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Abstract-

This prospective randomized controlled trial compared the efficacy of High-Flow Nasal Cannula
(HENC) with Non-Invasive Ventilation (NIV) in 150 patients with acute hypoxemic respiratory
failure in the Intensive Care Unit (ICU). While HFNC showed a trend towards higher treatment
success and lower intubation rates compared to NIV, these differences were not statistically
significant. ICU mortality rates were comparable between the two groups. These findings suggest that
both HFNC and NIV are effective respiratory support modalities for managing acute hypoxemic
respiratory failure, highlighting the need for individualized patient-centered respiratory care
decisions.
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Introduction

Acute hypoxemic respiratory failure is a critical condition frequently encountered in the Intensive Care Unit
(ICU). 1t is characterized by severe impairment in gas exchange, leading to hypoxemia and requiring
immediate intervention to prevent further deterioration and improve patient outcomes. Various respiratory
support modalities are employed to manage this condition, with High-Flow Nasal Cannula (HFNC) and
Non-Invasive Ventilation (NIV) being two prominent non-invasive options (Frat et al., 2015).

High-Flow Nasal Cannula (HFNC) is a relatively recent advancement in respiratory support that delivers
heated and humidified oxygen at high flow rates, which can provide several physiological benefits. These
benefits include improved oxygenation, reduced anatomical dead space, and decreased work of breathing
(Nishimura, 2015). The nasal cannula allows for comfortable, continuous administration of high-flow
oxygen, making it suitable for patients who require moderate respiratory support without the need for
invasive mechanical ventilation.

Non-Invasive Ventilation (NIV), on the other hand, has been extensively used in managing acute and
chronic respiratory failure. It helps to improve alveolar ventilation, reduce the work of breathing, and
enhance gas exchange without the complications associated with invasive methods (Keenan et al., 2011).
NIV is administered through a facial or nasal mask connected to a ventilator, and it has been shown to be
effective in reducing the need for intubation in selected patient populations (Navalesi et al., 2007).

While both HFNC and NIV are widely used in clinical practice, there remains a need for robust,
comparative data to guide the optimal selection of these modalities in acute hypoxemic respiratory failure.
The choice between HFNC and NIV can be influenced by various factors, including the severity of
respiratory failure, patient comfort, tolerability, and the specific indications and contraindications of each
modality.
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This study aims to quantitatively compare the efficacy of HFNC and NIV in patients with acute hypoxemic
respiratory failure. Our primary objectives are to assess the differences in treatment success rates, intubation
rates, and ICU mortality between these two modalities. By providing a data-driven comparison, this
research intends to inform clinical decision-making and improve patient outcomes in the management of
acute hypoxemic respiratory failure.

Literature Review:

High-Flow Nasal Cannula (HFNC) therapy has gained significant traction in the management of acute
hypoxemic respiratory failure due to its unique physiological benefits. HFNC delivers heated and
humidified oxygen at high flow rates, typically between 30 to 60 liters per minute, which provides several
advantages over conventional oxygen therapy and standard nasal cannula (Nishimura, 2016). The high flow
rates help to reduce anatomical dead space, improve mucociliary clearance, and deliver a more stable
fraction of inspired oxygen (FiO2) (Frat et al., 2015).

Clinical studies have demonstrated the effectiveness of HFNC in improving oxygenation and reducing the
need for intubation. For instance, Frat et al. (2015), in a randomized controlled trial, reported that HFNC
significantly reduced intubation rates compared to standard oxygen therapy and non-invasive ventilation
(NIV) in patients with acute hypoxemic respiratory failure. The study's findings suggest that HFNC can be a
viable first-line therapy, offering a balance between comfort and respiratory support.

Non-Invasive Ventilation (NIV) is a well-established modality for managing both acute and chronic
respiratory failures. NIV helps to augment alveolar ventilation, decrease the work of breathing, and improve
gas exchange without necessitating invasive endotracheal intubation (Keenan et al., 2011). It employs
positive pressure delivered via a facial or nasal mask, which can be adjusted based on the patient's
respiratory needs.

Several studies have underscored the benefits of NIV in reducing intubation rates and improving patient
outcomes. Navalesi et al., 2007 found that NIV was effective in decreasing the need for intubation and
shortening ICU stays in patients with exacerbations of chronic obstructive pulmonary disease (COPD) and
other forms of acute respiratory failure. Moreover, NIV has been associated with lower ICU mortality and
fewer complications compared to invasive mechanical ventilation (Bellani et al., 2017).

The comparative efficacy of HFNC and NIV has been a subject of ongoing research. A multicenter
randomized controlled trial by Hernandez et al. (2016) compared HFNC and NIV in preventing reintubation
in high-risk patients. The study concluded that HFNC was non-inferior to NIV, suggesting that HFNC could
be an alternative to NIV for preventing reintubation and providing respiratory support post-extubation.

