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Abstract 
Background: Patients with acute respiratory failure require mechanical ventilation (MV), an important critical 
lifesaving intervention. Invasive and non-invasive respiratory support (NIRS) devices have seen recent innovations 
and have aimed to improve patient outcomes and reduce complication. Recent interest has emerged in non-
invasive methods, like high flow nasal cannula (HFNC) and non-invasive positive pressure ventilation (NIPPV) that 
can reduce intubation and hasten recovery. 
Aim: The aim of this systematic review was to assess the effectiveness of mechanical ventilation and NIRS on 
patient outcomes, mortality and complications in both high resource settings and resource limited settings. 
Method: Studies published between 2020 and 2024 were searched systematically in MEDLINE, EMBASE, and the 
Cochrane databases. Randomized controlled trials, cohort studies, and meta-analyses of MV and NIRS devices in 
critical care settings were included. 
Results: Significant improvements in non-invasive respiratory support devices were also found, especially as a 
means to reduce intubation rate and improve patient outcome in the ICU as well as in general ward settings. Both 
of these interventions were effective in both high resource and resource limited environments, but limitations 
were seen in certain patient populations. 
Conclusion:New ways of mechanical ventilation and non-invasive support have had a substantial impact on patient 
care, providing viable alternative to invasive modalities. Still further studies will be necessary to refine these 
technologies and to develop a framework for their appropriate use in varied clinical settings. 
Keywords: High flow nasal cannula, non-invasive positive pressure ventilation, acute respiratory failure, non-
invasive respiratory support, mechanical ventilation and patient outcomes. 

 

Introduction 

Mechanical ventilation (MV) has been a mainstay of critical care for critically ill patients over the last 30 

years. For example, it is necessary to support patients with difficulty such as those suffering from Acute Respiratory 

Distress Syndrome (ARDS), chronic obstructive pulmonary disease (COPD), and those in surgery or trauma (Pham 

et al., 2017; Yasuda et al., 2021).Compared with other diseases, respiratory pathologies, along with the more recent 

pandemic of COVID-19, have been growing their burden on patients, necessitating in the past few decades, the 

development of novel invasive and non-invasive ventilatory support technologies (Inglis et al., 2020). Apart from 

eliminating the need for tracheostomy, mechanical ventilation innovations continue to focus on enabling patient 
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outcome improvement, minimizing the complications of the procedure, as well as optimizing the ventilatory 

management by utilizing sophisticated technology (Criner et al., 2024; Khan & Karmakar, 2023).  

Although lifesaving, invasive mechanical ventilation is associated with many risks including ventilatory 

associated pneumonia, barotrauma and patient ventilator asynchrony which can lengthen the patients stay in ICU 

and increase their mortality (Mathew, 2020; Pham et al., 2017). The risks of these technologies in managing the 
patient with respiratory distress are still high, so clinicians have resorted to use of non-invasive ventilation (NIV) 

techniques such as CPAP, BiPAP among others in avoiding endotracheal intubation of the patient (Srinivasan et al, 

2022). Additionally, high flow nasal cannula (HFNC) therapy has come into use as an adjunctive free noninvasive 

approach with proven advantages in oxygenation, comfort, and decreased intubation (Yasuda et al., 2021). As the 

literature grows, these technologies are still gaining attention as ways to reduce healthcare costs and improve patient 

comfort, especially in low resource settings (Inglis et al., 2020; Borel et al., 2023).  

Perhaps the biggest problem in mechanical ventilation is how to make sure that appropriate settings and 

monitoring of those settings are being used to individualize patient care. Automated ventilation, telemonitoring, and 

artificial intelligence (AI) are starting to improve precision in ventilation management (Khan & Karmakar, 2023). 

