suggests a trend towards fewer respiratory adverse 

outcomes and hypotension with Propofol TCI versus other methods of administering 

Propofol. 

It was not possible to conclude that Propofol TCI reduces the incidence of adverse 

events when compared with other sedating regimens using Propofol using a systematic 

review and meta-analysis of the relevant literature.  This has highlighted the 

importance of standardising the reporting of adverse events (Roback et al., 2018). 

I identified a gap in the published literature and designed a feasibility study protocol 

using the information I had gained (Burton et al., 2019b) with the aim to facilitate a 

multicentre RCT. 
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Chapter 8 Propofol Target-Controlled Infusion in 
Emergency Department Sedation (ProTEDS) a 
multicentre, single-arm feasibility study 

8.1 Background 

Widespread adoption of TCI in the Emergency Department (ED) requires evidence that 

it is safe and acceptable to both patients undergoing procedural sedation and those 

providing sedation.  As the multicentre RCT is considered the gold standard of study 

design due to the rigor with which it is designed and conducted (Hariton and Locascio, 

2018), I felt it was the obvious next step following the feasibility study with the 

incidence of adverse events as the primary outcome measure. 

Other study designs exist that would possibly aid adoption of TCI in the ED including 

the more pragmatic approaches of cluster randomized trials (Hemmings et al., 2015) 

designed to recruit in a traditional parallel fashion or in the more novel stepped 

wedge design (Figure 8-1).  For a mature technology like TCI there have been 

suggestions that perhaps an observational study would be more pragmatic.  TCI 

Propofol was introduced into the world of Anaesthesia without a large-scale RCT 

(Absalom et al., 2016, The Academy of Medical Sciences & Royal Academy of 

Engineering., 2013). 
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Figure 8-1 Conventional parallel cluster study & stepped wedge study 
Schematic illustration (Hemming et al., 2015).  Reproduced with permission from the BMJ. 

To aid future study design, there were unanswered questions regarding the feasibility 

which the research team sought to answer by conducting a multicentre, single-arm 

feasibility study.  At this point I wanted to know if TCI Propofol was acceptable to my 

patients and if I would be able to recruit to the study.  Recruitment to research trials 

in the ED is often reported as being challenging (Cofield et al., 2010, Johnson et al., 

2016, Kendrick et al., 2007, Price et al., 2020). 

8.2 Methods 

8.2.1 Setting & Population 

Patients were recruited from the Emergency Department in four hospitals in the West 

of Scotland.  Three were in busy urban hospitals and one in a district general hospital.  

My population included all adults (≥18 years) with an acute traumatic anterior 
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shoulder dislocation requiring procedural sedation to reduce the dislocation.  The 

procedure and sedation were to be administered in the Emergency Department of the 

hospital they presented to. 

8.2.2 Ethics & Trial Registration 

Permission for the study was obtained from the West of Scotland Research Ethics 

service and individual consent from the patients obtained (Appendix 8).  Ethical and 

amendment approval was given by the West of Scotland Research Ethics Committee 5, 

reference number 17/WS/0020 on 24th January 2017 (Appendix 23). 

The trial was registered at ClinicalTrials.gov (NCT03442803).  The study protocol, 

(Burton et al., 2019b) was published in Pilot and Feasibility studies following The 

Standard Protocol Items Recommendations for Trials (SPIRIT) checklist (Appendix 9).  

The reporting followed CONSORT guidelines (Appendix 10). 

8.2.3 Inclusion Criteria 

• 18-65 years old  

• Body weight ≥50kg 

• Clinical and/or radiological evidence of acute anterior shoulder dislocation 

• American Society of Anesthesiologists (ASA) Physical Status Classification I or II 

• Fasted ≥ 90mins, (The Royal College of Anaesthetists and The College of 

Emergency Medicine Working Party on Sedation, 2012, Thorpe and Benger, 

2010) 
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8.2.4 Exclusion Criteria 

• Inability to provide or refusal of informed consent 

• Previous attempt at reduction during the same presentation 

• Previously enrolled in the study 

• Clinical and/or radiological evidence of acute posterior shoulder dislocation 

• Clinical and/or radiological evidence of concomitant ipsilateral upper limb 

fracture 

• Concomitant multi-system injury 

• History of difficult intubation/airway surgery 

• ASA grade III, IV or V 

• Haemodynamic instability 

• Pregnancy 

• Contraindication to sedation 

• Allergy to study drugs or eggs 

• Clinician decision 

• Morphine administration within the preceding 20 minutes prior to starting TCI 

There was no objection to subsequent co-enrolment of patients to clinical trials 

amongst those already enrolled to ProTEDS. 

