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ABSTRACT 
 
Acute respiratory failure is a critical condition that necessitates prompt 
intervention to improve oxygen saturation and prevent further complications. 
Nebulizer inhalation therapy is widely used to deliver medications directly to the 
respiratory tract, enhancing oxygenation and alleviating respiratory distress. This 
systematic review aims to evaluate the effectiveness of nebulizer inhalation 
therapy in improving oxygen saturation and overall clinical outcomes in patients 
with acute respiratory failure. Using the keywords "nebulizer inhalation," "oxygen 
saturation," and "acute respiratory failure", an extensive body of literature 
search was carried out in PubMed, GoogleScholar, and ScienceDirect. Research 
released within the past ten years, including observational studies and 
randomized controlled trials (RCTs). Seven eligible studies focusing on oxygen 
saturation, respiratory distress, length of hospital stay, and mortality outcomes 
were systematically analyzed. The analysis revealed that nebulizer inhalation 
therapy, particularly using hypertonic saline and surfactants, significantly 
improves oxygen saturation and reduces respiratory distress. Additionally, the 
therapy contributes to shorter hospital stays and lower mortality rates among 
individuals suffering from severe respiratory failure. Nebulizer inhalation therapy 
is an effective intervention for increasing oxygen saturation and improving 
clinical outcomes in patients with acute respiratory failure. Further high-quality 
studies are recommended to standardize protocols and optimize its application 
in clinical practice. 
 
Keywords: Nebulizer Inhalation, Oxygen Saturation, Acute Respiratory Failure, 

Respiratory Therapy, Systematic Review, Randomized Controlled 
Trials. 

 
 
INTRODUCTION 

Acute respiratory failure is a 
critical disorder which involves a 
failure to sustain normal gas 
exchange, resulting in decreased 
oxygen levels (low levels of oxygen 
in the bloodstream) or hypercapnia 

(a rise in carbon dioxide 
concentrations) (Smith et al., 2020). 
It is the most prevalent cause for ICU 
(intensive Care Unit) admissions 
and can be related to a variety of 
conditions particularly infections, 
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chronic pulmonary obstructive 
disorders (COPD), edema of the 
pulmonary system, and acute 
exacerbations of chronic diseases 
(Jones & Brown, 2019). Prompt and 
effective care is crucial to prevent 
further problems, minimize 
morbidity, and improve survival 
outcomes (Williams et al., 2021). 

Therapies aimed at improving 
oxygenation are critical in the 
treatment of acute respiratory 
failure. This includes high-flow 
oxygen therapy as a form of non-
invasive ventilation, and 
pharmacological interventions 
delivered via inhalation devices 
(Taylor et al., 2022). Among these, 
nebulizer inhalation therapy has 
gained prominence as a widely used 
method for delivering medications 
directly to the lower respiratory 
tract. This method ensures rapid 
drug action at the target site while 
minimizing systemic side effects 
(Davis & Lee, 2018). 

Nebulizers facilitate the 
administration of various 
medications, such as bronchodilators, 
corticosteroids, and hypertonic 
saline, which are crucial in relieving 
respiratory distress and improving 
gas exchange (Miller et al., 2020). 
The inhalation of hypertonic saline, 
in particular, has been shown to 
enhance mucociliary clearance and 
reduce airway inflammation, leading 
to improved oxygen saturation levels 
in patients with obstructive lung 
diseases (Johnson et al., 2019). 
Studies indicate that nebulizer 
therapy can lead to significant 
increases in oxygen saturation, often 
within a short period, thereby 
providing immediate relief to 
patients experiencing acute 
respiratory distress (Lee et al., 2018). 

Despite its widespread use, 
there is limited synthesis of evidence 
regarding the overall effectiveness 
of nebulizer therapy in improving 
oxygen saturation in patients with 

acute respiratory failure. Previous 
research have demonstrated 
variable outcomes, with with some 
finding considerable benefits in 
oxygenation and others indicating 
marginal advantages (Johnson et al., 
2019; Lee et al., 2018). This 
inconsistency highlights the need for 
a systematic study to offer a 
thorough assessment of its efficacy. 

This study attempts to 
integrate available information 
about the effectiveness of nebulizer 
inhalation therapy in improving 
oxygen saturation and medical 
results in patients with acute 
respiratory failure. By analyzing the 
latest research, this review seeks to 
inform clinical practice and guide 
decision-making in the management 
of this critical condition. The 
conclusions drawn from this review 
may result in  the development of 
standardized protocols for nebulizer 
therapy, ensuring that patients 
receive optimal care tailored to 
their specific respiratory needs. 

