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ABSTRACT

Background: Type 2 respiratory failure (T2RF) is a life-threatening condition commonly managed with non-invasive
ventilation (NIV) in the intensive care unit (ICU). Early identification of patients at risk of NIV failure is critical for timely
intervention and improved outcomes. This study compares the effectiveness of the ROX index and the updated HACOR
score in predicting NIV failure among T2RF patients.

Methods: A prospective observational study was conducted on 48 patients diagnosed with T2RF and treated with NIV in
the ICU. The ROX index and updated HACOR score were calculated for each patient, and their predictive accuracies
were analyzed. Clinical parameters, arterial blood gas (ABG) values, and patient outcomes were closely monitored to
assess NIV success or failure.

Results: The findings demonstrated that the ROX index was a significant predictor of NIV failure, with lower values at 2
and 12 hours correlating strongly with the need for intubation. The HACOR score showed predictive value but was less
accurate than the ROX index. Early identification of NIV failure using the ROX index was associated with reduced
mortality and morbidity related to delayed intubation.

Conclusion: The ROX index is a reliable predictor of non-invasive ventilation (NI1V) failure in type 2 respiratory failure,
showing superior and consistent performance at 12 and 24 hours. While the updated HACOR index offers early predictive
value, its accuracy declines over time. The original HACOR index is less sensitive overall. These findings support the
ROX index as the most practical tool for guiding NIV management.
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1. INTRODUCTION

Respiratory failure is characterized by the inability of the respiratory system to oxygenize and remove carbon dioxide
from pulmonary blood vessels. Respiratory failure often results from the imbalance between respiratory workload and
ventilatory strength or endurance. Type 2 respiratory failure is characterized by PaCO2 greater than 50 mmHg and PaO2
less than 60 mmHg. Also known as hypercapnic respiratory failure or ventilatory failure [1]. Invasive mechanical
ventilation is a standard intervention in intensive care units; however, the use of non-invasive positive pressure ventilation
(NIPPV) has significantly increased in recent years for managing acute and chronic respiratory failure due to its
practicality and cost-effectiveness [2]. Non-invasive ventilation (NIV) delivers ventilatory support through devices such
as nasal, full-face, or helmet masks, avoiding the need for bypassing the upper airway, as seen in tracheal intubation or
tracheostomy [3]. NIV is particularly beneficial in managing acute respiratory failure (ARF) as it minimizes complications
associated with invasive mechanical ventilation, such as ventilator-associated pneumonia [4].

By enhancing alveolar ventilation without requiring an artificial airway, NIV can be administered either continuously or
intermittently. Its advantages over invasive ventilation include preserving natural functions like swallowing, coughing,
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and verbal communication, making it a preferred option for avoiding intubation [5]. Despite its benefits, the failure rate
of NIV in hypoxemic patients remains high, ranging from 40% to 54% [6]. Common causes of NIV failure include
inadequate improvement in oxygenation, persistent dyspnea, patient discomfort with the mask, agitation, anxiety,
hemodynamic instability, and the progression of ARF [7]. For patients with hypercapnic respiratory failure who do not
respond adequately to conventional treatments such as bronchodilators, corticosteroids, antibiotics, and controlled oxygen
therapy, NIV serves as a viable alternative to endotracheal intubation and mechanical ventilation [8].

Patients undergoing non-invasive ventilation (NIV) must be closely monitored for indications of failure, such as altered
mental status, increased respiratory rate, inability to maintain adequate oxygen saturation (SpO:), or worsening arterial
blood gas (ABG) parameters. Prompt intubation is essential to prevent a medical crisis in such scenarios. The use of NIV
by a well-trained intensive care unit team, combined with careful patient selection, can significantly improve outcomes
[9]. Currently, NIV is favoured over endotracheal intubation and invasive mechanical ventilation due to its less invasive
nature. However, patient selection plays a critical role in determining its success, and contraindications must be carefully
evaluated before initiating NIV. Patients who respond positively to NIV are often successfully managed and discharged
after clinical improvement, with a BiPAP device prescribed for home use if necessary. For patients whose condition
worsens despite NIV, timely intubation and transition to invasive mechanical ventilation can reduce mortality and
complications associated with delayed intervention [10].

