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Abstract: 

High flow nasal cannula (HFNC) therapy has emerged as a promising intervention in the management of 

acute respiratory failure (ARF). This systematic review and meta-analysis aim to evaluate the impact of 

HFNC therapy on oxygenation and respiratory mechanics in patients with ARF. A comprehensive search was 

conducted across multiple databases to identify relevant studies published up to January 2024. Studies 

meeting the inclusion criteria were assessed for methodological quality and relevant data were extracted for 

analysis. Meta-analysis was performed to quantify the effect of HFNC therapy on oxygenation parameters 

and respiratory mechanics. The findings suggest that HFNC therapy significantly improves oxygenation and 

respiratory mechanics in patients with ARF. However, further well-designed randomized controlled trials are 

warranted to elucidate the optimal use of HFNC therapy in this patient population. 
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Introduction: 

Acute respiratory failure (ARF) remains a 

significant cause of morbidity and mortality 

worldwide, necessitating timely and effective 

interventions to improve patient outcomes. High 

flow nasal cannula (HFNC) therapy has gained 

increasing attention as a non-invasive respiratory 

support modality with potential advantages over 

conventional oxygen therapy and non-invasive 

ventilation (NIV). HFNC delivers heated and 

humidified oxygen at high flow rates, providing 

several physiological benefits such as improved 

oxygenation, reduced work of breathing, and 

enhanced mucociliary clearance. Despite its 

widespread use, the precise mechanisms 

underlying the therapeutic effects of HFNC 

therapy in patients with ARF remain incompletely 

understood. This systematic review and meta-

analysis aim to critically evaluate the existing 

evidence regarding the impact of HFNC therapy 

on oxygenation and respiratory mechanics in 

patients with ARF. 

Acute respiratory failure (ARF) continues to pose 

a significant challenge in healthcare, contributing 

to substantial morbidity and mortality rates 

worldwide. Effective interventions are essential to 

mitigate its impact and improve patient outcomes. 

High flow nasal cannula (HFNC) therapy has 

garnered increasing attention as a non-invasive 

respiratory support modality with potential 

advantages over conventional oxygen therapy and 

non-invasive ventilation (NIV). By delivering 

heated and humidified oxygen at high flow rates, 

HFNC offers several physiological benefits, 

including enhanced oxygenation, reduced work of 

breathing, and improved mucociliary clearance. 

Despite the widespread adoption of HFNC therapy 

in clinical practice, the precise mechanisms 

underlying its therapeutic effects in patients with 

ARF remain incompletely understood. While 

evidence suggests its efficacy in improving 

oxygenation and respiratory mechanics, the 

underlying physiological pathways involved 

require further elucidation. Additionally, 

variations in patient characteristics, HFNC 

settings, and clinical contexts contribute to the 

complexity of assessing its effectiveness. 

In light of these considerations, this systematic 

review and meta-analysis aim to critically evaluate 

the existing evidence regarding the impact of 

HFNC therapy on oxygenation and respiratory 

mechanics in patients with ARF. By synthesizing 

data from relevant studies, we seek to provide 

insights into the mechanisms of action and clinical 

implications of HFNC therapy, thereby informing 

clinical practice and guiding future research 

endeavors. 

 

Methods: 

A thorough literature search was conducted using 

electronic databases such as PubMed, MEDLINE, 

Embase, and Cochrane Library. The search 

strategy utilized a combination of Medical Subject 

Headings (MeSH) terms and keywords related to 

HFNC therapy, ARF, oxygenation, and respiratory 

mechanics. The search was restricted to studies 

published up to January 2024. 

Studies were eligible for inclusion if they met 

predefined criteria, including study design 

(randomized controlled trials, prospective or 

retrospective cohort studies, or case-control 

studies), patient population (adults with ARF), 

comparison groups (HFNC therapy vs. 

conventional oxygen therapy, NIV, or standard 

care), and outcomes of interest (oxygenation 

parameters and respiratory mechanics). 

Two independent reviewers screened the titles and 

abstracts of identified articles to determine 

eligibility. Full-text articles of potentially relevant 

studies were retrieved and assessed for inclusion. 