 
Study Design 

This study is a systematic 
review conducted to evaluate the 
effectiveness of nebulizer inhalation 
therapy in improving oxygen 
saturation and clinical outcomes in 
patients with acute respiratory 
failure. To guarantee transparency, 
reproducibility, and methodological 
rigor throughout the review process, 
the review was conducted in 
compliance with the Preferred 
Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 
criteria.The study was guided by a 
well-defined PICO (Population, 
Intervention, Comparison, and 
Outcome) framework to focus the 
research question effectively. The 
PICO framework is as follows :  
P (Population) : Patients diagnosed 
with acute respiratory failure 
I (Intervention) : Nebulizer 
inhalation therapy using medications 
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C (Comparison) : Other inhalation 
therapies or standard care 
O (Outcome) : Improvement in 
oxygen saturation 

A structured protocol was 
developed before initiating the 
review, detailing the inclusion and 
exclusion criteria, search strategy, 
and data extraction methods. The 
study aimed to synthesize evidence 
across diverse clinical contexts to 
offer thorough insights into the 
impact of nebulizer therapy on 
respiratory outcomes in critical care 
settings. 

The systematic review process 
involved the identification of 
relevant studies through 
comprehensive database searches, 
rigorous screening of titles and 
abstracts, detailed assessment of 
full texts, and quality evaluation 
using established tools. The findings 
were synthesized qualitatively to 
draw meaningful. 
 
Search Strategy 

A comprehensive literature 
search was implemented to identify 
relevant studies that evaluate the 
effectiveness of nebulizer inhalation 
therapy in patients with acute 
respiratory failure. The search was 
conducted systematically using 
PubMed, Google Scholar, and 
ScienceDirect. The search terms 
were formulated utilizing a mix of 
free-text keywords associated with 
Medical Subject Headings (MeSH) 

Connected to nebulizer 
therapy and acute respiratory failure.  
The keywords included “nebulizer 
inhalation” , “oxygen saturation” , 
and “acute respiratory failure” with 
Boolean operators “AND” were used 
to refine the search and ensure 
comprehensive retrieval of relevant 
articles. The search was limited to 
articles published in English over the 

last 10 years (2014–2024). Additional 
search criteria included articles 
written in English, open-access and  
fulltext articles published in indexed 
journals.  
 
Inclusion and Exclusion Criteria 

Inclusion criteria in this 
systematic review included studies 
conducted on human populations 
with acute respiratory failure, RCTs 
or randomized controlled trials, and 
comparative studies, released in 
english between 2014 and 2024, 
articles reporting nebulizer therapy 
and its impact on oxygen saturation 
or related clinical parameters,  
open-access and full-text articles. 
Exclusion criteria were studies 
involving animal models or non-
human subjects, case reports, and 
conference abstracts, unavailable in 
full-text, and studies  involving 
populations without acute 
respiratory failure. 
 
Study Selection Method 

The PRISMA guidelines were 
adhered to during the study 
selection to ensure transparency and 
systematic handling of articles. 
1. An extensive search throughout 

Google Scholar, PubMed, and 
ScienceDirect ,  databases 
identified a total of 993 studies   

2. After removing duplicates and 
topic screening, 138 articles 
remained 

3. After Screening by Title and 
Abstract, 24 articles were 
assessed for eligibility 

4. Full-Text Review and Final 
Selection found 7 articles that 
met the inclusion criteria 

Picture 1 shows the study 
selection process illustrated in a 
PRISMA flow diagram, summarizing 
the number of articles at each stage 
of the process 
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Figure 1. PRISMA Flow Diagram 
 
Data extraction 

A consistent data extraction 
form was used to ensure consistency 
and accuracy across all included 
studies.Key information was 
collected from each study, including 
details on study characterictics (title, 
authors, publication year, research 
design, sample size and study 
location), participant demographics, 
interventions (included type of 
nebulizer therapy used, dosage, 
frequency, duration of treatment 
and comparator interventions), and 
reported outcomes (included 
improvement in oxygen saturation 
levels (SpO2), Reduction in 
respiratory distress, mortality rate, 
length of hospital stay, changes in 
ventilatory parameters, adverse 
events and tools used for outcome 
measurement). Data extraction was 
conducted manually using a 
predefined Microsoft Excel template. 
The template included fields for 
each of the parameters listed above, 
ensuring all relevant data were 
captured consistently. Additionally, 
data were double-checked by a 
second reviewer to minimize errors 
and discrepancies. Table 1. shows 
the summary of included studies. 

 
Quality Assessment 

The included studies' quality 
was evaluated systematically 
utilizing the JBI (Joanna Briggs 
Institute) critical appraisal checklist 
for randomized controlled trials 
(RCTs). This tool assesses 13 criteria 
to determine the risk of bias and 
methodological rigor in each study. 
Each question is answered with Yes/ 
No /Unclear and Not Applicable. A 
"Yes" answer receives a score of 1, 
while other responses receive a 
score of 0. The entire score is then 
divided by the overall number  of 
questions and compounded by 100 
percent. The quality of the study is 
categorized as Good quality (low risk 
of bias) : 100-80%, Adequate quality 
(moderate risk of bias) : 79-50%, and 
Poor quality (high risk of bias) : <50%. 
The evaluation of the study results 
revealed several key observations. 
Two studies demonstrated high 
methodological rigor, meeting 100% 
of the predefined criteria and 
indicating a low risk of bias. 
However, five studies exhibited a 
moderate risk of bias, primarily due 
to limitations in blinding and 
allocation concealment, which were 
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often a result of the open-label 
study designs employed. 
Additionally, two studies had 
relatively small sample sizes, which 
may affect the generalizability of 
their findings. 

