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Abstract

Background: High-flow nasal cannula (HFNC) therapy is increasingly used in the
management of acute hypoxemic respiratory failure (AHRF). Early identification of
patients likely to fail HFNC is essential to avoid delayed intubation and associated adverse
outcomes. The ROX index has been widely used to predict HFNC success; however, its
predictive accuracy may be influenced by hemodynamic status. The modified ROX
(mROX) index, which incorporates heart rate, has been proposed as a potentially superior
predictor. Aim: To compare the predictive performance of the ROX index and mROX index
in determining HFNC outcomes among adult ICU patients with AHRF. Methods: This
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Consultant, Department of HFNC and subsequently at 1, 2, 4, 6, 8, 10, 12, 18, 24, and 48 hours. HFNC success was
Critical Care Medicine, GG defined as clinical improvement without the need for endotracheal intubation, whereas
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operating characteristic curve (AUROC), along with determination of optimal cut-off
values, sensitivity, specificity, positive predictive value, and negative predictive value.
Results: A total of 92 patients were included, with HFNC success in 67.4% and failure in
. 32.6%. Both ROX and mROX indices were significantly higher in the success group,
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mortality (33.3% vs 12.9%). Conclusion: mROX index demonstrated better predictive
accuracy than the ROX index for determining HFNC outcomes in adult ICU patients with
AHREF. It may serve as a simple bedside tool for early identification of HFNC failure and
timely escalation of respiratory support.
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INTRODUCTION

Acute hypoxemic respiratory failure (AHRF) is a common indication for intensive care unit admission and is frequently
seen in conditions such as pneumonia, sepsis, aspiration, and acute lung injury. It is characterized by impaired oxygenation,
increased work of breathing, and, in severe cases, reduced PaO»/FiO: ratios. The Berlin definition of acute respiratory
distress syndrome classifies hypoxemia severity using the PaO./FiO- ratio, with values <300 mmHg indicating significant
hypoxemia in the appropriate clinical context [1].

HFNC oxygen therapy has emerged as an important non-invasive respiratory support modality for adults with AHRF.
HFNC delivers heated and humidified oxygen at high flow rates, ensures reliable delivery of FiO., reduces anatomical
dead-space rebreathing, provides a low level of positive airway pressure, and decreases the work of breathing [2]. The
FLORALI trial demonstrated that, although HFNC did not significantly reduce intubation rates compared with standard
oxygen therapy or non-invasive ventilation, it was associated with improved 90-day survival in patients with non-
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hypercapnic AHRF [3]. Current evidence-based guidelines also support the use of HFNC over conventional oxygen therapy
and, in selected patients, over non-invasive ventilation for hypoxemic respiratory failure [4].

Despite these benefits, HFNC failure remains clinically significant, as delayed recognition may postpone intubation and
adversely affect patient outcomes. Kang et al. reported that delayed intubation following HFNC failure was associated with
increased mortality, highlighting the importance of early identification of treatment failure and timely escalation of
respiratory support [5]. Consequently, reliable bedside predictors of HFNC outcome are essential in critical care practice.
The respiratory rate—oxygenation (ROX) index was developed as a simple bedside tool to predict HFNC outcomes.
Calculated as the ratio of SpO2/FiO: to respiratory rate, the ROX index incorporates both oxygenation status and respiratory
effort. Roca et al. initially demonstrated that a ROX index >4.88 at 12 hours after HFNC initiation was associated with
HFNC success in patients with pneumonia-related acute respiratory failure [6]. Subsequent studies further validated the
utility of serial ROX measurements at 2, 6, and 12 hours in predicting the need for intubation [7].

However, the conventional ROX index does not account for heart rate, which may reflect physiological stress, sepsis,
shock, respiratory distress, or impending clinical deterioration. To overcome this limitation, a modified ROX (mROX)
index incorporating heart rate has been proposed. Goh et al. evaluated the mROX index, calculated by dividing the ROX
index by heart rate and multiplying by 100, and found it to be a promising predictor of early HFNC failure in patients with
AHREF and post-extubation respiratory support [8].

