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Abstract


Interest in bedside ultrasound in the intensive care unit and emergency department has exploded in recent years. This interest is driven in part by the utility of ultrasound for procedural guidance. In most cases, enthusiasm outstrips current evidence. While ultrasound is often felt to be risk-free, the important risk of ultrasound is the chance of false diagnosis. The vividness of visual images may make practitioners especially prone to cognitive errors in interpretation. Possible applications of ultrasound include management of shock and respiratory failure, two complex syndromes with multiple aspects. Reasonable evidence supports use of ultrasound to guide volume expansion, although its value remains to be demonstrated in an explicit protocol. Other possibilities include ventilator titration and guidance of diuresis. While the literature is more complicated, there is some early evidence that lung ultrasound may improve the diagnosis of dyspnea, although these results have not been well validated. Centers should avoid premature loss of equipoise and participate in studies of explicit protocols that incorporate ultrasound.






        
[bookmark: N109A2]
Keywords

sepsis - 
acute respiratory distress syndrome - 
echocardiography - 
lung ultrasound - 
hemodynamic management - 
shock
      




 

[bookmark: ]

[bookmark: N10D8C]
	
References


	
[bookmark: JR01164-1]1 Redelmeier DA. Improving patient care. The cognitive psychology of missed diagnoses. Ann Intern Med 2005; 142 (2) 115-120 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-2]2 Ryan T, Armstrong WF, Khandheria BK ; American Society of Echocardiography.  Task force 4: training in echocardiography endorsed by the American Society of Echocardiography. J Am Coll Cardiol 2008; 51 (3) 361-367 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-3]3 Expert Round Table on Echocardiography in ICU. International consensus statement on training standards for advanced critical care echocardiography. Intensive Care Med 2014; 40 (5) 654-666 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-4]4 Quiñones MA, Douglas PS, Foster E , et al; American College of Cardiology; American Heart Association; American College of Physicians-American Society of Internal Medicine; American Society of Echocardiography; Society of Cardiovascular Anesthesiologists; Society of Pediatric Echocardiography.  ACC/AHA clinical competence statement on echocardiography: a report of the American College of Cardiology/American Heart Association/American College of Physicians-American Society of Internal Medicine Task Force on Clinical Competence. J Am Coll Cardiol 2003; 41 (4) 687-708 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-5]5 Porter TR, Shillcutt SK, Adams MS , et al.  Guidelines for the use of echocardiography as a monitor for therapeutic intervention in adults: a report from the American Society of Echocardiography. J Am Soc Echocardiogr 2015; 28 (1) 40-56 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-6]6 Labovitz AJ, Noble VE, Bierig M , et al.  Focused cardiac ultrasound in the emergent setting: a consensus statement of the American Society of Echocardiography and American College of Emergency Physicians. J Am Soc Echocardiogr 2010; 23 (12) 1225-1230 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-7]7 Troianos CA, Hartman GS, Glas KE , et al; Councils on Intraoperative Echocardiography and Vascular Ultrasound of the American Society of Echocardiography.  Guidelines for performing ultrasound guided vascular cannulation: recommendations of the American Society of Echocardiography and the Society of Cardiovascular Anesthesiologists. J Am Soc Echocardiogr 2011; 24 (12) 1291-1318 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-8]8 Melniker LA, Leibner E, McKenney MG, Lopez P, Briggs WM, Mancuso CA. Randomized controlled clinical trial of point-of-care, limited ultrasonography for trauma in the emergency department: the first sonography outcomes assessment program trial. Ann Emerg Med 2006; 48 (3) 227-235 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-9]9 Oren-Grinberg A, Talmor D, Brown SM. Focused critical care echocardiography. Crit Care Med 2013; 41 (11) 2618-2626 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-10]10 Beaulieu Y. Bedside echocardiography in the assessment of the critically ill. Crit Care Med 2007; 35 (5, Suppl): S235-S249 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-11]11 Beaulieu Y, Marik PE. Bedside ultrasonography in the ICU: part 2. Chest 2005; 128 (3) 1766-1781 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-12]12 Beaulieu Y, Marik PE. Bedside ultrasonography in the ICU: part 1. Chest 2005; 128 (2) 881-895 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-13]13 Donovan KD, Colreavy F. Echocardiography in intensive care: the basics. Part I. Crit Care Resusc 1999; 1 (3) 291-295 





PubMedGoogle Scholar





	
[bookmark: JR01164-14]14 Donovan KD, Colreavy F. Echocardiography in intensive care: the basics. Part II. Crit Care Resusc 1999; 1 (3) 296-310 





