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Abstract

Background

Extubation at the end of general anaesthesia should be performed in a way that ensures
patient comfort and minimizes cardiorespiratory changes to prevent harm. Several drugs have
been shown to attenuate these changes during emergence. The aim of our study was to
investigate if a sub-hypnotic dose of propofol is able to produce such favourable peri-

extubation conditions.

Methods

Fifty ASA grade I-11 patients (aged 18-70) undergoing elective abdominal or pelvic surgery
under general anaesthesia with a volatile agent were randomly assigned to a propofol group
(P=28) or a control group (C=22). At the end of surgery, once the minimal alveolar
concentration reached 0.6, patients received either propofol 0.5 mg kg™ or an equivalent
volume of isotonic saline intravenously. The primary outcome was the incidence and severity
of bucking and coughing observed during emergence, with the assessment performed by a
blinded anaesthetist. Haemodynamic parameters, airway responses, extubation complications
and time to extubation were evaluated during the emergence period at predetermined

intervals.

Results

The demographic and clinical characteristics of the two groups were comparable prior to
surgery. Results indicated the incidence and severity of bucking at extubation was
significantly lower (21.4%) in the propofol group compared to the control group (68.2%)
(p<0.001). Similarly, patients in the propofol group had significantly fewer heart rate
(p=0.031) and systolic blood pressure changes at extubation (p=0.031).

Conclusion

The addition of propofol 0.5 mg kg™ prior to extubation successfully attenuated
cardiorespiratory responses following general anaesthesia in ASA I-11 adult patients
undergoing elective abdominal or pelvic surgery, but did not reduce the overall incidence of

cough at extubation.
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Position statement

| am a registrar in the Department of Anaesthesiology at the University of the Witwatersrand
(Wits). | started my anaesthetic training as a medical officer at Thelle Mogoerane Regional
Hospital, before deciding to pursue this specialty in an academic institution. | chose the Wits
Anaesthesiology Academic training program for its academic record of brilliance and world
class teaching in the field of anaesthesia. The exposure to generalised and specialised fields
of anaesthesia during the training circuit, with a wide variety of patients, pathology and

presentations is what sets it apart from other universities.

Airway management is one of the core skills in anaesthesia, with initial teaching focused on
becoming comfortable with this aspect of patient management. At the start of my career, |
remember receiving abundant advice on how to conduct a smooth anaesthetic induction and
intubation, with several strategies laid out for different scenarios. However, | remember
always feeling unsure of how to conduct a smooth emergence and extubation, with a passive
approach being employed at this stage of the anaesthetic — suction the airway, stimulate the
patient, and remove the endotracheal tube once the patient feels enough discomfort to want to
remove it himself. Despite requesting advice on this subject, not much was forthcoming. |
kept having patients strain and cough against the tracheal tubes (TT), breath holding and
prolonging their awakening due to their intolerance of the TT. | remember my first
experience of emergence laryngospasm in a child one month into my training, and felt
helpless in not being able to have been better at waking the child. The patient spent one night
intubated in ICU, and despite being completely fine at discharge, I still felt guilty.

Once | joined the academic training circuit, | took it upon myself to find out how the
experts/consultants and senior trainees handled emergence and extubation. Since the theatre
complex of a tertiary institute such as Chris Hani Baragwanath Academic Hospital would be
caring for sick patients where perioperative cardiorespiratory changes could be detrimental, |
was keen to learn and apply practical approaches to prevent these changes. | enjoyed the
academic discussions that spawned from this interest, and | become even more interested to
develop my own approach in order to achieve a satisfying extubation experience for the
patient and myself: one where the patient gently opens their eyes, and allows me to remove

the TT without any straining or coughing. From time to time, | was graced with exactly such
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an extubation, but could not pin down what went right and what had led to such a beautiful

emergence.

Soon afterwards, the Sars-CoV-2 pandemic hit South Africa, and our department drew up
guidelines for inducing COVID-19 positive patients and a controlled, coughless intubation
strategy was implemented. When it came to extubation, however, no clear protocol or
approach to prevent coughing at emergence was forthcoming. | decided to delve into the
literature to find different pharmacological approaches, and found that several expensive and
often unavailable drugs in our setting were proven to work. | needed to find something cost
effective and in easy reach that might help, and was fortunate enough to stumble upon
research that studied the use of propofol to wake up patients.

Extubation at the end of general anaesthesia should be performed in a way to ensure patient
comfort with minimal cardiorespiratory changes in order to prevent harm, as well as
practitioner safety. The pursuit of this ideal is what drove me to complete this small drug

trial.
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Section 1: Review of the literature

In this section, literature regarding extubation and its physiological consequences, as well as

approaches to its treatment will be presented.

1.1 Introduction
Tracheal extubation represents a critical point at the end of a general anaesthetic.
Cardiovascular, respiratory and endocrine responses are common and predictable throughout

this time. This cascade of events is known as the extubation response .1

As the plane of anaesthesia lightens at the end of surgery, proprioceptors in the tracheal and
pharyngeal region are stimulated by the endotracheal tube. These afferent fibres of the
glossopharyngeal and vagus nerves send impulses to the brainstem, initiating a

somatovisceral reflex that leads to a rise in plasma catecholamine levels.?4®

Cardiovascular manifestations of this response commonly include cardiac arrhythmias,
tachycardia, hypertensive as well as hypotensive periods and myocardial ischemia.®
Sympathetic activation can also lead to a prolonged increase in myocardial oxygen
consumption, as well as activation of the renin-angiotensin-aldosterone system.?3°
Bradycardia may occur in infants as the autonomic equivalent to this response due to an

increased vagal tone.’

Respiratory phenomena at extubation include coughing, bucking, laryngospasm,
bronchospasm, apnoea and desaturation. The resultant uncoupling of pulmonary blood flow
and ventilated lung units can lead to a persistent reduction in arterial oxygen, thereby
increasing the risk of postoperative hypoxia.® Furthermore, the risk of aspiration, airway
obstruction, pulmonary oedema and airway trauma are potential complications that more

commonly occur at extubation than at any other time during anaesthesia.®

Stimulation of the central nervous system at emergence and extubation results in a
measurable increase in electroencephalographic activity, indicating an increased cerebral
metabolic rate and cerebral blood flow. The incidence of agitation and delirium are also
increased at this time. Intracranial, intraocular and intraabdominal pressures rise, leading to a

transient rise in bleeding risk.1%12



1.2Complications and adverse events during extubation
In most patients the physiological changes that occur at the time of extubation are transient
and do not result in significant long-term morbidity. However, it can have deleterious effects

in certain situations.

Coughing and bucking at emergence can lead to wound dehiscence, intracerebral bleeding
after neurosurgical procedures, haematoma formation after thyroid or neck surgery, and
visual compromise after ophthalmic procedures. Therefore, a smooth emergence from
anaesthesia is preferable for many surgical procedures, such as in otorhinolaryngology and

neurosurgery.3-1°

The cardiovascular instability in response to extubation may be poorly tolerated in patients
with preexisting hypertension, coronary artery disease and peripheral vascular compromise.
The associated increase in myocardial oxygen consumption can lead to an increased risk of

myocardial ischaemia and infarction that persist into the postoperative period.6-18

Agitation, sedation and nausea and vomiting can lead to respiratory depression, aspiration
and a prolonged stay in the post anaesthesia care unit. Laryngospasm and bronchospasm at
emergence can result in desaturation, haemodynamic instability and hypoxaemia that is
poorly tolerated in patients with limited respiratory reserve, obstructive lung pathology, and

pulmonary vascular disease.!%%

Extubation is classified as an aerosol generating procedure and in light of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has garnered more
attention.?>?2 Compared with intubation, extubation produced a 15-fold higher aerosol
yield,Z indicating it is a higher risk procedure. Despite this, many more efforts and guidelines
are being focused on intubation. Due to the proximity of the anaesthetist and other health care
workers to the patient at the time of extubation, as well as the high risk of coughing during
extubation, antitussive efforts have recently been recommended in handling SARS-CoV-2

positive patients presenting for anaesthesia.?>

It is generally recognized as good anaesthetic practice to blunt the cardiorespiratory response
to intubation. Its mechanism is well understood, and targeted attenuation of this response is
performed regularly at induction.”?>-2" However, there is a higher rate of complications
associated with extubation than intubation'? and extubation has been found to have a three

times higher incidence of adverse events.?®
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Cardiorespiratory complications associated with extubation, however, are not usually
reported if they occur and are often viewed as acceptable physiological consequences. Hence,
the complications associated with extubation are underreported and difficult to track in
literature, despite being common, predictable and potentially severe.!#2829 Recently, reviews

on the active management of this phase of anaesthesia have been done.?30:31

1.3 Approaches to a smooth extubation

Achieving a smooth extubation, during which the cardiorespiratory response is attenuated,
should result in a comfortable patient with intact haemodynamic parameters and stable
ventilation.?? Strategies to attenuate the physiological changes during extubation include

pharmacological and technical methods.

1.3.1 Non-pharmacological approaches

Removing the endotracheal tube while the patient is still in a deep plane of anaesthesia has
been shown to reduce the risk of peri-extubation cough and other associated
complications.®?32 Performing deep extubation however results in a loss of airway control
with an increased risk of aspiration and pharyngeal obstruction. Hence, no overall reduction
in adverse events between deep and awake extubation was noted in several studies, with no

difference in airway complications despite a reduction in cough incidence.3>34

Exchanging the endotracheal tube with a laryngeal mask airway at the end of surgery is
commonly known as the Bailey’s manoeuvre, and has been shown to achieve a smooth
emergence from anaesthesia.>>% Several studies noted a reduced incidence of cardiovascular
and respiratory complications at emergence,®”3 while maintaining airway patency that would
be lost with deep extubation alone.*® The downside to this technique is the increased cost of

exchanging equipment.

Preventing stimulation during emergence prior to awake extubation is another technique
which has been shown to reduce the incidence of cardiorespiratory responses at extubation.*
A significant reduction in severe cough, laryngospasm and haemodynamic alterations is
accompanied by potentially longer awakening times with no change in peri-extubation sore

throat incidence.*! This approach is often called the “no-touch” technique.
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1.3.2 Pharmacological approaches

Pharmacological approaches include the use of beta-blockers,'>4>43 calcium channel
blockers,*“® opioids,*4” a-2 agonists*®“® and local anaesthetics.>*> Their varying
mechanisms of action have led to different effectiveness in blunting the extubation response,

with few studies directly comparing one to another.?%%

1.3.2.1 Lignocaine

The use of lignocaine is well established in anaesthesia and has been shown to effectively
obtund the extubation response.*3! Its mechanism of action includes peripheral and central
activity. It has local anaesthetic effects on airway mucosal receptors when applied either
topically or intravenously,>®>2 and acts centrally by modulating excitatory neural signal

transduction and suppressing catecholamine release.>**

Administering lignocaine intravenously prior to extubation has been shown to attenuate the
haemodynamic changes associated with extubation in several studies.*'+% It was discovered
that a plasma concentration of 3 mcg/ml was required to suppress respiratory reflexes, and
that the intravenous lignocaine effects were short-lived. The depressant effect was noted to be
highest immediately after administration, and ended up only being 53% as effective after 15
minutes.>® Furthermore, intravenous lignocaine was also found to increase the time taken to
awaken from anesthesia.’* Hence, the timing of lignocaine administration, as well as the

correct dose are important in preventing the cardiorespiratory response during extubation.*

Lignocaine has also been administered into the endotracheal cuff to prevent coughing and
bucking at extubation.>”*® Studies found that this intervention improved the physiological
response to extubation, with alkalinized lignocaine proving most effective.®” The main risk of
this method was cuff rupture and pressure necrosis of the cuff on airway mucosa. A more

concentrated dose of 4% lignocaine was used to achieve good outcomes.

The use of modified endotracheal tubes that allow lignocaine to be administered topically
prior to extubation has also shown good results.>%° Perforations built into the design at the
distal end of the endotracheal tube served as ports to administer lignocaine topically around
the cuff. However, frequent occlusion of the perforations by mucosal secretions were noted to
have hindered the expected efficacy. It was also postulated that the act of spraying through

the ports might have stimulated coughing at the time of lignocaine administration.*

17



Furthermore, the cost of producing and procuring the modified tubes was 1.5 times higher

than the endotracheal tubes in general use.

Intratracheal lignocaine instillation via the tube has also been studied with mixed results.
Endotracheal administration of lignocaine before intubation has been shown to decrease
coughing at extubation® and this effect lasted up to two hours after lignocaine was sprayed.®
Although systemic absorption of drug resulted in an average serum level of 0.47 mcg/ml after
two hours,>® which is far below the effective level required to have a central effect,>®
endotracheal lignocaine was noted to be effective for a prolonged time due to its avid binding
with the airway mucosa. When comparing its efficacy in craniotomy patients, there was no
difference in endotracheal and intravenous lignocaine administration!® when given 20
minutes before emergence from anaesthesia. Some evidence exists that endotracheal
lignocaine is as effective as intravenous lignocaine.®* However, endotracheal lignocaine has
also been shown to attenuate the cardiorespiratory responses to extubation more effectively

than other forms of administration.>!

1.3.2.2 Propofol

Propofol is a commonly available and widely used drug in anaesthesia. Its pharmacokinetic
profile provides a rapid onset and predictable offset of drug effect, which allows for either
bolus administration or maintenance of anaesthesia with continuous infusion. Its mechanism
of action includes peripheral and central activity, with potentiation of y-aminobutyric acid
type A receptor activation and inhibition of further synaptic transmission, as well as

inhibition of release of the excitatory neurotransmitter glutamate.®?

