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Background: It can be challenging for clinicians to predict which patients with respiratory failure 
secondary to coronavirus disease 2019 (COVID-19) will fail on high-flow nasal cannula (HFNC) ox-
ygen and require escalation of therapy. This study set out to evaluate the association between the 
respiratory rate-oxygenation index (ROX) and HFNC failure in such patients and to assess whether 
ROX trajectory correlates with treatment failure. 
Methods: This was a single-centre, retrospective, observational study of patients with COVID-19 
requiring HFNC, conducted over a 3-month period. ROX was calculated as “pulse-oximetry oxygen 
saturation (SpO2) over the fractional inspired oxygen concentration (FiO2)/respiratory rate” for each 
patient at 2, 4, and 12 hours from starting HFNC. HFNC failure was defined as escalation to con-
tinuous positive airway pressure ventilation or invasive mechanical ventilation (IMV). Time-to-
event analyses were performed to account for the longitudinal data set and time-dependent vari-
ables. 
Results: We included 146 patients. Ninety-three (63.7%) experienced HFNC failure, with 53 
(36.3%) requiring IMV. Higher ROX values were associated with a lower subhazard of HFNC failure 
on time-to-HFNC failure analysis (subhazard ratio, 0.29; 95% confidence interval [CI], 0.18–0.46; 
P<0.001). This remained true after controlling for informative censoring. Median ROX values 
changed differentially over time, increasing in the HFNC success group (0.06 per hour; 95% CI, 
0.05–0.08; P<0.001) but not in the HFNC failure group (0.004 per hour; 95% CI, –0.05 to 0.08; 
P=0.890). 
Conclusions: A higher ROX is associated with a lower risk of HFNC failure. Monitoring ROX trajec-
tory over time may help identify patients at risk of treatment failure. This has potential clinical ap-
plications; however, future prospective studies are required. 
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INTRODUCTION 

Since the emergence of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

in 2019, healthcare facilities worldwide have experienced a marked increase in the num-
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ber of patients presenting with de novo acute hypoxemic 

respiratory failure (AHRF) [1,2]. During the early phase of the 

coronavirus disease 2019 (COVID-19) pandemic there was 

a preference for early endotracheal intubation and invasive 

mechanical ventilation (IMV) [3]; however, over time there 

has been increased use of non-invasive oxygenation strate-

gies [4,5]. 

High-flow nasal cannula (HFNC) is an oxygen delivery sys-

tem that has been widely used in the management of AHRF 

in the pre-COVID-19 era. It is associated with improved 

respiratory physiology and reduced need for IMV [6,7]. The 

effectiveness of HFNC in COVID-19 has been demonstrated 

in multiple studies [8-11]; however, previous data caution 

that use of HFNC may delay inevitable intubations, resulting 

in overall worse patient outcomes [12]. Early identification 

of patients with COVID-19 who are not improving on HFNC 

remains a challenge for clinicians. 

The respiratory rate-oxygenation index (ROX) was devel-

oped and validated by Roca et al. [13] in patients with com-

munity-acquired or hospital-acquired pneumonia. It uses a 

simplified oxygenation index (pulse-oximetry oxygen satura-

tion [SpO2] over the fractional inspired oxygen concentration 

[FiO2]) divided by the respiratory rate to predict HFNC failure 

and the need for IMV [13,14]. 

Several authors have evaluated the use of ROX in patients 

with AHRF secondary to COVID-19, but the findings have 

been extremely variable [11,15-23], likely due to significant 

differences in study settings and patient populations. A sin-

gle meta-analysis found that ROX was effective at predicting 

HFNC failure, however significant unexplained heterogene-

ity was observed [24]. The current literature is also limited by 

the statistical methods used. Most studies to date have uti-

lised area under the curve analyses to identify a cut-off ROX 

value at a chosen time point that best predicts HFNC failure 

or success [16-20,23,25,26]. This approach, however, may be 

misleading, as the included patient population changes over 

time due to failure or censoring. Additionally, a snapshot 

ROX value gives no indication of overall trajectory, which it-

self is informative and affects decision-making. 

We conducted a retrospective observational study to eval-

uate ROX in patients with AHRF secondary to COVID-19 

pneumonitis whilst addressing the above issues. The primary 

aim was to identify whether a lower ROX was associated with 

a higher hazard of HFNC failure. The secondary aim was to 

evaluate whether the trajectory of ROX was associated with 

HFNC failure. 

