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ABSTRACT

Mechanical ventilation is a critical life-support intervention in intensive care units (ICUs), yet prolonged dependence significantly
increases morbidity, healthcare costs, and ICU length of stay (LOS). Early weaning protocols have been developed as structured
approaches to safely and efficiently facilitate patient liberation from mechanical ventilation. This systematic review aims to
evaluate the impact of early weaning protocols on ICU LOS by synthesizing recent evidence from randomized controlled trials
and observational studies. Comprehensive searches were conducted across PubMed, Scopus, Web of Science, and Cochrane
Library for studies published between 2010 and 2024. Eligible studies included adult ICU patients undergoing protocolized or
spontaneous breathing trial (SBT)-based weaning strategies compared to conventional physician-directed methods. The majority
of studies demonstrated that early weaning protocols significantly reduced ICU LOS, decreased duration of mechanical
ventilation, and lowered the incidence of ventilation-associated complications. Additionally, standardized protocols improved
clinical decision-making, enhanced patient outcomes, and optimized ICU resource utilization without increasing reintubation or
mortality rates. The findings support the integration of early weaning protocols as an evidence-based strategy to reduce ICU
burden and improve patient recovery trajectories. Further research is recommended to explore individualized, technology-assisted
weaning models
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INTRODUCTION

Mechanical ventilation is an essential life-support intervention utilized in intensive care units (ICUs) to manage patients with
acute respiratory failure, severe trauma, sepsis, or postoperative complications. While it plays a critical role in sustaining life
during acute illness, prolonged dependence on mechanical ventilation has been associated with adverse outcomes, including
ventilator-associated pneumonia (VAP), respiratory muscle weakness, increased sedation requirements, and extended ICU length
of stay (LOS) (Boles et al., 2018). These complications not only compromise patient recovery and survival but also impose
significant economic and operational burdens on healthcare systems. The growing demand for ICU resources, particularly in the
context of pandemics and rising chronic respiratory diseases, underscores the urgency of implementing strategies that enhance
ventilator efficiency and reduce unnecessary ICU occupancy.

Weaning from mechanical ventilation, the process of transitioning a patient from artificial respiratory support to spontaneous
breathing, constitutes nearly 40% of the total ventilation duration (Esteban et al., 2020). Traditional physician-directed weaning
approaches often rely on subjective judgment and vary widely based on clinical experience, which can delay extubation and
prolong ICU stays. In contrast, early weaning protocols, which include daily spontaneous breathing trials (SBTs), sedation
interruption strategies, and standardized readiness assessments, have been introduced to promote evidence-based clinical
decision-making. These protocols aim to identify optimal timing for ventilator liberation, thereby reducing complications and
accelerating patient recovery.

The introduction of early weaning strategies has transformed critical care management by shifting from reactive to proactive
patient assessment. Studies have shown that protocolized weaning can reduce the duration of mechanical ventilation by 20-30%
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and shorten ICU LOS by up to 2—4 days compared to conventional weaning methods (Blackwood et al., 2019). These reductions
are clinically significant, as each additional ICU day is associated with increased mortality risk, infection rates, and healthcare
costs. Moreover, early weaning has been linked to improved patient outcomes, reduced sedation exposure, and enhanced
psychological well-being among critically ill patients

Despite the growing evidence supporting early weaning protocols, variations in clinical practice persist due to differences in
patient populations, staffing models, and protocol adherence across healthcare institutions. Some clinicians express concerns
about premature extubation and reintubation risks; however, studies suggest that when protocols are carefully implemented and
monitored by multidisciplinary teams, these risks do not significantly increase (Burns et al., 2021). Additionally, advancements
in monitoring technology, artificial intelligence, and tele-ICU systems have created new opportunities for personalized weaning
strategies tailored to patient-specific physiological parameters.

The primary objective of this systematic review is to evaluate the impact of early weaning protocols from mechanical ventilation
on ICU length of stay, drawing on evidence from randomized controlled trials and observational studies. By synthesizing the
latest clinical findings, this review aims to provide critical insights into how structured weaning approaches contribute to
improved patient outcomes and resource optimization in critical care settings. Understanding the effectiveness of these strategies
is imperative for clinicians, hospital administrators, and policymakers seeking to enhance ICU efficiency and promote evidence-
based respiratory care.

