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Background: Research has demonstrated that protocol-directed weaning shortens the duration of mechanical ventilation (MV). Nurse-led weaning protocols have also been suggested to reduce MV duration in patients. Nevertheless, their implementation in mechanically ventilated patients is not widespread, and their clinical effectiveness remains uncertain.

Aim: This study aimed to evaluate the effectiveness of nurse-led weaning protocols compared to physician-led weaning in mechanically ventilated patients.

Methods: Eleven electronic databases (PubMed, Embase, Cochrane Library, CINAHL, EBSCO, Scopus, Web of Science, Sino Med, CNKI, VIP, and Wanfang) were systematically searched from their inception to January 20, 2024. Two researchers conducted a literature search and data extraction independently. We performed all statistical analyses using RevMan 5.1. The certainty of evidence was assessed using the Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) profiler Guideline Development Tool.

Results: Our analysis included a total of six relevant studies. The analysis of pooled data revealed that nurse-led weaning protocols were associated with a significant reduction in the duration of MV (MD = −1.78 days, 95% confidence interval (CI) = −3.08 to −0.48, I2 = 82%, and p = 0.007; five studies; moderate quality), length of stay (LOS) in the intensive care unit (ICU) (MD = −2.04 days, 95% CI = −2.65 to −1.44, I2 = 0%, and p < 0.00001; five studies; moderate quality), and LOS (MD = −2.54 days, 95% CI = −3.95 to −1.14, I2 = 0%, and p = 0.0004; three studies; low quality). Furthermore, nurse-led weaning protocols were associated with a reduced incidence of ventilator-associated pneumonia (VAP) (OR = 0.54, 95% CI = 0.31 to 0.96, I2 = 0%, and p = 0.03; 2 studies; moderate quality).

Conclusion: Current evidence indicates that nurse-led weaning protocols have the potential to decrease the duration of MV, ICU LOS, LOS, and incidence of VAP in mechanically ventilated patients. However, these findings should be interpreted with caution due to the moderate-to-low quality of evidence and the limited number of available studies. Further high-quality, large-scale research is needed to confirm the effectiveness and safety of nurse-led weaning protocols in diverse clinical settings.

Systematic review registration: Identifier: CRD42023487455, https://www.crd.york.ac.uk/prospero.
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1 Introduction

Mechanical ventilation (MV) is the primary treatment for critically ill patients in the intensive care unit (ICU) (1). Healthcare professionals have concentrated on identifying the optimal timing for weaning patients from MV (2–5). Cederwall et al. (6) have demonstrated that the duration of weaning constitutes more than 50% of the total MV time. Prolonged MV is linked to extended lengths of stay (LOS), increased medical costs, and various complications, including ventilator-associated pneumonia (VAP) (7). Therefore, timely weaning is essential when the patient’s underlying condition improves or stabilizes, facilitating the transition from full respiratory support to spontaneous breathing (8, 9). A multicenter survey indicates that approximately 25% of ICU patients encounter weaning difficulties or delays, leading to extended MV, prolonged ICU stays, and increased mortality rates (10).

Several studies have demonstrated that protocolized weaning strategies can effectively reduce complications, such as VAP, shorten the duration of MV, and decrease the rate of reintubation (11–13). Significant variations in weaning strategies arise due to differences in clinicians’ knowledge, skills, and attitudes. Foster et al. (14) pioneered the development of a weaning protocol, which is a structured guideline for reducing or discontinuing MV support. This protocol involves three steps: evaluating the fulfillment of weaning criteria, reducing ventilatory support, and removing the endotracheal tube (15). Protocolized weaning minimizes the impact of subjective judgment and experience on weaning procedures and empowers nurses and respiratory therapists to actively participate in the weaning process.

Several studies have demonstrated that nurse-led weaning can safely shorten the duration of MV compared to physician-led weaning (16–18). These findings were corroborated by a systematic review conducted in 2019 (19). However, a recent retrospective cohort study reported that nurse-led weaning did not significantly reduce the duration of MV when compared to physician-led weaning (20). In light of the ongoing debate regarding the effectiveness of nurse-led weaning in mechanically ventilated patients, and considering the limitations of previous systematic reviews—which have mainly focused on adult MV patients and included a limited number of studies with low-quality evidence (19)—there is an urgent need to update the evidence in this field.

This study aimed to systematically review the empirical literature to assess the effectiveness of nurse-led weaning in mechanically ventilated patients and to generate high-quality evidence for clinical practice through a meta-analysis.



2 Methods

This systematic review and meta-analysis were registered on the International Prospective Register of Systematic Reviews (PROSPERO number: CRD42023487455) and were conducted and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (21).


