A prospective, observational study investigating the level of agreement between transcutaneous and invasive carbon dioxide measurements in critically ill emergency department patients
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[1] Protocol Title 

A prospective, observational study investigating the level of agreement between transcutaneous and invasive carbon dioxide measurements in critically ill emergency department patients.

[2] Synopsis 

Measurement of the partial pressure of carbon dioxide in arterial blood is typically achieved by arterial blood gas sampling.  This procedure is painful, and carries attendant risks of bleeding, infection and vascular injury.  Transcutaneous measurement of the partial pressure of carbon dioxide is possible, and in some settings (such as sleep laboratories) routine.  If this mode of measurement is accurate, there are clear advantages to both providers and patients; however, it is possible that in critically ill patients, with less than optimal skin perfusion, that accuracy will be inadequate.  

In this study, we intend to compare transcutaneous carbon dioxide measurements with simultaneously measured arterial carbon dioxide measurements, in patients who have an intra-arterial catheter (arterial line) inserted as part of their emergency department care.

[3] Rationale / Background

In the acute care setting, arterial blood gas (ABG) carbon dioxide (CO2) analysis is frequently used to monitor the ventilatory function of a patient. This monitoring is particularly important for patients in respiratory compromise, including those requiring non-invasive ventilation (NIV), but also relevant to those with head injury or haemodynamic compromise (1, 2). Serial ABG CO2 measurements are often required to determine whether there is improvement or deterioration in the patient’s ventilation, and therefore whether more invasive ventilatory support is required. Often in these circumstances, an arterial line is placed to allow for repeated ABG measurements of arterial CO2 partial pressure (PaCO2). This is a painful procedure for patients and carries risks associated with any invasive vascular access, including vascular injury, infection and occlusion with distal arterial compromise. Risks of needlestick injury are also present for staff members carrying out the procedure, and there are also resource implications in terms of equipment and time (3, 4, 5). 

Skin probe (transcutaneous) measurement of the partial pressure of CO2 (PtcCO2) may provide similar information to arterial sampling, without some of the attendant risks (1, 3, 6, 7). From a resource utilisation point of view, acceptable agreement between PtcCO2 and PaCO2 may also in future allow patients to safely receive different modalities of NIV (including bilevel positive airway pressure or BIPAP ventilation) on the ward rather than in the intensive care unit (ICU). There is now increasing evidence to suggest that there is reasonable agreement between arterial and transcutaneous CO2 measurements, however to date, most data has come from paediatric intensive care, sleep apnoea or anaesthetic patient populations (8, 9, 10, 11). Furthermore, elevations in PaCO2 have been associated with wider differences between PtcCO2 and PaCO2 (7). There have been no studies performed in the Australasian emergency department setting. 

[4] Objective

To determine whether there is good agreement (defined in this study as +/- 4 mmHg) between arterial and transcutaneous CO2 measurements in the Australian adult emergency department setting, and in the subgroups of COPD patients in acute type 2 respiratory failure, and patients with haemodynamic instability (defined by requirement for vasopressor support). 

[5] Participating Site 

Emergency Department of Liverpool Hospital, Sydney, Australia. 

[6] Study Design 

6.1 Type of study

This will be a prospective observational study in the ED of a tertiary teaching hospital in Sydney, Australia.

6.2 Data sources and collection 

The study ED has an annual census of 89 000 patients, with 20% of patients being paediatric and an admission rate of 45%. Our study population will include adult (over 18 years of age) emergency department patients requiring arterial line placement and repeated arterial blood gas (ABG) sampling for monitoring and analysis. This will include patients receiving oxygen therapy for respiratory failure, however will also include a range of other patients requiring serial ABGs for measurement of biomarkers such as pH, bicarbonate and electrolytes, or an arterial line for close haemodynamic monitoring. We will record serial PaCO2 data from these patients when a paired PtcCO2 sample can be taken by nursing staff.

Nursing staff will be instructed to take a transcutaneous CO2 (tcCO2) reading simultaneously to drawing a small volume (approximately 2-3 mL) of arterial blood CO2 sample from the arterial line. Arterial blood sampling after insertion of an arterial line is standard practice for patients in our study population and patients often require regular sampling at fixed intervals. For our study, four sample pairs at time 0, 30, 60 and 90 minutes post arterial line insertion will be collected per patient care episode. Depending on the patient, this sampling may be in addition to the blood sampling they already require, however the total volume of blood collected (8-12 mL) will have a negligible effect on their clinical course. 

Observer bias will be minimised as the staff recording the tcCO2 measurement at the time of ABG sampling will not have immediate access to blood gas results. Samples will be excluded if the timing of sampling cannot be verified from the pathology database (for the ABG sample) or electronic documentation by staff (for the tcCO2 sample).

Data to be collected will include patient demographics (age and sex), vital signs, clinical diagnosis, and PaCO2 and PtcCO2 measurements. The reason for collecting this additional demographic and clinical data is because the reliability of tcCO2 may decrease with decreased blood perfusion to peripheral tissues (1) and this may be affected by the patient’s age, sex and clinical stability. We also plan to look at subgroup analyses of chronic obstructive pulmonary disease (COPD) patients and those with haemodynamic instability, hence it would be useful to record clinical diagnoses to differentiate between disease types.  

6.3 Sample size 

The estimation of a required study sample size of 42 patients is based upon power calculations guided by existing research literature results (90% power, alpha = 0.05, Bias 1.7 and SD 3.9), performed with the help of statistician Associate Professor Jack Chen.

6.4 Expected duration of study 

Six months with estimated start time to be September 2019. 
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6.5 Data linkage process

This research project does not require any data linkage. 

