1 Description of the clinical study  
1.1 
-Title: Integrated Multi-system Ultrasound for predicting Weaning Failure: A prospective Evaluation
-Acronym: V-WEAN
-Unique identifier: Not yet available (The study not registered at this stage)

1.2 Study rationale 

Weaning from invasive mechanical ventilation is a challenging process. Despite a substantial weaning failure rate of approximately 20–30%, standardized criteria to guide weaning practices remain poorly defined (1,2). Notably, weaning -induced cardiac dysfunction (WICD) accounts for nearly one third of these failures and growing evidence suggests that left ventricular diastolic dysfunction (DD) is a significant determinant for weaning outcomes (2)(4).
1.2.1 
The etiology of weaning failure is inherently multifactorial, arising from a complex interplay of respiratory and cardiovascular pathophysiological changes during spontaneous breathing trials (SBT), alongside neuromuscular impairment, specifically diaphragmatic dysfunction. Optimizing weaning outcomes depends on early recognition of the potential source of risk and the timely implementation of appropriate management (4). In this context, the integration of multisystem ultrasonography-based assessment has gained a substantial clinical traction regarding identification of underlying mechanisms of failure and prognostic implications (1,5–7)
1.2.1.1
Lung aeration, diaphragmatic thickening fraction and its excursion and assessing ventricular function have been collectively investigated. This comprehensive approach facilitates the real-time identification of dynamic physiological derangements during the SBT and guides toward targeted therapeutic interventions, and accordingly it enables a seamless transition to a successful liberation from mechanical ventilation(5,6,8). 
                                            
1.2.1.2
While current literature focuses on the role of US integration in predicting weaning failure related to DD, this predominant focus on the left side DD overlooks the impact of systemic venous congestion, increased venous return and elevated right ventricular afterload triggered by transition to SBT. The venous excess ultrasound (VEXUS) score is an emerging ultra-sound-based tool to assess flow pulsatility across the hepatic, portal and renal veins which serve as surrogate markers of systemic venous intolerance(9). To date, the integration of systemic venous hemodynamics into weaning protocols has not been fully explored. This study aims to evaluate whether a multisystem ultrasound bundle, integrating VEXUS with other ultrasonographic cardiopulmonary and diaphragmatic metrics, provides better prediction of weaning outcomes than current conventional readiness to wean practice.

1.3 
primary objective:  we want to evaluate an Integrated multisystem ultrasound bundle ( cardiac, lung, diaphragm and VExUS assessment) and investigate whether its implication improves identification of weaning failure cases.
Primary endpoint:
Weaning failure defined by composite of:
-SBT failure: The inability to complete 30–120-minute trial due to development of predefined distress criteria.
-Extubation failure: The requirement for reintubation or escalation to Non-invasive mechanical ventilation (NIV) or high frequency nasal oxygen (HFNO) within 48 hour following a successful SBT or planned extubation .

Secondary objective: to evaluate Whether dynamic change in VExUS grade with cardiac US can predict cardiac induced weaning failure during SBT. 
Secondary endpoint:
-Dynamic VExUS grade increase from T0 to T1, and its association with cardiac induced weaning failure.
Exploratory outcomes:
-Length of stay on MV and time to successful weaning. 
-ICU length of stay after extubation.

1.4 
Study population:
Enrollment: The study includes consecutive patients admitted to ICUs and undergoing mechanical ventilation at any point of their hospitalization period.

Inclusion criteria:
- ICU or CCU patients >18 years old who are mechanically ventilated for more than 48 h and are candidates for spontaneous breathing trials.