2.1 Search strategy and selection criteria

The search strategy involved querying seven English databases—PubMed, Embase, Cochrane Central Register of Controlled Trials, CINAHL, EBSCO, Scopus, and Web of Science—and four Chinese databases—Chinese Biomedical Literature Database, Wanfang Data, Chinese National Knowledge Infrastructure, and Chinese Science and Technology Periodical Database—as well as grey literature sources, including Open Grey1 and Grey Literature Report,2 from the inception of each database to January 20, 2024. Search terms included a combination of medical subject headings and keywords related to weaning from mechanical ventilation, such as “Ventilator Weaning,” “Mechanical,” “Artificial,” “Nurses,” “Nurse-led,” “Nurse-led care,” “Protocol,” “Medical,” “Physician,” and “Doctor-led care.” Additionally, manual searches were conducted based on the reference lists of eligible studies that were not identified through the initial search strategy. Two authors (YW and YYW) independently evaluated titles, abstracts, and full texts for eligibility, with a third researcher (LZ) consulted in cases of disagreement or uncertainty.

All retrieved studies were imported into EndNote 20 for management and checked for duplicates. Titles and abstracts were independently screened by two reviewers (YW and YYW). Similarly, full-text articles were independently screened by the same reviewers. In cases of discrepancies, consensus meetings were held between the paired reviewers. If consensus could not be reached, a third reviewer (LZ) was consulted to make the final decision on article inclusion.

The study included peer-reviewed research meeting the following inclusion criteria: (1) randomized controlled trials (RCTs) and cohort studies that focused on patients requiring MV in the ICU, (2) protocolized weaning led by nurses with a comparison to physician-led weaning, and (3) reporting at least one of the following outcomes: duration of MV, duration of weaning, ICU and hospital LOS, ICU and hospital mortality rates, incidence of VAP, and reintubation rate. The peer-reviewed research studies included in this review did not set specific age limitations for patients. Studies focusing on patients requiring permanent MV, such as those receiving home ventilation, were excluded. In all the peer-reviewed research papers included in this study, the weaning protocols were specifically and directly adjusted by nurses or doctors. Studies using ventilators with quasi-automatic or ventilator-assisted weaning modes were excluded.



2.2 Data extraction and quality assessment

Two reviewers (YW and YYW) independently extracted data from the included studies using a data extraction sheet specifically designed for this systematic review. Extracted information encompassed publication details (author, study year, and country), study design, study setting, population (sample size), intervention characteristics (methods and duration), control group details (methods, duration, and frequency), main outcomes, and assessments. In cases of disagreement regarding extracted information, consensus was reached through discussion with a third reviewer (LZ). If necessary, authors were contacted via email for additional data. When studies reported multiple intervention groups, the group involving nurse-led weaning interventions was selected.

Two independent reviewers (YW and YYW) conducted the quality assessment of the included articles. A third reviewer (LZ) was consulted to resolve inconsistencies between the two reviewers. The risk of bias in randomized controlled trials (RCTs) was assessed using the Cochrane Risk-of-Bias Tool version 2 (ROB 2) (22), while the risk of bias in cohort studies was evaluated using the Newcastle–Ottawa Scale (NOS) (23). The NOS includes eight entries that cover three aspects: the selection of study subjects in the exposed and non-exposed groups, the comparability between these groups, and the assessment of exposure outcomes.

The evidence for each outcome was assessed using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) profiler Guideline Development Tool, which categorizes evidence into four levels: very low, low, moderate, and high.



2.3 Statistical analysis

Meta-analysis was conducted for each outcome using Review Manager 5.1 software. Continuous variables, including duration of MV, time off the machine, ICU LOS, and hospital LOS, were reported as mean differences (MD), medians, and interquartile ranges (IQRs) with a 95% confidence interval (CI) through the application of the inverse variance method. Cochrane’s Q test and the I2 statistic were used to assess the proportion of variance in observed effects attributed to true effects. A p-value of less than 0.10 or an I2 value of 50% or higher was considered indicative of substantial heterogeneity (24). A random-effects model was adopted if p < 0.10 or I2 ≥ 50%; otherwise, a fixed-effects model was used. For binary outcomes, such as the incidence of ventilator-associated pneumonia and mortality, effect sizes were calculated using risk ratios (RR) or odds ratios (OR) based on the number of events and sample sizes across different groups. Meta-analysis was performed when at least two studies reported the same outcome. Outcomes not suitable for meta-analysis were presented narratively. A p-value of less than 0.05 was deemed statistically significant.




3 Results


3.1 Search strategy

The initial online search yielded a total of 7,757 records. After removing duplicates, the titles and abstracts of 4,470 papers were screened for potential inclusion, with 4,425 articles deemed irrelevant for this review. The remaining 45 articles were evaluated in full text. Additionally, no relevant articles were identified using the ‘snowball’ technique. Ultimately, six studies were included in the systematic review and meta-analysis (see Figure 1).

[image: Flowchart depicting the identification of studies via databases. In the identification stage, 7,757 records were found across multiple databases. After removing 3,287 duplicates, 4,470 records were screened. Of these, 4,425 were excluded. Forty-five full-text articles were assessed, with 39 excluded for reasons like unavailable full texts or incorrect study design. Six studies were included in both qualitative and quantitative synthesis.]

FIGURE 1
 PRISMA diagram.




3.2 General study characteristics

The six studies were conducted in South Korea, Thailand, the United Kingdom (UK), France, the United States of America (USA), and the Netherlands (16–18, 25). Of these, three studies were randomized controlled trials, while the remaining three were cohort studies.