8.2.5 Aim 

The primary aims of the feasibility study were to: 

• Measure patient satisfaction using a visual analogue scale (VAS),(McCormack et 

al., 1988) (Appendix 11) 

• Calculate recruitment rates by reviewing the number recruited vs the number 

of patients screened 
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 Secondary objectives were: 

• Safety: 

o Incidence & severity adverse events as per World Society for Intravenous 

Anaesthesia adverse event sedation reporting tool,(Mason et al., 2012) 

• Potential Effectiveness: 

o Successful completion of the procedure 

o Number of reduction attempts 

• Patient Centered: 

o Patient reported pain score VAS (McCormack et al., 1988, Breivik et al., 

2000) (Appendix 12) 

o Nursing opinion of the patient’s experience VAS (Appendix 13) 

o Patient recall of the procedure (Pandit et al., 2014) 

o Free text comments from all staff at the end of the procedure 

• Timely: 

o Time from commencement of induction to Modified Observer’s 

Assessment of Alertness/Sedation Scale (OAA/S) 3 (Chernik et al., 1990a) 

o Time from commencement of sedation to fit for discharge (The Royal 

College of Anaesthetists and The College of Emergency Medicine Working 

Party on Sedation, 2012) 

o Patient returned to their baseline level of consciousness 

o Vital signs are within normal limits for that patient 

o Respiratory status is not compromised 

o Pain and discomfort have been addressed 

A member of the emergency medicine nursing team separated from the clinical or 

research teams asked each patient the satisfaction question.  I did not use a tool to 

measure clinician satisfaction instead opting for free text comments on the data 

collection sheet. 
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8.2.6 Study Procedures 

Emergency Medicine consultants who routinely used bolus Propofol for procedural 

sedation practice were the recruiting clinicians for this feasibility study.  They all had 

valid Good Clinical Practice Certificates and had received additional training in TCI 

prior to the start of study.  Training sessions were developed and delivered by an 

experienced anaesthetist familiar with TCI Propofol.  A two-hour interactive session 

was delivered with the objective of outlining the concept of TCI and how this would 

be delivered in the ED setting.  Training sessions were offered to all members of staff 

in the departments recruiting to the study, not just the recruiting consultants. 

Three consultants were trained on each site, approximately 16% of the regional 

consultant workforce.  Regular contact was made between the research team and 

recruiting sites throughout with offers of refresher training sessions. 

Consultants recruiting to the study did so when working clinically in the EDs. Potential 

participants presenting to the Emergency Department with a suspected shoulder 

dislocation received a patient information sheet (Appendix 14).  On confirmation of a 

shoulder dislocation patients were screened against the study inclusion/exclusion 

criteria by the recruiting consultant using the physician information sheet (Appendix 

15). 

If the patient was deemed eligible, recruitment to the trial was discussed further and 

consent obtained if the patient was agreeable.  A screening log was provided on each 

site to record the interaction and outcome along with reasons for refusal. 

When consent was obtained, monitoring in line with current best practice, (The Royal 

College of Anaesthetists and The College of Emergency Medicine Working Party on 
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Sedation, 2012) was established.  All patients received supplemental oxygen (via nasal 

cannula at 4 L min-1) for the duration of the sedation episode.  The patient could have 

received morphine analgesia if it was administered at least 20 minutes before 

commencement of sedation.  A prompt sheet was included in all recruitment packs to 

assist consultant’s delivery of procedural sedation (Appendix 16). 

The TCI Propofol sedation flow sheet was followed (Appendix 17 & 18) to guide 

procedural sedation.  This was a coloured step by step illustration to guide the 

starting plasma (Cpt) target concentration of Propofol, increments and upper limit Cpt.  

When the patient reached the point of MOAA/S 3 a weight-based bolus of the 

analgesic alfentanil was given immediately prior to commencement of the procedure. 

Start time for the procedure was defined as the time the TCI was commenced.  When 

the patient’s modified observer’s assessment of alertness/sedation Scale (MOAA/S) 

(Chernik et al., 1990a) reached the target of three it was recorded every three 

minutes until the procedure was completed.  The MOAA/S was chosen due to the 

recruiting sites general familiarity with its utilization and the lack of 

recommendations from the systematic review on the topic (Williams et al., 2016). 

Completion of the procedure was defined as the point that the TCI infusion was 

discontinued.  A patient reported pain and satisfaction score for the procedure were 

recorded after full recovery by nursing staff not directly involved in the procedure.  

Patients were also asked for their last memory after the onset of procedural sedation. 

Procedural sedation using Propofol TCI was not routine practice in the ED and because 

of this I decided to proceed with caution and use the Marsh model.  Both versions of 

my TCI dosing protocol were written with the assistance of Dr Keith Anderson, an 

expert with peer reviewed publications in this field.  My study of reference from 

which the protocol was devised involved a similarly painful procedure, oocyte 

retrieval, requiring procedural sedation,(Edwards et al. 2010).  Computer simulation 
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programmes were not used.  After the trial closed, I contacted all recruiting clinicians 

via email asking for feedback. 

Infusion pumps were provided by BD CareFusion to each participating department for 

the duration of the study.  If a department were to buy the pump the average cost 

would be £3000 (www.bd.com).  One pump would be sufficient for the vast majority 

of EDs as it would be highly unusual to reduce more than one shoulder simultaneously.  