PubMedGoogle Scholar





	
[bookmark: JR01164-15]15 Douglas PS, Garcia MJ, Haines DE , et al; American College of Cardiology Foundation Appropriate Use Criteria Task Force; American Society of Echocardiography; American Heart Association; American Society of Nuclear Cardiology; Heart Failure Society of America; Heart Rhythm Society; Society for Cardiovascular Angiography and Interventions; Society of Critical Care Medicine; Society of Cardiovascular Computed Tomography; Society for Cardiovascular Magnetic Resonance; American College of Chest Physicians.  ACCF/ASE/AHA/ASNC/HFSA/HRS/SCAI/SCCM/SCCT/SCMR 2011 Appropriate Use Criteria for Echocardiography. A Report of the American College of Cardiology Foundation Appropriate Use Criteria Task Force, American Society of Echocardiography, American Heart Association, American Society of Nuclear Cardiology, Heart Failure Society of America, Heart Rhythm Society, Society for Cardiovascular Angiography and Interventions, Society of Critical Care Medicine, Society of Cardiovascular Computed Tomography, Society for Cardiovascular Magnetic Resonance American College of Chest Physicians. J Am Soc Echocardiogr 2011; 24 (3) 229-267 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-16]16 Diebel L, Wilson RF, Heins J, Larky H, Warsow K, Wilson S. End-diastolic volume versus pulmonary artery wedge pressure in evaluating cardiac preload in trauma patients. J Trauma 1994; 37 (6) 950-955 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-17]17 Diebel LN, Wilson RF, Tagett MG, Kline RA. End-diastolic volume. A better indicator of preload in the critically ill. Arch Surg 1992; 127 (7) 817-821 , discussion 821–822 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-18]18 Costachescu T, Denault A, Guimond JG , et al.  The hemodynamically unstable patient in the intensive care unit: hemodynamic vs. transesophageal echocardiographic monitoring. Crit Care Med 2002; 30 (6) 1214-1223 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-19]19 Poelaert JI, Trouerbach J, De Buyzere M, Everaert J, Colardyn FA. Evaluation of transesophageal echocardiography as a diagnostic and therapeutic aid in a critical care setting. Chest 1995; 107 (3) 774-779 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-20]20 Bouchard MJ, Denault A, Couture P , et al.  Poor correlation between hemodynamic and echocardiographic indexes of left ventricular performance in the operating room and intensive care unit. Crit Care Med 2004; 32 (3) 644-648 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-21]21 Kumar A, Anel R, Bunnell E , et al.  Pulmonary artery occlusion pressure and central venous pressure fail to predict ventricular filling volume, cardiac performance, or the response to volume infusion in normal subjects. Crit Care Med 2004; 32 (3) 691-699 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-22]22 Osman D, Ridel C, Ray P , et al.  Cardiac filling pressures are not appropriate to predict hemodynamic response to volume challenge. Crit Care Med 2007; 35 (1) 64-68 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-23]23 Chenzbraun A, Pinto FJ, Schnittger I. Transesophageal echocardiography in the intensive care unit: impact on diagnosis and decision-making. Clin Cardiol 1994; 17 (8) 438-444 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-24]24 Colreavy FB, Donovan K, Lee KY, Weekes J. Transesophageal echocardiography in critically ill patients. Crit Care Med 2002; 30 (5) 989-996 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-25]25 Heidenreich PA, Stainback RF, Redberg RF, Schiller NB, Cohen NH, Foster E. Transesophageal echocardiography predicts mortality in critically ill patients with unexplained hypotension. J Am Coll Cardiol 1995; 26 (1) 152-158 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-26]26 Benjamin E, Griffin K, Leibowitz AB , et al.  Goal-directed transesophageal echocardiography performed by intensivists to assess left ventricular function: comparison with pulmonary artery catheterization. J Cardiothorac Vasc Anesth 1998; 12 (1) 10-15 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-27]27 Bruch C, Comber M, Schmermund A, Eggebrecht H, Bartel T, Erbel R. Diagnostic usefulness and impact on management of transesophageal echocardiography in surgical intensive care units. Am J Cardiol 2003; 91 (4) 510-513 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-28]28 Vignon P, Mentec H, Terré S, Gastinne H, Guéret P, Lemaire F. Diagnostic accuracy and therapeutic impact of transthoracic and transesophageal echocardiography in mechanically ventilated patients in the ICU. Chest 1994; 106 (6) 1829-1834 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-29]29 Manasia AR, Nagaraj HM, Kodali RB , et al.  Feasibility and potential clinical utility of goal-directed transthoracic echocardiography performed by noncardiologist intensivists using a small hand-carried device (SonoHeart) in critically ill patients. J Cardiothorac Vasc Anesth 2005; 19 (2) 155-159 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-30]30 Bossone E, DiGiovine B, Watts S , et al.  Range and prevalence of cardiac abnormalities in patients hospitalized in a medical ICU. Chest 2002; 122 (4) 1370-1376 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-31]31 Rose JS, Bair AE, Mandavia D, Kinser DJ. The UHP ultrasound protocol: a novel ultrasound approach to the empiric evaluation of the undifferentiated hypotensive patient. Am J Emerg Med 2001; 19 (4) 299-302 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-32]32 Atkinson PR, McAuley DJ, Kendall RJ , et al.  Abdominal and Cardiac Evaluation with Sonography in Shock (ACES): an approach by emergency physicians for the use of ultrasound in patients with undifferentiated hypotension. Emerg Med J 2009; 26 (2) 87-91 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-33]33 Perera P, Mailhot T, Riley D, Mandavia D. The RUSH exam: Rapid Ultrasound in SHock in the evaluation of the critically ill. Emerg Med Clin North Am 2010; 28 (1) 29-56 , vii 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-34]34 Jones AE, Tayal VS, Sullivan DM, Kline JA. Randomized, controlled trial of immediate versus delayed goal-directed ultrasound to identify the cause of nontraumatic hypotension in emergency department patients. Crit Care Med 2004; 32 (8) 1703-1708 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-35]35 Volpicelli G, Lamorte A, Tullio M , et al.  Point-of-care multiorgan ultrasonography for the evaluation of undifferentiated hypotension in the emergency department. Intensive Care Med 2013; 39 (7) 1290-1298 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-36]36 Marik PE, Baram M, Vahid B. Does central venous pressure predict fluid responsiveness? A systematic review of the literature and the tale of seven mares. Chest 2008; 134 (1) 172-178 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-37]37 Michard F, Teboul JL. Predicting fluid responsiveness in ICU patients: a critical analysis of the evidence. Chest 2002; 121 (6) 2000-2008 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-38]38 Durairaj L, Schmidt GA. Fluid therapy in resuscitated sepsis: less is more. Chest 2008; 133 (1) 252-263 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-39]39 Cavallaro F, Sandroni C, Antonelli M. Functional hemodynamic monitoring and dynamic indices of fluid responsiveness. Minerva Anestesiol 2008; 74 (4) 123-135 