The ROX index (Respiratory Rate-Oxygenation Index) and the updated HACOR score (Heart Rate, Acidosis,
Consciousness, Oxygenation, and Respiratory Rate) have emerged as promising tools to predict NIV failure. The ROX
index, primarily validated in hypoxemic respiratory failure, incorporates oxygenation and respiratory effort to assess the
likelihood of NIV success [11]. In contrast, the updated HACOR score, which was designed for hypercapnic respiratory
failure, considers a broader range of clinical and physiological parameters to evaluate the patient’s risk of NIV failure
[12]. Despite the widespread application of these indices in clinical practice, there is limited research comparing their
predictive accuracy specifically in patients with T2RF in the ICU. This study aims to evaluate and compare the
effectiveness of the ROX index and the updated HACOR score in predicting NIV failure in this patient population, thereby
providing valuable insights to guide clinical decision-making and improve patient outcomes.

2. METHODS

This prospective observational study was conducted in the intensive care unit (ICU) of the Department of Respiratory
Medicine at Sri Ramachandra Institute of Higher Education and Research (SRIHER) over a six-month period. The study
was approved by the Institutional Ethics Committee of SRIHER with a reference - CSP/23/NOV/139/916. A total of 48
patients aged 40 years and above, diagnosed with type 2 respiratory failure (T2RF) and initiated on noninvasive ventilation
(NIV), were enrolled based on specific inclusion and exclusion criteria. Inclusion criteria included male and female
patients with physician-diagnosed T2RF, while patients with type 1 respiratory failure, those unwilling for NIV, intubated
patients, those discharged against medical advice, patients started on NIV at other healthcare centers, or those in cardiac
arrest or impending cardiac arrest were excluded. Written informed consent was obtained from all participants or their
legal representatives before enrollment. Confidentiality of patient data was maintained throughout the study, and all
procedures adhered to the ethical standards of the Declaration of Helsinki.

Eligible patients were screened and enrolled consecutively upon admission to the ICU. For each patient, demographic
data (age, sex, diagnosis, NIV success & Failure, Comorbities), clinical history, and baseline physiological parameters
(e.g., heart rate, respiratory rate, SpO2) were documented. The ROX index, HACOR and updated HACOR scores were
calculated and recorded at specific time intervals—2 hours, 12 hours, and 24 hours following NIV initiation. The ROX
index was calculated using the formula dividing the ratio of SpO2/FiO2 by respiratory rate, while the updated HACOR
score incorporated five components: heart rate, acidosis (pH), consciousness (GCS), oxygenation (SpO-/FiO2), and
respiratory rate. Patients who responded well to NIV were continued on NIV until clinical improvement was observed
and were subsequently discharged. For those who demonstrated signs of NIV failure, prompt intubation and invasive
ventilation were initiated to prevent further complications.

The data collected were entered in Microsoft excel and analyzed using Jamovi software. Continuous variables were
reported as meanzstandard deviation or as median and interquartile range, and comparisons between two groups were
performed with the Student t-test for normally distributed data or by Mann—Whitney’s test, Chi square test for non-
parametric data. A p value < 0.05 was considered significant.

3. RESULT

During a period of 6 months, a total of 48 patients with type 2 respiratory failure requiring non-invasive ventilation (N1V)
were observed in this study. Among the 48 patients who received non-invasive ventilation (NIV), 14 patients (29.16%)
required intubation, with an average time to intubation of 3.2 days. The remaining 34 patients (70.83%) were successfully
weaned from NIV. None of the patients had NIV discontinued within the first 2 hours. After 12 hours, one patient was
weaned off NIV, leaving 47 patients continuing treatment beyond this time. By 24 hours, an additional patient was weaned
off, resulting in a total of two patients discontinuing NIV within the first 24 hours (one between 12—24 hours). Therefore,
46 patients remained on NIV beyond 24 hours.
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The study population had a mean age distributed across various age groups, with the highest representation in the 61-70
years range (29.16%), followed by 51-60 years (27.08%). The majority were male (75%), and 66.66% had two or fewer
comorbidities. The predominant diagnosis was type 2 respiratory failure (31.25%) (Table 1).

