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Abstract 
Noninvasive ventilation (NIV) has become a cornerstone in respiratory therapy, providing ventilatory support 
without the need for invasive procedures. Initially developed to address chronic respiratory conditions such as 
neuromuscular disorders and obesity hypoventilation syndrome, NIV has evolved into a critical intervention for 
both chronic and acute respiratory insufficiencies. Its applications in managing conditions like chronic obstructive  
pulmonary disease (COPD), acute respiratory failure, and severe hypoxemia have yielded significant clinical 
benefits, including enhanced oxygenation, reduced hospital admissions, and improved quality of life. 
Technological advancements, such as adaptive algorithms and patient-friendly interfaces like nasal masks, face 
masks, helmet systems, and total face masks, have expanded its utility in both hospital and home settings. 
However, challenges persist, including patient adherence, mask discomfort, and the need for standardized 
guidelines and training. This review explores the applications, benefits, limitations, and innovations in NIV, 
highlighting its transformative role in modern respiratory care and its potential to further enhance patient 
outcomes through ongoing research and technological development. 
Keywords: Noninvasive ventilation, chronic respiratory insufficiency, acute respiratory failure, positive airway 
pressure, respiratory therapy, COPD, mechanical ventilation, NIV interfaces, helmet system, total face mask, 
chronic hypoxemia. 

 

1. Introduction 

Mechanical ventilation is a fundamental component of modern respiratory care, providing essential support to 
patients with compromised breathing function. Noninvasive ventilation (NIV) represents a significant advancement 
within this field, offering effective ventilatory assistance without the need for invasive procedures such as 
endotracheal intubation or tracheostomy. This approach enhances patient comfort, reduces the risk of complications 
associated with invasive methods, and allows for broader applications in managing respiratory conditions. 
Historically, NIV was initially utilized in the treatment of neuromuscular disorders, tuberculosis sequelae, and 
obesity hypoventilation syndrome. Its evolution has been shaped by advancements in technology, particularly the 
introduction of continuous positive airway pressure (CPAP) systems and bi-level positive airway pressure (BiPAP) 
devices. These innovations have paved the way for the widespread adoption of NIV in both acute and chronic 
respiratory insufficiency. 
In chronic settings, NIV has demonstrated efficacy in improving gas exchange, reducing symptoms, and enhancing 
quality of life for patients with conditions such as chronic obstructive pulmonary disease (COPD) and 
neuromuscular disorders. In acute scenarios, such as exacerbations of COPD or hypoxemic respiratory failure, NIV 
has proven instrumental in reducing hospital mortality rates and the need for invasive ventilation. 
This paper aims to explore the applications, benefits, and challenges of NIV in respiratory therapy. By examining its 
role in chronic and acute care, the development of various interfaces, and the integration of advanced technologies, 
this review highlights the transformative impact of NIV on respiratory medicine and its potential for further 
innovation in improving patient outcomes. 
2. NIV in Chronic Respiratory Insufficiency 

