S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



International Emergency Nursing 57 (2021) 101011

m= >

FI. SEVIER

Contents lists available at ScienceDirect
International Emergency Nursing

journal homepage: www.elsevier.com/locate/aaen

EMERGENCY
URSING

Contemporary issues

How do nurses better predict outcomes for adult COVID-19 patients receiving nasal high flow

therapy in the emergency care setting?

ARTICLE INFO

Keywords
Oxygenation

Nasal High Flow
Emergency Care
Respiratory Support
Respiratory Failure
COVID-19. ROX index

The adoption of nasal high flow therapy (NHF) as a form of respi-
ratory support (RS) has steadily increased, particularly since the emer-
gence of COVID-19. Formally RS of the spontaneously breathing adult
patient was achieved using non-invasive ventilation (NIV) or conven-
tional oxygen therapy (COT)). Today RS includes the option of NHF
therapy. Nasal high flow therapy is used in various clinical settings,
including the busy Emergency Care (EC) where it is regarded as a
feasible RS option. In patients with acute respiratory failure (ARF)
reliable evidence credits NHF use with a possibly lower mortality rate
(HR 2.50 (95% CI, 1.31 to 4.78) non-invasive ventilation versus NHF
(P=0.006)) [2], this evidence has driven changes to patient care [7].
Whereby based on degree of hypoxemia: mild ARF is (200 mm Hg <
Pa0,/FIO, < 300 mm Hg), moderate (100 mm Hg < PaO2/FIO2 < 200
mm Hg), and severe (PaO3/FIO; < 100 mm Hg) [9]. Emergency Care
Nurses are motivated to improve the prediction of outcomes for those
receiving NHF therapy. Nurses in EC appreciate that any delay in care
escalation is associated with an increase in poor outcomes such as
mortality, increased length of hospital stay, and cost [5]. Unstable EC
patients require close monitoring and assessment to ensure timely
escalation and possible intubation, including those receiving NHF
therapy. Additionally, EC nurses should be aware of NHF therapy's po-
tential to mask symptoms such as unstable oxygen saturations, blurring
the diagnostic process.

Nasal high flow (NHF) therapy delivers humidified gas (air and ox-
ygen) to the upper airway via a specialist nasal cannula. A humidifier
(within the NHF system) warms (up to 37 °C) and adds water to the gas
ready for inspiration. This therapy replicates the natural balance of heat
and moisture seen in healthy lungs. The NHF system can deliver hu-
midified gas to adult patients at a flow rate between 10 and 60 litres per
minute and a fraction of inspired oxygen (FiO3) between .21 (21% ox-
ygen) and 1.0 (100 % oxygen). The flow rate and the FiO; level can be
independently adjusted [7].

The benefits of NHF therapy in ARF are attributed to:

https://doi.org/10.1016/j.ienj.2021.101011

e Gas flow rates that a) do prevent the patient from entraining room air
thereby reducing the FiO, available to them and b) reduce airway
dead space by washing out expired CO5 from the upper airway. Both
these factors reduce the patient’s work of breathing.

Delivery of a level of dynamic, positive airway pressure that in-
creases functional residual capacity; this pressure often referred to as
a positive end-expiratory pressure (PEEP) in the NHF therapy
literature

e Airway humidification that is comfortable for the patient and aids

sputum clearance [7].

The most common COVID-19 complication is ARF, secondary to
interstitial pneumonia. This ARF (due to interstitial pneumonia) is pri-
marily characterised by fever, cough, dyspnea, bilateral infiltrates on x-
ray and a 10 % prevalence of hypoxaemia [6]. Patients may present to
the EC with atypical symptoms, such as a moderate increase in respi-
ratory rate and severe hypoxia [10]. These patients can suddenly dete-
riorate with 15 to 30% progressing within one to two days to severe
respiratory failure due to acute respiratory distress syndrome (ARDS)
[11].

Patient care strategies for COVID-19 ARF align with the generic
patient care strategies for ARF. However, this alignment has not yet been
formally established by way of a controlled study. Previously the NHF
therapy benefits such as comfort, improved oxygenation, and decreased
work of breathing have been reported for patients with ARF [7]. It has
been assumed that these benefits may also apply to those with COVID-19
ARF. However, while NHF therapy has been described as beneficial for
COVID-19 patients with mild to moderate ARF, the mortality rate is high
in severe respiratory failure, and NHF therapy should be cautiously used
[11]. Clinicians must be aware that these patients may suddenly dete-
riorate and require urgent escalation of care.

An evidence-based approach to EC nursing is now even more
essential during the COVID-19 pandemic where consequences are high,
and resources constrained. Nurses must navigate the swiftly less
rigorous and ubiquitous evidence alongside evidence which is reliable
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and valid. Any changes to patient care should not rely only on unreliable
evidence sources, e.g. case series, case reports, and anecdotes. An
evidenced-based strategy is required to consider the relative disadvan-
tages and advantages that the RS therapies provide for patients and
healthcare practitioners. For example, non-invasive RS may reduce the
infectious risk to clinicians by avoiding the need for invasive intubation,
a procedure known to be highly infectious. However, all forms of RS
generate aerosols and seemingly any risk of aerosol-based infection is
more influenced by the mechanics of breathing individual rather than
specific therapies applied [3].

