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Abstract

Background High-flow nasal cannula has been a promising initial respiratory support measure for patients with
acute hypoxemic respiratory failure (AHRF) in the emergency department (ED). However, delayed detection of HFNC
failure is associated with increased mortality. The ROX index is a tool that can help predict HFNC success. Nonetheless,
its utility in ED patients is limited, and no studies have compared it with the HACOR scale, another tool that may be as
accurate in predicting HFNC failure. Therefore, we aimed to compare the prognostic utility of the ROX index and the
HACOR scale in emergency AHRF patients.

Methods This prospective observational study was conducted at the ED of Siriraj Hospital, Thailand, between August
2018 and February 2020. Adult patients with AHRF requiring HFNC in the ED were included. The ROX index and the
HACOR scale were measured at 1, 2, and 6 h after HFNC initiation. The primary outcome was HFNC success, defined as
no intolerance or escalation towards mechanical ventilation or non-invasive ventilation within 48 h.

Results A total of 75 patients were enrolled; 52 (69.3%) had a successful treatment. The ROX index was higher in the
success group, while the HACOR scale was lower at all timepoints. The ROX index yielded generally higher discrimi-
nation capacity based on the area under the receiver operating characteristic curve (AUROC) than the HACOR scale
[AUROC at 1, 2,and 6 h=0.815, 0.784, 0.853 for ROX in predicting HFNC success and 0.733, 0.690, and 0.764 for
HACOR in predicting HFNC failure]. The ROX index measured at 6 h at the cut-point of 4.88 had 92.98% sensitivity,
61.11% specificity, 88.33% positive predictive value, and 73.33% negative predictive value with a diagnostic accuracy
of 85.33%.

Conclusion The ROX index had superior prognostic utility in predicting HFNC outcome (success/failure) compared
to the HACOR scale in patients with AHRF in the ED setting. Moreover, it is less complex and more efficient to be
employed at bedside. Therefore, the ROX index is a more appropriate tool to guide further management and poten-
tial escalation therapy for AHRF patients with HFNC therapy initiated in the ED.
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Background
Acute hypoxemic respiratory failure (AHRF) is a com-
mon and life-threatening presenting symptom to the
emergency department (ED) [1]. Oxygen therapy is one
of the most important initial treatment for AHRF [2].
It can be delivered via conventional technique through
standard nasal cannula or facemask. However, such
conventional oxygen delivering methods have several
limitations including flow limitation, a varying fraction
of inspired oxygen (FiO2), and insufficient heating and
humidification [3, 4]. High-flow nasal cannula (HENC)
therapy is a novel device that can deliver the flow rate up
to 60 L/min in adults and 100% heated and humidified
oxygen via a large-bore nasal cannula [3, 4]. It has been
proven to effectively improve oxygenation, decrease work
of breathing, and lower the rate of escalation to invasive
ventilation for patients with AHRF [5-7]. The efficacy of
HENC has also been demonstrated in the ED settings [8—
10]. However, HENC therapy needs to be used with cau-
tion, especially in critically ill patients, because delayed
intubation in patients with failed HENC treatment may
increase mortality [11, 12]. Therefore, identifying fac-
tors and developing indices or scales that can predict
the success or failure of HFNC are essential to reduce
such delayed intubation and possibly prevent mortal-
ity. Although previous studies have demonstrated that
severity scores in critically ill patients, such as sequential
organ assessment (SOFA), simplified acute physiology II
(SAP II), and acute physiology and chronic health evalu-
ation II (APACHE II) score, were significant predictors
of HENC failure [13-16], these scores are complex and
inconvenient to be employed as a bedside tool in the ED.
The ROX (Respiratory rate OXygenation) index, a ratio
of oxygen saturation (SpO,)/FiO, to respiratory rate, has
been a known strong predictor of HFNC success [17, 18].
However, although it has been externally validated in
many settings, most studies were still based in the inten-
sive care units (ICU), with limited studies validating the
utility of the ROX index in the ED, where patient char-
acteristics and acuity may differ. On the other hand, the
HACOR scale comprising of Heart rate, Acidosis, Con-
sciousness (defined by the Glasgow Coma Scale [GCS]
score), Oxygenation, and Respiratory rate (HACOR) is a
score initially developed as a tool to predict non-invasive
ventilation (NIV) failure [19]. Because NIV and HFNC
both aim to prevent invasive ventilation, some studies
have validated the HACOR scale for predicting HFNC
failure, with most results showing favorable discrimi-
nation indices [20-22]. However, all studies were per-
formed in the ICU, and only one study directly compared
the two potential predictors [22]. Nonetheless, the study
was conducted in a different patient population and set-
ting, so their results may not be applicable to ED AHRF

