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Abstract
Background
Non-invasive ventilation or NIV has emerged as a crucial intervention in the management of respiratory
failure in the intensive care unit or ICU. It offers a less invasive alternative to mechanical ventilation and
may help avoid complications related to intubation. The three most commonly used NIV techniques like
BiPAP or Bi-level Positive Airway Pressure, CPAP or Continuous Positive Airway Pressure, and High-
Flow Nasal Cannula or HFNC have shown varied efficacy across different patient populations and
etiologies of respiratory failure.

Aim

The objective of this study was to evaluate and compare the effectiveness of BiPAP, CPAP, and HFNC in
preventing invasive mechanical ventilation or IMV and improving clinical results among ICU patients
with acute or chronic respiratory failure.

Methods

This prospective study included 240 ICU patients categorized into three groups based on the NIV
modality used: BiPAP, CPAP, or HFNC. Patients were monitored for progression to invasive ventilation,
ICU length of stay, mortality, and complications associated with non-invasive methods. Statistical
analysis was conducted to compare the outcomes among the three groups.

Results

BiPAP showed the highest efficacy in patients with chronic obstructive pulmonary disease or COPD,
CPAP was most beneficial in cardiogenic pulmonary edema, and HFNC proved effective in hypoxemic
respiratory failure such as pneumonia and early acute respiratory distress syndrome or ARDS. All
modalities significantly reduced the need for IMV, lowered ICU mortality, and shortened the duration of
ICU stay compared to conventional oxygen therapy.

Conclusion
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All three non-invasive ventilation techniques offer significant benefits when applied in appropriate
clinical contexts. Understanding the strengths and limitations of each method and tailoring their use to
individual patient needs can result in better outcomes, reduced intubation rates, and decreased healthcare
burdens in critical care settings.

Introduction

Respiratory failure is one of the leading causes of admission to intensive care units or ICUs worldwide
and contributes significantly to morbidity, mortality, and healthcare costs [1]. Traditionally, invasive
mechanical ventilation IMV has been the cornerstone for managing patients with acute respiratory
compromise. However, IMV is not without risks. It requires endotracheal intubation, which compromises
natural airway defenses and increases the chances of ventilator-associated pneumonia or VAP barotrauma,
and the need for sedation [2]. These complications can prolong hospital stays and contribute to higher
mortality. In light of these concerns, non-invasive ventilation or NIV has become increasingly prominent
in ICU practice, offering an effective alternative for select patients with respiratory failure [3]. Non-
intrusive ventilation includes several techniques that support breathing without the need for intubation.
The most widely used modalities in the ICU are Bi-level Positive Airway Pressure or BiPAP, Continuous
Positive Airway Pressure or CPAP, and High-Flow Nasal Cannula or HFNC. Each modality has unique
physiological effects and is suitable for different types of respiratory failure [4]. BiPAP delivers two
levels of pressure support an inspiratory positive airway pressure or IPAP and an expiratory positive
airway pressure or EPAP which is especially beneficial in hypercapnia respiratory failure, such as in
chronic obstructive pulmonary disease or COPD exacerbations. CPAP maintains a constant pressure in
the airway throughout the respiratory cycle, making it particularly effective in cardiogenic pulmonary
edema where alveolar recruitment is essential [5]. HFNC, a relatively newer modality, delivers heated,
humidified oxygen at high flow rates and is often used in hypoxemic respiratory failure, providing
improved oxygenation with better patient comfort. Various studies have demonstrated that early
application of NIV in appropriate patients can reduce the need for IMV, shorten ICU stays, and lower
mortality rates [6]. However, there remains variability in clinical outcomes depending on the modality
used, patient selection, and the timing of initiation. Despite the widespread use of these techniques, direct
comparisons between BiPAP, CPAP, and HFNC remain limited in the literature, especially in mixed ICU
populations with varying causes of respiratory failure [7]. This study aims to evaluate the efficacy of
these three commonly used non-invasive ventilation modalities in reducing the need for invasive
mechanical ventilation and improving clinical outcomes across diverse respiratory conditions in critically
ill patients.

Methodology

This prospective observational study was conducted in the ICU of a tertiary care hospital over an 18
months’ period. A total of 240 adult patients diagnosed with acute or chronic respiratory failure were
enrolled and divided into three equal groups based on the type of non-invasive ventilation administered:
BiPAP, CPAP, or HFNC. The selection of modality was based on the clinical judgment of the ICU team
and standard institutional protocols. Patients with altered mental status, hemodynamic instability, or
contraindications to non-invasive ventilation were excluded. Clinical data including age, sex, primary
diagnosis, oxygenation indices, and arterial blood gas values were collected at baseline. Patients were
monitored for progression to invasive mechanical ventilation, ICU length of stay, mortality, and
complications related to NIV such as aspiration, skin breakdown, or intolerance. Statistical analysis using
ANOVA and chi-square tests was conducted to compare outcomes across the three groups. A p-value of
less than 0.05 was considered statistically significant.
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Results

