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Summary

Recent research demonstrates nasal high flow (NHF) oxygen therapy is beneficial in intensive care patients. Limited research exists on its use in ward patients. A recent New Zealand single-site study identified NHF oxygen therapy improved the pulmonary function of deteriorating adult ward patients prescribed the therapy by Patient at Risk team; the Patient at Risk team are a team of nurses specifically trained to identify and respond to deteriorating adult ward patients (Pirret et al. 2017). The study also identified no delays in escalation of treatment however the authors state this was likely due to the systems in place to recognise and respond to ward patient deterioration and hence the study cannot be generalised to hospitals with less developed systems (Pirret et al. 2017). 

This study uses a multicentre prospective design to determine the safety and effectiveness of NHF oxygen therapy to improve the pulmonary function of adult ward patients with acute (or acute on chronic) respiratory failure. The primary outcome will be an improvement in pulmonary function as indicated by reductions in respiratory and heart rates and improvement in oxygen saturation via pulse oximetry (SpO2) within an hour of commencing NHF. Secondary outcomes include improved dyspnoea and sputum clearance and no evidence of delays in escalating treatment within an hour of commencing NHF and over the next 72 hours. 
The study will recruit a minimum of 300 adult ward patient (150 medical and 150 surgical) receiving NHF oxygen therapy in New Zealand hospitals where the use of NHF oxygen therapy in the ward setting is an established practice. As this study is a multicentre study, the study will seek approval from the Health and Disability Ethics Committee (HDEC). Locality approval will be obtained where needed.
Data collection sheets will collect data consisting of two parts: 1) hospital demographics and 2) patient data. Site-coordinators will collect data related to blood results, length of stay and discharge outcome from the patients’ electronic records. 
Investigators

Lead investigator: 
· Dr. Alison Pirret, Senior Lecturer, School of Nursing, College of Health, Massey University.
· Nurse practitioner, Critical Care Complex, Counties Manukau Health.

· Co-investigators

· Claire Minton, Senior Lecturer, School of Nursing, College of Health, Massey University

Susan Takerei, Associate Charge Nurse Manager, Patient at Risk Team, Counties Manukau Health 

Jennifer Hill, Deteriorating Patient Specialist, Health Quality & Safety Commission. 

Introduction 
Nasal high flow oxygen therapy delivers oxygen enriched gases between 21% and 100% with flow rates up to 60 litres per minute that meet or exceed the patient’s inspiratory demand. The high flow rate washes out nasopharyngeal dead space thereby improving fraction of inspired gases, reduces airway resistance and provides some dynamic positive airway pressure (Frat et al. 2016). Research demonstrates the effectiveness of this therapy in the critical care unit and in cardiac surgery patients post extubation. Research in this population demonstrates NHF oxygen reduces mortality (Frat et al., 2015), ventilation time (Frat et al., 2015), intubation and reintubation rates (Frat et al., 2015, Hernández et al., 2016) and dyspnoea (Frat et al., 2015, Roca et al., 2010). Patients receiving NHF oxygen find the therapy comfortable (Frat et al., 2015, Kernick and Magarey, 2010, Roca et al., 2010) and report less mouth dryness than with other modes of oxygen delivery (Roca et al., 2010).  

Administering NHF oxygen is not without risks. Kang et al. (2015) highlighted the increased mortality associated with NHF oxygen failure when delays in escalating treatment occur. This has led to others calling for appropriate monitoring of ward patients receiving NHF oxygen to ensure patient deterioration is recognised early and treatment escalated in a timely manner (Mathay, 2015). Although there is now good evidence on the effectiveness of NHF oxygen in the intensive care setting, there is limited literature on its effectiveness in acute hospital ward settings. 