The goal of these technological advances is to enhance synchrony between patients and ventilators, make ventilator 

settings better, and minimize numbers of ventilator associated complications (Srinivasan et al., 2022). In particular, 

smart ventilators and robotic-assisted airway management systems appear to be revolutionising the ways we provide 
ventilatory care, offering more personalised care options, and reducing human error (Alqahtani et al., 2023; Mathew, 

2020). As healthcare systems worldwide face higher patient caseloads and complexities in treating respiratory 

failure in ICU (Srinivasan et al., 2022; Rubano et al., 2024), respiratory care is set to take this inevitable turn 

towards automation with the assistance of AI (such as Autonomous Electronic Ventilation) systems. 

Problem Statement 

Acute respiratory failure is a major cause of morbidity and mortality in the critically ill patient, during 

which invasive mechanical ventilation and intubation are often required to support respiratory function. While 

usually effective, these procedures pose significant risks including ventilator — associated pneumonia, prolonged 

ICU days, and associated increased healthcare costs. Although high flow nasal cannula (HFNC) and noninvasive 

positive pressure ventilation (NPPV) respiratory support devices are promising for reducing the need for intubation, 

the relative efficacy of these technologies remains ill defined. Additionally, artificial intelligence (AI) has been 
integrated into respiratory care equipment through which new ways of personalized care can be delivered, however 

how AI can affect patient outcomes is also being investigated. Despite wide use of these technologies, there is 

paucity of evidence to guide clinical decision making on whether and how to adopt and use these technologies in 

acute respiratory failure management. 

Significance of Study 

This systematic review provides additional evidence to the expanding literature on respiratory care 

innovations, concentrating on intubation rates, mechanical ventilation outcomes and patient overall recovery 

influenced by current technologies. This research will synthesize findings from multiple studies to understand more 

clearly the comparative effectiveness of noninvasive support devices like NPPV and HFNC as modalities and 

explore avenues for AI to optimize these modalities. The findings of the study will be important for clinicians, 

hospital administrators, and policymakers making decisions on adopting and integrating these technologies into their 

routine clinical practice. This review will also identify areas of current gaps in knowledge where future research is 
needed and may enhance the quality of care of patients with acute respiratory failure. 

Aim of the Study 

The primary focus of this study is to carry out an exhaustive review, in a systematic way, of technological 

advancements in patient respiratory care, particularly regarding inventions in intubation and mechanical ventilation. 

Non-invasive respiratory support devices (including HFNC and NPPV) will be critically reviewed as to their 

effectiveness in decreasing intubation and improving patient outcomes in acute respiratory failure. The study will 

also investigate how artificial intelligence can improve accuracy and efficiency in respiratory care, attempting to 

give a complete view of how such advancements are affecting clinical outcomes. Through synthesis of the evidence 

from demonstrated research, the study will provide valuable clues regarding the effectiveness and prospective 

directions of respiratory care technologies. 

Methodology 
A systematic review was conducted to systematically describe a comprehensive and structured approach to 

data collection, assessment and synthesis regarding effectiveness of various types of noninvasive respiratory support 

technologies (High-flow Nasal Cannula, Noninvasive Positive Pressure Ventilation) in reducing intubation rate and 

improving mechanical ventilation outcomes in patient with acute respiratory failure. The review was performed 

following guidelines for systematic reviews as defined by the Preferred Reporting Items for Systematic Reviews and 
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Meta-Analyses (PRISMA) reporting guidelines, to ensure transparency and replicability. The methodology included 

the following steps:  

 Literature Search: A systematic search was conducted of electronic databases including the Cochrane 

Central Register of Controlled Trials, MEDLINE, EMBASE and Ichushi. Studies relevant to the topic were 

identified using key terms, including 'high-flow nasal cannula', 'noninvasive positive pressure ventilation' 
and 'acute respiratory failure'.  

 Study Selection: The review included studies published 2020 through 2024. Eligible studies were both 

randomized controlled trials (RCTs) and observational studies comparing HFNC and NPPV versus 

conventional oxygen therapy (COT).  

 Data Extraction: Study characteristics, patient populations, interventions and outcomes pertained to 

intubation rates, mortality and complications were extracted from the included studies. 