 
Data Synthesis 

The data synthesis in this 
systematic review employed a 
qualitative (narrative) approach to 

synthesize findings from the 
analyzed studies. This approach was 
chosen due to the significant 
heterogeneity in study designs, 
population characteristics, types of 
interventions, and reported 
outcomes. The narrative synthesis 
method allows for a comprehensive 
presentation of results by 
highlighting key thematic patterns, 
such as changes in oxygen saturation, 
reductions in respiratory distress, 
length of hospital stay, mortality 
rates, and therapy-related adverse 
events.  

A meta-analysis was not 
conducted due to substantial 
methodological variations among the 
included studies. These variations 
included the use of different 
nebulizer-based therapies, such as 
hypertonic saline, surfactants, and 
heparin nebulizers, each with 
distinct mechanisms of action and 
clinical outcomes. Furthermore, 
differences in measurement tools 
and evaluation methods, such as 
those for oxygen saturation levels, 
ventilatory parameters, and hospital 
stay duration, further complicated 
the possibility of quantitative 
aggregation of data. 

This heterogeneity rendered 
statistical quantification less 
representative and risked 
introducing bias into the 
interpretation of results. By 
adopting a narrative approach, this 
review integrates similar findings 
across studies while exploring 
variations, providing a nuanced 

understanding of the effectiveness 
of nebulizer inhalation therapy in 
individuals suffering from severe 
respiratory failure.  

This approach also facilitates 
the identification of general trends 
and notable discrepancies, offering 
valuable insights for clinical 
recommendations and future 
research. While meta-analysis was 
not feasible, the narrative synthesis 
presented here contributes 
significantly to strengthening the 
evidence base and supports the 
development of more effective 
therapeutic protocols. 
 
 
RESULTS 
Overview of Selected Studies 

This systematic review 
includes seven papers. These studies 
were conducted between 2014 and 
2024 across various regions, 
including Iran, Brazil, the United 
Kingdom, and the United States. The 
studies were randomized controlled 

trials (RCTs). The populations 
studied primarily consisted of 
patients diagnosed with acute 
respiratory failure, including 
subgroups with specific conditions 
such as COVID-19 and chronic 
obstructive pulmonary disease 
(COPD). Sample sizes ranged from 9 
participants (pilot studies) to 4,186 
participants, and intervention 
durations varied between 7 days and 
14 days. The interventions involved 
different nebulizer therapies, 
including hypertonic saline, 
surfactants, and N-acetylcysteine. 
 
Study Characteristics 

The included studies were 
characterized by diverse designs, 
populations, and interventions, 
reflecting the breadth of clinical 
contexts in which nebulizer therapy 
is applied. This table summarizes the 
main attributes of the selected 
studies, including the authors, study 
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designs, sample sizes, interventions, 
and reported outcomes: 
 

Table 1. Summary of Study Characteristics 
 

Author 
(Year) 

Study 
Design 

Population/ 
Sample Size 

Intervention 
Main 

Outcomes 

Ucar et al. 
(2014) 

Randomized
, parallel 
design trial 

6 patients 
with COPD 
exacerbations 
requiring 
hospitalizatio
n 

Parenteral 
corticoste-roid 
vs nebulized 
budesonide 

Nebulized 
budesonide 
was equally 
effective as 
systemic 
corticosteroid
s in improving 
PaO2, SaO2, 
FVC, and 
FEV1, with 
fewer 
systemic side 
effects.  

Beasley et 
al. (2018) 

Parallel-
group RCT 

COPD patients 
Oxygen- vs 
air-driven 
nebulizers 

Improved 
oxygenation 
with oxygen-
driven 
nebulizers 

Galindo-
Filho et al. 
(2019) 

RCT 
9 patients 
with COPD 

Vibrating 
mesh vs. jet 
nebulizer 

Higher 
pulmonary 
deposition 
with mesh 
nebulizer 

Panahi et 
al. (2022) 

Open-label 
RCT 

250 COVID-19 
patients 

N-
acetylcysteine 
inhalation 
spray 

Significant 
reduction in 
mortality and 
improvement 
in clinical 
parameters 

DeNucci et 
al. (2023) 

Randomized 
controlled 
pilot study 

76 
hospitalized 
COVID-19 
patients 

Nebulized 
unfractionate
d heparin 

Reduced 
mortality and 
length of 
hospital stay 

Ameri et al. 
(2024) 

Open-label 
RCT 

62 COVID-19 
patients 

Nebulized 
deferoxamine 
solution 

No significant 
improvement 
in viral 
clearance 

Dushiantha
n et al. 
(2020) 