Bolus administration would normally require 20mls of Propofol to be drawn. The total 

consumables cost was estimated at £3 per patient if an additional 20ml of 1% 

(10mg/ml) Propofol was prepared as standard for the TCI group. 

8.2.7 Sample Size 

A formal sample size was not calculated for this feasibility study (Dixon, 1965). I 

aimed to recruit at least 20 patients within a fixed time period to allow calculation of 

the recruitment rate.  The time period was agreed by auditing the average number of 

anterior shoulder dislocations presenting weekly at each site along with the number 

of recruiting consultants. 

8.2.8 Data Collection and Planned Analysis 

A standardised data collection sheet was used to record information for each patient 

enrolled (Appendix 19).  This document acted as my source document with all data 

being hand-written.  Information was transcribed from a screen. 

Descriptive statistics were used to analyse the data. 
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8.2.9 Patient and public involvement 

This research study was designed without patient or public involvement. 

8.2.10 Raising Awareness 

The study was named with the intent to create a memorable acronym, Propofol 

Target-Controlled Infusion in Emergency Department Sedation – ProTEDS (Pottegård et 

al., 2014).  Posters were designed (Appendix 20) and displayed in both patient and 

staff areas. 

A graphic designed was consulted to create a logo for the trial.  The end product was 

a logo that encompassed the Emergency Department environment by using the RCEM 

colours, involved TCI by incorporating the display unit of a TCI pump and clearly 

displayed the study name (Figure 7-2).  This logo was used on all presentation 

materials and study documentation to build memory of the study and encourage 

recruitment. 

 

Figure 8-2 ProTEDS feasibility study logo 
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8.3 Results 

The three urban teaching hospitals recruited ten, six and three patients respectively 

whilst six patients were recruited in the district general hospital, but screening logs 

were not maintained.  Twenty-five patients were recruited across all four sites 

between April 3rd, 2017, and 31st December 2018 as outlined in the CONSORT diagram 

(Figure 8-3).  Recruitment was temporarily halted between the 25th April 2017 to 9th 

October 2017, whilst a substantial protocol amendment was approved.  The approved 

amendment allowed an increase in the initial and maximal set plasma concentrations 

of Propofol (Appendix 17 & 18). 

 

Figure 8-3 Number of Patients undergoing procedural sedation achieving OAA/S 3 (Burton et al., 
2021).  Reproduced with permission from BMJ. 
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Two patients were excluded; one had no IV access, and the infusion was never 

commenced, the other was a protocol deviation where the patient received 2% 

(20mg/ml) Propofol.  No harm came to the patient and the incident was reported to 

the pharmacovigilance unit and medical ethics.  The mean ± SD dose of morphine 

administered as part of standard care at least 20 mins before commencing the 

protocol was 8.9±3.3 mg. 

Summary demographics and results for the 23 patients commenced on TCI Propofol 

are displayed in Table 8-1 and Table 8-2 respectively. 

Table 8-1 Summary of patient characteristics for patients commenced on TCI (Burton et al., 2021).  
Reproduced with permission from BMJ. 

 

  

No (%) or 

median 

(IQR) 

Female 6 (26%) 

Male 17 (74%) 

Age (years) 37 (18) 

Weight (kg) 81 (21) 

 

Twenty patients achieved an OAA/S of 3.  Of the three who did not, two were prior to 

the protocol amendment and the third post amendment.  The patient post protocol 

amendment self-reduced their dislocation when OAA/S 4.  The median (IQR) time to 

OAA/S 3 was 26 (12) minutes.  All twenty patients achieved successful shoulder joint 

reduction.  The median (IQR) time to reduction for the 19 recorded was 29 (14) 

minutes.  There were no adverse events reported. 
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Five patients were recruited, and procedural sedation attempted with the initial drug 

protocol (Appendix 17). Two of the five patients did not reach OAA/S 3 despite 

receiving the maximum dose of Propofol TCI (Cpt2 µg ml-1, Appendix 18). 

Table 8-2 Summary of Results for participants sedated using Version 1 protocol, Version 
2 protocol and combined results for all patients commenced on Propofol TCI, N=23 
(Burton et al., 2021).  Reproduced with permission from BMJ. 

 Version 1 
Protocol 
(n=5) 

Version 2 
Protocol 
(n=18) 

 
Total (N=23) 

 No. (%) or  
Median 
(IQR) 

No. (%) or  
Median (IQR) 

No. (%) or  
Median (IQR) 

Reduction Successfula 3 (60%) 18 (100%) 21 (91%) 

Adverse Events 0 (0%) 0 (0%) 0 (0%) 

Max Cpt (µg ml-1)b 2 (0) 2.5 (0.8) 2.2 (0.8) 

Time to OAA/S 3 
(mins)c,d 

14 (10) 27 (16) 26 (12) 

Time to Reduction 
(mins)e 

17 (10) 30 (12) 29 (14) 

1 patient self-reduced at OAA/S 4a, 1 patient did not have Max Cpt 

documentedb, 4 patients did not have Time to OAA/S 3 

documentedc, 2 patients did not achieve OAA/S 3, 3 patients did not 

have Time to Reduction documentede 

 

 

Patient and nursing reported outcomes are shown in Figure 8-4.  Overall nursing and 

patient satisfaction with TCI Propofol and the procedure was high. 
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Figure 8-4 Patient and nursing reported outcomes as plotted on the VAS scale. 
A – Pain score, B – Patient Satisfaction, C – Nurse Satisfaction (Burton et al., 2021).  Reproduced 
with permission from BMJ. 