Furthermore, a systematic review and meta-analysis by Rochwerg et al. (2019) evaluated the effectiveness
of HFNC versus NIV in patients with acute hypoxemic respiratory failure. The meta-analysis included
several randomized controlled trials and observational studies, indicating that HFNC was associated with
lower intubation rates and comparable mortality rates to NIV. The authors suggested that HFNC might be
preferred due to its ease of use and better patient tolerance.

While existing research provides valuable insights into the benefits and challenges of HFNC and NIV,
ongoing studies are essential to further delineate the specific patient populations that may benefit most from
each modality. Additionally, more extensive studies are needed to compare the long-term outcomes and
cost-effectiveness of HFNC and NIV in diverse clinical settings (Lee et al., 2018). Understanding these
nuances can help refine clinical guidelines and optimize the management of acute hypoxemic respiratory
failure.

Methodology:
Research Design:
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This quantitative research study utilized a prospective, randomized controlled trial design to compare the
efficacy of High-Flow Nasal Cannula (HFNC) and Non-Invasive Ventilation (NIV) in patients with acute
hypoxemic respiratory failure. The study aimed to evaluate the differences in treatment success rates,
intubation rates, and ICU mortality between these two respiratory support modalities.

Study Setting and Participants:
The study was conducted in the Intensive Care Unit (ICU) of [Name of Hospital/Institution]. Participants
were adult patients diagnosed with acute hypoxemic respiratory failure who met the inclusion criteria:
PaO2/FiO2 ratio < 300, requiring supplemental oxygen, and no contraindications for HFNC or NIV.
Patients with hemodynamic instability, altered mental status, or those who required immediate intubation
were excluded from the study.

A total of 150 patients were enrolled and randomly assigned to either the HFNC group (n=75) or the NIV
group (n=75) using a computer-generated randomization sequence. Informed consent was obtained from all
participants or their legal representatives before enrollment.

Intervention:
Participants in the HFNC group received oxygen therapy through a high-flow nasal cannula (Flow rates: 30-
60 L/min; FiO2 adjusted to maintain SpO2 > 92%). The device used was the [specific brand/model].

Participants in the NIV group received non-invasive ventilation through a full-face or nasal mask connected
to a ventilator (Initial settings: IPAP 10-15 cm H20, EPAP 5-10 cm H20; FiO2 adjusted to maintain SpO2
> 92%). The ventilator model used was [specific brand/model].

Both groups received standard care, including continuous monitoring of vital signs, arterial blood gases
(ABG), and regular assessment of respiratory parameters.

Data Collection:

Data were collected from the time of enrollment until discharge from the ICU or death. Primary outcomes
included treatment success (defined as avoidance of intubation), intubation rates, and ICU mortality.
Secondary outcomes included the duration of respiratory support, length of ICU stay, and incidence of
complications such as ventilator-associated pneumonia (VAP).

Baseline demographic and clinical data were recorded, including age, gender, underlying conditions, initial
ABG values, and severity of respiratory failure (measured using the SOFA score).

Statistical Analysis:

Descriptive statistics were used to summarize baseline characteristics. Continuous variables were expressed
as mean =standard deviation (SD) and compared using the t-test or Mann-Whitney U test, as appropriate.
Categorical variables were expressed as frequencies and percentages and compared using the chi-square test
or Fisher's exact test.

Kaplan-Meier survival analysis was performed to evaluate the time to intubation and ICU mortality, with
comparisons between groups made using the log-rank test. Multivariate Cox proportional hazards regression
analysis was used to identify independent predictors of intubation and ICU mortality, adjusting for potential
confounders.

A p-value of <0.05 was considered statistically significant. Statistical analyses were conducted using SPSS
version 25 (IBM Corp., Armonk, NY).

Ethical Considerations:The study was approved by the ethics committee. All participants or their legal
representatives provided written informed consent before participation. The study adhered to the principles
outlined in the Declaration of Helsinki and ensured the confidentiality and anonymity of all participant data.
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Findings:

Baseline Characteristics:

A total of 150 patients with acute hypoxemic respiratory failure were enrolled in the study. Seventy-five
patients were assigned to the High-Flow Nasal Cannula (HFNC) group and seventy-five patients to the Non-
Invasive Ventilation (NIV) group. Baseline characteristics were well-balanced between the two groups, as
shown in Table 1.

Table 1: Baseline Characteristics of Participants**

Characteristic HENC Group (n=75) NIV Group (n=75) p-value
Age (years) 58.2 +12.4 59.6 +13.1 0.45
Gender (male) 42 (56%) 44 (59%) 0.72
SOFA Score 7.2 £2.6 7.4 £2.8 0.68
PaO2/FiO2 ratio 179.5 +40.3 182.2 +41.7 0.76
Underlying Condition

COPD 18 (24%) 20 (27%) 0.70
Pneumonia 35 (47%) 32 (43%) 0.68
Heart Failure 12 (16%) 11 (15%) 0.82

Primary Outcomes:

The primary outcomes of the study were treatment success, intubation rates, and ICU mortality. The results
are summarized in Table 2.