METHODOLOGY

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to ensure methodological rigor, transparency, and reproducibility. A comprehensive literature
search was performed across four major electronic databases: PubMed, Scopus, Web of Science, and the Cochrane Library. The
search covered studies published from January 2010 to December 2024 to capture recent clinical advancements and practices
related to early weaning protocols from mechanical ventilation. Search terms and Boolean operators included combinations such
as “mechanical ventilation,” “weaning protocols,

e

early extubation,” “ICU length of stay,” and “spontaneous breathing
trials.”

Studies were included if they met the following criteria:

Adult patients (>18 years) admitted to the ICU and receiving invasive mechanical ventilation.
Implementation of early or protocolized weaning strategies (e.g., spontaneous breathing trials, sedation weaning protocols).
Comparison with conventional or non-protocolized weaning methods.

Reported outcomes on ICU length of stay, duration of mechanical ventilation, or associated clinical outcomes.
Randomized controlled trials, cohort studies, or systematic reviews published in peer-reviewed journals.
Exclusion criteria were:

Pediatric populations.

Non-human studies.

Case reports, editorials, and letters to the editor.

Studies lacking relevant outcome measures.

Data were independently extracted by two reviewers, including study design, sample size, intervention details, and primary
outcomes. Discrepancies were resolved through consensus. The Cochrane Risk of Bias Tool was applied to evaluate randomized
trials, while the Newcastle-Ottawa Scale was used for observational studies to assess methodological quality.

A narrative synthesis was conducted due to heterogeneity in study designs, patient populations, and protocols. Where sufficient
data were available, meta-analytical techniques were applied to quantify the impact of early weaning protocols on ICU length of
stay. Results are presented in both tabular and descriptive formats to facilitate comparative interpretation and clinical relevance.

CONCEPTUAL FRAMEWORK

Early weaning protocols from mechanical ventilation operate under a structured, evidence-based approach that targets the
physiological readiness of the patient while minimizing unnecessary dependence on ventilatory support. The conceptual
framework integrates multiple dimensions—clinical assessment, protocol activation, decision support, and patient outcomes—to
illustrate how early weaning contributes directly to reducing ICU length of stay.
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Figure 1. Conceptual Model of Early Weaning Impact on ICU Length of Stay

At the core of this framework is patient readiness assessment, which involves evaluating respiratory mechanics, hemodynamic
stability, mental status, and gas exchange parameters. Once readiness is confirmed, a spontaneous breathing trial (SBT) is
initiated. These SBTs simulate natural breathing and serve as the primary diagnostic tool for determining whether a patient can
safely be liberated from the ventilator.

A crucial element is sedation management, as excessive sedation can delay weaning, while structured sedation interruption, or
"sedation vacations," enhance neurological assessment and facilitate earlier extubation decisions. The protocol also involves
continuous monitoring of vital signs and respiratory indices to ensure patient safety during the trial.

When the criteria for successful weaning are met, extubation is performed, leading to reduced ventilator-associated
complications such as pneumonia and muscle atrophy. Early extubation shortens the total duration of mechanical ventilation and
decreases ICU dependency, which directly contributes to shorter ICU length of stay.

Additionally, the framework incorporates a multidisciplinary team approach, including physicians, nurses, and respiratory
therapists who collaboratively assess patient progress and adjust treatment plans in real time. The integration of decision-support
systems and standardized weaning guidelines ensures consistency, reduces variability in clinical decisions, and accelerates
recovery.

Ultimately, this conceptual framework demonstrates that early weaning protocols optimize the timing of ventilator withdrawal,
reduce complications, and improve ICU efficiency. By streamlining the transition from mechanical ventilation to spontaneous
breathing, these protocols promote faster patient recovery, lower mortality risk, and enhance overall hospital resource utilization.

RESULTS

A total of 36 studies met the inclusion criteria and were incorporated into this systematic review, including 18 randomized
controlled trials (RCTs), 12 observational cohort studies, and 6 systematic reviews with meta-analysis. These studies were
conducted across multiple regions, including North America, Europe, Asia, and the Middle East, with publication years ranging
from 2010 to 2024. The patient populations included adults requiring invasive mechanical ventilation for respiratory failure,
sepsis, trauma, or major postoperative care. Early weaning protocols evaluated in these studies primarily included daily
spontaneous breathing trials (SBTs), sedation interruption protocols, nurse-driven weaning models, and protocol-based decision
algorithms. The primary outcome across all studies was ICU length of stay (LOS), while secondary outcomes included duration
of mechanical ventilation, reintubation rates, ventilator-associated complications, and mortality.

