Electronic supplementary material 1

Basic US applications “head-to-toe” for general intensivists: ESICM consensus and expert recommendations





 SUMMARY

Methods........................................................................................................................................................................................................2

Training for Head to Toes Ultrasound in Intensive Care……………………………………………………………………………………………………………………......5
Tables
Table Suppl 1a,b,c. Summary of the Statements………………………………………………………………………………………………………………………………12-28
Table S1. Limitations of the technique for each organ/skill considered in the consensus………………………………………………………………………29
Table S2. Main parameters to be assessed for each organ/skill considered in the consensus…………………………………………………………………35
Table S3. Keypoints and take-home messages for each organ/skill considered in the consensus……………………………………………………………40
Table S4. Research agenda for each organ/skill considered in the consensus…………………………………………………………………………………………46
Figures S1-4. Recommendations for head-to-toe basic  Ultrasound evaluation in critically ill patients according to the results of the 
Consensus and the different organs evaluated. S1, brain and vessels; S2, heart ; S3, chest ; S4, abdomen……………………………………………..49






[bookmark: _Hlk7688120]Methods
Given the paucity of evidence in the field object of the consensus, we did not perform a systematic review of the literature.

Scientific committee: two chairpersons and a methodologist formed the scientific committee who selected the experts, identified the area of investigation, and managed the voting process.

Expert selection: experts were required to have an established skill and ability with ultrasound applied to adult patients especially in the critical care environment derived from constant application of the technique. Experts were chosen according to the clinical experience in the intensive care unit settings (more than 10 years of experience), with established basic “head-to-toe” ultrasound skills and an ultra- specialization on one single organ/domain. The recommendations were proposed by a subgroup of experts for each domain. However, as we aimed to provide evidence on the basic skills for intensivists, the whole panel voted the statements, to avoid any bias. 

Consensus principles: the final choice of the majority may not have been the first choice of an individual member who, following a cooperative behaviour, was invited to adopt whenever possible a stand-aside position. However, as specified below, panel members had the possibility to offer suggestions concerning contents and formulation of the selected questions, consistently with their collaborative role.
Even in case of strong dissenting positions, such extreme solutions as blockade were not accepted.

Decision rule: the decision rule, i.e. the degree of consensus required to provide a recommendation, was established as follows: 16 of 19 votes (84%) to provide a strong recommendation, 14 to 16 for a weak recommendation (74 to 84%), and no recommendations with less than 14 votes in favor or against (less than 74%).  

Question formulation: five groups were defined according to the specific areas of expertise (abdomen, lung, vascular, brain, and heart ultrasound). Each group identified a number of skills that were considered suitable to be basic for an intensivist in the different areas. No systematic review was performed.
The scientific committee discussed the questions with each group spokesperson and, when necessary, refined and reformulated them.

Voting process: the voting process was totally anonymous to avoid any reciprocal influence and dredging effects. 
The panel members voted on a 10-point scale ranging from totally disagree to totally agree. The responses were grouped and stratified in low (score 1-3), intermediate (score 4-7), and high (score 8-10) level of agreement.
Intermediate answers were defined as I do not really agree or disagree and not as I do not have an opinion.
Besides providing her/his vote, each member of the panel was invited to comment and provide suggestions in order to refine question contents and improve the wording, following an iterative process. Statements were classified as a strong recommendation (84% of agreement), weak recommendation (74% of agreement), and no recommendation (less than 74%), in favor or against.
After the first round, those questions for which only weak or no consensus was found, were resubmitted in a second round after being modified on the basis of the panel observations and suggestions.
In the subsequent rounds, questions on which positions were clearly defined, whatever the degree of consensus, were considered as accepted, and only those that could be improved according to the panel feedbacks were resubmitted.
At the end of the voting process, the questions were converted into recommendations.
After each round and before the subsequent one, the aggregate results (percentage distribution for each question) were provided to the group in order to let them have a clear idea of the general opinion on each question.
Responses were analysed with correspondence analysis (MA) and multiple correspondence analysis (MCA)[1], investigating the degree of polarization, to identify specific patterns at question or voter level. Single members of the panel were contacted in case such patterns were found at voter level, in order to rule out misunderstanding and wrong interpretations of the question, thus providing an opportunity to amend the vote.
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Flowchart describing the steps of the methodology of the consensus.
Training for Head-to-toe Ultrasound in Intensive Care
The ESICM International Expert Statement on training standards for critical care ultrasonography (CCUS) established that “basic-level critical care echocardiography and general critical care ultrasound should be a required part of the training of every ICU physician.” [1]. The Statement of Competence in CCUS [2], recently updated by a working group at ESICM [3], served as the foundation document defining the goals of training in CCUS. While the present article describes some additional required competencies, the challenge is how to provide training to the large number of intensivists who require it.
Achieving competence in CCUS requires mastery of the cognitive base, image acquisition, and image interpretation. The cognitive base is accessible through textbooks, journals, internet-based material, and courses offered by the international societies [1-7]. Initial training in image acquisition may occur using normal human models with the trainee graduating to bedside scanning supervised by capable faculty. Skill at image interpretation requires the trainee to review a comprehensive set of abnormal images; it is not reasonable to expect that the trainee encounters a wide spectrum of abnormal findings during image acquisition training.
While the goals of training are straightforward, they present questions and challenges. There are several populations of learners who may require different approaches to training: physicians in training, attending level intensivists, and both who are in medically underserved areas versus well resourced areas. Training programs need to be adapted to meet the unique needs of each group.
What should be the content of the training program? It is not feasible to mandate a standard format for training, given the international scope of intensivists who will use CCUS. One approach to training is to establish an arbitrary requirement for the number hours of attendance at an organized course. While this is recommended in the ESICM Expert Roundtable document, it leaves some unanswered questions. Does attendance at a course have added value over a local hospital-based training program? While it has been demonstrated that a course improves skills at CCUS [8], there is no evidence that it is superior to other methods of training [9-11].
Numerical requirements have been proposed as targets for achieving competence in CCS (Table1). However, numerical goals have uncertain relationship to competence [12]. Unsupervised learning of image acquisition may result in suboptimal technical skills and acquisition mistakes; these may persist over time if not promptly corrected. Furthermore, the outcome of training in image acquisition is ultimately determined by the subjective judgment of local faculty. The motivation, rigor, and communication skills of the local faculty tasked with guiding the learner in image acquisition and interpretation are key to successful training. Yet, faculty capability and development are unevaluated aspects of training outcomes for CCUS.
Should there be a system of formal certification for competence in CCUS? Intensivist may achieve formal certification in advanced critical care echocardiography that has been developed by ESICM and, in North America, by the National Board of Echocardiography [13,14]. It is neither realistic nor necessary to duplicate this effort for the large number of intensivists who use CCUS.
Relatively few studies have been conducted to assess the ability of training programs to yield competence in CCUS, with the exception of basic transthoracic echocardiography. Studies designed to validate training curricula are variable and frequently not limited to that the standards proposed Statement on Competence [2]. Curricula typically include both a theoretical and hands-on training component but with large variability of duration and content. Although there is no standard curriculum for training in CCUS, programs using binary or qualitative assessment have better reproducibility and best results for guiding real-time clinical decisions [3]. Due to time constraints and necessity for pre-course work, web-based teaching and computerized simulation should be explored [15]. Retention of skills after initial training appears to last for a short time [9-11], and raises the concern of how to maintain competence in CCUS. The table summarizes studies assessing training programs to reach competence in CCUS. Studies conducted in non-critical care settings or without detailed curriculum were excluded.
Of note, in our work we mostly referred to the application of these skills in high income countries. The main concern in countries with limited resources might be the availability of the Ultrasound machine. We do not believe that there should be differences- if the US machine is available- regarding the basic skills to be applied, but such training in non-high income countries might be challenging and should be implemented.
In conclusion, the general principles for training of intensivists in GCCUS are straightforward. The operational challenges of designing effective training programs are considerable; given the large number of learners from a wide variety of practice settings, the challenges of curriculum design, the unanswered questions of faculty capability, and the dearth of research in education design and outcomes.
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Tables


