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Abbreviations
ABG			Arterial blood gas
AE			Adverse event
AHRF 			Acute hypoxaemic respiratory failure
AR			Adverse reaction
ARF			Acute respiratory failure
COT			Conventional Oxygen Therapies
CRF			Case report form
CXR			Chest X-ray
FiO2			Fraction of inspired oxygen
GCP			Good clinical practice
GCS			Glasgow Coma Scale
HFNC			High flow nasal cannula
HFO2			High flow oxygen
HREC			Human Research Ethics Committee
ICU			Intensive care unit
IMV			Invasive mechanical ventilation
iNO			Inhaled nitric oxide
LOS			Length of stay
NIV			Non-Invasive Ventilation
[bookmark: _Hlk89699825]NO			Nitric oxide
NO2			Nitrogen dioxide
PaCO2			Partial pressure of arterial carbon dioxide
PaO2			Partial pressure of arterial oxygen		
PEEP			Positive end-expiratory pressure
PF			ratio of PaO2 to fraction of inspired oxygen
PI			Principal Investigator
PPM			Parts per million
SAE			Serious adverse event
SM			Safety monitor
SpO2			Pulse oximetry
TPCH			The Prince Charles Hospital
WOB			Work of breathing
[bookmark: _Toc46403417]INTRODUCTION

[bookmark: _Toc46403418]Background and Rationale

[bookmark: _Hlk106196443][bookmark: _Int_9cmZrh4F]Acute respiratory failure (ARF) is a common and life-threatening consequence of a diverse group of diseases (1, 2). When patients with ARF fail conventional oxygen therapies (COT) (≤15L/min oxygen via nasal prongs, cannula or mask) (3) or non-invasive ventilation (NIV), invasive mechanical ventilation (IMV) is considered the last option. However, outcomes of IMV are highly dependent on aetiology, age, co-morbidities and severity of illness. The use of IMV is common throughout the world and is increasing annually (4, 5). Mechanically ventilated patients represent approximately 3% of acute hospitalisations and 30% of Intensive Care Unit (ICU) admissions both internationally and in Australia (1, 2, 6-8). In 2017, 1176 patients were admitted to The Prince Charles Hospital (TPCH) with ARF, and of these, 330 were admitted to the ICU with 172 receiving IMV. 
[bookmark: _Int_mUjvRxm0]Previous studies have demonstrated significant increases in hospital length of stay (LOS) and ICU LOS for patients receiving IMV compared with non-ventilated patients (6, 9). IMV is also associated with an increased cost burden, ranging from 25-59% extra per ICU patient per day receiving IMV (7, 10, 11). Whilst often a life-saving intervention, intubation and ventilation are not without inherent risks. Risks include (but are not limited to) laryngeal injury, injury to lung parenchyma, adverse haemodynamic consequences (e.g. decreased venous return, drops in blood pressure and decreased cardiac output) and predisposition to infection (e.g. ventilator-associated pneumonia) (12-15). Furthermore, 30-40% of patients requiring IMV do not survive their ICU admission (1, 2, 16), with many survivors experiencing a significantly compromised quality of life, including symptoms of posttraumatic stress disorder (PTSD) (17-19). In 2017, 58 of the 172 patients (33%) admitted with ARF who received IMV in the TPCH ICU did not survive their hospital admission.
[bookmark: _Int_KQxBCGUx][bookmark: _Int_ZGVVvZDf][bookmark: _Int_Ul25HPFl][bookmark: _Int_H7aGLR7D]Emergent endotracheal intubation in acutely ill patients carries a high risk of morbidity, with reported intubation-related cardiac arrest (occurring within 20 minutes after successful intubation) rates of up to 23% (20). Additionally, despite being at a higher risk of mortality and morbidity, patients over 65 years of age receive IMV at rates three to five times higher than the national average compared with younger patient cohorts (2). Therefore, reducing the incidence, risks and costs of IMV is a major priority for providers, health system administrators, taxpayers and policymakers (6). By averting an artificial airway, ARF patients supported with less invasive means can often avoid intravenous sedation and costly complications, such as ventilator-associated pneumonia, critical illness weakness, sinusitis, and line sepsis (6). Avoiding such consequences of intubation allows patient-centric aims of early rehabilitation, speech and oral feeding to be achieved in ICU, improves patient outcomes and reduces length of ICU and hospital stay that are tightly linked to costs of care. 
[bookmark: _Int_02joVBY8]To prevent intubation, high flow oxygen (HFO2) delivered through nasal cannula and non-invasive positive pressure ventilation (NIV) have been attempted, with HFO2 now commonly used in treatment of ARF (21-23). In a recent randomised clinical trial in patients with non-hypercapnic, hypoxic ARF, HFO2 therapy demonstrated a non-significant reduction in need for IMV compared with COT and NIV but resulted in a better 90-day survival (24). In this study, the rates of intubation for patients treated with HFO2, COT and NIV were 38%, 47% and 50% respectively. The leading cause of intubation was worsening ARF and hypoxia (> 70%). 
[bookmark: _Int_X3A2P4x1][bookmark: _Int_JYHcls5v]Hypoxaemia in some of these patients can be corrected by the addition of Nitric Oxide (NO) gas (25, 26) to nasal HFO2, thereby potentially avoiding IMV. NO is a potent vasodilator and when administered via inhalation, has the ability to provide selective pulmonary vascular dilation in well-ventilated sections of the lungs, improving ventilation-perfusion mismatch (26, 27). Significant improvements in oxygenation have been demonstrated in infants with ARF on nasal continuous positive airway pressure and NO (28), however results within the adult population remain inconsistent. A 2017 systematic review investigating NO use in patients with acute respiratory distress syndrome (ARDS) demonstrated improved fraction of inspired oxygen (PF) ratios in adults at 24 hours (29), however the benefits were transient or not sustained after this period (30-33). Furthermore, NO was either delivered via COT or mechanical ventilation and not via nasal HFO2. Literature demonstrating the effects of NO combined with HFO2 remains sparse. One multicentre cohort study evaluated the effectiveness of HFO2+NO in a specific patient population with respiratory failure from coronavirus disease (COVID-19) (34). In this patient population, HFO2+NO did not reduce oxygen requirements in the majority of patients, however in the subset of patients considered responders (defined as a decrease in supplemental oxygen delivered via HFNC 12 hours after inhaled nitric oxide (iNO) initiation), there was a trend toward decreased need for IMV compared to non-responders (34). Outside of this patient population, only case reports exist of successful HFO2+NO in preventing IMV, demonstrating improvements in oxygenation within the hospital setting and maintaining safe oxygen levels during transport to and from hospital (35, 36). Despite these early promising results, the lack of studies within this area is apparent. Therefore, to further investigate the potential benefits of HFO2+NO in preventing IMV, reducing the risks and costs of critical care in general, we believe this innovative idea merits further rigorous scientific investigation.
Objectives
[bookmark: _Toc46403419][bookmark: _Int_6vODpqQ5]The objective of this study is to examine the feasibility and clinical outcomes of comparing HFO2+NO gas inhalation over HFO2 alone to prevent IMV in patients with hypoxic, non-hypercapnic ARF. Based on the physiologic rationale (25, 37), precedence (28, 35, 36) and our anecdotal experience, we hypothesise that HFO2+NO therapy is superior to HFO2 in preventing IMV in patients with ARF.
This pilot study is a requisite initial step in exploring the proposed intervention (38). In preparation for a larger scale, multi-centre definitive trial, this pilot study will assess the feasibility and safety of the study protocol and processes to inform budget and protocol development; and provide initial effect estimates to inform sample size calculation.
Design
Single-centre, pilot (n=40), randomised controlled trial. This will be an open label, non-cross over, pilot randomised controlled trial of nasal HFO2+NO gas inhalation versus HFO2 alone in patients with hypoxic, non-hypercapnic AHRF.
[bookmark: _Toc46403420]RESEARCH METHODOLOGY

