11. A Supplementary material

Additional file 1: PRISMA NMA Checklist of Items to Include When Reporting A Systematic Review Involving a Network Meta-analysis

	Section/Topic
	Item #
	Checklist Item
	Reported on Page #

	TITLE
	
	
	

	Title
	1
	Identify the report as a systematic review incorporating a network meta-analysis (or related form of meta-analysis). 
	

	
	
	
	

	ABSTRACT
	
	
	

	Structured summary 
	2
	Provide a structured summary including, as applicable: 
Background: main objectives
Methods: data sources; study eligibility criteria, participants, and interventions; study appraisal; and synthesis methods, such as network meta-analysis. 
Results: number of studies and participants identified; summary estimates with corresponding confidence/credible intervals; treatment rankings may also be discussed. Authors may choose to summarize pairwise comparisons against a chosen treatment included in their analyses for brevity.
Discussion/Conclusions: limitations; conclusions and implications of findings.
Other: primary source of funding; systematic review registration number with registry name.
	

	
	
	
	

	INTRODUCTION
	
	
	

	Rationale 
	3
	Describe the rationale for the review in the context of what is already known, including mention of why a network meta-analysis has been conducted. 
	

	Objectives 
	4
	Provide an explicit statement of questions being addressed, with reference to participants, interventions, comparisons, outcomes, and study design (PICOS). 
	

	
	
	
	

	METHODS
	
	
	

	Protocol and registration 
	5
	Indicate whether a review protocol exists and if and where it can be accessed (e.g., Web address); and, if available, provide registration information, including registration number. 
	

	Eligibility criteria 
	6
	Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale. Clearly describe eligible treatments included in the treatment network, and note whether any have been clustered or merged into the same node (with justification). 
	

	Information sources 
	7
	Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched. 
	

	Search 
	8
	Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 
	

	Study selection 
	9
	State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis). 
	

	Data collection process 
	10
	Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators. 
	

	Data items 
	11
	List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made. 
	

	Geometry of the network
	S1
	Describe methods used to explore the geometry of the treatment network under study and potential biases related to it. This should include how the evidence base has been graphically summarized for presentation, and what characteristics were compiled and used to describe the evidence base to readers.
	

	Risk of bias within individual studies 
	12
	Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis. 
	

	Summary measures 
	13
	State the principal summary measures (e.g., risk ratio, difference in means). Also describe the use of additional summary measures assessed, such as treatment rankings and surface under the cumulative ranking curve (SUCRA) values, as well as modified approaches used to present summary findings from meta-analyses.
	

	Planned methods of analysis
	14
	Describe the methods of handling data and combining results of studies for each network meta-analysis. This should include, but not be limited to:  
· Handling of multi-arm trials;
· Selection of variance structure;
· Selection of prior distributions in Bayesian analyses; and
·  Assessment of model fit. 
	

	Assessment of Inconsistency
	S2
	Describe the statistical methods used to evaluate the agreement of direct and indirect evidence in the treatment network(s) studied. Describe efforts taken to address its presence when found.
	

	Risk of bias across studies 
	15
	Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies). 
	

	Additional analyses 
	16
	Describe methods of additional analyses if done, indicating which were pre-specified. This may include, but not be limited to, the following: 
· Sensitivity or subgroup analyses;
· Meta-regression analyses; 
· Alternative formulations of the treatment network; and
· Use of alternative prior distributions for Bayesian analyses (if applicable). 
	

	




	
	
	

	RESULTS†
	
	
	

	Study selection 
	17
	Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram. 
	

	Presentation of network structure
	S3
	Provide a network graph of the included studies to enable visualization of the geometry of the treatment network. 
	

	Summary of network geometry
	S4
	Provide a brief overview of characteristics of the treatment network. This may include commentary on the abundance of trials and randomized patients for the different interventions and pairwise comparisons in the network, gaps of evidence in the treatment network, and potential biases reflected by the network structure.
	

	Study characteristics 
	18
	For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. 
	

	Risk of bias within studies 
	19
	Present data on risk of bias of each study and, if available, any outcome level assessment. 
	

	Results of individual studies 
	20
	For all outcomes considered (benefits or harms), present, for each study: 1) simple summary data for each intervention group, and 2) effect estimates and confidence intervals. Modified approaches may be needed to deal with information from larger networks.
	 