Table Suppl 1a. Domains addressed by the consensus and recommendations for brain and lung ultrasonography. Abbreviations: TCCD, Transcranial color Doppler; TCD, Transcranial Doppler; PTX, pneumothorax; US, Ultrasound; ARDS, Acute Respiratory Distress Syndrome.



	Domain
	Item
	Recommendations
	Consensus

	Brain


	Triage or clinical suspicion for intracranial hypertension


	We recommend B-mode TCCD insonation of the middle cerebral artery as a basic skill for intensivists for the qualitative waveforms analysis and to measure pulsatility index to rule out intracranial hypertension impairing cerebral perfusion.
	Weak recommendation







	
	
	We are unable to provide recommendation regarding the use of optic nerve sheath diameter as a basic skill for intensivists to rule out intracranial hypertension.
	No consensus

	
	Clinical suspicion of brain death
	We are unable to provide recommendation regarding the use of TCD/TCCD to recognize patterns suggesting impending cerebral circulatory arrest. 

	No consensus

	
	Detection of cerebral vasospasm after subarachnoid haemorrhage
	We are unable to provide recommendation regarding the evaluation of increased flow velocities and Lindegaard ratio through TCCD for the detection of vasospasm in patients with aneurysmal subarachnoid haemorrhage.
	No consensus

	
	Evaluation of ischemic stroke






	We are unable to provide recommendation regarding the evaluation of flow velocity wavefom using TCCD to assess for intracranial thrombosis causing stenosis or emboli monitoring in patients with infective endocarditis or undergoing cardiological procedures to assess risk of cerebrovascular complications.
	No consensus

	
	Cranial ultrasound for intracerebral pathology


	We are unable to provide recommendation regarding the use of B mode assessment of brain parenchyma for the detection of major intracranial complications such as haemorrhage and/or midline shift.
	No consensus

	
	
Cerebral autoregulation

	We recommend against the use of autoregulation testing as basic skill for intensivists to assess cerebrovascular hemodynamics (stress maneuvers to elicit vasomotor reactivity) for the care of patients with acute brain injury.
	Weak recommendation

	Thorax
	Pneumothorax













	We recommend that the identification of either one of the following sonographic findings to rule out the presence of PTX: lung sliding, lung pulse, and/or B-lines- should be considered as basic skill for intensivists.
	Strong recommendation

	
	
	We recommend that the identification of the “lung point” to confirm a suspected PTX should be considered as a basic skill for intensivists.
	Strong recommendation

	
	
	We recommend that the integration of lung US findings with clinical assessment to determine the indication for PTX drainage should be considered a basic skill for intensivists. 

	Strong recommendation

	
	
	We recommend that the integration of lung US findings with clinical assessment to determine the location for PTX drainage should considered as basic skill for intensivists.

	Strong recommendation

	
	
	We recommend that the assessment of topographic projection over the chest of the lung point to semi-quantify extension of PTX should be considered as a basic skill for intensivists.

	Weak recommendation

	
	Pleural effusion



















	We recommend that the evaluation of the presence of an anechoic region above the diaphragm as primary sonographic finding of pleural effusion should be considered as basic skill for intensivists. 
	Strong recommendation

	
	
	We recommend that the use of lung ultrasound to estimate the volume of pleural effusion should be considered as basic skill for intensivists.

	Strong recommendation

	
	
	We recommend that the presence of additional internal echoes within the effusion to suggest the presence of complicated effusions (e.g., exudates, empyemas, hemorrhage) should be considered as basic skill for intensivists.

	Strong recommendation

	
	
	We recommend that the use of lung US to determine the indication, position for drainage of a pleural effusion, monitor the effectiveness of the procedure should be considered as basic skill for intensivists.

	Strong recommendation

	
	
	We recommend that the use of lung US to monitor the effectiveness and complications of the drainage and procedure should be considered as basic skill for intensivists.

	Strong recommendation

	
	Respiratory failure: Reduction/loss of lung aeration





























	We recommend that the integration of lung US within the clinical context should be considered as basic skill for intensivists for the evaluation of respiratory failure.

	Strong recommendation

	
	
	We recommend that the appearance of interstitial syndrome (B-pattern) and/or lung consolidation (tissue-like pattern) as markers of increased lung density (i.e., reduction or complete loss in lung aeration), should be considered as basic skill for intensivists.

	Strong recommendation

	
	
	We recommend against the use of quantitative approaches (e.g., lung ultrasound score) as a core basic ultrasound skill for the intensivists.

	Strong recommendation

	
	
	We recommend that the integration with the clinical context and the identification of additional sonographic findings (e.g., shape, size, margin, presence of shred sign, distribution, presence of dynamic or static air bronchogram and fluid bronchogram) to narrow the differential diagnosis of parenchymal lung consolidation should be considered as basic skill for intensivists.

	Strong in favor

	
	
	We recommend that the use of an integrated (including lung US, echocardiography and venous ultrasound) approach in patients with high probability of pulmonary embolism and for whom computed tomography is not possible should be considered a basic skill for intensivists.

	Strong recommendation

	
	
	We recommend that a multifaceted approach to attempt identifying etiology of respiratory failure with lung US including integration with the clinical context, and identification of additional sonographic findings (e.g., B-line distribution, B-line density, and subpleural consolidation) should be considered a basic skill for intensivists.

	Strong recommendation

	
	
	We are unable to provide recommendation on the evaluation of the loss of aeration of anterior fields to distinguish focal and non-focal patterns and to guide the ventilatory strategy (positive end expiratory pressure titration, pronation) in ARDS patients.