[bookmark: _Toc46403421]Setting and sample
This single centre study will enrol adult patients admitted to ICU at The Prince Charles Hospital. Patients presenting with type I acute hypoxic respiratory failure (AHRF) (PaO2 < 60 mmHg with normal or subnormal PaCO2) (39) will have arterial blood gas sampling as per standard care for hypoxic respiratory failure. Aligning with previous research investigating HFO2 in ARF (40), if the ratio of PaO2 to PF is less than 300, they will be screened for suitability to participate in the study by a member of the research team. The patients will receive all appropriate treatments as determined by the treating clinician.
[bookmark: _Int_aNbfO1mH][bookmark: _Int_w08pS6e7]This is a pilot trial and as such is not required to be powered to detect statistical significance, therefore a sample of 40 patients will be recruited over a period of 12-18 months. Assuming the proportion of patients who progress to IMV is 0.38 (24), a sample of 20 per group will produce an exact 95% CI of width 0.44. Participants will be randomly allocated in a 1:1 ratio (see Figure 1), with the use of the sealed envelope system to either the control or intervention arm. The patients will need to meet all inclusion criteria and nil exclusion criteria to be eligible to participate. 
Figure 1. CONSORT Flow Diagram for randomisation of participants (N=40)
[image: ]
[bookmark: _Toc46403422]Eligibility Criteria

INCLUSION CRITERIA
· Age ≥ 18 years, meeting the following criteria
· De novo type I respiratory failure (hypoxaemia in the absence of chronic lung condition) (41) 
· PF ratio <300mmHg
· High flow nasal cannula determined by ICU medical team to be primary method for delivery of oxygen therapy
· Anticipated HFO2 requirement >24 hours
· Arterial line in-situ for blood gas sampling
· Ability to provide informed consent, or consent via a substitute decision maker (SDM)
EXCLUSION CRITERIA
· Underlying chronic respiratory failure or exacerbation of asthma (including chronic obstructive pulmonary disease (COPD) or another chronic respiratory disease)
· Documented cardiogenic pulmonary oedema or acute coronary syndrome
· Hypercapnic respiratory failure with PaCO2 >45mmHg
· Deterioration of neurologic status demonstrated by Glasgow Coma Scale (GCS) ≤12
· Urgent need for intubation (evaluated by the medical officer in charge) 
· Haemodynamic instability (defined by systolic arterial blood pressure <90mm Hg or mean arterial blood pressure <65 mmHg)
· Use of vasopressors
· Do not intubate orders
· Enrolled in any other trial of targeted oxygen therapy
[bookmark: _Toc46403423]Study interventions

Participants will receive one of two interventions: HFO2 alone or HFO2+NO. Inhaled NO (INOmax nitric oxide 800ppm medicinal gas for inhalation cylinder®) is currently not within the approved indication for the management of adult patients with ARF and is therefore, not covered by the current Australian Register of Therapeutic Goods (ARTG) certificate for this patient population. Accordingly, approval for use of inhaled NO as an unapproved good in this clinical setting/trial will occur through submission to the Therapeutic Goods Administration (TGA) of a Clinical Trial Notification (CTN) form.

Trial stages

Timing of events during the study will occur via the following schedules outlined in Tables 2 and 3.


Table 1. Schedule of enrolment and interventions.
 
	 
	STUDY PERIOD

	 
	Enrolment
	Allocation
	Post-allocation
	 

	TIMEPOINT**
	-t1
	t0
Baseline
	t1 
1 
hr
	t2
4-6 hr
	t3
12 hr
	t4
24 hr
	t5
48 hr
	T6
Day 28
	Close

	ENROLMENT:
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eligibility screen
	X
	 
	 
	 
	 
	 
	 
	 
	 

	Informed consent 
	X
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	STANDARD OF CARE (SOC)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	High Flow Oxygen (HFO2) alone - Control group n=20

	 
	X
	X
	 X
	X 
	X 
	 X
	 
	 

	HFO2 weaning
	 
	
	X
	 X
	 X
	X 
	 X
	 
	 

	INTERVENTIONS
	 
	 
	 
	 
	 
	 
	 
	 
	 

	High Flow Oxygen + Nitric Oxide (HFO2 + NO) min. 24 hours Intervention Group n=20
	 
	X
	X
	X
	 X
	X
	 
	 
	 

	HFO2 weaning
	 
	
	X
	X
	 X
	 X
	X 
	 
	 

	Nitric Oxide weaning
	 
	 
	
	
	 
	 X
	X
	 
	 


 



Table 2. Schedule of assessments and collection of outcomes.
 
	 
	STUDY PERIOD

	 
	Enrolment
	Allocation
	Post-allocation
	 

	TIMEPOINT**
	-t1
	t0
Baseline
	t1 
1 
hr
	t2
4-6 hr
	t3
12 hr
	t4
24 hr
	t5
48 hr
	T6
Day 28
	Close

	ASSESSMENTS / OUTCOMES 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Baseline variables
	X
	X
	 
	 
	 
	 
	 
	 
	 

	Oxygenation / Desaturation
	 
	 X
	X
	X
	X
	X
	X
	 
	 

	Physiological data (RR, SpO2, SBP, HR)
	 
	 X
	X
	X
	X
	X
	X
	 
	 

	Sequential Organ Failure Assessment (SOFA) - daily
	 
	 X
	
	
	
	X
	X
	 
	 

	PF Ratio - daily
	 
	 X
	
	
	
	X
	X
	 
	 

	ROX score
	 
	X 
	X
	X
	X
	X
	X
	 
	 

	Dyspnoea score (RPE)
	 
	
	X
	 
	 
	
	
	 
	 

	Methaemagloblin
	 
	X
	 X
	X
	X
	X
	X
	 
	 

	Serum creatinine – daily
	 
	X
	 
	 
	 
	X
	X
	 
	 

	Urine output - daily
	 
	X
	 
	 
	 
	X
	X
	 
	 

	Time to mobilisation 
	 
	 
	 
	 
	 
	 
	X
	 
	 

	Best mobility
	 
	
	
	
	
	X
	X
	 
	 

	Delirium score - daily
	 
	X
	 
	 
	 
	X
	X
	 
	 

	Mortality
	 
	 
	 
	 
	 
	 
	 
	X
	 

	POST DISCHARGE
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Length of stay in ICU (days)
	 
	 
	 
	 
	 
	 
	 
	X
	 

	Length of stay in hospital (days)
	 
	 
	 
	 
	 
	 
	 
	X
	 

	No. ventilator free days at Day 28
	 
	 
	 
	 
	 
	 
	 
	X
	 

	Mechanical ventilation hours (total)
	 
	 
	 
	 
	 
	 
	 
	X
	 

	Questionnaire 
EQ-5D-5L – 
Retrospect Pre-ICU
	 
	 
	 
	 
	 
	 
	 
	X
	 

	Questionnaire 
EQ-5D-5L – 
Post-ICU (5-7 days)
	 
	 
	 