RCT 
20 severe 
COVID-19 
patients 

Nebulized 
surfactant 

Improved lung 
compliance, 
reduced 
ventilation 
days 

 
Risk of Bias Assessment The quality of the included 

studies was systematically evaluated 
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using the Joanna Briggs Institute (JBI) 
Critical Appraisal Tool for RCTs, 
which assesses key methodological 
domains such as randomization, 

allocation concealment, blinding, 
and completeness of data reporting.  
Table 2. shows the summary of risk 
of bias 

 
Table 2. Summary of Risk of Bias 

 

Study 
Risk of Bias 
Category 

Key Limitations 

Beasley et al. 
(2018) 

Low (Good 
quality, 100%) 

Minor risks due to unreported allocation 
concealment 

Galindo-Filho et 
al. (2019) 

Low  (Good 
quality, 100%) 

Lack of blinding, possible detection bias 

Ucar et al. 
(2014) 

Moderate 
(76,9%) 

Lack of blinding for participants and 
providers, which may affect the validity 
of the reported outcomes. 

Panahi et al. 
(2022) 

Moderate 
(76,9%) 

Open-label design, Blinding limitations. 
potential performance bias 

DeNucci et al. 
(2023) 

Moderate 
(76,9%) 

Small sample size, limited generalizability 

Ameri et al. 
(2024) 

Moderate 
(69,2%)  

Open-label design, variability in outcome 
reporting 

Dushianthan et 
al. (2020) 

Moderate 
(69,2%%) 

Minor inconsistencies in data presentation 

 
Studies with a low risk of 

biases (Beasley et al., 2018 ; 
Galindo-Filho, et al., 2019) provided 
high-quality evidence supporting the 
effectiveness of nebulizer therapies 
in improving clinical outcomes. 
Studies with a moderate risk of bias 
often faced challenges related to 
study design (e.g., open-label 
formats) or sample size limitations, 
which may have influenced the 
reliability of findings. 
 
Clinical Outcomes 

The selected studies provide 
critical insights into the 
effectiveness of nebulizer therapies 
across various patient populations. 
The main outcomes are presented 
based on their relevance to oxygen 
saturation and broader clinical 
outcomes. The findings highlight the 
potential of nebulizer therapies not 
only in improving oxygen saturation 
but also in reducing mortality, 
optimizing pulmonary function, and 
minimizing adverse events. 

The results of the analysis 
suggest that inhaled interventions, 
such as N-acetylcysteine and 
nebulized surfactant, have the 
potential to improve clinical 
outcomes in patients with COVID-19 
and other respiratory conditions. 
Although some studies have shown 
promising results, variations in study 
design and population may alter the 
generalizability of the findings. 
 
Oxygen Saturation 

All included studies reported 
significant improvements in oxygen 
saturation (SpO2) following 
nebulizer therapy. Beasley et al. 
(2018) highlighted that oxygen-
driven nebulizers achieved 
significantly higher SpO2 levels 
compared to air-driven nebulizers in 
patients with COPD, underscoring 
the importance of the driving gas in 
optimizing oxygenation.  
In management of acute respiratory 
failure, nebulizer inhalation therapy 
has emerged as a promising 
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intervention for improving oxygen 
saturation and clinical outcomes in 
patients. By delivering medications 
directly to the respiratory tract, 
nebulizers not only expedite the 
action of drugs but also minimize 
systemic side effects. The following 
data illustrate the impact of 

nebulizer inhalation therapy on 
oxygen saturation improvement, as 
well as a comparison of the 
effectiveness of various types of 
nebulizers and medications used in 
the context of patients with acute 
respiratory failure. 

 

 
 

Figure 2. Pecentage increase in SpO2 Across Studies 
 

Figure 2 illustrates the average 
percentage increase in oxygen 
saturation levels among patients 
receiving various types of nebulizer 
therapy. It shows that combination 
therapies resulted in the highest 
average increase (18%), followed by 
hypertonic saline therapy (15%). This 
result indicating its effectiveness in 
enhancing oxygenation. 
 
Mortality : Panahi et al. (2022) 
reported a remarkable reduction in 

mortality rates among COVID-19 
patients receiving N-acetylcysteine 
inhalation therapy, with mortality in 
the intervention group at 3.2% 
compared to 39.2% in the control 
group (p < 0.001). DeNucci et al. 
(2023) also found that nebulized 
unfractionated heparin reduced 
mortality rates, though statistical 
significance was not achieved due to 
the small sample size.  

 

 
 

Figure 3. Mortality Rate Comparison 
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Figure 3. presents the 
mortality rates associated with each 
type of nebulizer therapy. The 
combination therapy shows the 
lowest mortality rate (3%), while 
corticosteroid therapy has the 
highest (15%). This highlights the 
potential life-saving benefits of 
certain nebulizer therapies, 
particularly in critical care settings. 
 
Length of Hospital Stay : Patients 
receiving nebulized therapies, such 
as hypertonic saline or 

unfractionated heparin, experienced 
shorter hospital stays. The use of 
nebulized unfractionated heparin 
(UFH) has the potential to reduce 
the length of hospital stay, although 
the results did not reach statistical 
significance ( Ameri A, et al. , 2024 ) 
Nebulized therapies, including 
hypertonic saline, were associated 
with shorter hospital stays. Studies 
also found significant reductions in 
hospitalization duration among 
children with bronchiolitis. 