(2023) 16:3

Page 2 of 11

patients. We hypothesized that the HACOR scale might
also have similar or superior prognostic utility for ED
AHREF patients as the ROX index. Therefore, this study
was conducted to assess the utility of the ROX index
compared to the HACOR scale in predicting the success
and failure of HFNC in AHREF patients in the ED.

Materials and methods

Study design and setting

This prospective observational study was conducted
between August 12, 2018, and February 23, 2020, at the
ED of Siriraj Hospital, the largest tertiary university hos-
pital in Bangkok, Thailand, with over 2200 inpatient beds.
The ED accommodates over 18,000 annual high-acuity
visits triaged as level 1 or 2 based on the Emergency
Severity Index (ESI) criteria [23]. The study was approved
by Siriraj Institutional Review Board (certificate no.
224/2018). Written informed consent was obtained from
all participants or their next of kin by the study investiga-
tors prior to the study inclusion. Standard treatment with
NIV or HENC was given to those who declined to par-
ticipate at the attending physician’s discretion.

Participants

Adult patients over 18 years of age diagnosed with
AHRF and determined by the attending ED physicians
to require supportive oxygen therapy via HFNC were
included. AHRF requiring HENC was determined when
all of the following criteria were met; a respiratory rate
of more than 24 breaths/min, the presence of accessory
muscle use, room air SpO, of equal to or less than 90%,
and the need for oxygen supplement via face mask>9
L/min to maintain SpO,>92% [24-26]. Exclusion cri-
teria were immediate cardiac or respiratory arrest or
respiratory failure (respiratory rate>35 breaths/min or
SpO,<90% despite oxygen supplement via facemask>9
L/min) requiring immediate mechanical ventilation,
GCS <12, hemodynamic instability (systolic blood pres-
sure<90 mmHg or mean arterial pressure<65 mmHg),
severe respiratory acidosis (pH <7.3 and arterial pressure
of carbon dioxide >50 mmHg) or suspected hypercapnic
respiratory failure, pneumothorax, and do-not-intubate
status.

Study process and data collection

Patients visiting the ED with AHRF were consecutively
assessed for eligibility. After ED arrival, eligible patients
first received oxygen supplement via conventional tech-
nique and standard medical treatment as considered
appropriate by the attending ED physician. They were
then re-evaluated at 10 min and recruited if they were
still eligible and did not meet any exclusion criteria.
After informed consent was obtained, HENC (AIRVO®2;
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Fisher & Paykel, Auckland, New Zealand) was applied
at an initial flow rate of 30 L/min and FiO, of 0.5. The
flow could be adjusted up to 60 L/min as tolerated by
the participants with FiO, adjusted to maintain SpO,
of more than 94%. HFNC was terminated, and respira-
tory support was escalated to either NIV or mechanical
ventilation if one of the following termination criteria,
adopted from the British Thoracic Society’s guideline
[27], was met; worsening dyspnea or hypoxemia (respira-
tory rate>40 breaths/min or SpO,<90% despite maxi-
mum FiO,), worsening hypercapnia (increased PaCO,
or pH<7.30 despite maximum standard medical care),
deterioration of consciousness (GCS<12 or decrease >2
from baseline), severe hemodynamic instability (norepi-
nephrine >0.1 pg/kg/min or dopamine > 20 mcg/kg/min),
and at the physician’s discretion. Other treatment was
given as appropriate under the discretion of the treating
physician.

