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Abstract

Background and Aims: Providing respiratory support (RS) to patients may improve

their oxygenation and ventilation, reducing the work of breathing. Emergency

department (ED) patients often need RS; COVID‐19 has heightened this need.

Patients receiving RS may need escalation of their treatment; hence, studies

considering the prevalence of escalation are warranted.

Method: This is a protocol for a prospective, observational, multicenter point

prevalence study (PPS). Researchers will collect data over 2 days. All participants are

adult ED patients needing RS. The setting is four EDs in New Zealand. The primary

research question asks, “Which patients receiving RS require escalation of therapy in

the ED?” For example, transitioning from conventional oxygen therapy (COT) to

intubation is deemed an escalation of therapy. A sample size of 80 participants is

required to resolve the primary research question. Secondary research questions:

(1) Which patients receive nasal high flow (NHF) in the ED? (2) How is NHF therapy

delivered in the ED? (3) What are the effects of NHF therapy on physiological and

patient‐centered outcomes? Research Electronic Data Capture (REDCap) will be

used for data organization. Data will be imported for analysis from REDCap to IBM

SPSS software (Statistics for Windows, Version 27.0). Data reporting on the primary

outcome shall be considered by analysis of variance, regression modeling, and

determination of two treatment effects: Odds Ratio and Number Needed to Treat.

Statistical significance for inferential statistics shall use a two‐sided α with p‐values

fixed at ≤0.05 level of significance and 95% confidence intervals. This protocol has

ethical approval from Massey University, New Zealand.

Conclusion: This novel PPS may reduce the evidence and clinical practice gap on RS

delivery and ED patient outcomes, as evidenced by the emergence of COVID‐19.
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1 | INTRODUCTION

1.1 | Background

1.1.1 | Problem statement

Many emergency department (ED) patients require respiratory

support (RS) to optimize their oxygenation and limit the likelihood

of requiring escalation of their care. However, the effects of

escalating care include an increase in morbidity and mortality risk.

The limited availability of evidence focusing on RS delivery in the

ED justifies an investigation. This protocol has been developed to

facilitate an observational multicentre point prevalence study (PPS).

Patients reporting to the ED often need RS.1 These RS therapies

can decrease the work of breathing.2 Many of these presenting

patients also have chronic respiratory disease3; however, acute ED

patients may also need RS, such as patients with trauma, infection, or

those experiencing side effects of other interventions.4

RS is an umbrella term for a collection of therapies. The

collection includes conventional oxygen therapy (COT), also referred

to as standard oxygen therapy (using traditional masks and cannulae);

nasal high flow (NHF); noninvasive (NIV); and invasive ventilation

(INV). Clinicians provide RS therapies either in an invasive or NIV

manner. Invasive RS involves intubation and mechanical ventilation.

NIV RS includes COT, NHF, and two forms of NIV: bilevel positive

airway pressure and continuous positive airway pressure.

Several of these RS therapies are in use in the ED. The most

novel of these RS therapies is NHF, the focus of this study.5

NHF RS provides high flows of warmed, humidified gas (at up to

60 L/min).5 Gas temperature (31–37°C), gas flow (2–60 L/min), and

the inspired oxygen fraction (FiO2) (21%–100%) are independently

titrated. The delivery of gases to spontaneously breathing patients is

via specialized nasal cannulae.6 Despite the lack of reliable and valid

evidence, the use of this RS therapy in the ED is widespread.7

Clinicians accept that improved patient outcomes rely on evidence‐

based care.8 However, since 2000, the adult NHF evidence and NHF use

have accelerated disproportionally. To date, PubMed has indexed more

than 3900 NHF publications. Yet, most of these NHF publications are

case reports or observational studies with an intensive care focus.7

Hence, ED clinicians have limited NHF‐controlled studies to inform their

clinical practice.9 The limited availability of reliable and valid evidence

provides the rationale for this study.

The first NHF‐controlled study reported that NHF could reduce

respiratory rates of ED patients (21–28 breaths/min) (p < 0.001).10

Two later studies confirmed Lenglet's findings suggesting the efficacy

and feasibility of NHF in the ED.11,12 These controlled studies have

motivated completing a New Zealand randomized controlled

trial (RCT).