PubMedGoogle Scholar





	
[bookmark: JR01164-40]40 Yealy DM, Kellum JA, Huang DT , et al; ProCESS Investigators.  A randomized trial of protocol-based care for early septic shock. N Engl J Med 2014; 370 (18) 1683-1693 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-41]41 Peake SL, Delaney A, Bailey M , et al; ARISE Investigators; ANZICS Clinical Trials Group.  Goal-directed resuscitation for patients with early septic shock. N Engl J Med 2014; 371 (16) 1496-1506 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-42]42 Mouncey PR, Osborn TM, Power GS , et al; ProMISe Trial Investigators.  Trial of early, goal-directed resuscitation for septic shock. N Engl J Med 2015; 372 (14) 1301-1311 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-43]43 Calvin JE, Driedger AA, Sibbald WJ. The hemodynamic effect of rapid fluid infusion in critically ill patients. Surgery 1981; 90 (1) 61-76 





PubMedGoogle Scholar





	
[bookmark: JR01164-44]44 Reuse C, Vincent JL, Pinsky MR. Measurements of right ventricular volumes during fluid challenge. Chest 1990; 98 (6) 1450-1454 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-45]45 Schneider AJ, Teule GJ, Groeneveld AB, Nauta J, Heidendal GA, Thijs LG. Biventricular performance during volume loading in patients with early septic shock, with emphasis on the right ventricle: a combined hemodynamic and radionuclide study. Am Heart J 1988; 116 (1, Pt 1): 103-112 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-46]46 Wagner JG, Leatherman JW. Right ventricular end-diastolic volume as a predictor of the hemodynamic response to a fluid challenge. Chest 1998; 113 (4) 1048-1054 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-47]47 Feissel M, Michard F, Mangin I, Ruyer O, Faller JP, Teboul JL. Respiratory changes in aortic blood velocity as an indicator of fluid responsiveness in ventilated patients with septic shock. Chest 2001; 119 (3) 867-873 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-48]48 Feissel M, Michard F, Faller JP, Teboul JL. The respiratory variation in inferior vena cava diameter as a guide to fluid therapy. Intensive Care Med 2004; 30 (9) 1834-1837 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-49]49 Barbier C, Loubières Y, Schmit C , et al.  Respiratory changes in inferior vena cava diameter are helpful in predicting fluid responsiveness in ventilated septic patients. Intensive Care Med 2004; 30 (9) 1740-1746 