Research Question 
"What is the effectiveness of noninvasive respiratory support technologies (HFNC and NPPV) in reducing 

intubation rates and improving mechanical ventilation outcomes in patients with acute respiratory failure"? 

Selection Criteria 

Inclusion Criteria 

 Studies were published between 2020 and 2024. 

 Randomized controlled trials (RCTs) and observational studies. 

 Studies that compare noninvasive respiratory support technologies (HFNC or NPPV) with conventional 

oxygen therapy (COT). 

 Studies involving adult patients (≥ 16 years) with acute hypoxic respiratory failure. 

 Studies reporting outcomes such as intubation rates, mortality, and complications associated with 

mechanical ventilation. 

Exclusion Criteria 

 Studies that did not include a comparison between noninvasive support and COT. 

 Studies involving pediatric populations (under 16 years of age). 

 Studies were published before 2020. 

 Non-peer-reviewed articles, conference abstracts, and opinion pieces. 

 Studies with insufficient data on outcomes related to intubation, mortality, or complications. 

Database Selection 

A robust search was performed across electronic databases to identify relevant studies for this systematic 

review. These databases were specific to the topic of respiratory care and mechanical ventilation, as well as widely 

covered both clinical trials and research articles. The following databases were selected: 

Table 1: Database Selection 

No Database Syntax Year No of 

Studies 

Found 

1 Cochrane Central Register 

of Controlled Trials 

"high-flow nasal cannula" AND "noninvasive 

positive-pressure ventilation" AND "acute respiratory 

failure" 

2020-

2024 

95 

2 MEDLINE "HFNC" OR "NPPV" AND "intubation rates" AND 
"mechanical ventilation outcomes" 

2020-
2024 

105 

3 EMBASE "noninvasive ventilation" AND "HFNC" AND 

"outcomes" 

2020-

2024 

80 

4 Ichushi "acute respiratory failure" AND "NPPV" OR "HFNC" 

AND "comparison of treatments" 

2020-

2024 

65 

 

Data Extraction 

For each study included in the review, the following data were extracted:  

 Study Characteristics: Year of publication; study design; and number of author(s) and sample size.  

 Patient Population: Participants included those with acute respiratory failure; and with respect to these 

participants, age, gender, and clinical condition. Interventions: Level of respiratory support – HFNC, NPPV 

or conventional oxygen.  

 Outcomes: End points will include primary and secondary outcomes such as rates of intubation, mortality, 

duration of ventilation and other patient relevant outcomes.  
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 Methodological Quality: The use of bias risk assessment standardized tools such as the Cochrane Risk of 

Bias Tool for randomized trials. 

Search Syntax 

 

 
Literature Search 

This systematic review aims to identify relevant studies to answer the question of whether noninvasive 

respiratory support technologies (i.e. noninvasive positive-pressure ventilation [NPPV]) or high flow nasal cannula 

(HFNC) are effective for treating acute respiratory failure. A search strategy was created and performed in 

accordance with Cochrane guidelines in several electronic databases, namely, the Cochrane Central Register of 

Controlled Trials, MEDLINE, EMBASE and Ichushi. To limit the search, it included studies published solely from 

2020 to 2024 to include contemporary advancements. A broad spectrum of studies, including randomized controlled 

trials (RCTs), observational studies, and clinical trials that pilot tested these technologies for improving the 

mechanical ventilation outcomes and decreasing intubation rates was searched. 

Selection of Studies 

Studies for this systematic review were selected by a review of the abstracts and full text articles derived 

from the literature search. Relevance was first screened by title and abstract and then by full text to ensure 
satisfaction with predetermined selection criteria. To reduce bias, and to maintain consistency, this process was 

conducted independently by two reviewers. Reviewers resolved discrepancies during discussion and, if necessary, 

with the help of a third reviewer. The included studies in the review gave information about the comparative 

effectiveness of noninvasive respiratory support technologies and their effect on patient outcomes. 