3.2.1 Characteristics of participants

A total of 1,063 mechanically ventilated patients were included across the six studies, with sample sizes ranging from 7 to 424. The age of the mechanically ventilated patients ranged from 1.00 to 82.00 years, with a mean age of 61.04 ± 15.2 years. Of these patients, 41.67% were female. Four of the six studies were conducted in the ICU (16–18, 25), while the remaining two were conducted in the pediatric intensive care unit (PICU).



3.2.2 Characteristics of interventions

Various withdrawal strategies were employed across the studies, with four studies utilizing spontaneous breathing trials (SBT) (16–18, 25). Danckers et al. (17) and Roh et al. (18) implemented nurse-led withdrawal protocols, which included continuous positive airway pressure-SBT. For patients meeting withdrawal eligibility criteria, SBT lasted for 30–120 min through a ventilator circuit. In the control group, the initiation of weaning is primarily determined by the attending physician’s clinical judgment. Physicians typically use pressure support ventilation (5–8 cm H2O) during the weaning process, and continuous positive airway pressure may be applied at their discretion. Nurses are generally not involved in assessing readiness for weaning, initiating the process, or managing its progression. Tonnelier et al. (25) conducted SBT using a T-piece, deeming the trial successful if it lasted 90 min without clinical intolerance. In the control group, the weaning mode (volume-assisted controlled ventilation, pressure support ventilation, or T-piece) was selected based on the clinician’s discretion. Chaiwat et al. (16) screened mechanically ventilated patients for SBT daily. If any component of the daily screening was unmet, the patient did not undergo SBT that day and continued screening the next morning. Conversely, if the ventilator support pressure reached 7 cm H2O and the positive end-expiratory pressure reached 5 cm H2O for 120 min without clinical intolerance, the SBT was considered successful. In the control group, the initiation of weaning was guided by the clinical judgment of the attending physician. A standardized weaning protocol was not specified in the study. Duyndam et al. (20) employed a two-step approach to withdrawal: first, gradually ceasing oxygen and positive end-expiratory pressure; then selecting volume support under pressure-regulated volume control or pressure support under pressure control, gradually reducing pressure or volume. In the control group, the decision to initiate weaning was based on the clinical judgment of the attending physician. The specific weaning method was not explicitly detailed in the manuscript. Rushforth (26) assessed patients every 4 h, adjusting ventilator-related parameters based on blood gas analysis results. When patients met withdrawal criteria, blood gas analysis was rechecked 30 min later to confirm withdrawal appropriateness. In the control group, the weaning process was guided by the physician’s clinical experience, without the application of a standardized protocol.



3.2.3 Characteristics of outcomes

The outcomes included duration of MV, ICU LOS, hospital LOS, weaning time, incidence of VAP, reintubation rate, ICU mortality rate, and hospital mortality rate. Detailed information is available in Table 1.


TABLE 1 Characteristics of the included studies.


	Study (author, year, country)
	Study design
	Sample size (n)
	Participants
	Interventions
	Outcome measures

 

 	Roh et al. (18), Korea 	RCT 	122 	Adult patients on mechanical ventilation for more than 12 h or less than 14 days (short-and long-term period) 	I: n = 61 critical care nurse-driven ventilator-weaning protocol 	①②③④⑧


 	C: n = 61 Physician delivered Protocol


 	Chaiwat et al. (16), Thailand 	RCT 	100 	Intra-abdominal surgical adult patients requiring mechanical ventilation for more than 24 h 	I: n = 51 protocol-based nurse-directed weaning 	①⑥


 	C: n = 49 physician-directed weaning


 	Rushforth et al. (26), UK 	RCT 	7 	Infants under 1 year of age, less than 10 kg in weight, and admitted to the PICU at LGI with a primary respiratory problem 	I: n = 3 nurse-led (protocol-directed) 	②③④


 	C: n = 4 medical-led weaning


 	Duyndam et al. (20), Netherland 	Cohort study 	424 	Children up to the age of 18 years receiving iMV 	I: n = 212 nurse-driven weaning protocol 	①②⑥


 	C: n = 212 usual physician-driven weaning protocol


 	Tonnelier et al. (25), France 	Cohort study 	208 	Adult patients were mechanically ventilated through an endotracheal tube and required MV for longer than 48 h. 	I: n = 104 nurse-driven ventilator-weaning protocol 	①②⑤⑥⑦


 	C: n = 104 conventional physician-directed weaning (historical control)


 	Danckers et al. (17), USA 	Cohort study 	202 	Mechanically ventilated adult patients for more than 24 h (short-term period) 	I: n = 102 nurse-driven ventilator-weaning protocol 	①②③⑤⑥⑧


 	C: n = 100 Physician-driven ventilator weaning (historical control)





RCT, randomized controlled trial.

I, Intervention group; C, Control group; ①: Duration of MV; ② ICU LOS; ③ hospital LOS; ④ Weaning time; ⑤ VAP; ⑥ Reintubation rate; ⑦ ICU Mortality; ⑧ Hospital mortality.iMV, invasive mechanical ventilation.
 