Patient reported pain scores were low, non-parametric with a positive skew.  Results 

are displayed in Table 8-3. 
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Table 8-3 Median Patient and nursing reported outcomes in numerical format (Burton et al., 2021).  
Reproduced with permission from BMJ. 

 Median (IQR) 

Procedural Pain (n = 15) 0 (3) 

Patient Satisfaction (n = 14) 100 (0) 

Nurse Satisfaction (n= 13) 96 (20) 

 

Two nurses commented that the initial stages in achieving OAA/S 3 felt slow but 

overall, it was a better experience for the patient. Seventeen patients had amnesia of 

the procedure with two patients able to recall the procedure.  Recall was not 

recorded for one patient. 

E mail feedback from recruiting clinicians indicated that ongoing education and 

support would have been useful. 

8.4 Discussion 

My feasibility study demonstrated acceptability of the technique to the patient and 

staff.  Successful joint reduction was achieved in 100% of the 20 patients achieving 

OAA/S 3 with no recorded adverse events, (Mason et al., 2012).  These positive 

findings are encouraging.  Used in conjunction with the information I have gathered 

on barriers to recruitment and TCI Propofol administration, they will enable us to 

design a future study. 

8.4.1 Adverse Events – Is there a problem? 

Safety of any new development in procedural sedation is key.  We want to avoid 

patient harm and the incidence of adverse events.  My aim is to show that TCI is 

superior or at the very least, non-inferior to bolus administration of Propofol.  
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Extensive use of TCI technology in other clinical settings satisfied us and the ethics 

committee that it was safe to explore further in Emergency Medicine procedural 

sedation.  My feasibility study was the first ever research conducted in the ED using 

Propofol TCI. 

Adverse events have been reported inconsistently in past studies of Propofol sedation 

making meaningful comparisons difficult, (Newstead et al., 2013).  Even locally, 

procedural sedation audits vary in their criteria between hospitals and boards.  To 

overcome this the World Society of Intravenous Anaesthesia (World SIVA) developed 

an adverse event reporting tool, (Mason et al., 2012).   

One of the recruiting sites used this tool routinely and reports a minor adverse event 

rate of 3%, a moderate adverse event rate of 0.5% and a sentinel adverse event rate 

of 1%.  In this study, I prospectively used the SIVA adverse event reporting tool to 

allow standardised reporting of adverse events.  The SIVA adverse event reporting 

tool has now been superseded by the ‘Tracking and reporting of procedural sedation 

outcomes tool (TROOPS) (Roback et al., 2018). 

A systematic review (Williams et al., 2016) of prospective randomised double blind 

involving procedural sedation approximated the incidence of adverse events at 5%.  If 

I used the approximation of 5% from the systematic review to calculate my sample 

size for a future RCT, it would result in a sample size of >10,000 patients if I was 

looking to reduce the risk to 4% (Ward et al., 2018).  This would prohibit us from using 

the incidence of adverse events as a primary outcome measure and most likely is the 

reason why so few studies have it as a primary outcome measure. 

Franzen (2016) overcame this by adopting a non-inferiority design when looking at 

Propofol TCI vs bolus Propofol for flexible bronchoscopy.  A non-inferiority study is 
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designed to show that the intervention is no worse than the standard treatment or 

control group.  This would have a smaller, more achievable sample size whilst 

retaining safety as the primary outcome measure and making a valuable contribution 

to the existing research. 

8.4.2 Recruitment 

The total recruitment was less than I expected at only 25 patients, and I was unable 

to maintain an accurate screening log on any of the sites.  It became clear from the 

feasibility study that support from a research team would have been useful and any 

future proposals would include funding for this support (Cofield et al., 2010).  There 

was no onsite research support in any of the sites recruiting.  Whilst the Emergency 

teams want to support research, they do not have the capacity to do all the steps 

required. 

Consultant presence in the clinical area did not equate to availability to screen 

patients for recruitment as their primary role was to deliver clinical patient care.  

Consultant availability was limited by other operational demands, and they would 

have to weigh up departmental safety vs recruiting patients.  Their primary role when 

on clinical duty is to maintain patient safety by supervising staff, maintaining flow, 

and reviewing patients. 