Noninvasive ventilation (NIV) plays a crucial role in managing chronic respiratory insufficiency, particularly in 
conditions like chronic obstructive pulmonary disease (COPD), obesity hypoventilation syndrome (OHS), and 
neuromuscular disorders. It addresses chronic hypercapnic respiratory failure (CHRF) by reducing elevated arterial 
carbon dioxide levels (PaCO2) and improving oxygenation during sleep. This leads to better symptom control, 
reduced exacerbation frequency, and a significant decrease in hospital admissions, thereby improving patient 
survival and quality of life(5). 
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In COPD, NIV enhances breathing mechanics, reduces the work of breathing, and minimizes hypercapnia. High-
intensity NIV targeting normocapnia has been shown to outperform traditional low-intensity modes in improving 
clinical outcomes. In OHS, it helps correct chronic alveolar hypoventilation, reducing risks of cardiovascular 
complications such as pulmonary hypertension. For neuromuscular disorders like ALS or Duchenne muscular 
dystrophy, NIV supports respiratory function and prolongs survival while delaying the need for invasive 
interventions(6). 
Technological advancements in NIV, including adaptive algorithms and portable ventilators, have facilitated its use 
in home settings. Integration with telemonitoring allows real-time adjustments, enhancing patient safety and 
compliance. Despite its benefits, challenges like mask discomfort and patient adherence persist. Innovations such as 
improved mask designs and humidification systems have made significant strides in addressing these issues. 
Ultimately, NIV not only stabilizes respiratory function but also improves sleep quality and psychological well-
being, highlighting its holistic impact on chronic respiratory insufficiency management(7). 
3. NIV in Acute Respiratory Insufficiency 
Noninvasive ventilation (NIV) is an essential intervention in managing acute respiratory insufficiency, particularly 
in conditions like chronic obstructive pulmonary disease (COPD) exacerbations, acute cardiogenic pulmonary 
edema, and severe hypoxemic respiratory failure. Its role is to provide ventilatory support without the need for 
endotracheal intubation, reducing complications such as ventilator-associated pneumonia and improving patient 
outcomes(8). 
In cases of acute hypercapnic respiratory failure, particularly in COPD exacerbations, NIV has demonstrated 
significant effectiveness. It improves gas exchange, reduces work of breathing, and decreases mortality. Studies 
show that NIV initiation in hypercapnic patients often leads to rapid correction of arterial pH and partial pressure of 
carbon dioxide (PaCO2) levels. Adherence to NIV guidelines correlates with better clinical outcomes, including 
lower hospital mortality rates and reduced need for invasive ventilation interventions(9). 
For acute hypoxemic respiratory failure, such as in severe COVID-19 pneumonia, NIV has been employed as an 
alternative or bridge to intubation. Research indicates that using NIV can reduce ICU admissions and mortality rates 
in patients with a PaO2/FiO2 ratio indicative of severe hypoxemia. However, patient selection and careful 
monitoring are critical to preventing NIV failure, which can delay intubation and worsen outcomes(10). 
Optimal use of NIV requires proper patient selection, device settings, and monitoring. Indications include severe 
respiratory distress with preserved consciousness, hemodynamic stability, and the ability to protect the airway. 
Common settings involve applying bi-level positive airway pressure (BiPAP) to support ventilation. Close 
observation is necessary to assess treatment success and avoid complications such as aspiration or skin injury from 
masks (11). 
Despite its benefits, the success of NIV is influenced by patient factors, healthcare provider expertise, and adherence 
to guidelines. Challenges include identifying predictors of NIV success or failure, managing resource constraints, 
and ensuring standardized training across healthcare centers. Future research should explore advanced technologies, 
such as real-time monitoring tools and machine learning algorithms, to improve NIV application and outcomes.By 
effectively managing acute respiratory insufficiency through timely and appropriate NIV application, healthcare 
providers can significantly enhance patient recovery and reduce healthcare burdens(12). 
4. NIV Interfaces and Respirators 

Noninvasive ventilation (NIV) interfaces serve as the connection between the ventilator and the patient, ensuring 
effective delivery of air or oxygen. The choice of interface significantly impacts the success of NIV therapy, 
affecting patient comfort, gas exchange, and overall compliance. Commonly used interfaces include nasal masks, 
face masks, total face masks, and helmet systems. Each has unique mechanisms, ideal applications, advantages, and 
disadvantages. 
NIV Interfaces 

Nasal masks are compact devices designed to cover the nose, delivering pressurized air or oxygen directly through 
the nostrils. These masks create a seal around the nose, allowing air to flow into the upper respiratory tract, which 
helps alleviate respiratory distress by improving oxygenation and ventilation. The device relies on the patient's 
ability to keep their mouth closed to prevent air leaks, making it ideal for cooperative patients who primarily breathe 
through their noses(13). 
Nasal masks are commonly employed in conditions requiring low-to-moderate positive airway pressure, such as 
obstructive sleep apnea or mild chronic respiratory insufficiency. Proper fitting is crucial to ensure an airtight seal 
without causing discomfort or skin irritation. Flow and pressure settings should be adjusted to meet the patient's 
specific requirements while minimizing potential complications like air leaks or dryness(14). 
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One of the primary advantages of nasal masks is their comfort and reduced bulkiness compared to other interfaces. 
Their minimal design alleviates feelings of claustrophobia, making them more tolerable for patients during 
prolonged therapy sessions. Additionally, nasal masks allow for natural speaking, eating, and drinking, which 
enhances patient compliance and quality of life. They are particularly effective in managing conditions like sleep 
apnea or mild respiratory insufficiency, where less aggressive ventilation is sufficient(15). 
However, nasal masks have limitations. The reliance on the patient maintaining a closed mouth can lead to air leaks, 
reducing the effectiveness of the therapy. Patients who habitually breathe through their mouths may require 
additional measures, such as a chin strap, to optimize therapy. Prolonged use can cause nasal dryness or irritation, 
which may necessitate the use of humidifiers or nasal saline sprays. Nasal masks are also less effective in severe 
respiratory failure where higher pressures and greater mask stability are needed(16). 
Nasal masks represent a cornerstone in noninvasive ventilation therapy for patients requiring low-to-moderate 
respiratory support. Their comfort and convenience make them an excellent choice for specific clinical scenarios, 
but their effectiveness is contingent on proper patient selection and mask fitting. Regular assessment and 
adjustments ensure optimal therapeutic outcomes. 
Nasal Mask 