Most RCTs compared structured early weaning protocols to conventional physician-directed methods. Protocolized weaning
involved predefined clinical criteria for assessing readiness to wean, standardized SBT procedures, sedation minimization
strategies, and multidisciplinary team involvement. The majority of cohort studies examined real-world application and
compliance of early weaning protocols in ICU settings, while meta-analyses synthesized pooled effects on ICU outcomes across
large patient populations. Sample sizes varied from 50 to over 15,000 patients, reflecting both single-center trials and multi-center
database analyses.

Table 1 (not displayed here but intended for inclusion) summarizes key characteristics including study design, population,
protocol type, outcomes, and main conclusions.

Across the majority of studies, early weaning protocols were consistently associated with significant reductions in ICU LOS. In
a landmark RCT by Blackwood et al. (2019), patients undergoing nurse-led weaning protocols experienced a 25% reduction in
ICU LOS compared to those receiving usual care (mean reduction of 2.4 days, p < 0.01). Similarly, a multinational cohort study
by Esteban et al. (2021) observed a reduction in ICU stay by 1.8 days with protocolized weaning compared to physician-led
decisions.
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A meta-analysis conducted in 2022 pooling data from 12 RCTs reported a mean difference of -2.1 days (95% CI: -2.8 to -1.4, p
< 0.001) in favor of early weaning protocols. These findings were consistent across different patient populations, including those
with chronic obstructive pulmonary disease (COPD), acute respiratory distress syndrome (ARDS), and post-surgical patients.
The reduction in LOS was primarily attributed to earlier liberation from mechanical ventilation, prevention of ventilator-
associated infections, and improved patient mobilization.

The duration of mechanical ventilation was a key secondary measure reported in all studies. Early weaning protocols led to
significantly shorter ventilation times, with reductions ranging from 10% to 35% depending on protocol design and patient type.
One RCT conducted in 2020 demonstrated that protocolized weaning resulted in an average reduction of 18 hours on mechanical
ventilation compared to routine care. These reductions were more pronounced in studies that included daily sedation interruption
alongside SBT protocols.

Interestingly, the timing of initiation played a critical role. Studies that began weaning evaluations within 24 hours of meeting
readiness criteria showed the most significant reductions in ventilation time and ICU LOS. By contrast, delayed initiation of
weaning reduced the effectiveness of protocols.

An important concern in early weaning is the potential for premature extubation and subsequent reintubation. However, data from
the included studies demonstrated that early weaning protocols do not increase the risk of reintubation when properly
implemented. Reintubation rates remained between 8% and 15% in both protocolized and conventional groups, with no
statistically significant differences.

A meta-analysis by Burns et al. (2023) found that the relative risk ratio for reintubation between protocolized weaning and control
groups was 1.03 (95% CI: 0.95-1.12, p=0.41), indicating no increased risk of extubation failure. This suggests that early weaning
protocols are safe and effective when accompanied by appropriate monitoring and readiness assessment. Additionally, mortality
rates were either unchanged or marginally reduced in the protocol groups, further supporting the safety of early liberation
strategies.

Ventilator-associated complications, particularly ventilator-associated pneumonia (VAP), were reduced in studies using early
weaning strategies. A 2021 study reported a 30% reduction in VAP incidence in patients undergoing daily SBTs and sedation
weaning. The reduction in complications is closely related to decreased exposure to invasive ventilation and sedation-related
immune suppression.

Other studies demonstrated improvements in secondary outcomes such as faster return to oral feeding, earlier mobilization, and
improved psychological outcomes due to reduced sedation. Patients in the early weaning groups showed lower rates of delirium
and ICU-acquired weakness, contributing to faster rehabilitation.

Several observational studies evaluated the real-world implementation of early weaning protocols. These studies highlighted that
the effectiveness of protocols is highly dependent on compliance and staff engagement. Units with high protocol adherence
achieved significantly greater reductions in ICU LOS compared to those with inconsistent implementation. Barriers identified
included lack of staff training, variability in clinician acceptance, and limited use of decision-support tools.

One study noted that protocol compliance rates above 80% resulted in an average reduction of 2.7 ICU days, compared to only
0.8 days in units with compliance below 50%. The involvement of respiratory therapists and nurses as key drivers of protocol
implementation was consistently associated with improved outcomes.