	No consensus

	
	Airway Ultrasound


	We recommend against the use of airway ultrasound for endotracheal tube confirmation as a core basic ultrasound skill for the intensivists.
	Weak recommendation

	
	Diaphragm Ultrasound 






	We recommend that the estimation of diaphragmatic excursion for diaphragmatic function assessment, mainly in patients to be weaned from mechanical ventilation should be considered a basic skill for intensivists.
	Weak recommendation



	
	
	We are unable to provide recommendation on the evaluation of diaphragmatic thickening fraction for diaphragmatic function assessment, mainly in patients to be weaned from mechanical ventilation.
	No consensus



 























Table Suppl1b. Domains addressed by the consensus and recommendations for cardiac ultrasonography. Abbreviations: PSAX, parasternal short axis view; PLAX, parasternal long axis view; A4C,apical 4 chambers view; A2C, apical 2 chambers view; IVC, inferior vena cava; RV, right ventricle; LV, left ventricle; EDA, end diastolic surface area; EDD, end diastolic diameter. 



	Domain
	Item
	Recommendations
	Consensus

	Heart
	Evaluation for left ventricular systolic failure













	We recommend that the assessment of left ventricular systolic failure as increased, normal or decreased contractility of the left ventricle using PSAX, PLAX, A4C and A2C views should be considered a basic skill for intensivists.

	Strong recommendation

	
	
	We recommend that regional wall abnormalities,which may aid in triaging patients suspected of acute coronary syndromes who have equivocal or uninterpretable serologic or electrical features should be considered a basic skill for intensivists.
	Weak recommendation

	
	
	We recommend that left ventricular outflow tract evaluation as an estimation of stroke volume should be a basic skill for intensivists as it may provide additional value when qualitative left ventricular function appears out of keeping with the clinical picture.
	Weak recommendation

	
	
	We recommend that an understanding of colour Doppler – physics and limitations – is an added skill that may not be routinely taught and should not be considered a basic skill for intensivists.
	Strong recommendation

	
	
	We are unable to provide recommendation on the use of transesophageal echocardiography as basic skill for intensivists to obtain left ventricular parameters when transthoracic views are indeterminate (e.g. mechanical support).
	No consensus

	
	Evaluation for right ventricular failure
	We recommend that if massive pulmonary embolism is suspected as a cause of circulatory failure, the evaluation of normal right ventricular size to effectively rule out obstructive physiology and re-prioritize diagnostic considerations should be considered a basic skill for intensivists.
	Strong recommendation

	
	
	We recommend that the evaluation of right ventricular size as enlarged RV with RV/LV on A4C view or RV/LV EDD on a PLAX view should be considered a basic skill for intensivists
	Strong recommendation

	
	
	We recommend that the evaluation of right ventricular failure as looking for: paradoxical septal motion, septal flattening on PSAX view, and dilated IVC with no respiratory variations-should be considered a basic skill for intensivists.
	Strong recommendation

	
	
	We recommend that the evaluation of acute RV failure as the presence of RV dilation and free RV wall thickness in subcostal view should be considered as basic skill for intensivists.
	Strong recommendation

	
	Evaluation of hemodynamically important pericardial effusion
	We recommend that the assessment of hemodynamically important pericardial effusion as early systolic collapse of the right atrium / diastolic collapse of the RV on an apical 4-chamber or a subcostal view should be considered a basic skill for intensivists.
	Strong recommendation

	
	
	We recommend that the evaluation of echocardiographic parameters of tamponade (chamber collapse, Doppler inflow variations) and its integration within the clinical context should be considered a basic skill for intensivists.
	Strong recommendation

	
	
	We recommend that the evaluation of inferior vena cava size to inform plausibility of tamponade physiology in cases of uncertainty or where multiple diagnostic considerations are being entertained should be considered a basic skill for intensivists.
	Strong recommendation

	
	
	We are unable to provide recommendation on transesophageal echocardiography in the suspect of post-procedural pericardial effusion
	No consensus

	
	Evaluation for severe hypovolemia



	We recommend that the assessment of severe hypovolemia as small, collapsing IVC, small chamber sizes with intraventricular obliteration during systole should be considered a basic skill for intensivists.

	Strong recommendation

	
	
	We recommend against the use of basic echo by general intensivists for determination of fluid responsiveness in patients with persistent shock in the absence of features of hypovolemia.
	Strong recommendation

	
	Evaluation for acute, severe left-sided valvulopathy
	We recommend that the evaluation of acute-left-sided valvulopathy as obvious anatomical abnormalities including vegetations should be considered a basic skill for intensivists.

	Strong recommendation

	
	
	We recommend that the prosthetic valve assessment, and distinguishing severity of valvular lesions as well as acuity vs chronicity are the domain of expert echocardiographers and is discouraged at the basic level.
	Strong recommendation

	
	
	We recommend that the evaluation of aortic and mitral valves as priority of all basic echocardiographers should be considered a basic skill for intensivists, as other valves pathologies generally do not cause rapidly progressive, life threatening conditions.

	Strong recommendation

	
	
	We recommend that colour Doppler for the evaluation of acute-left-sided valvulopathy (by suggesting major changes in flow) should be considered as a basic skill for intensivists.

	Weak recommendation

	
	
	We recommend that the 2D assessment on anatomic basis (stenosis, vegetations, flail leaflet, perforation) of critical valvular failure should be considered as a basic skill for intensivists.

	Weak recommendation










 




Table Suppl1c. Domains addressed by the consensus and recommendations for abdominal and vascular ultrasonography. Abbreviations: FAST, Focused assessment with sonography in trauma.



	Domain
	Item
	Recommendations
	Consensus

	Abdomen
	Triage or clinical suspicion for aortic syndromes

	We recommend that the scanning from the epigastrium up to the mesogatrium at the level of umbilicus, in a trasverse and longitudinal plane for the detection of aortic abdominal aneurism in case of unexplained shock, abdominal pain, pulsatile mass palpation, presence of emboli, should be considered as basic skill for intensivists.


	Strong recommendation

	
	Assessment of kidneys and urinary tract 









	We recommend that B mode US evaluation of both kidneys and bladder in the short and long axis views to assess for the presence or absence of hydronephrosis and bladder overdistention should be considered as basic skill for intensivists.

	Strong recommendation

	
	
	We recommend that the US measurement of urine volume in the bladder, to rule in bladder overdistension or unnecessary catheterization should be considered as basic skill for intensivists.

	Strong recommendation

	
	
	We are unable to provide any recommendation regarding the assessment of renal Doppler resistive index of the interlobar arteries to predict adverse outcomes and renal failure progression.