3.3 Risk of bias and quality of the evidence

The results of the risk of bias assessment are presented in Tables 2, 3. All three randomized controlled trials were identified as having a high risk of bias (16, 18, 26). Regarding the randomization process, one study raised concerns because it reported only the baseline characteristics of participants in the final analysis (26). The risk of bias concerning intended interventions (effect of assignment to intervention) in three studies was evaluated as having some concerns. This was due to the lack of mention of appropriate analysis to estimate the effect of assignment to intervention in two studies (18, 26) and insufficient information in one study (16). The outcome measurement in three studies was considered to have a high risk of bias, as the outcome assessor was also the study participant (16, 18, 26). Three studies presented some concerns regarding the bias in reported results due to the absence of a registered protocol, and the reported intent of the analysis was insufficiently detailed for evaluation (16, 18, 26).


TABLE 2 Methodological quality assessment results of randomized controlled trials (n = 3).


	Study, year
	Randomization process
	Bias due to deviations from intended interventions (effect of assignment to intervention)
	Bias due to deviations from intended interventions (effect of adhering to the intervention).
	Bias due to missing data
	Bias in the measurement of outcomes
	Bias in the selection of the reported result

 

 	Rushforth et al. (26) 	Some concerns 	Some concerns 	Low risk of bias 	Low risk of bias 	High risk of bias 	Some concerns


 	Chaiwat et al. (16) 	Low risk of bias 	Some concerns 	Low risk of bias 	Low risk of bias 	High risk of bias 	Some concerns


 	Roh et al. (18) 	Low risk of bias 	Some concerns 	Low risk of bias 	Low risk of bias 	High risk of bias 	Some concerns




 


TABLE 3 Methodological quality evaluation results of cohort studies (n = 3).


	Study, year
	①
	②
	③
	④
	⑤
	⑥
	⑦
	⑧
	Score
	Quality grade

 

 	Tonnelier et al. (25) 	1 	1 	1 	1 	2 	1 	0 	1 	8 	A


 	Danckers et al. (17) 	1 	1 	1 	1 	2 	1 	0 	1 	8 	A


 	Duyndam et al. (20) 	1 	1 	1 	1 	2 	1 	0 	1 	8 	A





① Representativeness of the exposed cohort; ② Selection of the non-exposed cohort; ③ Ascertainment of exposure; ④ Demonstration that the outcome of interest was not present at the start of the study; ⑤ Comparability of cohorts on the basis of the design or analysis; ⑥ Assessment of outcome; ⑦ Was follow-up long enough for outcomes to occur; ⑧ Adequacy of follow-up of cohort.
 

For the three cohort studies, the risk of bias was found to be low, and the overall quality was considered acceptable. The results of the risk of bias assessment for these studies are presented in Table 3. None of the three studies (17, 20, 25) mentioned whether follow-up would occur, resulting in a score of 0 for the item “Was follow-up long enough for outcomes to occur.” The grade of evidence ranged from very low to medium, as shown in Table 4.


TABLE 4 GRADE evidence profile of nurse-led withdrawal program vs. control.


	Outcome measure
	Duration of MV
	Weaning time
	ICU stay
	Length of stay
	Reintubation rate
	VAP incidence
	ICU mortality
	Hospital mortality

 

 	Certainty assessment 	Number of studies 	5 	2 	5 	3 	4 	2 	1 	2


 	Study design 	2 RCT 3 NRCT 	2 RCT 	2 RCT 3 NRCT 	2 RCT 1 NRCT 	1 RCT 3 NRCT 	2 NRCT 	1 NRCT 	1 RCT 1 NRCT


 	Risk of bias 	Seriousa 	Seriousb 	Seriousa 	Seriousa 	Seriousc 	Seriousc 	Seriousc 	Seriousa


 	Inconsistency 	Not serious 	Seriousd 	Not serious 	Not serious 	Seriousd 	Not serious 	Not serious 	Seriousd


 	Indirectness 	Not serious 	Not serious 	Not serious 	Not serious 	Not serious 	Not serious 	Not serious 	Not serious


 	Imprecision 	Not serious 	Seriouse 	Not serious 	Seriouse 	Not serious 	Not serious 	Seriouse 	Seriouse


 	Publication bias 	None 	None 	None 	None 	None 	None 	None 	None


 	Number of patients 	Experimental group 	530 	64 	482 	166 	469 	206 	104 	163


 	Control group 	526 	65 	481 	165 	465 	204 	104 	161


 	Effect 	Relative (95%CI) 	 	 	 	 	 	 	 	


 	Absolute (95% CI) 	MD 1.78 lower (3.08 lower to 0.48 lower) 	MD 11.04 lower (58.90 lower to 36.82 higher) 	MD 2.04 lower (2.65 lower to 1.44 lower) 	MD 2.54 lower (3.95 lower to 1.14 lower) 	OR 1.15 (0.74 to 1.79) 	OR 0.54 (0.31 to 0.96) 	OR 1.43 (0.44 to 4.66) 	OR 0.86 (0.48 to 1.55)