In future research I would more accurately map the departmental activity requiring 

procedural sedation to allow the research team staffing to be aligned with the times 

of maximal potential recruitment.  This would maximise the use of funding awarded. 
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8.4.2.1 Environment 

Emergency Departments are unique in that they receive acutely unwell, 

undifferentiated patients 24 hours a day.  Priorities are continuously shifting to 

ensure that emergency care is delivered to patients arriving unpredictably.  The 

priority and focus for the clinical team was to provide lifesaving emergency care to 

patients.  Providing emergency care in this current climate is proving very challenging 

with four-hour performance in Scotland at an all-time low since it was introduced in 

2013.  The intention of this target was to ensure 95% of patients were to wait no 

longer than four hours from arrival to admission or discharge.  Since the introduction 

of the 4-hour target, there has been a rise in the number of patients in departments 

for greater than 12 hours (Griffin, 2022, O’Dowd, 2022).  Compounded with staffing 

shortages, overcrowding and lack of flow, asking clinical teams to take part in 

research in any capacity is challenging (Worster et al., 2005) and must be borne in 

mind for subsequent planning as the situation will not improve soon. 

8.4.2.2 Screening 

Screening for patients in the Emergency Department is not straight forward (Cofield 

et al., 2010).  Within departments there is an awareness of the various research 

studies ongoing but the ability to be able in that moment to recall each and whether 

your patient is suitable is difficult.  One of the strategies employed to overcome this 

has been to ask the triage nurse is asked to identify patients (Fry and Stainton, 2005).  

However, many individuals have had this thought when it comes to interventions and 

the triage nurse is often overloaded and unable to triage patients. 

I was unable to maintain screening logs on any of my sites.  I anticipated it would be 

relatively easy, but the reality proved otherwise (Borys, 2009, Hollnagel, 2017).  

Details including who should be included, where it would be stored etc had been 

decided in advance in the absence of other clinical commitments.  In hindsight asking 
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clinical teams to maintain this was unreasonable.  One of the purposes of my 

screening log was to review those that hadn’t been recruited to identify barriers to 

recruitment (Elm et al., 2014).  The absence of screening logs identified the lack of 

clinical resources to undertake Emergency Medicine research and the requirement for 

research specific staffing support. 

I had hoped that the screening log would also give us a more accurate idea of the 

numbers of patients presenting to the participating departments with shoulder 

dislocations.  I had to look at other ways to gather the numbers of potentially eligible 

patients.  Details on this patient group can be sourced in a variety of ways both 

electronic and paper.  Electronic systems are maintained in all health boards to a 

greater or lesser extent.  Unfortunately, there is no consistency across the nation 

regarding the capabilities of each system.  All systems are capable of registering 

patients with some associated details.  All systems will have a presenting complaint 

registered.  This is formed from the words the patient uses when registering at the 

front desk.  It is encouraged that a final discharge diagnosis is entered for all patients 

but is not mandatory in each board.  Discharge diagnoses are identified from an ICD-

10 drop-down list, there are more than 55,000 codes to choose from.  If a clinician 

doesn’t find the appropriate diagnosis it is possible, they will opt for the best fit. This 

makes data extraction complicated with duplication and the possibility of missing 

patients. 

8.4.2.3 Data Collection 

Having the capability to provide a dedicated member of staff purely for research data 

collection is unrealistic in busy, short-staffed Emergency Departments.  This was 

evidenced in my study by incomplete data collection and feedback from site teams 

after the study had closed.  Having a research team member dedicated to this is the 

obvious solution but perhaps an even better one is the ability to use wearable 

technology (Bonato, 2010, Dunn et al., 2018, Huhn et al., 2022, Niknejad et al., 2020) 
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to monitor and record data that is automatically stored electronically.  This may be a 

more cost-efficient solution cutting down on paper transcription error and increasing 

the quality of the data (Reich et al., 2000, Taenzer et al., 2014). 

8.4.3 Patient Satisfaction 

Patient satisfaction was measured by asking the patients to use a VAS (Voutilainen et 

al., 2016, Brokelman et al., 2012) ranging from not satisfied to very satisfied to 

record their satisfaction levels.  This question was asked when the patient was 

deemed fit for discharge.  This was a method that I read about in other articles 

regarding sedation and felt it was a good fit for what I was trying to achieve. 

I recognised that procedural sedation is not solely about achieving the procedure 

(Holzman, 2021) but achieving it in a manner that is felt to be acceptable to the 

patient with high patient satisfaction levels.  My chosen measurement tool was 

suboptimal as it did not take account of the complex, multi-dimensional nature of 

patient satisfaction.  Ideally, I would co-create a suite of ‘always events’ locally with 

my patients that have undergone procedural sedation in the ED. 

8.4.4 Time to OAA/S 3 

Whilst departments involved in the research were happy that the procedure was 

smooth and recovery quick when OAA/S 3 had been achieved, they were unhappy with 

the time it took to get to that point.  My mean (±SD) time to OAA/S 3 was 25 (±9) 

min.  To some this may not seem like an unreasonable length of time but when you 

compare it to one participating centre’s normal practice taking 10 (±6) min it is an 

understandable perception.  This data was obtained from their regular audit data 

gathered for adult procedural sedation in their department.  The time taken to 
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achieve MOAA/S 3 in this study was considered an unacceptable barrier to clinicians 

adopting TCI Propofol for procedural sedation.  