Although both ROX and mROX indices utilize simple, non-invasive bedside parameters, their predictive performance may
vary depending on patient population, clinical setting, and timing of assessment. Serial monitoring is particularly important,
as patients who respond successfully to HFNC generally demonstrate progressive improvement in oxygenation and
respiratory parameters, whereas those who fail therapy tend to show persistently low or worsening index values. Therefore,
the present prospective observational study was undertaken to compare the predictive accuracy of the ROX and modified
ROX indices in determining HFNC outcomes among adult ICU patients with acute hypoxemic respiratory failure, using
AUROC, optimal cut-off values, sensitivity, specificity, positive predictive value, and negative predictive value at initiation
and at serial time points following HFNC initiation.

Aim
To compare the predictive performance of the ROX index and modified ROX (mROX) index in determining the outcome
of HFNC therapy among adult ICU patients with AHRF.

Objectives

1. To compare the diagnostic performance of the ROX Index and the mROX Index including sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and area under the receiver operating characteristic
(AUROC) curve —in predicting the success or failure of HFNC therapy in adult patients with AHRF.

2. To evaluate the temporal trends of ROX and mROX Index at different time intervals (1 h, 2h,4 h, 6 h, 8 h, 10 h, 12 h,
18 h, 24 h, 48 h) and correlate with patient outcomes.

3. To compare the HFNC therapy outcomes in different clinical subgroups (e.g., age groups, gender, comorbidities,
vasopressor requirement).

METHODS

Study design and setting

This prospective observational cohort study was conducted in the Department of Critical Care Medicine at GG Hospital, a
166-bed tertiary care centre with 22 intensive care unit beds. The study was carried out over a period of 18 months, from
August 2023 to February 2025, following approval from the Institutional Ethics Committee. Written informed consent was
obtained from all patients or their legally authorised representatives prior to enrolment in the study.

Study population

Adult patients admitted to the intensive care unit with acute hypoxemic respiratory failure and initiated on HFNC therapy
as part of routine clinical management were screened for eligibility. Patients meeting the predefined inclusion and exclusion
criteria were consecutively enrolled until the desired sample size was attained.

Eligibility criteria

Patients were eligible for inclusion if they were aged 18 years or older, had acute hypoxemic respiratory failure with a
respiratory rate >25 breaths/min, a PaO./FiO: ratio <300 mmHg, and PaCO. <45 mmHg, with no documented history of
chronic respiratory failure. Eligible patients were initiated on HFNC therapy as part of routine clinical management, and
informed consent was obtained from the patient or a legally authorised representative.
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Patients were excluded if they were younger than 18 years, had hypercapnic respiratory failure (PaCO- >45 mmHg), acute
exacerbation of chronic obstructive pulmonary disease, or obesity hypoventilation syndrome. Additional exclusion criteria
included altered sensorium impairing airway protection (Glasgow Coma Scale score <8), cardiogenic pulmonary edema,
requirement for immediate intubation or non-invasive ventilation at presentation, do-not-intubate or palliative care orders,
pregnancy, epistaxis, recent facial or nasal surgery, and transfer out or discharge within 12 hours of HFNC initiation.

Sample size and sampling

The sample size was calculated using an expected sensitivity of 60% for prediction of HFNC outcome, a precision of 10%
and a 95% confidence level. Using the formula N = Z? x S(1 — S)/d?, the minimum required sample size was 92 patients.
A non-probability consecutive sampling technique was used, and all eligible patients were included until the target sample
size was reached.

HFNC protocol and clinical monitoring

HFNC therapy was initiated following initial stabilisation in the ICU. Treatment was commenced with a minimum flow
rate of 40 L/min, and FiO- was titrated to maintain a target peripheral oxygen saturation of 92-94%. The flow rate was
increased in increments of 5-10 L/min, up to a maximum of 60 L/min, in patients with persistent respiratory distress or
inadequate improvement in oxygenation. Patients were continuously monitored during HFNC therapy until successful
weaning following clinical improvement or deterioration necessitating escalation of respiratory support.