Sub-anaesthetic doses of propofol are known to induce sedative, anti-nausea and anxiolytic
effects in a dose-dependent manner.8® Its administration is associated with blunting of airway
reflexes®®¢ and this property allows for its use in the effective treatment of laryngospasm at
extubation.®”-%° The cardiovascular effects of propofol include a reduction in the mean
arterial pressure and blunting of the baroreceptor reflex, thereby preventing an increase in
heart rate in response to a drop in blood pressure.52 Its central effects include an overall
inhibition of excitatory signal transduction, which leads to a smooth, rapid emergence after
propofol administration.5* Based on this effect, sub-hypnotic doses of propofol have been

shown to reduce the incidence and severity of emergence agitation after surgery in children.”

18



The respiratory, cardiovascular and central effects of propofol described above make it an

effective drug to use for attenuation of the extubation response.

These features have led research into its efficacy in producing favourable extubating

conditions.

Fentanyl-induced cough is a phenomenon commonly noted during induction of a general
anaesthetic after intravenous administration of fentanyl, and occurs due to an increased vagal
tone and histamine release, resulting in bronchoconstriction and cough.’* Several studies have
shown that a sub-hypnotic dose of propofol prior to giving fentanyl is able to effectively
reduce this cough response.’>"

Total intravenous anaesthesia (TIVA) with a propofol infusion is a general anaesthetic
technique used for many surgical procedures where microvascular structures are involved,
including otorhinolaryngology and neurosurgery. Smooth emergence is a benefit noted after
propofol TIVA, with its airway reflex suppression resulting in significantly less coughing and
haemodynamic changes at extubation when compared to a balanced anaesthetic technique.”
However, further research also showed that the airway protection afforded by the cough
reflex was not adversely affected by residual sedation after propofol administration.” Hence
patients would not be at an increased risk of uncleared secretions or aspiration after

extubation.

The efficacy of a sub-hypnotic dose of propofol to reduce the risk of laryngospasm after
extubation was compared in a group of patients with using either a benzodiazepine or a
placebo.®” Results showed a significant reduction in laryngospasm risk with propofol
administration prior to extubation after oropharyngeal surgery. Furthermore, it was also
shown that the incidence and severity of post-operative cough was reduced in the patient

group that received propofol.

Several studies have compared the efficacy of propofol attenuating the extubation response
with the efficacy of ketamine, as a combination with ketamine and with a placebo.%76-"8
Although the combination of sub-hypnotic doses of propofol and ketamine was shown by
Safavi et al® to be most effective in suppressing cough at extubation, the use of propofol
alone also showed a significant reduction of incidence and severity of cough. Another study
by Pak et al”® showed that the incidence of coughless emergence was highest with propofol
use, and that the severity of cough was significantly less when using either propofol or

ketamine.
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The efficacy of low dose propofol administration at extubation was also compared directly
with the administration of a placebo. Studies by Ozturk et al”® and Jung et al”® researching
sub-hypnotic propofol doses after elective surgery showed that the cardiorespiratory response
to extubation was significantly attenuated. The time to awareness, extubation and residual
sedation was not prolonged after the propofol dose, while the haemodynamic parameters
were similar to the placebo group. Another study by Vaziri et al®® showed that propofol
administration two minutes before removal of the endotracheal tube was able to prevent the
expected increase in the haemodynamic parameters at the time of extubation.

1.3.2.3 Dexmedetomidine

Dexmedetomidine is an a-2 agonist that reduces autonomic activity by inhibiting central
noradrenergic release in the locus coeruleus, thereby producing analgesic and sedative effects
without respiratory depression.8! These properties have led to research in its wide range of
uses in anaesthesia as a versatile drug, with great potential in many clinical situations.
Multiple studies have noted its usefulness at both intubation and extubation, by producing
good endotracheal tube tolerance and haemodynamic stability.?1828% However, due to its
sedative effects, dose and timing of administration has been the focus in research for its use

during emergence.*

Administering a single dose of dexmedetomidine at 0.5 mcg/kg intravenously at the end of
surgery was shown to alleviate the extubation response, with a reduction in other
postoperative complications including nausea, vomiting and agitation.®*® Similarly, when
compared with placebo, dexmedetomidine at a dose of 0.75 mcg/kg fifteen minutes prior to
extubation was able to produce a smooth emergence.*® Bradycardia and hypotension were
side effects of its use, but did not require active intervention in the study group and produced
no postoperative morbidity. Doses of 0.5 mcg/kg, 0.7 mcg/kg and 1.0 mcg/kg have been
compared for use in attenuating the extubation response,®8 with all doses able to achieve the
desired effect. The higher dose resulted in a coughless emergence with more significant
haemodynamic instability, while the lower doses were still able to alleviate respiratory
agitation. Infusions of dexmedetomidine at 0.2 mcg/kg per hour and 0.4 mcg/kg per hour that
continued until awake extubation were also shown to attenuate the stress response without

increasing emergence time.314®
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The benefits of dexmedetomidine are well established in intensive care by decreasing
agitation and delirium in mechanically ventilated patients.®” A recent review demonstrated its
reliability in reducing the time to extubation in patients that were difficult to wean from
assisted ventilation, while reducing agitator responses to extubation with no alterations in

clinical outcomes.28

1.3.2.4 Opioids

Opioids act on receptors distributed throughout the central nervous system and have a
blunting effect on the sympathetic, vagal, adrenal, respiratory and cardiovascular systems.%®
Although their main anaesthetic use focuses on the provision of analgesia, other uses include
their ability to attenuate the haemodynamic responses to intubation and extubation,3%:31:9
Tramadol at 1 mg/kg was shown to reduce peri-extubation coughing, as well as decreasing
the risk for laryngospasm, postoperative shivering and agitation.*® Similarly, oxycodone at
0.08 mg/kg and fentanyl 1 mcg/kg administration prior to end of surgery were equally
effective in producing a smooth emergence compared with placebo.®* Moreover, fentanyl at 1

mcg/kg was also shown to be superior to lignocaine in alleviating the extubation response.®

However, remifentanil has been noted to produce the most favourable extubation quality of
all opioids, due to its ultrashort duration of action and intense autonomic attenuation. 390
This pharmacokinetic profile usually requires it be given as an infusion, with broad ranges at
peri-extubation able to produce varying cardiorespiratory attenuation. A target effect site
concentration of 2.14 ng/ml was shown to reliably abolish coughing at emergence without
causing hypoventilation and haemodynamic disturbances in thyroid surgery.®* A higher effect
site concentration of 2.92 n/ml prevented emergence coughing in laryngomicroscopic
surgery, although time to extubation and hypoventilation were increased.®® At a concentration
of 2.6ng/ml, remifentanil produced coughless extubation conditions with haemodynamic
stability and mild respiratory depression, which resolved acutely without intervention.®® A
continuous remifentanil infusion of 0.2 mcg/kg per minute was also shown to produce a

smooth extubation with no adverse effects.*’
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1.3.2.5 Calcium channel blockers and beta blockers

Since the cardiovascular response at emergence is driven by the autonomic nervous system,
studies into the use of vasoactive drugs to dampen this response have been conducted.
Calcium channel blockers act by inhibiting calcium ion influx through various types of
calcium channels into contractile myocardial and vascular smooth muscle cells.®’ Beta
blockers prevent sympathetic activation of inotropic and chronotropic effects on the
myocardium.®® This results in their widespread use for a variety of cardiovascular indications,

including their ability to produce favourable haemodynamic conditions for extubation.

Diltiazem given at 0.1 mg/kg prior to extubation was shown to be as effective as lignocaine 1
mg/kg in attenuating cardiovascular changes at emergence, whereas a dose of diltiazem at 0.2
mg/kg showed an even greater ability to attenuate this response.®® No haemodynamic side-
effects at these doses required intervention. When comparing calcium channel blockers,
however, it was shown that verapamil at a dose of 0.1 mg/kg was more effective than
diltiazem at preventing the cardiovascular response to extubation.*® The use of verapamil at
this dose was confirmed,** although another study revealed that dexmedetomidine was able to

attenuate the extubation response more effectively when compared with verapamil.*®

Labetalol at a dose of 0.25 mg/kg was shown to be more effective than either fentanyl or
lignocaine in alleviating the autonomic response to extubation.'®* Esmolol and labetalol were
both effective in producing favourable extubation conditions, but esmolol at 1.5 mg/kg
blunted the haemodynamic response better.1° When compared with propofol and lignocaine,
esmolol was noted to elicit its attenuating effects more rapidly, with less sedation and similar
reductions in coughing and bucking as the other two drugs.'%>1% It was also able to prevent
the haemodynamic changes at extubation in neurosurgery, where smooth emergence was
critical.*® Doses up to 2 mg/kg were tolerated well, with larger doses causing significant

decreases in systolic blood pressures during emergence.*?
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1.4 Summary

Extubation should be performed in a way to ensure patient comfort with minimal
cardiorespiratory changes in order to prevent harm. Furthermore, in view of its aerosol
generating risk in the era of SARS-CoV-2, an active approach should be adopted to protect
those in close proximity at the time of endotracheal tube removal. Hence, the advantages of
smooth emergence exceed simply maintaining oxygenation and ventilation until the patient is
ready to be extubated at the end of a general anaesthetic.8222°% Reviews and analyses of
studies that aim to produce a smooth emergence have consistently demonstrated that all
approaches have improved odds of reducing cough at extubation in comparison with placebo
or no action.?23%3! Hence it follows that actively managing emergence and extubation is more

beneficial for patient and practitioner than doing nothing at all.
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Section 2: Author’s guidelines

British Journal of Anaesthesia Guide for Authors

Aims and Scope

The British Journal of Anaesthesia (BJA) publishes high-impact original work in all branches
of anaesthesia, critical care medicine, pain medicine and perioperative medicine including
fundamental, translational and clinical sciences, clinical practice, technology, education and
training. In addition, the Journal publishes review articles, important case reports,
correspondence and special articles of general interest.

Manuscripts

For guidance, the requested size for articles is:

Clinical investigations: up to 3000 words, 40 references, and 6 tables or figures.

The word count refers to the main body of text, excluding the title page, abstract, references
etc. Submissions that do not follow this guidance on word count or numbers of tables and
figures may be returned without being reviewed. Authors wishing to submit manuscripts with
tables and figures in excess of the recommended number should justify this in the cover

letter.

For clinical and laboratory investigations and review articles it is possible to include
supplementary material (such as expanded tables of results or additional figures for
investigations or additional references for reviews) for on-line only publication. Authors
should specify in their submission letter which files are to be considered for on-line only

publication, and clearly refer to the on-line material in the main article text.

Submission Declaration and Verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see Multiple,
redundant or concurrent publication for more information), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted,
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it will not be published elsewhere in the same form, in English or in any other language,

including electronically without the written consent of the copyright-holder.

To verify originality, the article may be checked by the originality detection service Crossref

Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing
policy. Sharing of preprints (e.g. on a preprint server) will not count as prior publication (see
'‘Multiple, redundant or concurrent publication’ for more information). The BJA requests that
submitting authors update their preprint with a footnote to confirm that their paper is under
review at BJA to inform readers as to the manuscript status. After acceptance in BJA, this

footnote should be updated to include a link to the final published article.

Authorship

The BJA follows the ICMJE criteria for authorship. All authors should have made substantial
contributions to all of the following: (1) the conception and design of the study, or acquisition
of data, or analysis and interpretation of data, (2) drafting the article or revising it critically
for important intellectual content, (3) final approval of the version to be submitted, and 4) all
authors must agree to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately investigated and

resolved.

For large, multicentre studies, the group of investigators should identify individuals who
accept direct responsibility for the manuscript. These individuals should fully meet the
criteria for authorship. If the author list includes a group name, then all members of the group
must meet the full criteria for authorship as described above. If all members of a group do not
meet all authorship criteria, a group must designate one or more individuals as authors or
members of a writing group who meet full authorship criteria. Other group members who are
not authors may be listed as collaborators (sometimes called non-author contributors). These
will be listed on PubMed as collaborators rather than authors. In order to be indexed as
collaborators, the names of the group members should be listed in an Appendix in the main
text document, before the Reference list. The group should also be included in the main
author list. There should be a note associated with the author list clearly stating that the full
list of author and collaborator names appears elsewhere in the paper. Collaborator names are

searchable on PubMed in the same way as authors.
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Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Addition, removal or rearrangement of author names in the authorship list can be
made only before the manuscript has been accepted and only if approved by the handling
Editor. To request such a change, the corresponding author must provide the Editor with: (a)
the reason for the change in author list and (b) written confirmation (e-mail, letter) from all
authors that they agree with the addition, removal or rearrangement. In the case of addition or
removal of authors, this includes confirmation from the author being added or removed. In
exceptional circumstances the Editor will consider the addition, removal or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request,
publication of the manuscript will be suspended. If the manuscript has already been published

in an online issue, any requests approved by the Editor will result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing
Agreement'. An e-mail will be sent to the corresponding author confirming receipt of the
manuscript together with a 'Journal Publishing Agreement' form or a link to the online
version of this agreement. Please note that the 'Crown Copyright' copyright status typically
only applies to authors who are direct employees of the Government in the United Kingdom,
Canada or Australia. For example, National Health Service (NHS) employees are not usually
direct Government employees. If in doubt authors should consult their employer prior to

submission to ascertain the correct copyright status.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts
for internal circulation within their institutions. Permission of the Publisher is required for
resale or distribution outside the institution and for all other derivative works, including
compilations and translations. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the source(s)

in the article. Elsevier has preprinted forms for use by authors in these cases.