PubMedGoogle Scholar





	
[bookmark: JR01164-50]50 Caille V, Jabot J, Belliard G, Charron C, Jardin F, Vieillard-Baron A. Hemodynamic effects of passive leg raising: an echocardiographic study in patients with shock. Intensive Care Med 2008; 34 (7) 1239-1245 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-51]51 Lafanechère A, Pène F, Goulenok C , et al.  Changes in aortic blood flow induced by passive leg raising predict fluid responsiveness in critically ill patients. Crit Care 2006; 10 (5) R132 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-52]52 Monnet X, Rienzo M, Osman D , et al.  Passive leg raising predicts fluid responsiveness in the critically ill. Crit Care Med 2006; 34 (5) 1402-1407 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-53]53 Lamia B, Ochagavia A, Monnet X, Chemla D, Richard C, Teboul JL. Echocardiographic prediction of volume responsiveness in critically ill patients with spontaneously breathing activity. Intensive Care Med 2007; 33 (7) 1125-1132 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-54]54 Sinclair S, James S, Singer M. Intraoperative intravascular volume optimisation and length of hospital stay after repair of proximal femoral fracture: randomised controlled trial. BMJ 1997; 315 (7113) 909-912 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-55]55 Conway DH, Mayall R, Abdul-Latif MS, Gilligan S, Tackaberry C. Randomised controlled trial investigating the influence of intravenous fluid titration using oesophageal Doppler monitoring during bowel surgery. Anaesthesia 2002; 57 (9) 845-849 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-56]56 Gan TJ, Soppitt A, Maroof M , et al.  Goal-directed intraoperative fluid administration reduces length of hospital stay after major surgery. Anesthesiology 2002; 97 (4) 820-826 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-57]57 Venn R, Steele A, Richardson P, Poloniecki J, Grounds M, Newman P. Randomized controlled trial to investigate influence of the fluid challenge on duration of hospital stay and perioperative morbidity in patients with hip fractures. Br J Anaesth 2002; 88 (1) 65-71 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-58]58 Wakeling HG, McFall MR, Jenkins CS , et al.  Intraoperative oesophageal Doppler guided fluid management shortens postoperative hospital stay after major bowel surgery. Br J Anaesth 2005; 95 (5) 634-642 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-59]59 Kanji HD, McCallum J, Sirounis D, MacRedmond R, Moss R, Boyd JH. Limited echocardiography-guided therapy in subacute shock is associated with change in management and improved outcomes. J Crit Care 2014; 29 (5) 700-705 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-60]60 Lichtenstein D. Fluid administration limited by lung sonography: the place of lung ultrasound in assessment of acute circulatory failure (the FALLS-protocol). Expert Rev Respir Med 2012; 6 (2) 155-162 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-61]61 Wiedemann HP, Wheeler AP, Bernard GR , et al; National Heart, Lung, and Blood Institute Acute Respiratory Distress Syndrome (ARDS) Clinical Trials Network.  Comparison of two fluid-management strategies in acute lung injury. N Engl J Med 2006; 354 (24) 2564-2575 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-62]62 Grissom CK, Hirshberg EL, Dickerson JB , et al; National Heart Lung and Blood Institute Acute Respiratory Distress Syndrome Clinical Trials Network.  Fluid management with a simplified conservative protocol for the acute respiratory distress syndrome. Crit Care Med 2015; 43 (2) 288-295 





PubMedGoogle Scholar





	
[bookmark: JR01164-63]63 Noble VE, Murray AF, Capp R, Sylvia-Reardon MH, Steele DJ, Liteplo A. Ultrasound assessment for extravascular lung water in patients undergoing hemodialysis. Time course for resolution. Chest 2009; 135 (6) 1433-1439 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-64]64 Trezzi M, Torzillo D, Ceriani E , et al.  Lung ultrasonography for the assessment of rapid extravascular water variation: evidence from hemodialysis patients. Intern Emerg Med 2013; 8 (5) 409-415 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-65]65 Vieillard-Baron A, Prin S, Chergui K, Dubourg O, Jardin F. Hemodynamic instability in sepsis: bedside assessment by Doppler echocardiography. Am J Respir Crit Care Med 2003; 168 (11) 1270-1276 