Data collection

Demographic and clinical data were prospectively collected, including age, sex, primary diagnosis, comorbidities,
vasopressor requirement, heart rate, respiratory rate, APACHE II score, ICU length of stay, in-hospital mortality, and
HFNC outcome. The APACHE 11 score was calculated within the first 24 hours of ICU admission. Heart rate, respiratory
rate, SpO:2, and FiO2 were recorded at the time of HFNC initiation and subsequently at 1, 2, 4, 6, 8, 10, 12, 18, 24, and 48
hours, and these parameters were used to calculate the ROX and mROX indices at each respective time point.

Calculation of ROX and mROX indices
The ROX Index was calculated as the ratio of oxygenation to respiratory rate using the formula:
ROX Index = (SpO:/FiO:) / Respiratory Rate

The modified ROX Index incorporated heart rate into the original ROX Index. For numerical reporting, the mROX value
was scaled by a factor of 100 to facilitate bedside interpretation and to maintain consistency with the reported index values:
mROX Index = [(SpO:/FiO:) / (Respiratory Rate x Heart Rate)] x 100
SpO: was recorded from pulse oximetry, FiO. was recorded from the HFNC device at the corresponding time point,

respiratory rate was measured in breaths/min, and heart rate was recorded in beats/min.

Outcome definitions

The primary outcome measure was the outcome of HFNC therapy, categorised as either success or failure. HFNC success
was defined as clinical improvement with HFNC support without the need for escalation to non-invasive or invasive
mechanical ventilation during the observation period. HFNC failure was defined as worsening respiratory status
necessitating escalation of respiratory support and, in the present cohort, was operationally defined as the requirement for
endotracheal intubation and invasive mechanical ventilation. Clinical indicators of failure included worsening hypoxemia,
increasing respiratory rate, increased work of breathing, and altered mental status.

Study outcomes

The primary analysis compared the predictive performance of the ROX and mROX indices for determining HFNC
outcomes at initiation and at predefined serial time points. Diagnostic accuracy was evaluated using the AUROC, optimal
cut-off values, sensitivity, specificity, PPV, and NPV.

Secondary analyses assessed the temporal trends in ROX and mROX values among patients with HFNC success and failure,
and compared demographic characteristics, physiological parameters, and clinical outcomes between the two groups.
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Table 1. Study measurements and assessment schedule

Time point Variables recorded
Initiation HR, RR, SpO:, FiO, ROX, mROX, baseline clinical variables
lh HR, RR, SpO:, FiO., ROX, mROX
2h HR, RR, SpO:, FiO,, ROX, mROX
4h HR, RR, SpO., Fi02, ROX, mROX
6h HR, RR, SpO:, FiO2, ROX, mROX
8h HR, RR, SpO:, FiO, ROX, mROX
10 h HR, RR, SpO:, FiO, ROX, mROX
12h HR, RR, SpO:, FiO., ROX, mROX
18 h HR, RR, SpO:, FiO., ROX, mROX
24 h HR, RR, SpO:, FiO, ROX, mROX
48 h HR, RR, SpO:, FiO2, ROX, Mrox
ICU/hospital course HFNC outcome, HFNC duration, ICU length of stay, in-hospital mortality

Statistical analysis

Data were entered into Microsoft Excel and analysed using IBM SPSS Statistics version 26. Continuous variables were
expressed as mean + standard deviation or median with interquartile range, as appropriate, while categorical variables were
presented as frequencies and percentages. Comparisons between the HFNC success and failure groups were performed
using the independent samples t-test for continuous variables and the chi-square test for categorical variables.

Receiver operating characteristic (ROC) curve analysis was carried out for both ROX and mROX indices at each predefined
time point, and the corresponding area under the receiver operating characteristic curve (AUROC) values were calculated.
Optimal cut-off values were determined, and sensitivity, specificity, positive predictive value, and negative predictive value
were computed for each index. AUROC values of ROX and mROX were compared at corresponding time points. A p
value <0.05 was considered statistically significant.

RESULTS

Study population and baseline characteristics

A total of ninety two adult ICU patients with AHRF initiated on HFNC therapy were included in the study. The mean age
of the study population was 67.55 = 17.27 years, with 52 patients (56.5%) aged above 70 years. There were 49 males
(53.3%) and 43 females (46.7%). Community-acquired pneumonia was the most common underlying diagnosis (85.9%),
followed by aspiration pneumonia (7.6%), tropical fever (5.4%), and pleural effusion (1.1%). Systemic hypertension and
type 2 diabetes mellitus were the most frequently observed comorbidities.