An evidence-based approach to nursing care is informed by bedside
physiology and supported by clinically significant outcome data. An
index which uses bedside physiology is the ROX (Respiratory rate-
OXygenation) index. This index also considers the clinically significant
outcome, which is the need to escalate care of patients receiving NHF
therapy.

The ROX index was founded on the premise that sicker patients have
higher oxygen needs and higher respiratory rates. The index involves
three common physiological measurements: FiO,, oxygen saturation via
pulse oximetry (SpO-), and respiratory rate (RR). The ROX index is the
first validated scoring system (SS) used in adults receiving NHF therapy
who have ARF due to pneumonia alone [8].

Post commencing NHF therapy ROX index should be calculated at
three specific time points 2, 6 and 12-hours. The index is validated at
these time points. The ROX index is determined by dividing the SpO5 by
the FiOy and dividing this result by the respiration rate (RR) (SpOy/
FiO2)/RR. If the patient has a normal SpOs of 96% whilst breathing
room air (FiO2 0.21) and a respiratory rate of 18, their ROX index would
be 25.3 (see Table 1). Table 1 also shows the ROX index calculation for a
hypoxaemic patient. This patient has a SpO5 of 90%, with a FiO5 of .80
and a RR of 30, which results in a ROX index of 3.75.

The hypoxaemic patient presented in Table 1 with a ROX score of
3.75, therefore categorises them as requiring consideration for escala-
tion of care. In contrast, those with an index of >4.88 measured after 12
hours of NHF therapy are deemed at a lower risk and suggesting
continuation NHF therapy [8].

Index values < 2.85 at 2 hours, < 3.47 at 6 hours, or < 3.85 at 12
hours of NHF use, suggests that the patient may be failing, and escalating
care should be considered along with more intensive monitoring (see
Table 2).

The ROX index is one of the over 250,000 scoring systems (SS) in use
across all clinical domains. EC nurses regularly use scoring systems to
inform the safety, diagnosis, treatment, and prognosis of their patients,
including those receiving NHF therapy). In addition to informing the
early detection of patient deterioration, the ROX index may also help
determine which EC patients can be discharged safely. Determining who
should be hospitalised is essential when dealing with a rapidly spreading
global COVID-19 pandemic, that has the potential to overwhelm hos-
pital capacity. Quick and easy tools such as the ROX index may support
EC nurses to make these critical clinical decisions.

Since 2016 both the clinical and the research communities have both
adopted the ROX index. Use of the index has been described in differing
patient groups and settings. The index has recently been used to consider
patients' success or failure with COVID-19 related ARF receiving NHF
therapy. In these patients, a ROX index calculated at 6-hours (ROX-6) of
>3.7 (ROX-6 >3.7) predicted patient success on NHF therapy 80% of the
time. Alternatively, a ROX-6 of 2.2 predicted patient failure on NHF
therapy, 74% of the time [1].

Researchers have also piloted modifications to the original index. A
modified index which incorporates heart rate (HR) is known as ROX-HR
was tested by Goh et al. [4]. The ROX-HR index may also be useful for
early prediction of patient outcomes in those with Acute Hypoxic Res-
piratory Failure (AHRF) and those following planned extubation.

The ROX index is simple to calculate and is easily interpreted by EC
nurses in practice in an often-chaotic environment with multiple in-
terruptions. Online ROX index calculators have been developed and are
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Table 1

ROX index explained at 12 h after NHF commencing.
SpO2/FiO2 -~
“RR ROX Index

Healthy Adult Hypoxaemic Adult
Calculated at 12 hours post- Calculated at 12 hours post-NHF
NHF commencing
commencing
96/0.21 90/0.80
= 25. =3.
18 5.3 30 3.75

ROX index is 3.75
Suggests consideration of escaltion of patient
care

ROX index is 25.3
Suggests continuing with NHF

Table 2
thresholds suggesting consideration of patient care required at three time points

ROX value thresholds suggesting consideration of patient care required

Calculated at 2 hours post-NHF commencing <2.85
Calculated at 6 hours post-NHF commencing <3.47
Calculated at 12 hours post-NHF commencing <3.85

now available for clinicians to use https://www.mdcalc.com/rox-in
dex-intubation-hfnc.

In the busy EC environment now inundated with COVD-19 patients,
the ROX index may compliment EC nurses' clinical decision-making
when delivering NHF therapy. Further study is necessary, to demon-
strate that the use of ROX index can improve EC clinical outcomes, and
not only predict them.

Role of the funder/sponsor

The authorship of this manuscript is unfunded. This manuscript is
one a series of publications for inclusion within a PhD thesis—the thesis
being prepared by Jane O’Donnell and supervised by Drs Karen Hoare
and Alison Pirret.

Declaration of Competing Interest
The authors declare that they have no conflict of interest.

Author contributions

Manuscript concept and design: Jane O’Donnell.

Manuscript drafting: Jane O’Donnell; Karen Hoare; Alison Pirret.