Demographic data, including age, sex, and underly-
ing diseases, were recorded. Respiratory and physiologic
parameters (respiratory rate, signs of respiratory distress,
pulse rate, blood pressure, SpO,, and GCS) and arterial
gas results were recorded at initial ED presentation, O, 1,
2, and 6 h after the initiation of HFNC. Participants’ diag-
noses, management, and outcomes were also recorded.

Study parameters and outcomes
At 1, 2, and 6 h after HFNC initiation, two parameters
were assessed for their utility in predicting HFNC suc-
cess: the ROX index and SpO,/FiO, (SF) ratio. The ROX
index was calculated from the ratio of SF to respiratory
rate [17]. At the same timepoints, two parameters were
evaluated for their predictive ability of HENC failure: res-
piratory rate and the HACOR scale. The HACOR scale
(0—25 points) consists of five components with weighted
score points [19]. The components are pulse rate (0—1
point), pH (0—4 points), GCS (0-10 points), PaO,/FiO,
(0-6 points), and respiratory rate (0—4 points).
Successful HENC was defined as no intolerance requir-
ing equipment removal and no escalation to invasive or
non-invasive ventilation within 48 h after HFNC applica-
tion. The primary aim of the study was to assess the pre-
dictive accuracy of the ROX index and the HACOR scale
in predicting HFNC success and failure, respectively. In
addition, the components of the ROX index, namely SF
ratio and respiratory rate, were also individually evalu-
ated for their prognostic utility. This was performed to
explore the components contributing the most to the
prognostic utility of the ROX index. Moreover, we also
explored the potential prognostic utility of pulse rate as
an exploratory analysis since it is also one of the compo-
nents of the HACOR scale, which is a known strong pre-
dictor of HFNC failure [28, 29].
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Statistical analyses

The initial sample size was calculated based on an
expected sensitivity and specificity of 70% and 72%,
respectively, for the ROX index at the recommended
cut-point of 4.88 in predicting successful HFNC [17].
We estimated that the ROX index would have 70+9%
accuracy in determining HENC success; thus, a sample
size of 100 participants was required. As for the HACOR
scale, we estimated that the sample size required would
be equal to or lower than those for the ROX index, as we
hypothesized that the HACOR scale would yield similar
accuracy with a slightly higher standard error than that of
the ROX index. However, we had to discontinue the trial
prematurely because of the COVID-19 outbreak causing
resource limitations after 75 participants were recruited.

Descriptive statistics were employed to present patient
demographics, physiologic variables, and outcomes.
These characteristics were compared between HFNC
success and failure groups using the independent ¢-test
or the Mann—Whitney U test for normally distributed
and non-normally distributed continuous data, respec-
tively, and the chi-squared or Fisher’s exact test for
categorical data. The accuracy of the parameters in pre-
dicting the success or failure of HFNC was analyzed by
using the receiver operating characteristic (ROC) curves
and the area under the curves (AUROC) and its 95% con-
fidence interval (CI). We further explored the AUROC
for the subgroup with and without pneumonia as an
exploratory analysis. Sensitivity, specificity, positive and
negative predictive value (PPV and NPV), positive and
negative likelihood ratios (LR+and LR —), and accuracy
of the ROX index at the recommended cut-point (4.88)
and the optimal cut-point from the data (the point from
which the highest sensitivity and specificity were derived)
were analyzed and presented. Moreover, we performed
the log-rank test of the survival function contrasting the
ROX index at the cut-point of 4.88 at all timepoints with
HENC failure as the outcome. We also performed univar-
iate and multivariate logistic regression analyses to iden-
tify independent predictors of HFNC success. Age, sex,
and underlying respiratory diseases were determined a
priori as potential associating variables with HFNC suc-
cess to be adjusted for in the multivariate logistic regres-
sion models. Only one parameter value at one timepoint
was evaluated in each multivariate regression model to
avoid multicollinearity.