	Synthesis of results 
	21
	Present results of each meta-analysis done, including confidence/credible intervals. In larger networks, authors may focus on comparisons versus a particular comparator (e.g. placebo or standard care), with full findings presented in an appendix. League tables and forest plots may be considered to summarize pairwise comparisons. If additional summary measures were explored (such as treatment rankings), these should also be presented.
	

	Exploration for inconsistency
	S5
	Describe results from investigations of inconsistency. This may include such information as measures of model fit to compare consistency and inconsistency models, P values from statistical tests, or summary of inconsistency estimates from different parts of the treatment network.
	

	Risk of bias across studies 
	22
	Present results of any assessment of risk of bias across studies for the evidence base being studied. 
	

	Results of additional analyses
	23
	Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression analyses, alternative network geometries studied, alternative choice of prior distributions for Bayesian analyses, and so forth). 
	

	
	
	
	

	DISCUSSION
	
	
	

	Summary of evidence 
	24
	Summarize the main findings, including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and policy-makers). 
	

	Limitations 
	25
	Discuss limitations at study and outcome level (e.g., risk of bias), and at review level (e.g., incomplete retrieval of identified research, reporting bias). Comment on the validity of the assumptions, such as transitivity and consistency. Comment on any concerns regarding network geometry (e.g., avoidance of certain comparisons).
	

	Conclusions 
	26
	Provide a general interpretation of the results in the context of other evidence, and implications for future research. 
	

	
	
	
	

	FUNDING
	
	
	

	Funding 
	27
	Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review. This should also include information regarding whether funding has been received from manufacturers of treatments in the network and/or whether some of the authors are content experts with professional conflicts of interest that could affect use of treatments in the network.
	



PICOS = population, intervention, comparators, outcomes, study design.
* Text in italics indicateS wording specific to reporting of network meta-analyses that has been added to guidance from the PRISMA statement.
† Authors may wish to plan for use of appendices to present all relevant information in full detail for items in this section.


















Box. Terminology: Reviews With Networks of Multiple Treatments
Different terms have been used to identify systematic reviews that incorporate a network of multiple treatment comparisons. A brief overview of common terms follows.

Indirect treatment comparison: Comparison of 2 interventions for which studies against a common comparator, such as placebo or a standard treatment, are available (i.e., indirect information). The direct treatment effects of each intervention against the common comparator (i.e., treatment effects from a comparison of interventions made within a study) may be used to estimate an indirect treatment comparison between the 2 interventions (Appendix Figure 1, A). An indirect treatment comparison (ITC) may also involve multiple links. For example, in Appendix Figure 1, B, treatments B and D may be compared indirectly on the basis of studies encompassing comparisons of B versus C, A versus C, and A versus D.

Network meta-analysis or mixed treatment comparison: These terms, which are often used interchangeably, refer to situations involving the simultaneous comparison of 3 or more interventions. Any network of treatments consisting of strictly unclosed loops can be thought of as a series of ITCs (Appendix Figure 1, A and B). In mixed treatment comparisons, both direct and indirect information is available to inform the effect size estimates for at least some of the comparisons; visually, this is shown by closed loops in a network graph (Appendix Figure 1, C). Closed loops are not required to be present for every comparison under study. "Network meta-analysis" is an inclusive term that incorporates the scenarios of both indirect and mixed treatment comparisons.

Network geometry evaluation: The description of characteristics of the network of interventions, which may include use of numerical summary statistics. This does not involve quantitative synthesis to compare treatments. This evaluation describes the current evidence available for the competing interventions to identify gaps and potential bias. Network geometry is described further in Appendix Box 4.  

Appendix Box 1. The Assumption of Transitivity for Network Meta-Analysis
Methods for indirect treatment comparisons and network meta-analysis enable learning about the relative treatment effects of, for example, treatments A and B through use of studies where these interventions are compared against a common therapy, C. 

When planning a network meta-analysis, it is important to assess patient and study characteristics across the studies that compare pairs of treatments. These characteristics are commonly referred to as effect modifiers and include traits such as average patient age, gender distribution, disease severity, and a wide range of other plausible features.

For network meta-analysis to produce valid results, it is important that the distribution of effect modifiers is similar, for example, across studies of A versus B and A versus C. This balance increases the plausibility of reliable findings from an indirect comparison of B versus C through the common comparator A. When this balance is present, the assumption of transitivity can be judged to hold. 