The New Zealand study was the first large ED RCT that

compared NHF to COT.13 The primary study outcome was a need

for escalation to NIV or INV. The study identified no difference in the

need for escalation between NHF (3.6%, 95% CI: 1.5%–7.9%) and

COT (7.3%, 95% CI: 3.8%–13%) (p = 0.16).

Nevertheless, this study was underpowered, with 40% of the

target sample recruited. Even so, the researchers concluded that NHF

did not reduce the need for escalation to NIV or INV compared

to COT.

Researchers involved in this initial RCT have subsequently

completed a multicentre ED PPS based in the Asia‐Pacific region.

The PPS described the epidemiology of 3044 patients experiencing

dyspnea.3

The authors of this PPS confirmed that ED patients often present

with dyspnea in this region. However, despite these efforts, large

gaps remain in the evidence describing RS delivery and patient

outcomes.

Despite the lack of high‐quality primary ED evidence, several

NHF systematic reviews are now published.1,14–16 But, the lack of

valid and reliable evidence has then impacted the validity and

reliability of these reviews, limiting their applicability in clinical

practice and research.14 This proposed PPS is novel and may reduce

the evidence and clinical practice gap regarding RS delivery and ED

patient outcomes, as evidenced by the emergence of COVID‐19.17

1.2 | Study objectives and aims

All research should look to inform clinicians and improve patient

outcomes. To achieve this, researchers must explore outcomes of

clinical significance.18 This proposed research aims to examine the

nature of RS delivered in the ED and its influence on the escalation of

therapy in the ED. As such, the outcomes of this study will have

clinical significance.

The primary research question is:

• Which patients receiving RS require escalation of therapy in

the ED?

Also, three secondary research questions focus on the RS NHF:

• Which patients receive NHF in the ED?

• How is NHF therapy delivered in the ED?

• What are the effects of NHF therapy on physiological parameters

and escalation of therapy?

2 | METHODS

2.1 | Study design

This study design is a prospective, observational multicenter, PPS. Of

note, the researchers acknowledge that the RCT is the gold standard

when considering the efficacy of any therapy, including NHF

therapy.19 But as NHF therapy has become ubiquitous, undermining

the ethics of conducting RCTs involving NHF,20 the researchers are

convinced that an observational research design selection is now

ethically validated.21 Furthermore, this observational PPS design
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enables rapid and reliable data collection from a large ED patient

cohort.22 Finally, this protocol describes the planned observational

multicenter PPS.

2.2 | Study setting

This study is set in New Zealand EDs. The researchers are aware

of the importance of study selection. Poor site selection can

undermine the reliability of a study and even threaten its

completion.23 Therefore, the researchers selected four New

Zealand EDs. Two participating sites are tertiary referral

EDs in a large metropolitan city, and two are regional EDs in

smaller cities. Data collection is due to be completed by

December 2022.

2.3 | Study conditions

This is an observational multicenter PPS. There are no study controls.

Experimental conditions are not applied in this study.

2.4 | Study participants

Establishing an appropriate target population must align with the

study outcomes under consideration.18 Therefore, the target

population is ED patients 18 years or older who need RS.

These patients may have respiratory insufficiencies or have side

effects related to other interventions.4 This population aligns with

the study outcomes.

2.4.1 | Study participant recruitment

The methods used in this study mean that participants do not need

active management postinclusion, unlike in the RCT.21 Instead, the

data collectors shall use predetermined inclusion criteria to screen

potential participants for inclusion (Table 1). The data collectors shall

document the screening process in a screening log. Researchers shall

collect data for every ED patient meeting the criteria for inclusion

during two prespecified 12‐h data collection periods, each separated

by 4 weeks (Tables 2 and 3).

2.4.2 | Protection of study participants

All participants in clinical research need to be protected. The

International Council for Harmonization (ICH) guideline25 “Technical

Requirements for Pharmaceuticals for Human Use” proposes that the

risks and benefits of a study must be evaluated and justified before a

study begins. The researchers have assessed the risks and benefits of

this study. This PPS observes ED standard clinical practice. The study

has no experimental intervention or additional data collection.