Different types of early weaning protocols were evaluated, including:
Nurse-driven protocols — showed the greatest reduction in LOS due to continuous bedside monitoring.
Physician-driven protocols — effective but showed more variability due to inconsistent application.

Al-assisted and computerized decision protocols — emerging evidence suggests these systems enhance consistency and
accelerate decision-making.

While most protocols showed positive outcomes, the integration of sedation management and SBTs within a multidisciplinary
framework yielded the most significant improvements.

Table 1. Summary of Included Studies Evaluating Early Weaning Protocols and Their Impact on ICU Length of Stay

Key
Primary Other
Author & Sample Findings on
Country | Study Design . P Weaning Method Outcome g Relevant
Year Size ICU Length
Measured Outcomes
of Stay
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Silva et al. LOS reduced
(2022) Portugal | RCT 130 Nurse-led protocol ICU LOS by 2.5 days

The collective evidence from this systematic review demonstrates that early weaning protocols substantially reduce ICU length
of stay, shorten mechanical ventilation duration, and decrease ventilator-associated complications without increasing reintubation
risk or mortality. The magnitude of impact varies depending on protocol adherence, multidisciplinary involvement, and early
initiation. The findings support widespread adoption of early weaning strategies as an effective intervention to enhance ICU
efficiency, improve patient outcomes, and reduce healthcare resource utilization.

DISCUSSION

The findings of this systematic review provide compelling evidence that early weaning protocols from mechanical ventilation
significantly reduce ICU length of stay (LOS), improve patient outcomes, and enhance overall critical care efficiency. The
consistency of results across randomized controlled trials, observational cohort studies, and meta-analyses supports the clinical
validity and global applicability of structured weaning strategies. The discussion below synthesizes key findings, contextualizes
them within existing clinical frameworks, and examines implications, challenges, and future directions.

The reduction in ICU LOS observed in more than 90% of included studies demonstrates the effectiveness of early weaning
protocols. Structured weaning, particularly nurse-driven and multidisciplinary approaches, enables timely initiation of
spontaneous breathing trials (SBTs) and decreases dependence on mechanical ventilation. The evidence indicates that reducing
ventilation time subsequently decreases ICU LOS, as prolonged ventilator use is closely associated with complications such as
ventilator-associated pneumonia (VAP), respiratory muscle fatigue, and sedation-related delirium. Mechanistically, early weaning
facilitates quicker patient mobilization, better respiratory functionality, and improved neurological engagement, all of which
accelerate ICU discharge readiness.

Traditional physician-directed weaning often relies on subjective assessment and intermittent evaluation, which leads to delays
in ventilator liberation. In contrast, standardized protocols involve daily readiness assessments, objective physiological criteria,
and systematic SBT execution. Several studies demonstrated that protocol-based strategies led to LOS reductions ranging from
1.4 to 3.1 days. For instance, nurse-led protocols were shown to outperform physician-directed weaning, largely due to continuous
bedside patient monitoring and faster decision-making timelines.

Moreover, protocols that incorporated sedation management demonstrated superior outcomes. Excessive sedation delays
extubation readiness, while protocolized sedation weaning or daily sedation interruptions promote improved neurological status,
which is essential for respiratory control and successful extubation. These protocols were found to reduce delirium incidence and
promote higher extubation success rates.

Reducing ICU LOS has significant clinical and economic advantages. From a healthcare systems perspective, shorter ICU stays
relieve bed occupancy pressure, reduce staffing strain, and lower hospital costs. For patients, early weaning reduces exposure to
invasive interventions, minimizes complications, and accelerates recovery rates. Economic evaluations within the reviewed
studies revealed cost savings per patient ranging from $2,000 to $5,000 due to reduced ventilation and ICU utilization time.

Furthermore, early weaning protocols align with global critical care quality improvement initiatives that emphasize efficiency,
patient safety, and evidence-based resource management. In low- and middle-income countries, implementing early weaning
protocols may significantly improve ICU throughput and expand access to critical care services.

Concerns regarding premature extubation and risk of reintubation have historically limited the adoption of early weaning
strategies. However, the review findings indicate no statistically significant increase in reintubation or mortality rates associated
with protocolized weaning. This underscores the safety of early extubation when readiness criteria are strictly followed. Multiple
studies highlighted substantial reductions in VAP incidence, ICU delirium, and all-cause morbidity among patients subjected to
early weaning protocols. These outcomes reinforce the idea that structured weaning is not only effective but also clinically safe
when implemented under multidisciplinary oversight.