A p-value of less than 0.05 was considered statistically
significant. All statistical analyses were performed using
SPSS 18 (SPSS Inc., Chicago, Illinois) except for sensi-
tivity and specificity, LR+, LR —, NPV, PPV, and accu-
racy, which were calculated using MedCalc for Windows
version 19 (MedCalc statistical software, Mariakerke,
Belgium).
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Results

Between August 12, 2018, and February 23, 2020, a total
of 587 patients visited the ED with AHRF. Of these,
258 did not require HFNC, 112 required immediate
mechanical ventilation, 73 had do-not-intubate status,
68 had depressed GCS, 32 had either severe acidosis or
suspected hypercapnic respiratory failure, and 17 had
unstable hemodynamic status. Consequently, a total of
75 patients received HFNC and were included (Fig. 1).
Their characteristics are shown in Table 1. Of all
included patients, 26 were male (34.5%), and their mean
age was 69.12+17.69 years. Twenty-three patients
(30.7%) had met at least one criteria of HFNC failure,
while 52 (69.3%) were successfully treated with HFNC.
Baseline demographics and physiologic variables were
similar between those with HFNC success and fail-
ure status except for higher initial pulse rate and res-
piratory rate in the failure group (p=0.003 and 0.026,
respectively). Primary diagnoses were similar despite a
trend of higher pneumonia rate in the failure group and
a higher proportion of cardiogenic pulmonary edema
patients in the success group. Hospital length of stay
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and mortality rate was significantly higher in the failure
group (p=0.047 and 0.001, respectively).

All the four potential predictors of HFNC outcome
were mostly different compared between the success
and the failure groups at all timepoints. The ROX index
was generally increasing over time and was significantly
lower in the failure than the success group at all time-
points (Table 2). On the other hand, the HACOR scale
decreased over time and was significantly higher in the
failure groups (Table 2). SF ratio changed and differed
between the groups in the same pattern as the ROX
index, while respiratory rate followed the pattern of the
HACOR scale. Nonetheless, the between-group differ-
ences were more prominent at later timepoints for these
two parameters, as opposed to the HACOR scale, whose
difference was most notable on the first assessment
(Table 2).

The ROC curves of all parameters are shown in Fig. 2.
The ROX index is the best predictor of HFNC outcome
with the highest discriminating capacity for HENC suc-
cess based on AUROC (AUROC 0.815, 0.784, 0.853
at 1, 2, and 6 h, respectively) (Table 3). In contrast, the
HACOR scale showed an even lower discriminating

(n=587)

Patients with AHRF visiting the ED between
August 12, 2018 and February 23, 2020

Identification

Excluded (n=512);
e Did not require HFNC (n=258)
e Required mechanical ventilation (n=112)
e Do-not-intubate status (n=73)

v

v

e Depressed consciousness (n=68)

e Severe acidosis or hypercapnic
respiratory failure suspected (n=32)

e Unstable hemodynamic status (n=17)

Received HFNC and included in the study
(n=75)
(n=75)

Fig. 1 Study flow. AHRF, acute hypoxemic respiratory failure; ED, Emergency Department; HFNC, high-flow nasal cannula
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Table 1 Patient characteristics by high-flow nasal cannula success status
Success (n=52) Failure (n=23) p-value

Male sex 17 (32.7) 9(39.1) 0.589
Age, years 696+174 6804186 0.718
Underlying diseases

Respiratory disease 43 (82.7) 17 (73.9) 0.273

Cardiovascular disease 36 (69.2) 18 (78.3) 0422

Diabetes mellitus 28 (53.8) 12(52.2) 0.894

Hypertension 14 (26.9) 12 (52.2) 0.034

Chronic kidney disease 40 (76.9) 19 (82.6) 0.579
Initial vital signs

Systolic blood pressure 148.0+26.1 139.7+£304 0.233

Diastolic blood pressure 756+152 775+£180 0.634

Pulse rate 9524214 110.7£182 0.003

Respiratory rate 31.7£46 346+£6.0 0.026

Pulse oximetry 85.0+6.2 869459 0.199
Glasgow Coma scale score (median, IQR) 15,0 15,0 0.582
Initial arterial gas