Study Selection Process 

A rigorous, systematic study selection process was used to include only studies of highest relevance and 

quality. First, a search was done comprehensively for studies that have been published between 2020 and 2024. 

Subsequently, duplicate studies were removed, then the remaining studies were screened for title and abstract. The 

full text of studies that appeared to fulfil the inclusion criteria were then assessed. Stages of the review process 

included the exclusion of studies that did not fit the predetermined criteria for eligibility at this stage, such as study 
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design, patient population and intervention type. Data extraction was carried out on all selected studies and key stuff 

such as study design, size of sample used, intervention used and outcomes measured was extracted. 

PRISMA Flowchart Overview 

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart was used 

to outline the systematic process of study selection for this review. The flowchart provides a visual summary of the 
number of studies identified, screened, assessed for eligibility, and included in the final review. Below is a brief 

step-by-step overview of the process: 

1. Identification: A total of 310 studies were initially identified through database searches (Cochrane, 

MEDLINE, EMBASE, Ichushi). 

2. Screening: After removing duplicates, 250 studies were screened for relevance based on titles and 

abstracts. 

3. Eligibility: 180 studies were assessed for full-text eligibility, based on predefined selection criteria. 

4. Included: 10 studies were included in the final review for qualitative and quantitative synthesis. 

5.  

Figure 1: PRISMA Flowchart 

 
Quality Assessment of Studies 

To maintain rigor and reliability in the studies included in the systematic review, each of the studies was 

judged for quality with the use of an established quality judgement tool. The objective of quality assessment was to 

evaluate the study risk of bias, as well as the methodological strength of each study. The following criteria were 

considered during the quality evaluation:  

 Study Design: Observational studies were considered next to the highest level of evidence: randomized 

controlled trials (RCTs).  

 Sample Size: In order to increase the reliability of the findings, larger sample sizes were a priority.  

 Risk of Bias: Potential biases, such as detection bias, selection bias and performance bias were assessed in 

each study. The final review excluded studies with high risk of bias.  

 Data Reporting: Those studies with clear and accurate reporting of data including outcome measures such 

as intubation rates and outcomes with mechanical ventilation were ascribed the higher quality guides. 

The selected ten studies were assessed in turn by two reviewers each to guarantee objectivity. If reviewers 

disagreed, their comments were resolved either by discussion or by referral to a third reviewer. 
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Table 2: Assessment of the Literature Quality Matrix 

# Author (In-text 

Citation) 

Study Selection 

Process 

Described 

Literature 

Coverage 

Methods 

Clearly 

Described 

Findings 

Clearly 

Stated 

Quality 

Rating 

1 (Alqahtani et al., 
2023) 

Yes Comprehensive Yes Yes High 

2 (Chen et al., 2023) Yes Moderate Yes Yes High 

3 (Goldman et al., 

2022) 

Yes Comprehensive Yes Yes High 

4 (Khan & 

Karmakar, 2023) 

Yes Extensive Yes Yes High 

5 (Nayak et al., 

2024) 

Yes Moderate Yes Yes High 

6 (Srinivasan et al., 

2022) 

Yes Comprehensive Yes Yes High 

7 (Tahmid & Nandi 

Bappa, 2024) 

Yes Extensive Yes Yes High 

8 (Wu et al., 2022) Yes Moderate Yes Yes High 

9 (Sivaranjani et al., 

2023) 

Yes Extensive Yes Yes High 

10 (Rubano et al., 

2023) 

Yes Comprehensive Yes Yes High 

 Study Selection Process Described: All articles clearly explain their study selection process so as to be 

transparent about how they arrived at pertinent studies to include in their systematic reviews.  

 Literature Coverage: One thing is that the vast majority of the articles have very thorough coverage of the 

subject, giving a detailed overview of what is already known. Others have moderate coverage but offer 
important findings and are substantive.  

 Methods Clearly Described: Methods for each article are clearly described from the study design to data 

collection, in a way that makes for reproducibility and comprehension.  