 	Certainty of evidence (GRADE) 	⊕⊕⊕⊙ 	⊕⊙⊙⊙ 	⊕⊕⊕⊙ 	⊕⊕⊙⊙ 	⊕⊕⊙⊙ 	⊕⊕⊕⊙ 	⊕⊕⊙⊙ 	⊕⊙⊙⊙ 	


 	Moderate 	Very low 	Moderate 	Low 	Low 	Moderate 	Low 	Very low 	


 	Importance 	Critical 	Critical 	Critical 	Critical 	Critical 	Critical 	Critical 	Critical 	





RR, rate ratio; OR, odds ratio; RCTs, randomized controlled trials; NRCTs, non-randomized controlled trials; CI, confidence interval, and MD, mean difference.

⊕⊕⊕⊕ indicates high-quality evidence.

⊕⊕⊕⊙ indicates moderate-quality evidence.

⊕⊕⊙⊙ indicates low-quality evidence.

⊕⊙⊙⊙ indicates very low-quality evidence.

a Downgraded one level because of risk of bias: lack of blinding (caregivers are aware of the arm to which patients are allocated).

b Downgraded one level because of failure to adequately control confounding.

c Downgraded one level because of differences in measurement of exposure (recall bias in case control studies).

d Downgraded one level because of inconsistency in absolute effect.

e Downgraded one level because of wide confidence intervals and few events.
 



3.4 Outcomes


3.4.1 Duration of MV (days)

Five studies examined the effect of nurse-led weaning protocols on the duration of MV. Pooled results indicated that nurse-led weaning protocols could reduce the duration of MV (MD = −1.78, 95% CI: −3.08 to −0.48; p = 0.007, I2 = 82%; see Figure 2). Despite considerable heterogeneity, a meta-analysis was conducted due to the consistent direction of the effect. The overall certainty of this body of evidence was rated as moderate, primarily due to significant bias limitations.

[image: Forest plot comparing experimental and control groups across five studies on mean difference with 95% confidence intervals. Studies include Chaiwat 2010, Danckers 2013, Duyndam 2019, Roh 2012, and Tonnelier 2005. The overall effect shows a mean difference of -1.78, indicating a favor towards the experimental group. Heterogeneity is indicated by I² = 82%.]

FIGURE 2
 Forest plots—the effect of nurse-led weaning protocols on the duration of MV.




3.4.2 Weaning time (h)

Two studies examined the impact of nurse-led weaning protocols on weaning time. The protocols did not significantly reduce weaning time (MD = −11.04, 95% CI: −58.90 to 36.82; p > 0.05, I2 = 50%; see Figure 3). Due to significant limitations related to bias, indirectness, and imprecision, the overall quality of this evidence was deemed very low.

[image: Forest plot showing two studies: Roh 2012 and Rushforth 2004. Each study shows mean differences with 95% confidence intervals. Roh 2012 has a mean difference of -31.57; Rushforth 2004 has 18.00. The total mean difference is -11.04. Confidence intervals are depicted with green squares and lines. Heterogeneity: Tau² = 614.19, Chi² = 2.00, df = 1, P = 0.16, and I² = 50%. Overall effect Z = 0.45, P = 0.65.]

FIGURE 3
 Forest plots—the effect of nurse-led weaning protocols on weaning time.




3.4.3 ICU LOS

Five studies assessed the impact of nurse-led weaning protocols on ICU LOS. Pooled results indicated that nurse-led weaning protocols could reduce ICU LOS for mechanically ventilated patients (MD = −2.04, 95% CI: −2.65 to −1.44; p < 0.00001, I2 = 0%; see Figure 4).

[image: Forest plot showing mean differences between experimental and control groups, divided by age categories (over 18 and under 18). Each study displays its mean, standard deviation, and confidence intervals. Subtotals and totals are calculated with heterogeneity statistics. Diamonds represent combined effect sizes, with negative values favoring the experimental group.]

FIGURE 4
 Forest plots—the effect of nurse-led weaning protocols on ICU LOS.


Subgroup analysis for patients aged 18 years and older indicated that nurse-led weaning protocols could reduce ICU LOS for adult mechanically ventilated patients (MD = −2.13, 95% CI: −2.81 to −1.45; p < 0.00001, I2 = 0%; see Figure 4). The protocols also shortened ICU LOS for pediatric mechanically ventilated patients (MD = −1.71, 95% CI: −3.04 to −0.38; p = 0.01, I2 = 0%; see Figure 4). Due to significant limitations in bias, the overall certainty of this body of evidence was deemed moderate.



3.4.4 Hospital LOS (days)

Three studies assessed the impact of nurse-led weaning protocols on hospital LOS. Pooled results indicated that nurse-led weaning protocols could reduce hospital LOS (MD = −2.54, 95% CI: −3.95 to −1.14; p = 0.0004, I2 = 0%; see Figure 5). Due to significant limitations related to bias and imprecision, the overall quality of this evidence was deemed low.