HFNC therapy was successful in 62 patients (67.4%), while 30 patients (32.6%) required endotracheal intubation. Among
patients with HFNC failure, the median time to intubation was 12 hours (IQR: 8—48 hours). Overall in-hospital mortality
was 19.6%, accounting for 18 patients.

Table 1. Baseline characteristics and clinical outcomes according to HFNC outcome
Variable Overall cohort HFNC success HFNC failure p value
(n=92) (n=62) (n=30)

Age, years 67.55+17.27 66.45 +18.18 69.90 + 14.99 0.418
Male sex 49 (53.3) 32 (51.6) 17 (56.6) 0.724
APACHE Il score — 11.55+3.29 18.83 £ 3.77 <0.0001
Vasopressor support 56 (60.9) 27 (43.5) 29 (96.7) <0.0001
Heart rate at initiation, beats/min — 9321 £7.21 107.83 £ 8.17 <0.0001
Respiratory rate at initiation, — 27.00+1.84 2830+ 1.86 0.002
breaths/min
HFNC duration, h — 60.19 + 15.13 19.80 + 13.10 <0.0001
ICU length of stay, days — 3.39+0.78 5.07+1.55 <0.0001
In-hospital mortality 18 (19.6) 8 (12.9) 10 (33.3) 0.027

Data are presented as mean + standard deviation or n (%). HFNC, high-flow nasal cannula; ICU, intensive care unit.
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Diagnostic performance of ROX and mROX indices

Analysis demonstrated that both the ROX and mROX indices showed good predictive accuracy for HFNC outcomes (AUC
>0.7) from the time of HFNC initiation. Overall, both indices exhibited high discriminatory ability; however, the mROX
index generally demonstrated higher AUC values and greater sensitivity across most time points.

The difference between the two indices was statistically significant at 2 hours (p = 0.03), indicating better early predictive
performance of the ROX index at this isolated time point. However, from 6 hours onward, the mROX index consistently
demonstrated superior predictive performance compared to the ROX index, with a statistically significant difference in
AUC observed at 6 hours (p = 0.004).

Table 2. Diagnostic performance of ROX and mROX indices for prediction of HFNC outcome

Time Index AUROC | Cut-off Sensitivity | Specificity | PPV | NPV | p value*
(%) (%) (%) | (%)
Initiation ROX 0.797 5.18 64.52 93.33 95.24 | 56.00 0.46
Initiation | mROX 0.839 4.87 79.03 73.33 85.96 | 62.86 0.46
lh ROX 0.775 5.38 61.30 93.30 95.00 | 53.80 0.21
l1h mROX 0.846 5.46 61.30 96.70 97.40 | 54.70 0.21
2h ROX 0.947 5.62 88.70 96.70 98.20 | 80.60 0.03
2h mROX 0.861 5.45 93.50 66.70 85.30 | 83.30 0.03
4h ROX 0.719 6.11 50.00 93.30 93.90 | 47.50 0.08
4h mROX 0.704 7.12 48.40 90.00 90.90 | 45.80 0.08
6h ROX 0.806 6.29 77.40 96.70 98.00 | 67.40 0.004
6h mROX 0.909 6.76 79.00 96.70 98.00 | 69.00 0.004
8h ROX 0.856 6.66 80.60 96.70 98.00 | 70.70 0.07
8h mROX 0.920 6.78 88.70 96.70 98.20 | 80.60 0.07
10 h ROX 0.897 6.58 87.10 96.70 98.20 | 78.40 0.49
10 h mROX 0.921 6.84 90.30 96.70 98.20 | 82.90 0.49
12h ROX 0.904 6.53 90.30 95.20 98.20 | 76.90 0.50
12h mROX 0.931 7.21 90.30 95.20 98.20 | 76.90 0.50
18h ROX 0.941 6.78 93.50 93.30 98.30 | 77.80 0.80
18 h mROX 0.945 7.20 91.90 93.30 98.30 | 73.70 0.80
24 h ROX 0.938 7.12 93.50 93.30 98.30 | 77.80 0.32
24 h mROX 0.966 6.98 95.20 93.30 98.30 | 82.40 0.32
48 h ROX 0.952 7.74 91.90 96.80 98.50 | 28.60 0.50
48 h mROX 0.960 7.94 91.90 96.80 98.50 | 28.60 0.50

*p value compares AUROC values of ROX and mROX at each corresponding time point. PPV, positive predictive value;
NPV, negative predictive value; AUROC, area under the receiver operating characteristic curve.
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Figure 1. AUROC values of ROX and mROX indices at prespecified time points after HFNC initiation.