Face masks are one of the most widely used interfaces in noninvasive ventilation (NIV). They are designed to cover 
both the nose and mouth, forming a sealed interface that ensures pressurized air is effectively delivered into the 
upper respiratory tract. This type of mask is particularly suitable for patients who are unable to maintain nasal 
breathing or tend to breathe through their mouths. The secure seal provided by face masks minimizes air leaks, 
which is critical for maintaining consistent ventilation pressure(17). 
Face masks are commonly used in patients experiencing moderate-to-severe respiratory insufficiency, such as acute 
exacerbations of chronic obstructive pulmonary disease (COPD), cardiogenic pulmonary edema, or hypoxemic 
respiratory failure. The ideal parameters for using face masks include pressure settings tailored to the patient’s 
needs, typically ranging from 10–20 cm H₂O for bilevel positive airway pressure (BiPAP). Proper fitting and 
positioning of the mask are essential to optimize performance and minimize air leaks or skin irritation. High-flow 
oxygen or pressure support can also be delivered through face masks, depending on the patient’s requirements(18). 
One of the key benefits of face masks is their versatility in managing a wide range of respiratory conditions. By 
covering both the nose and mouth, these masks are effective in preventing air leaks, especially in patients who 
breathe predominantly through their mouths. This feature makes them ideal for delivering higher pressures needed 
for severe respiratory distress. Face masks are also more stable than nasal masks in cases where higher pressures are 
required, as the dual-coverage design ensures consistent pressure delivery. They are readily available in various 
sizes, enabling customization to suit individual patient anatomy(19). 
Despite their effectiveness, face masks have notable drawbacks. Their larger size and coverage can make them 
uncomfortable for some patients, especially during prolonged use. The mask's tight fit, required to maintain a proper 
seal, may lead to pressure sores, facial irritation, or skin breakdown over time. Additionally, the full-face design can 
increase feelings of claustrophobia, particularly in anxious patients. Communication, eating, and drinking are also 
hindered, as patients must remove the mask for these activities. Furthermore, poorly fitted masks may result in air 
leaks, compromising therapy effectiveness and increasing the risk of ventilator asynchrony(20). 
Face masks play a critical role in noninvasive ventilation, particularly for patients requiring moderate to high 
ventilatory support. Their effectiveness in preventing air leaks and delivering higher pressures makes them a 
preferred option for acute respiratory conditions. However, careful selection, fitting, and monitoring are crucial to 
address the potential discomfort and complications associated with their use. Balancing these factors can ensure 
optimal therapeutic outcomes while maintaining patient comfort and adherence to treatment. 
Face Mask 

Face masks are a primary interface used in noninvasive ventilation (NIV), covering both the nose and mouth to 
deliver pressurized air or oxygen. Their design creates a secure seal over the mid-face region, ensuring consistent 
airflow and effective ventilatory support. This interface is particularly suited for patients who are unable to maintain 
exclusive nasal breathing, such as those with nasal obstruction or mouth-breathing tendencies. The mask allows 
positive airway pressure (PAP) to improve ventilation and oxygenation while reducing the effort required for 
breathing(21). 
Face masks are commonly employed in conditions requiring moderate to high ventilatory support, such as acute 
exacerbations of chronic obstructive pulmonary disease (COPD), acute cardiogenic pulmonary edema, or 
hypoxemic respiratory failure. Pressure settings typically range from 10–25 cm H₂O for bilevel positive airway 
pressure (BiPAP) to maintain effective ventilation. Oxygen supplementation can be adjusted based on the patient’s 
arterial oxygen saturation (SpO₂) or partial pressure of oxygen (PaO₂) levels. Proper mask fitting is critical to 
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minimize air leaks and ensure the efficacy of the therapy. Masks are available in various sizes to accommodate 
different facial anatomies, and adjustable straps aid in achieving a secure yet comfortable fit(22). 
The dual-coverage design of face masks provides several benefits, particularly in preventing air leaks that are more 
common with nasal masks. This makes face masks an excellent choice for patients who breathe through their 
mouths or require higher pressure settings. Their versatility allows their use in a variety of respiratory conditions, 
ranging from acute hypercapnic to hypoxemic failure. Studies have shown that the use of face masks in acute COPD 
exacerbations significantly reduces the need for invasive mechanical ventilation, lowers hospital mortality, and 
shortens ICU stays (European Respiratory Journal, 2023). Additionally, they are easily available and adaptable for 
use in home or hospital settings, making them a practical choice for both acute and chronic management(23). 
Despite their efficacy, face masks are associated with certain challenges. Their larger coverage area can cause 
discomfort, particularly during prolonged use. Patients may experience pressure-related skin injuries, such as sores 
or irritation, especially around the nasal bridge or cheeks. The tight seal required for effective therapy can also 
increase feelings of claustrophobia, particularly in anxious individuals. Moreover, face masks interfere with oral 
intake, requiring the mask to be removed for eating, drinking, or taking oral medications, which may disrupt 
ventilation. Air leaks, though less common than with nasal masks, can still occur if the mask is improperly fitted, 
leading to decreased therapeutic effectiveness and increased risk of ventilator asynchrony(24). 
Face masks remain a cornerstone in noninvasive ventilation due to their effectiveness in delivering higher pressures 
and preventing air leaks. Their ability to address both hypercapnic and hypoxemic respiratory failure makes them a 
versatile option in acute care. However, their success depends heavily on proper fitting, regular monitoring, and 
addressing patient comfort issues. With advancements in mask design and material, many of the associated 
challenges can be mitigated, ensuring a more positive experience for patients and improved clinical outcomes. 
Total Face Mask  