	 
	 
	 
	 
	X
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


 

High Flow Oxygen (HFO2) alone (control group): 
· Initial FiO2 set at 100% with an initial flow of 60L/min
· Down titrate FiO2 in the first hour, targeting SpO2> 92% and PaO2> 60mm Hg
· Further down titrate FiO2 every subsequent two hours maintaining SpO2> 92% and PaO2> 60mm Hg
· Down titrate flows in increments of 10L/min if needed for tolerance, to a minimum of 30L/min corresponding with FiO2 listed in the table below:
	Flow rate
	FiO2

	50-60L/min
	0.6 – 1.0

	40L/min
	0.4-0.6

	30L/min
	0.21-0.4



· Humidification to ensure delivery of HFO2 into the nares at a temperature set at 37°C 
High Flow Oxygen and Nitric Oxide (HFO2+NO) (intervention group):
· Initial FiO2 set at 100% with an initial flow of 60L/min 
· Down titrate FiO2 in first hour, targeting SpO2 > 92% and PaO2>60mmHg
· Further down titrate FiO2 every subsequent two hours maintaining SpO2> 92% and PaO2> 60mm Hg
· NO set at 20ppm via HFNC as per clinical work unit guideline (see Appendix for further details)
· Down titrate flows in increments of 10L/min if needed for tolerance, to a minimum of 30L/min corresponding with FiO2 listed in the table below:
	Flow rate
	FiO2

	50-60L/min
	0.6 – 1.0

	40L/min
	0.4-0.6

	30L/min
	0.21-0.4



· HFO2+NO support for a minimum of 24 hours 
· Humidification to ensure delivery of HFO2 to the nares at a temperature set at 37°C
NITRIC OXIDE WEANING CRITERIA: 
· After 24 hours of study drug administration, wean NO 1ppm every 20 minutes as per clinical work unit guideline (see Appendix 1 for further details) or as directed by the ICU Consultant, provided:
· PaO2 > 60mmHg and SpO2 > 92% for greater than 6 hours with an FiO2 ≤ 50%
· FiO2 may be increased up to a maximum of 60% to compensate for any drop-in oxygenation 
· [bookmark: _Int_jqnAmahI]If nil decrement in oxygenation seen, NO will be further weaned at a rate of 1ppm/20 minutes to 0ppm) or as directed by ICU Consultant
· If desaturation persists (SpO2 <92%) for >15 minutes, NO will be returned to the most recent level prior to weaning or escalated up to a maximum of 20ppm to maintain patient oxygenation
· NO inhalation will be maintained if the patient in the HFO2+NO arm requires NIV via the ServoU® ventilator with sensing module at the mask end of the delivery tubing (see Appendix for further details)
TRANSPORT:
[bookmark: _Int_xHTrjY8j]When patients are transported outside the ICU for radiological, surgical or other interventions, no restrictions shall be placed on oxygen use in either treatment group. This will be decided by the treating medical team and data (timing) will be collected for NO use or cessation during transport.
CRITERIA FOR ENDOTRACHEAL INTUBATION
As per previously established criteria to avoid delayed intubation and mechanical ventilation (MV) in patients receiving HFO2 (40) or at the discretion of the ICU Consultant:
1. Signs of persisting or worsening respiratory failure, as defined by at least two of the following criteria:  
· A respiratory rate above 40 breaths/min
· Lack of improvement of signs of respiratory-muscle fatigue/high respiratory workload
· Development of copious tracheal secretions
· Acidosis with a pH below 7.35
· SpO2 < 90% for more than 5 minutes without device malfunction
· Intolerance to NIV
2. Signs of haemodynamic instability despite inotropic support, defined by the following:
· Systolic Blood Pressure (SBP) < 90mmHg
· Mean Arterial Pressure (MAP) < 65mmHg
3. Deterioration of Neurological status:
· GCS below 12
[bookmark: _Toc46403424]Outcomes

1. Cohort Profile
a) [bookmark: _Hlk90269736]Eligibility (% of screened patients that meet criteria)
b) Recruitment (% of all eligible patients recruited using approved consent methods)
c) Retention (% of pts withdrawing consent)
d) Protocol fidelity (% of pts in intervention group receiving HFO2+NO for at least 22 hours a day (accounting for times where/if NO is ceased (e.g. transport, investigations, mobility away from the bedspace))

2. Primary Outcomes
a) Number of patients in each arm progressed to IMV within 28 days
b) Safety Measure: Methaemaglobin levels measured via ABGs at inclusion, and then one hour, between four to six hours, 12 hours, 24 hours, and 48 hours after randomisation.
c) Safety Measure: Daily serum creatinine and urine output levels will be collected to monitor renal function and/or renal impairment.

[bookmark: _Toc46403425][bookmark: _Hlk90269790]Secondary Outcomes

a. [bookmark: _Toc46403426]Improvement in PaO2 relative to baseline between four to six hours, 12 hours, 24 hours, and 48 hours
b. Physiological data (inclusion, and then one hour, between four to six hours, 12 hours, 24 hours, and 48 hours after randomisation)
· Respiratory rate (RR)
· SpO2
· SBP
· Heart rate (HR)
c. Illness severity as estimated by daily sequential organ failure assessment (SOFA) scores (42)
d. Worst daily PF ratio
e. ROX index scores at inclusion, and then one hour, between four to six hours, 12 hours, 24 hours, and 48 hours after randomisation
f. Reason for intubation
· Respiratory failure
· Circulatory failure
· Neurological failure
· Surgery
g. Dyspnoea scores (RPE – see Appendix 2)
h. ICU LOS
i. Hospital LOS
j. Mechanical ventilation hours
k. Number of ventilator free days at day 28
l. Time to mobilisation (Classification 4 (standing) on the ICU mobility score) (43)
m. [bookmark: _Int_ctHchIlz]Best mobility (within first 24 hours and during whole length of stay)
n. Daily delirium incidence (CAM-ICU score)
o. Retrospective pre-ICU EQ-5D-5L questionnaire
p. EQ-5D-5L (collected within 5-7 days of discharge from the ICU) 
q. Need for anxiolytic and sedative medication during admission
r. ICU mortality
[bookmark: _Toc21605757][bookmark: _Toc21605794][bookmark: _Toc21605843][bookmark: _Toc21605880][bookmark: _Toc21606622][bookmark: _Toc21606703][bookmark: _Toc21606869][bookmark: _Toc21681857][bookmark: _Toc21686471][bookmark: _Toc21605758][bookmark: _Toc21605795][bookmark: _Toc21605844][bookmark: _Toc21605881][bookmark: _Toc21606623][bookmark: _Toc21606704][bookmark: _Toc21606870][bookmark: _Toc21681858][bookmark: _Toc21686472][bookmark: _Toc21605759][bookmark: _Toc21605796][bookmark: _Toc21605845][bookmark: _Toc21605882][bookmark: _Toc21606624][bookmark: _Toc21606705][bookmark: _Toc21606871][bookmark: _Toc21681859][bookmark: _Toc21686473][bookmark: _Toc21605760][bookmark: _Toc21605797][bookmark: _Toc21605846][bookmark: _Toc21605883][bookmark: _Toc21606625][bookmark: _Toc21606706][bookmark: _Toc21606872][bookmark: _Toc21681860][bookmark: _Toc21686474][bookmark: _Toc21605761][bookmark: _Toc21605798][bookmark: _Toc21605847][bookmark: _Toc21605884][bookmark: _Toc21606626][bookmark: _Toc21606707][bookmark: _Toc21606873][bookmark: _Toc21681861][bookmark: _Toc21686475][bookmark: _Toc21605762][bookmark: _Toc21605799][bookmark: _Toc21605848][bookmark: _Toc21605885][bookmark: _Toc21606627][bookmark: _Toc21606708][bookmark: _Toc21606874][bookmark: _Toc21681862][bookmark: _Toc21686476][bookmark: _Toc21605763][bookmark: _Toc21605800][bookmark: _Toc21605849][bookmark: _Toc21605886][bookmark: _Toc21606628][bookmark: _Toc21606709][bookmark: _Toc21606875][bookmark: _Toc21681863][bookmark: _Toc21686477][bookmark: _Toc21605764][bookmark: _Toc21605801][bookmark: _Toc21605850][bookmark: _Toc21605887][bookmark: _Toc21606629][bookmark: _Toc21606710][bookmark: _Toc21606876][bookmark: _Toc21681864][bookmark: _Toc21686478][bookmark: _Toc46403429]Participant timeline 