Temporal trends of ROX and mROX indices

At all measured time points, both the ROX and mROX indices were higher in patients with successful HFNC therapy
compared to those who experienced HFNC failure. As the modified ROX index was the primary variable of interest and
demonstrated a more distinct early differentiation between the outcome groups, its temporal trend is presented in Figure 2.

Table 3. Temporal trends of ROX and mROX indices according to HFNC outcome

Time ROX success ROX failure | p value | mROX success mROX failure p value
mean + SD mean + SD mean + SD mean + SD

Initiation 5.27+0.51 4,71 £045 0.543 5.31+£0.63 4.52+0.42 0.011
lh 548 +£0.53 4.96 + 0.36 0.001 5.54+£0.59 476 £ 0.42 0.020
2h 5.90 £ 0.38 4.82 +0.46 0.133 6.07 £0.49 5.43+040 0.004
4h 6.06 +0.57 5.62+0.29 <0.0001 7.05 £ 0.66 6.59 £ 0.51 0.016
6h 6.96 + (.83 6.06 £ 0.36 <0.0001 7.92+£1.10 6.30 £ 0.47 <0.0001
8h 7.39+£0.74 6.38 £0.38 <0.0001 8.46+1.18 6.59 £ 045 <0.0001
10 h 8.14 £0.97 6.32 +£0.49 <0.0001 9.21 £1.56 6.55+ 0091 <0.0001
12 h 8.62+1.37 6.06 £ 1.01 0.008 9.89+1.89 6.29 +0.88 <0.0001
18 h 9.65+1.61 6.30 £ 1.02 0.010 10.84 £2.20 6.62+1.21 0.003
24 h 11.26 +2.26 6.45+1.59 0.018 13.27 £ 3.05 6.67 £1.59 0.004
48 h 13.84 +3.11 6.89 £ 0.50 0.002 15.54+3.75 7.08 +1.11 0.002
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Figure 2. Temporal trend of modified ROX Index among patients with HFNC success and HFNC failure.

Clinical variables associated with HFNC failure

Patients who experienced HFNC failure had significantly greater illness severity and hemodynamic instability compared
to those with successful HFNC therapy. The mean APACHE II score was significantly higher in the failure group than in
the success group (18.83 +£3.77 vs 11.55 + 3.29; p<0.0001). Vasopressor requirement was also substantially higher among
patients with HFNC failure (96.7% vs 43.5%; p<0.0001). In addition, patients in the failure group had higher heart rates at
initiation (107.83 £ 8.17 vs 93.21 £ 7.21 beats/min; p<0.0001) and higher respiratory rates (28.30 + 1.86 vs 27.00 + 1.84
breaths/min; p=0.002). Age and sex were not significantly associated with HFNC outcomes.

HFNC failure was further associated with shorter duration of HFNC therapy and poorer clinical outcomes. The mean
duration of HFNC therapy was significantly lower in the failure group compared to the success group (19.80 + 13.10 h vs
60.19 + 15.13 h; p<0.0001). Patients with HFNC failure also had a longer ICU stay (5.07 + 1.55 days vs 3.39 + 0.78 days;
p<0.0001) and higher in-hospital mortality (33.3% vs 12.9%; p=0.027).

DISCUSSION

The present prospective observational cohort study evaluated and compared the predictive performance of the ROX index
and mROX index in determining the outcome of HFNC therapy among adult ICU patients with AHRF. The study
demonstrated that both indices had good discriminatory ability for predicting HFNC outcomes from the time of initiation
itself, with AUROC values exceeding 0.7 at most serial time points. However, the mROX index consistently showed
superior predictive performance compared to the conventional ROX index, particularly during the early phase of HFNC
therapy.