	No consensus

	
	Assessment of non-traumatic acute abdomen



































Assessment of traumatic acute abdomen














Both traumatic and not traumatic acute abdomen

	We recommend that abdominal US should not be used alone to identify the cause of a surgical abdomen because it does not reliably characterize different etiologies (e.g., infectious colitis, small bowel obstruction, intussusception and perforation)
	Strong recommendation

	
	
	We recommend that the ability to detect hypo/anechoic free fluid in the peritoneal cavity for the identification of free peritoneal fluid to rule in non-traumatic acute abdomen should be considered as basic skill .
	Strong recommendation

	
	
	We recommend that the integration of clinical assessment with abdominal US to rule-out non-traumatic acute abdomen should be considered as basic skill 
	Strong recommendation

	
	
	
We do not recommend the use of ultrasound as basic skill for the intensivists in the functional assessment of bowel as the variety of ultrasound parameters that could be assessed is vast 
	Strong recommendation

	
	
	We are unable to provide any recommendation regarding the B mode assessment of the gallbladder in the presence of jaundice and elevated liver function tests to evaluate for acute cholecystitis (dilatation of the intrahepatic bile ducts, gallbladder hydrops in conjunction with large gallbladder stones, presence of thickened walls or fluid peripheral collections, presence of biliary sludge or pus) 
	No recommendation

	
	
	We are unable to provide any recommendation regarding the use of the detection of increased echogenicity of the peritoneal stripe with multiple reflection artefacts (A lines) for the identification of free intraperitoneal air to rule in the diagnosis of non-traumatic acute abdomen 
	No recommendation

	
	
	We are unable to provide any recommendation regarding the US bowel assessment by B-mode as initial evaluation of gastrointestinal tract conditions presenting acutely 
	No recommendation

	
	
	We recommend against the identification of multiple granular echogenic foci within the bowel wall (starry night appearance) for the detection of intramural gas in the bowel wall to rule in the diagnosis of non-traumatic acute abdomen as a basic skill for intensivists 











	Weak recommendation

	
	
	
	

	
	
	We recommend that the Focused Assessment with Sonography for Trauma (FAST) examination to identify pathological presence of free fluid/blood (i.e., pericardial sac, pleural space and peritoneum) in traumatic acute abdomen should be considered as basic skill 
	Strong recommendation

	
	
	We recommend that the integration of clinical assessment with the evaluation of the presence or absence of free peritoneal fluid in traumatic acute abdomen should be considered as basic skill
	Strong recommendation

	
	
	We recommend that FAST examination as an integral component of trauma resuscitation should be considered as basic skill 
	Strong recommendation

	
	
	We recommend against the assessment of RDRI of the interlobar arteries in hemodynamically stable polytrauma patients in order to promptly detect signs of decompensation due to incipient haemorrhagic shock










	Weak recommendation

	
	
	We recommend that the use of serial FAST exams in response to changes in the patient’s condition in order to visualize the development of previously undetectable free fluids should be considered as basic skill
	Strong recommendation

	
	
	We recommend that the evaluation of the presence of additional internal echoes within the effusion (which suggests the presence of complicated effusions) should be considered as basic skill 
	Strong recommendation

	
	
	We recommend that the integration of ultrasound findings with clinical assessment to determine the indication, location for abdominal drainage, monitor the effectiveness of the procedure and rule out drainage complications should be considered as basic skill 
	Strong recommendation


	
	
	We are unable to provide any recommendation regarding the use of Doppler ultrasonography of the kidney and spleen through RDRI of the renal interlobar arteries and the main branches of the splenic arteries to promptly detect early signs of splanchnic hypoperfusion in combination with other ultrasound in the context of traumatic or not traumatic acute abdomen
	
No consensus

	Vessels
	Vessels cannulation
























	We recommend that the anatomical evaluation Ultrasound-guided vascular access (USG) for arterial cannulation in case of multiple failed attempts should be considered as basic skill for intensivists.
	Strong recommendation

	
	
	We recommend that the anatomical evaluation of Ultrasound-guided vascular access for arterial cannulation when arterial pulse is not palpable should be considered as basic skill for intensivists.
	Strong recommendation

	
	
	We recommend that the evaluation of ultrasound scanning of the vessels to detect size, position and patency of the target vessel [by means of compression ultrasonography (CUS)], and to assess surrounding vital structures should be considered as basic skill for intensivists.
	Strong recommendation

	
	
	We recommend the continuous visualization of the needle tip during its trajectory both in in and out-of-plane techniques to avoid penetration of the posterior wall of the vessel should be considered as basic skill for intensivists.
	Strong recommendation

	
	
	We recommend that the anatomical evaluation of US in predicted difficult peripheral venous cannulation or after several failed attempts to improve success and patient’s comfort should be considered as basic skill for intensivists.
	Strong recommendation

	
	
	We recommend evaluation of US as ultrasound-guidance throughout the puncture and the cannulation and post-procedural check in the suspect of immediate life-threatening complications and tip position should be considered as basic skill for intensivists.
	Strong recommendation

	
	Deep venous thrombosis
	We recommend that the compression applied from the common femoral vein at the groin to the popliteal vein at the popliteal fossa to rule in deep venous thrombosis (DVT) in case of clinical signs of DVT and/or in patients with risk factors to rule out silent DVT should be considered as basic skill for intensivists.
	Strong recommendation














Table S1. Limitations of the technique for each organ/skill considered in the consensus. Abbreviations: dFV, diastolic flow velocity; mFV, mean flow velocity; PI, pulsatility index; eICP, estimated intracranial pressure; ICHT, intracranial hypertension; ONSD, optic nerve sheath diameter;TCD, transcranial Doppler; CT, Computed Tomography; RV right ventricle; LV, left ventricle; PE, pulmonary embolism; US, Ultrasound; AAA, aortic abdominal aneurysm

	Brain 
	Triage or clinical suspicion for intracranial hypertension

	· Low dFV may also be observed in case of severe hypocapnia and arterial hypotension 
· High PI might be observed in patients with high pulse pressure (i.e. vasoplegia, atherosclerosis, isolated systolic hypertension) 
· eICP measurements have high negative predictive value in excluding ICHT (i.e. if eICP < 20 mmHg, then invasively measured ICP will be below 20 mmHg in more than 90% of cases), but low specificity for accurate estimation of intracranial hypertension (i.e. for a value of invasively measured ICP of 30 mmHg, eICP may vary of 5-7 mmHg) 
· ONSD cut-offs have high variability in patients with various pathologies of brain injury and serial measurements are more useful in a patient that absolute cut-offs 
· Published TCD parameters must be reviewed in relation to correction for angle of insonation. PI cutoff typically do not need correction

	
	Clinical suspicion of brain death
	· Presence of temporal windows and ability to insonate patients’ circle of Willis must be demonstrated prior to use of TCD as an ancillary test. If the first ever evaluation reveals no flow, distinguishing from lack of temporal windows is not feasible and cannot be used as evidence towards cerebral circulatory arrest.  . 
· Up to 10-35% of patients may have no temporal windows due to thick skull and TCD would not yield any useful information. 
· Patients with shock may have cerebral hypoperfusion due to systemic causes 

	
	
	· Use of TCD as ancillary test is not currently recommended by World Brain Death Project  American Academy of Pediatric guidelines in pediatric patients.

	
	Detection of cerebral vasospasm after subarachnoid hemorrhage
	· 10 to 35% patients may have no temporal windows 
· In cerebral arteries, increased mFV may be caused by hyperemia, stenosis or vasospasm.
· Normal mFV does not rule out vasospasm (i.e. low negative predictive value)
· Definitive diagnosis of vasospasm may still require confirmation with computed tomography (CT), computed tomography angiography (CTA), perfusion computed tomography (CTP) or cerebral angiography (CA).
· The co-existence of diverse pathophysiologic mechanisms (i.e. vasospasm and ICHT) or arterial hypotension can result in “pseudo-normalized” mFV.