Background 

The use of NHF oxygen therapy delivered via the Optiflow™ system (Fisher and Paykel Healthcare, NZ Ltd) using the AIRVO™ 2 (Fisher and Paykel Healthcare, NZ Ltd) is used in wards across a number of New Zealand hospitals. A recent prospective observational single site study, evaluated the use of NHF in adult ward patients with respiratory failure or at risk of respiratory deterioration (Pirret et al., 2017). This study identified NHF improved patients pulmonary function; after commencing NHF, respiratory (t=2.79, p=<0.01) and heart (t=2.23, p=0.03) rates decreased and SpO2 increased (-4.08, p=<0.001) within 20mins after commencing NHF oxygen. Dyspnoea did not significantly decrease (p=0.45) but did reduce over time (OR=0.64, p=<0.001). Although these improvements were seen in the total group, between-group comparisons identified significant improvements in pulmonary function were in patients who had NHF oxygen therapy prescribed by the Patient at Risk team rather than patients prescribed the therapy by physiotherapists. (Pirret et al. 2017); the Patient at Risk team are nurses specifically trained to identify and respond to deteriorating patients. The reasons for these differences may be related to the smaller sample size in the physiotherapist group (n=27) and different patient populations due to the Patient at Risk team’s role in identifying and responding to deteriorating patients and the physiotherapists’ role to improve respiratory function and incorporate preventative treatment. 
Kang et al. (2015) identified delays in escalation of treatment for patients receiving NHF oxygen therapy, with patients on NHF for greater than 48 hours and requiring intubation had an increased number of ventilated days, and were less likely to be successfully intubated and survive their ICU stay. Pirret et al. (2017) identified no delays in identifying patient deterioration or escalation of treatment to the intensive or high dependency care units. The authors state that this was likely due to the early warning scoring system utilised in the hospital and its 24/7 Patient at Risk team and Medical Emergency Team. It is unclear whether the results of this study can be generalised to other hospitals in New Zealand where different team structures exist.  
Aim
The aim of the study is to examine the use of NHF oxygen in the ward patient setting. The study has the following objectives: 

1) To explore how NHF oxygen is used across multiple hospital ward sites in New Zealand including hospital and patient demographics, who prescribed NHF, reasons for NHF, NHF settings, reasons for stopping the therapy.
2) To examine the effectiveness of NHF oxygen to improve pulmonary function in adult ward patients including hospital outcome, 30 day mortality, hospital LOS, and admission to ICU/HDU.

3) To assess NHF oxygen as a safe ward therapy, as indicated by no delays in escalating treatment to HDU/ICU.
4) To identify factors contributing to the safe and effective use of NHF oxygen in the ward setting.
We hypothesise:

1) NHF oxygen improves the pulmonary function of ward patients with, or at risk of, respiratory deterioration. The primary outcome will be an improvement in pulmonary function as indicated by reductions in respiratory and heart rates and an improvement in oxygen saturation via pulse oximetry (SpO2) within one hour of commencing NHF oxygen. Secondary outcomes include improved dyspnoea and sputum clearance and no evidence of delays in escalating treatment up to 72 hours after commencing therapy (as indicated by the number of patients admitted to ICU), and 30 day mortality. 

Treatment failure will be defined as worsening respiratory failure that requires a change in the device providing respiratory support following enrolment into the study. 
Inclusion Criteria 
1. All patients in a hospital where NHF oxygen is already being used in adult ward patients. 
2. All ward patients ≥18 years of age with clinical signs of ongoing hypoxaemia associated with an acute or acute on chronic condition and receiving oxygen delivered via low flow nasal prongs or mask 
OR 

3. All ward patients ≥ 18 years of age who are at risk of respiratory deterioration as per clinician’s assessment 
AND

4. Have NHF oxygen delivered via the Optiflow™ system (Fisher and Paykel Healthcare, NZ Ltd) using the AIRVO™ 2 (Fisher and Paykel Healthcare, NZ Ltd)
AND