Of the 245 patients included in the study, the mean age was 6 years, and 59% were male. The primary
etiologies of respiratory failure included COPD exacerbation (3%), cardiogenic pulmonary edema (27%),
pneumonia (2%), and acute respiratory distress syndrome or ARDS (11%). Patients were divided equally
among the three NIV modalities: BiPAP, CPAP, and HFNC. Each group consisted of 85 patients. BiPAP
was primarily used in COPD patients, CPAP in those with pulmonary edema, and HFNC in pneumonia or
ARDS-related hypoxemia. BiPAP showed the lowest rate of progression to invasive ventilation at 19%,
while CPAP and HFNC had slightly higher rates at 24% and 26%, respectively. Mortality rates were
lowest in the BiPAP group (1%), followed by CPAP (13%) and HFNC (16%). ICU length of stay was
also shortest with BiPAP (5.3 ± 2.2 days), then CPAP (5. ± 2.4 days), and longest with HFNC (6.1 ± 2.6
days). NIV-related complications were relatively low in all groups, with HFNC having the fewest issues
due to its superior tolerance and comfort.

Table 1: Patient Demographics and Clinical Characteristics

Parameter BiPAP (n=80) CPAP (n=80) HFNC (n=80)
Mean Age (years) 65.3 ± 9.4 67.2 ± 11.3 62.9 ± 8.8
Male (%) 62% 57% 58%
COPD (%) 50% 13% 11%
Cardiogenic Pulmonary Edema (%) 16% 46% 11%
Pneumonia (%) 21% 19% 31%
ARDS (%) 6% 7% 21%

Table 2: Clinical Outcomes and NIV Performance

Outcome BiPAP CPAP HFNC
Progression to IMV (%) 19% 23% 26%
ICU Mortality (%) 11% 13% 16%
ICU Length of Stay (days) 5.3 ± 2.2 5.9 ± 2.4 6.1 ± 2.6
NIV-Related Complications (%) 8% 6% 4%
NIV Intolerance or Device Discomfort (%) 11% 9% 3%

Discussion

The findings of this study highlight the clinical value of non-invasive ventilation modalities in the
management of respiratory failure in ICU settings. BiPAP, CPAP, and HFNC all showed benefits in
reducing the need for invasive mechanical ventilation, which is often associated with significant
complications such as ventilator-associated pneumonia, airway trauma, and the need for sedation [8].
Each modality demonstrated particular strengths in specific patient populations, emphasizing the
importance of individualized therapy based on the underlying cause of respiratory failure [9]. BiPAP
proved to be most effective in patients with COPD, consistent with its physiological benefit of providing
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pressure support to overcome airway obstruction and improve ventilation. By enhancing alveolar
ventilation and reducing carbon dioxide levels, BiPAP helped avoid intubation in a substantial proportion
of hypercapnia patients [10]. CPAP showed the best results in patients with cardiogenic pulmonary edema,
where its continuous pressure helps reduce cardiac preload and afterload, improve pulmonary compliance,
and prevent alveolar collapse [11]. HFNC, though slightly less effective in avoiding intubation compared
to BiPAP and CPAP, offered the best patient comfort and had fewer complications. Its ability to deliver
humidified high-flow oxygen and reduce anatomical dead space makes it especially useful in hypoxemic
respiratory failure, including pneumonia and mild ARDS [12]. It is important to note that the success of
NIV is not solely dependent on the modality chosen but also on factors such as timing of initiation, close
monitoring, and readiness to escalate to IMV if the patient deteriorates. Delayed intubation in patients
who fail NIV can lead to worse outcomes than early invasive support [13]. Additionally, the study
confirms that NIV is not universally applicable—careful patient selection is critical to success.
Hemodynamic instability, altered mental status, or excessive secretions may render NIV unsafe or
ineffective. Overall, the strategic use of BiPAP, CPAP, and HFNC based on clinical presentation can
significantly reduce ICU burden, improve patient outcomes, and avoid the risks associated with invasive
ventilation [14]. Future research should focus on standardized protocols, combination therapy, and real-
time monitoring tools to further refine the use of NIV in critical car

Conclusion

Non-intrusive ventilation using BiPAP, CPAP, and HFNC plays a pivotal role in the ICU management of
respiratory failure. Each technique has distinct advantages tailored to specific etiologies, and their timely
application can significantly reduce the need for invasive mechanical ventilation. By improving patient
outcomes, minimizing complications, and reducing ICU length of stay, these modalities serve as essential
tools in critical care. Proper patient selection, early initiation, and continuous evaluation remain the
cornerstones of successful NIV therapy. As critical care evolves, non-invasive strategies will continue to
shape the future of respiratory support in the ICU.
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