For gold open access articles, upon acceptance of an article, authors will be asked to
complete an 'Exclusive License Agreement'. Permitted third party reuse of gold open access

articles is determined by the author's choice of user license.
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Author rights

Authors (or their employers or institutions) have certain rights to reuse their work.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies that allow authors to
comply with their funder's open access policies. Some funding bodies will reimburse authors
for the gold open access publication fee. Details of existing agreements are available online.

Open access
The BJA offers authors a choice in publishing their research. Regardless of how authors
choose to publish their articles, the Journal will apply the same peer review criteria and

acceptance standards.
Subscription

Acrticles are made available to subscribers as well as developing countries and patient groups

through our universal access programs.
No open access publication fee is payable by authors.

Authors are entitled to post the accepted manuscript in their institution's repository and make
this public after an embargo period (known as green open access). The published journal
article cannot be shared publicly, for example on ResearchGate or Academia.edu, to ensure
the sustainability of peer-reviewed research in journal publications. The embargo period for
the BJA is 12 months.

Gold open access
Articles are freely available to both subscribers and the wider public with permitted reuse.

A gold open access publication fee is payable by authors or on their behalf, e.g. by their
research funder or institution. For gold open access articles, permitted third party (re)use is
defined by the following Creative Commons user licenses.
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Creative Commons Attribution (CC BY)

Creative Commons Attribution lets others distribute and copy the article, create extracts,
abstracts, and other revised versions, adaptations or derivative works of or from an article
(such as a translation), including in a collective work (such as an anthology), text or data
mine the article, even for commercial purposes, as long as they credit the author(s), do not
represent the author as endorsing their adaptation of the article, and do not modify the article

in such a way as to damage the author's honour or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, this attribution lets others distribute and copy the article, and
to include it in a collective work (such as an anthology), as long as they credit the author(s)
and provided they do not alter or modify the article.

The open access fee for this journal is $3,200, excluding taxes (USD).

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend that authors refer to our green open
access page for further information. Authors can also self-archive their manuscripts
immediately and enable public access from their institution's repository after an embargo
period. This is the version that has been accepted for publication and which typically includes
author-incorporated changes suggested during submission, peer review and in Editor-author
communications. For subscription articles, an appropriate amount of time is needed for
journals to deliver value to subscribing customers before an article becomes freely available
to the public. This is the embargo period and it begins from the date that the article is
formally published online in its final and fully citable form. After acceptance, open access
papers will be published under a non-commercial license. Authors requiring a commercial

CC BY license can apply after their manuscript is accepted for publication.

Plan S Authors
If you are an author funded by a signatory to Plan S and have any questions about publishing
with the BJA, and what options you have please contact the Elsevier Open Access team at the

following address: oapolicy@elsevier.com.

Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career

researchers throughout their research journey.
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The "Learn" environment at the Researcher Academy offers several interactive modules,
webinars, downloadable guides and resources to guide you through the process of writing for
research and going through peer review. Feel free to use these free resources to improve your
submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (the house style of BJA and BJA Education is UK
English). Authors who think that their English language manuscript requires editing to
eliminate spelling or grammatical errors and to conform to correct scientific English may

wish to use the English Language Editing service available from Elsevier's WebShop.

Submitting your article

Please submit your article via https://www.editorialmanager.com/bja/defaultl.aspx.

Please suggest potential reviewers for this submission and provide specific reasons for your
suggestion in the comments box provided for each person. Authors should not suggest
reviewers with whom they have an actual, perceived, or potential conflict of interest.
Moreover, authors should not suggest reviewers with whom they share a personal or
professional connection if there is potential for that relationship to introduce bias into the
evaluation of the manuscript. Please note that the editors may not use your suggestions, but

your help is appreciated and may speed up the selection of appropriate reviewers.
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Preparing Your Manuscript

The standard layout of a manuscript is:

Title page

Abstract including Keywords (see further guidance on when to use a Structured Abstract)
Introduction

Methods

Results

Discussion

Details of authors' contributions

Acknowledgements

Declaration of interests

Funding

Appendices (if applicable)

References

Tables (including a title and legend, with any essential abbreviations defined)
Legends to figures

The pages should be numbered in the top right-hand corner, the title page being page one.
Each section should start on a separate page. Different types of studies (e.g. randomised
controlled trial, matched cohort study) will contain different elements. Guidance on each type
of study can be found on the EQUATOR (Enhancing the QUAIity and Transparency Of

health Research) Network website (http://www.equator-network.org/), along with appropriate

checklists. There are checklists available for each type of study on the EQUATOR Network.
You are strongly encouraged include the appropriate checklist (e.9. STROBE, CHEERS,
AGREE) with your submission to the BJA. A CONSORT checklist is required for clinical
trials. It is also advisable to include the ethics committee approved protocol with clinical trial

submissions.
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Title Page

Titles should provide a reasonable indication of the contents of the paper. Avoid enigmatic or
vague titles such as 'An unusual cause of hypotension'. Titles in the form of a question, such
as 'ls propofol epileptogenic?', or which draw conclusions about the research ('Propofol
causes seizures') are discouraged. The Editors reserve the right to edit the title. The title page
should include the name(s) and institutional affiliation(s) including city and country of all
author(s). Note that it is the house style of the BJA for full author names to be spelled out (i.e.
please do not initials for your first name). Street addresses are superfluous. It should be made
clear which affiliation refers to which author by use of numerical superscripts following each
author. Details of the authors' qualifications and post (e.g., consultant, senior lecturer) are not
included. An author's present address, if it differs from the address at which the work was
carried out, should be given as a footnote on the title page and referenced at the appropriate
place in the author list by superscript numbers (22 etc.). The corresponding author and email
should be indicated with an asterisk. A Twitter handle can also be included for the
corresponding author.

A short running title containing not more than 50 characters (including spaces) should be

included on the title page.

If a preliminary account of the results has been given in a published abstract, it is customary
to refer to this on the title page.

Abstract

The Abstract will be printed at the beginning of the paper. It should be on a separate sheet, in
structured format (Background, Methods, Results and Conclusions) for Clinical
Investigations, Laboratory Investigations and Systematic Reviews. Abstracts are not required
for Editorial, Book Reviews and Correspondence. For Narrative Reviews and Special
Articles, the Abstract (label as Summary) should not be structured. The Abstract should give
a succinct account of the study or contents in up to 250 words, with rare exceptions granted
by the Editor. The Results section should contain primary outcomes with relevant statistics.
Effect sizes and confidence intervals should be included in addition to P values or confidence
intervals. Exact P values should be included, unless the P value is <0.001. It is important that
the results and conclusion given in the Abstract are the same as in the Article, as the Abstract
may be used, as it stands, by abstracting journals. References are not included in this section.

Avoid use of nonstandard abbreviations in the Abstract.
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Keywords

Five to eight keywords should be included on the title page of all manuscripts under the
heading Keywords. They should be in alphabetical order, and with UK English spelling.
Please consider repeating any important terms from the title of the article in both the
keywords and in the Abstract, to ensure maximum discoverability of your article online.
Avoid keywords that are only one word or are too general (e.g. "anaesthesia”); keywords that
are too short will render the search unspecific, whereas keywords that are too long may filter
articles to such a great extent that your paper could be excluded.

For advice on choosing keywords and improving the discoverability of your manuscript

please visit https://www.elsevier.com/connect/authors-update/top-tips-making-your-article-

visible-with-seo.

Introduction

The recommended structure for this section is:
Background to the subject

What is known / unknown about it
Hypothesis

Aim of your study

As arule, the Introduction should be covered in a maximum of 1.5 pages double-spaced. The
introduction should give a concise account of the background of the problem and the
objectives of the investigation. It should state what is known about the problem to be studied
at the time the study was started. Previous work with a direct bearing on the present problem
should be quoted. The final paragraph should clearly state the primary and, if applicable,

secondary aims of the study.
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Methods
The Methods section should give a clear but concise description of how the study was

conducted. Subjects covered in this should include:

Ethics approval / licence (including date and administering institution)
Registration (including date) (if applicable)

Patient population

Inclusion / exclusion criteria

Conduct of the study

Measurements and data handling

Primary and secondary endpoints

Sample size calculation

Statistical analyses

Ethics approval/licence
Please see our information pages

at https://www.elsevier.com/publishingethics and https://www.elsevier.com/journal-

authors/ethics.

Regardless of the country of origin, all clinical investigators describing human research must
abide by the Ethical Principles for Medical Research Involving Human Subjects outlined in
the Declaration of Helsinki, and amended by the World Medical Association

(https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-

medical-research-involving-human-subjects/). Investigators are encouraged to read and

follow the Declaration of Helsinki. Clinical studies that do not meet the Declaration of
Helsinki criteria will be denied peer review. If published research is subsequently found to be

non-compliant it will be withdrawn or retracted.

On the basis of the Declaration of Helsinki, the BJA requires that manuscripts reporting

clinical research state in the first paragraph of the Methods section that:

The study was approved by the appropriate Ethics authority.

45


https://www.elsevier.com/publishingethics
https://www.elsevier.com/journal-authors/ethics
https://www.elsevier.com/journal-authors/ethics
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/

Written informed consent was obtained from all subjects, a legal surrogate, or the parents or
legal guardians for minor subjects, or that the requirement for written informed consent was
waived by the ethics committee, or that the research was conducted under a national, regional
or institutional process that obviated the need for approval.

In countries where formal ethics committee approval is not mandatory for a non-
interventional study, evidence should be provided that the study was submitted to the ethics
committee and deemed exempt from review and/or consent from the patient or patient's
relatives. The name of the committee and the study reference number should be cited in the
Methods.

Human subjects must not be identifiable. Do not disclose patients' names, initials, hospital
numbers, dates of birth, or other protected personal or healthcare information. Keep copies of
ethics approval and signed consent forms. In unusual circumstances the Editors may request
blinded copies of these documents to address questions about ethics approval and study
conduct. For more information, please review Elsevier Policy on the Use of Images or
Personal Information of Patients or other Individuals. Unless you have written permission
from the patient (or, where applicable, the next of kin), the personal details of any patient
included in any part of the article and in any supplementary materials (including all

illustrations and videos) must be removed before submission.

Drugs

When a drug is first mentioned, it should be given by the international non-proprietary name
(INN), followed by the chemical formula in parentheses if the structure is not well known,
and (if relevant) by the proprietary name (with an initial capital letter) and the manufacturer
with location. A figure giving the molecular configuration of the drug is necessary only in the
case of the earliest reports of a new drug. Drug dosages are normally given by the name of
the drug followed by the dose (e.g. propofol 2.5 mg kg). Use the SI system of units. Dose,
route, and frequency of administration must be provided. Do not confuse drug dose with

concentration.

Human Subjects

Data on the age (mean with range), weight (kg), sex, height (m), criteria for selection, etc.
(patient characteristics, not demographics) should be presented. Authors of clinical
investigations should report the 'sex’ of participants and use the words 'sex’, 'male’ and

‘female’ in their manuscripts, unless the 'gender' of participants is relevant to their hypotheses.
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The numbers and percentages of both male and female patients (and other sexes/genders as
appropriate) should be reported in the text and/or tables. If appropriate, the incidence of
primary outcome should be reported in males and females (and other sexes/genders as
appropriate), and sex/gender should be considered as covariates in multivariable models, or
the reason for exclusion explained. These recommendations are consistent with existing

advice for preclinical and clinical research.

The sex/gender, age, weight, height, and eligibility criteria should be presented, with an
indication of the general state of health of participants (e.g., ASA physical status) and types
of operations being undertaken. More complex information is best be presented as a table.
When patient or next-of-kin consent was required by the ethics committee, this should be

indicated.

Clinical Trials

In accordance with the Clinical Trial Registration Statement from the International
Committee of Medical Journal Editors, all clinical trials in BJA must be registered in a public
trials registry available in English at or before the onset of participant enrolment. This
requirement applies to all clinical trials that begin enrolment after 1 January 2009. Research
is considered to be a clinical trial if it involves prospective assignment of human subjects to
an intervention or comparison group to study the relationship between a health-related
intervention and a health outcome. Further details of which clinical trials are covered by this

policy are in the updated ICMJE guidelines (http://www.icmje.org). The registry must be

accessible to the public at no charge, searchable, open to all prospective registrants, available
in English, and managed by a not-for-profit organisation. The registry must include the
following information: a unique identifying number, a statement of the intervention(s), study
hypothesis, definition of primary and secondary outcome measurements, eligibility criteria,
target number of subjects, funding source, contact information for the principal investigator,
and key dates (date of ethics approval, registration date, start date/date of first subject
enrolled, and completion date). The following registries are recommended by

ICMJE: Clinical Trials, ISRCTN Register, UMIN Clinical Trials Registry, Australia New
Zealand Clinical Trials Registry, Nederlands Trial Register.
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In accordance with the ICMJE's recommendation, the BJA will also accept registration of
clinical trials in any of the primary registries that participate in the World Health
Organization's (WHO) International Clinical Trial Registry Platform
(http://www.who.int/ictrp/en/). Primary registries are WHO selected registers managed by

not-for-profit entities that will accept registrations for any interventional trials, delete
duplicate entries from their own registry, and provide data directly to the WHO. Please note
that registration in any WHO partner registry is insufficient.

Authors are requested to provide the exact URL and unique identification number for the trial
registration at the time of submission on the title page of their submission. This information

will be published in the article.

Clinical trial reports should also comply with the Consolidated Standards of Reporting Trials
(CONSORT) and include a standardised flow diagram presenting the enrolment, intervention
allocation, follow-up, and data analysis with number of subjects for each. Please also refer
specifically to the CONSORT Checklist of items to include when reporting a randomised

clinical trial.