Authors of network meta-analyses should present systematic (and even tabulated) information regarding patient and study characteristics whenever available. This information helps readers to empirically evaluate the validity of the assumption of transitivity by reviewing the distribution of potential effect modifiers across trials.

Appendix Box 2. Differences in Approach to Fitting Network Meta-Analyses
Network meta-analysis can be performed within either a frequentist or a Bayesian framework. Frequentist and Bayesian approaches to statistics differ in their definitions of probability. Thus far, the majority of published network meta-analyses have used a Bayesian approach.

Bayesian analyses return the posterior probability distribution of all the model parameters given the data and prior beliefs (e.g., from external information) about the values of the parameters. They fully encapsulate the uncertainty in the parameter of interest and thus can make direct probability statements about these parameters (e.g., the probability that one intervention is superior to another). 

Frequentist analyses calculate the probability that the observed data would have occurred under their sampling distribution for hypothesized values of the parameters. This approach to parameter estimation is more indirect than the Bayesian approach. 

Bayesian methods have been criticized for their perceived complexity and the potential for subjectivity to be introduced by choice of a prior distribution that may affect study findings. Others argue that explicit use of a prior distribution makes transparent how individuals can interpret the same data differently. Despite these challenges, Bayesian methods offer considerable flexibility for statistical modeling. 
In-depth introductions to Bayesian methods and discussion of these and other issues can be found elsewhere.

Appendix Box 3. Network Meta-Analysis and Assessment of Consistency 
Network meta-analysis often involves the combination of direct and indirect evidence. In the simplest case, we wish to compare treatments A and B and have 2 sources of information: direct evidence via studies comparing A versus B, and indirect evidence via groups of studies comparing A and B with a common intervention, C. Together, this evidence forms a closed loop, ABC.

Direct and indirect evidence for a comparison of interventions should be combined only when their findings are similar in magnitude and interpretation. For example, for a comparison of mortality rates between A and B, an odds ratio determined from studies of A versus B should be similar to the odds ratio comparing A versus B estimated indirectly based on studies of A versus C and B versus C. This assumption of comparability of direct and indirect evidence is referred to as consistency of treatment effects. 

When a treatment network contains a closed loop of interventions, it is possible to examine statistically whether there is agreement between the direct and indirect estimates of intervention effect. 

Different methods to evaluate potential differences in relative treatment effects estimated by direct and indirect comparisons are grouped as local approaches and global approaches. Local approaches (e.g., the Bucher method or the node-splitting method) assess the presence of inconsistency for a particular pairwise comparison in the network, whereas global approaches (e.g., inconsistency models, I2 measure for inconsistency) consider the potential for inconsistency in the network as a whole.

Tests for inconsistency can have limited power to detect a true difference between direct and indirect evidence. When multiple loops are being tested for inconsistency, one or a few may show inconsistency simply by chance. Further discussions of consistency and related concepts are available elsewhere.
Inconsistency in a treatment network can indicate lack of transitivity (see Appendix Box 1).

Appendix Box 4. Network Geometry and Considerations for Bias
The term network geometry is used to refer to the architecture of the treatment comparisons that have been made for the condition under study. This includes what treatments are involved in the comparisons in a network, in what abundance they are present, the respective numbers of patients randomly assigned to each treatment, and whether particular treatments and comparisons may have been preferred or avoided. 

Networks may take on different shapes. Poorly connected networks depend extensively on indirect comparisons. Meta-analyses of such networks may be less reliable than those from networks where most treatments have been compared against each other. 

Qualitative description of network geometry should be provided and accompanied by a network graph. Quantitative metrics assessing features of network geometry, such as diversity (related to the number of treatments assessed and the balance of evidence among them), co-occurrence (related to whether comparisons between certain treatments are more or less common), and homophily (related to the extent of comparisons between treatments in the same class versus competing classes), can also be mentioned.  

Although common, established steps for reviewing network geometry do not yet exist, however examples of in-depth evaluations have been described related to treatments for tropical diseases and basal cell carcinoma and may be of interest to readers. An example based on 75 trials of treatments for pulmonary arterial hypertension (Appendix Figure 3) suggests that head-to-head studies of active therapies may prove useful to further strengthen confidence in interpretation of summary estimates of treatment comparisons.