pH 743+£0.10 7424003 0.735

Arterial pressure of oxygen 87.0£32.27 85.67 £34.79 0.940

Arterial pressure of carbon dioxide 32.81+8.26 3240+£6.31 0911
HFNC settings

Flow (L/min) 36.06+7.63 39.13+835 0.122

Fraction of inspired oxygen 0.65+0.14 0.64+0.13 0.862
HFNC treatment duration, hour (median, IQR) 19.77,54.27 10.0, 26.84 0.017
Diagnosis

Pneumonia 17 (32.7) 13 (56.5) 0.076

Cardiogenic pulmonary edema 24 (46.2) 521.7) 0.063

Others 1121.1) 5(21.7) 0.503
Type of HENC failure

Endotracheal intubation NA 16 (69.6) NA

Non-invasive ventilation NA 4(174) NA

Intolerance NA 3(13.0) NA
Co-treatment

Diuretics 32(61.5) 5(21.7) 0.001

Antibiotics 34 (65.4) 20 (87.0) 0.055

Bronchodilators 15(28.8) 11(47.8) 0.111
Mortality rate 3(5.8) 7 (30.4) 0.001
ED length of stay, hour 14.50,13.04 11.93,12.20 0.075
Hospital length of stay, day 891,12.87 15.59,24.97 0.047

Data are presented as frequency (percentage), mean + standard deviation or median, interquartile range (IQR) as appropriate

Abbreviations: HFNC High-flow nasal cannula, ED Emergency department

ability to differentiate HFNC failure than respiratory
rate with lower AUROC at all three timepoints (AUROC
0.733, 0.690, 0.702 at 1, 2, and 6 h, respectively). Also,
the ROX index yielded the highest discriminating capac-
ity than the other parameters in both the subgroup with
and without pneumonia (Table S1). Moreover, the ROX
index was a better predictor of HFNC success than the
HACOR scale based on the logistic regression analyses.

The ROX indices at all three timepoints were significant
and independent predictors of HFNC success in all uni-
variate and multivariate logistic regression models. In
contrast, the HACOR scale failed to yield statistically
significant associations with the outcome in some mod-
els, also with a generally lower strength of association
in all models (Table 4). As for pulse rate, although it was
generally higher in the failure group at all timepoints,
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Table 2 Descriptive statistics of potential predictors of success and failure of high-flow nasal cannula

Time (h) Patients remaining Success Patients remaining Failure p-value

on HFNC on HFNC

ROX index 1 52 6.99+2.14 23 566+£2.18 0.024

2 52 7694240 21 6.17+£237 0.021

6 47 8.28£2.66 17 6.68 £ 3.00 0.046
HACOR scale 1 52 261+£223 23 4.50£2.77 0.015

2 52 221£223 21 4114287 0.017

6 47 1.78£1.90 17 3671284 0.047
Respiratory rate (breaths/min) 1 52 26.10+4.69 23 30.13+£5.90 0.022

2 52 25.15£393 21 29.18£5.88 0.006

6 47 2542+£336 17 29.41£5.60 0.001
SpO,/FiO, ratio 1 52 179.12+£45.02 23 155.03+£43.56 0.052

2 52 191.31+£51.19 21 161.03+43.87 0.020

6 47 210.114£55.96 17 157.87£38.34 0.001
Pulse rate (beats/min) 1 52 90.51£19.44 23 101.78 +£19.80 0.036

2 52 90.30£19.99 21 101.29+23.04 0.059

6 47 88.98+£18.46 17 109.17 £22.54 0.002

Abbreviations: SpO, Pulse oximetry, FiO, Fraction of inspired oxygen
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Fig. 2 Receiver operating characteristic curves of potential predictors of high-flow nasal cannula success (A) and failure (B) at different timepoints.