	
	Evaluation of ischemic stroke

	· Lack of temporal windows may impair insonation in 10-35% patients. 
· Emboli monitoring may require special equipment with a headset for probe placement 

	
	Cranial ultrasound  for intracranial pathology
	· Despite correlations with head CT measurements, the accuracy of using cranial ultrasound in measuring midline shift, intracranial hemorrhage size or 3rd ventricular size is not perfect to be recommended as standard of care. These measurements are reserved for patients in austere environments or unstable condition with no access to head CT. 

	
	Cerebral autoregulation





	· Evaluation of correlation of trends for mFV and systemic parameters like blood pressure and carbon dioxide may require prolonged monitoring and preferably monitoring platforms to show both trends calibrated for same time stamps. Advanced softwares are needed for quantitative correlation. 
· Carotid compression test should not be performed in any patient at risk of embolization from atherosclerotic carotid plaque or significant carotid stenosis without a previous carotid ultrasound study. It should be performed at the base of the neck in order to avoid compressing the carotid bulb that can trigger baroreceptor reflex.

	Thorax






	Pneumothorax


	· In complete lung collapse, the lung point cannot be visualized (it has low sensitivity)
· A lung point visualized close to the sternum may correspond to pneumomediastinum
· The presence of subcutaneous emphysema prevents the visualization of the pleura
· The actual thickness of air-collection can’t be measured; semi-quantification is validated for free air-collection (trauma)

	
	Pleural effusion

	· Training is required

	
	Reduction/loss of lung aeration 

	· B-lines are non-specific signs of increased lung density; their distribution and associated ultrasound signs have to be integrated with clinical context.
· E-lines from subcutaneous emphysema can mimic B-lines; the pleural line has to be correctly identified


	
	Airway

	· If cervical esophagus cannot be identified, airway ultrasound cannot be used to identify esophageal intubation as the tracheal air will impede proper visualization of the esophagus and of the air-filled endotracheal tube. 
· Subcutaneous emphysema may prevent the visualization of anatomical structures
· Large diameter nasogastric tubes can mimic the ultrasound features of endotracheal tube
· Selective intubation cannot be detected


	
	Diaphragm
	· It is sometimes difficult to visualize the diaphragm, especially on left side
· Lack of multicenter randomised controlled trials
· Thickness fraction implies sub millimetric measures and therefore requires higher training; it is not recommended as a basic skill for intensivists 


	

Heart
	
Evaluation for left ventricular systolic failure
	
· Limited to B-mode and M-mode without Doppler quantification. Views may be limited in the critically ill.

	
	Evaluation for right ventricular failure
	· The RV is not impaired until a significant proportion of the pulmonary vasculature is occluded and echocardiography cannot rule out PE. 
· A confirmed diagnosis at the bedside is not possible except when a mobile clot is visualized in the right heart (less than 10% of cases) or when a transeesophageal echocardiography is performed. 


	
	Evaluation of hemodynamically important pericardial effusion
	· False-positive (fat in front of the RV free wall, pleural effusion)
· Localized tamponade (after cardiac surgery or procedure)


	
	Evaluation for severe hypovolemia
	· Only 50% of patients will be fluid responsive 
· Positive fluid responsiveness does not indicate need for fluids
· Doppler measurements not mandatory at basic level

	
	Evaluation for acute, severe left-sided valvulopathy
	· Severely calcified valves can be difficult to visualize as they create an artifact
· Quantification of stenosis using Doppler is not mandatory at a basic level
· Color Doppler may assist in assessment of critical illness and its relation to valvulopathies

	Abdomen


	Triage or clinical suspicion for aortic syndromes

	· Obesity, subcutaneous edema, abdominal gas and trauma may impede proper evaluation of AAA. 
· Retroperitoneal hemorrhage cannot be reliably identified by US
· The absence of free intra-peritoneal fluid does not rule out an acute aortic syndrome.

	
	Assessment of kidneys and urinary tract 

	· Obesity, subcutaneous edema and abdominal gas may hamper the proper visualization of the kidneys.
· Polycystic disease may mimic hydronephrosis (but cysts do not communicate each other).
· The ureter is often only partially visualized, and stones in the middle tract are rarely displayed.
· Peritoneal fluid mimicking distended bladder “pseudo-bladder” can be misleading. Care should be taken to fan the probe anteriorly and posteriorly because peritoneal effusions appear to open when the probe scans more cranially whereas the bladder appears to close.


	
	Assessment of traumatic and non-traumatic acute abdomen

	· The accuracy rates of US for the detection of free intraperitoneal fluid are wide, especially in the context of trauma and vary between 64–98%, depending on the expertise of operators. 
· US has a very low sensitivity in detecting traumatic blunt intra-abdominal parenchymal injury, thus patient management should not be distracted by initially negative examination. 

	
Vessels
	
Vessels cannulation
	
· Burns or equipment availability may be considered time-limiting factors.

	
	Deep venous thrombosis
	
· Partial occlusion of the vessel,
· Difficult visualization of the vessel.





Table S2. Main parameters to be assessed for each organ/skill considered in the consensus. Abbreviations: dFV, diastolic flow velocity; mFV, mean flow velocity; sFV, systolic flow velocity; PI, pulsatility index; eICP, estimated intracranial pressure;eCPP, estimated cerebral perfusion pressure;  ICHT, intracranial hypertension; ONSD, optic nerve sheath diameter;TCD, transcranial Doppler; CT, Computed Tomography; RV right ventricle; LV, left ventricle; PE, pulmonary embolism; US, Ultrasound; AAA, aortic abdominal aneurysm; PSAX, parasternal short axis view; PLAX, parasternal long axis view; A4C ,apical 4 chambers view; A2C, apical 2 chambers view; IVC, inferior vena cava.


	Brain
	Triage or clinical suspicion for intracranial hypertension

	· Qualitative waveforms analysis to reveal low resistance waveforms is a good marker of intact cerebral perfusion compared to resistive waveforms with low or absent diastolic flow that represents impaired cerebral perfusion and indications of increased intracranial hypertension. 
· Transcranial Doppler (TCD) measures systolic flow velocities (sFV), time average mean flow velocities (TAMMV or mFV), diastolic flow velocity (dFV) and Pulsatility Index (PI = (Systolic velocity – Diastolic velocity)/ Mean velocity)
· Low dFV (<20 cm/sec) measured bilaterally on the middle cerebral artery (MCA) can suggest abnormal cerebral compliance or increased distal resistance (with or without intracranial hypertension) 
· High PI (>1.4) can suggest abnormal cerebral compliance or increased distal resistance (with or without intracranial hypertension) 
· Noninvasive estimation of intracranial pressure (eICP) and cerebral perfusion pressure (eCPP) can be performed using TCD parameters using validated published formulas 
· The optic nerve sheath is the anatomical extension of subarachnoid space around the optic nerve; any raise in ICP will result in dilation of the Optic nerve sheath diameter. A ONSD > 6.0 mm in cerebral ultrasound suggests abnormal cerebral compliance with intracranial hypertension 

	
	Clinical suspicion of brain death

	· The insonation of bilateral anterior and posterior circulation as well as demonstrated presence of no net forward flow in presence of intact systemic perfusion by insonation of extra-cranial vessels is required.  
· World Federation of Neurology and World Brain Death project guidelines recommend the persistence of oscillating waveforms with no net forward flow or systolic spikes less than 50 cm/s with a duration of less than 200 ms at a low filter of 50-MHz on 2 studies done at least 30 minutes apart as consistent with a diagnosis of impending cerebral circulatory arrest 
· Preliminary clinical evidence of brain death and normal systemic blood pressures must proceed insonation with TCD. 