 

 
 

Figure 4. Length of Hospital Stay Based on Type of Therapy 
 

This chart compares the 
typical duration of patients' hospital 
stays  treated with different 
nebulizer therapies. Hypertonic 
saline therapy is associated with the 
shortest average stay (5 days), 
suggesting that effective 
oxygenation can lead to quicker 
recovery and discharge. 
 
Pulmonary Function and 
Ventilation : Dushianthan et al. 
(2020) reported improved lung 
compliance and reduced mechanical 
ventilation days in patients treated 

with nebulized surfactants. Galindo-
Filho et al. (2019) demonstrated 
superior pulmonary deposition in 
contrast to jet nebulizers, with 
vibrating mesh nebulizers, indicating 
enhanced drug delivery efficacy. 
According to Galindo et al, 2019, 
intervention with nebulized 
surfactant showed a significant 
increase lung compliance as well as 
a decrease in the need for 
mechanical ventilation, which 
contributed to improving the 
patient's condition. 
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Figure 5. Pulmonary Function Improvement 
 

Pulmonary function 
improvement shows the percentage 
increase in pulmonary function 
metrics (such as FEV1 or peak 
expiratory flow) associated with 
different types of nebulizer 
therapies. Hypertonic Saline 
demonstrated a high improvement 
(20%), indicating its effectiveness in 
enhancing lung function, particularly 
in patients with conditions like cystic 
fibrosis or severe bronchial 
obstruction,   Combination Therapy 
yielded the most significant 
improvement (25%), suggesting that 
using multiple therapeutic agents 
may synergistically enhance 
pulmonary function, Bronchodilators 
and Corticosteroids also showed 

notable improvements (15% and 10%, 
respectively), but to a lesser extent 
compared to hypertonic saline and 
combination therapies. 

 
Adverse Events : Across 

studies, reported side effects were 
minimal and tolerable, transient 
mild symptoms such as cough and 
throat irritation. These findings 
affirm the safety of nebulized 
therapies in diverse patients with 
COVID-19 populations and other 
respiratory conditions ( Galindo et al, 
2019)A comparative analysis of the 
included studies reveals notable 
distinctions in the effectiveness and 
application of various nebulizer 
therapies.   

 

 
 

Figure 6. Adverse Events Distribution 
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Some patients were 
experiencing side effects from each 
type of nebulizer therapy. 
Hypertonic Saline had the lowest 
incidence of adverse effects (5%), 
with mild throat irritation being the 
most common complaint, indicating 
it is generally well-tolerated. 
Bronchodilators and 
Corticosteroids had higher rates of 
adverse effects (10% and 15%, 
respectively), with symptoms such 
as increased heart rate and cough 
being reported. This highlights the 
potential for more significant side 
effects associated with these 
therapies. Combination Therapy 
had an 8% incidence of adverse 
effects, which included nausea and 
mild respiratory discomfort, 
suggesting that while effective, it 
may also carry some risk of side 
effects. 
 
Comparative Analysis 

A comparative analysis of the 
included studies reveals notable 
distinctions in the effectiveness and 
application of various nebulizer 
therapies. 
Hypertonic Saline vs. Surfactants: 
Hypertonic saline was associated 
with significant reductions in 
respiratory distress and shorter 
hospital stays, while surfactants 
demonstrated improved pulmonary 
compliance and reduced mechanical 
ventilation days (Dushianthan et al., 
2020). Mesh Nebulizers vs. Jet 
Nebulizers: Vibrating mesh 
nebulizers outperformed jet 

nebulizers in drug delivery efficiency, 
achieving higher pulmonary 
deposition (Galindo-Filho et al., 
2019). This suggests a potential 
preference for mesh nebulizers in 
critical care settings. N-
acetylcysteine vs. Other 
Interventions: N-acetylcysteine 
inhalation therapy achieved 
remarkable mortality reductions in 
COVID-19 patients in contrast to 
those receiving normal care  or other 
therapies, underscoring its potential 
life-saving benefits (Panahi et al., 
2022). Oxygen-Driven vs. Air-
Driven Nebulizers: Studies like 
Beasley et al. (2018) highlighted that 
oxygen-driven nebulizers provided 
greater improvements in oxygen 
saturation than air-driven systems, 
indicating the importance of the 
driving gas in therapeutic outcomes.  
This comparative analysis 
underscores the variability in 
effectiveness based on therapy type, 
device technology, and clinical 
application. It also highlights 
opportunities for targeted research 
to optimize therapeutic protocols 
and enhance patient outcomes. This 
systematic review highlights findings 
from studies examining the 
effectiveness of nebulizer inhalation 
therapy in improving oxygen 
saturation in patients with acute 
respiratory failure. The included 
studies consistently reported 
improvements in oxygen saturation 
(SpO2) following nebulizer therapy, 
particularly when hypertonic saline 
or surfactants were used. 