Exclusion criteria:
· Patients with LVEF <40 % at enrolment. (It may confound the assessment of WICD and obscure the contribution of venous congestion assessed by VExUS, as reduced EF carries a high risk for heart failure exacerbation during SBT).
· Severe tricuspid regurge at base line. (It limits accurate assessment of systemic venous congestion and can alter VExUS grading)
· Severe mitral valve disease or replacement. (It is a major confounder which can influence left atrial pressure and pulmonary circulation and independently cardiac hemodynamics)
· Patients with atrial fibrillation. (It causes beat to beat variability which interferes with doppler based US measurements)
· pre-existing neuromuscular pathologies like Guillain-Barre´ syndrome, myasthenia gravis and documented critical illness myopathy. (These independently impair the respiratory muscles and diaphragmatic strength and may solely contribute to weaning failure)
· pre-existing cervical spinal injury. (It alters the respiratory drive and mechanics which may contribute to difficulty of weaning)
· presence of flail chest or rib fractures. (It may lead to weaning failure independently due to abnormal respiratory mechanics)
· patients with history of lung disease like severe chronic obstructive. 
 pulmonary disease, severe interstitial lung disease and acute respiratory distress syndrome. (advanced and chronic pulmonary diseases affect gas exchange, lung compliance and mechanics which contribute directly to respiratory cause for weaning failure in addition they may increase TAPSE)
· presence of thoracostomy, pneumothorax, or pneumomediastinum. (They alter intrathoracic pressure and US window which interfere with accurate assessment)
· chronic kidney disease stage 4 and 5 as it affects renal doppler. (This alters renal venous doppler pattern and hence the VExUS grading)
· liver cirrhosis as it affects portal vein pulsatility. (This is associated with portal vein pulsatility alternations which invalidates Portal doppler)
· Patients with tracheostomy. (Tracheostomized patients have different weaning strategies and pressure dynamics)
·  inadequate transthoracic echocardiographic window or poor quality of ultrasound images unsuitable for analysis. (Poor window or quality of images will affect the validity of data analysis and reproducibility)
· Pregnancy.(6)

1.4.1 
Based on previous studies (Arya et al., 2025) who reported that accuracy of Δ Global Score combined with (other base Variables + SOFA Score) in predicting weaning outcome was 90.6% (Area under curve 0.906).(8) Minimum sample size calculated with study power 80% and confidence interval 95% is 85 cases, (to be increased to 95 cases for about 10% drop-out rate), according to the following formula:
[image: ]
Where, ncase: sample size, Alpha (α): Type 1 error, d: estimation error, AUC: Area under curve
1.5 
Study design: Our study is designed as an observational, prospective, controlled clinical study. Consecutive adult mechanically ventilated patients deemed clinically ready to undergo a SBT will be enrolled and followed during the weaning process.
The study is a non- randomized and open label, as there is no therapeutic intervention being tested and all US assessments are performed as part of routine bedside evaluation. The patients will be observed in parallel groups according to weaning outcome and VExUS severity.
This design is appropriate to address the scientific question of whether venous congestion assessed by VExUS can predict WICD and weaning outcomes. A prospective observational approach real time assessment of dynamic cardiopulmonary and venous hemodynamic changes during SBT while avoiding ethical and practical limitations associated with interventional designs.
Futhermore, the selected study design aligns with the expected clinical impact of the project by generating paragmatic , generalizable evidence applicable to routine practice.
Furthermore, the selected study design aligns with the expected clinical impact of the project by generating pragmatic, generalizable evidence applicable to routine intensive care practice.

1.6 
This is a non-interventional, observational clinical study. It involves non-invasive bedside ultrasonography assessments, including cardiac, pulmonary, diaphragmatic and venous doppler evaluations. We will only collect observational data without influencing clinical management or therapeutic decision making.
1.7 
Description and timing of study procedures 
	Study phase
	Timing
	Procedure

	Eligibility phase
	Patient screening after 48 h of MV 
	-Eligibility assessment 
- confirmation of readiness to wean criteria.
-Informed consent

	Baseline assessment (T0)
	Just before the initiation of SBT
	Echocardiography, LUS, VExUS grading and clinical parameters assessed.

	SBT trial
	SBT initiation
	Patient transition to SBT or T-piece for 30 to 120 minutes

	Peak assessment (T1)
	During SBT
	Echocardiography, LUS, diaphragm function, VExUS grading and clinical parameters assessment

	Clinical decision and grouping
	SBT outcome
	SBT success or failure (Group A) and group determination

	Final outcome classification
	48 h follow up
	Weaning success (group B) or delayed weaning failure (group C) classified based on reintubation /NIV within 48 hours



2 
Preparedness status 
At present, the study protocol has been drafted, including objectives, study design, inclusion/exclusion criteria, endpoints and study procedures.
Regulatory documents for submission to clinical trials information system (CTIS) are being prepared. Ethical approval applications will be finalized once funding is secured. We anticipate that all documentation required will be ready within three months of funding, allowing the study to commence shortly thereafter.
Preparatory work including US protocol standardization, training of ICU staff on VExUS and cardiac, lung and diaphragm assessment, and database setup for enrolment, is already underway.
2.1 
Development of the clinical study protocol 
2.1.1 
No formal scientific advice from regulatory authorities or health technology assessment (HTA) bodies has been sought at this stage. This is due to the observational and non-interventional nature of the proposed study, which does not involve medicinal products, medical device testing, or changes to standard clinical management.

No documents have been submitted to regulatory or HTA bodies to date. No regulatory or ethical issues have been encountered at earlier stages of study planning.