Therefore, the researchers have determined that this study poses

no additional risk or benefit to the participants. As this study

observes standard practice, researchers or data collectors shall not

seek participant informed consent. The data collected shall be

deidentified, kept confidential, and not used in ancillary studies.

The proposed study has gained full ethical approval (reference

number: NOR 22/18) from the Massey University New Zealand

Ethics Committee.26 In addition, the researchers shall procure the

appropriate hospital site‐specific locality approvals.

The researchers will uphold transparency. The research protocol

is available on a clinical trial registry (ACTRN12621001167853p

U1111‐1262‐086). Furthermore, the researchers shall present the

findings of this study at national and international conferences. Also,

the researchers shall publish the study findings in peer‐reviewed

quartile one journals. The researchers listed in this protocol are

responsible and eligible for authorship. Finally, the researchers shall

report the study findings to hospital representatives.

2.5 | Study procedures

Appraisals of observational studies often question their validity and

reliability based on the usual lack of available detail regarding study

procedures.27

In contrast, peer review and publication of this study protocol

shall provide the details for the proposed PPS procedures. This peer‐

reviewed published protocol will support the appraisal of the PPS

when completed.

This study has three procedural phases. The first phase is

prestudy, the second is data collection, and the final phase is analysis

and completion. Each study phase has five procedural steps

(Figure 1). The researchers shall complete the study phases and

steps in sequence. The guidelines provided by Assel et al.28 and

Strengthening the Reporting of Observational Studies in

TABLE 1 Study screening criteria
Inclusion criterion Exclusion criterion

ED patients aged ≥18 years needing any form
or combination of RS (via COT, NIV, NHF,
BiPaP, CPAP, and or INV) during one of the

two study intervals

ED patients aged ≥18 years not needing any
form or combination of RS (via COT, NIV,
NHF, BiPaP, CPAP, and or INV) during one

of the two study intervals

Abbreviations: BiPaP, bilevel positive airway pressure; COT, conventional oxygen therapy; CPAP,
continuous positive airway pressure; ED, emergency department; INV, invasive ventilation; NHF, nasal
high flow; NIV, noninvasive.
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Epidemiology (STROBE)27 were both used by the researchers while

developing this protocol.

2.5.1 | Study data collection

Inaccurate data collection may invalidate the findings of a study.29

The researchers are responsible for all aspects of data collection and

management. To ensure the rigor of the data collection, dedicated

data collectors shall be trained and resourced at each site.

During each data collection period, data collectors must screen

and include study participants using the inclusion criteria (Table 1).

Also, data collectors shall allocate a unique study number (USN) to

each included study participant.

These USNs shall help protect the participants' anonymity. In

addition, data collectors shall document the screening process and

the allocated USN in an electronic screening log. Also, data collectors

shall complete one (Parts A and B) electronic case report form (eCRF)

per study participant. The eCRF is purpose‐built and piloted to

capture all study data (Table 2).

The researchers have no plans for external data monitoring or

interim analyses. Thus, guidelines for the early termination of the

study due to safety concerns are not required for this study.

2.5.2 | Handling of missing study data

Missing study data can undermine a study's findings.18 The PPS

design maximizes an opportunity for data collection while reducing

the risk of missing data. The descriptive analysis shall also identify

any missing data. The strategy for dealing with missing data will be to

use a process of regression imputation.30 This strategy involves the

replacement of data that is missing with estimated values. This

strategy shall ensure the maintenance of the study sample.31

2.5.3 | Study data security procedures

The researchers and data collectors must maintain the security of all

study data.25

TABLE 2 Study data

Categories of data captured
in the Screening Log

Categories of outcome variable
data captured eCRF Part A

Categories of outcome variable data
captured eCRF Part B

Screening log number Comorbidities NHF‐related adverse events in ED

NHIa Medications (usual) Duration of NHF in ED

Name (surname first) Mode of arrival to ED Requirement of escalation of RS in ED

Age YEARS Prehospital treatment by ambulance Rationale for escalation of RS

Gender M, F, O Initial treatment in the ED Type of escalation of RS

Date screened for inclusion DD/MM/YY. Initial ED assessment NHF therapy data (physiological outcomes
and delivery of therapy)

