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	STUDY SYNOPSIS (please provide brief information)


	


	Title:
	The use of Transnasal Humidified Rapid-Insufflation Ventilatory Exchange (THRIVE) for pre-oxygenation in neurosurgical patients: a randomised controlled trial 



	Short Title:
	THRIVE on neurosurgical patients

	Design:
	Randomised controlled trial

	Study Centres:
	Royal Melbourne Hospital – city campus

	Hospital:
	Royal Melbourne Hospital

	Study Question:
	Does THRIVE provide a higher PaO2 level compared to standard facemask when used in pre-oxygenation for neurosurgical patients?

	Study Objectives:
	To evaluate the role of OptiFlow THRIVE in pre-oxygenation of neurosurgical patients.

	Primary Objectives:
	To assess arterial oxygen partial pressure (PaO2) after 5-minute pre-oxygenation in neurosurgical patients, compared between THRIVE versus standard facemask.

	Secondary Objectives
	1. Type of neurosurgical procedure

2. Patient baseline characteristics
Age

Sex

Height

Weight

ASA physical status

Airway characteristics

Baseline SpO2, PaO2, PaCO2 on room air

3. PaO2 at 5 min after pre-oxygenation; pre-intubation and post-intubation
4. PaCO2 at 5 min after pre-oxygenation; pre-intubation and post-intubation 
5. SpO2 at 5 min after pre-oxygenation; pre-intubation and post-intubation 
6. Number of hypoxic episodes (O2 sat below 90%) during the pre-oxygenation and intubation phases
7. Anaesthetists satisfaction score
8. Patient tolerance to THRIVE device

9. Failure rate and number of adjuncts used for bag-mask ventilation (BMV)
10. Time taken for BMV or apoeic ventilation before first intubation attempt
11. Failure rate and techniques used for intubation

12. Time taken for successful intubation

13. Need to revert back to BMV or apoeic ventilation due to failed intubation attempts
14. Any other complications, such as hypoxia, arrhythmia, myocardial ischaemia, cardiac or respiratory arrest


	Inclusion Criteria:
	1. Adult patients aged ≥18 years 

2. ASA 1-3
3. Able to give informed consent
4. Having neurosurgical operation, requiring general anaesthesia for asleep oro-tracheal intubation
5. Require arterial line insertion pre-operatively

	Exclusion Criteria: 
	1. Non-English speaking
2. Risk of aspiration
3. BMI > 35

4. Known or anticipated difficult airway

5. Patients require awake fibre-optic intubation, gas induction or rapid sequence induction

6. Known allergy to propofol or rocuronium
7. Raised intracranial pressure (clinically or radiologically)

8. Known basal skull fracture
9. Active nasal bleed

	Number of Planned Subjects:
	50

	Investigational product:
	Optiflow THRIVE (Transnasal Humidified Rapid-Insufflation Ventilatory Exchange)

	Safety considerations:
	There are no additional risks from routine care to the subject from taking part in this study.  

	Statistical Methods:
	Fisher-exact test or х2 test will be used for non-parametric data. Unpaired two-tailed t-test or Mann Whitney U-test will be used for parametric data. A P value < 0.05 is considered statistically significant. Repeated measures analysis of variance will also be used to analyse serial datasets, including the changes in PaO2, PaCO2 and SpO2 with time. Post-hoc testing will be performed with an appropriate correction for multiple comparisons.