Appendix Box 5. Probabilities and Rankings in Network Meta-Analysis
Systematic reviews incorporating network meta-analyses can provide information about the hierarchy of competing interventions in terms of treatment rankings.

The term treatment ranking probabilities refers to the probabilities estimated for each treatment in a network of achieving a particular placement in an ordering of treatment effects from best to worst. A network of 10 treatments provides a total of 100 ranking probabilities—that is, for each intervention, the chance of being ranked first, second, third, fourth, fifth, and so forth). 

Several techniques are feasible to summarize relative rankings, and include graphical tools as well as different approaches for estimating ranking probabilities. Appendix Figure 6 shows 2 approaches to presenting such information, on the basis of a comparison of adjuvant interventions for resected pancreatic adenocarcinoma.

Robust reporting of rankings also includes specifying median ranks with uncertainty intervals, cumulative probability curves, and the surface under the cumulative ranking (SUCRA) curve.

Rankings can be reported along with corresponding estimates of pairwise comparisons between interventions. Rankings should be reported with probability estimates to minimize misinterpretation from focusing too much on the most likely rank. 

Rankings may exaggerate small differences in relative effects, especially if they are based on limited information. An objective assessment of the strength of information in the network and the magnitude of absolute benefits should accompany rankings to minimize potential biases.  
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Additional file 2: Selection protocol

SELECTION PROTOCOL
Title: Investigating the Effectiveness of Neuromuscular Modulation in Mechanically Ventilated Patients in Critical Care: A Systematic Review and Meta-analysis
Context: Mechanical ventilation, while often life-saving, can paradoxically induce diaphragmatic muscle atrophy - a key contributor to weaning failure and prolonged ventilatory dependence. As the duration of mechanical ventilation extends, the patient's long-term prognosis invariably deteriorates.
Emerging neuromuscular modulation techniques - such as Transcutaneous Electrical Diaphragmatic Stimulation (TEDS) and Transcutaneous or Transvenous Phrenic Nerve Stimulation - have been introduced as adjunctive strategies to enhance conventional care and preserve respiratory muscle integrity. Although these interventions have shown promise in reversing ICU-acquired weakness in peripheral muscles, their efficacy in restoring diaphragmatic function among mechanically ventilated patients remains less conclusive.
This systematic review and meta-analysis aim to provide a comprehensive synthesis of the existing evidence, offering critical insights into the role of neuromuscular modulation in mitigating ventilator-induced complications and reducing ventilation duration. This work represents the first meta-analysis to employ a network analysis across all major neuromuscular modulation techniques, enabling a comparative evaluation of their relative effectiveness. Through this approach, we seek to determine whether any specific modality demonstrates superiority, thereby informing evidence-based recommendations for clinical practice.
1. CLINICAL QUESTIONS:
Question: Do neuromuscular modulation techniques improve weaning outcomes compared to standard care only?
Framework (PICO):
P	Mechanically ventilated adult patients in the ICU
I	Standard care + neuromuscular modulation (s.a.TEDS,EPNS,etc.)
C	Standard care
O1	Duration of Mechanical Ventilation, Diaphragm Thickening Fraction (DTF)/ Diaphragm Thickening Index (DTI), Diaphragmatic Excursion (DE)
O2	 Length of Stay in the ICU (ILOS) or Length of Stay (LOS), Weaning outcomes ( time to full weaning, incidence of weaning failure, duration of weaning trials), post-ICU prognosis (1-year mortality, ICU readmission) 
Hypothesis: The use of neuromuscular modulation techniques improves weaning outcomes compared to standard care only.

1. GENERAL RULES:
First step - TITLE AND ABSTRACT SELECTION:
· In the case of duplicates (there will be some that were not spotted at the duplicate removal phase) – treat them the same, either keep them both or exclude them both. Add a label or note that they are duplicates.
· If you cannot decide based on the title whether to keep the record or not, and the abstract is not available, then first look for the abstract. If you can’t find it, include it as eligible, and we will look for the abstracts online again at the next phase of the selection 
· If you are not sure, it’s a yes! (because you need to look at more information – i.e., the full-text)

1. TITLE AND ABSTRACT SELECTION:
Inclusion Criteria:
1. Inclusion Criteria based on study type: 
1. Randomized controlled trials
1. Propensity score matched cohort studies
1. Secondary analyses and retrospective analyses of RCTs 
Exclusion criteria based on study type:
	Exclude Case reports/ case studies, conference abstracts, narrative reviews, editorials, or commentaries, meta-analysis, and other types of studies that are not listed above