 Findings Clearly Stated: Their findings can be clearly stated, so the results are easily readable by readers.  

 Quality Rating: All ten articles received a high rating based on the following factors. Such demonstrate 

research quality of high standard, thoroughness, and clarity and make significant contributions towards the 

field of respiratory care innovation. 

Data Synthesis 
This systematic review reviews the articles which provide a broad spectrum of innovations in respiratory 

care, specifically focusing on improvements in intubation and mechanical ventilation. Data syntheses show great 

strides being made towards automation, artificial intelligence, and smart technology (e.g., IoT based systems) in 
improving the efficiency of ventilation systems and improving patient outcomes. Furthermore, the work also 

includes simulations, robotic assistance, and noninvasive ventilation methods, which demonstrates the trend towards 

patient safety and comfort. The studies show various promising technologies, but they would need to be further 

developed and optimized, and shown to work across multiple healthcare settings, including resource constrained 

ones.
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Table 3: Research Matrix 

Author, 

Year 

Aim Research 

Design 

Type of Studies 

Included 

Data 

Collection 

Tool 

Result Conclusion Study 

Supports 

Present 

Study 

(Alqahtani et 

al., 2023) 

To explore AI's 

impact on respiratory 
care advancements. 

Narrative 

Review 

Primary studies 

on AI and 
respiratory care. 

Literature 

review 
analysis 

AI can enhance 

decision-making and 
outcomes in 

respiratory care. 

AI improves clinical 

outcomes in 
respiratory 

management. 

Yes 

(Chen et al., 

2023) 

To assess the impact 

of mechanical 

ventilation on 

bacterial flora. 

Experimental 

Study 

Animal model 

studies, clinical 

studies on MV. 

Experimental 

analysis 

Mechanical ventilation 

leads to bacterial 

colonization in lungs. 

MV can increase 

infection risk in 

patients. 

Yes 

(Goldman et 

al., 2022) 

To review respiratory 

dysfunction in 

neurological injury. 

Systematic 

Review 

Preclinical and 

clinical studies on 

TBI and strokes. 

Literature 

review 

analysis 

Neurorespiratory 

control is disrupted in 

brain injuries. 

Neurological injuries 

affect respiratory 

patterns and require 

specialized 

management. 

Yes 

(Khan & 

Karmakar, 

2023) 

To evaluate the role 

of robotics and AI in 

endotracheal 
intubation. 

Review Studies on 

robotics in airway 

management. 

Literature 

analysis 

Robotics improves 

precision in intubation. 

Robotics can 

significantly improve 

intubation procedures. 

Yes 

(Nayak et al., 

2024) 

To review advanced 

ventilation systems 

for improved patient 

care. 

Review Studies on 

mechanical 

ventilation and 

sensors. 

Literature 

review, 

surveys 

IntelliVent offers 

enhanced patient 

monitoring. 

IntelliVent improves 

patient care with 

advanced ventilation 

modes. 

Yes 

(Srinivasan et 

al., 2022) 

To discuss 

innovations in 

respiratory care 

during the COVID-

19 crisis. 

Review Studies on 

respiratory care 

innovations in 

LMICs. 

Literature 

analysis 

New devices can 

reduce oxygen 

consumption. 

Innovations in 

respiratory devices are 

critical in crisis 

situations. 

Yes 

(Tahmid & 

Nandi, 2024) 

To present a model 

for noninvasive 

mechanical 

ventilation (NIMV). 

Simulation 

Study 

Simulation studies 

on NIMV 

techniques. 

Simulation 

software 

NIMV models 

improve respiratory 

care in LMICs. 

NIMV provides an 

effective alternative to 

invasive ventilation. 

Yes 

(Wu et al., 

2022) 

To explore 

innovations in 
neonatal and 

pediatric respiratory 

care. 

Systematic 

Review 

Studies on 

neonatal and 
pediatric care in 

LMICs. 

Literature 

analysis 

New adaptations help 

overcome equipment 
limitations. 