Recruitment
Potential participants presenting to ICU at TPCH with acute respiratory failure and a PF ratio ≤300 will be screened according to inclusion and exclusion criteria by a member of the study team. If a patient meets all the inclusion criteria and none of the exclusion criteria, potential participants (or their designated SDM) will be approached about informed consent by study investigators. As patients presenting to ICU may have significant respiratory distress, treatment will not be delayed. HFO2 and/or HFO2+NO may be initiated by the treating team as per standard of care, seeking verbal consent from the potential participant with consent to continue to be sought from the SDM in a timely manner. Participants will be randomised (see below) to receive either HFO2 via nasal cannula (control) or HFO2 and NO (intervention) via nasal cannula. 
[bookmark: _Toc21605766][bookmark: _Toc21605803][bookmark: _Toc21605852][bookmark: _Toc21605889][bookmark: _Toc21606631][bookmark: _Toc21606712][bookmark: _Toc21606878][bookmark: _Toc21681866][bookmark: _Toc21686480][bookmark: _Toc21605767][bookmark: _Toc21605804][bookmark: _Toc21605853][bookmark: _Toc21605890][bookmark: _Toc21606632][bookmark: _Toc21606713][bookmark: _Toc21606879][bookmark: _Toc21681867][bookmark: _Toc21686481][bookmark: _Toc46403431]Consent process
Screening for suitable participants will occur Monday to Friday after discussion with the medical team regarding suitability. Written informed consent will be obtained from all the patients, their next of kin, or another legal decision maker/substitute decision maker as appropriate. Owing to the nature of their injury, potential participants are unlikely to have the capacity to provide written consent at the time of recruitment. Once study eligibility is confirmed, written and/or verbal informed consent will be sought from a substitute decision maker (SDM) if one is available. Verbal consent from an SDM will be allowed if geographical or infection control visitor restrictions prevent face to face informed consent processes. Written consent will later be sought if SDM is able to attend the site in person. Following SDM consent, study procedures will be performed. Should there be no SDM available initially, study procedures will be performed and consent to continue will be sought from the SDM, or the participant, should they regain capacity to consent as soon as possible (within a maximum of three days). Once the participant regains executive function, they will be asked for their consent to continue participating in the study or may choose to withdraw from study participation. Each participant’s SDM, will be given a copy of the signed PICF. Should consent from the SDM be verbal due to the restrictions outlined above, a copy of the PICF will be posted to the SDM. An additional copy will be kept in the participant’s medical chart and the original will be stored securely in by the site coordinator. Participants can withdraw at any time, and they do not need to provide a reason. Withdrawing participants will be asked if they consent to have the study data collected up to that point retained by the study, or destroyed, their decision will be documented on the Study Withdrawal form and their decision will be acted upon.
 
Randomisation
Participants will be randomly allocated in a 1:1 ratio, with the use of the sealed envelope system to receive HFO2 via nasal cannula (control) or HFO2 and NO (intervention) via nasal cannula. Initiation of treatment is required within three hours of randomisation. Staff at TPCH ICU are trained on the use on NO therapy as per local work unit guideline and will be trained in specific research requirements prior to study commencement.
[bookmark: _Toc46403435]DATA COLLECTION

Feasibility
Feasibility data pertaining to the eligibility and recruitment will be gained from the electronic screening log. The screening log will be used to document all patients who have been screened and identify those who consented to enrol in the study and those who were not enrolled remarking the specific reason for exclusion and will contain:
· All patients screened based on admission diagnosis of ARF in ICU 
· Inclusion/exclusion criteria
· Recruitment status 
· Randomisation (treatment allocation)
Data for the remaining feasibility outcomes (retention, protocol fidelity, percentage of participants in intervention group receiving HFO2+NO for at least 22 hours a day, missing data, and number of patients in each arm progressed to IMV) will be held in a password protected spreadsheet only accessible by the research team.
Demographic Data

[bookmark: _Int_54gPcmh0]Data in relation to demography, physiology, admission severity of illness, haemodynamic data, details of haemodynamic support, hepatic and renal functions will be collected via the Australian and New Zealand Intensive Care Society Centre for Outcomes and Resource Evaluation Adult Patient Database (ANZICS CORE APD) which is utilised as standard practice in the TPCH ICU. 
Data collected for each patient will be collected and stored in a de-identifiable format on a password protected Microsoft Excel spreadsheet and will include the following data:
· Physiologic parameters including Respiratory Rate (RR), Oxygen Saturations (SpO2) level, Systolic Blood Pressure (SBP) and heart rate (HR) will be recorded at inclusion, and then one hour, between four to six hours, 12 hours, and 24 hours after randomisation. Arterial blood gases (ABG) will be recorded at time of inclusion, 12 hours, 24 hours, and 48 hours after randomisation
· Patient subjective respiratory dyspnoea scores will be assessed (1-hour post oxygen strategy) using a modified BORG scale (see Appendix 2)
Safety Data 

Safety data collected for each patient will be collected and stored in a de-identifiable format on a password protected Microsoft Excel spreadsheet and will include the following data (see ‘SAFETY CONSIDERATIONS’ section for further information):
· Methaemaglobin levels measured via ABGs at inclusion, and then one hour, between four to six hours, 12 hours, 24 hours, and 48 hours after randomisation 
· Daily serum creatinine and urine output levels will be collected to monitor renal function and/or renal impairment
· Adverse and serious adverse events (AEs and SAEs)

STATISTICAL ANALYSIS
Consistent with published recommendations for pilot studies, we will refrain from a detailed inferential statistical analysis in this pilot study (38). The sample size is based on the pragmatics of recruitment and the necessities for examining feasibility. Inclusion of HFO2 as control group in this pilot is deliberate and will allow realistic examination of recruitment, randomisation, and implementation of interventions. Analysis will be performed on an intention-to-treat basis. 
Categorical variables will be summarised as frequencies (percentage) and continuous measures will be summarised as mean (SD) or median (IQR) as appropriate. Binary outcome measures for each group will be presented with estimated proportions with 95% confidence intervals to convey precision. Kaplan-Meier curves will be plotted to explore time from enrolment to intubation or death in each group. Associations between baseline factors and intubation will be explored using logistic regression analysis. 
[bookmark: _Int_vw56xUQV][bookmark: _Toc46403444]For outcome measures with continuous repeated measures, within-group change, between-group differences and differences in rates of change over time will be explored using mixed effects linear regression modelling with an interaction term for time by group. 
ETHICAL CONSIDERATIONS