1. Inclusion Criteria based on patient population and intervention:
1. Adult ICU patients
1. Who are mechanically ventilated
1. Who are treated with any type of neuromuscular modulation (for example, phrenic nerve stimulation, diaphragm pacing, transcutaneous diaphragmatic stimulation, transvenous diaphragmatic stimulation)

1. Inclusion guide in case of uncertainty
· If there is no abstract, and the title doesn’t include an exclusion criterion, or it is impossible to tell based on the title only, include for full-text selection
· If there are duplicates, either include both or exclude both
· If the title or the abstract is not in English, include for full-text selection unless it is clear without a doubt from the translated part of the record that exclusion criteria are fulfilled

· Keywords and indicative phrases:
“Neuromuscular modulation,” “phrenic nerve stimulation,” “diaphragm pacing,” “transcutaneous diaphragmatic stimulation,” “transvenous diaphragmatic stimulation,”  “mechanical ventilation,” “ICU,” “critical care,” “weaning,” “ventilator liberation.”


1. FULL-TEXT SELECTION:
IN THE FULL-TEXT PHASE THE REASON FOR EACH EXCLUSION HAS TO BE DOCUMENTED AND REPORTED ON THE PRISMA FLOW DIAGRAM! Make good note of every single decision!

Inclusion Criteria: (All criteria must be met)
1. Inclusion Criteria based on study type: 
· Randomized controlled trials
· Propensity score matched cohort studies
· Secondary analyses and retrospective analyses of RCTs 
1. Inclusion Criteria based on patient population and intervention:
2. Adult ICU patients
2. Who are mechanically ventilated
2. Who are treated with any type of neuromuscular modulation (for example, phrenic nerve stimulation, diaphragm pacing, transcutaneous diaphragmatic stimulation, transvenous diaphragmatic stimulation)
· Intervention: 
1.The study must evaluate a type of neuromuscular intervention technique (NMM) compared to standard care ( respiratory physiotherapy/ often not specifically stated as such) or sham/ placebo. Studies directly comparing the effects of neuromuscular modulation techniques against one another are eligible for inclusion, provided that they satisfy other inclusion criteria
NMM types: 
1. Transcutaneous Electrical Diaphragmatic Stimulation (TEDS)
1. Transcutaneous Electrical Muscle Stimulation (TEMS)
1. Transcutaneous Electrical Nervous Stimulation (TENS)
1. (External) Diaphragmatic Pacing
1. Transcutaneous Electrical Phrenic Nerve Stimulation (TEPS)
1. Transvenous Electrical Phrenic Nerve Stimulation
1. Abdominal functional electric stimulation (FES)
1. Electrical abdominal muscle stimulation
1. Neuromuscular Electrical Stimulation (NMES)
2.The study must include at least one of the following outcomes:
· Diaphragmatic Thickening Fraction (DTF) or Diaphragm Thickening Index (DTI)
· Diaphragmatic Excursion
· Duration of mechanical ventilation 
· Length of stay in the ICU (ILOS)
· ICU readmission
· 1-year mortality
· Time to full weaning
· Incidence of weaning failure
· Duration of weaning trials

Exclusion Criteria:
· Exclude protocols (no original data)
· Exclude Case reports/ case studies, conference abstracts, narrative reviews, editorials, or commentaries, meta-analysis, and other types of studies that are not RCTs
· Exclude unpublished studies
· Pediatric studies
· Animal trials
· Studies focusing on patients without invasive mechanical ventilation or only with non-invasive ventilation
· Studies focusing on peripheral muscle stimulation without targeting the diaphragm
· Studies focusing on peri-surgical interventions
· Studies focusing on patients in long- term ventilation facilities, rehabilitation centers or in home care
· Studies involving patients with congenital neurological /muscle dysfunction 
· Studies focusing on patients with neurological damage due to trauma (f.e. spinal cord injury)
· Studies involving patients with muscle damage of any kind, that is not specified as diaphragmatic atrophy or ventilator-induced diaphragmatic dysfunction (VIDD) or ICU-acquired muscle weakness

Additional file 3: Extended baseline characteristics table

	Author, year
	DOI
	Intervention
	Control
	Ventilation mode

	
	