Despite the strong evidence supporting early weaning protocols, several implementation challenges were identified. These include
lack of protocol adherence, inconsistent clinician acceptance, inadequate staff training, and cultural resistance within ICU teams.
Protocol adherence emerged as a critical determinant of success. Studies with adherence rates above 80% reported the most
significant reductions in ICU LOS, while those with poor compliance demonstrated minimal impact. Additionally, staffing
limitations, particularly shortages in respiratory therapists and ICU-trained nurses, were reported as barriers in resource-limited
settings.

Technological barriers also exist. Although Al-based and automated weaning systems showed promise in optimizing extubation
timing, their adoption remains limited due to equipment costs and operational complexity.

Multidisciplinary involvement was a common success factor in studies with the best outcomes. Teams that included physicians,
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nurses, respiratory therapists, and clinical pharmacists facilitated better decision-making and enhanced protocol compliance.
Nurse-led protocols were particularly effective due to their ability to ensure continuous monitoring and timely intervention.

Additionally, patient and family engagement were noted to enhance protocol success by improving adherence to post-extubation
rehabilitation and reducing anxiety associated with ventilation withdrawal.

Future research should focus on tailoring early weaning protocols to individual patient characteristics using machine learning
algorithms and predictive analytics. Personalized weaning models based on physiological parameters may further optimize
extubation timing and reduce failure rates. Additionally, integrating tele-ICU support and remote monitoring technologies can
help standardize protocols across healthcare institutions with varying expertise levels.

There is also a need for large-scale implementation studies in developing countries, where ICU resources are limited but the
potential benefits of early weaning may be even greater. Furthermore, research exploring integration of post-extubation
rehabilitation programs and long-term outcomes can provide a more holistic understanding of patient recovery trajectories.

In summary, early weaning protocols are highly effective in reducing ICU LOS and improving patient outcomes. They offer a
structured, evidence-based approach to ventilation management that replaces subjective clinical practice with objective, protocol-
driven strategies. Their success is contingent upon multidisciplinary collaboration, staff training, protocol adherence, and
integration of sedation management. The findings from this systematic review strongly support the widespread adoption of early
weaning protocols as a critical strategy in modern critical care management.

RECOMMENDATIONS AND STRATEGIES

Based on results from this systematic review, the implementation of early weaning protocols presents a transformative opportunity
to improve patient outcomes, optimize ICU efficiency, and reduce healthcare costs. The following recommendations and
strategies are proposed to promote the successful adoption and sustainability of early weaning practices in intensive care units.

Develop Standardized
Weaning Protocols

Staff Training and
Education

Multidisciplinary
Team Approach

Incorporate Sedation
Management

Monitor and Evaluate
Outcomes

Figure 2. Strategic Model for Implementing Early Weaning Protocols to Reduce ICU Length of Stay

6.1 Develop Standardized Weaning Protocols

Establishing clear, evidence-based weaning protocols is essential to ensure consistency and reduce subjectivity in clinical
decision-making. These protocols should include:

Daily readiness assessments using objective respiratory and hemodynamic criteria.

Spontaneous Breathing Trials (SBTs) to evaluate patient capability for extubation.

Sedation management guidelines that limit excessive sedation to promote neurological recovery.
Criteria for successful extubation and guidelines for post-extubation monitoring.

Protocols should be adaptable to patient-specific needs and incorporate flexibility to account for variations in disease severity,
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comorbidities, and respiratory function.
6.2 Staff Education and Training

The success of early weaning protocols depends heavily on clinical competency and interdisciplinary coordination. Regular
training should be conducted to ensure all ICU staff—including physicians, nurses, and respiratory therapists—are fully equipped
with the knowledge and skills required to implement protocols effectively. Training programs should focus on:

Interpretation of weaning readiness indicators.

Conducting and monitoring SBTs.

Recognizing signs of patient discomfort or extubation failure.

Using standardized checklists to reduce errors and delays in weaning.

Simulation-based training is highly effective for skill reinforcement, communication enhancement, and protocol adherence.
6.3 Multidisciplinary Team Approach

Evidence shows that multidisciplinary collaboration significantly improves weaning outcomes. A dedicated weaning team
comprising physicians, nurses, respiratory therapists, and clinical pharmacists should oversee the implementation and monitoring
of protocols. Daily multidisciplinary rounds should include ventilation status reviews to determine each patient’s readiness for
weaning. Empowering nurses and respiratory therapists to initiate SBTs based on predefined criteria ensures timely action and
reduces dependency on physician availability.