· This study will be conducted in accordance with the ethical principles of human research outlined by the Declaration of Helsinki, the Good Clinical Practice (GCP) guidelines, and in line with the local regulatory statements for ethical conduct of research at each study site.
·  Nursing and medical staff within the unit will receive training from study personnel regarding the study protocol and parameters via formal in-services and informal education sessions at the bedside, prior to the study commencing. The decision to initiate NO for randomized participants will be ordered by delegated medical study staff within ICU. 
[bookmark: _Toc46403445]DATA HANDLING AND RECORD KEEPING

Case Report Forms (CRF’s) will be collected initially in hard copy before being transferred to an electronic format which will be stored on a password protected Queensland Health server. Paper documents will be stored in a secured locked cabinet at TPCH under the supervision of the principal investigator and study coordinator. An electronic copy of the data will be maintained via a password protected spreadsheet, and the principal investigator and study coordinator will be responsible for its management. 
The study team will ensure all steps are taken to maintain confidentiality and security over the study documentation. Documents will be maintained for a minimum of 15 years following the completion of the study, as per Good Clinical Practice guidelines.
SAFETY CONSIDERATIONS

Methaemoglobin levels across groups

NO oxidizes heme iron to the ferric state, resulting in the formation of methaemoglobin (MetHb) (44). MetHb has higher oxygen affinity and decreased oxygen-carrying capacity due to fewer hemes to bind oxygen (45). Safe levels of MetHb within previous trials for inhaled iNO are considered <5% (27). Pooled data (1275 participants with ARDS receiving NO) demonstrated MetHb levels >5% for four participants in the inhaled NO group and three participants in the control group (29). Whilst this risk remains extremely low, MetHb levels will be monitored in all participants in this study via ABGs during the timepoints listed: 
[bookmark: _Int_3qVTKP74]T= inclusion, 1 hour, 4-6 hours, 12 hours, 24 hours, and 48 hours.
Renal impairment across groups

[bookmark: _Int_DXysFVDq]Previous literature has demonstrated that inhaled NO may induce renal impairment (29). Depending on the definition, renal impairment in participants receiving NO range from 5%-13%  (30, 46, 47). However, of these results, only one study demonstrated a statistically significant increase in renal impairment in the intervention group when comparing to a control group of COT (47). To further examine rates of renal impairment within this study, daily serum creatinine and urine output levels will be collected and compared across both groups (HFO2+NO and HFO2 only). Renal impairment will be classified by the Acute Kidney Injury Network (AKIN) criteria (48) (see Appendix 3 for further details).
[bookmark: _Toc46403446]Adverse and Serious Events

Any adverse event (AE) associated with the conduct of the study will be collected and reported to the study sponsor. In addition, an annual safety report will be provided to the approving HREC in line with the local requirement at the study site. 
The defined AEs for the trial are:
· [bookmark: _Hlk158895180]Renal complications (including new haemofiltration/dialysis and/or acute kidney injury defined by the AKIN classification/staging system of acute kidney injury, Appendix 3)
· MetHb levels >5%

Serious Adverse Events (SAEs)
[bookmark: _Hlk158895294]The definition of a SAE is one that fulfills at least one of the following:
· Is fatal - results in death
· Is life threatening
· Requires inpatient hospitalisation or prolongation of existing hospitalisation 
· Results in persistent or significant disability or incapacity (49) 
[bookmark: _Int_Ss2RZplP]Given that critically ill patients are likely to meet any of the above listed criteria in the course of their ICU admission, only SAE’s that are thought to be related to the study assigned administration method will be reported. 
[bookmark: _Int_FrlrzCMv][bookmark: _Int_13OQ0VZc] SAE’s will be reported to the sponsor within 24 hours of becoming aware of the event. For all events, a medically qualified study investigator will review the event and assign the causality relationship between the study intervention and the event (possibly, probably or definitely related). SAEs will also be periodically reviewed by an independent Data and Safety Monitoring Committee (DSMC). The DSMC will consist of suitably qualified experts; Associate Professor Peter Kruger from the Princess Alexandra Hospital (PAH), Associate Professor Jayesh Dhanani from the Royal Brisbane and Women’s Hospital (RBWH) and Associate Professor Christopher Anstey from Griffith University. Reporting will be in accordance with the DSMC Charter. 
[bookmark: _Toc46403448]DURATION OF STUDY AND TERMINATION

We expect to recruit 40 participants over a 12-18-month period. The study will be terminated earlier if instructed by the sponsor, DSMC or reviewing HREC.
[bookmark: _Toc46403450]SIGNIFICANCE OF STUDY

[bookmark: _Int_85TxN9jm][bookmark: _Int_2yjt96xz][bookmark: _Int_ObycJWcH][bookmark: _Int_VWKOaq4G]Given the risks, costs and suboptimal outcomes associated with IMV despite decades of refinements, and in the setting of an ageing population with a higher incidence of pulmonary and other co-morbidities, it is important that less invasive forms of respiratory support such as the one proposed in this research plan are fully explored. Reducing the incidence of IMV and IMV related complications will improve the patient experience, patient outcomes, reduce ICU and hospital length of stay (6) and result in substantial cost saving for the health service. Patients need not go into induced coma, can retain autonomy, eat, drink, exercise and rehabilitate with our innovative approach and this may translate into better long-term physical, cognitive and psychological outcomes and quality of life. Equally, integrating patients’ values, feedback, goals and concerns with the best available evidence about benefits, risks and uncertainties of treatment, to achieve appropriate health care decisions will also reduce distress for patients, families and health care staff.  
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APPENDICES

Appendix 1

Clinical Work Unit Guidelines

· [bookmark: _Int_CsepEceU]MNHHS (TPCH) Inhaled Nitric Oxide work unit guideline:









Appendix 2

Modified BORG Scale
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Appendix 3

Table 3.
The AKIN classification/staging system of acute kidney injury (48) a
	Stage
	SCr
	UO

	1 
	↑ SCr ≥26.5 μmol/L (≥0.3 mg/dL) or ↑SCr ≥150 a 200% (1.5 a 2×) 
	<0.5 mL/kg/h (>6 h) 

	2 
	↑ SCr >200 a 300% (>2 a 3×) 
	<0.5 mL/kg/h (>12 h) 

	3b 
	↑ SCr >300% (>3×) or if baseline SCr ≥353.6 μmol/L (≥4 mg/dL) ↑SCr ≥44.2 μmol/L (≥0.5 mg/dL) 
	<0.3 mL/kg/h (24 h) oranuria (12 h) 


aSCr, serum creatinine; UO, urine output.
[bookmark: _Int_IqrH4WTA][bookmark: _Int_Ylc0eiEj]bStage 3 also includes patients requiring RRT independent of the stage (defined by SCr and/or UO) they are in at the moment they initiate RRT.
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The Prince Charles Hospital, Adult Intensive Care Service 


Work Unit Guideline 
Effective from: August 2023 


Review date: August 2026 


Nitric Oxide Therapy 


   


Purpose and intent 


This guideline describes the requirements for managing and administering inhaled nitric oxide (iNO) in the 


Adult Intensive Care Unit (AICU) to facilitate safe and effective delivery, minimise associated risks and 


provide optimal clinical care. 


Scope and target audience 


This guideline applies to all intensive care personnel including all medical staff, nursing staff and Australian 


Defence Force personnel on placement at The Prince Charles Hospital (TPCH), AICU.  