MATERIALS AND METHODS 

Study Design and Setting 
This was a retrospective cohort study of patients with AHRF 

secondary to COVID-19 who were treated with HFNC at a 

major tertiary referral centre in the United Kingdom, over 

a 3-month period during the delta variant wave of the pan-

demic (December 2020 to March 2021). Institutional Review 

Board assessment (21/03/2021 KCC21032021ETU) waived 

the need for ethics committee review and informed patient 

consent, as this study used solely anonymised and routinely 

measured data. 

At our institution, HFNC can be initiated and managed in 

a critical care unit containing level 2 and level 3 beds, in the 

emergency department or on any ward. Use of HFNC outside 

of a critical care unit is overseen by the critical care outreach 

team, a team of senior critical care doctors and nurses oper-

ating 24 hours a day, 7 days a week. 

Population 
All consecutive patients treated at our centre during the 

study period were screened for inclusion. We included pa-

tients who met all of the following criteria: age above 18 

years, COVID-19 infection, diagnosis of AHRF, and use of 

HFNC for more than 2 hours consecutively. COVID-19 infec-

tion was defined as reverse transcription polymerase chain 

reaction nasopharyngeal swab positivity for SARS-CoV-2 on 

admission or during admission. Patients with both commu-

nity- and nosocomially acquired COVID-19 infections were 

included. AHRF was defined as an SpO2 to FiO2 ratio (S/F 

ratio) of <235. Previous studies in acute respiratory distress 

syndrome provide evidence that S/F ratio correlates with 

ratio of arterial oxygen partial pressure (PaO2) to FiO2 (P/F 

■ A higher respiratory rate-oxygenation index (ROX) is 
associated with a lower risk of high-flow nasal cannula 
(HFNC) oxygen and require escalation of therapy.

■ Patients with a static ROX over time may be at higher risk 
of HFNC failure.

■ The use of ROX may have a clinical application in pre-
venting delays in the escalation of respiratory therapy in 
patients with coronavirus disease 2019 (COVID-19).
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ratio), with a quoted S/F ratio of 235–285 corresponding to a 

P/F ratio of 26.7 kPa (200 mm Hg) [27,28]. 

We excluded patients who received less than 2 hours of 

HFNC, used HFNC as a resting modality between sessions 

of non-invasive continuous positive airway pressure (CPAP) 

ventilation, received HFNC immediately on extubation after 

a period of IMV or had a treatment escalation plan (TEP) 

instituted prior to HFNC initiation that precluded escalation 

to CPAP or to IMV (TEP level 1). IMV was defined as endotra-

cheal intubation and mechanical positive pressure ventila-

tion. All patients received COVID-19 treatments as guided by 

local protocols and multi-disciplinary team decisions. This 

included the co-administration of medications such as dexa-

methasone, other steroids, remdesivir, and tocilizumab. 

Equipment 
The HFNC system used was the Fisher and Paykel Optiflow 

circuit, which makes use of an MR850 respiratory humidifier 

with an MR290 chamber, RT241 heated delivery tubing, and 

an RT033 or RT044 small- or wide-bore nasal cannula (Fisher 

and Paykel Healthcare). The initial flow was set to 60 L/min 

unless a patient was unable to tolerate this, and initial FiO2 

was titrated to a target SpO2 ≥92%. 

Data Collection 
Patient demographics were recorded along with comorbid-

ities broadly divided into four main clinically relevant cate-

gories. At the point of HFNC initiation vital signs, laboratory 

data, and baseline severity scores (Sequential Organ Failure 

Assessment [SOFA] scores and 4C mortality scores [29]) were 

noted. 

We calculated ROX at 2, 4, and 12 hours after starting 

HFNC using the formula (SpO2/FiO2)/respiratory rate. Our 

outcome was HFNC failure, initially defined as one or more 

of the following: escalation to CPAP, escalation to IMV, or 

death due to respiratory failure prior to CPAP or IMV. The de-

cision to escalate to CPAP or IMV was at the discretion of the 

treating critical care clinician, with local protocols available 

for guidance. TEP level 1 (not for CPAP or IMV) established 

after starting HFNC or death due to other reasons were treat-

ed as competing risks. Outcomes were recorded at two, four, 

12, 24, 48, and 96 hours after HFNC initiation. 