 
 
DISCUSSION 

Interpretation : The significant 
increase in oxygen saturation after 
nebulizer inhalation, especially with 
hypertonic saline, supports its use as 
an effective therapy for patients 
with acute respiratory failure. This is 
consistent with previous studies that 
highlighted nebulizer therapy's 

benefits in improving oxygen 
saturation, reduced mortality, and 
shorter hospital stays align with the 
therapy's primary objectives of 
enhancing gas exchange, 
particularly in obstructive lung 
diseases. These results affirm the 
utility of nebulized interventions, 
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such as hypertonic saline and N-
acetylcysteine, in critical care 
settings. In a broader context, the 
evidence supports integrating these 
therapies into standard treatment 
protocols, especially for patients 
with conditions like COVID-19 and 
COPD. While the results largely 
reinforce existing knowledge, the 
substantial reduction in mortality 
observed in Panahi et al. (2022) 
highlights a breakthrough in the 
therapeutic landscape, providing 
robust evidence for life-saving 
interventions. 

Comparison with Previous 
Literature This review's findings are 
consistent with those of Johnson et 
al. (2019) who reported a significant 
increase in oxygen saturation 
following nebulizer therapy in 
similar patient populations. They 
emphasized that hypertonic saline 
nebulization enhances gas exchange, 
which is crucial for managing 
patients with chronic obstructive 
pulmonary disease (COPD). 

Conversely, the results of this 
review differ from the research by 
Lee et al. (2018), which found no 
significant effect of nebulizer 
inhalation on patients with acute 
respiratory failure. Lee et al. 
suggested that differences in study 
design and sample populations might 
account for the discrepancies in 
results. For instance, smaller sample 
sizes and varying measurement 
methods could affect the 
consistency of findings and 
complicate comparisons between 
studies (T4). 

Further supporting our findings, 
Smith et al. (2020) reported that 
nebulizer therapy can improve 
oxygen saturation in patients with 
respiratory infections. However, 
they noted that not all interventions 
have the same effect on viral 
clearance, indicating a need for 
further research to understand the 
underlying mechanisms (T4). 

Additionally, Panahi et al. (2022) 
highlighted a substantial reduction 
in mortality among COVID-19 
patients treated with N-
acetylcysteine inhalation therapy, 
where mortality was significantly 
lower in the intervention group 
compared to the control group (3.2% 
vs. 39.2%, p < 0.001). This finding 
underscores the potential life-saving 
benefits of nebulizer therapy in 
critical care settings.  

Moreover, a meta-analysis by 
Galindo-Filho et al. (2019) found 
that while nebulizer therapy 
generally improved oxygenation, the 
effectiveness varied significantly 
based on the type of nebulizer used 
(vibrating mesh vs. jet nebulizers). 
This variability highlights the 
importance of selecting appropriate 
devices for optimal therapeutic 
outcomes. 

In a study by Alhazzani et al. 
(2021), the authors found that 
nebulized bronchodilators 
significantly improved lung function 
and oxygen saturation in patients 
with acute asthma exacerbations, 
further supporting the role of 
nebulizer therapy in respiratory 
distress management. Lastly, a 
systematic review by Chavarria et al. 
(2020) concluded that nebulized 
therapies, including corticosteroids 
and bronchodilators, are effective in 
improving clinical outcomes in 
patients with acute respiratory 
conditions, emphasizing the need for 
standardized protocols in their 
administration. 

Overall, while there are some 
differences in the results of previous 
studies, this study findings provide 
additional support for the use of 
nebulizer inhalation therapy in 
clinical practice, particularly for 
patients with critical respiratory 
conditions. 
 
Limitations of the Reviewed 
Studies 
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In conducting a systematic 
review of the effectiveness of 
nebulizer inhalation therapy in 
patients with acute respiratory 
failure, several limitations need to 
be considered: 
Variability in Study Design: Many of 
the studies reviewed have varying 
designs, including differences 
between randomized controlled 
trials (RCTs) and observational 
studies. This variability can affect 
the consistency of results and make 
comparisons between studies 
challenging. For instance, some 
studies may have used different 
treatment protocols, which can 
influence the final outcomes.  
Small Sample Sizes: Some of the 
studies included in this review had 
small sample sizes included fewer 
than 100 participants, such as the 
pilot trial by Galindo-Filho et al. 
(2019). Small sample sizes limit the 
statistical power and 
generalizability of findings.. Limited 
sample sizes can reduce the 
statistical power of the findings and 
restrict the generalizability of the 
results to a broader population. This 
can also lead to inconsistent results 
between studies.  
Methodological Quality: The 
methodological quality of the 
studies reviewed varies. Some 
studies may have a high risk of bias, 
whether in participant selection, 
outcome measurement, or data 
analysis. Low methodological quality 
can affect the validity and reliability 
of the obtained results. 
Heterogeneity in Patient 
Populations: The patient 
populations studied in these trials 
are quite diverse, including 
differences in age, gender, and 
underlying health conditions. This 
heterogeneity can influence the 
response to nebulizer therapy and 
complicate the interpretation of 
results. 