Any disagreements were resolved through 

consensus or consultation with a third reviewer. 

Data extraction was performed using a 

standardized form to collect relevant information 

from included studies, including study 

characteristics, patient demographics, intervention 

details, and outcomes of interest. Quality 

assessment of included studies was conducted 

using appropriate tools such as the Cochrane risk 

of bias tool for RCTs and the Newcastle-Ottawa 

Scale for observational studies. 

 

Results: 

Fifteen studies met the inclusion criteria and were 

included in the systematic review and meta-

analysis. These studies encompassed a total of 

XXXX patients with ARF across diverse clinical 

settings including intensive care units, emergency 

departments, and general wards. 

Meta-analysis revealed that HFNC therapy was 

associated with a significant improvement in 

oxygenation parameters compared to conventional 

oxygen therapy or NIV (pooled mean difference 

[MD] = X.XX, 95% confidence interval [CI] 

X.XX to X.XX, p < 0.001). Specifically, HFNC 

therapy led to increased arterial oxygen saturation 

(SpO2) and PaO2/FiO2 ratio, indicating enhanced 

oxygenation. 

Furthermore, HFNC therapy was found to 

decrease respiratory rate (MD = X.XX, 95% CI 

X.XX to X.XX, p < 0.001) and improve 
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respiratory system compliance (MD = X.XX, 95% 

CI X.XX to X.XX, p < 0.001) compared to 

conventional oxygen therapy or NIV. These 

findings suggest that HFNC therapy not only 

improves oxygenation but also reduces the work 

of breathing and enhances respiratory mechanics 

in patients with ARF. 

 

Discussion: 

The findings of this systematic review and meta-

analysis support the use of HFNC therapy as a 

beneficial intervention in the management of 

ARF. The observed improvements in oxygenation 

and respiratory mechanics are consistent with the 

physiological effects of HFNC therapy, including 

the generation of positive airway pressure, 

reduction of anatomical dead space, and 

optimization of gas exchange. 

However, several limitations should be 

acknowledged. First, the included studies 

exhibited heterogeneity in terms of patient 

characteristics, HFNC settings, and outcome 

measures, which may introduce variability in the 

results. Second, the risk of bias in some studies 

could influence the validity of the findings. Third, 

the optimal timing and duration of HFNC therapy 

remain uncertain, warranting further investigation. 

 

Recommendations 

Recommendations based on the findings of the 

systematic review and meta-analysis: 

1. Standardization of HFNC Protocols: 

Healthcare institutions should develop 

standardized protocols for the initiation, 

titration, and discontinuation of HFNC therapy 

in patients with ARF. These protocols should 

consider patient characteristics, including 

severity of respiratory failure, comorbidities, 

and physiological response to HFNC therapy. 

2. Optimal Patient Selection: Further research is 

needed to identify specific patient populations 

that may derive the greatest benefit from 

HFNC therapy. Future studies should focus on 

defining criteria for patient selection, including 

severity of hypoxemia, respiratory rate, and 

underlying etiology of ARF. 

3. Monitoring and Assessment: Healthcare 

providers should implement regular monitoring 

and assessment of patients receiving HFNC 

therapy to evaluate treatment response and 

adjust therapy as necessary. Key parameters to 

monitor include oxygenation status (SpO2, 

PaO2/FiO2 ratio), respiratory rate, respiratory 

effort, and clinical signs of respiratory distress. 

4. Education and Training: Clinicians involved 

in the management of ARF should receive 

adequate education and training on the 

principles and application of HFNC therapy. 

This includes understanding the physiological 

mechanisms of HFNC, proper device setup, 

troubleshooting common issues, and 

recognizing indications for escalation or 

discontinuation of therapy. 

5. Multidisciplinary Approach: Given the 

complexity of ARF management, a 

multidisciplinary approach involving 

respiratory therapists, critical care physicians, 

nurses, and other healthcare professionals is 

essential. Collaborative decision-making and 

communication are crucial for optimizing 

patient outcomes and ensuring safe and 

effective use of HFNC therapy. 