I approached the feasibility study with caution and my data shows that in hindsight I 

designed the TCI Propofol dosing regime too cautiously and inadvertently increased 

the time to reach OAA/S 3.  The TCI Propofol regime can be amended to reduce the 

time it takes to achieve OAA/S 3.  Changing the starting level of my dosing or 

increasing the dosing increments are possibilities. 

8.4.4.1 Effect Site Targeting 

By using effect site targeting I would anticipate the time taken to reach OAA/S 3 

would be decreased as the system is designed to achieve the brain effect site 

concentration as quickly as possible.  It does this by delivering a greater initial bolus 

of Propofol to create a gradient between the plasma and effect site.  This gradient 

allows faster movement of Propofol to the effect site in comparison to plasma 

targeting.  A larger initial bolus may create concern about possible adverse events, 

however, the commercially available pumps capable of effect site targeting with 

Propofol use the Schnider model. 

The Schnider model was developed considering more variables than the Marsh model 

which may indicate it is safer in some groups.  The Marsh model was developed using 

weight as the only variable whereas the Schnider model uses age, height, weight, age, 

and gender.  Some anaesthetists would recommend using the Schnider model in frail, 

older, more unwell patients (Al-Rifai and Mulvey, 2016). 
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8.4.4.2 Drug protocol 

I acknowledge that my drug protocol was cautious, and it took time to achieve the 

desired sedation level.  My data obtained during the feasibility study shows that I 

could review my titration strategy with a view to increasing the titration amounts and 

decrease the timings between titrations.  Maintaining safety whilst increasing speed is 

what I want to achieve. 

My first draft of a revised protocol was reviewed by a world TIVA expert, Dr Keith 

Anderson.  One of his main questions was how long we would hold the TCI infusion at 

a set level to assess whether the patient is adequately sedated, over sedated or under 

sedated.  To answer this question, I realised that I would need to understand the time 

taken to reach equilibration between the Cpt and Cet as at this point the clinical 

sedation should be steady whereas if the Cpt>Cet then clinically I would expect my 

patients to become increasingly sedated as equilibration is achieved without altering 

the infusion target. 

Computer programmes exist which allow us to simulate the pharmacokinetics of TCI 

infusions.  I can use the results of my feasibility study with this technology to inform a 

new drug protocol whilst maintaining safety.  Tivatrainer (Engbers) is one of these 

programmes.  It can simulate the various TCI models and correlating PD.  This 

programme can simulate the various TCI models and displaying the accompanying PD 

effects including heart rate and OAA/S. 

8.4.4.3 Remifentanil TCI 

The short context-sensitive half-life of remifentanil would make it an attractive 

option for TCI instead of Propofol for procedural sedation in the Emergency 

Department.  Normally we seek to provide analgesia for patients with more prolonged 

analgesic requirements.  However, when we consider the short duration of painful 
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procedures in the Emergency Department requiring procedural sedation and analgesia 

perhaps it merits further consideration. 

Whilst it is not commonly used in the Emergency Department, various studies have 

sought to evaluate the usefulness of remifentanil in the ED for painful procedures.  A 

systematic review from 2017 (Kisilewicz et al.) concluded that the only evidenced 

benefit from the trials was the shorter times to recovery and discharge (Dunn et al., 

2006, Dunn et al., 2011).  The authors also commented on the incidence of anxiety in 

two studies (Sacchetti et al., 2012, Litman, 1999) that required additional 

benzodiazepines to provide the anxiolysis required for completion of the procedure.  

Interestingly this compares to a transient rise in systolic blood pressure and heart rate 

observed by Glass et al. (1993) which they thought was most likely due to a degree of 

anxiety caused by the rapid onset of the drug effect.  If I pursue remifentanil as an 

alternative to Propofol I would need to reconsider my approach to anxiolysis. 

In their systematic review, Kisilewicz et al. (2017) were unable to identify any studies 

that evaluated the resource utilisation of using remifentanil for procedural sedation 

and analgesia in the ED.  They felt that future research including a cost-benefit 

analysis would be incredibly useful.  Theoretically the use of TCI may allow shorter 

procedural duration and recovery times with the obvious impact on staff, space, and 

flow. 

Remifentanil patient-controlled analgesia (PCA) is often used for labour analgesia.  It 

has been implemented successfully in many institutions owing to the lack of side 

effects and high patient satisfaction (Melber, 2022, Weibel et al., 2017, Wilson et al., 

2018).  This could also be considered for ED procedural analgesia. 
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8.4.5 Inclusion Criteria 

My feasibility study recruited adult patients with an anterior shoulder dislocation 

requiring procedural sedation for reduction of the shoulder.  This is only one of many 

procedures that require sedation in the Emergency Department.  In the last RCEM 

audit of adult procedural sedation (2018) just over 80% of the patients requiring 

sedation were for joint reduction.  This was mirrored in an observational study where 

78% of the procedures were Orthopaedic in nature (Smits et al., 2017).  This could 

include elbow dislocations, ankle dislocations, hip dislocations and manipulation of 

limb fractures.  Each of these procedures will have similar requirements to reduction 

of a shoulder dislocation with none of them being lengthy or complex.  If I expanded 

the inclusion criteria, I would by default increase the number of patients I could 

recruit and increase my recruitment rates. 