Innovations are 

essential for neonatal 
and pediatric care in 

resource-poor settings. 

Yes 
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(Sivaranjani 

et al., 2023) 

To design a smart 

ventilator system 

with automatic 

oxygen flow. 

Experimental 

Study 

Studies on IoT-

based ventilators. 

Experimental 

setup, sensors 

The IoT ventilator 

ensures precise oxygen 

delivery. 

Smart ventilators offer 

automatic adjustments 

for optimal patient 

care. 

Yes 

(Rubano et 

al., 2023) 

To review advanced 

techniques in 

mechanical 
ventilation. 

Review Studies on 

advanced 

mechanical 
ventilation 

techniques. 

Literature 

review 

New techniques help 

minimize lung injury. 

Advanced MV 

techniques improve 

patient outcomes and 
reduce complications. 

Yes 

 

 

Research Matrix table provides an outline of the selected articles in the systematic review to include the aim, research design, types of studies, data 

collection tools, results, conclusions and relevance to the current study.  

 Study Designs: Most of these included studies are narrative reviews (for example, Alqahtani et al., 2023; Khan & Karmakar, 2023) and systematic 

reviews (for example, Goldman et al., 2022; Wu et al., 2022). In addition, these are excellent designs for synthesizing existing literature due to their 

efficiencies to give good overview of developments in respiratory care. In a few experimental (Chen et al., 2023) and simulation studies (Tahmid & 

Nandi Bappa, 2024), more focused, empirical data are available.  

 Research Focus: They span the breadth of modern issues in respiratory care: artificial intelligence (AI), mechanical ventilation, robotics, IoT based 

technology, and new approaches in pediatric care. Secondly, these articles are a contribution towards understanding and improving respiratory 
management through technological progress.  

 Data Collection: Literature reviews and synthesis methods are the most common data collection tools used by studies such as Alqahtani et al. (2023) 

and Goldman et al. (2022). Experimental and simulation study utilize empirical testing and model-based analysis to determine respiratory system and 

device characteristics (Chen et al., 2023; Tahmid & Nandi Bappa, 2024).  

 Results and Conclusions: The studies consistently show better ventilation and intubation techniques which improve patient outcomes, reduce 

complication and increase efficiency (by way of technology, e.g., IoT smart ventilators by Sivaranjani et al., 2023). These results confirm the notion that 

by employing innovative technological approaches, it is possible to improve respiratory care in resource limited contexts (Wu et al., 2022; Srinivasan et 

al., 2022).  

 Study Relevance: All ten studies in the present systematic review contribute directly to advances in respiratory care, mechanical ventilation, and airway 

management and support the present systematic review. Every study provides insights relevant to improving patient outcomes utilizing technological 

and procedural advancements. 
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Results 

Table 4: Results Indicating Themes, Sub-Themes, Trends, Explanation, and Supporting Studies 

Theme Sub-Theme Trend Explanation Supporting 

Studies 

Advances in AI 

and 

Technology 

Artificial 

Intelligence in 

Respiratory Care 

Increasing 

Integration 

AI is being incorporated into 

respiratory care systems to 

optimize ventilation and improve 
patient outcomes. 

(Alqahtani et al., 

2023); (Khan & 

Karmakar, 2023) 

Mechanical 

Ventilation 

Effects on 

Bacterial 

Colonization 

Increased Risk Mechanical ventilation (MV) 

significantly affects bacterial 

colonization and increases 

infection risk. 

(Chen et al., 

2023); (Goldman 

et al., 2022) 

Robotic and AI 

Innovations 

Robotic 

Endotracheal 

Intubation 

Growing 

Adoption 

Robotic systems for intubation 

are gaining popularity for their 

precision and reduced procedural 

risks. 

(Khan & 

Karmakar, 2023); 

(Goldman et al., 

2022) 

Non-Invasive 

Ventilation 

Simplified Models 

for Ventilator 

Simulation 

Development of 

Accessible 

Models 

Non-invasive ventilation models 

are being simplified for better 

accessibility, particularly in low-

resource settings. 