As a sensitivity analysis, the whole analysis was repeated 

with a narrower definition of HFNC failure, which included 

only IMV or death due to respiratory failure prior to IMV. This 

was done to exclude the possibility that the results were pre-

dominantly driven by progression to CPAP, which is a signifi-

cantly clinician dependent decision. TEP level 1 or level 2 (for 

CPAP but not for IMV) or death due to any other reason were 

treated as competing risks. 

Statistical Analysis 
Descriptive analyses are presented as median (interquartile 

range [IQR]) or number (%). For the primary aim, we con-

firmed the proportional hazards assumption and conducted 

a semi-parametric Fine and Gray time-to-event analysis [30] 

for HFNC failure, treating ROX as a time-varying covariate 

and accounting for competing risks. The association between 

ROX and HFNC failure was quantified by calculating adjust-

ed subhazard ratios (SHR) with 95% confidence intervals 

(95% CI) and the association was visualised using cumulative 

incidence function curves.  

For the secondary aim, we initially used multilevel 

mixed-effects linear regression to model the trajectory of 

ROX values over time. We subsequently used joint modelling 

of longitudinal and time-to-event data in order to incorporate 

ROX trajectory with time-to-HFNC failure while accounting 

for ROX measurement error and informative censoring [31]. 

This model combines linear mixed effects modelling of ROX 

with a parametric model for time-to-HFNC failure analysis 

and has been used previously in joint modelling of biomark-

er levels and the time to an event [32]. 

Covariate inclusion, selection of a functional form, and 

model selection followed a structured approach based on 

likelihood ratio tests and the Akaike Information Criterion. 

Statistical tests were 2-sided, with an α-level of 0.05 for sta-

tistical significance. We did not impute any missing data. 

Analyses were performed using Stata/MP ver. 17 (StataCorp.). 

Details regarding the statistical approach are provided in the 

Appendix. 

RESULTS 

During the study period, 176 patients with COVID-19 were 

identified as having received HFNC. Of those, 146 met the 

inclusion criteria and formed our patient cohort (Figure 1). 

Ninety-three patients (63.7%) met the outcome of failing on 

HFNC. Demographics are shown in Table 1. Baseline clini-

cal variables, laboratory data and severity scores are shown 

in Table 2, along with the COVID-19 treatments each group 

received. Patients in the HFNC failure group had a lower S/

F ratio before starting HFNC compared to those in the HFNC 
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Figure 1. Flowchart of the study cohort. AHRF: acute hypoxemic respiratory failure; COVID-19: coronavirus disease 2019; HFNC: high-flow nasal 
cannula; CRAP: continuous positive airway pressure; IMV: invasive mechanical ventilation; TEP: treatment escalation plan.

Table 1. Baseline characteristics of the included patients
Variable All patients (n=146) HFNC success (n=53) HFNC failure (n=93) P-value
Age (yr) 62 (54–70) 59 (48–66) 64 (56–73) 0.016
Female 59 (40.4) 17 (32.1) 42 (45.2) 0.121
Ethnicity 0.351
  Asian/Asian British 13 (8.9) 3 (5.7) 10 (10.8)
  Black/African/Caribbean/Black British 57 (39.0) 24 (45.3) 33 (35.5)
  Mixed/multiple ethnic groups 2 (1.4) 1 (1.9) 1 (1.1)
  Other ethnic groups 20 (13.7) 4 (7.5) 16 (17.2)
  White British/White other 54 (37.0) 21 (39.6) 33 (35.5)
BMI (kg/m2) 0.653
  Healthy (18.5–24.9) 34 (23.3) 10 (18.9) 24 (25.8)
  Overweight (25.0–29.9) 43 (29.5) 18 (34.0) 25 (26.9)
  Obese (30.0–39.9) 49 (33.6) 18 (34.0) 31 (33.3)
  Severe obesity (≥40.0) 14 (9.6) 4 (7.5) 10 (10.8)
  Unknown 6 (4.1) 3 (5.7) 3 (3.2)
Comorbidity
  Respiratory disease 19 (13.0) 3 (5.7) 16 (17.2) 0.046
  Cardiovascular disease 76 (52.1) 26 (49.1) 50 (53.8) 0.584
  Diabetes 48 (32.9) 12 (22.6) 36 (38.7) 0.047
  Chronic kidney disease 14 (9.6) 3 (5.7) 11 (11.8) 0.224
  Current smoker 9 (6.2) 6 (11.3) 3 (3.2) 0.051

Values are presented as median (interquartile range) or number (%).
HFNC: high-flow nasal cannula; BMI: body mass index.