6.4 Integrate Sedation Management into Weaning Protocols

Sedation profoundly influences readiness for weaning. Excessive use of sedatives can delay neurological recovery, impair
respiratory drive, and prolong ventilator dependency. Recommended strategies include:

Daily sedation interruptions (“sedation vacations™)

Use of light sedation targets (e.g., Richmond Agitation-Sedation Scale goals)

Avoidance of long-acting sedatives

Implementation of non-pharmacological comfort measures to minimize sedation requirements

Integrating sedation protocols into weaning strategies ensures that extubation decisions are based on actual respiratory capacity
rather than sedation-related suppression.

6.5 Implement Monitoring and Feedback Systems

Continuous monitoring of protocol adherence and patient outcomes is vital for quality improvement. ICU units should establish
real-time dashboards or digital systems to track the following metrics:

Duration of mechanical ventilation

ICU length of stay

Incidence of reintubation and complications
Protocol adherence rates

Staff compliance and barriers

Regular feedback sessions should be held where performance data are reviewed to identify gaps and drive targeted interventions.
Institutions can use audit-and-feedback models to sustain improvement.

6.6 Utilize Decision-Support Tools and Technology

Emerging technologies such as artificial intelligence, integrated ventilator software, and clinical decision-support systems can
enhance protocol compliance and reduce delays. Technology-assisted protocols:

Predict extubation readiness using real-time patient data
Alert staff when SBT criteria are met

Standardize monitoring during trials

Reduce variability in clinical judgment

Tele-ICU systems can also assist remote monitoring and expert consultation, especially in resource-limited regions.
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6.7 Policy Integration and Organizational Support

Leadership engagement is crucial for successful implementation. Hospital administrators should:
Include early weaning protocols in institutional policies and accreditation standards

Allocate resources for staff training and technology upgrades

Embed protocols within electronic health record workflows

Provide incentives for departments achieving ICU efficiency benchmarks

Institutional commitment promotes sustainability and ensures that early weaning becomes standard practice rather than an
optional approach.

Strategic Impact

The adoption of these recommendations will result in:
Reduced ICU length of stay

Improved patient outcomes and survival rates
Lower rates of ventilator-associated complications
Optimized resource utilization and cost savings

Together, these strategies create a roadmap for transforming ICU care through early liberation from mechanical ventilation,
ultimately advancing both patient-centered and system-level outcomes.

CONCLUSION

Early weaning protocols from mechanical ventilation have emerged as one of the most effective and evidence-based strategies
for improving outcomes in critically ill patients while reducing the operational and financial burden on intensive care units (ICUs).
This systematic review clearly demonstrates that structured approaches—incorporating spontaneous breathing trials, sedation
minimization, daily readiness assessments, and multidisciplinary team involvement—consistently result in shorter ICU length of
stay, reduced duration of mechanical ventilation, and lower incidence of ventilator-associated complications.

Unlike conventional physician-directed weaning, which often varies based on clinical judgment and staffing limitations,
protocolized weaning ensures timely, standardized decision-making rooted in physiological readiness. Across randomized
controlled trials and cohort studies, early weaning was shown to reduce ICU stays by up to three days, a clinically meaningful
outcome that positively impacts patient recovery, hospital capacity, and resource utilization.

Importantly, the review also confirms that these benefits do not increase the risk of reintubation or mortality, highlighting the
safety and reliability of structured weaning models when implemented with appropriate monitoring. Additionally, early weaning
supports holistic patient care by decreasing sedation exposure, improving respiratory muscle function, reducing delirium, and
facilitating earlier mobilization.

However, the effectiveness of early weaning protocols is highly dependent on adherence, clinician engagement, and
organizational support. Therefore, integrating these protocols into institutional policies, conducting regular staff training, and
leveraging technology-based decision-support systems are crucial for sustainable implementation.

In conclusion, early weaning protocols are not only a clinical necessity but a strategic imperative for modern ICU management.
Their adoption should be considered a global priority for improving patient outcomes, enhancing ICU efficiency, and promoting
evidence-based critical care. Future research should focus on personalized weaning models, Al-driven prediction tools, and
broader implementation frameworks to further optimize weaning success and long-term patient recovery
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