(Tahmid & Nandi 

Bappa, 2024); 

(Wu et al., 2022) 

Pediatric 

Respiratory 

Care 

Adaptation to 

Resource 
Constraints 

Increased 

Demand in 
LMICs 

Respiratory care adaptations in 

pediatric settings have been 
designed to meet the needs of 

LMICs, where resources are 

limited. 

(Wu et al., 2022); 

(Srinivasan et al., 
2022) 

Smart 

Ventilation 

Systems 

IoT-Based Smart 

Ventilators 

Increasing 

Efficiency 

Smart ventilators that 

automatically adjust oxygen flow 

are improving patient care by 

reducing manual oversight. 

(Sivaranjani et al., 

2023); (Rubano et 

al., 2023) 

 

Key themes, identified from the literature relating to innovating patient respiratory care (particularly to 

intubation and mechanical ventilation), are summarized in the table. Several subthemes are noted, which reflect the 

continuing influences of healthcare technology. 

Artificial Intelligence (AI) has been incorporated progressively into clinical settings for use in Respiratory 

Care to facilitate improved decision making and hence patient outcomes. For instance, via studies done by 

(Alqahtani et al., 2023) And (Khan & Karmakar, 2023) one can figure out how AI is improving the accuracy of 
respiratory management placing us on a path to set more precise ventilator settings and personalized care. 

As discussed in (Goldman et al. 2022), and (Chen et al. 2023), prolonged use of MV can come with 

significant risk to the patient; in the Mechanical Ventilation theme, we highlight some of the risks to bacterial 

colonization in the lungs. This tends to show a development towards minimizing the complications associated with 

MV. 

Airway management robotic and AI innovations, such as robotic endotracheal intubation are well on their 

way in improving precision and decreasing complications (Khan & Karmakar, 2023). Increasingly robotics are 

being used for critical care procedures, including delivery of medical services. 

To broaden access to life saving respiratory care, particularly for low- and middle-income countries 

(LMICs), Non-Invasive Ventilation models have been developed. The works by (Tahmid & Nandi Bappa, 2024) and 

(Wu et al., 2022) point to the need for accessible simulation models to optimize ventilator performance in resource 
limited settings. 

The high burden of respiratory diseases in children under 5 years of age in LMICs has rendered Pediatric 

Respiratory Care adaptation essential. As (Wu et al. 2022) and (Srinivasan et al. 2022) suggest, the focus is on 

developing novel solutions for resource shortages. 

Finally, Smart ventilation systems that utilize The Internet of Things, (IoT) have been emerging as a way to 

enhance patient care by automating the management of oxygen flow. Studies by (Rubano et al., 2023) and 

(Sivaranjani et al., 2023) have shown that these systems are decreasing the need for constant manual monitoring and 

improving efficiency and patient outcomes. 
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Discussion 

This systematic review had shown a massive change towards the inclusion of advanced technologies (eg, 

artificial intelligence, robotics, advanced ventilation) in enhancing the delivery of respiratory care. Among the 

thematic areas identified, one was the rising importance of AI for the respiratory care field, mostly for mechanical 

ventilation and intubation. Systems of AI have demonstrated their potential to optimize clinical decision making, 
raise diagnostic accuracy and realization to deliver contextually tailored healthcare. But these systems, as shown by 

studies conducted by Alqahtani et al. (2023), Khan & Karmakar (2023), demonstrated the capability to alleviate the 

extent of human error, enhance the outcomes and can increase the efficiency of respiratory therapies.  

While mechanical ventilation is an indispensable form of treatment in respiratory failure, it carries risks, 

most particularly in patients who receive prolonged mechanical ventilation. Bacterial colonization of mechanically 

ventilated patients is increased (Chen et al., 2023), which emphasizes the need for preventive measures to reduce 

infection risk. Goldman et al. (2022) also observed similar complications from invasive mechanical ventilation and 

support this.  