	
	Detection of cerebral vasospasm after subarachnoid hemorrhage
	
· Increased in mFV in one cerebral artery on TCD 
· Daily increment of mFV >50cm/s in one cerebral artery on TCD
· Lindegaard Index (LI): ratio between mFV in MCA and extra-cranial internal carotid artery mFV, measured in the submandibular area 
· Soustiel Index (SI): ratio between Basilar artery mFV and mean of extracranial vertebral mFV. 
· An abrupt appearance of high PI (> 1.5) of flow in two or more arteries is frequently a sign of ICHT, but sometimes it can indicate a potential distal vasospasm 
· Increased mFV in a cerebral artery may be caused by hyperemia, stenosis or vasospasm. Absolute values of increased mFV as well as daily increments >50cm/s between day 3 and 9 can be indicative of vasospasm after subarachnoidal hemorrhage (SAH). Patients undergoing induced hypertension may have increased mFV from impaired autoregulation (i.e. hyperemia); as such, additional testing is necessary 
· MCA:  Vasospasm diagnosis: mFV ≥ 120 cm/s and ≤ 200 cm/s and Lindegaard ratio > 3:  mild to moderate vasospasm; mFV ≥ 200 cm/s and LI > 6: severe vasospasm. Poor prognosis:  mFV in MCA ≥180 cm/s, rapid (> 20% or > 65 cm/s) daily mFV rise during critical days 3 to 7, MCA/ICA ratio ≥ 6. 
· Anterior cerebral artery (ACA): The sensitivity and specificity of detection of vasospasm with TCD is lower than MCA but may be improved with use of TCCS.

	
	



	·       Basilar and Vertebral artery (BA and VA): TCD is highly specific (100%) for vertebral and basilar artery vasospasm when mean flow velocities are ≥80 and ≥95 cm/s. SI: critical value of 2 for the diagnosis of BA vasospasm; value > 3: hemodynamically significant BA stenosis.

	
	Evaluation of ischemic stroke

	· Transition of hemodynamic waveforms from pre-stenotic resistive waveforms (high pFV and low dFV)  to post-stenotic waveforms ( low pFV and low PIs, parvus et tardus waveform) can help localize area of intracranial stenosis. In such patients, TCDs can help titrate systemic blood pressure to ensure good cerebral perfusion 
· Emboli monitoring can reveal high intensity transient signals during insonation of intracranial vessels.  Presence of embolic signals can guide escalating antithrombotic/anticoagulation in cardioembolic disease or blunt traumatic cerebrovascular injury or escalate emergency for surgery in infective endocarditis .
· Emboli presence can be useful in predicting neurological complications in patients with left ventricular assist devices and extracorporeal membrane oxygenation. 


	
	Cranial ultrasound  for intracranial pathology

	· Midline shift (MLS) measurement as marker of impending brain herniation and intracranial mass expansion can be calculated using B mode cranial ultrasound images. The midline shift can be calculated similar to midline shift measurements on head CT using Brain Trauma Foundation guidelines.
· Supratentorial intracerebral hemorrhage in the acute period appears as hyperechogenic image on B mode cranial ultrasound. The presence and size of intracranial hemorrhage can be measured on cerebral ultrasound. 
· Third ventricle size, which appears a highly echogenic double-line image on the diencephalic transverse image on cerebral ultrasound, can help in the evaluation of hydrocephalus.
· Venous cerebral ultrasound insonation of the straight sinus through the occipital can provide information on intracranial compliance. 

	
	Cerebral autoregulation

	· Change in mFV with systemic blood pressure may be qualitatively assessed. In intact autoregulation, blood pressure fluctuations should not result in any changes in TCD parameters. In impaired autoregulation, decrease in systemic blood pressure can be linearly seen to change the mFV in TCD. This can be performed during routine fluctuations in the intensive care unit.
· Ventilated patients can have their mFV measures in response to fluctuations in carbon dioxide. 
· Common carotid artery compression homolateral to the insonated MCA can be performed to generate at least 40% reduction in flow velocity in MCA. If autoregulation is intact, a cerebral arteriolar compensatory vasodilatation ensues causing a temporary increase in MCA blood flow velocity as cerebral blood flow returns to a dilatated vascular bed.  The ratio between mFV after release, over the baseline reflects autoregulation and is normally 1.2 (1.17–1.24). Lower values indicate loss of autoregulation. 

	Thorax
	Pneumothorax
	· Identification of basic landmarks: bat sign 
· Lung sliding 
· Lung pulse 
· Static A pattern 
· Lung point 
· Hydropneumothorax 
· Subcutaneous emphysema 
· M-mode 

	
	Pleural effusion
	· Basic landmark: the diaphragm 
· Curtain sign 
· Pleural effusion as an anechoic space above the diaphragm 
· Ultrasound texture of the effusion (homogeneous/non-homogeneous; echoic/anechoic, septa) 
· Mirror artifacts 
· Spine sign 
· Quantification of the effusion volume 

	
	Reduction/loss of lung aeration

	· B-lines 
· Pleural irregularities 
· Subpleural consolidations 
· Lobar / hemi-lobar consolidations: tissue-like pattern 
· Air-bronchogram: absent, static, dynamic punctiform, dynamic linear-arborescent 
· Spine sign 

	
	Airway
	· Tracheal and esophageal visualization in a transverse approach at the level of the suprasternal notch.

	
	Diaphragm
	· Diaphragm visualization as a C-shape with low frequency probe 
· Diaphragm excursion in B-mode 
· Diaphragm excursion in M-mode 
· Diaphragm visualization at the zone of apposition with high frequency probe 
· Diaphragm thickening fraction in B-mode 
· Diaphragm thickening fraction in M-mode 


	Heart
	Evaluation for left ventricular systolic failure

	· Increased, normal or decreased contractility. Regional wall motion abnormalities incl. identification of coronary supply-territories using PSAX, PLAX, A4C and A2C views

	
	Evaluation for right ventricular failure
	· Enlarged RV with RV/LV EDA >0.6 on A4C view or RV/LV EDD on a PLAX view. Paradoxical septal motion and septal flattening on PSAX view. Dilated IVC with no respiratory variations.

	
	Evaluation of hemodynamically important pericardial effusion
	· Early systolic collapse of the right atrium / diastolic collapse of the RV on an apical 4-chamber or a subcostal view.