Results posted in the same clinical trials registry in which the primary registration resides will
not be considered prior publication if they are presented in the form of a brief abstract (500

words or less) or a table.

Statistical analysis plan reporting and HARKIing (Hypothesising After Results are
Known)

Publication of a time-stamped statistical analysis plan prior to data analysis is strongly
recommended for both interventional and observational studies. In the absence of a publicly
available statistical plan, we strongly encourage authors to report that their statistical analysis
plan was approved by the authors before analyses began or acknowledge that their
submission is based on testing a hypothesis after the main study results were known (for
example: "Based on striking patterns in the dataset, we conducted the following post hoc

analysis...The results of this analysis should be regarded as hypothesis-generating.").

Reporting checklists must be provided as supplementary data. An appropriate flow diagram
should be included in the manuscript, as recommended by the following guidelines:
Randomised controlled trials (RCTs): CONSORT checklist, flow diagram, and CONSORT
Checklist for Reporting of Harms in RCTs should be provided.
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Customized CONSORT checklists are available for trials with parallel group design, cluster-
randomised trials, noninferiority and equivalence randomised trials, pragmatic trials and trials

of nonpharmacological treatment.

Statistical Analysis

Many scientific manuscripts have flaws in design and statistical analysis. Statisticians should
be involved in the design, analysis and reporting of most studies. Investigators should commit
in writing to the statistical analysis plan prior to conducting a study. Certainly, this should be
done prior to conducting analyses. Pre-publication of research protocols helps to promote
rigour and allows other scientists to attempt replication or refutation. It is helpful to submit a
date-stamped, ethics committee-approved protocol, containing the statistical analysis plan,
together with your submission. Specialist statistical expertise will be sought at editorial
discretion, including, where applicable, to re-analyse original data. Authors must describe all
statistical tests used in the Methods. Complete details of the statistical analyses should be
reported in full in the Results section. Examples for reporting main statistical analyses are:
"...odds ratio, 1.22; 95% confidence interval, 1.06-1.39; P=0.005."

[Note: abbreviations for odds ratio (OR) and 95% confidence interval (95% CI) are
acceptable provided they are defined in text/abstract].

"...lidocaine-group: 48 (23) mg (mean (SD)) vs placebo-group: 51(19) mg, P=0.22."
"...hazard ratio (HR) 0.65, 95% CI 0.49-0.84, P=0.001."

The distribution of data must meet the assumptions of the statistical test used. Authors must
specify whether statistical tests are one-sided or two-sided. When making multiple
comparisons on a single data set, authors should choose statistical tests that account for
multiple groups (one-way, two-way or repeated measures ANOVA). The statistical analysis
should also correct for repeated measures when comparing multiple measurements between
groups.

Statistical methods must be described with enough detail to enable a knowledgeable reader
with access to the original data to verify the report and results. Findings should be quantified
and presented with appropriate indicators of measurement error or uncertainty (such as
confidence intervals). Confidence intervals and effect sizes provide more useful information
for interpretation than a P value alone conveys. P values should be exact and provided to
three decimal places (e.g. P=0.123) unless they are <0.001. P values between 0.05 and 0.005
can generally be interpreted as providing suggestive evidence, whereas P values <0.005

generally provide more compelling evidence.
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A sample size calculation should be performed before starting the study to determine the
number of subjects needed in each group to detect a given change. Please note that a sample
size calculation based on the primary endpoint will not necessarily be applicable to secondary
measures. It is important to choose sample sizes for studies based on biologically or clinically
important and realistic effect sizes. One of the most important weaknesses of scientific
studies is that they do not include enough patients (or non-human animals). On the other
hand, studies that are very large might yield statistically significant but clinically unimportant
findings. There should be a separate section for Statistics in the Methods; all statistical tests
used should be described in this section. It is helpful to provide brief rationale for these

choices.

Results

Results should be presented in a logical order related to the aims and design of the study with
appropriate statistical reporting and any pertinent negative findings. Description of
experimental results should be concise. It is often useful to present the results in the order
described in the Methods section. Data should not be repeated unnecessarily in text, tables
and figures (see below). Unwarranted numbers of digits (false precision) should be avoided
(Example: the mean dose of propofol was 2.1 mg kg rather than 2.0897 mg kg). Precision
of most biological measurements does not allow significant digits over two; use of more than
this can imply false precision. It may not be necessary to provide all data from a complex
study: only those values essential to the communication should be given. However, results
should be presented in a manner so that the reader can check the statistical inferences. If the
data are so numerous that this is not possible, Supplemental Data can be submitted as a
separate file for on-line publication only. For example, in a pharmacokinetic study, more
extensive sets of data can be included as an Appendix with the on-line version of the article.
If authors wish to make use of this facility, they should state this in the submission letter and
upload the data as a separate file. The Editor has the right to request the original data
collected. The Results section should not include discussion of the findings, which should be
included in the Discussion. Similarly, the Discussion should not restate the Results. SI units
must be used. Means must be accompanied by SD in brackets; medians must be accompanied
by 25-75" percentiles in brackets. Odds ratios (OR) must be accompanied by 95% confidence
intervals (C1) in brackets. Negative index notation (e.g. mg kg) must be used rather than
solidus notation (e.g. mg/kg). Numbers in text and tables should always be provided if % is

shown.
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Tables and Figures

Tables and figures are often useful to present either complex or extensive data in a more
easily understandable form. However, authors are cautioned against unnecessary use of tables
and figures. A useful approach is to prepare the raw data in the form of tables and then decide
which data are to be presented in the article. The author should then decide whether the
essential data can be presented succinctly in the text. If not, the essential tables and/or figures

should be prepared.

Tables and figures are important communications and should be accompanied by a legend
that makes them self-explanatory. However, the legend must not contain experimental details,
which should be given in the Methods section. The use of a figure should be considered only
where a figure presents the data more clearly than is possible in a table or when an important
trend or comparison has to be made for which a graphic presentation is clearly superior to a
table or text.

The authors should decide in which form they wish to present data. Please note the limitation
given above on the number of figures/tables permissible for each article type. Data should not

be duplicated by including it in a table and figure, or presentation in both a table and text.

Graphs

Graphs of quantitative data should be presented as dot plots for small data sets, with the mean
and appropriate error bars indicated; or as box and whisker plots, with values defined in the
legend (the bounds of the boxes, the lines within the boxes, the whiskers, and any outlying
values). Presenting data as columns with error bars is generally not acceptable.

Images

Submissions that contain cropped gels/blots are required to submit a supplementary file that
contains the entire unedited gel for all cropped gels in the submission. Each gel should be
annotated as "Full unedited gel for Figure X," and the authors should highlight which lanes of
the unedited gel correspond to those shown in the cropped images within the manuscript.
This file can be provided as Supplemental Data and will be published as full uncut blot data if
the submission is ultimately accepted.

No specific feature within an image should be enhanced, obscured, moved, removed, or
introduced. The groupings of images from different parts of the same gel or from different
gels or fields or exposures must be made explicit by using dividing lines and noted in the

figure legend.
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Adjustments of brightness, contrast, or colour balance are acceptable provided they do not
obscure or eliminate any information present in the original. Nonlinear adjustments (e.g.,
changes to gamma settings, curves, or input levels) must be disclosed in the figure legend. If
original data cannot be produced, acceptance of the manuscript may be revoked. If images or
datasets, including control data, are presented in multiple figure panels in the manuscript or

supplement, an explanatory note must be included in the figure legend.

Tables

Please submit tables as editable text and not as images. Number tables consecutively using
Arabic numerals in order of their appearance in the text, and place any table notes below the
table body. Be sparing in the use of tables and ensure that the data presented do not duplicate
results described elsewhere in the article. Please avoid using vertical rules and shading in
table cells. Tables should be presented as individual, completed tables on a single page in the

main text file after references. Tables should have brief titles.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply the artwork in the native document format. Regardless of the
application used other than Microsoft Office, when your electronic artwork is finalised,
please 'save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Colour or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (colour or grayscale), keep to a
minimum of 500 dpi.

Please do not: Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPG);
these typically have a low number of pixels and limited set of colours; Supply files that are

too low in resolution; Submit graphics that are disproportionately large for the content.

Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the

figure.
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A caption should comprise a brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols

and abbreviations used.

200-word limit, including a short title and a brief explanation with sufficient detail to make

the figure intelligible without reference to the main text.
Describe in words the key used to denote any symbols.

The exact number of samples (n) should be included for each figure panel presenting multiple
samples. If bar charts are appropriate, number of samples may be embedded within each bar
of the figure.

The statistical test used should be indicated in each figure legend.

Discussion

This is an important part of the manuscript but it should not be too long, usually no more than
three pages. The Discussion should normally follow the pattern below:

State main findings - This does not mean a repetition of all the results with their statistics. It
should provide a concise overview of the study. For example, 'Drug X produced a greater
haemodynamic change on induction of anaesthesia than occurred with drug Y, resulting in a
greater fall in arterial pressure and a higher incidence of tachycardia’. Do not repeat data
already presented in the Results, figures and tables.

Relation to previous studies - This section should relate directly to the statements made in the
Introduction and qualify your findings in relation to previous studies of the subject. Mention
any important uncertainties in the methods of measurement. In laboratory studies, try to relate
the concentrations used to those encountered clinically.

Why are they different/same - Avoid excessive speculation or speculation beyond your
results. It is quite reasonable to suggest possible explanations for your findings and any
differences from previous studies, but the 'missing parts' of such reasoning must be
acknowledged.

Additions to knowledge of the subject - Summarise previous sections by pulling together the
implications of your main findings, studies by other workers and their combined contribution
to our knowledge of the subject. This should not be just another repetition of the results and
preceding discussion but more of an expanded conclusion. A meta-analysis incorporating the
results of the new study as well as previous relevant studies could be included in this
paragraph.
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Weaknesses and strengths in study - This is the most important part of the Discussion.
Acknowledge any limitations of your study at this point. Examples here could include the
generalisability of the patient population, patients lost to follow-up, limitations of analytical
test etc. Authors are advised to be honest but succinct in this section. It is also reasonable to
comment briefly on the particular strengths of the study, especially in comparison to
comparable studies.

Future studies - Identify future studies that would address some of the potential explanations
and limitations discussed earlier. This section should be very brief.

Conclusions - The original contribution to knowledge from the present study should be
stated. A common fault here is to overstate the findings from a study. It may be appropriate to
give the implications of the conclusions for anaesthetic practice and the indications for
further enquiry in this area of interest.
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Abstract

Background

Extubation at the end of general anaesthesia should be performed in a way that ensures patient
comfort and minimises cardiorespiratory changes to prevent harm. Several drugs have been
shown to attenuate these changes during emergence. The aim of our study was to investigate
if a sub-hypnotic dose of propofol is able to produce such favourable peri-extubation

conditions.

Methods

Fifty ASA grade I-1l patients (aged 18-70) undergoing elective abdominal or pelvic surgery
under general anaesthesia with a volatile agent were randomly assigned to a propofol group
(n=28) or a control group (n=22). At the end of surgery, once the minimal alveolar
concentration reached 0.6, patients received either propofol 0.5 mg kg™ or an equivalent
volume of 0.9% normal saline intravenously. The primary outcome was the incidence and
severity of bucking and coughing observed during emergence, with the assessment performed
by a blinded anaesthetist. Haemodynamic parameters, airway responses, extubation
complications and time to extubation were evaluated during the emergence period at

predetermined intervals.

Results

The demographic and clinical characteristics of the two groups were comparable prior to
surgery. Results indicated the incidence and severity of bucking at extubation was
significantly lower in the propofol group (21.4%) compared to the control group (68.2%);
p<0.001). Similarly, patients in the propofol group had significantly fewer heart rate
(p=0.031) and systolic blood pressure (p=0.031) changes at extubation. No differences
between the two groups in incidence of severe coughing was found (83.3% vs 72.7%;
p=0.18).