Background  


Nitric Oxide is a colourless, odourless gas that contains one atom of nitrogen and one atom of oxygen. In 


1987 nitric oxide was discovered to be the endothelial-derived relaxing factor responsible for vasodilatation. 


Inhaled nitric oxide (iNO) has an effective half-life of 15 to 30 seconds at a dose of 5 to 80 ppm. 


Nitric oxide is synthesised in the endothelial cells that line blood vessels and when released acts directly on 


the nearby smooth muscle cells inducing relaxation and vasodilation. The process by which nitric oxide 


stimulates smooth muscle relaxation leads to immediate degradation of nitric oxide inducing local 


vasodilatation only. This makes it an ideal local signalling molecule within the body and when inhaled an 


ideal drug for the treatment of pulmonary hypertension. Inhaled nitric oxide can be directly delivered to the 


pulmonary blood vessels to cause pulmonary vasodilatation with minimal systemic effects. Studies on iNO 


have proven its effectiveness as a selective pulmonary vasodilator that rescues pulmonary partial pressure 


and improves ventilation-perfusion mismatch and has minimal systemic effect. 


Inhaled nitric oxide is a therapeutic gas that may be useful in the treatment of lung diseases characterised 


by pulmonary hypertension, and it has an established role in acute pulmonary vasoreactivity testing during 


right heart catheterisation, and as a rescue therapy for severe hypoxia. 


iNO is also used in acute right heart syndrome, in which a sudden deterioration in right ventricular function 


(e.g., pulmonary embolism, acute respiratory distress syndrome [ARDS]) has decreased the left ventricular 


end-diastolic volume, causing systemic hypotension. 


When combined with high concentrations of oxygen, nitric oxide has the potential to be oxidised to nitrogen 


dioxide (NO2) a substance that can cause tissue damage, inflammation, and vasoconstriction. 
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In the blood nitric oxide interacts with haemoglobin where the by-product of this reaction produces 


increased levels of methaemoglobin. Methaemoglobin will not carry oxygen, and therefore, its level must be 


closely monitored during nitric oxide therapy. 


At therapeutic concentrations and using current delivery systems (NO2) toxicity is extremely rare. The 


iNOmax DSIR Plus system is used to delivery iNO provides continuous monitoring of nitrogen dioxide 


concentrations 


Vasodilatation of the pulmonary arterioles 


• Decreases pulmonary artery pressure 


• Decreases pulmonary vascular resistance 


• Decreases right ventricular afterload 


• Increases blood flow to the lungs  


• Improves oxygenation which enable the Fraction of inspired oxygen (FiO2) to be reduced 


Indications for use of nitric oxide therapy  


• Pulmonary artery hypertension- primary or secondary  


• Post- heart-lung transplantation  


• Hypoxaemia from acute respiratory failure  


• Congenital heart defects that are pre-existing with an uncorrected left-to-right shunt, and Eisenmenger 


syndrome with increased pulmonary blood flow  


• Post cardiopulmonary bypass where cardiopulmonary bypass can exacerbate pulmonary hypertension 


due to ischaemic injury to the pulmonary vascular endothelium, which secretes endogenous nitric 


oxide.  


Nitric oxide is delivered via the iNOmax DSIR Plus machine and can be connected and delivered via: 


1. Dual limb, humidified ventilator circuits (preferred method) 


2. High flow oxygen device (NOT AIRVO)  


 Safety Factors Relating to Nitric Oxide Administration  


Patient Factors  


Nitric oxide should not be ceased abruptly but weaned slowly, as directed by medical staff. 


A closed suction system should be used when a patient is on nitric oxide therapy. Alternatively, a bodai 


suction safe swivel Y connector may be used. 


A manual ventilation circuit must be connected to the INO blender oxygen flow meter.    


In emergencies, or physiotherapy dial the flow meter to 15l/min and set the nitric dose on the manual dial to 


match the current continuous dose. 


AirViva bag with PEEP and mask must be attached in Inoblender.   


In an emergency ensure Inoblender is dialled to prescribed Nitric Oxide dose and flow meter is a flow of 


15L/min. 
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Nursing factors  


Occupational exposure (e.g., hospital staff) may result in chest discomfort, dizziness, dry throat dyspnoea 


and headache.  However, Qureshi et al. (2002) concluded that iNO up to doses of 20ppm via a mechanical 


ventilator does not appear to pose a risk of excessive occupational exposure to nurses during routine cares.  


There are no studies pertaining to occupational exposure and nitric oxide delivered through non-invasive 


breathing support devises (BiPAP, High Flow). 


Even though there does not appear to be adequate evidence for adverse outcomes in pregnant staff 


exposed to nitric oxide, alternative patient allocations should be offered to staff who are pregnant and 


who do not wish to care for a patient receiving nitric oxide therapy in order to avoid any potential exposure 


during administration.  


Each hour, complete patient assessment including assessment and documentation of the following:  


• Concentration of NO (ppm) being delivered.  


• Concentration of set NO2 (ppm)  


• Fraction of inspired oxygen (Fio2)  


• Oxygen saturations  


• Heart rate and rhythm  


• Pulmonary artery pressures (if available)  


• Capillary refill/peripheral perfusion  


Report the following clinical indicators to medical staff.  


• Nitrogen dioxide (NO2) levels greater than 3 ppm  


• Methaemoglobin (Met Hb) levels greater than 3%  


Procedure / process 


Prior to incorporating a nitric oxide delivery system into the patient’s ventilator circuit, nursing staff are 


required to complete the pre-use procedure that involves verification of connections, high pressure leak 


test, purge, alarm verification, back up, iNOmax DSIR Plus and iNOblender tests.  


The sequence of steps is interactive and presented in chronological order on the machines screen 


prompting nursing staff for appropriate intervention at each step.  


Low range calibration is completed during the initial set-up and automatically every 24 hours whilst 


delivering nitric oxide to the patient.  The low range calibration uses room air to calibrate all three monitor 


sensors at the same time.  During the calibration inspired gases are not monitored and gas monitoring 


alarms are disabled.  


Nitric oxide is set up using the iNOmax DSIR Plus system and connect to either:   


• Endotracheal Tube (ETT)  


• Non-invasive ventilation (NIV) via dual limb only   


• High-flow nasal prongs (HFNP) 


• Low flow nasal prongs   
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1. Setting up and using nitric oxide 


Injector module and cable and water trap are re-usable.    


The injector module and water trap only are soaked in 70% alcohol for 4 hours, document on white board 


on ICU 2 DD cupboard.  


 


Injector module and cable  Water Trap  


    


  
Disposable iNO tubing:   
 
 


  
Injector  
tubing  
  


  
15M adapater  


  
Gas sampling line and filter  


  
Adapter 22MM/ X 22MM  


  


  


  


  


  
Water separator 
cartridge – place a 
patient label on this.  
  