[image: Forest plot depicting a meta-analysis of three studies comparing experimental and control groups. The studies are Danckers 2013, Roh 2012, and Rushforth 2004. Mean differences with 95% confidence intervals are shown. The overall mean difference is negative two point five four with significant heterogeneity, favoring the experimental group. Chi-squared is one point seven three, degrees of freedom two, and I-squared is zero percent. Test for overall effect shows Z equals three point five four with p equals zero point zero zero zero four.]

FIGURE 5
 Forest plots—the effect of nurse-led weaning protocols on hospital LOS.




3.4.5 Reintubation rate

Four studies evaluated the impact of nurse-led weaning protocols on the reintubation rate. Pooled results indicated that nurse-led weaning protocols did not reduce the reintubation rate (OR = 1.15, 95% CI: 0.74 to 1.79; p = 0.52, I2 = 0%; see Figure 6). Due to significant limitations related to bias and inconsistency, the overall quality of this evidence was deemed low.

[image: Forest plot displaying four studies comparing experimental and control groups with odds ratios and confidence intervals. Individual studies by Chaiwat, Danckers, Duyndam, and Tonnelier show varied effects. The pooled analysis indicates an odds ratio of 1.15 with a confidence interval of 0.74 to 1.79, suggesting no significant effect. Heterogeneity is low with an I-squared of 0%, and the overall effect is not statistically significant with a p-value of 0.52.]

FIGURE 6
 Forest plots—the effect of nurse-led weaning protocols on reintubation rate.




3.4.6 VAP incidence

Two studies evaluated the impact of nurse-led weaning protocols on the incidence of VAP. Pooled results indicated that nurse-led weaning protocols reduced the incidence of VAP (OR = 0.54, 95% CI: 0.31 to 0.96; p = 0.03, I2 = 0%; see Figure 7). Due to significant limitations related to bias, the overall certainty of this body of evidence was deemed moderate.

[image: Forest plot showing a meta-analysis of two studies comparing experimental and control groups. The studies, Danckers 2013 and Tonnelier 2005, report odds ratios of 0.54 with confidence intervals. The total odds ratio is 0.54 with a 95% confidence interval of 0.31 to 0.96. There is no heterogeneity, with a Chi-squared value of 0.00 and I-squared of 0%. The overall effect test yields a Z-score of 2.11 with a P-value of 0.03. The plot indicates a possible effect favoring the experimental group.]

FIGURE 7
 Forest plots—the effect of nurse-led weaning protocols on VAP incidence.




3.4.7 ICU mortality rate

One study evaluated the impact of nurse-led weaning protocols on ICU mortality rates (25). In this study, the ICU mortality rate was 7% in the nurse-led weaning group and 5% in the physician-led group, with no statistically significant difference observed (p = 0.92). Thus, nurse-led weaning protocols were found to have no significant effect on ICU mortality rates. However, the study had significant limitations, including risks of bias and imprecision, resulting in a low overall certainty of evidence.



3.4.8 Hospital mortality rate

Two studies assessed the impact of nurse-led weaning protocols on hospital mortality rates. Pooled analysis results indicated that nurse-led weaning protocols had no significant effect on hospital mortality rates (OR = 0.86, 95% CI: 0.48 to 1.55; p = 0.62, I2 = 0%; see Figure 8). However, due to significant limitations related to bias, indirectness, and imprecision, the overall certainty of evidence was deemed very low.

[image: Meta-analysis forest plot showing odds ratios for two studies: Danckers 2013 and Roh 2012. Both studies compare experimental and control groups for certain events. Danckers 2013 reported an odds ratio of 0.91 and Roh 2012 reported 0.79, both with confidence intervals crossing one. Total odds ratio is 0.86 with a confidence interval of 0.48 to 1.55, suggesting no significant effect. Heterogeneity is low with an I-squared of zero percent. Test for overall effect shows a Z-score of 0.50 with a p-value of 0.62.]

FIGURE 8
 Forest plots—the effect of nurse-led weaning protocols on hospital mortality rate.






4 Discussion

In this systematic review, we assessed evidence from three randomized controlled trials and three cohort studies regarding the impact of nurse-led weaning protocols on MV patients compared to physician-led weaning protocols. Our analysis suggests that a nurse-led weaning regimen may be associated with reductions in the duration of MV, ICU LOS, hospital LOS, and the incidence of VAP. However, these regimens did not show significant effects on weaning time, reintubation rates, ICU mortality, or hospital mortality. Nevertheless, these results should be interpreted with caution due to important limitations in the current evidence base. Specifically, the small number of included studies and their variable methodological quality limit the strength and generalizability of our conclusions. Moreover, the considerable heterogeneity in study design, clinical settings, and implementation fidelity across studies further complicates the interpretation of pooled outcomes. Therefore, further high-quality, large-scale randomized controlled trials are warranted to provide more robust evidence on the effectiveness and safety of nurse-led weaning protocols.


4.1 MV durations

Among the studies included in this review, five evaluated the duration of MV. Overall, four of these studies reported that nurse-led weaning protocols significantly reduced the duration of MV compared to physician-led weaning protocols (16–18, 25). Conversely, one study by Duyndam et al. (20) found no significant difference in MV duration between nurse-led and physician-led weaning protocols.