Conclusion

The addition of propofol 0.5 mg kg* prior to extubation successfully attenuated
cardiorespiratory responses following general anaesthesia in ASA I-11 adult patients
undergoing elective abdominal or pelvic surgery, but did not reduce the overall incidence of

cough at extubation.
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Introduction

Tracheal extubation represents a critical point at the end of general anaesthesia (GA). The
process is associated with transient physiological changes that trigger a range of
cardiovascular and respiratory responses.!2 While the physiological changes are well
tolerated by most patients, they can be harmful. Adverse cardiovascular outcomes include
cardiac arrhythmias, tachycardia, hypertensive as well as hypotensive periods, myocardial
ischaemia and a prolonged increase in myocardial oxygen consumption.>* Adverse
respiratory sequelae include coughing, bucking, laryngospasm, bronchospasm, apnoea and
desaturation.®>® Avoiding adverse cardiorespiratory responses at extubation is a key concern
for anaesthetists.” Furthermore, procedures involving microsurgery require a smooth,
coughless emergence to preserve delicate repairs.>® Antitussive strategies at extubation have
become particularly relevant in the era of the Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) due to its aerosol generating risk for healthcare

professionals.®°

A variety of technical methods and pharmacological agents have been shown to facilitate a
smooth extubation with minimal cardiovascular and respiratory responses.* Some of the
more frequently studied intravenous (V) agents that have demonstrated effectiveness in
attenuating cardiorespiratory responses at extubation include lignocaine, alpha 2 adrenergic
agonists, calcium channel blockers, beta-blockers, and opioids.!*2 Non-pharmacological
strategies include removing the tracheal tube (TT) while the patient is in a deep plane of

anaesthesia, performing the Bailey’s manoeuvre, and performing a “no-touch” technique.'®*

More recently, the use of propofol (2,6-diisopropylphenol) to minimise cardiorespiratory
responses and facilitate a smooth emergence following extubation has been studied.>25
Propofol is listed on the World Health Organization (WHQ) essential drugs list and is readily
available in operating theatres in many countries,?’ relatively inexpensive compared to newer
anaesthetic drugs,??° and there are relatively few contraindications to its use.*® Sub-
anaesthetic doses of propofol are known to induce sedative and anxiolytic effects in a dose-
dependent manner, while its anti-emetic properties reduce the incidence of nausea and
vomiting after GA.% Its administration is associated with blunting of airway reflexes,
allowing for its use as an effective treatment for laryngospasm at extubation.'®2024 Results
from several studies have shown that sub-hypnotic doses of propofol in the range of 0.25 - 0.5
mg kg significantly reduced cardiorespiratory changes in patients following extubation

compared to control groups.’18:2021.26
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These findings have not been universal however, with other studies using similar protocols
finding either no significant effect,® or showing non-superior effects when compared with

other interventions.?32°

Considering the high incidence of coughing at extubation?! with potentially serious
consequences at the time of TT manipulation,’® the aim of this study was to investigate the
efficacy of a sub-hypnotic dose of propofol in attenuating the cardiorespiratory response to
extubation. We hypothesised that the incidence and severity of bucking and coughing would
be significantly lower in adult patients who received a low dose of propofol IV (0.5 mg kg?)
compared to those who received placebo during emergence from TT extubation following
GA. Based on other studies using the same propofol dose, we assumed the incidence of
coughing at extubation to be 33%. Haemodynamic parameters, airway complications and time

to extubation were also evaluated during emergence.

Methods
Ethical Approval

Ethical approval was obtained from the Human Research Ethics Committee (Medical) of the
University of the Witwatersrand prior to commencement (Ethics number: M210232 obtained
on 22 April 2021; National Health Research Database study number: GP_202101_034).
Informed written consent was obtained from each participant prior to participating in the

study. Patient confidentiality was maintained throughout the study.

Study Design and Participants

A prospective, randomised, placebo-controlled, parallel-group trial with single blinding was
conducted. Adult patients (aged 18 to 70 years) who presented for elective abdominal or
pelvic surgery under GA at Chris Hani Baragwanath Academic Hospital in South Africa from
April to October 2021 were invited to participate in the study. Patients were required to have
an American Society of Anesthesia (ASA) physical status I-11. Patients with contraindications
to receiving propofol, hypotension at the end of surgery, or for whom different extubation
plans (e.g.: deep extubation, extubation in ICU) were excluded from the study. Patients were
randomly allocated to either the intervention group (propofol) or the control group (placebo)
with 1:1 allocation ratio. Simple randomisation was performed once the patient was in theatre
by the study’s Principal Investigator (KW) using the “RandomIZE” application program. KW
generated all allocation sequences, enrolled patients and assigned them to either group.
Concealment of group allocation was achieved by restricting access to the enrolment results
of the application program to all other assessors. Patients and outcome assessors were kept

blinded to their group allocation.

66



Sample size calculations, based on the incidence of post-extubation cough from previous
studies?3!, indicated a sample of 22 patients per group would sufficiently power the study to
detect a 33% difference in cough between the two groups, assuming an a-level of 0.05 and
power (1-B) of 80%. Once both groups achieved their enrolment targets of a minimum of 22
patients using simple randomisation, the study was stopped.

All patients were nil per os for eight hours preoperatively, and no anxiolytic premedication
was administered. Once in the operating room, non-invasive blood pressure, pulse oximetry,
temperature, end tidal carbon dioxide (EtCO2) and electrocardiogram (ECG) were monitored
at 1-3-minute intervals. Anaesthesia was induced with 1-2 mcg kg* fentanyl and 2.5 mg kg
propofol V. Once the patient became unconscious, 0.6 mg kg rocuronium was administered
IV and tracheal intubation performed. Anaesthesia was maintained with a low flow mixture of
oxygen, medical air and sevoflurane to maintain a minimum alveolar concentration (MAC) of
1.0, with controlled ventilation to achieve an EtCO; of 35-45 mmHg. Vital signs were
maintained within 20% of their baseline values intraoperatively until emergence, and
analgesia was provided with 0.1 mg kg™ morphine 1V and 1g paracetamol IV. Supplemental
analgesia with 1 mcg kg fentanyl boluses IV was provided as necessary. At the end of
surgery, sevoflurane was discontinued, gentle oropharyngeal suction was performed and
manual ventilation with 95% oxygen was achieved. The level of neuromuscular paralysis was
assessed using train-of-four (TOF) stimulation monitoring. Once a TOF count of 3 or 4 was
measured, neostigmine 2.5 mg and glycopyrrolate 0.4 mg IV were administered. Two
anaesthetists were involved in the extubation process. At a MAC value of 0.6, the second
anaesthetist was asked to leave the operating theatre momentarily, while the first anaesthetist
(KW) administered either propofol (0.5 mg kg™) or placebo (equivalent volume of 0.9%
saline) to the patient. Once the intervention was completed, the second anaesthetist returned

and KW performed a standardised extubation.

The second anaesthetist, who was blinded to the intervention, recorded a set of data during the

emergence and extubation process.

The primary endpoint was measured by separately recording the amount and severity of

bucking and coughing against the TT using a modified Minogue scale:*2

M Grade 1 indicated no coughing or bucking;

(i) Grade 2 indicated one to two coughs or bucking;

(ili)  Grade 3 indicated sustained coughs or bucking less than 5 seconds;

(iv)  Grade 4 indicated severe or repetitive coughing or bucking lasting longer than 5

seconds.
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Cardiorespiratory parameters, including systolic, diastolic and mean arterial blood pressures
(BP), heart rate (HR) and pulse oximetry, as well as the time to emergence were recorded
throughout the extubation process. Once the patient opened their eyes with purposeful
movement, with a TOF ratio > 0.9 and adequate spontaneous ventilation, the TT was
removed. Oxygen supplementation was continued for 1-5 minutes. Cardiorespiratory
complications including laryngospasm, bronchospasm, tachycardia and hypertension were
recorded during extubation and treated if necessary. The patient was then transferred to the

post anaesthesia care unit (PACU). During PACU stay, a final set of vitals was recorded.

Data Analysis

Completed assessment forms were entered into a Microsoft Excel database once data
collection was complete, and exported into Stata 14.2 (StataCorp. 2015. College Station, TX,
USA) for analysis. The demographic and clinical profiles of enrolled patients included in the
analysis were described using descriptive statistics (frequencies and percentages for
categorical data) as well as means and standard deviations for continuous variables. These
descriptive analyses compared those in the intervention and control groups and assessed

adequacy of randomisation.

The effect of low dose propofol was determined using a generalised linear model appropriate
for the frequency of cough, and poor (> 20% change from baseline) haemodynamic response.
Univariate and multivariate correlation analyses were used to identify factors (independently
and in combination) associated with cough, bucking and poor haemodynamic responses as a

composite outcome, adjusting for the intervention arm and other covariates.

Differences between the two groups were assessed using the Student’s unpaired t-test for
continuous data and the Mann-Whitney U test for non-normally distributed continuous data
and the Chi-squared test for categorical data. A value of p<0.05 was considered statistically

significant.

The report was prepared in line with the CONSORT guidelines for reporting randomised
control trials, as stipulated in the EQUATOR Network.
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Results

Sixty-two patients aged 18 years and older were screened and fifty patients enrolled during

the study period. Twenty-eight (56%) were randomised into the Propofol group and 22 (44%)

into the Control group (Figure 1). All patients completed the study, and assessor blinding was

maintained throughout. Key demographic and clinical characteristics of participants are

summarised in Table 1, and the two groups were comparable, with no significant differences

in age, sex, ASA physical status or time from intervention to extubation.

[ Enrollment ]

Assessed for eligibility (n=62)

Excluded (n=12)
- Not meeting inclusion criteria (n=8)

A 4

- Declined to participate (n=4)
- Other reasons (n=0)

Randomized (n=50)

!

Allocated to intervention (n=28)

- Received low-dose Propofol (n=28)

- Did not receive allocated intervention (give
reasons) (n=0)

—

A4

\ 4

Allocated to control (n=22)
- Received placebo (n=22)
- Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analysed (n=28)
- Excluded from analysis (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Allocation ]
[ Follow-Up ]
[ Analysis

)

Analysed (n=22)
- Excluded from analysis (n=0)

Figure 1: Consolidated Standards of Reporting Trials flow diagram of patient selection.
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Propofol Placebo

(n=28) (n=22) prvalue
Age (years) (mean £ SD) 49.0£16.9 485+ 12.7 0.917
Sex, male (n, %) 14 (50.0) 11 (50.0) 1.000
ASA Status
ASA 1 (n, %) 7 (25.0) 7 (31.8) 0.594
ASA 2 (n, %) 21 (75.0) 15 (68.2)
One or more comorbidities (n, %0)
No 9(32.1) 11 (50.0) 0.201
Yes* 19 (67.9) 11 (50.0)
One or more risk factors at extubation
(n, %)
No 17 (60.7) 15 (68.2) 0.585
Vestr 11 (39.3) 7 (31.8)
Time from intervention to extubation

11+35 13+5.2 0.175

in minutes (minutes) (mean x SD)

Table 1: Patient demographics and clinical characteristics of primary analysis. Presented as either frequency
(number and percentage of total) or mean (standard deviation). SD, standard deviation. *HIV, hypertension,
diabetes, obesity, anaemia. **Includes morbid obesity, recent URTI, smoking.

Frequency and severity of bucking and coughing at extubation

Overall, 21 participants experienced severe bucking, representing an incidence of 42.0%
(95% confidence interval [CI]: 28.8 - 56.4%), while nine participants had severe cough at
extubation equating to an incidence of 18% (95% ClI: 9.4 - 31.7%). Participants in the
propofol group experienced significantly less bucking and had significantly lower bucking
severity scores compared to the control group (21.4% versus 68.2%; p = 0.001; and 1.93
versus 2.95; p<0.001) (Figure 2A). The coughing severity scores were also significantly lower
in the propofol versus the control group (1.43 versus 2.09; p = 0.003) (Figure 2B) and there

were fewer complications at extubation (21.4% versus 50.0%; p = 0.034).

There were, however, no differences between the two groups in incidence of severe coughing.
The incidence and severity scores of coughing and bucking, and complication rates for both

groups at extubation are summarised in Figure 2C.
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Propofol (n=28) Placebo (n=22) p-value
Bucking severity score (mean + SD) 1.93+0.81 2.95+0.90 <0.001 ***
Severe bucking (n, %) 0.001 **
No 22 (78.6) 7(31.8)
Yes 6(21.4) 15 (68.2)
Coughing severity score (mean £ SD) 1.43+£0.79 2.09 £0.68 0.003 **
Severe coughing (n, %) 0.180
No 25 (82.3) 16 (72.7)
Yes 3(10.7) 6(27.3)
Extubation complications (n,%) 0.034*
No 22 (78.6) 11 (50.0)
Yes 6(21.4) 11 (50.0)

Figure 2: Incidence and severity scores of coughing and bucking at extubation. (A) Comparison of frequency and
severity grade of coughing between the placebo and propofol groups at extubation. (B) Comparison of frequency
and severity grade of bucking between the placebo and propofol groups during emergence. (C) Representation of
composite outcomes of bucking and coughing severity scores (grade 3-4), incidence of severe bucking and
coughing, and incidence of extubation complications (tachycardia, hypertension, laryngospasm, bronchospasm,
desaturation, apnoea). Grade 1, no coughing or bucking; Grade 2, one to two coughs or bucking; Grade 3, sustained
coughs or bucking less than 5 seconds; Grade 4, severe or repetitive coughing or bucking lasting longer than 5
seconds. * p<0.05; ** p<0.01; ***p<0.005. SD, standard deviation.

Haemodynamic changes at extubation

Compared to the control group, patients in the propofol group had significantly lower heart
rates at extubation (86.5 bpm versus 97.3 bpm; p = 0.031) (Figure 3A). They also exhibited
significantly less rise in systolic blood pressure compared to the control group (126.8 mmHg
versus 139.2 mmHg; p = 0.031) (Figure 3C) and had lower mean arterial pressure readings
(92.4 mmHg versus 102.0 mmHg; p = 0.044) at extubation (Figure 3B).