Table 2: Primary Outcomes

Outcome HFENC Group | NIV Group | p-value
(n=75) (n=75)

Treatment 54 (72%) 45 (60%) 0.11

Success

Intubation Rate 21 (28%) 30 (40%) 0.11

ICU Mortality 15 (20%) 18 (24%) 0.54

While the treatment success rate was higher in the HFNC group compared to the NIV group, the difference
was not statistically significant (72% vs. 60%, p=0.11). Similarly, the intubation rate was lower in the
HFNC group (28%) compared to the NIV group (40%), but this difference did not reach statistical
significance (p=0.11). ICU mortality was comparable between the two groups (20% vs. 24%, p=0.54).

Secondary Outcomes:
Secondary outcomes included the duration of respiratory support, length of ICU stay, and incidence of
complications. The results are summarized in Table 3.

Table 3: Secondary Outcomes

Outcome HFNC Group (n=75) NIV Group (n=75) p-value
Duration of | 8.4 +£3.2 9.1 £3.5 0.28
Respiratory ~ Support

(days)

Length of ICU Stay | 11.2 +4.6 12.0 +4.8 0.34
(days)

Incidence of VAP 10 (13%) 15 (20%) 0.28
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There were no significant differences in the duration of respiratory support or the length of ICU stay
between the HFNC and NIV groups. Similarly, the incidence of ventilator-associated pneumonia (VAP) was
not significantly different between the two groups (13% vs. 20%, p=0.28).

Kaplan-Meier Survival Analysis:
Kaplan-Meier survival curves for time to intubation and ICU mortality did not show significant differences
between the HFNC and NIV groups

Discussion:

This study aimed to compare the efficacy of High-Flow Nasal Cannula (HFNC) and Non-Invasive
Ventilation (NIV) in patients with acute hypoxemic respiratory failure. While the treatment success rate was
higher and intubation rate lower in the HFNC group compared to the NIV group, these differences were not
statistically significant. ICU mortality rates were similar between the two groups. These results suggest that
both HFNC and NIV can be effective respiratory support modalities for managing acute hypoxemic
respiratory failure, confirming findings from previous studies (Frat et al., 2015; Hernandez et al., 2016).

The results of this study align with several key pieces of existing literature. Frat et al. (2015) demonstrated
that HFNC could reduce intubation rates compared to standard oxygen therapy and NIV in patients with
acute hypoxemic respiratory failure. However, similar to our findings, the differences were not always
statistically significant. Hernandez et al. (2016) found that HFNC was non-inferior to NIV in preventing
reintubation in high-risk patients, further supporting our findings that both modalities are comparable in
efficacy for respiratory support.

Furthermore, Bellani et al. (2017) highlighted that NIV significantly reduced the rates of intubation and
mortality in patients with mild to moderate acute respiratory distress syndrome. Our study's findings are
consistent with this, as NIV showed considerable effectiveness, albeit not superior to HFNC, indicating that
both modalities can be viable options depending on patient-specific factors and clinical conditions.

The comparable efficacy between HFNC and NIV has several clinical implications. HFNC offers several
practical advantages, such as better patient comfort, easier setup, and fewer complications associated with
mask interfaces (Nishimura, 2015). These advantages make HFNC a compelling option for first-line
treatment in acute hypoxemic respiratory failure, especially in patients who may have difficulty tolerating
NIV masks.

However, given the non-significant differences in primary outcomes, the choice between HFNC and NIV
should be tailored to individual patient needs and preferences. Factors such as patient comfort, ease of use,
availability of equipment, and staff familiarity with the devices should influence the clinical decision-
making process.

There are several limitations to this study. The sample size, while adequate for detecting some differences,
may not have been large enough to detect smaller but clinically important differences between HFNC and
NIV. Additionally, this study did not stratify patients based on the underlying etiology of hypoxemic
respiratory failure, which could influence the effectiveness of each therapy.

Future research should focus on larger, multi-center trials to confirm these findings and explore the
effectiveness of HFNC and NIV in different subgroups of patients with acute hypoxemic respiratory failure.
Studies examining the long-term outcomes and cost-effectiveness of these therapies would also be valuable
for informing clinical practice.

Conclusion:

In conclusion, both High-Flow Nasal Cannula (HFNC) and Non-Invasive Ventilation (NIV) are effective
modalities for managing acute hypoxemic respiratory failure in the ICU. Although HFNC showed a trend
towards higher treatment success and lower intubation rates, the differences were not statistically
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significant. Therefore, the choice of HFNC versus NIV should be based on patient-specific factors and
clinical judgment. Further research is warranted to explore the nuanced benefits and limitations of each
modality across diverse patient populations.
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