	
	Evaluation for severe hypovolemia
	· Small, collapsing IVC, small chamber sizes with intraventricular obliteration during systole

	
	Evaluation for acute, severe left-sided valvulopathy
	· Obvious anatomical abnormalities including vegetations, color Doppler suggesting major changes in flow

	Abdomen




	Triage or clinical suspicion for aortic syndromes


	· Antero-posterior and transverse diameter from outer wall to outer wall. 
· Mild aortic dilation is defined when the diameter is >2 and < 3 cm, moderate when is 3 to 5 cm and severe if larger than 5 cm and corresponds to increased risk for rupture.


	
	Assessment of kidneys and urinary tract 

	· Presence or absence of hydronephrosis.
· Longitudinal (9-15 cm in length) and transverse (4-6 cm in width) diameters along with parenchymal morphology, echogenicity and cortical differentiation.
· Bladder diameter (by longitudinal and transverse scan) and content echogenicity (e.g. clots).


	
	Assessment of traumatic and non-traumatic acute abdomen


	· Free abdominal fluid in the peritoneal space
· Free abdominal fluid in the hepatorenal space
· Free abdominal fluid in the spleno-renal space
· Pelvic view


	
Vessels
	Vessels cannulation




	· An ultrasound scanning of the vessels to detect size, position and patency of the target vessel [by means of compression ultrasonography (CUS)], and to assess surrounding vital structures. Vascular US is highly suggested in case of multiple failed attempts or when arterial pulse is not palpable.

	
	Deep venous thrombosis
	· CUS applied from the common femoral vein at the groin to the popliteal vein at the popliteal fossa demonstrated to be accurate to diagnose deep venous thrombosis with high sensitivity and specificity among critical care physicians 










Table S3. Keypoints and take-home messages for each organ/skill considered in the consensus. Abbreviations: dFV, diastolic flow velocity; mFV, mean flow velocity; sFV, systolic flow velocity; PI, pulsatility index; eICP, estimated intracranial pressure;eCPP, estimated cerebral perfusion pressure;  ICHT, intracranial hypertension; ONSD, optic nerve sheath diameter;TCD, transcranial Doppler; TCCD, Trancranial color duplex Doppler; CT, Computed Tomography; RV right ventricle; LV, left ventricle; PE, pulmonary embolism; US, Ultrasound; AAA, aortic abdominal aneurysm; PSAX, parasternal short axis view; PLAX, parasternal long axis view; A4C ,apical 4 chambers view; A2C, apical 2 chambers view; IVC, inferior vena cava.



	Brain
	Triage or clinical suspicion for intracranial hypertension

	· Use of TCD (i.e. dFV, PI, eICP and ONSD) is helpful in identifying patients at risk for ICHT
· Measurements should be performed on both hemispheres and report dFV and PI 
· Exclusion of confounders for abnormal dFV and PI values is necessary in all patients
· In case of suspected ICHT on cerebral ultrasound, the placement of an invasive ICP monitoring should be urgently discussed

	
	Clinical suspicion of brain death
	· TCD does not assess brainstem function, only cerebral blood flow velocities
· Clinical assessment of brain and brainstem function and loss of spontaneous respiratory effort must be assessed prior to use of TCD. Ancillary tests do not replace clinical evaluation. 
· Any findings of TCD that supports the presence of net forward flow can be used to rule out the possibility of cerebral circulatory arrest in patients with confounders for clinical exam like sedation and paralysis
· The presence of oscillating patterns or systolic spikes on two studies performed at least 30 minutes apart raise the suspicion of impending cerebral circulatory arrest and can be used in the right clinical settings to support a diagnosis of brain death

	


	Detection of cerebral vasospasm after subarachnoid hemorrhage
	· TCD shows a low sensitivity but high specificity to diagnose cerebral vasospasm. Use of Lindegaard ratios improves accuracy of vasospasm diagnosis.
· MCA vasospasm is likely with a mFV  120 cm/s and Lindegaard Index ≥ 3 
· In BA and VA, mean FV ≥ 80 and ≥ 95 cm/s, respectively, have a 100% specificity for vasospasm
· ACA vasospasm diagnosis with TCD has low specificity and sensitivity, which improves with TCCD
· Serial monitoring paying attention to autoregulation and induced hypertension may increase the utility of TCD in vasospasm screening. Comparison of TCD which is a responsive dynamic test against computed tomography angiography and digital subtraction angiography that are structural imaging modalities is counterintuitive. 

	
	Evaluation of ischemic stroke

	· TCD can be useful in evaluation and management of new onset stroke in assessing collateralization patterns, right to left shunt assessment and vasomotor reactivity but may require expertise 
· Emboli monitoring can be useful in patients where underlying disease pathology predisposes a patient to neurological complications through embolic phenomena. 

	
	
Cranial ultrasound  for intracranial pathology
	
· B mode cranial ultrasound can provide additional parameters that could complement the assessment of patients at risk of ICHT. 

	
	Cerebral autoregulation









	· Autoregulation should be investigated in any patients at risk of brain injury from systemic hemodynamic fluctuations 
· Correlations of mFV and blood pressure and carbon dioxide can be qualitatively assessed. Linear correlations show lack of autoregulation, and no correlation shows intact autoregulation
· Stress maneuvers like common carotid compression test can be performed to assess autoregulation 

	Thorax


	Pneumothorax
	· Use a high frequency probe for better assessment of the pleura
· B-lines, lung sliding and lung pulse rule out pneumothorax with 100% sensitivity
· In absence of B-lines, lung sliding and lung pulse, a pneumothorax is highly suspected
· The lung point rule in pneumothorax with 100% specificity but low sensitivity
· Ultrasound findings should be integrated with clinical assessment for the decision to drain the air collection

	
	Pleural effusion

	· Choose a low frequency probe in posterior fields to assess pleural effusion
· Pleural effusion corresponds to an anechoic space above the diaphragm
· The ultrasound texture helps orienting on the etiology of the effusion
· The interpleural distance in transversal scan allows semi-quantification of the effusion

	
	Reduction/loss of lung aeration

	· The presence of a B-pattern confirms an increased lung density in the explored areas
· Distribution of B-lines and associated signs are additional findings needed to guide differential diagnosis of acute respiratory failure
· A quantitative approach is useful to monitor lung aeration but is not mandatory as a basic skill

	
	Airway
	· The trachea and the esophagus can be easily identified with ultrasound; however, their assessment is not considered a core basic skill for the intensivist when used to rule out esophageal intubation
· Important anatomical airway landmarks can be identified with ultrasound before percutaneous tracheostomy or in patients with potential anatomical difficult airway; however, this assessment is not considered a core basic skill for the intensivist.