Manuscript Critical revision: Jane O’Donnell; Karen Hoare; Alison
Pirret.

References

[1] Calligaro GL, Lalla U, Audley G, Gina P, Miller MG, Mendelson M, Dlamini S,
Wasserman S, Meintjes G, Peter J, Levin D, Dave JA, Ntusi N, Meier S, Little F,
Moodley DL, Louw EH, Nortje A, Parker A, Taljaard JJ, Koegelenberg C. The utility
of high-flow nasal oxygen for severe COVID-19 pneumonia in a resource-
constrained setting: A multi-centre prospective observational study. EClinicalMe-
dicine 2020;28:100570. https://doi.org/10.1016/j.eclinm.2020.100570.

[2] Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, Prat G, Boulain T,

Morawiec E, Cottereau A, Devaquet J, Nseir S, Razazi K, Mira JP, Argaud L,

Chakarian JC, Ricard JD, Wittebole X, Chevalier S, Herbland A, REVA Network.

High-flow oxygen through nasal cannula in acute hypoxemic respiratory failure.

The New Engl J Med 2015;372(23):2185-96. https://doi.org/10.1056/

NEJMoal503326.

Gaeckle NT, Lee J, Park Y, Kreykes G, Evans MD, Hogan Jr CJ. Aerosol generation

from the respiratory tract with various modes of oxygen delivery. Am J Respir Crit

Care Med 2020;202(8):1115-24. https://doi.org/10.1164/rccm.202006-23090C.

[4] Goh KJ, Chai HZ, Ong TH, Sewa DW, Phua GC, Tan QL. Early prediction of high
flow nasal cannula therapy outcomes using a modified ROX index incorporating
heart rate. J Intens Care 2020;8:41. https://doi.org/10.1186/s40560-020-00458-z.

[5] Huang Q, Thind A, Dreyer JF, Zaric GS. The impact of delays to admission from the
emergency department on inpatient outcomes. BMC Emerg Med 2010;10(1):16.
https://doi.org/10.1186/1471-227X-10-16.

[3

=


https://www.mdcalc.com/rox-index-intubation-hfnc
https://www.mdcalc.com/rox-index-intubation-hfnc
https://doi.org/10.1016/j.eclinm.2020.100570
https://doi.org/10.1056/NEJMoa1503326
https://doi.org/10.1056/NEJMoa1503326
https://doi.org/10.1164/rccm.202006-2309OC
https://doi.org/10.1186/s40560-020-00458-z
https://doi.org/10.1186/1471-227X-10-16

J. ODonnell et al.

[6

—

71

[8]

[9]

[10]

Pascarella G, Strumia A, Piliego C, Bruno F, Del Buono R, Costa F, Scarlata S,
Agro FE. COVID-19 diagnosis and management: a comprehensive review. J Intern
Med 2020;288(2):192-206. https://doi.org/10.1111/joim.13091.

Mauri T, Turrini C, Eronia N, Grasselli G, Volta CA, Bellani G, Pesenti A. Physio-
logic effects of high-flow nasal cannula in acute hypoxemic respiratory failure. Am
J Respir Crit Care Med 2017;195(9):1207-15. https://doi.org/10.1164/
rcem.201605-09160C.

Roca O, Caralt B, Messika J, Samper M, Sztrymf B, Hernandez G, Garcia-de-
Acilu M, Frat JP, Masclans JR, Ricard JD. An index combining respiratory rate and
oxygenation to predict outcome of nasal high-flow therapy. Am J Respir Crit Care
Med 2019;199(11):1368-76. https://doi.org/10.1164/rccm.201803-05890C.

The ARDS Definition Task Force*, Force* TADT. Acute respiratory distress syn-
drome: the Berlin definition. JAMA 2012;307(23):2526-33. https://doi.org/
10.1001/jama.2012.5669.

Wu Z, McGoogan JM. Characteristics of and important lessons from the corona-
virus disease 2019 (COVID-19) outbreak in China: summary of a report of 72 314
cases from the Chinese center for disease control and prevention. JAMA 2020;323
(13):1239-42. https://doi.org/10.1001/jama.2020.2648.

International Emergency Nursing 57 (2021) 101011

[11] Xia J, Zhang Y, Ni L, Chen L, Zhou C, Gao C, Wu X, Duan J, Xie J, Guo Q, Zhao J,
Hu Y, Cheng Z, Zhan Q. High-flow nasal oxygen in coronavirus disease 2019 pa-
tients with acute hypoxemic respiratory failure: a multicenter, retrospective cohort
study. Crit Care Med 2020;48(11):e1079-86. https://doi.org/10.1097/
CCM.0000000000004558.

Jane ODonnell , Alison Pirret, Karen Hoare
Massey University, Auckland, New Zealand

" Corresponding author. Private Bag 102904, North Shore, Auckland
0745, SNW Building, Massey University — Albany, Albany Expressway
(SH17), Albany, Auckland 0632, New Zealand.

E-mail addresses: j.f.odonnell@massey.ac.nz (J. ODonnell), A.M.
Pirret@massey.ac.nz (A. Pirret), K.J.Hoare@massey.ac.nz (K. Hoare).