	Subgroups:
	None


1. Glossary of Abbreviations & Terms
	Abbreviation
	Description (using lay language)

	Optiflow THRIVE
	Optiflow Transnasal Humidified Rapid-Insufflation Ventilatory Exchange

	HFNC
	High flow nasal cannula


2. Study Sites
2.1 Study Location/s 
	Site
	Address
	Contact Person
	Phone
	Email

	Royal Melbourne Hospital
	Grattan St, Parkville
	Dr Irene Ng
	03-93427540
	Irene.Ng@mh.org.au


3. Introduction/Background Information
3.1 Lay Summary

In this study, we plan to compare two different techniques of supplying oxygen to patients before they go to sleep under general anaesthesia for neurosurgical operation. The usual way of doing this procedure involves breathing oxygen through a facemask. In this study, a computer program will randomly allocate them to receive either oxygen via the facemask, or to have humidified oxygen delivered at high flow via two prongs in the nose. The study aims to test if the nasal oxygen method keeps oxygen levels higher compared to the usual practice, which is oxygen via the facemask. The nasal oxygen method has been used extensively in other parts of the hospital for many years. It has now become increasingly popular to be used in the operating theatre. However, there are limited studies on the use of this device in anaesthetic setting.
3.2 Introduction
The OptiFlow THRIVE device delivers high flow humidified oxygen via the nose, and may reduce the rate of desaturation. The device has been trialed extensively in intensive care unit. There are only limited research studies on the use of the device in anaesthesia, including  anaesthesia in morbid obesity surgery, difficult airways in ENT and during awake fibreoptic intubation. 
This study will randomize participants to either having pre-oxygenation via a standard facemask or via an OptiFlow THRIVE device. The research question is: In adults having neurosurgical operation, does pre-oxygenation using the OptiFlow THRIVE device improve the arterial oxygen partial pressure compared to standard facemask technique? 
3.3 Background information
Pre-oxygenation is a concept by which desaturation is prevented by increasing oxygen reserve prior to induction of anaesthesia. The standard method of pre-oxygenation is with a facemask and ensuring an adequate seal between the patient and the circuit, and a patent conduit from the circuit to the trachea. Even after the onset of muscle relaxation, as long as a patent passage from the oxygen source to the patient is maintained, the patient continues to be oxygenated, known as apnoeic oxygenation. Once the facemask is removed for the commencement of intubation, the flow of oxygen ceases and the countdown to desaturation begins. 
The Optiflow Transnasal Humidified Rapid-Insufflation Ventilatory Exchange (THRIVE) device heats, humidifies and delivers oxygen at a rate of up to 70L/min via a nasal cannula. It has been used commonly in the intensive care and emergency setting, mainly on patients with hypoxia and acute respiratory failure. It has recently been introduced and has gradually gained popularity in the anaesthetic environment. It can be used for pre-oxygenation, as well as apnoeic oxygenation after patient is anaesthetized, before and during intubation. During apnoeic oxygenation, flow is created by the subatmospheric pressure in the alveoli due to the gradient between the opposing movement of oxygen at 250ml/min and carbon dioxide at 8-20ml/min
,
,
,
. In addition to flow of oxygen from the pharynx to the alveoli, continuous positive airway pressure is also generated
,
,
. This technique potentially improves oxygenation as shown in some studies
,
,
,
. There are currently limited studies in the anaesthetic setting. Most of the available studies compare SpO2  or end-tidal O2 level rather than partial arterial pressure of oxygen level (PaO2). Therefore, in this study, we are planning to determine whether PaO2 is higher in elective neurosurgical patients who are pre-oxygenated with THRIVE device compared to standard facemask. We chose this patient group because most of the neurosurgical patients require arterial line inserted pre-operatively. Hence, multiple arterial blood gas samples can be taken for the study. Moreover, minimization of desaturation is potentially beneficial for this patient group as well.
In a standard induction of general anaesthesia, oxygenation and ventilation is achieved by bag valve mask ventilation until onset of suitable intubation conditions. With an adequate seal, end-tidal carbon dioxide (CO2) can be targeted, although it can be operator dependent. In contrast, the Optiflow THRIVE device uses apoeic oxygenation technique without ventilation or CO2 level monitoring. There is concern that CO2 level may increase with potential side effects, although Patel’s study12 shows that the rate of increase in end-tidal carbon dioxide (ETCO2) is around 1.1 mmHg.min-1, which is not considered clinically significant. Therefore in this study, we would like to compare the PaCO2 level, as one of our secondary outcomes.
4. Study Objectives