6.6 Statistical analysis

Our primary outcome of interest will be PaCO2 and PtcCO2 agreement expressed as mean difference. The acceptable threshold of agreement has been regarded as +/- 4 mmHg in previous literature, and we acknowledge that while a closer degree of agreement would be ideal, this standard would still be clinically relevant. The blood gas analyser will be the device at Liverpool ED and the PtcCO2 reader will be the SenTec digital monitoring system. The degree of agreement between our subject (PtcCO2) and comparator (PaCO2) will be analysed using Bland-Altman analysis. 

[7] Ethical considerations

7.1 Recruitment and selection of participants

Adult patients presenting to Liverpool emergency department with any condition requiring placement of an arterial line as part of their standard care will be considered for inclusion into this study. The specific inclusion and exclusion criteria are outlined below.

Following the placement of an arterial line, treating doctors or nurses in the emergency department will use a brief enrollment checklist to ensure patients meet the inclusion and exclusion criteria. This will not delay the patient’s standard care.

7.1.1 Inclusion and exclusion criteria

· Inclusion criteria
· Emergency department patient
· Patients requiring hospital admission 
· Adult (>18 years)
· Arterial line is required for ongoing care

· Exclusion criteria 
· Children (<18 years)
· Patients not requiring arterial line 

7.2 Informed consent

We request a waiver of consent to conduct this study. We believe our study meets the criteria of the National Statement Section 2.3.10 (2018) as below:

(a) This is a low risk project as it does not involve any intervention (being an observational rather than an intervention study). There is minimal deviation from usual clinical practice (that is, regular sampling from arterial lines) and not to a degree that would affect patient care. 
(b) The benefits of the research (that is, obtaining a valid comparison between TcCO2 and arterial CO2 levels) justify the risks of harm (which are low, as described above) associated with not seeking consent. 
(c) Due to the patient's clinical condition and need for urgent medical interventions, it is likely to be impractical to obtain consent in the emergency setting (and may exacerbate distress from being medically unwell and requiring medical attention). 
(d) There is no known or likely reason for thinking that participants would not have consented if they had been asked. 
(e) There is sufficient protection of their privacy. 
(f) There is an adequate plan to protect the confidentiality of data. 
(g) It is unlikely that any results that have relevance to participants’ welfare will be identified. 
(h) There is no possibility of commercial exploitation of derivatives of the data. None of the study investigators are affiliated with the companies providing the devices for measurement.
(i) The waiver is not prohibited by state, federal, or international law. 

In addition to meeting the criteria above, we believe that a consent waiver would be important for maintaining the internal validity of our study. As described above, concurrent consent would be difficult to obtain in the clinical setting given most of our subjects’ clinical instability. If we were to retrospectively gain consent from participants when they became more clinically stable (for example, later in the admission or after discharge), our study population would be biased towards survivors and data related to more medically unwell patients would be lost. 

7.3 Confidentiality and privacy

All data and records generated during this study will be kept confidential. All data will be anonymised at the point of collection. At the point of data collection, a patient’s medical record number and initial will be entered into an excel spreadsheet (Spreadsheet 1) and assigned a study number. This spreadsheet will be kept on the secure resuscitation area computer at Liverpool emergency department. At all points hereafter, any collected data will be associated with the study number rather than patient details to maintain anonymity.

Data collection will be by paper proforma, with the corresponding study number to label the data set. The data will later be collated by Dr Amy Cui and Dr Scott Farenden as part of the investigating team in a separate spreadsheet (Spreadsheet 2) using the study number only. Data anonymity will be maintained throughout, including to the point of publication. No data will be used for future study without first obtaining HREC approval. 

7.4 Data storage and record retention 

Spreadsheet 1 (detailed above) will be kept on the secure resuscitation area computer at Liverpool emergency department. Spreadsheet 2 containing anonymised data will be kept securely (password-protected) on the Liverpool hospital computer network by investigating team members for the purpose of data analysis. Hard copy data collection forms will be stored in a locked cabinet in a non-clinical area on hospital grounds requiring secure access. All data usage, storage and analysis will be in accordance with SWSLHD policy. Data will be stored securely for a minimum of 5 years following completion of the research or the last publication as per Section 2.1, Australian Code for the Responsible Conduct of Research.

7.5 Risk assessment

There is minimal risk to patients from participation in the study. There is a minor inconvenience of the transcutaneous CO2 monitor being attached to the earlobe of the patient, in accordance with the manufacturer’s instructions. Several prior studies have demonstrated safe usage of the SenTec transcutaneous CO2 monitor for prolonged periods of time, much longer than our study requires (12). The most commonly cited adverse reaction to the device is warmth at the application site, easily alleviated by changing to the opposite earlobe.

The risks associated with placement of an arterial line will be discussed with the patient, as would be the case in any other circumstance. Placement of an arterial line is required for standard care of the patient, and so does not constitute any additional risk to the patient from our study.

As with any study involving obtaining clinical information about a patient, data privacy is of the utmost importance. The aforementioned measures (7.3 and 7.4) will be adhered to in order to protect the privacy and confidentiality of participants during the process of data collection, analysis and dissemination. 

[8] Outcomes and significance

If transcutaneous carbon dioxide measurement is similarly accurate to measurements obtained from arterial blood gas sampling, this would have significant implications for patients. Whilst some (e.g. those requiring inotropic support) would continue to require the placement of arterial lines for monitoring purposes, a significant cohort of patients would be spared the need for a painful procedure.  In addition, it is possible that more continuous monitoring would lead to more timely patient care decisions, and also facilitate disposition to non-critical care environments such as the respiratory ward.

[9] Publication plan

It is intended to publish the results of this study in a peer-reviewed journal, and to present at a national or international conference.
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