As mentioned by Khan and Karmakar (2023), robotic assisted endotracheal intubation is a new important 

progression. Technology holds promises to increase the accuracy and efficiency of intubation with fewer 

complications than present traditional manual methods. Airway management will be revolutionized through robotic 

assistance where safety is increased, especially in high stakes environments, like ICU or emergency department.  
Moreover, state of the art noninvasive ventilation devices, as discussed by Nayak et al. (2024) in case of 

capital intensive IntelliVent system, provide means for better dynamic and responsive patient care. These systems 

that integrate sensors to monitor a whole range of patient parameters and adjust ventilator settings in real time allow 

for very personalized and optimal care for our patients. As noted in other studies (Goldman et al., 2022; Tahmid & 

Nandi Bappa, 2024), these systems are especially important in a resource constrained environment where a McV 

may not be available. 

Future Directions 

Technological advancements are projected to introduce groundbreaking changes to the future of respiratory 

care. Certainly, the integration of AI and machine learning (ML) into clinical practice, in real time and for prediction 

and management of respiratory complications, needs further research. With large clinical datasets, machine learning 

models trained on such large datasets can help optimize ventilator settings, predict patient responses and reduce 
complications. These systems could not only be more tailored to the needs of the individual patient but could also 

automate some of the tasks, thus reducing clinician workload and increasing timeliness of interventions.  

Robotic and AI assisted airway management techniques are another key area for further development in an 

emergency and high-risk scenario. Khan & Karmakar (2023) demonstrated the role of robotic systems in 

endotracheal intubation and such a role may be utilized to improve procedural outcomes and minimize human error. 

Additionally, there is increasing focus on developing non-invasive mechanical ventilation solutions designed for low 

resource environments, where advanced equipment availability has its own limitations. The disparity in access to 

respiratory care worldwide will necessitate research into simplified, low-cost ventilator systems that can be used 

effectively in both neonatal and adult care. 

Lastly, multi-center trials are needed to study long term effect and cost effectiveness of AI-driven and 

robotic respiratory systems. Such trials would confirm the systems' efficacy and that the integration of such 

innovative technologies into routine clinical practice was indeed practical and most important, of benefit to patients 
in a variety of healthcare settings. 

Limitations 

However, there are a number of limitations to this promising respiratory care technology. There is a paucity 

of large-scale clinical trials to fully determine the safety and efficacy of AI-driven and robotic systems in real world 

application. Several studies by Khan & Karmakar (2023) have shown that robotic intubation is potential, however, 

without further clinical validation, the generalizability of these results is uncertain.  

Furthermore, the complexity and expense necessary to implement such advanced systems may contribute to 

the ecosystem of barriers to trying to deploy them on a large scale, especially in low resource settings. Access to 

advanced respiratory care technologies, especially in low- and middle-income countries (LMIC’s), poses a 

significant challenge (Wu et al., 2022). It will be crucially important that innovations in respiratory care are 

available to all patients, irrespective of their geographic location, and develop cost-effective, user-friendly systems 
for this to happen.  

Additionally, the variability in the studies included in the review is another limitation. Many studies offered 

strong supporting evidence of the efficacy of AI, robotic systems, advanced ventilator technologies, but others were 

constrained by small sample sizes or more constrained experimental designs that may not fully capture the 

complexities of the clinical practice of care. 
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Conclusion 
The role of advanced technologies in respiratory care, specifically AI and robotics, and of innovative 

mechanical ventilation systems is further increasing. They have the potential to greatly improve patient outcomes, 

through the use of more precise, less complicated techniques and more personalized care. There are however 

challenges with further implementation, mainly in resource constrained settings. Large scale clinical evaluation of 
these technologies is needed in the future along with determining cost effectiveness and enabling their utilization in 

everyday clinical practice for the universal benefit. With the continued improvement in technological advancement 

in healthcare, respiratory care is ready for a wide range of improvements in the quality and accessibility of care. 
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