Time screened for inclusion. 24 h. HH:MM Investigations in ED NHF‐related adverse events in ED

Included Y or N Treatment in the ED after 1st formal assessment

Reason excluded. A or B ED diagnosis

ED data collection complete Y/N Cause of RS requirement in ED

HOSP FU data are complete Y/N RS on ED discharge

Participating hospital. (A, B, C, or D) ED discharge destination

Ethnicity Final hospital discharge date

Reason excluded. A or B Final hospital discharge diagnosis

ED data collection complete Y/N

HOSP FU data are complete Y/N

Participating hospital. (A, B, C, or D)

COVID‐19 status

COVID‐19 vaccination status

Abbreviations: eCRF, electronic case report form; ED, emergency department; NHF, nasal high flow; RS, respiratory support.
aNew Zealand National Health Index Number.
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TABLE 3 Research questions, outcome variables, data type, and data collection time points

Outcome variables Data type
Data collection
timepoint

Primary question

Which patients receiving RS require escalation of

therapy in the ED?

Requirement for escalation of care Dichotomous While in ED

ED diagnostic category Categorical While in ED

Secondary questions

Which patients receive NHF in the ED? ED diagnostic category Categorical While in ED

Duration of RS in hours Continuous While in ED

Type of RS applied in ED Categorical While in ED

How is NHF therapy delivered in the ED? Mortality while in hospital (this
admission)

Dichotomous During this
hospitalization

Mortality while in ED Dichotomous While in ED

Adverse eventa in ED Categorical While in ED

Hospital length of stay in days Continuous During this
hospitalization

ED length of stay in hours Continuous While in ED

ED discharge destination Categorical While in ED

Physiological effect: SpO2 Continuous While in ED

Physiological effect:
respiratory rate

Continuous While in ED

Physiological effect: HR Continuous While in ED

What are the effects seen with NHF therapy on

physiological and patient‐centered outcomes?

Duration of NHF in hours Continuous While in ED

NHF flow rate L/min Continuous While in ED

NHF FiO2% Continuous While in ED

Abbreviations: ED, emergency department; FiO2, fraction of inspired oxygen; HR, heart rate; NHF, nasal high flow; RS, respiratory support; SpO2, oxygen

saturation %.
aAdverse event: (i) accidental harm or complication, which (ii) caused a death, disability, lengthening of the hospitalization, or lengthening of the usual signs
and symptoms of a disease or condition; and (iii) attributed to the care provided rather than the patient's underlying disease.24

F IGURE 1 Study procedural phases and
steps. aElectronic case report form;
bemergency department.
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The security measures meet the requirements of the approving

ethics committee and the participating hospitals. The secure internet‐

based application Research Electronic Data Capture (REDCap;

project-redcap.org) shall host the screening logs and the eCRFs.

Researchers shall have access to the eCRFs data alone. All electronic

devices that collect and send data will be password protected and

shall have additional firewall security.

2.6 | Study variables

Establishing the appropriate outcome variables requires alignment

with the study objectives and questions.18 The study considers one

primary and three secondary questions. The study outcome variables

support the four research questions.32

Each research question involves composite variables comprising

several normally correlated outcome variables.32 Table 3 positions

each research question with the respective outcome variables, data

types, and data collection time points.

The primary research question is, “Which patients receiving RS

require escalation of therapy in the ED?” Often in ED, one or more

escalation triggers indicate a need for escalation of patient care. So,

the primary question considers whether a patient meets the

threshold for escalation by meeting one or more of the nominated

triggers for escalation (Figure 2).

The three secondary questions lend supporting evidence to the

primary question. The three questions are:

(1) Which patients receive NHF in the ED?

(2) How is NHF therapy delivered in the ED

(3) What are the effects of NHF therapy on physiological and

patient‐centered outcomes?

2.7 | Study sample size

Study design involves establishing a representative sample of the

study population. Without this, no reliable study conclusions can be

made. Modeling can determine the appropriate sample size.33

This study involves ED patients receiving RS as a representative

sample from the entire ED population presenting during the two data

collection periods. A 95% confidence interval (CI) with a 5% margin of

error (α = 0.05) will be applied. Sample size modeling for this study

provided a sample size of 80 participants (Table 4). This modeling

computes the minimum number of necessary samples to meet the

desired statistical constraints. It incorporates the mean incidence of

escalation to INV or NIV of 5.45%, as reported by Jones.13 Any

reduction in this INV or NIV incidence was deemed clinically

significant.