176 Patients with AHRF secondary to 
COVID-19 receiving HFNC

146 Patients meeting
inclusion criteria

53 HFNC success, clinically improved
and weaned off HFNC

93 HFNC failure

24 Subsequently escalated to IMV

61 Escalated to CPAP
3 Died from respiratory

failure prior to CPAP/IMV
29 Directly escalated to IMV

30 Excluded
20 HFNC for <2 hours
  6 HFNC as a resting modality between CPAP sessions
  2 HFNC on extubation after a period of IMV
  2 TEP level 1 prior to starting HFNC
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success group (97.89 [IQR, 94.74–101.05] vs. 100.00 [IQR, 

96.84–146.67], P=0.001) and had a lower baseline median 

ROX. SOFA scores were comparable between groups, but 

patients in the HFNC failure group had a higher median 4C 

mortality score (11 [IQR, 9–13] vs. 9 [IQR, 7–11], P=0.01). 

Most of the cohort started HFNC either in the emergency de-

partment or on the ward. Only four patients had their treat-

ment initiated in a critical care unit; three were in the HFNC 

failure group, and one was in the HFNC success group. 

Table 3 shows patient variables and outcomes after start-

ing HFNC. Of the 93 patients who failed HFNC, 61 (65.6%) 

were escalated to CPAP and 53 (57.0%) underwent IMV, with 

24 (25.8%) escalating in a stepwise manner first to CPAP 

and then to IMV. The total mortality for the cohort was 43 

patients (29.5%). Seven patients were in the HFNC success 

group, and the remaining 36 were in the HFNC failure group 

(P=0.001). Patients who suffered HFNC failure had consis-

tently lower ROX at all time points compared to those in the 

HFNC success group. ROX appeared to improve over time in 

the HFNC success group but remained relatively static in the 

failure group. The median time spent only on HFNC was sig-

nificantly shorter in the HFNC failure group compared to the 

HFNC success group, suggestive of differential or informative 

censoring (15.58 hours [IQR, 7.53–38.07] vs. 115.28 [IQR, 

Table 2. Baseline clinical variables, laboratory data, severity scores, and treatments administered
Variable All patients (n=146) HFNC success (n=53) HFNC failure (n=93) P-value
Clinical variables at HFNC initiation
  SpO2 (%) 93 (90–95) 94 (92–95) 93 (89–95) 0.111
  FiO2 0.95 (0.95–0.95) 0.95 (0.60–0.95) 0.95 (0.95–0.95) 0.002
  Respiratory rate (breaths per minute) 29 (24–35) 29 (24–35) 29 (24–35) 0.993
  S/F ratio 98.95 (94.74–102.11) 100.00 (96.84–146.67) 97.89 (94.74–101.05) 0.001
  ROX 4 (3–4) 4 (3–5) 3 (3-4) 0.043
  Heart rate (beats per minute) 86 (72–98) 87 (74–96) 86 (71–99) 0.792
  Mean arterial pressure (mm Hg) 89 (82–97) 89 (85–95) 88 (80–98) 0.664
  Glasgow coma scale 15 (15–15) 15 (15–15) 15 (15–15) 0.990
Laboratory data at HFNC initiation
  Serum urea (mmol/L) 6.45 (4.90–9.25) 5.90 (4.90–7.90) 6.80 (5.00–10.30) 0.178
  Serum creatinine (μmol/L) 81 (64–105) 81 (69–95) 81 (64–128) 0.484
  Total bilirubin (μmol/L) 9 (6–12) 11 (8–14) 9 (6–12) 0.012
  CRP (mg/L) 106 (57–168) 100 (54–186) 111 (62–157) 0.717
  Total WBC count (×109/L) 9.43 (6.69–12.51) 8.54 (6.52–11.30) 10.20 (6.75–12.96) 0.162
  Platelet count (×109/L) 250 (193–332) 250 (195–309) 248 (191–348) 0.589
Severity score at HFNC initiation
  SOFA score 2 (2–3) 2 (2–3) 2 (2–4) 0.151
  4C mortality score 10 (8–13) 9 (7–11) 11 (9–13) 0.010
Initial HFNC settings
  FiO2 0.70 (0.60–0.85) 0.64 (0.60–0.80) 0.80 (0.60–0.90) 0.003
  Flow rate (L/min) 60 (60–60) 60 (60–60) 60 (60–60) 0.404
Time to starting HFNC
  From symptom onset/time of diagnosis (hr) 242 (170–342) 268 (174–345) 232 (170–336) 0.347
  From admission (hr) 39 (10–97) 31 (14–88) 46 (7–99) 0.763
COVID-19 treatments administered
  Dexamethasone 144 (98.6) 53 (100.0) 91 (97.8) 0.282
  Other steroids 52 (35.6) 16 (30.2) 36 (38.7) 0.296
  Remdesivir 75 (51.4) 27 (50.9) 48 (51.6) 0.549
  Tocilizumab 62 (42.5) 28 (52.8) 34 (36.6) 0.088