8.4.6 Study Awareness 

Measuring the impact of my marketing strategy on recruitment was not one of my 

aims.  However, I will continue to use a brand to increase visibility and subsequent 

awareness of further studies.  Feedback from all recruiting sites suggested a 

newsletter or webinar would be useful.  If framed from a positive angle they could act 

as positive reinforcements reminding departments of the trial and encouraging 

recruitment. 

A recent example of this has been the Randomised Evaluation of COVID-19 Therapy 

(RECOVERY) trial.  It has maintained an updated webpage (www.recoverytrial.net) 

open to both professionals and public.  They have encouraged engagement and held 

regular webinars for professionals.  The webinars have provided opportunities to be 

updated on trial progress and ask questions.  There have also been public webinars 

and the option for participants to register for a participant newsletter. 

http://www.recoverytrial.net/
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I will be considering how I can embed increased contact with sites in my future trials 

to raise awareness and encourage recruitment. 

8.4.7 Patient & Public Involvement 

There was no PPI in this study.  PPI is important for all stages in the research process.  

I searched for help locally and discovered the College of Medical, Veterinary & Life 

Sciences (MVLS) public and patient involvement and engagement (PPIE) support at the 

University of Glasgow. 

As well as an online bank of resources, the MVLS PPIE steering group hosted meetings 

that allowed researchers to present their proposals with an ask from the group.  I was 

kindly allowed to attend and present at one of the meetings.  In preparation for the 

meeting an overview of the research proposal had to be submitted (Appendix 21) to 

allow the group time to read the proposal and formulate both questions and 

suggestions. 

8.4.7.1 Research Question 

It was a very constructive, positive experience with lots of great questions being 

asked.  After presenting the proposal to the group time was given for discussion.  

Firstly, some of the group had experienced dislocations themselves requiring 

treatment in the Emergency Department and they thanked me for the research 

question.  This gesture validated that the research question was relevant to both 

clinicians and patients.  However, the group acknowledge that they were not solely 

the population of interest in the research study and made helpful suggestions to reach 

out to local sports clubs. 
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8.4.7.2 Consent 

It was acknowledged that whilst circumstances within the ED are not always pleasant, 

research is vital to improve care and experience for patients.  Informed consent is 

mandatory before recruiting patients into research, but I was asked by patient groups 

if it could be made more comfortable?  It was suggested that I could interview 

patient’s that had been consented for research in the ED and ask them about their 

experience.  Ask them how did they feel when they were being consented, was there 

anything I could do to make it better? 

8.4.7.3 Patient Centred Outcomes 

The most talked about aspect of the study design were the patient centred outcomes.  

One of my proposed measures was the nursing satisfaction of the procedure using a 

VAS scale as I did in the feasibility study.  I was using this as a surrogate measure for 

patient satisfaction during the procedure as given the drugs being used, the patient 

wouldn’t be able to comment on their own satisfaction.  It was commented that often 

the health care provider is seen as being the proxy for the patient and was this right 

as they often don’t equate (Rickert, 2014, Harrison et al., 2020).  It was suggested 

that, if possible, the study design would allow us to correlate the satisfaction scores 

from both groups and include qualitative feedback for more detail. 

8.4.7.4 Adverse events 

It was noted that the definition of the adverse event was tailored to the clinician.  

Which of these adverse events would a patient like to know about?  Apnoea, not 

prolonged, was classified as a minor adverse event even if it required airway 

repositioning if no adverse outcome occurred.  To a clinician this indeed would seem 

to be minor but to a patient, the fact that they stopped breathing because of the 

medication administered by the clinician would be considered significant and 
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potentially life threatening (Schwaneberg et al., 2019).  The question is, should we be 

designing studies to minimise adverse events as perceived by patients as opposed to 

clinicians? 

8.5 Conclusion 

In hindsight I realised that the protocol was not as simple as I first anticipated.  Even 

if I put the protocol to the side there’s still the matter of a novel technology not 

currently used in the ED.  Many clinicians had heard of it but very few had any clinical 

experience with TCI Propofol.  Introducing a new technology and complex protocol 

makes it unlikely that the intervention will be adopted (Cofield et al., 2010) and 

patients recruited. 
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Chapter 9 Conclusions & next steps 

My TCI feasibility study is the first in any Emergency Department in the world and 

adds to the wider body of evidence that TCI is usable, safe, and efficacious. 

Originally, I had planned for the next study to be an RCT and my research has centred 

on assessing the feasibility of running a large-scale study in  Emergency Medicine  

looking at the use of Propofol TCI as a potentially safer option to our current bolus 

administration.  All of my results have been encouraging and whilst I believe that this 

study is feasible, it is not necessary. 