4.1 Hypothesis 
In adults undergoing neurosurgical operations, the use of the OptiFlow THRIVE device in pre-oxygenation will result in higher PaO2 level compared to standard facemask.
4.2 Study Aims
To assess arterial oxygen partial pressure (PaO2) after 5-minute pre-oxygenation in neurosurgical patients, compared between THRIVE versus standard facemask.
Outcome Measures
Primary outcome: PaO2 level after 5 minutes of pre-oxygenation
Secondary outcomes:
· Date of procedure

· Type of neurosurgical procedure

· Patient baseline characteristics

Age

Sex

Height

Weight

ASA physical status

Airway characteristics - beard, dentition, Mallampati score, thyromental distance, history of OSA, mouth opening
Baseline SpO2, PaO2, PaCO2 on room air

· PaO2 at 5 min after pre-oxygenation; pre-intubation and post-intubation

· PaCO2 at 5 min after pre-oxygenation; pre-intubation and post-intubation

· SpO2 at 5 min after pre-oxygenation; pre-intubation and post-intubation

· Number of hypoxic episodes (O2 sat below 90%) during the pre-oxygenation and intubation phases

· Anaesthetists satisfaction score, using a 5-point Likert scale
· Patient tolerance to THRIVE device (comfortable, mild discomfort but tolerable, significant discomfort and intolerable)
· Failure rate and number of adjuncts used for bag-mask ventilation (BMV)
· Time taken for BMV or apoeic ventilation before first intubation attempt
· Failure rate and techniques used for intubation

· Time taken for successful intubation
· Need to revert back to BMV or apoeic ventilation due to failed intubation attempts
· Any other complications, such as hypoxia, arrhythmia, myocardial ischaemia, cardiac or respiratory arrest.
5. Study Design
5.1 Study Type & Design & Schedule
The study is a randomized controlled trial. 

The study will approach adults aged ≥18 years, requiring general anaesthesia, asleep oro-tracheal intubation and pre-operative arterial line insertion for neurosurgical operations. 
The study is a single-centred study. 

Baseline demographic and procedural information as listed above will be recorded. Primary and secondary outcomes will be recorded as per case report form. 
The data will be collected by an independent observer.
Study visits will be simply the time for the planned procedure. There are no extra visits after the procedure. Recruitment will be open for 12-24 months until the total recruitment number is completed. Data entry and analysis may take up to two months. 

This study will include the participation of a Doctor of Medicine student (Scholarly selective student from University of Melbourne), who will be using the study as his/her scholarly selective project submission.
	Assessment/Procedure
	Day of operation

	Informed Consent
	x

	Demographic Information
	x

	Procedure and data collection
	x


5.2 Standard Care and Additional to Standard Care Procedures 

	Standard Care Procedures
	
	Additional To Standard Care

	Procedure
	Time/Visit
	Dosage/Volume
	
	Procedure
	Time/Visit
	Dosage/Volume

	Pre-anaesthetic assessment
	Day of operation
	
	
	Oxygen therapy for pre-oxygenation
	Day of operation 
	50 L/min of FiO2 of 1.0 via THRIVE device (intervention group)

	Standard monitoring including arterial line insertion
	Day of operation
	
	
	Arterial blood gas samplings 
	Day of operation (Before pre-oxygenation, at 5 min after pre-oxygenation, pre-intubation and post-intubation).
	Total of 4 samples (1ml per sample of arterial blood taken via arterial line)

	Anaesthetic induction agents
	Day of operation
	As per protocol
	
	
	
	

	Oxygen therapy for pre-oxygenation
	Day of operation
	10 L/min of 100% O2 via standard facemask (control group)
	
	
	
	


5.3 Randomisation
Randomisation will be performed using a computer-generated randomisation method. Patients will be allocated to having their pre-oxygenation delivered via the standard facemask or the THRIVE device.