	APACHE II
	SOFA
	SAPS2
	Intervention
	Device
	Electrode placement
	Stimulation, duration, frequency,intensity
	Adverse events
	APACHE II
	SOFA
	SAPS2
	Adverse events
	Reported parameters / Classification

	Bao et al., 2022
	10.21037/atm-22-4145 
	22.26 ±5.43
	N/A
	N/A
	EDP + SoC
	EDP device manufactured by Arahelio Biotechnology Developing Guangzhou Co., Ltd., Guangzhou, China)
	outer third of the lower end of the sternocleidomastoid muscle, and the auxiliary electrode was placed in the second intercostal space of the midclavicular line. 
	If tolerable, the treatment intensity increased from low to high as follows: pacing was 10 min/time, the frequency was 40 Hz/30 min/time, 2 times/day, 5 days/week until patients were successfully weaning, died, transferred out to the ICU, or after a full 28 days of therapy 
	N/A
	23.29±8.15
	N/A
	N/A
	N/A
	Control-group ventilation described as pressure-controlled or volume-controlled mode; lung-protective settings used for ARDS patients.
Classification: Controlled

	Dres et al., 2022
	10.1164/rccm.202107-1709OC 
	N/A
	5 ± 3
	N/A
	TPNS
	Lungpacer Diaphragm Pacing Therapy System, Lungpacer Medical, Inc.
	intravenous multielectrode stimulating catheter inserted into the left subclavian vein  
	The intensity was increased to the maximal level tolerated by the patient. Stimulation pulses had an intensity of ⩽13.5 mA and a duration of 200–300 μs and were delivered at frequencies of 4 Hz (mapping procedure) and 15 Hz (treatment). Pacing sessions consisted of four sets of 10 or six sets of 10 consecutive stimulations administered manually in synchrony with the ventilator. Each set was separated from the following by <1 minute. Two to three sessions (for a total of 120 stimulations) per day were conducted daily for up to 30 days and were stopped when patients successfully passed the SBT and were extubated. If extubation occurred before completion of the 30-day period, the catheter was kept in place for 48 hours, in case weaning was not successful. 
	Pain (median: 0, IQR: 0.3). 44% of patients reported at least one session where pain exceeded 4. 
	N/A
	4 ± 3
	N/A
	N/A
	Ventilator settings reported as PEEP and pressure support only; no ventilator mode name (e.g., pressure support ventilation, volume control, pressure control) is explicitly stated. Baseline PEEP was 7±2 cmH2O (treatment, ITT) vs 6±1 cmH2O (control); pressure support was 13±4 cmH2O in both groups (treatment n=36, control n=35). Daily spontaneous breathing trials (SBTs) were performed with zero pressure support and zero end-expiratory pressure; patients passing the SBT were extubated (or disconnected from the ventilator if tracheotomized).
Classification: Assisted (implied) - ventilator mode not specifically reported; pressure-support ventilation inferred solely from reported baseline pressure-support values (13±4 cmH2O, both groups) and PEEP values (7±2 cmH2O treatment vs 6±1 cmH2O control).

	Dres et al., 2026
	10.1164/rccm.202505-1056OC 
	N/A
	4.0 ± 2.3 
	N/A
	The treatment group received transvenous diaphragm neurostimulation in addition to standard of care 
	Two investigational device models with equivalent stimulation characteristics were used for this study; compared with the initial model (the Keystone system), the second model (the AeroPace system) added left jugular vein access and engineering modifications for a simplified workflow. 
	The catheter was inserted into the left subclavian or left jugular vein 
	Diaphragm neurostimulation sessions were conducted twice daily (six sets per session with 10 stimulations per set) at least 3 hours apart. Patients could be in any mode of ventilation during treatment. During each session, stimulation pulses were delivered at frequencies of 15 Hz for a duration of 200–300 μs and an intensity of <27 mA. Stimulation intensity was gradually increased to the highest level possible on the basis of patient comfort and clinician judgement.
	During “roll-in phase”2 cases experienced septic shock, possibly to the procedure or the device.
In ITT population adverse events were reported in 74 of 109 (67.9%) patients in the treatment group.
Serious adverse events were reported in 39 of 109 (35.8%). Pain in one case (increase in pain by 0.2 points on a 10-point scale at maximum stimulation intensity). Two deaths occurred possibly related to the device (hemothorax/ pneumohemothorax related to the catheter).
	N/A
	3.9 ± 2.5
	N/A
	Adverse events were reported in 60 of 114 (52.6%). Serious adverse events in 27 of 114 (23.7%) patients in the control group. 
	Paper states patients could be in any mode of ventilation during stimulation sessions.
Classification: Mixed