9.1 Alternative Trial Design 

A stepped wedged cluster trial (Figure 8-1) would create the opportunity to focus on 

one site at a time.  A traditional parallel cluster trial involves randomising clusters 

(departments) to either the intervention or the control so that they are running 

simultaneously, in parallel.  Whilst this would make the process of patient 

randomisation easier given the cluster randomisation, it would mean that many 

centres are using the intervention at the same time which would dilute available 

support. 

Adapting the parallel cluster to a stepped wedge design means that all departments 

would start in the control arm and move into the intervention arm in a sequential, 

randomised fashion.  The timings of this would be pre-determined prior to the study 

opening, this would allow support to be focused on the perceived time of greatest 

need which would be as the intervention was opening on each site.  It would also 

mean that each site would have the opportunity to experience the intervention. 

Disadvantages of this approach would include having to obtain agreement from 

numerous departments as the sample size would be in excess of the predicted >10,000 
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patients for a traditional RCT with the primary outcome of incidence of adverse 

events and an incidence reduction from 5% to 4% (Ward et al., 2018).  The 

unfamiliarity of the ED community with TCI technology would make such an 

agreement challenging and time consuming. Whilst both a traditional RCT and 

stepped wedge design are possible, they would be extremely challenging to conduct 

and would require significant funding from investors who could legitimately argue 

that TCI is already an accepted technology for procedural sedation outside of 

Emergency Medicine.  The significant funding required for a  large-scale trial would be 

very difficult to achieve. 

9.2 What further research is necessary? 

If we consider that TCI was introduced into Anaesthetic practice without a large scale 

RCT then it is possible that similar could be achieved in the ED.  My research has 

provided an evidence base that TCI is usable, safe, and efficacious in Emergency 

Medicine.  It may be a more realistic option to concentrate on one centre with 

interested, skilled and knowledgeable physicians who would like to adopt it as a way 

in which to provide procedural sedation. 

Support can be concentrated in this centre, ideally where services are co-located with 

experts.  TCI could be commenced as part of service design and monitored through a 

surveillance programme.  Using this model, we also create an environment that can 

support research studies aimed at answering some of the remaining questions.  These 

would include the TCI model preferred by ED clinicians and optimisation of the 

protocol to deliver safe and timely procedural sedation. 
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As experience and confidence builds, it may influence others to consider adoption of 

the technique and importantly, trainees rotating through the department will be 

introduced to its use.  Combined, all of this may help to make it the new norm with 

widespread adoption in the UK starting with the creation of a centre of excellence 

willing to share its learning. 

9.3 Conclusions 

My research has demonstrated that introducing TCI of Propofol for procedural 

sedation in the Emergency Department is feasible.  My initial intention had been to 

proceed to a RCT to support a change in practice but instead I plan to adopt a quality 

improvement model.  I will work collaboratively with my clinical team to introduce 

Propofol TCI as the main method of delivering procedural sedation within my 

department. I do not believe that further research is required and will not proceed to 

conduct an RCT.  

My recommendations are to devise a training package that familiarises all team 

members with the TCI technique, both practical and theoretical.  Alongside this, the 

introduction and maintenance of a procedural sedation audit is essential in line with 

current RCEM guidelines (2022).  When Propofol TCI is established, there will also be a 

responsibility for the team to share their materials and audit results to allow others to 

consider adoption for their own Emergency Departments. 
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Appendices 

Appendix 1 - Pilot version of sedation survey 
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Appendix 2 - Final version of sedation survey 
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Appendix 3 - Time to Set Up Questionnaire 
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Appendix 4 - Cochrane Central Register of Controlled 
Trials (CENTRAL) search strategy 
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Appendix 5 - Cumulative Index of Nursing and Allied 
Health Literature (CINAHL) search strategy 
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Appendix 6 - Excerpta Medica Database (EMBASE) 
search strategy 
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Appendix 7 - Medical Literature Analysis and Retrieval 
System Online (MEDLINE) search strategy 
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Appendix 8 - PROTEDS patient consent form 
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Appendix 9 - Standard Protocol Items: Recommendations 
for interventional Trials (SPIRIT) checklist for PROTEDS 
protocol 
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Appendix 10 - Consolidated Standards of Reporting Trials 
(CONSORT) checklist of information to include when 
reporting a pilot or feasibility trial – PROTEDS 
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Appendix 11 - Patient Satisfaction 
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Appendix 12 - Patient Reported Pain Score 
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Appendix 13 - Nursing Opinion of Patient Experience 
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Appendix 14 - Patient Information Sheet PROTEDS 
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Appendix 15 - Physician Information Sheet PROTEDS 
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Appendix 16 - PROTEDS trial prompt sheet 
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Appendix 17 - TCI Drug Protocol Version 1 
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Appendix 18 - TCI Drug Protocol Version 2 
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Appendix 19 - PROTEDS Data Collection Sheets 
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Appendix 20 - Departmental Poster advertising PROTEDS 
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Appendix 21 - Public and Patient Involvement and 
Engagement Steering Group Proposal 
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Appendix 22- PROTEDS feasibility study protocol 
Reproduced with permission and no changes CC BY 4.0  
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Appendix 23 - Ethics approval for PROTEDS 
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