71



120 p=0.03
120 p=0.044
100 Ez
£
-y E 100-
£ 80 — c
¢ 5
60— = 804
40 T T T T T T 60 T T T T T T
~
5‘& éé} <'~“‘°° 3° * é“ooqvg’o S & é‘oo "\0{\ ‘?OQQ"‘OQ
o A & ¥ 9 £ 8 2 PP
e & F e P RE & e
Q-\‘{& ¢ & & @S
QO
C e D
om0 100~ p=0.207
160 -
2 2
£ 1404 £ 804
£ £
f 120 5
m m 60+
9 4004 a -~ Propofol
Placebo
W-———T—T—T W71
¢ 2 & . & & ¢ D L& OSSN
a,é\o ..\G@@@ é\g .oé\o g ‘}\o QV'O ‘gé\o 4@@'&0 o.\\o M) ’oé\o QV'O
@ & SR S &
N & & o°;'
<° Q
E Measurement intervals Measurement intervals
Propofol (n=28) Placebo (n=22) p-value
Heart rate bpm, (mean * SD) 86.5+17.0 97.3+173 0.031*
Systolic blood pressure in mmHg (mean + SD) 126.8+16.4 139.2+23.0 0.031*
Diastolic blood pressure in mmHg (mean + SD) 76.1+15.8 8l.6+14.1 0.207
Mean arterial pressure in mmHg (mean £ SD) 92.4+14.2 102.0 + 18.7 0.044 *
Oxygen saturation in % (mean % SD) 974122 97.8+2.6 0.570
F
2
Propofol (n=28) Placebo (n=22) X? test
p-value
Poor HR response to extubation (n,%)
No 21 (75.0) 9(40.9) 0.015*
Yes 7 (25.0) 13 (59.1)
Poor SBP response to extubation (n,%)
No 20(71.4) 14 (63.6) 0.058
Yes 8(28.6) 8(36.4)
Poor DBP response to extubation (n,%)
No 15 (53.6) 12 (54.6) 0.945
Yes 13 (46.4) 10 (45.4)
Poor MAP response to extubation (n,%)
No 16 (57.1) 15 (68.2) 0.425
Yes 12 (42.9) 7(31.8)

Figure 3: Haemodynamic changes from baseline measurement through emergence, extubation and PACU stay. (A)
Comparison of heart rate changes between the placebo and propofol groups (p=0.03 at extubation). (B)
Comparison of mean arterial pressure changes between the placebo and propofol (p=0.044 at extubation). (C)
Comparison of systolic pressure changes between the placebo and propofol groups (p=0.03). (D) Comparison of
diastolic pressure changes between the placebo and propofol groups. (E) Representation of mean differences of
haemodynamic measures between the placebo and propofol groups at extubation. (Continued on next page)
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(F) Representation of composite haemodynamic changes from baseline to extubation between the placebo and
propofol groups. A poor response was defined as a change of > 20% from baseline. * p<0.05. HR, heart rate; MAP,
mean arterial pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; PACU, post anaesthesia care
unit; SD, standard deviation.

Diastolic blood pressure changes did not significantly differ between the two groups (Figure
3D). More patients in the control group exhibited an increase in HR at extubation compared to
the propofol group (59.1% versus 25.0%; p = 0.015) (Figure 3F), although no other
significant differences between the two groups were observed. The haemodynamic measures

at extubation are summarised in Figure 3E.

Correlation between cardiac and respiratory changes at extubation

Analysis within both groups of bucking and cough severity scores and haemodynamic
changes around extubation showed a positive correlation relationship. There was a moderate
correlation between higher bucking severity scores and HR increases at emergence (Pearson’s
r=0.478; 95% CI: 0.2232, 0.6728; p = 0.004). We also observed a significant increase in
heart rates at extubation in groups with higher bucking severity scores, specifically when
comparing bucking severity grades of 1 to 3 (p = 0.0326), and 1 to 4 (p = 0.0056) (Figure 4B).
There was a weak positive correlation trend between higher cough severity scores and HR
increases at emergence (r = 0.2559, 95% CI: -0.03259, 0.5051; p = 0.07) (Figure 4C).
However, there was no significant increase in HR at extubation in groups with higher cough

severity grades (p= ns) (Figure 4D)
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Figure 4: Subgroup analysis of bucking and coughing severity scores with heart rate changes at emergence and
extubation using linear regression models. (A) Positive correlation relationship between higher bucking severity
scores and heart rate increases at emergence (Pearsons r =0.4788, p=0.004). (B) Heart rate changes at extubation
based on bucking severity scores with mean and standard deviations (1 vs 3, p=0.0326; 1 vs 4, p=0.0056). (C)
Positive correlation relationship between higher coughing severity scores and heart rate increases at extubation
(Pearsons r =0.2559, p=0.07). (D) Heart rate changes at extubation based on cough severity scores with mean and
standard deviations. HR, heart rate. Grade 1, no coughing or bucking; Grade 2, one to two coughs or bucking;
Grade 3, sustained coughs or bucking less than 5 seconds; Grade 4, severe or repetitive coughing or bucking lasting
longer than 5 seconds.
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Discussion

The results of this study show that a sub-hypnotic dose of propofol at 0.5 mg kg™
significantly reduced the incidence and severity of bucking, as well as the severity of
coughing at extubation when compared to a placebo. Furthermore, administering low dose
propofol during emergence from GA significantly attenuated heart rate, systolic and mean
blood pressure changes. Fewer complications were encountered at extubation in the propofol
group. However, the incidence of coughing at extubation was not attenuated by low dose
propofol. There were no significant differences in extubation time between the two groups.
Higher bucking severity scores correlated with higher heart rates at extubation in both groups.

Previous studies have reported mixed results with low dose propofol administration at
emergence from anaesthesia. Jung and colleagues? found that a 0.3 mg kg™ dose of propofol
reduced the incidence and severity of coughing in adults undergoing nasal surgery. Similar
studies in paediatric populations found that propofol at 0.25 - 0.5 mg kg™ was able to reduce
coughing in children at emergence from general anaesthesia.?®?? At a dose of 0.8 mg kg,
propofol reduced the incidence and severity of cough and laryngospasm in adults undergoing
oropharyngeal procedures.!® Savafi and colleagues®® used 0.25 mg kg propofol and also
found a reduced incidence of cough at emergence. However, Moein Vaziri and colleagues'®
found that propofol at 0.5 mg kg™ did not result in significant haemodynamic and respiratory
outcomes at extubation. Similarly, a study by Ozturk and colleagues!’ showed that propofol at
0.5 mg kg was not able to reduce coughing in children at extubation. When comparing low
dose propofol with other interventions, Nagrale and colleagues?® found that although propofol
0.5 mg kg* blunted the coughing and bucking response to extubation, esmolol was superior in
effect.® Overall, the time to extubation was not prolonged with propofol administration in

any of the above studies.

Tracheal intubation remains the focus of research and guidelines when it comes to airway
management. However, the Royal College of Anaesthetists’ 4th National Audit Project
(NAP4) found that more cardiorespiratory complications occurred during emergence and
extubation than at any other time during GA.%* Many complications at emergence may appear
transitory and minor, but the NAP4 results noted that all complications were both preventable,
and had the potential to result in long-term morbidity and mortality. Hence, it is important to
recognise that airway management actually extends into the postoperative period. In our
study, propofol was shown to reduce the incidence of complications at this critical point.
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Following the findings of NAP4, the Difficult Airway Society published general guidelines

on the management of tracheal extubation, and included recommendations for improving
physiological conditions at emergence.®* However, there is still a lack of large scale trials on
optimal attenuation strategies peri-extubation, but it is clear from reviews on the topic that any
intervention is better than placebo or no intervention.!! The rapid onset of action and the short
duration of propofol makes it an ideal drug for attenuating the cardiovascular responses to

tracheal extubation, as shown in several studies.820-22:25

Blunting the extubation response has been shown to reduce sympathetic nervous system
activation during emergence and improve patient recovery.! However, although extubation is
often associated with bucking, previous studies investigating propofol and other agents did
not assess their effects on bucking. Our study found a positive correlation between higher
bucking severity scores and increased heart rates at extubation, indicating that the presence of

one of these findings would likely predict the presence of the other.

Bucking against the TT was shown to pre-empt bronchospasm, and prevention of bucking
was described as a successful method in preventing bronchospasm.3® Furthermore,
perioperative cardiorespiratory aberrations apart from coughing have been found to affect

patient outcomes in terms of myocardial injury, morbidity and postoperative mortality.36-%

Intraoperative tachycardia and hypertension were independently found to predict morbidity in
the postoperative period.>” Tachycardia was also associated with worse outcomes, leading to

increased morbidity, mortality, as well as prolonged hospital length of stay.3® Hence, blunting
these cardiorespiratory changes at emergence may improve patient recovery and postoperative
outcomes. In our study, low dose propofol was shown to significantly blunt these responses at

extubation.

The mechanism of action of propofol includes peripheral and central activity, with
potentiation of y-aminobutyric acid type A receptor activation and inhibition of further
synaptic transmission, as well as inhibition of release of the excitatory neurotransmitters.*
The cardiovascular effects of propofol include a reduction in the mean arterial pressure and
blunting of the baroreceptor reflex, thereby preventing an increase in heart rate in response to
a drop in blood pressure.>*# Its central effects include an overall inhibition of excitatory
signal transduction, which leads to a smooth, rapid emergence after propofol administration.*
This may explain our findings of low dose propofol attenuates the cardiorespiratory changes

at extubation.
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The primary limitation of this study was our patient sample size that failed to provide
sufficient power to detect a difference in our primary outcome - the incidence of cough - and
confirm our hypothesis that propofol would reduce the incidence of cough at extubation
compared to placebo. We had estimated that a sample size of 22 patients per group would
provide sufficient power (1-B =80%) to detect a 33% difference in the incidence of cough
between the two groups, based on previous studies.?3! However, the observed difference in
cough between the two groups was considerably less (16.6%), meaning the sample size
provided only 32% power to detect a difference. This result means that the sample size should
have been approximately double (47 patients per group = a total of 94), to sufficiently power
the study. Other limitations include the fact that the optimal subhypnotic dose of propofol has
not been determined, meaning that the results we collected by administering 0.5 mg kg™
propofol are not reflective of its ideal potential to blunt the extubation response. The optimal
timing of when to administer propofol is also not known. The lack of double-blinding and

assessor inter-rater variability may have contributed to cognitive and measurement biases.

In line with previous studies, our small randomised control trial has shown that the
administration of a low dose of propofol significantly reduced cardiorespiratory responses at
extubation. However, replication with larger sample sizes is required to confirm its efficacy in
reducing bucking, coughing and haemodynamic aberrations. Due to the distinct differences in
our patient population, the applicability of our study’s findings to the general population

cannot be guaranteed.

Additional larger studies with patient populations undergoing different types of surgery,
including those with ASA status Il1 and above are required before any recommendation
regarding the use of low dose propofol to promote smooth emergence in these populations can
be made. In addition to establishing efficacy, studies to determine the optimal dose of the drug
are also required, particularly as previous studies used different doses, resulting in the safest,
most effective dose not being known. Another important area for research is to determine the
relative efficacy of propofol in comparison to other drugs that have also been shown to
effectively facilitate a smooth extubation and minimise cardiovascular and respiratory
responses to extubation, including lignocaine, dexmedetomidine, calcium channel blockers

and beta blockers.!!
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Conclusion

Administering propofol 0.5mg kg attenuates respiratory responses, particularly bucking, at
extubation after general anaesthesia in healthy adults undergoing elective abdominal or pelvic
surgery, without increasing the time to extubation. Low dose propofol blunts aberrations in
heart rate, as well as systolic and mean blood pressures at extubation, with fewer

complications at extubation.
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4.1 Introduction

Endotracheal extubation is a commonly performed procedure and represents a critical point at
the end of a general anaesthetic. Cardiovascular, respiratory and endocrine responses are
common and predictable throughout this time. This cascade of events is known as the

extubation response.’*

At emergence, the plane of anaesthesia lightens and activation of the sympathetic nervous
system occurs. This response is mediated by afferent stimulation of the glossopharyngeal and
vagus nerves by the endotracheal tube,?® and leads to catecholamine release which manifests

mainly as cardiorespiratory changes.*®

Respiratory phenomena at extubation include coughing, bucking on the tube, laryngospasm,
bronchospasm, apnoea and desaturation. Cardiovascular manifestations include tachycardia
and other cardiac arrhythmias, hypertensive as well as hypotensive periods and myocardial
ischaemia. Intracranial, intraocular and intraabdominal pressures also increase during this

time.10-12

In most patients the physiological changes that occur at the time of extubation are transient
and do not result in significant long-term morbidity. However, it can have deleterious effects
in certain situations. Patients with limited respiratory reserve, obstructive lung pathology,
ischaemic heart disease and cerebral pathology can suffer serious sequelae.!®? Furthermore,
smooth emergence from anaesthesia is preferable for many surgical procedures, such as in

otorhinolaryngology and neurosurgery.**1°

It is generally recognized as good anaesthetic practice to blunt the cardiorespiratory response
to intubation. Its mechanism is well understood, and targeted attenuation of this response is
performed regularly at induction.”?2" However, there is a higher rate of complications
associated with extubation than intubation'? and extubation has been found to have a three
times higher incidence of adverse events.?® As a result, reviews on the active management of

this phase of anaesthesia have recently been done.3!1%

Strategies to attenuate the physiological changes during extubation include pharmacological
and technical methods. Pharmacological approaches include the use of beta-blockers, calcium
channel blockers, opioids, a-2 agonists and local anaesthetics.%147-4° Technical approaches
include deep extubation and substitution to a supraglottic airway device prior to
emergence.®31% Recent research shows that remifentanil and dexmedetomidine infusions
throughout the extubation process have the best outcomes, as these drugs provide good
endotracheal tube tolerance and lead to a smooth emergence from anaesthesia.3!
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In our resource poor setting, however, regular use of these expensive drugs is not feasible.

Therefore, is it prudent to investigate the use of a more cost-effective strategy.

Propofol is a commonly available and widely used drug in anaesthesia. Its pharmacokinetic
profile provides a rapid onset and predictable offset of drug effect, which allows for either
bolus administration or maintenance of anaesthesia with continuous infusion. Its mechanism
of action includes peripheral and central activity, with potentiation of y-aminobutyric acid
type A receptor activation and inhibition of further synaptic transmission, as well as inhibition

of release of the excitatory neurotransmitter glutamate.5?