CrossrefPubMedGoogle Scholar





	
[bookmark: OR01164-66]66 Committee SSC. Surviving sepsis campaign bundles.  Revised April 2015. Available at:  www.survivingsepsis.org 2015 





PubMedGoogle Scholar





	
[bookmark: JR01164-67]67 Boissier F, Katsahian S, Razazi K , et al.  Prevalence and prognosis of cor pulmonale during protective ventilation for acute respiratory distress syndrome. Intensive Care Med 2013; 39 (10) 1725-1733 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-68]68 Repessé X, Charron C, Vieillard-Baron A. Right ventricular failure in acute lung injury and acute respiratory distress syndrome. Minerva Anestesiol 2012; 78 (8) 941-948 





PubMedGoogle Scholar





	
[bookmark: JR01164-69]69 Jardin F, Vieillard-Baron A. Is there a safe plateau pressure in ARDS? The right heart only knows. Intensive Care Med 2007; 33 (3) 444-447 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-70]70 Fougères E, Teboul JL, Richard C, Osman D, Chemla D, Monnet X. Hemodynamic impact of a positive end-expiratory pressure setting in acute respiratory distress syndrome: importance of the volume status. Crit Care Med 2010; 38 (3) 802-807 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-71]71 Vieillard-Baron A, Charron C, Caille V, Belliard G, Page B, Jardin F. Prone positioning unloads the right ventricle in severe ARDS. Chest 2007; 132 (5) 1440-1446 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-72]72 Stefanidis K, Dimopoulos S, Tripodaki ES , et al.  Lung sonography and recruitment in patients with early acute respiratory distress syndrome: a pilot study. Crit Care 2011; 15 (4) R185 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-73]73 Tsubo T, Sakai I, Suzuki A, Okawa H, Ishihara H, Matsuki A. Density detection in dependent left lung region using transesophageal echocardiography. Anesthesiology 2001; 94 (5) 793-798 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-74]74 Bouhemad B, Brisson H, Le-Guen M, Arbelot C, Lu Q, Rouby JJ. Bedside ultrasound assessment of positive end-expiratory pressure-induced lung recruitment. Am J Respir Crit Care Med 2011; 183 (3) 341-347 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-75]75 Teboul JL, Monnet X, Richard C. Weaning failure of cardiac origin: recent advances. Crit Care 2010; 14 (2) 211 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-76]76 Lamia B, Maizel J, Ochagavia A , et al.  Echocardiographic diagnosis of pulmonary artery occlusion pressure elevation during weaning from mechanical ventilation. Crit Care Med 2009; 37 (5) 1696-1701 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-77]77 Soummer A, Perbet S, Brisson H , et al; Lung Ultrasound Study Group.  Ultrasound assessment of lung aeration loss during a successful weaning trial predicts postextubation distress. Crit Care Med 2012; 40 (7) 2064-2072 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-78]78 Thille AW, Richard JC, Brochard L. The decision to extubate in the intensive care unit. Am J Respir Crit Care Med 2013; 187 (12) 1294-1302 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-79]79 Seely AJ, Bravi A, Herry C , et al; Canadian Critical Care Trials Group (CCCTG).  Do heart and respiratory rate variability improve prediction of extubation outcomes in critically ill patients?. Crit Care 2014; 18 (2) R65 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-80]80 Price S, Uddin S, Quinn T. Echocardiography in cardiac arrest. Curr Opin Crit Care 2010; 16 (3) 211-215 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-81]81 Breitkreutz R, Walcher F, Seeger FH. Focused echocardiographic evaluation in resuscitation management: concept of an advanced life support-conformed algorithm. Crit Care Med 2007; 35 (5, Suppl): S150-S161 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-82]82 Breitkreutz R, Price S, Steiger HV , et al; Emergency Ultrasound Working Group of the Johann Wolfgang Goethe-University Hospital, Frankfurt am Main.  Focused echocardiographic evaluation in life support and peri-resuscitation of emergency patients: a prospective trial. Resuscitation 2010; 81 (11) 1527-1533 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-83]83 Nolan JP, Soar J, Zideman DA , et al; ERC Guidelines Writing Group.  European Resuscitation Council Guidelines for Resuscitation 2010 Section 1. Executive summary. Resuscitation 2010; 81 (10) 1219-1276 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-84]84 Blaivas M, Fox JC. Outcome in cardiac arrest patients found to have cardiac standstill on the bedside emergency department echocardiogram. Acad Emerg Med 2001; 8 (6) 616-621 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-85]85 Salen P, Melniker L, Chooljian C , et al.  