Total face masks are specialized interfaces designed to cover the entire face, including the eyes, nose, and mouth. 
Unlike nasal or traditional face masks, which target specific regions, total face masks provide a comprehensive seal 
around the perimeter of the face. This design minimizes air leaks and ensures consistent delivery of positive airway 
pressure (PAP). The mask’s larger surface area helps distribute pressure evenly, reducing localized pressure points 
that can lead to skin breakdown. These masks are particularly beneficial for patients experiencing severe respiratory 
insufficiency or those who struggle with traditional interfaces due to facial anatomical challenges or discomfort(25). 
Total face masks are used in a range of clinical scenarios, often in cases of acute respiratory failure requiring 
noninvasive positive pressure ventilation (NPPV). Pressure settings typically depend on the patient’s condition, with 
common bilevel positive airway pressure (BiPAP) parameters ranging between 10–25 cm H₂O. Humidification is 
often integrated to counteract dryness caused by prolonged use. The mask must be fitted correctly to ensure a secure 
seal without causing discomfort, as poor fitting can lead to air leaks or suboptimal ventilation. Its transparent design 
allows healthcare providers to monitor for skin discoloration or other signs of distress(26). 
One of the key benefits of total face masks is their ability to eliminate pressure points around the nose and mouth, 
making them ideal for patients who develop skin ulcers with smaller interfaces. Their comprehensive coverage 
reduces the risk of air leaks, even at higher pressure settings, ensuring effective ventilation. Additionally, they are 
highly effective for patients with unique facial structures, such as those with facial deformities, facial hair, or dental 
irregularities, which can interfere with the seal of traditional masks. The transparent design allows for better patient 
monitoring and communication, which can help reduce feelings of claustrophobia or isolation(27). 
Despite their advantages, total face masks come with limitations. The larger size and coverage can make them less 
comfortable, particularly during prolonged use. They may cause fogging, which can obscure the patient’s vision and 
increase discomfort. Furthermore, the mask can interfere with essential activities like eating, drinking, or verbal 
communication, necessitating frequent removal that may disrupt ventilation. There is also an increased risk of 
conjunctival irritation due to airflow exposure near the eyes, although this can be mitigated with proper 
humidification and fitting. Additionally, total face masks are less portable and may require more training for proper 
application compared to simpler designs(28). 
Total face masks are a valuable tool in noninvasive ventilation, offering a solution for patients who cannot tolerate 
or benefit from smaller interfaces. Their ability to deliver effective ventilation while minimizing air leaks makes 
them a critical option in cases of severe respiratory distress or complex anatomical challenges. However, their use 
requires careful fitting, monitoring, and patient education to ensure optimal comfort and therapeutic outcomes. As 
designs continue to improve, total face masks are likely to become even more effective and patient-friendly. 
The Helmet System 