Table 1: Demographics of Participants

Attribute Categories Frequency | Percentage
(%)
Age Upto30yrs |3 6.25
31-40yrs 2 4.166
41 -50 yrs 4 8.33
51 - 60 yrs 13 27.083
61 -70yrs 14 29.166
71-80yrs 9 18.75
Above 80 |1 2.08
yrs
Gender Female (F) 12 25
Male (M) 36 75
NIV Intubated 14 29.166
Success/Failure
Weaned 34 70.83
Diagnosis T2 RF 15 31.25
Others 33 68.75
Comorbidity <2 32 66.66
>2 16 33.33

Predictive performance of the ROX index, HACOR score, and updated HACOR score were measured at 2, 12, and 24
hours to predict NIV failure.

The ROX Index at 2 hours for intubated patients had a mean of 9.34, significantly lower than for weaned patients (12.50,
p = 0.009). At 12 and 24 hours, the ROX index demonstrated greater predictive value, with significantly lower mean
scores for intubated patients (10.94 and 11.93) compared to weaned patients (14.82 and 16.67, p = 0.002 for both). The
Independent Samples t-test showed statistical significance at both 12 and 24 hours (p = 0.002 for both), and the Chi-
Square analysis further supported this, with significant associations at 12 hours (p = 0.002) and 24 hours (p = 0.013).
Although the t-test result at 2 hours was not significant (p = 0.009), the Chi-Square test suggested a significant association
(p =0.003), indicating that while the ROX index has some early predictive potential, its reliability as a predictor improves
significantly beyond the 12-hour mark. (Table 2).

Table 2: ROX Index Results

Time Point Test Type Value df p-Value
2 hrs Pearson Chi-Square 11.391 2 0.003
Likelihood Ratio 11.247 2 0.004
Linear-by-Linear Association 10.852 1 0.001
12 hrs Pearson Chi-Square 12.782 2 0.002
Likelihood Ratio 12.127 2 0.002
Linear-by-Linear Association 8.084 1 0.004
24 hrs Pearson Chi-Square 8.652 2 0.013
Likelihood Ratio 8.436 2 0.015
Linear-by-Linear Association 8.130 1 0.004

The HACOR Score at 2 hours did not show a statistically significant difference between intubated and weaned patients
(p =0.060). However, at 12 and 24 hours, intubated patients had higher mean HACOR scores (3.43 and 2.93, respectively)
compared to weaned patients (1.72 and 1.17, p = 0.008 and p = 0.013, respectively). The t-test showed significance at 12
hours (p = 0.042) and 24 hours (p = 0.024), but not at 2 hours (p = 0.055). The Chi-Square analysis for HACOR showed
weaker associations compared to the ROX index at all time points, suggesting that HACOR may be less sensitive in
predicting NIV outcomes, particularly in the early hours (Table 3).
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Table 3: HACOR Score Results

Time Point Test Type Value df p-Value
2 hrs Pearson Chi-Square 4,933 1 0.026
Continuity Correction 3.228 1 0.072
Likelihood Ratio 4.530 1 0.033
12 hrs Pearson Chi-Square 4.779 1 0.029
Continuity Correction 1.961 1 0.161
Likelihood Ratio 4.970 1 0.026
24 hrs Pearson Chi-Square 5.229 1 0.017
Continuity Correction 2.874 1 0.120
Likelihood Ratio 5.358 1 0.023

The Updated HACOR Score at 2, 12, and 24 hours consistently showed significant differences between intubated and
weaned patients, with higher scores in the intubated group (p = 0.002, p = 0.001, and p = 0.003, respectively). It
demonstrated early predictive potential at 2 hours (p = 0.019 in the t-test) and remained significant at 12 hours (p = 0.032)
and 24 hours (p = 0.045). However, while the Updated HACOR index showed sensitivity at 2 hours, the Chi-Square
analysis revealed weaker associations compared to the ROX index, suggesting that its overall predictive reliability may
not exceed that of the ROX index (Table 4).