5. In a hospital that utilises an EWS to identify patient deterioration

AND

6. In a hospital that has an intensive care outreach nurse/team and/or Patient at Risk team involved in their care.
AND

7. Has ability to provide informed consent in their well state. 
Exclusion Criteria

Patients receiving end of life care, facial trauma/surgery patients, patients with conditions that contraindicate the application of continuous positive airway pressure (CPAP), patients who are using NHF oxygen intermittently with Bi-level ventilation, patients who are receiving NHF oxygen via a mask rather than nasal cannula, patients who are continuing NHF oxygen in the ward after discharge from critical care or the emergency department, and patients in non-ward areas such as emergency care and critical care. 
Ethical Considerations
Ethical approval will be sought from the Northern Region Health and Disability Ethics Committee. The study will be prospectively registered with the Australia and New Zealand Clinical Trials Registry. Expressions of interest from hospitals to participate in the study will be sought via the New Zealand Intensive Care Outreach group which is a subsection of the New Zealand College of Critical Care Nurses. Locality site approval, if required, will be obtained prior to enrolling patients into the study. As standard practice, patients will provide verbal consent prior to receiving NHF oxygen therapy. Due to patients being respiratory compromised prior to receiving treatment with NHF oxygen, patient written informed consent will be obtained once the patient has stabilised and prior to the patients data being used in the study. For patients who do not improve (or die) and unable to provide consent, their de-identified data will be used to determine the effectiveness or safety of NHF oxygen therapy; these patients may have not provided written consent for their data to be used in the study. Removing these patients from the study will create bias which has the potential to result in poor outcomes for patients in the future. 
Patient data will be de-identified to ensure patient anonymity and confidentiality is maintained.

Patients will be allotted a number and all data entered into the data base will be only linked to that number. The lead researcher will keep the allotted number and patient name in a locked cupboard to use if patients wish to withdraw from the study. 

Patients are able to withdraw from the study up to the time of data analysis without it affecting their care and treatment. No additional patient data, other than that which is routinely available in patients’ notes or electronic data bases, will be collected. The patient’s care and treatment during the study period will not change as a result of being part of the study. The collected data will only be used for this study. 

Method

The study will use a multi-centred prospective observational design. Patients will receive NHF oxygen as determined by the clinician commencing the therapy. During the study period, oxygen and Airvo 2 flow rate (FiO2) and Airvo 2 temperature will be altered by the clinician in response to respiratory rate, oxygen saturations, work of breathing and comfort. It is expected most patients receiving the therapy will be in acute medical and surgical wards. 
Blood results for the sequential organ failure assessment (SOFA) score will be obtained from the most recent tests available within the 24 hours preceding commencement of NHF oxygen.
Data collection 
Data will be collected using the hospital demographic data sheet (see Appendix 1) and the patient data collection sheet (see Appendix 2). The data collection sheet will be completed by the intensive care outreach nurse/Patient at Risk team nurse commencing the patient on NHF oxygen therapy. A dyspnoea scoring system previously used by Frat et al. (2015) will be used to assess dyspnoea. The Charlson Comorbidity Index (Quan et al. 2011) will be used to assess clinical characteristics of medical and surgical patients.
Local site coordinators, where able, will enter the patient’s data into the research database using an allocated patient number. The de-identified data will then be collected by the researcher at a convenient time. For sites who do not have data entry personnel, a study researcher will ensure the collected data set it complete and provide an allocated patient number; the local site coordinator will then de-identify the patient data sheets prior to being collected by the researcher.  

Duration and Sample Size

Purposeful sampling will be used to recruit a minimum of 300 participants, 150 from the medical specialty and 150 from the surgical specialty. A previous power analysis using the independent t-test indicated 30 patients in each group will provide a power of 0.86 and an effect size of 0.8 however the sample size was not large enough to complete subgroup analysis without the risk of a Type II error (Pirret et al. 2017). Potential participants will be identified following assessment by the intensive care outreach nurse or Patient at Risk team nurse, or a request made to them for NHF oxygen by the ward nurse or doctor. The study will continue until the required number of patients is recruited. Patient recruitment and data collection is likely to continue for 18 months, with more patients being recruited in the winter period. 
Data Storage
Completed data collection sheets will be stored in a secure area in a locked office. The completed data collection sheets will be stored by Massey University for 10 years. Electronic data will be stored in a password protected computer.
Data Analysis

De-identified data will be entered into Survey Monkey for ease of data entry by research assistants. Survey Monkey data will be exported to the Statistical Programme for Social Sciences (SPSS) version 23 for descriptive and statistical analysis. The mean (M) and Standard Deviation will describe normally distributed data and the median and interquartile range (25th and 75th quartile [q25, q75]) will describe skewed data.  

The two-tailed independent t-test (t), Mann Whitney U test (U) and chi-square test (χ2) and Fisher’s Exact Probability test (FET) will be used to compare hospital and subgroup patient characteristics. The parametric repeated measures t-test (t) will analyse normally distributed primary outcome data. The parametric one-way repeated measures analysis of variance (ANOVA) (F) will analyse normally distributed continuous primary and secondary outcome data collected over a two-day period. The McNemar’s test (χ2) will analyse secondary outcome categorical variables. The alpha level for statistical significance will be set at 0.05. 