Values are presented as median (interquartile range) or number (%).
HFNC: high-flow nasal cannula; SpO2: pulse-oximetry oxygen saturation; FiO2: fractional inspired oxygen concentration; S/F ratio: SpO2 to FiO2 ratio; ROX: 
respiratory rate-oxygenation index; CRP: C-reactive protein; WBC: white blood cell; SOFA: Sequential Organ Failure Assessment; COVID-19: coronavirus disease 
2019.
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Table 3. Response to HFNC therapy
Variable All patients (n=146) HFNC success (n=53) HFNC failure (n=93) P-value
Respiratory variables at 2 hours
  SpO2 (%) 95 (93–96) 95 (94–97) 94 (92–96) 0.010
  FiO2 0.71 (0.60–0.89) 0.64 (0.60–0.75) 0.80 (0.65–0.90) <0.001
  Respiratory rate (breaths per minute) 25 (22–32) 24 (22–29) 25 (23–32) 0.227
  ROX 4.93 (3.94–6.32) 5.68 (4.69–7.22) 4.65 (3.59–5.96) <0.001
Respiratory variables at 4 hours
  SpO2 (%) 95 (93–96) 95 (93–97) 95 (93–96) 0.083
  FiO2 0.79 (0.60–0.86) 0.70 (0.60–0.80) 0.80 (0.65–0.90) 0.001
  Respiratory rate (breaths per minute) 25 (22–28) 24 (22–29) 25 (22–28) 0.386
  ROX 5.05 (4.04–6.27) 5.63 (4.50–6.96) 4.92 (3.81–5.83) 0.010
Respiratory variables at 12 hours
  SpO2 (%) 95 (94–96) 95 (94–97) 94 (92–96) 0.014
  FiO2 0.70 (0.60–0.83) 0.67 (0.60–0.80) 0.73 (0.60–0.88) 0.070
  Respiratory rate (breaths per minute) 25 (22–30) 24 (22–28) 27 (23–30) 0.039
  ROX 5.47 (4.09–6.60) 5.93 (5.00–7.05) 4.90 (3.65–5.80) 0.007
Outcome
  CPAP 61 (41.8) 0 61 (65.6) <0.001
  IMV 53 (36.3) 0 53 (57.0) <0.001
  Time to IMV from starting HFNC (hr) 34 (12–92) NA 34 (12–92) NA
  Time spent just on HFNC (hr) 34.63 (12.50–114.38) 115.28 (68.20–156.73) 15.58 (7.53–38.07) <0.001
  ICU admission 70 (47.9) 7 (13.2) 63 (67.7) <0.001
TEP 0.036
  Full escalation 119 (81.5) 46 (86.8) 73 (78.5)
  Level 1 2 (1.4) 2 (3.8) NA
  Level 2 25 (17.1) 5 (9.4) 20 (21.5)
Deceased 43 (29.5) 7 (13.2) 36 (38.7) 0.001

Values are presented as median (interquartile range) or number (%).
HFNC: high-flow nasal cannula; SpO2: pulse-oximetry oxygen saturation; FiO2: fractional inspired oxygen concentration; ROX: respiratory rate-oxygenation index; 
CPAP: continuous positive airway pressure; IMV: invasive mechanical ventilation; ICU: intensive care unit; TEP: treatment escalation plan; Level 1: not for CPAP or 
IMV; Level 2: for CPAP but not for IMV.