Does the presence or absence of sonographically identified cardiac activity predict resuscitation outcomes of cardiac arrest patients?. Am J Emerg Med 2005; 23 (4) 459-462 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-86]86 Pruszczyk P, Torbicki A, Kuch-Wocial A, Szulc M, Pacho R. Diagnostic value of transoesophageal echocardiography in suspected haemodynamically significant pulmonary embolism. Heart 2001; 85 (6) 628-634 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-87]87 Wittlich N, Erbel R, Eichler A , et al.  Detection of central pulmonary artery thromboemboli by transesophageal echocardiography in patients with severe pulmonary embolism. J Am Soc Echocardiogr 1992; 5 (5) 515-524 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-88]88 Vieillard-Baron A, Qanadli SD, Antakly Y , et al.  Transesophageal echocardiography for the diagnosis of pulmonary embolism with acute cor pulmonale: a comparison with radiological procedures. Intensive Care Med 1998; 24 (5) 429-433 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-89]89 McConnell MV, Solomon SD, Rayan ME, Come PC, Goldhaber SZ, Lee RT. Regional right ventricular dysfunction detected by echocardiography in acute pulmonary embolism. Am J Cardiol 1996; 78 (4) 469-473 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-90]90 Bova C, Greco F, Misuraca G , et al.  Diagnostic utility of echocardiography in patients with suspected pulmonary embolism. Am J Emerg Med 2003; 21 (3) 180-183 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-91]91 Konstantinides SV, Torbicki A, Agnelli G , et al; Task Force for the Diagnosis and Management of Acute Pulmonary Embolism of the European Society of Cardiology (ESC).  2014 ESC guidelines on the diagnosis and management of acute pulmonary embolism. Eur Heart J 2014; 35 (43) 3033-3069 , 3069a–3069k 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-92]92 Kasper W, Konstantinides S, Geibel A , et al.  Management strategies and determinants of outcome in acute major pulmonary embolism: results of a multicenter registry. J Am Coll Cardiol 1997; 30 (5) 1165-1171 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-93]93 Konstantinides S, Geibel A, Olschewski M , et al.  Association between thrombolytic treatment and the prognosis of hemodynamically stable patients with major pulmonary embolism: results of a multicenter registry. Circulation 1997; 96 (3) 882-888 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-94]94 Böttiger BW, Arntz HR, Chamberlain DA , et al; TROICA Trial Investigators; European Resuscitation Council Study Group.  Thrombolysis during resuscitation for out-of-hospital cardiac arrest. N Engl J Med 2008; 359 (25) 2651-2662 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-95]95 Mansencal N, Vieillard-Baron A, Beauchet A , et al.  Triage patients with suspected pulmonary embolism in the emergency department using a portable ultrasound device. Echocardiography 2008; 25 (5) 451-456 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-96]96 Miniati M, Monti S, Pratali L , et al.  Value of transthoracic echocardiography in the diagnosis of pulmonary embolism: results of a prospective study in unselected patients. Am J Med 2001; 110 (7) 528-535 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-97]97 Mathis G, Blank W, Reissig A , et al.  Thoracic ultrasound for diagnosing pulmonary embolism: a prospective multicenter study of 352 patients. Chest 2005; 128 (3) 1531-1538 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-98]98 Reissig A, Heyne JP, Kroegel C. Sonography of lung and pleura in pulmonary embolism: sonomorphologic characterization and comparison with spiral CT scanning. Chest 2001; 120 (6) 1977-1983 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-99]99 Reissig A, Kroegel C. Transthoracic ultrasound of lung and pleura in the diagnosis of pulmonary embolism: a novel non-invasive bedside approach. Respiration 2003; 70 (5) 441-452 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-100]100 Nazerian P, Vanni S, Volpicelli G , et al.  Accuracy of point-of-care multiorgan ultrasonography for the diagnosis of pulmonary embolism. Chest 2014; 145 (5) 950-957 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-101]101 Jaff MR, McMurtry MS, Archer SL , et al; American Heart Association Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation; American Heart Association Council on Peripheral Vascular Disease; American Heart Association Council on Arteriosclerosis, Thrombosis and Vascular Biology.  