Limitations

Difficulty in performing detailed, real-time analysis of factors that prompt oxygen desaturation episodes and treatment failures. 
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Appendix 1. Hospital demographics: NHF oxygen 
N.B. Hospital data will be de-identified during the data entry process. 

	Hospital Demographics


	Name of hospital ____________

Type of hospital (please circle)

Tertiary

Regional

Other (please specify __________________________

________
	Number of hospital beds: 


	
	
	Number of ICU beds 
__________

Number of HDU beds

__________



	Recognition and Response Systems

( Yes 

( No
	Recognition & response systems onsite 
( Early warning score 

     Is the above system 24/7    Yes (     No (
( On site outreach or patient at risk team

      Is the above system 24/7    Yes (     No (
( Medical emergency team

      Is the above system 24/7    Yes (     No (
( Other please specify __________________________

      Is the above system 24/7    Yes (     No (

	  

	Use of nasal high flow oxygen therapy
	Use of nasal high flow oxygen therapy

Is nasal high flow oxygen therapy used as a therapy in the adult ward patient in your hospital?
7    Yes (      No (

	


Appendix 2.
Initial Data collection: NHF oxygen therapy
N.B (fields in grey are not required to be filled out)
	Case Identification and Demographics


	Patient sticker

Last Name: __________________________

NHI:            __________________________

Age: ________
Ethnicity:     ( New Zealand European;    ( Maori; 

 ( Pacifica;  ( Other (please specify) __________________

                                                          
	Date of Hospital Admission:

 _ _   /_ _   /_ _
Date of Hospital discharge

_ _   /_ _   /_ _


	
	
	Date commenced in study

 __ / __ /__

Time (24 hr): __________



	PAR team/ICU outreach  referral

( Yes 

( No
	Reason for NHF

( Preventative therapy
( Treating hypoxaemia and indicated by:

     ( Oxygen saturations < 96%
     ( Increased respiratory rate

     ( Accessory muscle use

     ( Dyspnoea 

     ( Agitation/confusion


	Weight

( Estimated
( Actual
( < 80 kg
( 80 – 120kg
( 121-160kg

( 161-200kg

( >200kg

( Other-please  specify________



	Comorbidities

(Updated Charlson)
	( Congestive heart failure  
( Chronic pulmonary disease  

( Diabetes with chronic complications

( Renal disease
( Hemiplegia or paraplegia 

( Malignancy including leukaemia & lymphoma
	( Mild liver disease 

( Moderate to severe liver disease

( Metastatic solid tumour 

( Dementia

( Rheumatologic disease 


	Reason for respiratory failure
	( Community acquired pneumonia  

( Hospital acquired pneumonia
( Exacerbation of COPD 

( Atelectasis  
( Bronchiectasis 

( Other (Please specify):______________ 
	( Chest trauma 

( Pleural effusion 

( Cardiogenic pulmonary oedema 



	Bloods 
(most recent, within 24hrs of commencement of therapy)
	Creatinine (µmol/L)__________________

Bilirubin (µmol/L) ____________________

Platelets (x103/µl)____________________

	Observations 
	Blood Pressure   ___________   
Glasgow coma score ______________
Survived hospital stay   Yes (     No (   Mortality 30 days of discharge Yes (     No ( 


Do not complete this section:

	SOFA Score 
	0
	1
	2
	3
	4
	score

	GCS
	15
	13-14
	10-12
	6-9
	<6
	

	MAP
	≥70
	<70
	
	
	
	

	Creatinine (µmol/L)
	<106
	110-170
	171-299
	300-440
	>440
	

	Bilirubin (µmol/L) (within 24hrs)
	<20
	>20-32
	33-101
	102-204
	>204
	

	Platelets x103/µl
	>150
	≤150
	≤100
	≤50
	≤20
	

	SpO2/FiO2 ratio
	>400
	≤400
	≤300
	≤200 & vent
	≤100 & vent
	

	Patient outcome 

Hospital Length of stay___________________ Survived hospital stay?  Yes (  No




	Patient Sticker


	Please Leave this form with the AIRVO for Intensive Care Outreach, Patient at Risk team or Physiotherapist review only. Thank you