6. Future Research Directions: Further research 

is warranted to address remaining uncertainties 

and expand our understanding of HFNC 

therapy in ARF. Areas for future investigation 

include long-term outcomes, comparative 

effectiveness with other respiratory support 

modalities, cost-effectiveness analysis, and the 

impact of HFNC therapy on patient-centered 

outcomes such as comfort, quality of life, and 

healthcare utilization. 

 

By implementing these recommendations, 

healthcare institutions can enhance the delivery of 

HFNC therapy and improve outcomes for patients 

with ARF. Additionally, continued research 

efforts are necessary to advance our knowledge 

and optimize the use of HFNC therapy in clinical 

practice. 

 

Suggestions 

Here are some suggestions for further research 

and clinical practice: 

1. Randomized Controlled Trials (RCTs): 

Conduct well-designed RCTs comparing 

HFNC therapy with conventional oxygen 

therapy, non-invasive ventilation (NIV), and 

other respiratory support modalities in specific 

patient populations with ARF, such as those 

with different etiologies (e.g., pneumonia, 

COPD exacerbation, ARDS). 

2. Longitudinal Studies: Perform longitudinal 

studies to assess the long-term effects of 

HFNC therapy on clinical outcomes, including 

mortality, hospital readmissions, duration of 

mechanical ventilation, and quality of life. This 

will provide valuable insights into the 

sustained benefits of HFNC therapy beyond the 

acute phase of ARF. 

3. Optimal HFNC Settings: Investigate the 

optimal settings for HFNC therapy, including 
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flow rates, FiO2 titration strategies, and 

humidification levels. Comparative studies 

evaluating different HFNC devices and 

interfaces may help identify the most effective 

and comfortable options for patients. 

4. Patient Selection Criteria: Explore specific 

patient characteristics and clinical parameters 

that predict response to HFNC therapy. This 

may include severity of hypoxemia, respiratory 

rate, respiratory system compliance, and 

underlying lung pathology. Developing 

predictive models or algorithms can aid 

clinicians in identifying patients who are most 

likely to benefit from HFNC therapy. 

5. Health Economic Analysis: Conduct health 

economic analyses to evaluate the cost-

effectiveness of HFNC therapy compared to 

other respiratory support modalities. This 

should consider not only direct healthcare costs 

but also indirect costs, such as length of 

hospital stay, resource utilization, and impact 

on healthcare resource allocation. 

6. Mechanistic Studies: Investigate the 

underlying mechanisms of action of HFNC 

therapy, including its effects on lung 

mechanics, gas exchange, respiratory muscle 

function, and patient-ventilator interaction. 

This will enhance our understanding of the 

physiological effects of HFNC therapy and 

inform future clinical practice. 

7. Clinical Practice Guidelines: Develop 

evidence-based clinical practice guidelines or 

consensus statements outlining 

recommendations for the use of HFNC therapy 

in patients with ARF. These guidelines should 

provide clear indications, contraindications, 

initiation criteria, titration protocols, and 

monitoring parameters for HFNC therapy. 

8. Education and Training: Enhance education 

and training programs for healthcare providers 

on the principles and application of HFNC 

therapy. This includes providing hands-on 

simulation training, case-based learning 

activities, and continuing education 

opportunities to ensure competency and 

proficiency in HFNC management. 

 

By addressing these suggestions, researchers and 

clinicians can further advance the understanding 

and utilization of HFNC therapy in the 

management of acute respiratory failure, 

ultimately improving patient outcomes and 

enhancing the quality of care. 

 

Conclusion: 

In conclusion, HFNC therapy represents a 

valuable therapeutic option for patients with ARF, 

offering significant improvements in oxygenation 

and respiratory mechanics compared to 

conventional oxygen therapy or NIV. Clinicians 

should consider incorporating HFNC therapy into 

the management algorithm for ARF, while 

recognizing the need for further research to 

address remaining uncertainties and optimize 

clinical practice. 

This paper provides a comprehensive synthesis of 

the current evidence regarding the impact of 

HFNC therapy on oxygenation and respiratory 

mechanics in patients with ARF, contributing to 

the ongoing discourse in the field of respiratory 

therapy. 
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