5.4 Study methodology 

Preparation phase
After written informed consent, patients will be assigned, according to the computer-generated randomisation result, to having their pre-oxygenation delivered via the standard facemask or the THRIVE device. The patient allocation will be put in individually numbered and sealed envelopes before recruitment. The person responsible for recruitment will be unaware of the allocation result. The allocation is revealed only after patient consent is obtained for the study. The patient’s baseline characteristics, including age, sex, height and weight, American Society of Anesthesiologists (ASA) Physical Status and airway characteristics will be recorded pre-operatively. Arterial line is inserted before anaesthesia induction. No pre-medication is allowed. Baseline arterial blood gas (ABG) sample will be taken while the patient is breathing room air. 
Pre-oxygenation phase

After the patient is placed at a “sniffing” position with a pillow under the head, pre-oxygenation is commenced with appropriate monitoring, resuscitation equipment and assistance in accordance with the Australian and New Zealand College of the Anaesthetists’ guidelines. Bispectral index (BIS) monitor will also be put on the patient. Oxygen is delivered via the device according to the allocation group - group F with the standard facemask and group T with the THRIVE device, which will be turned on for at least 10 minutes before the start of the operation to ensure the air is humidified sufficiently. In group F, patients will be put on a facemask connected to a standard anaesthetic machine set on manual ventilation mode. 100% oxygen will be delivered at 10 L/min with the adjustable pressure limiting (APL) valve fully open. In group T, patients will be put on a THRIVE device with oxygen (FiO2 of 1.0) delivering at 30 L/min for 30 seconds and then increased to 50 L/min. After 5 minutes of pre-oxygenation, an ABG sample will be taken via the arterial line. Anaesthetic induction will then begin. 
Anaesthetic induction phase

Propofol will be administered using target controlled infusion (TCI) technique aiming to maintain BIS between 40-60. Opioids will be given at the discretion of the treating anaesthetist. Nerve stimulator will then be calibrated and train of four count (TOF) will commence every 20 seconds. Rocuronium will be given at 1.0mg/kg. In group F, bag-mask ventilation (BMV) will commence as soon as patient loses consciousness. Manual ventilation is maintained to keep ETCO2 between 35-40mmHg. In group T, oxygenation via the THRIVE device is continued after patient loses consciousness. Upper airway patency needs to be maintained to ensure adequate apoeic ventilation. If there is any sign of desaturation (SpO2 < 95%) during apoeic oxygenation, the treating anaesthetist is allowed to manage the airway at his/her own discretion, including conversion to bag and mask ventilation if necessary. Airway maneouvres, such as chin lift and jaw thrust; and airway adjuncts, such as oropharyngeal airway can be used in either group at the discretion of the anaesthetist. Once the TOF = 0, another ABG sample will be taken and then patient will be intubated. After successful intubation, the last ABG sample is taken before mechanical ventilation is commenced. If an unexpected intubation is encountered, the anaesthetist can convert to facemask ventilation in group T if necessary. All of the ABG samples taken from each patient will be kept in a foam cup filled with ice and will be analysed immediately. After this time, the anaesthetist may modify their anaesthetic technique at their discretion.
At any stage of the study, it will be at the anaesthetists’ discretion to manage the airway in a different way as deemed appropriate, if they are concerned or it is in the best interest of the patient. An independent observer will be present during the procedure to collect all the relevant data as per the case report form. After the procedure is complete, a verbal rating satisfaction score will be obtained from the anaesthetist.
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6. Study Population

6.1 Recruitment Procedure
The study population will be adults requiring general anaesthetics and arterial line for neurosurgical procedures. They will be identified on the day of procedure and approached directly by one of the investigators. We perform on average about 15 neurosurgical operations per week. We estimate that we can recruit about 5 patients per week, then we will need at least 10 weeks to complete recruitment for this study. 
6.2  Inclusion Criteria 

Patient inclusion criteria will be all of:

· Adult patients aged ≥18 years
· ASA 1-3
· Able to give informed consent
· Having neurosurgical operation, requiring general anaesthesia for asleep oro-tracheal intubation
· Require arterial line insertion pre-operatively
6.3 Exclusion Criteria 

Exclusion criteria

· Non-English speaking

· Risk of aspiration
· BMI > 35

· Known or anticipated difficult airway
· Patients require awake fibre-optic intubation, gas induction or rapid sequence induction
· Known allergy to propofol or rocuronium

· Raised intracranial pressure (clinically or radiologically)

· Known basal skull fracture

· Active nasal bleed
6.4 Consent 

Individual written informed consent will be obtained from each participant, using the PICF explained by the investigator. The participants will be given time to ask questions and have them answered.

Participant Safety and Withdrawal 
6.5 Risk Management and Safety
There are potential risks of hypoxia and hypercapnoea from apoeic oxygenation with the THRIVE device. However, a few previous studies have shown that SpO2 is maintained at a relatively safe level (> 95%) for a period of time (at least 5 minutes)12-14. Patel’s study15 showed that the rate of increase in end-tidal carbon dioxide (ETCO2) was around 1.1 mmHg.min-1. In our study, the period of apoeic ventilation would be within 1-2 minutes, which is the time required for complete muscle paralysis. Therefore the rise of ETCO2 should be less than 2-3 mmHg, which is not considered clinically significant. 
6.6 Handling of Withdrawals 

Any data created up to the point of withdrawal will be immediately disposed of. Hard copy forms will be shredded using RMH security shredding. 
6.7 Replacements

If required, replacement participants will be recruited within the study timeframe. If the withdrawal occurs after the closure of the study period, replacement participants will not be recruited, and the data will be analysed using an intention to treat analysis. A withdrawal rate less than 5% will not meaningfully impact the statistical significance of the study. 
7. Statistical Methods
7.1 Sample Size Estimation & Justification  

Based on previous study16, the standard deviation (SD) of PaO2 was 50 mmHg after pre-oxygenation with normal facemask breathing. We assume that PaO2 level will be at least 50 mmHg higher in patients receiving THRIVE than patients receiving mask oxygen for pre-oxygenation. With a SD of 50 mmHg, an alpha error of 0.02 and a power of 0.8, the sample size calculation shows that a minimum sample size of 16 patients is required in each group. We will recruit a total of 50 patients to account for potential drop-outs.
7.2 Power Calculations
Please see above.
7.3 Statistical Methods To Be Undertaken

Data will be analysed using Fisher-exact test or х2 test, depending on the size of data set, for categorical data. Unpaired two-tailed t-test or Mann Whitney U-test will be used to examine parametric data, depending on the normality of the data. A P value < 0.05 is considered statistically significant. Repeated measures analysis of variance will also be used to analyse serial datasets, including the changes in PaO2, PaCO2 and SpO2 with time. Post-hoc testing will be performed with an appropriate correction for multiple comparisons.
8. Storage of Blood and Tissue Samples

8.1 Details of where samples will be stored, and the type of consent for future use of samples
Arterial blood gas samples will be discarded immediately, once they have been analysed and the values recorded.
9.   Data Security & Handling
9.1 Details of where records will be kept & How long will they be stored

Data will be recorded on a standardised case report form and transferred to a Microsoft Excel spreadsheet. The data collected and all the research-related documents (both hard copies and electronic copies) will be stored securely in a locked office in the Department of Anaesthesia and Pain Management at the Royal Melbourne Hospital.  Only the principal investigator and the co-investigators are allowed to have access to the documents. The records will be kept for 5 years following study closure. 
9.2 Confidentiality and Security 

All the data collected will remain anonymous and confidential.  A unique subject number, not used for any other purpose, will be used. No person outside the investigators will have access to the data. 
9.3 Ancillary data
There will be no videos, photographs or images recorded for this study.

10. Appendix

List of Attachments included:

	Document Name
	Version Number
	Date (e.g., 18 January 2012)


	Case report form
	1
	

	Patient information and consent form
	1
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