	
	Diaphragm 
	· Right side is easier than left side for better identification of diaphragm 
· Use low frequency probe for DE: a DE < 10 mm increases the risk of weaning failure
· Use high frequency probe for TF: the diaphragm has to be visualized in the zone of apposition between anterior and middle axillary line in intercostal spaces between 7th to 10th 
· Compute thickening fraction as (inspiratory thickness – expiratory thickness) / inspiratory thickness

	Heart



	General keypoints



	· Intended learning objectives include basic knowledge of ultrasound physics, machine controls and transducer manipulation, recognition of normal and abnormal structures
· Image interpretation, including specific limitations and recognition of when the examination is beyond the acquisition/interpretive capacity of the sonographer are the focus of this stage of training
· Technical skills include TTE acquisition of the parasternal long- and short-axis views, apical 4- and 2-chamber views and the subcostal long- and short-axis views. 
· Doppler measurements are not mandatory, but colour Doppler is used for the assessment of major valvulopathies
· Cognitive skills include recognition of LV and RV failure, clinically significant pericardial
·  Effusion, tamponade, hypovolaemia, major valvular dysfunction.  

	
Abdomen




	
Triage or clinical suspicion for aortic syndromes



	· In case of patient with acute abdominal pain and US detection of AAA, an acute aortic syndrome should always be considered as the cause
· If the patient is not hypotensive a contrast-enhanced computer tomography scan should be performed to investigate the presence of leakage. 
· If hypotensive, the patient should be considered to be having an acute rupture unless proven otherwise, and a vascular surgeon should be immediately consulted 


	
	
Assessment of kidneys and urinary tract 


	
· Post-renal causes of obstructive acute kidney injury can be easily rule-out in cases of decreased urine output through the urinary catheter, hematuria or acute renal failure.
· Hydronephrosis represent the main sonographic finding that should be identified in patients with suspected acute renal obstruction.


	
	
Assessment of traumatic and non-traumatic acute abdomen

	
· Managing traumatic patients according with US findings has been shown to be associated with a more rapid access to the operating room, shorter hospitalizations and fewer complications than those who were not managed so. 
· US-guide paracentesis has been associated with a higher success rate compared with blind procedures especially if the fluid is scarce. 

	Vessels
	Vessels cannulation
	· Ultrasound-guidance and pre-scanning can be helpful in cases of difficult vessels incannulation or multiple failed attempt
· Needle-tip detection can lead to improved safety and proficiency

	
	Deep venous thrombosis
	· Thrombosis, related to reduced flow and reduced mobility, can be detected by ultrasound
· Compressive ultrasound can rule in the suspect of vein thrombosis





Table S4. Research agenda for each organ/skill considered in the consensus. Abbreviations: dFV, diastolic flow velocity; mFV, mean flow velocity; sFV, systolic flow velocity; PI, pulsatility index; eICP, estimated intracranial pressure;eCPP, estimated cerebral perfusion pressure;  ICHT, intracranial hypertension; ONSD, optic nerve sheath diameter;TCD, transcranial Doppler; TCCD, Trancranial color duplex Doppler; CT, Computed Tomography; RV right ventricle; LV, left ventricle; PE, pulmonary embolism; US, Ultrasound; AAA, aortic abdominal aneurysm; PSAX, parasternal short axis view; PLAX, parasternal long axis view; A4C ,apical 4 chambers view; A2C, apical 2 chambers view; IVC, inferior vena cava.
	Brain
	Triage or clinical suspicion for intracranial hypertension

	· Multi-modality approach towards non-invasive tools to predict ICHT seems to be more effective than one single modality 
· Changes in ICP and non-invasive indices in response to different interventions need to be further studied.

	
	Clinical suspicion of brain death
	· Transient oscillating patterns in case of ICHT therapies have shown reversibility with escalating management, if the underlying cerebral insult is reversible. Studies elucidating the etiologies of insults that could be reversible are needed.
· Optimal systemic hemodynamics to ensure adequate TCD assessment needs to be investigated.

	
	Detection of cerebral vasospasm after subarachnoid hemorrhage
	· Multimodality monitoring approach that evaluates TCD/TCCS velocity cutoffs with adjustment for patient’s autoregulatory status, presence of ICHT and systemic blood pressures need to be investigated to reduce the risk of delayed ischemic neurological deficit.  
· Utility of TCDs in vasospasm caused by non-aneurysmal pathologies needs further investigation.  

	
	Evaluation of ischemic stroke

	· There is lack of literature if point-of-care assessments are as accurate as diagnostic transcranial Doppler examination formed by trained sonographers in evaluation and management of stroke.

	
	Cranial ultrasound  for intracranial pathology
	· Incorporation of these modalities in neuromonitoring and its impact of management or outcomes needs to be investigated. Training of general intensive care in performing these measurements accurately may enhance the utility of these modalities. 

	





	Cerebral autoregulation

	· Autoregulation testing can help guide management in post arrest patient’s undergoing therapeutic temperature modulation as well reduce the risk of reperfusion injury in patients on ECMO. 

	Thorax







	Pneumothorax
	· Unclear advantages in in ultrasound-guided vs. ultrasound-assisted drainage
· Evidence-based data on diagnostic accuracy in non-trauma patients
· Quantification of lung collapse in non-trauma patients


	
	Pleural effusion
	· Interest in ultrasound-guided vs. ultrasound-assisted drainage 

	
	Reduction/loss of lung aeration

	· Validation of US versus Computed Tomography findings

	
	Airway
	· Optimal training format and minimum number of examinations required to achieve competency is currently unknown
· Diagnostic performance and usefulness compared to standard techniques is unknown 
· Role in unconventional scenarios (e.g., pre-hospital, battlefield, cardiac arrest) not fully explored


	
	Diaphragm 
	· Use of diaphragmatic ultrasound for prevention/early detection of respiratory muscle weakness
· Titration of pressure support to prevent diaphragm atrophy
· Interest of Tissue Doppler imaging for diaphragm assessment 
· Interest of combining the diaphragm to other respiratory muscles’ assessment 

	Heart
	General research agenda
	· Evaluation of knowledge and skills necessary for ICU physicians
· Minimum number of TTE examinations required to attain sufficient technical and cognitive skills
· The evaluation of the effect of the application of basic echocardiography on clinical outcomes
· Incorporation of training into ICU scenarios

	Abdomen
	General research agenda
	· The evaluation of visceral end-organ perfusion by color Doppler resistive indexes have been shown to be able to provide useful insights for detecting early hemodynamic abnormalities related to organ dysfunction before the occurrence of biochemical or macro-hemodynamic derangements. Future studies in this emerging field of investigation are warranted because potentially able to guide treatments in order to improve regional perfusion pressure, avoiding vasoconstriction and splanchnic hypoperfusion may improve patient outcomes.

	Vessels
	Vessels cannulation
	· Peripheral veins, ultrasound view, standardized training, and documentation of the technique for the assessment of ultrasound guided vessels cannulation


	
	Deep venous thrombosis
	· Research is warranted especially regarding the predictive value, timing, predictive value, and required training of Ultrasound-guided evaluation of deep venous thrombosis







Figures S1-4. Skills for head-to-toe basic  ultrasound evaluation in critically ill patients according to the results of the Consensus and the different organs evaluated. S1, brain and vessels; S2, thorax ; S3, heart; S4, abdomen.
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