Table 4: Updated HACOR Score Results

Time Point Test Type Value df p-Value
2 hrs Pearson Chi-Square 2.446 1 0.118
Continuity Correction 1.549 1 0.213
Likelihood Ratio 2.464 1 0.201
12 hrs Pearson Chi-Square 7.624 1 0.006
Continuity Correction 5.956 1 0.015
Likelihood Ratio 7.951 1 0.010
24 hrs Pearson Chi-Square 7.930 1 0.004
Continuity Correction 6.122 1 0.013
Likelihood Ratio 8.167 1 0.006

The ROX index and updated HACOR score at 12 and 24 hours provided the most robust prediction of NIV failure. The
HACOR score also showed utility at these time points but was less predictive at 2 hours.

4. CONCLUSION

In conclusion, our study demonstrates that the ROX index is an effective and reliable tool for predicting the failure of non-
invasive ventilation (NIV) in patients with type 2 respiratory failure (T2RF). The results reveal that the ROX index
consistently offers stronger and more reliable predictive capabilities at 12 and 24 hours, across various statistical methods,
making it a robust tool for assessing NIV outcomes, particularly for longer-term prediction. The updated HACOR index
shows early predictive potential, though its utility diminishes over time compared to the ROX index. The original HACOR
index, while significant at later time points, appears less sensitive overall. These findings highlight the ROX index as the
most reliable and practical predictor for clinical decision-making in NIV management, especially when considering
longer-term outcomes.

5. DISCUSSION

This study aimed to evaluate the predictive performance of the ROX index and the updated HACOR score for non-invasive
ventilation (NIV) failure in patients with type 2 respiratory failure (T2RF). The results showed that the ROX index,
particularly at the 12-hour and 24-hour time points, exhibited superior predictive accuracy compared to the updated
HACOR score. The ROX index performed better in identifying patients at risk of NIV failure, supporting findings from
other studies that suggest its utility in predicting outcomes in patients with hypoxemic respiratory failure (8, 13).

The updated HACOR score demonstrated moderate predictive ability at 2 hours, but its performance declined as time
progressed. In contrast, the ROX index consistently provided more reliable predictions as the patient's clinical status
evolved. Previous studies have indicated that the ROX index improves its accuracy as time from NIV initiation. This is
likely due to the dynamic nature of respiratory function, with the index reflecting both oxygenation and respiratory rate,
two key determinants of NIV success (11, 14)
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The results of this study align with the study findings which demonstrated the ROX index's robust ability to predict NIV
failure after 12 hours of treatment (13). Furthermore, study conducted by Roca et al. (2019) emphasized the role of simple
and objective parameters, such as respiratory rate and oxygenation, in guiding clinical decisions. Our findings suggest that
the ROX index could be a practical tool for clinicians, particularly in ICU settings where timely intervention is critical
(15).

While the updated HACOR score is a well-established tool for predicting NIV failure in patients with hypercapnic
respiratory failure, its application in T2RF appears less robust over time. The HACOR score relies on multiple factors
such as heart rate, pH, consciousness, and respiratory rate, which may not fully capture the early physiological responses
associated with NIV success or failure (16). This may explain the discrepancy in its performance compared to the ROX
index in our study.

Another limitation of this study is its single-centre design, which may limit the generalizability of the results. The patient
population was relatively homogenous, consisting mostly of male patients with T2RF, which may not reflect the broader
range of patients who require NIV (17, 18). Larger, multicentre studies with a more diverse cohort are needed to confirm
the findings and further assess the performance of the ROX index and HACOR score in different clinical settings.
Additionally, the sample size of 48 patients may limit the statistical power of the analysis, which should be addressed in
future research with larger populations. In future studies, it would be valuable to explore the potential for combining the
ROX index with other indices, such as blood gas measures or respiratory effort scoring systems, to further enhance
predictive accuracy. This approach could offer a more comprehensive assessment of a patient's response to NIV and
improve clinical decision-making (19, 20).
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