SF, pulse oximetry/fraction of inspired oxygen ratio; RR, respiratory rate

its association with HFNC success was not as strong as
those of respiratory rate and the ROX index (Tables 2
and 4).

We further evaluated the diagnostic accuracy indices
of the ROX index, the best predictive parameter, based
on the recommended cut-point of 4.88 and the optimal
cut-point from our data of 4.75. The results are shown

in Table 5. The highest sensitivity (94.23%) and NPV
(76.92%) were achieved with the ROX index >4.75 meas-
ured at 2 h, while the highest specificity (61.11%) and
PPV (88.33%) were seen when analyzing the 6-h ROX
index at either cut-points. Similarly, the ROX index at
6 h had the highest accuracy in predicting HFNC suc-
cess. Additionally, patients with the ROX index of less
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Table 3 Area under the receiver operating characteristic curve
(AUROC) of the parameters at 1, 2, and 6 h in predicting high-
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flow nasal cannula success or failure

Parameter

AUROC p-value

95% confidence interval

Lower bound Upper bound

Prediction of HFNC success

ROXat1h 0.815 <0.001 0690 0.940
ROX at2 h 0.784 <0.001 0629 0.939
ROXat6h 0.853 <0.001 0.756 0.950
SFat1h 0.708 0.004 0.565 0.850
SFat2h 0.662 0.049 0.500 0.824
SFat6h 0.764 <0.001 0638 0.889
Prediction of HFNC failure
HACORat1h 0733 0.003 0578 0.887
HACORat2h 0.690 0.036 0512 0.868
HACORat6h 0.702 0.032 0517 0.886
RRat1h 0.773 <0.001 0630 0915
RRat2h 0.754 0.001 0.599 0.908
RRat6h 0.842 <0.001 0722 0.963

Abbreviations: HFNC High-flow nasal cannula, SF Pulse oximetry/fraction of
inspired oxygen ratio, RR Respiratory rate
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than 4.88 had significantly lower survival function for
HENC failure based on the log-rank test compared to
those with higher ROX at all three timepoints (log-rank
p-value=0.001,<0.001, and<0.0001 at 1, 2, and 6 h,
respectively; Fig. 3).

Discussion
To the best of our knowledge, this study was the first
to directly compare the prognostic utility of the ROX
index and the HACOR scale for undifferentiated AHRF
in the ED setting. It was found that the ROX index was
the best predictor of HENC outcome since it could yield
the highest discriminating ability for HENC success.
The index performed better once evaluated at 6 h post-
HENC application with the highest AUROC and most
diagnostic indices higher than those measured at 1 or 2 h.
In contrast, the HACOR scale was not a good predictor
of HENC failure, with the lowest discriminating ability
compared to the other parameters.

HENC has been increasingly used as the initial respira-
tory and oxygenation support measure in the ED. It has
been shown to provide many physiologic benefits and

Table 4 Univariate and multivariate analyses of potential factors predicting high-flow nasal cannula success

Variable Univariate OR (95% Cl; p-value) Multivariate OR (95% Cl; p-value)
ROXat1h 1.05-1.87; p=0.020) 1.49 (1.09-2.05; p=0.014)
ROX at2h 1.07-1.79;p=0.013) 143 (1.09-1.89; p=0.010)
ROX at6h 001-1.61; p=0.049) 1.34 (1.02-1.76; p =0.036)
HACORat 1 h 0.81 (0.66-0.99; p=0.043) 0.77 (0.62-0.96; p=0.021)
HACOR at 2 h 0.83 (0.68-1.01; p=0.066 0.81 (0.66-0.99; p =0.046)
HACOR at 6 h 0.83 (0.65-1.06; p=0.132 0.79 1.03; p=0.083)

Respiratory rateat 1 h
Respiratory rate at 2 h
Respiratory rate at 6 h
Pulserateat 1 h
Pulse rate at 2 h
Pulse rate at6 h

0.81(0.71-0.93; p=0.002
0.74 (0.62-0.89; p=0.001)
0.97 (0.94-0.99; p=0.042)
0.98 (0.95-1.00; p=0.064)