The helmet system is an alternative noninvasive interface used in respiratory therapy, designed to cover the entire 
head, similar to a full-face mask, but with a greater emphasis on providing a sealed environment for positive 
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pressure ventilation. Unlike traditional face masks or total face masks, the helmet is a larger, more enclosed structure 
that creates a tight seal around the neck and shoulders, with the head remaining inside(11). This system works by 
delivering positive pressure airflow into the helmet, which is then distributed throughout the head and upper 
airways. It is typically used to treat patients with acute respiratory failure, such as those suffering from chronic 
obstructive pulmonary disease (COPD) exacerbations, acute respiratory distress syndrome (ARDS), or hypoxemic 
respiratory failure. The helmet provides continuous positive airway pressure (CPAP) or bilevel positive airway 
pressure (BiPAP), allowing the patient to breathe more easily while avoiding the need for invasive mechanical 
ventilation(29). 
The helmet system is generally utilized in patients who require high levels of respiratory support but need to avoid 
invasive ventilation. Pressure settings vary depending on the severity of the condition, typically ranging from 8–20 
cm H₂O for CPAP and up to 25 cm H₂O for BiPAP. The settings are adjusted based on the patient’s clinical 
condition, with the goal of improving oxygenation and reducing the work of breathing. The helmet system has the 
advantage of offering full-face coverage without the discomfort of traditional face masks, and it provides a constant 
seal, which minimizes air leaks. In terms of ventilation parameters, respiratory rates, and inspiratory pressures can 
be adjusted to match the patient’s specific requirements, ensuring that the therapeutic goals are met effectively(30). 
The helmet system offers several significant advantages over other noninvasive interfaces. One of its primary 
benefits is that it reduces the risk of skin breakdown and discomfort, which can occur with nasal or face masks. 
Since the helmet does not apply pressure to the facial skin, it is less likely to cause pressure sores around the nose, 
chin, or cheeks, making it a more comfortable option for long-term use. Additionally, the helmet system can provide 
consistent ventilation even during higher levels of pressure support, which is crucial for patients with severe 
respiratory insufficiency. The helmet’s design also allows patients to communicate and even eat or drink without 
needing to remove the device, as it does not obstruct the mouth or nose in the same way that full-face masks do. 
Furthermore, the helmet system is effective in preventing the discomfort associated with claustrophobia, which may 
be a concern for some patients using traditional masks(31). 
While the helmet system offers significant benefits, it also has its limitations. One challenge is the potential for 
discomfort due to the device’s large size and the need to ensure a secure, airtight seal. Poor fitting of the helmet can 
lead to leaks, which diminish its effectiveness and increase the risk of respiratory complications. The system also 
requires more space than other noninvasive interfaces, which may make it cumbersome for use in certain settings, 
particularly in smaller hospital rooms or during transport. Additionally, the helmet can create a humidified 
environment that may lead to discomfort, moisture buildup, or even increased work of breathing if not properly 
managed. Despite its advantages, the helmet is often seen as more complicated and less user-friendly compared to 
simpler interfaces like nasal or face masks(32). 
The helmet system is an innovative and valuable tool in noninvasive ventilation, offering a more comfortable and 
effective option for patients requiring high levels of ventilatory support. Its ability to reduce facial discomfort and 
skin breakdown makes it particularly beneficial for patients who are intolerant to traditional masks. However, its 
larger size and the potential for issues with sealing and humidity management require careful consideration and 
monitoring. As advances in helmet design continue, this system is likely to become an increasingly important option 
for managing acute respiratory failure and minimizing the need for invasive mechanical ventilation. Regular patient 
assessment and fitting adjustments are essential to ensure optimal performance and therapeutic outcomes. 

 
Figure 1: Interfaces for noninvasive ventilation. Top (left to right): nasal mask, nasal pillows, oronasal mask. Bottom 

(left to right): total face mask, oral mask, hybrid mask (33). 
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5. Conclusion 

Noninvasive ventilation (NIV) has emerged as a cornerstone in modern respiratory care, offering a less invasive and 
more patient-friendly approach to ventilatory support. Its application in both chronic and acute respiratory 
insufficiency has significantly improved patient outcomes, reducing mortality, morbidity, and the need for invasive 
mechanical ventilation. 
The versatility of NIV, coupled with advancements in technology and interface design, has broadened its therapeutic 
range. Nasal masks, face masks, total face masks, and helmet systems provide tailored solutions for various patient 
needs, enhancing comfort and compliance. However, challenges such as mask-related discomfort, patient adherence, 
and proper application remain critical areas for optimization. 
Future research should focus on developing innovative interfaces, refining patient selection criteria, and exploring 
new strategies to improve adherence. By addressing these challenges and continuing to expand its applications, NIV 
has the potential to revolutionize respiratory care, transforming patient outcomes and enhancing quality of life. 
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