	Leite et al., 2018
	10.1155/2018/4298583 
	17.9±  3.68
	N/A
	N/A
	NMES
	NMES was performed using the Neurodyn Multicorrentes™ device (Ibramed, São Paulo, Brazil). )e electric current parameters were different for each group. 
	Two electrodes each were placed above and below the right and left sides of the xiphoid process within the seventh and eighth anterior intercostal space. In addition, two channels with two on the right and left midaxillary line of the seventh and eighth anterior intercostal space electrodes each were placed 
	Each session was performed for 45 min at intensities that produced visible contractions. In cases of doubt, contractions were confirmed through the palpation of the muscles involved. 
	N/A
	N/A
	18.9 ± 1.93
	N/A
	N/A
	Ventilation mode not specified in the paper.
Classification: Not reported

	Liu et al., 2019
	10.13703/j.0255-2930.2019.09.001 
	21.61 ± 3.82 
	N/A
	N/A
	Ultrasound- guided acupoint electrical stimulation 
	N/A
	Internal translation from Chinese original paper:Points were selected according to the textbook "Science of Meridians and Acupoints" 
	Each treatment session lasted 30 minutes, administered 3 times daily (at 9:00, 15:00, 21:00; if the patient was away for examinations or special treatments, the session was postponed accordingly, maintaining the time intervals). The treatment course was 7 days, or until transfer out of the ICU, or until TFdi during quiet spontaneous breathing reached ≥ 30%, whichever occurred first. 
	Reintubation in 8 cases due to worsening pulmonary infection requiring drainage or respiratory failure. 
	19.20 ± 4.08 
	N/A
	N/A
	One reintubation due to CO2 retention
	A specific pressure-support-type mode (“SPOND”) is mentioned only as part of the spontaneous breathing trial (SBT) criteria; ongoing/baseline mode not detailed.
Classification: Assisted (implied) -  ventilator mode not specifically reported; inferred only from the “SPOND” pressure-support-type setting named as part of the SBT/weaning criteria, not from the baseline/ongoing ventilation mode.

	Liu et al., 2023
	https://doi.org/10.1186/s12890-023-02481-w 
	20.55 ±  6.40
	N/A
	N/A
	NMES
	Portable machine named ResPower Respiratory Neuromuscular Stimulator (Yaguo, China) 
	Negative electrodes were placed at the motion points of the pectoralis major fibers, rectus abdominis and bilateral quadriceps muscles. The positive electrode was located far from the first electrode, near the muscle being stimulated. It consists of a channel in which each muscle has two electrodes 
	Each NMES session took about 30 min. The parameters were set as follows: 50 Hz frequency, pulse duration 300 ms, rise time 1 s, stimulus time 3 s, decay time 1 s, and relaxation time 10  s. Gradually increase the intensity of electrical stimulation until significant muscle contractions occur. 
	Adverse events occurred in four cases: Increase in blood pressure, drop in oxygen saturation, 2 cases of intractable hiccups.
	19.78 ±  6.44
	N/A
	N/A
	Drop in blood pressure in one case.
	Ventilation mode not specified in the paper; only SBT screening protocol (continuous positive airway pressure/pressure support ventilation) described.
Classification: Not reported

	Mahran et al., 2023
	10.1097/CNQ.0000000000000445 
	12.28 ± 4.15
	N/A
	N/A
	NMES
	NMES was performed using a 4-channel Neurodyn II (Ibramed, São Paulo, Brazil) 
	Two channels with 2 electrodes each were placed above and below the right and left sides of the xiphoid process, respectively, within the seventh and eighth anterior intercostal spaces. In addition, 2 channels with 2 electrodes were placed, each on the right and left midaxillary lines of the seventh and eighth anterior intercostal spaces, respectively. 
	daily NMES sessions starting from the second day after admission until the seventh day in addition to the standard ICU care. NMES sessions were applied for 20 minutes to the diaphragmatic muscles and 20 minutes to the abdominal muscles (rectus abdominis muscles bilaterally). 
	N/A
	15.41 ± 7.30
	N/A
	N/A
	N/A
	Ventilator settings reported (PEEP, tidal volume, FiO2, respiratory rate, pressure support), consistent with a pressure-support-type mode, though the mode itself is not explicitly named.
Classification: Assisted (implied) - ventilator mode not specifically reported; inferred from the reported ventilator settings (PEEP, tidal volume, FiO2, respiratory rate, pressure support), which are consistent with pressure-support ventilation.