)

41 (
(
7(1
(
( )
( )
0.84(0.75-0.91; p=0.002)
( )
(
(
(
0.95 (0.91-0.98; p=0.005

0.80 (0.68-0.93; p=0.004)
0.74 (0.60-091; p=0.004)
0.97 (0.95-1.00; p=0.075)
0.98 (0.95-1.01; p=0.100

(

(

(

(

(

06

0.84 (o 75-0.95; p=0.004)
(

(

(

(

0.95 (0.92-0.99; p=0.021

)
)

The multivariate logistic regression models adjusted for age, sex, and underlying respiratory tract disease. Each multivariate model only employed one predictive
score at one timepoint to avoid multicollinearity

Abbreviations: OR Odds ratio, C/ Confidence interval

Table 5 Diagnostic indices of the ROX index at the recommended (4.88) and optimal (4.75) cut-points

Time ROX index Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy LR+ LR-
Th >4.88 84.62 4348 77.19 55.56 720 1.50 0.35
>4.75 90.38 4348 7833 66.67 76.0 1.60 0.22
2h >4.88 90.38 4348 7833 66.67 76.0 1.60 0.22
>4.75 94.23 4348 79.03 76.92 7867 1.67 0.13
6h >4.88 92.98 61.11 88.33 7333 85.33 239 0.11
>4.75 92.98 61.11 88.33 7333 85.33 239 0.11

Abbreviations: PPV Positive predictive value, NPV Negative predictive value, LR Likelihood ratio
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Fig. 3 Survival function for high-flow nasal cannula failure of patients with the ROX index lower than 4.88 (blue line) compared to those with the

index equal to or higher than 4.88 (red line) at 1 h (A), 2 h (B), and 6 h (C). The p-value for log rank test comparing survival functions between the
groups at the ROX index cut-point of 4.88=0.001 (A) and <0.001 (B and C)
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may reduce adverse outcomes, such as mechanical ven-
tilation rate [7-9, 30]. However, patients who fail HFNC
treatment may still end up requiring invasive ventila-
tion and a delay in such a process may lead to mortality
[11, 12]. Therefore, appropriate and close observation
with effective and efficient tools is mandatory to prevent
these unfavorable consequences. The ROX index, one of
the most widely validated prognostic indices for HENC,
was proposed for such purpose [17]. It has been proved
as an accurate tool in predicting HFNC success in many
studies, most of which were conducted in patients with
pneumonia in the ICU setting [17, 18], whereas studies
in the ED, whereby patient characteristics may be differ-
ent and the cause of AHRF is usually unknown, are lim-
ited. Consequently, the present study has added to the
current body of evidence that the ROX index is also an
accurate predictor of HENC success in the ED setting.
Its AUROC was even slightly higher than those reported
in some other external validation studies, and it could
also yield favorable and comparable diagnostic accuracy
indices at either of the cut-points studied [17, 18, 22].
The recommended cut-point of 4.88 from the literature
[17] was feasible in our setting with almost as high diag-
nostic accuracy indices as the optimal cut-point from
the data and also with highly significant log-rank tests.
Additionally, we found that its prognostic utility seems
to increase with time of HFNC treatment, similar to the
ROX development study [18], which may have impor-
tant clinical implications if the index measured at ear-
lier timepoints are to be employed for clinical use in the
ED as their lower predictive ability should be kept under
consideration.