  
Gas Sample Tee  


  
22M/15F X 22M/15F connector  


  
Liquorice stick  
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1.2 Nitric Oxide Machine Assembly  


 


  


  


  


  


                                     
  
  
 
 
 
 
 
 
 


Infrared cable 


Inoblender inlet hose 


Regulatory hoses 


Filter 


Water trap 
bottle 


Water 
separator 
cartridge 


Gas 
sampling 


port 
iNO port iNO dose 


dial 


Purging port 
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1.3 Nitric Oxide Purge Circuit Assembly  


  


 


  
  
  
  
  
  


1.4 High Pressure Leak Test and Automated Purge Set up  


   


  
  
  
  
  


Catheter mount 


Gas sampling Tee 
Injector module 
electrical cable 


Gas sampling tubing 


Injector module 22mm/15f adaptor and 
15mmc 4.5mm adaptor 
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1.5 Placement of Nitric Oxide Sampling Port & Injector Module in Ventilator 
Circuit for all modes: invasive, NIV and HFNP  


1. Place injector module on dry side of the humidifier between white inspiratory filter and blue tubing going 


to humidifier. No extra connectors are required for this step.  


2. When placing injector module in the circuit ensure the arrow             is pointing away from the 


inspiratory filter (in the direction of air flow).  


3. Place the gas sampling port connector on the dry side of the humidifier between the blue tubing coming 


from the inspiratory filter and the humidifier (or ultrasonic nebuliser if applicable).  


4. Two clear plastic connectors will be used on either side of the gas sampling port  


(22mm ID x 22mm ID & 22M/15F x 22M/15F).  


  


During the AUTOMATED 
PURGE step in the nitric 


wizard, please ensure that the 
injector module has been 
removed from the purging 


circuit 
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1.6 Ventilator set up connection for Hamilton, Servo and NIV with dual limb.  
 
 


 
 
 
 


  
      
 


  
 


         
  


Inspiratory 
filter 


Injector 
module 


Inspiratory 
Limb 


Gas 
sampling 


port 


Ultrasonic 
nebuliser 


22M/15F 
X 


22M/15F 
connector  


 


Gas 
sampling 
port line 


Adapter 
22MM/ X 
22MM  
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1.7 Nitric Oxide – How long can machine sit before patient connection.  


• Complete pre-use procedure, if not connecting to a patient within 10 mins, turn off cylinders and purge 


the lines.  Complete the attached pre-use checklist, ensure to write Date and Time.  Machine power 


can be left on or off.  


• If the iNO machine is required within 24 hours of the pre-use procedure being done turn on cylinder, 


connect injector module to humidifier and dial prescribed iNO dose.  


• If the iNO machine is required after a 24-hour period of the checks being attended, a full pre-use 


procedure must be completed by switching off the machine and restarting.  


• When nitric has been weaned to 0ppm, turn off cylinders, purge the lines. iNO is costed to ICU on a 


‘time cylinder’ open basis.    


2. Standard Nasal Prongs & Nitric Oxide Assembly   


EQUIPMENT REQUIRED:  


• Nitric oxide cart/INOmax DSir and purged circuit plus:  


• Standard nasal prongs  


• Grey 15mm x 4.5mm Adaptor x 2 for oxygen tubing connection  


• Adapter: 22M/15F x 22M/15F  


• Catheter mount  


• Patient gas sampling line and O2 Tubing (IKARIA)   


SET-UP:  


• Connect INOmax DSir oxygen hose to pendant and power cord to electrical source.  


• Using the standard purging circuit connect green oxygen tubing to O2 flow meter on pendant.  


• Remove gas sampling line.   


• Connect additional grey 15mm x 4.5mm Adaptor oxygen adaptor to injector module.  


• Connect patient gas sampling line to grey O2 adaptor and catheter mount  


• Ensure the arrow on injector module is pointing towards the sample tee.  


• Attach patient gas sampling line to Sample Tee.   


• Attach standard nasal prongs to Sample Tee  


 


MANAGEMENT:  


• Set O2 via flow meter (minimum 2 litres) and iNO as per MO prescription.  


• Please ensure AirViva/Mapleton bag plus mask is attached to Inoblender. In an emergency ensure 


Inoblender is dialled to prescribed Nitric Oxide dose and flow meter is at a flow of 15L/min.  
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3. High Flow Nasal Prongs and Nitric Oxide Assembly  


EQUIPMENT REQUIRED:  


• Nitric oxide cart/INOmax DSIR plus system and purged circuit   


• Hi-Flow O2 with humidified circuit (RT 202)  


• Ikaria Adapters   


• 22m/15F x 22M/15F x 2   


• 22mmID x 22mmID   


• Gas Sample Tee  


• Optiflow Nasal Cannula  


AirViva bag with PEEP valve and mask must be attached to Inoblender.   


In an emergency ensure Inoblender is dialled to prescribed nitric oxide dose and flow meter is at 


flow of 15L/min. 


STEPS:  


• Connect Hi-flow to air and oxygen on pendant  


• Connect INOmaxDSir Oxygen hose to pendant and orange power cord to electrical source.  


• Attach injector module to humidifier with flow arrow pointing TOWARDS the humidifier  


• Connect short blue humidified circuit tubing to injector module using a 22M/15F x 22M/15F 


adapter.  Connect the other end of the short blue tubing to the noise filter on the flow meter.  


Catheter 
mount 


15mm X 
4.5mm 
adaptor 


Sample 
tee 


Gas 
sampling 


line 


Standard 
nasal 
prong 
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• Connect long blue humidified tubing with temperature/heater wires, as per normal humidified circuit set 


up.  


• Attach Gas Sample Tee to long blue tubing   


• Connect Ikaria Adapter 22M/15F x 22M/15F to Gas Sample Tee.  


• Connect Ikaria Adapter 22mmID x 22mmID to opposite side of gas sample tree.  


• Connect Optiflow Nasal Cannula to Ikaria adapter 22mmID x 22mmID.  


• Set oxygen, flows and nitric oxide as per MO prescription.  


If oxygen requirements and flow levels are minimal, consider standard nasal prongs (i.e.: if flow 


requirements are below 30L/min)  


   
 


 


 


 


 
  


Adaptor 22mm/15f 


X 22mm/15f 


Injector module 
electrical cable 


Injector 
module 


Noise filter 


Gas sampling line 


22mm15f x 22mm/15f Optiflow nasal 
cannula 


22mmID X 22mmID 
Connector 
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4. Back-up Nitric Oxide Cylinder Check (every shift) & Float Bay Checks  


The nitric oxide cylinder that is not in use should be checked for:  


1. Leaks  


The rationale for this procedure is to check the integrity of the high-pressure hose system that delivers 


the gas from the cylinders to the INOmax DSIR Plus.  


2. Nitric oxide in the cylinder is greater than 500 psi.  


To ensure the back-up cylinder has enough nitric oxide available.  If less than 500 psi swap over to 


spare cylinder and follow Cylinder Change steps.  


STEP 1 
• Locate spare cylinder regulator hose and remove from the back of the iNOmax DSIR Plus inlet.  


 


  
 STEP 2 


• Open and close the nitric oxide cylinder valve of the spare cylinder, (open will show a divide symbol ÷, 


close will show a negative symbol will appear -).  


• Monitor pressure gauge for 30 seconds for any signs of leakage.  


If nitric oxide pressure gauge is equal to or less than 500 psi, complete section 5 ‘Cylinder Change’  


The pressure to remain above 500 psi.   


     
STEP 3 
 


• Purge the iNOmax regulator hose at the back of the iNOmax DSIR Plus inlet.  
 
The rationale for the purge is to remove Nitrogen Dioxide (NO2) – a metabolite of NO and O2 and toxic gas 
out of the delivery system prior to commencement of therapy.  
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6. Cylinder Change  


Change to new cylinder when nitric oxide pressure gauge is equal to or less than 500 psi. 


Responsibility remains with the bedside nurse and float nurse to change cylinders. 