	Medrinal et al., 2023
	10.1186/s13054-023-04597-1 
	N/A
	9.1(3.7)
	28(13)
	TEDS
	N/A
	Each morning, two pairs of electrodes (5×5  cm) were applied to each hemithorax; one pair above and one pair below the sides of the xiphoid process between the 8th and 10th anterior intercostal spaces. The second pair was applied over the medio-axillary line of the thorax between the 8th and 10th intercostal spaces 
	A bidirectional current with a frequency of 50  Hz and an impulse width of 300  ms. The intensity was set to produce a palpable contraction of the muscles under the probes. The treatment was performed daily, 5 times per week. The electrical stimulation session lasted 20  min. 
	N/A
	N/A
	10(3.2)
	30(12)
	N/A
	Study explicitly tracked separate day-counts of “assist-controlled MV” and “pressure-support MV” for each group.
Classification: Mixed

	Olímpio et al., 2024
	10.1080/09593985.2023.2289053 
	N/A
	3 (2.5- 4.5)
	N/A
	TEDS
	Phrenics equipment (Dualpex 961, Quark®, São Paulo, Brazil 
	Two electrodes were placed in the right and left paraxiphoid region, and another two electrodes were placed in the direction of the axillary midline over the seventh intercostal space, also on the right and left sides 
	TEDS was performed twice a day, lasting 30 min with a 6-h interval between applications. The TEDS protocol consisted of the following parameters: frequency of 30 Hz; pulse width of 0.4 ms; respiratory rate of 15 bpm; holding time of 1 sec; rise time of 1 sec; descent time of 2 sec; and time without stimulation of 2 sec. 
	N/A
	N/A
	4 (2.5- 5)
	N/A
	N/A
	Volume- or pressure-controlled ventilation used during active stimulation; pressure-support ventilation used during spontaneous breathing trials/weaning.
Classification: Mixed

	Shen et al., 2025
	10.3760/cma.j.cn121430-20240111-00037  
	18.88 ± 8.28
	N/A
	N/A
	TPNS
	N/A
	Small electrode: medial lower third of sternocleidomastoid muscle, large electrode: intersection of mid- clavicular line and second intercostal space.
	intensity 10 U, pulse frequency 40 Hz, and stimulation frequency 12 times/min. Stimulation was administered once daily for 30 minutes each session, for a total of 5 consecutive days. 
	N/A
	16.10 ± 7.10
	N/A
	N/A
	N/A
	Spontaneous breathing mode (PEEP 0) specified only for the ultrasound measurement window; ongoing/baseline ventilator mode not detailed.
Classification: Assisted (implied) - ventilator mode not specifically reported; inferred only from the PEEP-0 spontaneous-breathing setting used during the ultrasound measurement window, not from the baseline/ongoing ventilator mode.

	Sheng et al., 2025
	10.1038/s41598-025-04352-2 
	14.20 ± 4.23
	3.45 ± 1.15
	N/A
	EDP
	HLO-GJ13A, Arahelio Biotechnology Corp, Guangzhou, China 
	. The EAdi catheter was positioned at the level of the diaphragm using the corrected nose-earlobe-xyphoid distance formula to calculate its indwelling length of the EAdi catheter. 
	Set at 40 Hz pulse, with a medium stimulation intensity, nine cycles per minute, and 30 min of treatment every 12 h16 until the patients were successfully weaned from the ventilator. 
	N/A
	13.55 ± 4.75
	3.5 ± 1.23
	N/A
	N/A
	Three study arms directly compared: pressure support ventilation, neurally adjusted ventilatory assist (NAVA), and NAVA+EDP – all patient-triggered modes.
Classification: Assisted




Additional file 4: Unadjusted DMV forest plot including Mahran et al., 2023, Leite et al., 2018
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Additional file 5: Weaning success RR forest plot
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Additional file 6: Sucra plot ILOS
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