Management of massive and submassive pulmonary embolism, iliofemoral deep vein thrombosis, and chronic thromboembolic pulmonary hypertension: a scientific statement from the American Heart Association. Circulation 2011; 123 (16) 1788-1830 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-102]102 Ribeiro A, Lindmarker P, Juhlin-Dannfelt A, Johnsson H, Jorfeldt L. Echocardiography Doppler in pulmonary embolism: right ventricular dysfunction as a predictor of mortality rate. Am Heart J 1997; 134 (3) 479-487 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-103]103 ten Wolde M, Söhne M, Quak E, Mac Gillavry MR, Büller HR. Prognostic value of echocardiographically assessed right ventricular dysfunction in patients with pulmonary embolism. Arch Intern Med 2004; 164 (15) 1685-1689 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-104]104 Cho JH, Kutti Sridharan G, Kim SH , et al.  Right ventricular dysfunction as an echocardiographic prognostic factor in hemodynamically stable patients with acute pulmonary embolism: a meta-analysis. BMC Cardiovasc Disord 2014; 14: 64 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-105]105 Becattini C, Casazza F, Forgione C , et al.  Acute pulmonary embolism: external validation of an integrated risk stratification model. Chest 2013; 144 (5) 1539-1545 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-106]106 Meyer G, Vicaut E, Danays T , et al; PEITHO Investigators.  Fibrinolysis for patients with intermediate-risk pulmonary embolism. N Engl J Med 2014; 370 (15) 1402-1411 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-107]107 Chatterjee S, Chakraborty A, Weinberg I , et al.  Thrombolysis for pulmonary embolism and risk of all-cause mortality, major bleeding, and intracranial hemorrhage: a meta-analysis. JAMA 2014; 311 (23) 2414-2421 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-108]108 Volpicelli G, Elbarbary M, Blaivas M , et al; International Liaison Committee on Lung Ultrasound (ILC-LUS) for International Consensus Conference on Lung Ultrasound (ICC-LUS).  International evidence-based recommendations for point-of-care lung ultrasound. Intensive Care Med 2012; 38 (4) 577-591 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-109]109 Lichtenstein DA, Mezière GA. Relevance of lung ultrasound in the diagnosis of acute respiratory failure: the BLUE protocol. Chest 2008; 134 (1) 117-125 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-110]110 Xirouchaki N, Kondili E, Prinianakis G, Malliotakis P, Georgopoulos D. Impact of lung ultrasound on clinical decision making in critically ill patients. Intensive Care Med 2014; 40 (1) 57-65 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-111]111 Lichtenstein D, Goldstein I, Mourgeon E, Cluzel P, Grenier P, Rouby JJ. Comparative diagnostic performances of auscultation, chest radiography, and lung ultrasonography in acute respiratory distress syndrome. Anesthesiology 2004; 100 (1) 9-15 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-112]112 Rocco M, Carbone I, Morelli A , et al.  Diagnostic accuracy of bedside ultrasonography in the ICU: feasibility of detecting pulmonary effusion and lung contusion in patients on respiratory support after severe blunt thoracic trauma. Acta Anaesthesiol Scand 2008; 52 (6) 776-784 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-113]113 Hyacinthe AC, Broux C, Francony G , et al.  Diagnostic accuracy of ultrasonography in the acute assessment of common thoracic lesions after trauma. Chest 2012; 141 (5) 1177-1183 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-114]114 Blaivas M, Lyon M, Duggal S. A prospective comparison of supine chest radiography and bedside ultrasound for the diagnosis of traumatic pneumothorax. Acad Emerg Med 2005; 12 (9) 844-849 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-115]115 Zhang M, Liu ZH, Yang JX , et al.  Rapid detection of pneumothorax by ultrasonography in patients with multiple trauma. Crit Care 2006; 10 (4) R112 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-116]116 Soldati G, Testa A, Sher S, Pignataro G, La Sala M, Silveri NG. Occult traumatic pneumothorax: diagnostic accuracy of lung ultrasonography in the emergency department. Chest 2008; 133 (1) 204-211 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-117]117 Volpicelli G, Boero E, Sverzellati N , et al.  Semi-quantification of pneumothorax volume by lung ultrasound. Intensive Care Med 2014; 40 (10) 1460-1467 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-118]118 Leblanc D, Bouvet C, Degiovanni F , et al.  Early lung ultrasonography predicts the occurrence of acute respiratory distress syndrome in blunt trauma patients. Intensive Care Med 2014; 40 (10) 1468-1474 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-119]119 Parlamento S, Copetti R, Di Bartolomeo S. Evaluation of lung ultrasound for the diagnosis of pneumonia in the ED. Am J Emerg Med 2009; 27 (4) 379-384 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-120]120 Reissig A, Copetti R, Mathis G , et al.  