The observed variations in these findings can be attributed to several factors. Primarily, differences exist among nurses regarding their education level, attitude, autonomy, and collaboration. For instance, the study by Duyndam et al. (20) specifically revealed that, despite efforts by nurse managers and ventilation practitioners to educate and encourage nurses to use nurse-led weaning protocols, nurses still lacked confidence in implementing this approach. Second, the same study also indicated that many patients met the extubation criteria during nighttime hours. However, due to physicians’ cautious approach toward nighttime extubation—attributed to lower staffing ratios compared to daytime—the decision was often made to postpone extubation until the following day. Evidently, this delay in extubation may lead to a prolonged duration of MV. Finally, Duyndam et al. (20) further demonstrated that there was no significant difference in outcomes between patients extubated using supported mode and those extubated using low-pressure control mode. Moreover, this study suggested that transitioning from low-pressure control mode to supported mode during extubation might also contribute to an extended duration of MV.

Despite these nuances, our findings from the pooled data consistently support the use of nurse-led weaning protocols, aligning with earlier randomized controlled trials (27–29) and corroborated by non-randomized controlled trials (30, 31). Nevertheless, these findings should be interpreted with caution due to significant heterogeneity among the studies (I2 = 82%). Indeed, several potential sources contribute to this heterogeneity.

Initially, considerable variability was observed in patient populations among the included studies. For example, some investigations focused on adults, while others included pediatric patients; these groups typically differ in physiological characteristics, underlying comorbidities, and responses to weaning protocols. Furthermore, the intervention protocols themselves were not entirely uniform, as nurse-led weaning procedures varied in terms of protocol structure, nurse autonomy, criteria for weaning initiation, and interdisciplinary collaboration; such protocol differences are likely to influence weaning outcomes in multiple ways. In addition, differences in usual care among the comparator groups may have contributed to heterogeneity, since “standard care” could encompass diverse practices across various healthcare systems and institutions. Beyond these clinical factors, varying methodological quality among studies—including differences in study design, sample size, and risk of bias—may also have introduced further variability in the results.

Consistent with our findings on MV duration, a recent systematic review, encompassing 17 randomized controlled trials with 2,434 critically ill adult patients, compared protocolized weaning to non-protocolized weaning. The review demonstrated that weaning protocols reduced the duration of MV by an average of 26% compared to non-protocolized weaning (32).

Ultimately, the implementation of a nurse-led weaning protocol fundamentally contributes to a reduction in the duration of mechanical ventilation. The potential mechanisms underlying this outcome are discussed below. First, nurse-led protocols often involve more frequent and systematic patient assessments than standard physician-driven practices. Nurses at the bedside are able to promptly recognize early signs of patient readiness for weaning and initiate protocolized steps without unnecessary delays. This real-time responsiveness can shorten the pre-weaning phase and accelerate patient progression toward weaning initiation. Second, the implementation of structured weaning protocols empowers nurses to make autonomous decisions within predefined criteria, thereby reducing possible delays caused by hierarchical communication or awaiting physician orders. This efficiency throughout the mechanical ventilation process likely contributes to an overall reduction in ventilation time. Third, nurse-led protocols commonly emphasize interdisciplinary teamwork and communication, which can improve coordination of care (e.g., physiotherapy, nutrition, medication optimization). As a result, patients may reach ventilatory milestones more efficiently, further reducing unnecessary ventilator days not only during weaning but throughout the entire course of mechanical ventilation. Finally, these protocols may facilitate earlier recognition and management of non-respiratory barriers to weaning (such as delirium, sedation, or hemodynamic instability), as nurses routinely monitor and address such factors according to protocol prompts. Taken together, these multifaceted factors suggest that the benefit of nurse-led weaning protocols in reducing total MV duration extends not merely to the technical weaning phase but also to the overall care process before and during withdrawal from ventilation support.



4.2 Impact of nurse-led weaning protocols on weaning time

The meta-analysis indicated that nurse-led weaning protocols did not significantly reduce weaning time. Among the included studies, one reported a significant reduction in weaning time with nurse-led weaning compared to physician-led weaning (18), while another found no significant difference (26). Although the pooled data showed no significant difference in weaning time between nurse-led and physician-led weaning protocols, these findings should be interpreted with caution.

Several important considerations should be noted regarding the studies by Roh et al. (18) and Rushforth (26). First, the study by Roh et al. (18) focused on adult subjects, whereas the study by Rushforth (26) specifically examined infants. This difference in the age groups of subjects may influence the outcomes and conclusions. Second, variations existed in the intervention factors across the studies, including criteria for weaning readiness, ventilation modes, and parameters used. These differences in study protocols can introduce variability in results, making it challenging to draw definitive conclusions. Third, it is important to note that the study by Rushforth (26) had a limited sample size. Although the randomized controlled trial initially aimed to include 20 infants (10 in each group), only 8 infants were ultimately included. Such a small sample size can affect the statistical power and generalizability of the findings. Considering these factors—the differences in study subjects, variations in intervention factors, and the limited sample size—it is difficult to establish conclusive evidence regarding the effectiveness of nurse-led weaning protocols in reducing weaning time.