	Please circle

Patient for Emergency response     Yes

                     No

Patient for ICU/HDU    Yes
                                        No
	Before HFNP
	5-30 mins after HFNP

applied
	Daily Review 

or 

Revised Therapy (change in Airvo settings) 

N.B. Data only collected until day 3 (72hours after commencement; i.e. Commenced day 1) 

	Date/time NHF via Airvo stopped

	DATE
	
	
	
	
	
	
	
	
	
	

	TIME
	
	
	
	
	
	
	
	
	
	

	RR
	
	
	
	
	
	
	
	
	
	

	SpO2
	
	
	
	
	
	
	
	
	
	

	HR
	
	
	
	
	
	
	
	
	
	

	Dyspnoea 

Marked improvement (2+) 

Slight improvement (1+)

No change (0)

Slight deterioration (-1)

Marked deterioration (-2)
	
	
	
	
	
	
	
	
	
	

	Sputum clearance

Improved Yes (Y) No (N) 
	
	
	
	
	
	
	
	
	
	

	Airvo temperature
	
	
	
	
	
	
	
	
	
	

	Airvo flow rate (L/min)
	
	
	
	
	
	
	
	
	
	

	O2 flow rate (L/min)
	
	
	
	
	
	
	
	
	
	

	FiO2
	
	
	
	
	
	
	
	
	
	

	SpO2/FiO2 ratio (leave blank)
	
	
	

	Reason for stopping HFNP therapy:

Therapy no longer required/ clinically improved (
Did not tolerate therapy (  PTO
Reason for not tolerating therapy: 
( Too hot  ( Too painful    ( Too noisy  

( Too much condensation  ( Confusion    ( N/G insitu                                        

(  Other (please specify) ______________________
	Patient palliated (
Patient died ( 

Transferred HDU  (   Reason if transferred __________________________________
Transferred ICU    (   Reason if transferred __________________________________
Required Intubation/ventilation or non-invasive ventilation: Yes ( No (
Transferred to Bird Blender HF device: Yes ( No (
Transferred to HF via mask: Yes ( No (


	
	

	


Appendix 3. 
	Participant Information Sheet
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	Study title:
	Nasal high flow oxygen 

	Locality:
	
	Ethics committee ref.:
	

	Lead investigator:
	Dr Alison Pirret
	Contact phone number: 


	09 414 0800 Ext. 43345


We are inviting you to take part in a study on nasal high flow oxygen.  Whether or not you take part is your choice.  If you do not want to take part, you do not have to give a reason, and it will not affect the care you receive.  If you do want to take part now, but change your mind later, you can pull out of the study up until the time the Lead Investigator analyses all the patients’ information.  

This Participant Information Sheet will help you decide if you would like to take part.  It sets out why we are doing the study, what your participation would involve, what the benefits and risks to you might be, and what would happen after the study ends.  We will go through this information with you and answer any questions you may have.   You do not have to decide today whether or not you will participate in this study. Before you decide, you may want to talk about the study with other people, such as family, whānau, friends, or healthcare providers.  Feel free to do this.

If you agree to take part in this study, we will ask you to sign the Consent Form on the last page of this document.  We will give you a copy of both the Participant Information Sheet and the Consent Form to keep.

This document is six pages long, including the Consent Form.  Please make sure you have read and understood all the pages.

What is the purpose of the study?

One New Zealand study shows nasal high flow oxygen helps patients breathing. We would like to know it improves patients breathing when used in other hospitals. 

The regional Health and Disability Ethics Committee (HDEC) has approved the study. 
What will my participation in the study involve?

We are inviting you to participate in the study because you are receiving nasal high flow oxygen while in the ward.

Being part of the study means we will collect information on your: 

· breathing rate, heart rate and oxygen levels
· the nasal high flow oxygen  machine settings
· your personal health information, such as age, reason for starting the therapy, blood test results, length of time on nasal high flow oxygen, length of time in hospital and how well you recovered. We will only use blood test results completed as a normal part of your hospital care; we will take no extra blood tests. 
What are the possible benefits and risks of this study?