2.8 | Study analytical methods

Following data collection, the researchers must review the eCRFs for

data discrepancies. Any discrepancies must be resolved in REDCap

F IGURE 2 Triggers for escalation of care
in the emergency department
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before data exportation to IBM SPSS (Statistics for Windows, Version

27.0) for statistical analysis.

The researchers shall perform two‐phased analyzes of the study

data. Phase one shall involve a descriptive analysis of the data. This

description shall include a narrative overview and analysis using

central tendency and percentage measures. Normally distributed

continuous data shall be described with means and standard

deviations, and nonnormally distributed continuous data shall be

described with medians and interquartile ranges. In addition, both

categorical and dichotomous data will be reported as frequencies and

percentages.

Completion of inferential analysis of data shall occur in the

second phase. The inferential analysis plan was developed for each

data type (categorical, continuous, and dichotomous).33 The inferen-

tial study analysis will be completed using IBM SPSS software

(Statistics for Windows, Version 27.0).

2.8.1 | Study statistical methods

Selecting the most appropriate statistical test to analyze study data is

vital.35 Therefore, the researchers consulted with a statistician when

developing this study protocol. The statistical significance for all

inferential analyzes shall use a two‐sided α with p‐values fixed at

a ≤0.05 level of significance and CI set at 95%. Also, the Bonferroni

method shall adjust the overall significance level for the three

secondary outcomes.36

The inferential analysis methods shall include analysis of variance

(ANOVA), regression modeling, and determination of treatment

effects. First, the one‐way ANOVA shall compare primary outcome

data for escalation between the four RS therapies.

Then regression modeling will estimate the relationships

between the dependent and selected independent variables. Finally,

the dependent variable for the logistic regression modeling shall be a

requirement for escalation while in the ED, and the covariates, such

as age, shall be the independent variables.

The dichotomous and categorical outcome data analysis shall be

done with logistic regression. In addition, continuous data (such as ED

length of stay) shall be analyzed using linear regression. These

analyzes shall test the suitability and fitness of the models.

If available, survival using the time‐to‐event data (i.e., mortality)

shall be analyzed using the Cox proportional hazards regression

model. Finally, two treatment effects, Odds Ratio and Number

Needed to Treat, shall be reported for the primary outcome. These

treatment effects may describe the respective causal effect of the RS

therapies.

3 | DISCUSSION

Providing high‐quality ED care is essential to lowering the global

health burden and better safeguarding public health in emergencies

and epidemics. For example, the global COVID‐19 pandemic drove a

significant influx of seriously ill patients to the ED, quickly over-

whelming them. NIV RS has been commonplace during the pandemic

because of the scarcity of ventilators, the high mortality of intubated

patients, and the high infection risk among healthcare professionals

involved in intubation. In addition to the unique physiological effects

of NHF, individuals with COVID‐19 could comfortably receive high

fractions of humidified FiO2.
17 However, the evidence reporting on

the use of NHF in ED patients is still yet to fully emerge. Of note,

there are particular methodological and practical difficulties when

doing research in the ED setting. Therefore, as a first step, research

priorities for ED research must be established using epidemiological

studies such as this.

4 | CONCLUSION

This is a description of a protocol for a prospective multicenter

observational PPS. This study is to be conducted in four New Zealand

EDs. The protocol has been confirmed, the trial registered, and

ethical approval obtained. The study and its reporting reflect shall the

guidance and the standards as described by STROBE and ICH.25,27

The delivery of RS may improve patient outcomes in the ED. This

observational research may contribute to the evidence required to

help better those who need it and those who provide RS in this

setting.

All authors have read and approved the final version of the

manuscript. Jane O'Donnell has full access to this proposed study's

data. She takes complete responsibility for the data's integrity and

the data analysis's accuracy. The data contributing to the final study's

findings may be available from Jane O'Donnell following reasonable

request.
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