If required, relevant regulatory and ethical guidance will be sought at the start of the project in accordance with national and European requirements.
2.1.2 
The clinical study protocol has been developed in accordance with internationally recognized clinical, safety, and methodological guidelines appropriate for observational research. Principles of Good Clinical Practice (ICH E6) were considered to ensure ethical conduct, data quality, and participant protection.

Methodological and statistical considerations were guided by the principles of ICH E9, ensuring appropriate definition of objectives and endpoints. Safety aspects were addressed in line with relevant ICH E2 guidance, appropriate to the non-interventional nature of the study.

The protocol was designed to be feasible across different intensive care unit organizational models using routinely available bedside ultrasound techniques.
2.1.3 
The clinical study protocol was developed with input from key clinical stakeholders, including intensive care physicians and clinicians experienced in mechanical ventilation weaning and bedside ultrasound assessment.

Direct involvement of patients or carers in protocol development was not undertaken due to the critical illness of the target population and the observational nature of the study. The protocol was designed to minimize patient burden and align with routine intensive care practice.
2.2 
2.2.1 
The consortium will ensure access to regulatory expertise through ethics offices at the participating centers, which routinely support clinical and observational studies in compliance with local and national regulations.
Experienced investigators within the consortium are familiar with ethical approval processes for observational clinical studies in their respective jurisdictions. Where required, additional regulatory guidance will be sought to ensure timely approval and compliance with applicable laws.
2.2.2 
This study is an observational study and requires no intervention. It includes clinical data collection (vital signs, hemodynamic assessment parameters, and ventilator settings), laboratory tests required for APACHE III) and ultrasonographic imaging. 
Continuous ethical advice doesn’t apply to my type of study.
2.3 Scientific and operational governance
Scientific and operational governance will be ensured by the Principal Investigators (PIs) at each participating center. Each PI is responsible for the conduct of the study at their site, including adherence to the study protocol, data collection, and monitoring of patient safety. 
The PIs will maintain regular communication through scheduled meetings and email correspondence to ensure coordination, consistency across centers, and resolution of any issues that may arise during the study. This structure provides clear responsibility and oversight despite the absence of a formal sponsor or Steering Committee.

2.3.1 Sponsor details
This is an investigator-initiated observational study and does not have a formal sponsor. The PIs themselves will assume overall responsibility for the study's execution and compliance with ethical and regulatory requirements.

2.3.2 Composition, role, and functioning of governing bodies
In the absence of a formal Steering Committee or sponsor, study governance will be managed through the Principal Investigators (PIs) at each participating centre. Each PI will oversee a dedicated site team with clearly defined roles:

- Clinical Coordinator: responsible for protocol implementation, scheduling, and team coordination.  
- Ultrasound Operator: performs cardiac, lung, diaphragm, and VExUS assessments according to standardized procedures.  
- Data Manager / Research Assistant: ensures accurate and complete data collection, entry, and verification.  
- Safety Officer: monitors patient safety, documents any adverse events, and reports issues to the PI.
The site teams will hold regular meetings to review study progress, address operational challenges, and ensure adherence to the study protocol. 
Additionally, the PIs from both centers will maintain regular communication to coordinate activities, ensure consistency across sites, and resolve any issues arising during the study. 
This structure ensures clear responsibilities, continuous oversight, and high-quality execution of the study despite the absence of formal governing bodies.

3 
Operational feasibility 
3.1 
The study is observational in nature and utilizes bedside ultrasound assessments that are part of routine intensive care practice.

· Infrastructure: The intervention uses existing high-end ultrasound systems (GE/Mindray) equipped with linear and phased-array probes. Maintenance and calibration are secured via current institutional biomedical engineering contracts.
· Personnel: To ensure data validity and avoid subjective interpretation between investigators, our investigators will take a standardized training course in cardiac, lung and diaphragmatic US before the start of data collection. They will also take training for XExUS assessment, and no data collection before completion. Training experienced cardiology, critical care and radiology physicians will conduct those courses.
· Logistics & Storage: As this is a non-pharmacological study, no refrigeration or labeling of medicinal products is required.
· Data Integrity: Digital ultrasound clips/images are pseudonymized, archived on the hospital’s secure PACS, and transferred to a GDPR-compliant REDCap database for centralized analysis.
· Availability: Availability of the intervention is 100% secured as the equipment is already bedside residential and integrated into the ICU workflow.

No additional logistical, import/export, or storage requirements are applicable.