HFNC has become an increasingly important modality in the management of AHRF because it provides heated and
humidified oxygen at high flow rates, improves oxygenation, reduces anatomical dead-space rebreathing, and decreases
work of breathing. Nevertheless, delayed recognition of HFNC failure may result in delayed intubation and worse clinical
outcomes. Hence, early identification of patients likely to fail HFNC remains a major clinical priority in critical care
practice.
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In the present study, HFNC therapy was successful in 67.4% of patients, while 32.6% required endotracheal intubation.
These findings are comparable with previous studies evaluating HFNC outcomes in AHRF. The median time to intubation
among patients with HFNC failure was 12 hours, highlighting the importance of close monitoring during the initial hours
following HFNC initiation.

The ROX index, calculated using SpO-/FiO: and respiratory rate, was developed as a simple bedside predictor of HFNC
success. Roca et al. initially demonstrated that higher ROX values were associated with reduced need for intubation in
patients with pneumonia-related acute respiratory failure. Similar findings were observed in the present study, where ROX
values were consistently higher among patients with successful HFNC therapy compared to those with treatment failure.
Furthermore, serial assessment improved predictive performance, supporting the concept that dynamic monitoring is more
clinically useful than reliance on a single baseline measurement.

An important finding of the present study was the superior performance of the modified ROX index. By incorporating heart
rate into the conventional ROX formula, the mROX index may better reflect the physiological stress response associated
with worsening respiratory failure, sepsis, or impending clinical deterioration. In this study, the mROX index demonstrated
significantly better discrimination between HFNC success and failure groups from the time of initiation and across most
subsequent time points. Although the ROX index showed slightly better predictive performance at 2 hours, the mROX
index consistently outperformed the ROX index from 6 hours onward, with statistically significant differences in AUROC
values.

The temporal trends observed in this study also have important clinical implications. Patients who responded successfully
to HFNC demonstrated progressive increases in both ROX and mROX values over time, whereas persistently low or
worsening values were observed among patients who failed therapy. Notably, the mROX index showed clearer early
separation between outcome groups, suggesting that incorporation of heart rate may improve early bedside recognition of
treatment failure. Such early identification may facilitate timely escalation to invasive mechanical ventilation and
potentially reduce complications associated with delayed intubation.

The findings of the present study are in agreement with previous studies evaluating modified ROX indices incorporating
heart rate. Goh et al. reported that the mROX index may improve prediction of HFNC failure in patients with acute
hypoxemic respiratory failure and post-extubation respiratory support. The present study further strengthens existing
evidence by demonstrating the utility of serial mROX assessment in a prospective ICU cohort.

This study has several strengths. It employed a prospective design with serial assessment of physiological variables at
predefined time intervals, allowing evaluation of dynamic changes in ROX and mROX indices over time. In addition, the
study assessed multiple measures of diagnostic performance, including AUROC, sensitivity, specificity, positive predictive
value, and negative predictive value.

However, certain limitations should be acknowledged. This was a single-centre study conducted in a tertiary care ICU,
which may limit the generalisability of the findings to other settings. The sample size was relatively modest, and the
majority of patients had community-acquired pneumonia, which may have influenced the observed predictive performance.
Furthermore, clinical decisions regarding intubation were made by treating physicians and may have been influenced by
individual clinical judgement.

In conclusion, both the ROX and mROX indices were useful bedside predictors of HFNC outcomes in adult ICU patients
with acute hypoxemic respiratory failure. However, the modified ROX index demonstrated superior predictive accuracy
and earlier discrimination between HFNC success and failure. Serial monitoring of the mROX index may therefore aid in
early identification of patients at risk of HFNC failure and support timely escalation of respiratory support in critically ill
patients.

CONCLUSION

Both the ROX and mROX indices were effective bedside tools for predicting HFNC outcomes in adult ICU patients with
AHRF. However, the mROX index demonstrated superior predictive accuracy and earlier discrimination between HFNC
success and failure compared to the conventional ROX index. Serial monitoring of the mROX index may facilitate early
identification of HFNC failure and timely escalation of respiratory support.
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