Sub-anaesthetic doses of propofol are known to induce sedative, anti-nausea and anxiolytic
effects in a dose-dependent manner.8® Its administration is associated with blunting of airway
reflexes® % and this property allows for its use in the effective treatment of laryngospasm at
extubation.®”%°, The cardiovascular effects of propofol include a reduction in the mean
arterial pressure and blunting of the baroreceptor reflex, thereby preventing an increase in
heart rate in response to a drop in blood pressure.®2® Its central effects include an overall
inhibition of excitatory signal transduction, which leads to a smooth, rapid emergence after
propofol administration.®* Based on this effect, sub-hypnotic doses of propofol have been

shown to reduce the incidence and severity of emergence agitation after surgery in children.”

The respiratory, cardiovascular and central effects of propofol described above make it an
effective drug to use for attenuation of the extubation response.

It is these features that has led to research to study its efficacy in producing favourable

extubating conditions.

Fentanyl-induced cough (FIC) is a phenomenon commonly noted during induction of a
general anaesthetic after intravenous administration of fentanyl, and occurs due to an
increased vagal tone and histamine release, resulting in bronchoconstriction and cough.”
Several studies have shown that a sub-hypnotic dose of propofol prior to giving fentanyl is

able to effectively reduce this cough response.’>"

Total intravenous anaesthesia (TIVA) with a propofol infusion is a general anaesthetic
technique used for many surgical procedures where microvascular structures are involved,
including otorhinolaryngology and neurosurgery. Smooth emergence is a benefit noted after
propofol TIVA, with its airway reflex suppression resulting in significantly less coughing and

haemodynamic changes at extubation when compared to a balanced anaesthetic technique.’
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However, further research also showed that the airway protection afforded by the cough reflex
was not adversely affected by residual sedation after propofol administration.” Hence patients

would not be at an increased risk of uncleared secretions or aspiration after extubation.

The efficacy of a sub-hypnotic dose of propofol to reduce the risk of laryngospasm after
extubation was compared to using either a benzodiazepine or a placebo.®” Results showed a
significant reduction in laryngospasm risk with propofol administration prior to extubation
after oropharyngeal surgery. Furthermore, it was also shown that the incidence and severity of

post-operative cough was reduced in the propofol group.

Several studies have compared the efficacy of propofol attenuating the extubation response
against ketamine, as a combination with ketamine and against a placebo.%75-"8 Although the
combination of sub-hypnotic doses of propofol and ketamine was shown by Safavi et al®® to
be most effective in suppressing cough at extubation, the use of propofol alone also showed a
significant reduction in incidence and severity of cough. Another study by Pak et al”® showed
that the incidence of coughless emergence was highest with propofol use, and that the severity

of cough was significantly less when using either propofol or ketamine.

The efficacy of low dose propofol administration at extubation was also compared directly to
a placebo. Studies by Ozturk et al”® and Jung et al”® researching sub-hypnotic propofol doses
after elective surgery showed that the cardiorespiratory response to extubation was
significantly attenuated. The time to awareness, extubation and residual sedation was not
prolonged after the propofol dose, while the haemodynamic parameters were similar to the
placebo group. Another study by Vaziri et al®® showed that propofol administration two
minutes before removal of the endotracheal tube was able to prevent the expected increase in
the haemodynamic parameters at the time of extubation.
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4.2 Problem Statement

The physiological response to extubation can have deleterious effects at the end of a general
anaesthetic. Patients with respiratory compromise, reactive airway disease, cardiac disease or
cerebral pathology require attenuation of this cardiorespiratory response. Furthermore, a
smooth, coughless emergence is beneficial for many surgical procedures.

Propofol is known to blunt airway reflexes. Thus, administration of low dose propofol prior to
extubation may attenuate the cardiorespiratory response and reduce the incidence and severity
of coughing at the time of extubation.

Since propofol is readily available in theatre, this intervention could prove to be a cost-
effective and easily implemented strategy to provide a smooth emergence from general
anaesthesia, and could benefit both patient and practitioner, especially in the era of SARS-
CoV-2.

4.3 Aims

The aim of this study is to assess the efficacy of low dose propofol in attenuating the
cardiorespiratory response to extubation in a surgical population group at Chris Hani
Baragwanath Academic Hospital (CHBAH).

4.4 Objectives

The objectives of this are to:

e Describe the incidence and severity of cough at extubation after general anaesthesia
with and without intervention.

e Describe the haemodynamic outcomes at extubation with and without intervention.

e Describe the prevalence of sore throat in the immediate post-operative period after
extubation with and without intervention.

e Compare the efficacy of low dose propofol with a placebo in attenuating the
cardiorespiratory response to extubation when administered intravenously at the end

of surgery.
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4.5 Research Assumptions

The following definitions will be used in this study:

Intern: a qualified medical doctor having obtained their Bachelor of Medicine and Surgery in
their undergraduate studies.

Medical officer: a qualified medical doctor working under supervision in the anaesthetic
department who is not enrolled in a post graduate training program.

Registrar: a qualified medical doctor who is enrolled in a training post to become a specialist

anaesthetist.

Consultant: a qualified medical doctor who has completed their training to become a
specialist in the field of anaesthesiology. A career medical officer with more than ten years

working experience in anaesthesia is considered as a consultant.
Adult: a person who is 18 years or older.
Extubation: the removal of an endotracheal tube from the trachea.

Cardiorespiratory response to extubation: the common and predictable cardiovascular,
respiratory and endocrine responses that occur at the time of extubation. These include an
increased heart rate, increased blood pressure, bucking and straining, coughing,

laryngospasm, bronchospasm and apnoea.

Placebo: an intervention that does not exibit a therapeutic effect, used as a control in research.

4.6 Demarcation of the Study Field

The study will be undertaken in the theatre complex of CHBAH, which is a tertiary institute
affiliated to the Department of Anaesthesiology at the University of the Witwatersrand.
CHBAH is the third largest hospital in the world, with approximately 3200 beds, where over

65000 surgeries are performed in 25 theatres annually.

88



4.7 Ethical Considerations

Approval to conduct this study will be obtained from the Human Research Ethics Committee
(Medical) and the Postgraduate Committee of the University of the Witwatersrand. Further
approval from the Medical Advisory Committee at Chris Hani Baragwanath Hospital will be
sought (Appendix 1). Approval from the Head of the Department of Anaesthesia will also be
obtained (Appendix 2).

Patient consent will be sought at the time of the preoperative assessment. The details of the
study will be explained to them and an information letter written in English will be provided
(Appendix 3). Furthermore, written consent by the patient to participate in the study will be

sought at that time (Appendix 4).

Confidentiality and anonymity of the patient will be ensured by assigning a study number to
each set of data collected. A separate list of the patient’s name and other identifying
information that correlates to the study number will be generated and kept separately. The raw

data will only be accessible to the researcher and their supervisors.

The collected data will be stored for six years digitally on a secure hard disk. The consent
forms and data collection sheets will be kept in a locked cupboard for the same duration of

time.

The study will be performed according to the principles of the Declaration of Helsinki'® and

the South African Guidelines for Good Clinical Practice.1%’

4.8 Data Collection

4.8.1 Research Design
The design of a study is the framework whereby the study aims to obtain answers and

determines how data is collected, analysed and interpreted.19810°
This study design is that of a prospective, randomised, placebo-contolled trial with single
blinding.

A prospective study follows a group of individuals with similar traits as they undergo
different interventions to determine the rates of specific outcomes.® This study will collect
data from two groups of patients receiving different interventions and determine the

significance of the outcome differences.
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Randomisation refers to the process whereby patients are allocated to groups by a system of
chance.1% Randomisation in this study will be done by a simple computer generated list,
whereby the patients are randomly assigned to one of two groups. The assignment of patients
to either group will be randomised prior to the intervention, and balanced according to their

demographics.

A placebo is an intervention with no therapeutic effect.® The study will be placebo
controlled, as the intervention of low dose propofol will be compared to the administration of
a substance with no pharmacological effect, normal saline. One group of patients will receive
low dose propofol at the end of surgery, while the other group will receive normal saline. The
difference in the measured extubation responses in the two groups will then be compared to

each other.

Blinding of a study is the process of preventing study participants from knowing information
that may prejudice them to bias.'® The study will be single blinded, as the patient will not
know which group they will be assigned to and the anaesthetist assessing the extubation will
also not be aware of what intervention was given prior to extubation. However, the primary
investigator will administer the intervention, perform a standardized extubation and will be

aware of which group the patient has been assigned.

4.8.2 Study Population

The study population will comprise all adult patients presenting for elective abdominal,
gynaecological and urological surgery in the CHBAH theatre complex, that have undergone a
general anaesthetic with endotracheal intubation.

4.8.3 Study Sample
4.8.3.1 Sample method
The sample population will consist of patients presenting to the CHBAH theatre complex for

elective surgery. Consecutive, convenience sampling will be used for this study.

Consecutive sampling is the attempt by the researcher to include all available subjects in the
study sample with convenience sampling referring to the use of the of the most readily
available subjects 1%, In this study all patients booked on the relevant elective surgical lists
will be approached to participate.
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4.8.3.2 Sample size

The sample size of the study was determined in consultation with a biostatistician. Based on
multiple previous studies where the incidence of cough was the primary endpoint, a 20%
difference in the incidence of cough at emergence between the two study groups was deemed
significant. Referring to previous studies, the incidence of cough was reported to be between
76 - 96%.11°

The sample size for our study was calculated assuming an alpha=0.05, power of 90%,
p1=82.5%, p2=27.5% and a ratio of 1 to give a minimum sample size of twenty-two per
group and a total of forty-four patients for the study.

4.8.3.3 Inclusion and exclusion criteria

Inclusion criteria include:

a) ASAlandll
b) Elective surgery requiring tracheal intubation
c) Patients planned for awake extubation at the end of surgery

d) Age > 18 years
Exclusion criteria include

a) Patients unwilling to take part in the study

b) Contraindication to propofol administration

c) Patients or surgeries where a specific extubation plan is made (e.g. deep
extubation)

d) Hypotension at the end of the procedure prior to intervention
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4.8.4 Collection of Data

Patients will be randomized into two groups as follows:
Group A: Intravenous low dose propofol prior to extubation
Group B: Intravenous saline prior to extubation

Randomisation will be achieved using a computer-generated assignment of patients prior to
extubation. Consent to participate in the study will be obtained at the preoperative assessment.
The patient will be blinded to their assigned group.

Two anaesthetists will be present at the end of surgery to perform the extubation.

Anaesthetist 1, the primary investigator, will administer the intervention and perform the
extubation procedure, while the assessment will be done by anaesthetist 2, who will be
blinded to the intervention given. The extubation will be assessed using a prepared assessment

sheet (see Appendix 5).

Once surgery has ended, agents for reversal of muscle relaxation will be administered, the
patient’s airway will be suctioned and maintenance of volatile anaesthetic agent will be
stopped. Thereafter, baseline heart rate (HR), systolic and diastolic blood pressure (SBP and
DBP) and mean arterial pressure (MAP) will be recorded. Once a minimum alveolar
concentration (MAC) of 0.6 has been achieved, the intervention will be administered
intravenously by the first anaesthetist. The intervention will be propofol at a dose of 0.5 mg
kgt or an equivalent volume of 0.9% normal saline. The syringe will be covered so as to hide
the contents from anaesthetist 2. The intravenous line will be covered to hide the potential

residual white discoloration of propofol.

Anaesthetist 1 will extubate the patient once muscle relaxation is fully reversed, train-of-four
(TOF) monitor ratio is >0.9 and the patient is responsive and able to maintain their own
airway. The presence and severity of cough will be noted throughout the extubation process
using the modified Minogue scale.5>1% This scale has been used in several similar studies and
provides a severity score of cough at extubation. HR, SBP, DBP and MAP will also be
recorded before, at, and immediately after extubation. Overall satisfaction of the extubation
experience and any complications will also be noted. Presence or absence of a sore throat,

nausea and vomiting will be recorded in the recovery area.

The assessment sheet used to assess the extubation response will be used to collect the

aforementioned objective and subjective data on one A4 paper.
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The patient’s study number will be used to assign the collected data to that specific patient,
and no other personal identifying information will be recorded on the sheet. Timing of the
intervention, as well as HR, SBP, DBP and MAP corresponding to significant times of the
extubation process will be recorded on the sheet, as well as the presence and severity of cough
at extubation. A subjective assessment of the smoothness of emergence will also be recorded
at the end.

4.9 Data Analysis

Data will be recorded in theatre using a prepared extubation assessment form to ensure
capturing of relevant parameters during the procedure. The data will subsequently be
transferred onto a Microsoft Excel® spreadsheet. Data will be analysed in consultation with a
biostatistician. Descriptive statistics will be used. Categorical data will be summarized using
frequencies and percentages. Continuous variables that are normally distributed will be
described using means and standard deviations and those that are not normally distributed will
use medians and interquartile ranges. Comparison of categorical variables between the
treatment and placebo groups will be done with the Fisher’s exact or Chi-square test.
Comparison of continuous variables between groups will be done using the Student’s t-test
for normally distributed variables and the Mann-Whitney U test for non-normally distributed
variables. A p-value of less than 0.05 will be deemed statistically significant.

4.10 Significance of the Study

The insertion of an endotracheal tube at the induction of anaesthesia produces an intubation
response, which is treated actively by anaesthetists in the majority of cases. Although this
response has no long-term sequelae for most patients, it is common practice to blunt this

response pharmacologically.

A similar physiological response occurs when the endotracheal tube is removed. This
physiological response, however, is almost always treated passively by anaesthetists, even

though a smooth, coughless emergence is more pleasant for both patient and practitioner.