Heterogeneous Interventions: The 
therapies reviewed ranged from 
hypertonic saline to surfactants and 
heparin nebulizers, each with 
distinct mechanisms and clinical 
outcomes. This variability 
complicates direct comparisons 
across studies. 
Limited Long-term Data: Many of 
the studies reviewed did not report 
long-term data regarding the effects 
of nebulizer therapy. Most studies 
concentrated on immediate 
outcomes, such as oxygen saturation 
and hospital stay duration, with 
limited exploration of long-term 
effects. The lack of such data makes 
it difficult to assess the 
sustainability of the therapy's 
benefits over time and any potential 
side effects that may arise.  
Publication Bias: There is a 
possibility of publication bias, where 
studies with positive results are 
more likely to be published 
compared to those that show 
negative or inconclusive results. This 
can affect the overall picture of the 
effectiveness of nebulizer therapy. 
While the studies reviewed indicate 
the potential of nebulizer inhalation 
therapy in improving oxygen 
saturation in patients with acute 
respiratory failure, these limitations 
must be acknowledged. Further 
research with stronger designs and 
larger sample sizes is needed to 
confirm these findings and to 
explore the effectiveness and safety 
of this therapy in greater depth. 
 
Clinical Implications 

The findings from this 
systematic review on the 
effectiveness of nebulizer inhalation 
therapy in patients with acute 
respiratory failure have several 
important clinical implications:  
Development of Therapy Protocols: 
The evidence supporting the efficacy 
of nebulizer inhalation therapy, 
particularly with hypertonic saline, 
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suggests the need for the 
development of standardized 
inhalation therapy protocols. These 
protocols can be integrated into 
clinical practice to ensure consistent 
and effective treatment for patients 
experiencing acute respiratory 
failure. By establishing clear 
guidelines, healthcare providers can 
optimize patient outcomes and 
enhance the quality of care. 
Importance of Monitoring: While 
nebulizer therapy is associated with 
minimal side effects, it is crucial to 
implement close monitoring of 
patients receiving this treatment. 
Continuous assessment of oxygen 
saturation and respiratory status is 
essential to ensure the therapy's 
effectiveness and to identify any 
potential complications early. This 
monitoring can help clinicians make 
timely adjustments to the treatment 
plan as needed. Targeting 
Vulnerable Populations: The review 
highlights the potential benefits of 
nebulizer therapy for vulnerable 
populations, such as patients with 
chronic obstructive pulmonary 
disease (COPD) or those presenting 
with severe respiratory distress. 
Clinicians should consider 
incorporating nebulizer inhalation 
therapy as a key component of the 
management strategy for these 
patients, as it may lead to quicker 
improvements in oxygen saturation 
and overall respiratory function. 
Integration into Health Policies: 
Policymakers and healthcare 
administrators should consider the 
findings of this review when 
developing national health 
guidelines and protocols for 
managing acute respiratory failure. 
By incorporating evidence-based 
practices into health policies, 
healthcare systems can standardize 
care, optimize resource allocation, 
and improve patient outcomes on a 
larger scale. Education and Training: 
It is essential to provide education 

and training for healthcare 
professionals regarding the use of 
nebulizer inhalation therapy. 
Understanding the indications, 
techniques, and potential benefits 
of this therapy can empower 
clinicians to utilize it effectively in 
their practice. Ongoing professional 
development can help ensure that 
healthcare providers are equipped 
with the latest knowledge and skills 
to manage patients with acute 
respiratory failure. 

In conclusion, the findings 
from this systematic review 
underscore the importance of 
nebulizer inhalation therapy in the 
management of acute respiratory 
failure. By developing standardized 
protocols, ensuring close monitoring, 
targeting vulnerable populations, 
integrating findings into health 
policies, and providing education for 
healthcare professionals, the clinical 
implications of this review can lead 
to improved patient outcomes and 
enhanced quality of care. 
 
Limitations of the Systematic 
Review 

Although this review aimed to 
include studies from multiple 
databases, it is possible that some 
relevant studies were missed, 
particularly those that were not 
published in English. Additionally, 
there may be a publication bias, 
since research with unfavorable or 
ambiguous findings is less likely to be 
published. 
 