68.20–156.73], P<0.001). 

In the competing risks, semiparametric time-to-HFNC fail-

ure analysis, higher ROX values were associated with a lower 

subhazard of HFNC failure (SHR, 0.29; 95% CI, 0.18–0.46; 

P<0.001). No other included covariates were independently 

associated with a lower subhazard for HFNC failure (Figure 

2). The cumulative incidence function curve for three differ-

ent indicative ROX values is shown in Figure 3. This demon-

strates that a higher ROX at any time point was associated 

with fewer episodes of HFNC failure. The conclusions were 

unchanged when a narrower outcome definition (IMV or 

death due to respiratory failure) was used, and the results of 

the sensitivity analysis are presented in the Supplementary 

Figures 1 and 2. 

In initial exploratory trajectory analyses (Supplementary 

Figures 3 and 4), we confirmed that ROX indeed changed 

over time and led to differential censoring between the two 

groups. In the mixed-effects linear model, median ROX val-

ues increased over time in the HFNC success group (0.06 per 

hour; 95% CI, 0.05–0.08; P<0.001) but not in the group with 

HFNC failure (0.004 per hour; 95% CI, –0.05 to 0.08; P=0.890) 

(Figure 4). This finding was unchanged in the sensitivity 

analysis (Supplementary Figure 5). 

In joint modelling of ROX and time-to-HFNC failure, which 

accounted for informative censoring, ROX increased over 

time (0.09 per hour; 95% CI, 0.06–0.11), and higher values 

were again associated with a lower hazard for HFNC failure 

(HR, 0.33; 95% CI, 0.20–0.54; P<0.001). Further information 

regarding the association between serial ROX values and 

HFNC failure is presented in Supplementary Table 1. 
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Figure 2. Coefficient plot for competing risks semiparametric time-to-high-flow nasal cannula failure analysis. ROX: respiratory rate-oxygenation 
index; ref: reference; BMI: body mass index; Hx: history; CKD: chronic kidney disease.

Figure 3. Cumulative incidence function curve for competing risks 
semiparametric time-to-high-flow nasal cannula (HFNC) failure 
analysis. ROX: respiratory rate-oxygenation index.

Figure 4. Modelled change over time of respiratory rate-oxygenation 
index (ROX) values in patients with and without high-flow nasal 
cannula (HFNC) failure.
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DISCUSSION 

This study provides a novel analysis of the association be-

tween ROX and HFNC failure in patients with AHRF second-

ary to COVID-19. In our cohort of 146 patients, we demon-

strated that a higher ROX is associated with a significantly 

lower risk of HFNC failure at any time point and that ROX 

trajectory is informative. 

A large proportion of our patients (63.0%) met the outcome 

and required escalation of ventilatory support. This figure is 
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higher than in other studies [15,20] but is likely attributable 

to our broad definition of HFNC failure, which included es-

calation to CPAP. Our observation that 36.3% of our total co-

hort required IMV is comparable to the 39.7% [17] and 31.7% 

[22] intubation rates seen in two North American multicentre 

studies of 272 [17] and 1,847 [22] patients with COVID-19 

receiving HFNC. While some authors claim that HFNC is 

non-inferior to non-invasive ventilation [33], we considered 

moving to CPAP as HFNC failure since this implies that the 

treating clinician felt the patient was deteriorating and re-

quired another oxygenation strategy. The mortality observed 

in our study (29.5%) mirrors the 27.7% seen in the large retro-

spective analysis of 1,847 patients by Myers et al. [22]. 