Patients with limited cerebral, cardiovascular, or respiratory reserve can suffer serious
sequelae during extubation and would benefit from attenuation of the extubation response.1%%
Furthermore, smooth emergence from anaesthesia is preferable for many surgical procedures,

such as in otorhinolaryngology, ophthalmology, and neurosurgery.**1°
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Administering a low dose of propofol prior to extubation may attenuate the cardiorespiratory

response and reduce the incidence and severity of coughing at the time of extubation.

This intervention could prove to be a cost-effective and easily implemented strategy to
provide a smooth emergence from general anaesthesia, and could benefit both patient and
practitioner, especially in the era of SARS-Cov-2.

4.11 Validity and Reliability of the Study

Validity and reliability in research are used to assess the quality of a study.
Validity is concerned with the accuracy and truthfulness of scientific findings.%®

Reliability is concerned with consistency, stability and repeatability of the researcher’s

accounts, as well as the accurate collection and recording of information.%
The validity and reliability of the study will be ensured by:

a) Appropriate study design

b) Appropriate sample size

C) Using a consistent measure to assess the intervention, e.g. the extubation
assessment form

d) Statistical analysis done in conjunction with a biostatistician

4.12 Potential limitations
a) Randomisation of patients might lead to uneven demographic profiles
b) Due to theatre staff allocation, double-blinding of study is impractical
c) Limited exposure to relevant theatre lists might prolong data collection
d) Inter-rater variability when assessing extubation response, as anaesthetist 2
will not be the same person for every assessment

e) Confounding factors might be difficult to assess
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f)

4.13 Project outline

Activity

Proposal preparation

Literature review

Proposal submission

Ethics approval

Postgraduate

approval

Data collection

Data analysis

Draft article

Submission

4.14 Financial plan

The Department of Anaesthesia will bear the cost of printing and paper for the postgraduate

approval.
Item Price Number Copies Total
per page of pages
Proposal 1 20 10 R200
Ethics 1 10 25 R250
Post graduate form 1 2 6 R12
Complete report 1 100 4 R400
Grand total R 862
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4.17 Appendices
4.17.1 Appendix 1

GAUTENG PROVINCE

. . REPUBLIC OF SOUTH AFRICA
MEDICAL ADVISORY COMMITTEE

CHRIS HANI BARAGWANATH ACADEMIC HOSPITAL

PERMISSION TO CONDUCT RESEARCH

Date: 23 February 2021
TITLE OF PROJECT:

Low dose propofol as an effective method in attenuating the cardiorespiratory response to

extubation: Single-blinded randomised placebo controlled trial.

UNIVERSITY: Witwatersrand
Principal Investigator: Dr Koji Wakabayashi

Department: Anaesthesia

Supervisor/s : Dr T Leonard
Permission Head Department (where research conducted): Yes
NHRD No. 202101 -034

The Medical Advisory Committee recommends that the said research be conducted at Chris Hani
Baragwanath Academic Hospital. The CEO / management of Chris Hani Baragwanath Academic
Hospital is accordingly informed and the study is subject to:-
e Permission having been granted by the Committee for Research on Human Subjects of the
University of the Witwatersrand.
e The Hospital will not incur extra costs as a result of the research being conducted on its
patients within the hospital
e The MAC will be informed of any serious adverse events as soon as they occur

e Permission is granted for the duration of the Ethics Committee Approval.

[

Approved/ oved
Hospital ManagementDate:
2021/02/23 Date: 1/1?,{ . ‘/(/\/0\4
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4.17.2 Appendix 2
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GAUTENG PROVINCE

HEALTH
= REFUBLIC OF SOUTH AFRICA

'“"'“f-!';r

-+
{'-'?,q MR EEEET
CHRIS HANI BARAGWANATH ACADEMIC HOSPITAL
DMRECT ORATE - ANAESTHESIA
Enquiries: Dr F Mogane
Tel number: (011) 933-3334
Email: Paless Mogane@wits aczs
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aRvE

29 lanuary 2021

To whom it may concern

RE: PERMISSION TO COMDUCT RESEARCH

This serves to confirm that | grant permission to Dr Koji Wakabayashi to conduct research
involving the Department of Anaesthesia at the Chris Hani Baragwanath Academic Hospital. The
research topic is titled: Low dose propofol as an effective method in attenuating the
cardiorespiratory response to extubation: Single-blinded randomized placebo controlled trial.

I"d like to wish him luck in this endeavor and | am happy to support him wherever possible.

Kind regards.

Or Palesa Mogane

Chief Specialist and Head of Department
Department of Anaesthesioclogy

Chris Hani Baragwanath Academic Hospital
University of Witwatersrand

Email: Palesa.Mogane@wits.ac.za
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4.17.3 Appendix 3

Study Information Sheet

for Patients Participating in Study

Title of Research: Low dose propofol as an effective method in attenuating the
cardiorespiratory response to extubation: Single-blinded
placebo controlled trial

Principal Researcher: Dr Koji Wakabayashi
Department: Anaesthesia

Affiliation: University of the Witwatersrand
Supervisors: Dr Tristan Leonard

Dr Alexis Oosthuizen

Introduction

You are kindly invited to take part in a clinical study at Chris Hani Baragwanath Hospital.
Before signing the consent form and agreeing to participate in this study, it is important that
you read and understand what will happen during the study and why it is being conducted.
This sheet will provide you with information about the research we are conducting in our
operating theatres. Please read through this information sheet carefully and ask as many
questions as you like. The principal researcher will explain any information you do not
understand. Whether you choose to take part in this study or not, your decision will not
influence the level of care that you will receive in any way. Thank you for taking your time to

read through this document.
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Purpose of the research

When you come to theatre for your operation, we will make you sleep for the duration of the
surgery. In order to do this safely, we will have to place a special tube into your mouth, to

help you to breathe while you sleep.

We are researching how to improve the safety and comfort of patients at the end of the
surgery, when it is time to wake up from anaesthesia and remove this tube. When patients
wake up from the anaesthetic at the end of the operation, the feeling of the tube in the throat
can make people cough and increase their blood pressure and heart rate. There is a drug that
we can give that may make patients more comfortable as they wake up while we remove the
tube from your throat. We are doing this research to find out if this drug called Propofol helps
patients wake up more smoothly from a general anaesthetic. This technique is not routine
care, and so we are inviting you to take part in this research study to investigate if this new

technique can improve patient care.
Type of Research Intervention

This research will involve a single injection in your drip at the end of your operation. The
drug we will inject into your drip will either be water or the drug called Propofol. This drug is

used every day in theatre and is safe to use for most anaesthesia.
Participant selection

We are inviting all adult patients who are coming to Chris Hani Baragwanath Academic

Hospital theatres for a general anaesthetic during their planned operation.
Voluntary Participation

It is your decision entirely whether you want to be part of this research or not. Your
participation is voluntary, and your decision will not affect the services you receive in theatre
for your operation. If you choose not to take part in this research, you will be offered the
routine treatment at the end of your operation. You can change your mind at any time, even if

you agree to participate at this time.
Procedures and Protocol

We want to see if giving propofol when waking patients up at the end of an operation is more
comfortable and safer than the usual way patients wake up. To do this, we will place patients
into two groups. Your group is selected by chance, and you will not know which group you

will be placed into.
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Patients in one group will be given a placebo medicine. This is a pretend medicine that has no

effect on a patient since it is only water. It does not harm any patients.

Patients in the other group will be given a small dose of Propofol. This drug is used every day
in theatres to make patients sleep, but has also shown in many research studies to help
patients wake up more smoothly when the operation is finished.

At the time when you are waking up, we will give you either the Placebo medicine or
Propofol, and then watch you carefully as you wake up. We will measure your blood pressure,
your heart rate, and your breathing every minute. When you are more awake, we will also

check with you how you feel and if you feel you woke up nicely from your operation.
Risks

If we give you the Placebo medicine (water) into your drip, there is no risk at all to you. If we
give you Propofol into your drip, it might take you longer to wake up from your operation,
and might make you feel tired once you have woken up. Your blood pressure may be a bit low
for a few minutes after giving you Propofol. Giving you Propofol at the end of your surgery

might cause adverse events that are currently unforeseeable.
Benefits

If we give you the Placebo medicine (water) into your drip, there is no risk or benefit to you.
If we give you Propofol into your drip, it may help you wake up more smoothly from your
operation. It can help you not to cough and raise your blood pressure or heart rate when we
take out the breathing tube as you wake up. It may also help to prevent you from having a
sore throat at the end of the operation. It may also prevent you from feeling nauseous and

vomiting when you wake up.
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Confidentiality

The personal information that we collect from this study will not be shared and will be kept

safe. Only the researchers will have access to it.

Your data will be given a number instead of using your name. Your information will not be

shared or given to anyone that is not involved in this research.
Right to Refuse or Withdraw

You do not have to participate in this research if you do not want to. You may also change
your mind in taking part in this research at any point. This is entirely your decision and your
rights will be respected. There will be no penalty nor change in your level of care if you
refuse to participate in the study and you do not have to give any reason for decision. Any
data collected from you will be destroyed if you change your mind at any time and wish not to

participate.
Contact Details

If you would like further information about this study at any time, or to report any adverse
events or concerns while participating in this study, please contact the principal researcher Dr
Koji Wakabayashi on the telephone number 011 888 2570, or by email on
303319@students.wits.ac.za. The contact number for the supervisors of this study is 011 933

9564 and their email addresses are tristan.leonard@wits.ac.za and

alexis.oosthuizen@gmail.com.

Human Research Ethics Committee

This research has been approved by the Human Research Ethics Committee (medical) of the
University of the Witwatersrand in Johannesburg. A principal function of this committee is to
protect the rights and dignity of all human subjects who volunteer to participate in any
research project, as well as to ensure the integrity of the research.

If you have any concern over the way this study is being conducted, please contact the

Chairperson of this Committee, Professor Clement Penny, who may be contacted on

telephone number 011 717 2301, or by e-mail on clement.penny@wits.ac.za.

The telephone numbers for the Committee secretariat are 011 717 2700/1234/2656 and their

e-mail addresses are mapula.ramail@wits.ac.za, rhulani.mkansi@wits.ac.za and

zanele.ndlovu@wits.ac.za.

Thank you once again for reading this study information document.
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4.17.4 Appendix 4
PART I1: Certificate of Consent

I have read the above information, or it has been read to me. | have had the opportunity
to ask questions about it and any questions that I have asked have been answered to my

satisfaction. | voluntarily agree to participate in this research study.

Print Name of Participant

Signature of Participant

Date

Day/month/year

(If illiterate)
I have witnessed the accurate reading of the consent form to the potential participant,

and the individual has had the opportunity to ask questions. I confirm that the

individual has given consent freely.

Print name of witness AND Thumb print of participant

Signature of witness
Date

Day/month/year
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Statement by the researcher/person taking consent

I have accurately read out the information sheet to the potential participant, and to
the best of my ability made sure that the participant understands the research being

done.

I confirm that the participant was given an opportunity to ask questions about the
study, and all the questions asked by the participant have been answered correctly and
to the best of my ability. I confirm that the individual has not been coerced into giving

consent, and the consent has been given freely and voluntarily.

A copy of this consent has been provided to the participant.

Print Name of Researcher/person taking the consent

Signature of Researcher /person taking the consent

Date

Day/month/year
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4.17.5 Appendix 5

Assessment of Extubation
Study Number: Gender: Age:
Group Allocation:
Date:
Procedure:
Co-morbidities:
ASA status:
Assessor rank: Consultant/Registrar/Medical Officer/Intern
Time of intervention:
Time of extubation:

Bucking Severity at extubation

Grade 1: None; no bucking against tube
Grade 2: Mild; bucking once or twice
Grade 3: Moderate; bucking up to 3 times against tube, or sustained straining

up to 5 seconds

Grade 4: Severe; bucking more than 3 times against tube, or sustained

straining more than 5 seconds
Cough Severity at extubation
Grade 1: No coughing or muscular stiffness

Grade 2: Coughing once or twice, or transient cough response to removal of

endotracheal tube that resolved with extubation

Grade 3: less than or equal to 3 coughs lasting 1-2 seconds, or total duration of

coughing lasting less than 5 seconds

Grade 4: more than 3 coughs with each lasting more than 2 seconds, total

duration of coughing lasting more than 5 seconds
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Baseline | After suction/ 1min after At 1min post PACU
Reversal intervention | extubation | extubation
HR
SBP
DBP
MAP

Complications:

None

Laryngospasm / Bronchospasm / Aspiration / Vomiting / Desaturation

Hypotension / Hypertension

Arrhythmia / Bradycardia / Tachycardia (20% increase from baseline)

Sore Throat in PACU: Yes/No

Risk factors:

Recent upper respiratory illness

Asthma, Chronic Obstructive Pulmonary Disease or other Reactive Airway Disease

Smoking or only recent smoking cessation (less than 6 weeks)

Morbid obesity (BMI >40, or BMI >35 with obesity-related health conditions)

Other:

AsSessor experience:

Investigator experience:

ASSessor name:

Assessor sign.:
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Improved/Normal/Worse than usual

Improved/Normal/Worse than usual
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5.1 Ethical Approval
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Office of the Deputy Vice-Chancellor (Research and Postgraduate Affairs)

TO: Dr K Wakabayashi
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Medical School
University

E-mail: drkojiwaka@gmail.com

CC: Supervisor: Drs T Leonard and A Qosthuizen
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and <HREC-Medical Research Office@wits.ac.za>

FROM: Mr lain Burns
Human Research Ethics Committee (Medical)
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PROTOCOL NO: M210232 (This is your ethics application reference number. Please
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