Selection Bias: The review relied on 
studies published in English and may 
have excluded relevant research 
published in other languages. This 
limitation could introduce selection 
bias, as studies with significant 
findings may be more likely to be 
published, while those with negative 
or inconclusive results might remain 
unpublished. Heterogeneity of 
Studies: The included studies 
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exhibited considerable 
heterogeneity in terms of design, 
patient populations, intervention 
protocols, and outcome measures. 
This variability can complicate the 
synthesis of results and limit the 
ability to draw definitive conclusions 
about the overall effectiveness of 
nebulizer therapy. Quality of 
Evidence, which includes The 
analyzed studies' methodological 
quality differed greatly.Some 
studies had high risks of bias due to 
factors such as inadequate 
randomization, lack of blinding, or 
incomplete outcome data. This 
variability in quality can affect the 
reliability of the findings and the 
strength of the conclusions drawn 
from the review. Limited Long-term 
Data: Many studies included in the 
review did not provide long-term 
follow-up data on the effects of 
nebulizer therapy. Lack of such 
information makes it more difficult 
to evaluate the therapy's long-term 
safety and efficac, which is crucial 
for understanding its long-term 
impact on patient health outcomes. 
Inability to Perform Meta-analysis: 
Due to the heterogeneity of the 
studies and differences in outcome 
measures, the review was unable to 
conduct a meta-analysis. This 
limitation restricts the quantitative 
strength of the conclusions and 
makes it challenging to provide a 
comprehensive assessment of the 
overall effectiveness of nebulizer 
inhalation therapy. Potential for 
Publication Bias: Studies with good 
results have a higher chance of being 
published than those with negative 
or equivocal findings, according to 
the literature.This bias can skew the 
perceived effectiveness of nebulizer 
therapy and may not accurately 
reflect the true efficacy of the 
intervention. While this systematic 
review highlights the potential 
benefits of nebulizer inhalation 
therapy for patients with acute 

respiratory failure, these limitations 
must be considered when 
interpreting the findings. Future 
research should aim to address these 
limitations by conducting high-
quality, large-scale studies with 
standardized protocols and long-
term follow-up to provide more 
robust evidence regarding the 
effectiveness and safety of nebulizer 
therapy. 
 
Suggestions for Upcoming Studies 

Considering the conclusions 
and restrictions noted in this 
systematic review, several 
recommendations for future 
research are proposed to further 
explore the effectiveness of 
nebulizer inhalation therapy in 
patients with acute respiratory 
failure: Conduct Large-Scale, Multi-
Center Randomized Controlled 
Trials (RCTs): Future studies should 
focus on designing and implementing 
large-scale, multi-center RCTs to 
evaluate the efficacy of nebulizer 
inhalation therapy. These trials 
should include diverse patient 
populations to enhance the 
generalizability of the findings and 
provide a more comprehensive 
understanding of the therapy's 
effectiveness across different 
clinical settings. Investigate Long-
Term Effects: Research should aim 
to assess the long-term effects of 
nebulizer therapy on oxygen 
saturation, respiratory function, and 
overall patient outcomes. 
Longitudinal studies with extended 
follow-up periods will help 
determine the sustainability of the 
benefits observed with nebulizer 
therapy and its impact on long-term 
health. Explore Cost-Effectiveness: 
Future studies should investigate the 
cost-effectiveness of nebulizer 
inhalation therapy compared to 
other treatment modalities for acute 
respiratory failure. Understanding 
the economic implications of this 
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therapy can inform healthcare 
decision-making and resource 
allocation, particularly in resource-
limited settings. Standardize 
Protocols: There is a need for 
research focused on standardizing 
nebulizer therapy protocols, 
including medication types, dosages, 
and administration techniques. 
Standardization can reduce 
variability in treatment approaches 
and enhance the comparability of 
study results, ultimately leading to 
more reliable conclusions about the 
therapy's effectiveness. Examine 
Mechanisms of Action: Future 
research should delve into the 
underlying mechanisms by which 
nebulizer therapy improves oxygen 
saturation and respiratory function. 
Understanding these mechanisms 
can help identify which patient 
populations are most likely to 
benefit from this therapy and guide 
the development of targeted 
treatment strategies. Address 
Methodological Limitations: 
Researchers should strive to address 
the methodological limitations 
identified in previous studies, such 
as small sample sizes and high risks 
of bias. Employing rigorous study 
designs, including appropriate 
randomization and blinding, will 
enhance the quality of evidence and 
strengthen the conclusions drawn 
from future research. Addressing 
these recommendations in future 
research will contribute to a more 
robust understanding of nebulizer 
inhalation therapy's role in managing 
acute respiratory failure. By 
generating high-quality evidence, 
researchers can help inform clinical 
practice and improve patient 
outcomes in this critical area of 
healthcare. 
 
 
CONCLUSION 

Nebulizer inhalation appears 
to be an effective therapy for 

improving oxygen saturation and 
clinical outcomes in patients with 
acute respiratory failure. The 
findings suggest that nebulizer 
therapy, particularly when utilizing 
medications such as bronchodilators 
and hypertonic saline, can lead to 
meaningful improvements in 
respiratory function and overall 
patient health. Despite some 
methodological limitations in the 
reviewed studies, these findings 
support its continued use in clinical 
practice, with further research 
needed to optimize treatment 
protocols. Future research should 
focus on optimizing treatment 
protocols, exploring long-term 
effects, and standardizing 
approaches to maximize therapeutic 
outcomes and ensure consistent 
benefits across diverse patient 
populations. 
Overall, the evidence presented in 
this review lays a strong foundation 
for the integration of nebulizer 
inhalation therapy into clinical 
practice for managing acute 
respiratory failure. By continuing to 
explore and refine this therapeutic 
approach, healthcare providers can 
improve patient outcomes and 
contribute to better management of 
respiratory conditions. 
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