As for the HACOR scale, the present study found that
it was the worst predictor of HFNC outcome among all
the parameters studied. Its AUROC was largely smaller
than those of the ROX index at all timepoints. One of the
reasons why the HACOR scale was not a good predictor
of HENC failure was its relatively low weight anchored
towards pulse rate, another known strong predictor of
HEFNC outcomes [28, 29]. However, this result was dis-
cordant with the only study that performed a pairwise
comparison between the two parameters [22]. Despite
similar AUROC of the HACOR scale between the pre-
sent study and that previous study by Valencia et al. [22],
they reported comparable discriminating capacity of the
two parameters while we found the ROX index to be
highly superior. This discordance could have most likely
been due to different study population since they only
enrolled patients with acute respiratory failure due to
COVID-19 pneumonia in the ICU [22]. Another study by
Magdy et al. [20] also evaluated the utility of the HACOR
scale in predicting HFNC failure in the ICU and found
that the HACOR scale could yield very high AUROC and
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diagnostic indices, contrary to our findings. The differ-
ence could have also been due to different study popu-
lation. Most of the patients included in their study had
pneumonia, while a largely higher proportion of our
participants had cardiogenic pulmonary edema. In fact,
in our subgroup analysis, we found that the AUROC of
the ROX and the HACOR scale were more comparable
in the pneumonia subgroup, which was concordant with
those previous studies conducted in a similar patient
population. Regardless, it would be interesting to explore
the prognostic utility of these parameters in popula-
tions other than pneumonia patients, such as those with
cardiogenic pulmonary edema, the most common sec-
ond leading cause of AHRF [31]. Also, further studies
should focus more on the potential benefit of HFNC in
this population since we found a trend towards higher
HENC success in patients with AHRF than in those with
pneumonia.

From the present study, it is appropriate to conclude
that the ROX index is superior to the HACOR scale in
predicting HFNC outcomes for undifferentiated AHRF
in the ED setting not only because of the overall statisti-
cal indices but also due to the fact that the ROX index is
easier to calculate at bedside and does not require arte-
rial gas analysis, thereby being more efficient to use in the
ED.

The present study also had limitations. First, it was a
single-center study, possibly limiting the generalizability
of the study results. Second, the sample size was smaller
than intended since the study had to be discontinued due
to the first COVID-19 outbreak, causing most analyses to
be underpowered. The small sample size resulted in wide
standard errors of the AUROCS, causing the differences
to be most likely non-statistically significant. Despite
such an issue, we could still demonstrate a substantial
difference between the point estimates of the AUROC
of the two main study parameters. Therefore, we can be
quite certain of the relative difference in discrimination
capacity between the two parameters, although the exact
effect estimates may not be accurate due to random error.
Third, despite the studying having a clearly defined ter-
mination and escalation criteria that did not include the
ROX index, there could still have been some physicians
who determined their treatment decisions based on the
ROX index, a known widely used parameter, thus possi-
bly causing a falsely high association and predictive abil-
ity for the ROX index. Fourth, although it would have
been interesting had the parameters been followed longer
than 6 h with the increasing trend of prognostic utility
observed, the relevance of such results to the ED setting
may be limited. Nevertheless, future multicenter studies
with an adequate sample size including patients of vari-
ous etiologies of AHRF should be performed to confirm
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the present study’s results and explore further prognostic
utility of these parameters.

Conclusion

The ROX index was better than the HACOR scale at
predicting HFNC outcome (success/failure) in patients
with AHRF of undifferentiated origin in the ED setting.
It has superior prognostic utility with less complexity
and higher efficiency to be employed at bedside com-
pared to the HACOR scale. Therefore, the ROX index is
a more appropriate tool to guide further management
and potential escalation therapy for AHRF patients with
HENC therapy initiated early in the ED.

Abbreviations

AHRF Acute hypoxemic respiratory failure

ED Emergency department

HFNC High-flow nasal cannula

FiO, Fraction of inspired oxygen

ICU Intensive care unit

SOFA Sequential organ assessment

SAP I Simplified acute physiology Il

APACHE Il Acute physiology and chronic health evaluation Il

ROX Respiratory rate Oxygenation

Sp0O, Oxygen saturation

HACOR Heart rate, acidosis, consciousness, oxygenation, and respiratory
rate

GCS Glasgow Coma Scale

NIV Non-invasive ventilation

ROC Receiver operating characteristic

AUROC Area under the curve of the receiver operator characteristic curves

LR+ Positive likelihood ratio

LR- Negative likelihood ration

NPV Negative predictive value

PPV Positive predictive value
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