Our finding that a higher ROX is associated with a lower 

risk of HFNC failure is in accordance with existing published 

data [16,17,21,24]. Previous studies have sought to identify a 

single ROX cut-off value at a certain time point that predicts 

HFNC failure or success. This has commonly been attempt-

ed by sequentially calculating ROX for patients in a cohort 

at serial time points [16-20,23,25,26] and then applying area 

under the curve analyses to identify the ROX value giving 

maximal sensitivity and specificity for the outcome. There is, 

however, no consensus on either this specific ROX value or 

the optimal time point. Furthermore, this method overlooks 

several important concepts. Firstly, it neither accounts for 

the interdependence resulting from consecutive measure-

ments in the same patients, nor does it address the longi-

tudinal nature of the generated data. Secondly, the impact 

of time on both ROX and the outcome is largely ignored. As 

we have shown, ROX is a time-dependent variable; its effect 

on the outcome changes over time. Although HFNC failure 

itself is intrinsically important, the time to this event is also 

relevant and should be analysed, as this influences clinical 

decision-making and exposes patients to competing risks. 

The strategy of repeatedly calculating ROX at set time inter-

vals also leads to the comparison of slightly different patient 

populations over time. This is due to the continuous stream 

of patients experiencing the outcome of HFNC failure, expe-

riencing a competing event, or censoring. Censoring due to 

clinical improvement and cessation of HFNC must also be 

recognised as informative, as this corresponds to the select 

cohort of patients with higher and improving ROX. A major 

strength of our study lies in the acknowledgment of all of 

these issues, which we have addressed by using appropriate 

statistical methods, including time-to-event and joint model-

ling analyses, to control for competing risks and informative 

censoring. After taking these into account, higher ROX was 

still associated with less risk of HFNC failure. 

Our results interestingly found that ROX changed differen-

tially over time, with the HFNC success group demonstrat-

ing an increase in median ROX by 0.06 per hour, whereas 

minimal change in ROX was observed in the HFNC failure 

group. This may have important clinical implications. Rather 

than using a single ROX value at a specific time point to pre-

dict HFNC success or failure, as is suggested by the current 

literature [11,15,17,20-24], we provide evidence that the tra-

jectory of ROX may be used to identify the patients at risk of 

needing advanced respiratory support. As ROX can be easily 

calculated at the bedside or incorporated into electronic re-

cords [22], serial measurements can be readily performed to 

track trends. This can highlight patients with relatively static 

sequential ROX values who may be at risk of HFNC failure. 

Using ROX in this manner is far more in line with clinical 

practice, where serial review of an acutely unwell patient 

can provide insight into their disease course. It should be 

noted, however, that as the increment in ROX per hour seen 

in the HFNC success group was small, sufficient time on 

HFNC would be required to allow for a pattern in ROX to be 

observed. This preselects a patient population that is not rap-

idly deteriorating but may be more borderline or have greater 

physiological reserve. It is in such a group wherein a decision 

aid can prove most useful. 

There are several limitations to this study. Most notably, 

the retrospective nature inherently risks introducing selec-

tion bias. Despite the existence of institutional guidance, 

both the selection of patients for HFNC and the decision to 

escalate from HFNC to CPAP or IMV were ultimately at the 

discretion of the treating critical care clinician. It is therefore 

possible that both processes could have been affected by ret-

rospectively unidentifiable factors. Due to high rates of HFNC 

failure, ROX recording was limited to 12 hours, however we 

recognise that more time points could have further improved 

the accuracy of our predictions. Our centre has the ability to 

provide HFNC on any ward, as well as in a critical care unit. 

In our study, the majority of patients had HFNC initiated in 

the emergency department or on the ward due to the high 

number of intubated patients occupying critical care beds 

during the study period. Although the overall physiologic 

principles are extrapolatable, we did not perform subgroup 

analyses, and it is possible that the outcomes may vary de-

pending on the treatment setting. As a result, our conclusions 

may not be generalisable to institutions using HFNC exclu-
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sively in specially designed units or in critical care areas. 

Despite an overall increased global consensus in managing 

COVID-19, it remains a challenge for clinicians to predict 

which patients will fail on HFNC. We have demonstrated 

that a higher ROX at any time point is associated with a lower 

risk of HFNC failure and that monitoring ROX trajectory over 

time may highlight patients at a higher risk of failure. With an 

ongoing high number of COVID-19 cases globally there is a 

need for future prospective studies to investigate ROX trajec-

tory further, as this may have significant clinical application 

in preventing delays in the escalation of respiratory support. 

There is also scope to include the non-COVID-19 population 

in any future work, in order to explore the impact of ROX tra-

jectory in patients with AHRF of any cause. 
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