 
STEP 1 


• Ensure the regulator hose is removed from the back of the iNOmax inlet of the empty cylinder.  


  


• Unscrew the iNOmax regulator from the empty cylinder.  


 
STEP 2 


• Connect the iNOmax regulator to the new nitric oxide cylinder.  
 


STEP 3 


• Open (divide symbol will appear ÷ ) and close the nitric oxide cylinder valve of the new cylinder 


(negative symbol will appear -).  


• Monitor pressure gauge for 30 seconds for any signs of leakage.  


• The pressure should not decrease on the gauge.  


 


Purge 
port 


Regulator 
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STEP 4 


Insert the regulator hose into the purge port on the back of the iNOmax DSIR Plus and firmly push until the 


regulator pressure gauge reads zero.  This action also purges any NO2 that has accumulated in the hose 


and regulator.  


    


STEP 5  


• Insert the regulator hose into the iNOmax DSIR Plus inlet and leave new cylinder off.  


  


6.When Nitric Oxide No Longer Required  


• All disposable consumables to be discarded.  


• Injector module and water trap to be removed from the circuit and soaked in 70% Alcohol in the 


labelled container beside the ICU 2 drug cupboard. Record time and date soaking commenced on the 


white board on the ICU 2 drug cupboard.  


• INOmax DSIR Plus cart, including grey injector module electrical cable to be wiped over with green 


Clinell wipes.  


• Re-assemble purging circuit (as below), complete pre-use check, return to equipment storeroom and 


plug into power.  


• Check the iNO cylinders are both off.   


  
  
  


Purge port 
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7.Transport iNO (Interhospital Transport ONLY) 


Establish distance to be travelled, establish retrieval hospitals availability / supply of Nitric Oxide. (An extra 
cylinder will be required if retrieving from Cairns.) The higher the dose the faster the usage.  
 


 
  
Equipment Required  


• Portable nitric machine (equipment store)  


• Hamilton T1 transport ventilator, (NOT MRI Hamilton) (Equipment Store)  


• Covidien Adult Dry breathing circuit (Ferno Bag), RT109.  
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• Hamilton Ventilator 1.8m circuit (Ferno Bag) – use only the expiratory filter, sensor and its tubing if using 


iNO. 


• Catheter Mount X 2  


• Green 02 tubing  


Nitric Consumables  


• Injector module  


• Injector module electrical cable,   


• NO/N2 Injector tube.  


• Patient gas sample tee & line.  


• Ikaria adapters 22mm x 22mm x 2 (Ferno Bag)  


• Ikaria adapters 22M/15F x 22M/15F x 2 (Ferno Bag)  


• Disc filter from the Ferno bag on Portable nitric trolley that are packaged ready for pre-use check,  


• Water separator cartridge  


Spare Equipment required  


• Transport regulator / cap  


• Water trap bottle  


• Water separator cartridge  


• Injector module  


• Grey electrical cable  


• Injector tubing  


• Liquorice stick  


• Gas sample tee  


• Monitoring line and filter  


• Green oxygen tubing  


Set up 


• Attach regulator to D-Size Cylinder.  


• Connect grey regulator hose to back of DSIR (monitoring screen).  


• Place Transport Cap over Inometer on cylinder, ensuring the lip on the black cap is placed over the 


Inobutton. When fitting the black cap, push straight down firmly, holding the sides – NOT THE TOP as 


this could damage the IR (Infrared) chip which is seated on the inside of the Transport Cap.  


• Connect black IR Cable from the Transport Cap into the back of the DSIR (monitoring screen).  


• Pre-Use Check prior to leaving TPCH.  


• Remember to depressurize (Purge / decompress) which will give a 12-hour window for immediate 


connection.  


• Remember there will only be one cylinder visible on the screen.  


• Attach Injector Module electrical cable, NO/N2 injector tubing, and Gas sample line and filter to Inomax 


DSIR and commence pre-use check as per bedside procedure.  
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THE NITRIC OXIDE CAN ONLY BE TRANSPORTED ON A DUAL LUMEN CIRCUIT. 


Hamilton transport ventilator and iNO set up (Interhospital Transport ONLY) 


Position of Injector Module 


• on the inspiratory limb which is the dry side of humidifier  


• with the arrow in direction of flow  


• with the sample tee on the inspiratory limb  


• and 10-15cms back from wye connection.  
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Set-up of Bagging Circuit.  


• Connect white O2 hose from Inoblender to O2 source.  


• Connect bagging circuit to Inoblender ready for use.  


• If bagging of patient required, you must compress the bag 3 times prior to patient connection, as this will 


expel any accumulated NO2.   


Transport configuration and Locking Pin for Ambulance 


       
 
 
 
 
 
 
 
 
Trouble Shooting  


• Guide is attached and phone numbers displayed on iNO cart if further information required.  


• Yellow Alarm = Low Priority Alarm. This is a monitoring issue and patient still receiving iNO.  


RED Alarm = High Priority Alarm. 


IMMEDIATELY bag patient – Nitric Oxide delivery has failed. 


Proceed to troubleshooting (spare injector module & grey cable available in the bag at the back of 


the machine. 


 


 


 


  


Locking pin is attached to the nitric frame and used to secure when using transport iNO in an 
ambulance.  This set-up needs to come off the cart.  Take set-up equipment to ambulance on the 
cart.  Remove all items from the cart as per ‘ambulance set-up’ picture (above). Place in 
ambulance in safe space available. 
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Transport iNO (Interhospital Transport ONLY) 
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Partnering with consumers  


Patients and family members are to be encouraged and given the opportunity to ask questions, clarify 


information and identify goals of nitric oxide therapy. Staff are responsible for providing information in a way 


that is understandable and that meets their needs and are to check consumer’s understanding of 


discussions. 


 Aboriginal and Torres Strait Islander considerations 


Metro North Health is committed to protect the public from harm and to improve the quality of health service 


provision. The NSQHS Standards identify six actions specific to the provision care for Aboriginal and Torres 


Strait Islander people. The attendance to these actions provides assurance that service provision is 


equitable. See the Australian Commission on Safety and Quality in Health Care for further information 


Metro North Health is committed to ensuring our staff have the knowledge and skills to deliver care in 


culturally capable ways and that our work environments are at all times culturally respectful and supportive 


of Aboriginal and Torres Strait Islander people as guided by the Queensland Health Aboriginal and Torres 


Strait Islander Cultural Capability Framework 2010-2033 and Metro North Health Equity Strategy 2022-


2025 


Culturally and Linguistically Diverse (CAL) patients. 


Staff are to provide care that encompasses physical, social, emotional, spiritual and cultural wellbeing of the 
individual, in accordance with the Metro North Collaborating in Health Strategy 2022 – 2024. 


The Australian Charter of Healthcare Rights states that patients have a right to be informed about services, 
treatment, options and costs in a clear and open way. Wherever practical, healthcare providers should take 
steps to meet patient/consumer access, treatment, language and communication needs. 


The principles of equity and cultural safety provide the guiding principles for implementing and maintaining 
health equity for our diverse communities, including CALD communities, people from refugee and asylum-
seeking backgrounds, LGBTQI+ communities, people living with disabilities, rural and remote communities, 
people who are homeless or vulnerably housed who access health services. 


Legislation and other authority  


The intent of this document is to safely administer nitric oxide to intensive care patients whilst also 
respecting the human rights of every person in accordance with the Human Rights Act 2019 (Qld).  
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