Research shows nasal high flow oxygen benefits ward patients who have low oxygen levels. Although we give nasal high flow oxygen to help your breathing, there is a risk it will not help and your condition will get worst. If you get worst, you will be seen by nurses and/or doctors trained to manage your worsening condition.  

Who pays for the study?

The study is funded by a Massey University Research Grant. There will be no costs to you for participating in the study. You will receive no payment for participating in the study.

What if something goes wrong? The hospital manages anything that goes wrong while you are in hospital, whether you participate in the study or not. 
The hospital manages anything that goes wrong while patients are in hospital. 

If you are injured in this study, which is unlikely, you would be eligible to apply for compensation from ACC just as you would be if injured in an accident at work or at home. This does not mean ACC will automatically accept your claim. You will have to lodge a claim with ACC, which may take some time to assess. If your claim is accepted, you will receive funding to assist in your recovery.

What are my rights?

Participating in this nasal high flow oxygen study is voluntary. If you do decide to participate, we will maintain your privacy.  This means we will not identify you in any report, correspondence or publication. All paper copies of your information will be stored in a secure cupboard for 10 years and then destroyed. If you have agreed to participate and then change your mind, please contact the Lead Investigator whose details are below. You can leave the study up until the time all the patient information is analysed.  
What happens after the study or if I change my mind?

If you want to take part now, but change your mind later, you can leave the study at any time up to when the study information is being analysed. Please contact the Lead Investigator, whose details are in the information sheet, and inform her you would like to leave the study. No questions will be asked and your information will be removed from the study and any paper copies destroyed. 
WHOM do I contact for more information or if I have concerns?

If you have any questions, concerns or complaints about the study at any stage, you can contact: 


Dr Alison Pirret (Senior Lecturer/Nurse Practitioner, Massey University.

Telephone number:  09 414 0800 extn 43345 


Email:  A.M.Pirret@massey.ac.nz

If you want to talk to someone who is not involved with the study, you can contact an independent health and disability advocate on:


Phone : 
0800 555 050
Fax : 

0800 2 SUPPORT (0800 2787 7678)
Email : 

advocacy@hdc.org.nz
You can also contact the health and disability ethics committee (HDEC) that approved this study on:


Phone:

0800 4 ETHICS


Email:

hdecs@moh.govt.nz

	Consent Form
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Please tick to indicate you consent to the following:

	I have read, or have had read to me in my first language, and I understand the Participant Information Sheet.  
	Yes (
	No (

	I have been given sufficient time to consider whether to participate in this study.
	Yes (
	No (

	I have had the opportunity to use a legal representative, whānau/ family support or a friend to help me ask questions and understand the study.
	Yes (
	No (

	I am satisfied with the answers I have been given regarding the study and I have a copy of this consent form and information sheet.
	Yes (
	No (

	I understand that taking part in this study is voluntary (my choice) and that I may withdraw from the study at any time without this affecting my medical care.
	Yes (
	No (

	I consent to the research staff collecting and processing my information, including information about my health.
	Yes (
	No (

	I agree to an approved auditor appointed by the New Zealand Health and Disability Ethic Committees, or any relevant regulatory authority or their approved representative reviewing my relevant medical records for the sole purpose of checking the accuracy of the information recorded for the study.
	Yes (
	No (

	I understand that my participation in this study is confidential and that no material, which could identify me personally, will be used in any reports on this study.
	Yes (
	No (

	I understand the compensation provisions in case of injury during the study.
	Yes (
	No (

	I know whom to contact if I have any questions about the study in general.
	Yes (
	No (

	I understand my responsibilities as a study participant.
	Yes (
	No (

	I wish to receive a summary of the results from the study.
	Yes (
	No (


Declaration by participant:

I hereby consent to take part in this study.

	Participant’s name:

	Signature:
	Date:


Declaration by member of research team:

I have given a verbal explanation of the research project to the participant, and have answered the participant’s questions about it.  

I believe that the participant understands the study and has given informed consent to participate.

	Researcher’s name:

	Signature:
	Date:


If you have indicated you would like to receive a summary of the study results, please add your details below and indicate how you would like to receive it:

Name:  








    

Postal address: 








Email address: 








I would like to receive a summary of the study results by ticking the appropriate box:

( Email

( Post

( Both email and post



An interpreter is available on request at some hospitals. 
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