3.2 Recruitment Strategy and Feasibility
"The study will be conducted in two major tertiary teaching hospital and institute, with a combined ICU capacity of about 90 beds. Clinical audits indicate that over 50% of these beds (approx. 45-50 patients) are occupied daily by individuals requiring invasive mechanical ventilation.
With an average ventilation duration of >48 hours for the majority of these cases, we will have a continuous flow of approximately 25-30 potential candidates for weaning assessment each week. Even with a conservative enrollment rate of 20% (accounting for exclusions like cirrhosis, advanced CKD, and clinical instability), we realistically expect to recruit minimum of 5 to 7 patients per week.
Over a 12-month recruitment phase, this provides a feasibility window for a sample size of [250 to 300] patients, significantly exceeding the statistical power requirements for our primary outcome analysis. This high-volume patient flow ensures that recruitment 'bottlenecks' are highly unlikely."

(Mitigation Measures): "If recruitment falls >15% behind the projected timeline, the following mitigation measures will be triggered:

1. Root cause analysis: Assessing whether the delay is due to technical issues or staffing.
2. Expanding recruitment time: Extending recruitment time to another 6 months to fulfill sample size.
3. Expanding screening: we may insert another secondary ICU or another clinical site 
4. Staff Optimization: Increasing the number of trained sonographers to ensure coverage during weekends and holidays.
5. Network Engagement: Utilizing our clinical network to convert the study into a multi-center trial, if necessary, but this will be our last option. 
 
3.2.1 Clinical Sites and Selection Criteria
The study will be conducted across two major tertiary hospitals in Egypt (Shebin El-kom teaching hospital and national institute of cardiology). These sites provide a combined capacity of 90 ICU beds, ensuring a high-volume flow of mechanically ventilated patients."
Sites were selected based on the following functional requirements:
· Patient Volume: High turnover of patients requiring weaning from invasive ventilation (>50% of bed capacity).
· Technical Infrastructure: Availability of advanced POCUS systems (Superficial, curvilinear and Phased-array probes) required for VEXUS and cardiac assessments.
· Operational Readiness: Established protocols for spontaneous breathing trials (SBT) and existing electronic infrastructure for secure data collection (REDCap).
· Expertise: Availability of senior intensivists with proven proficiency in multi-system ultrasound and hemodynamics."
The participating sites operate as a dedicated consortium for this study. Selection was prioritized based on the direct clinical collaboration between the principal investigators, ensuring seamless protocol adherence and high-quality data synchronization."
3.2.2 
There is not any competitive nature between our clinical sites as they are totally far from each other, plus the initial target for each site will be based on its bed capacity. If one site overperforms or has a higher flow of eligible patients, it will be permitted to recruit beyond its initial quota to compensate for any potential underperformance at the other site.
To maintain the study timeline, recruitment metrics will be reviewed monthly. Hf a site falls below 20% of its monthly target m we will implement the previously mentioned mitigation measures.
3.2.3 
Shebin El-kom teaching hospital is our main clinical site. It is the second largest tertiary care hospital in our province, which serves about 4.8 million people. 
This guarantees a continuous flow of eligible candidates. With a total capacity of 72 ICU beds, where more than 50% of patients are routinely on mechanical ventilation, this ensures that the required study population is available within the clinical workflow without the need for external referrals."
The national heart institute is the only specialized cardiology center in Cairo capital, with a very high flow rate.

3.3 Additional Supplies and Data Collection Tools
· [Electronic Data Capture System] "The primary additional supply required for this study is a secure, electronic remote data capture system. This will be provided through the REDCap (Research Electronic Data Capture) platform. The Principal Investigator (PI) will be responsible for the design, hosting, and maintenance of the REDCap database. Access will be made available to each clinical site via secure, password-protected web interfaces, allowing investigators to enter data directly from the bedside using their mobile phones.
· [Diagnostic Equipment] "To carry out the required ultrasound procedures (VEXUS, LUS, and Diaphragm assessment), the study will utilize high-end point-of-care ultrasound (POCUS) machines already resident at the clinical sites. However, to ensure standardized measurements, the site PI will provide standardized Data Collection Forms in printed formats to all participating investigators to ensure consistency in Doppler gate settings and probe positioning."
· [Logistics of Supply] "As the necessary medical equipment is already integrated into the clinical infrastructure of the participating sites, there are no logistical requirements for transport, refrigerated storage, or import/export of supplies. The 'electronic supply' (REDCap access and training modules) will be made available through an orientation session conducted by the site PI.
 