A study by Piotto et al. (33) demonstrated that protocolized weaning based on SBT significantly reduced weaning time in cardiac patients. Additionally, a systematic review by Blackwood et al. (32) revealed that protocolized weaning from mechanical ventilation (MV) reduced weaning time by an average of 70% compared to non-protocolized approaches. However, it is important to note significant heterogeneity among the effect estimates of the included studies (97%), indicating the need for caution when interpreting the findings.



4.3 Impact of nurse-led weaning protocols on ICU and hospital LOS

Building upon the observed reduction in MV duration, our meta-analysis further supports the efficacy of nurse-led weaning protocols in significantly reducing ICU LOS. Our findings align with those of Smyrnios et al. (34), who also reported a reduction in ICU LOS with nurse-led weaning protocols. However, a divergence from other studies is apparent; for instance, Ely et al. (27), Kollef et al. (28), Grap et al. (35), and Roh et al. (18) found no significant decrease in ICU LOS despite a reduction in MV duration. Furthermore, a notable finding of our study is the observed significant reduction in hospital LOS, which contradicts the findings of early research by Smyrnios et al. (34) and Kollef et al. (28).



4.4 Impact of nurse-led weaning protocols on VAP

The meta-analysis shows that nurse-led weaning protocols significantly reduce the incidence of VAP. However, caution is advised because of the low quality of evidence from the included cohort studies. Moreover, it is important to acknowledge that only two studies were available for this outcome, which significantly limits the reliability and generalizability of our findings. The small number of studies per outcome reduces the statistical power of the meta-analysis and increases the possibility that the results are influenced by chance or publication bias. This issue also limits the correct interpretation of the results, and therefore, our conclusions in this regard should be viewed as preliminary until more high-quality research is available.

Our findings are consistent with studies by Dries et al. (30), Marelich et al. (29), and Plani et al. (31), which also reported a reduction in VAP incidence with nurse-led weaning protocols. Conversely, our results differ from studies by Ely et al. (27) and Kollef et al. (28), which did not observe a significant decrease in VAP incidence with nurse-led weaning protocols.



4.5 Impact of nurse-led weaning protocols on mortality rate and reintubation rate

Our study indicates that nurse-led weaning protocols do not significantly impact ICU or hospital mortality rates or reintubation rates. These findings align with previous research by Hirzallah et al. (19), Blackwood et al. (32), and Price (36).



4.6 Strengths and limitations

To our knowledge, this review is the first comprehensive assessment comparing the effects of nurse-led versus physician-led weaning on mechanically ventilated patients through a systematic review and meta-analysis. This supports the idea that ICU nurses alone can effectively guide liberation from mechanical ventilation. However, several limitations need to be considered in this study. First, it is important to note that the included studies were limited to six countries: South Korea, Thailand, the UK, France, the USA, and the Netherlands. Therefore, caution should be exercised when generalizing these results to other countries or healthcare settings. Second, the number of studies on nurse-led weaning protocols was relatively small, with only six studies identified, including three randomized controlled trials. Thus, interpretations of the findings should be approached with caution due to the limited number and potential variability in study design. Third, a methodological limitation of this review is the inability to blind healthcare personnel to the weaning method due to the nature of nurse-led protocols. Consequently, there is a possibility that the decisions and actions of healthcare personnel were influenced, leading to biased estimates of treatment outcomes. Additionally, the use of different protocols across the six included studies may introduce heterogeneity in the results. Lastly, due to the lack of a meta-analysis involving more than ten studies, publication bias was not assessed in this review. Although efforts were made to identify unpublished studies through grey literature and trial registry searches, no eligible unpublished studies were found.



4.7 Implications for future research

Nurse-led weaning protocols have gained significant attention worldwide, with a growing body of evidence suggesting their important role in reducing the duration of MV, LOS in the ICU and hospital, and lowering the incidence of VAP. Our systematic review further confirms the effectiveness of nurse-led weaning protocols in achieving these outcomes. However, it is important to acknowledge the limitations of our study, such as the relatively small number of included articles and the lower quality of some articles. Despite these limitations, given the increasing recognition of nurse-led weaning protocols in global practice, it is essential that research in this area continues and evolves to fully explore their potential.




5 Conclusion

Our study findings suggest that nurse-led weaning protocols may have the potential to reduce the duration of MV, LOS in the ICU and hospital, and lower the incidence of VAP in mechanically ventilated patients. However, it is important to interpret these results with caution, as the current evidence base is limited by the small number of included studies and the moderate-to-low quality of evidence for certain outcomes. Moreover, considerable heterogeneity in study design and implementation across the reviewed literature further restricts the generalizability of our conclusions. Therefore, further research, especially large-sample, multicenter randomized controlled trials, is necessary to more definitively evaluate the clinical effectiveness and safety of nurse-led weaning protocols.
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