3.4 
For data verification we will implement the following:
· Data Capture: Prospectively collected via digital Electronic Case Report Forms (eCRF) on the REDCap platform.
· Weekly Audits: The Principal Investigator (PI) will perform weekly reviews of the entered data to identify missing values or typing errors.
· Handling strange values and outliers: The REDCap collecting sheet will be configured with data validation rules to reject the values that seem strange or outside the possible range. If the data collector insists on entering a value that is out of range, he/she will be asked to confirm the value and explain the justification if possible. 
·   Central Collection: All data is centrally stored, pseudonymized (Study ID only), and exported to SPSS for final analysis after a "Data Lock."
·  Security: Full compliance with GDPR; data access is restricted via password protection and audit trails. The master code linking IDs to patients is stored in a separate, encrypted location.

3.5 Reporting Obligations to Regulatory Bodies
· Study Initiation: The Principal Investigator (PI) will submit a formal "Notice of Study Start" to the Institutional Review Board (IRB) once the first participant is enrolled.
· Safety & Ethics: Although the study is non-invasive (POCUS), any unforeseen ethical concerns or deviations from the protocol will be reported to the Ethics Committee within 15 days.
· Quality & Integrity: Annual progress reports will be submitted to the IRB, including recruitment updates and summaries of data audits performed via REDCap to ensure study integrity.
· Study Results: Upon completion, a "Final Study Report" and a summary of the results will be submitted to the Ethics Committee and shared on public registries (e.g., ClinicalTrials.gov) within one year of the end of the study.
· Risk to participants: The study does not carry any physical risk for research subjects.
· Benefits to Participants: This study does not adopt the prospect of direct benefit to the participants. However, multisystem ultrasonographic assessment carries an extra privilege that may expose undiscovered clinical problems related to the patient.

3.6 
"There are no external entities or Contract Research Organizations (CROs) involved in this study. All sponsor responsibilities are managed internally by the Principal Investigators (PIs) and the core research team.
This study is led by two Co-Principal Investigators (Co-PIs) who share full oversight of all study-related activities. This dual-leadership model ensures:
· Mutual Monitoring: Each Co-PI will monitor his site and at the end of every month they will cross-monitor the other site to ensure standardized ultrasound acquisition.
· Shared Data Management: Both Co-PIs have administrative access to the REDCap database to verify data integrity."
PI Oversight & Responsibilities: The Principal site investigator (PI) maintains direct and full oversight of all study-related activities, including:
· Site Monitoring: The PI will personally conduct periodic on-site monitoring to ensure strict adherence to the ultrasound protocol and Doppler measurement standards.
· Data Management: The PI directly supervises the REDCap database, performing all data cleaning, integrity checks, and validation.
· Regulatory Compliance: All reporting to the Ethics Committees and regulatory bodies is handled directly by the PIs.
· Statistics: The PIs oversees the final statistical analysis, ensuring data integrity and transparent reporting of results."





3.7 
The study is planned over a 24-month duration. The feasibility of this timeline is supported by the existing infrastructure at the clinical sites and the high volume of daily weaning assessments.
1. Regulatory & Ethics Submission (Months 1-2): Compiling the submission package (Protocol, eCRF design in REDCap, Informed Consent). Based on local institutional standards, 2 months are allocated for document preparation.
2. Ethics Approval (Months 3-4): Obtaining formal approval from the Institutional Review Boards (IRB). We have allocated a realistic 60-day window for review and response.
3. Site Initiation (Month 5): Final calibration of ultrasound equipment and a "Kick-off" training session for the study team on VEXUS scoring and REDCap data entry.
4. Patient Recruitment (Months 6-21): A 16-month recruitment phase. Given our capacity (72 beds), recruiting the target sample size is highly feasible even with conservative enrollment rates.
5. Final assessment (Month 22): Completion of the follow-up for the last recruited patient and closing all open queries in the REDCap database.
6. Analysis & Reporting (Months 23-24): Statistical analysis using SPSS, drafting the final report, and submission of results to clinical registries and peer-reviewed journals.
[Dissemination Strategy]
· Scientific Audience: Publication in high-impact Intensive Care journals (Annals of the American Thoracic Society, Chest or Annals of intensive care) .
· Clinical & Industrial: Integration of findings into local hospital weaning protocols to improve patient outcomes.

		Milestone
	Title
	Month
	Means of Verification

	MS1
	Ethics & Regulatory Approval
	M4
	Copy of approval letter

	MS2
	Site Initiation & Training
	M5
	Training logs & REDCap activation

	MS3
	First Patient In (FPI)
	M6
	First entry in eCRF

	MS4
	End of Recruitment
	M21
	Completion of target sample size

	MS5
	Database Lock & Analysis
	M23
	Clean dataset & Statistical output

	MS6
	Final Study Report
	M24
	Submission of final report/paper
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