Lung ultrasound in the diagnosis and follow-up of community-acquired pneumonia: a prospective, multicenter, diagnostic accuracy study. Chest 2012; 142 (4) 965-972 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-121]121 Liu J. Lung ultrasonography for the diagnosis of neonatal lung disease. J Matern Fetal Neonatal Med 2014; 27 (8) 856-861 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-122]122 Testa A, Soldati G, Copetti R, Giannuzzi R, Portale G, Gentiloni-Silveri N. Early recognition of the 2009 pandemic influenza A (H1N1) pneumonia by chest ultrasound. Crit Care 2012; 16 (1) R30 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-123]123 Tsung JW, Kessler DO, Shah VP. Prospective application of clinician-performed lung ultrasonography during the 2009 H1N1 influenza A pandemic: distinguishing viral from bacterial pneumonia. Crit Ultrasound J 2012; 4 (1) 16 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-124]124 Liu J, Liu F, Liu Y, Wang HW, Feng ZC. Lung ultrasonography for the diagnosis of severe neonatal pneumonia. Chest 2014; 146 (2) 383-388 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-125]125 Liu XL, Lian R, Tao YK, Gu CD, Zhang GQ. Lung ultrasonography: an effective way to diagnose community-acquired pneumonia. Emerg Med J 2015; 32 (6) 433-438 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-126]126 Lichtenstein D, Mézière G, Biderman P, Gepner A, Barré O. The comet-tail artifact. An ultrasound sign of alveolar-interstitial syndrome. Am J Respir Crit Care Med 1997; 156 (5) 1640-1646 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-127]127 Volpicelli G, Mussa A, Garofalo G , et al.  Bedside lung ultrasound in the assessment of alveolar-interstitial syndrome. Am J Emerg Med 2006; 24 (6) 689-696 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-128]128 Agricola E, Bove T, Oppizzi M , et al.  “Ultrasound comet-tail images”: a marker of pulmonary edema: a comparative study with wedge pressure and extravascular lung water. Chest 2005; 127 (5) 1690-1695 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-129]129 Agricola E, Picano E, Oppizzi M , et al.  Assessment of stress-induced pulmonary interstitial edema by chest ultrasound during exercise echocardiography and its correlation with left ventricular function. J Am Soc Echocardiogr 2006; 19 (4) 457-463 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-130]130 Jambrik Z, Monti S, Coppola V , et al.  Usefulness of ultrasound lung comets as a nonradiologic sign of extravascular lung water. Am J Cardiol 2004; 93 (10) 1265-1270 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-131]131 Baldi G, Gargani L, Abramo A , et al.  Lung water assessment by lung ultrasonography in intensive care: a pilot study. Intensive Care Med 2013; 39 (1) 74-84 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-132]132 Gargani L, Frassi F, Soldati G, Tesorio P, Gheorghiade M, Picano E. Ultrasound lung comets for the differential diagnosis of acute cardiogenic dyspnoea: a comparison with natriuretic peptides. Eur J Heart Fail 2008; 10 (1) 70-77 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-133]133 Fagenholz PJ, Gutman JA, Murray AF, Noble VE, Thomas SH, Harris NS. Chest ultrasonography for the diagnosis and monitoring of high-altitude pulmonary edema. Chest 2007; 131 (4) 1013-1018 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-134]134 Volpicelli G, Skurzak S, Boero E , et al.  Lung ultrasound predicts well extravascular lung water but is of limited usefulness in the prediction of wedge pressure. Anesthesiology 2014; 121 (2) 320-327 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-135]135 Copetti R, Cattarossi L, Macagno F, Violino M, Furlan R. Lung ultrasound in respiratory distress syndrome: a useful tool for early diagnosis. Neonatology 2008; 94 (1) 52-59 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-136]136 Liteplo AS, Marill KA, Villen T , et al.  Emergency thoracic ultrasound in the differentiation of the etiology of shortness of breath (ETUDES): sonographic B-lines and N-terminal pro-brain-type natriuretic peptide in diagnosing congestive heart failure. Acad Emerg Med 2009; 16 (3) 201-210 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-137]137 Anderson KL, Jenq KY, Fields JM, Panebianco NL, Dean AJ. Diagnosing heart failure among acutely dyspneic patients with cardiac, inferior vena cava, and lung ultrasonography. Am J Emerg Med 2013; 31 (8) 1208-1214 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-138]138 Russell FM, Ehrman RR, Cosby K , et al.  Diagnosing acute heart failure in patients with undifferentiated dyspnea: a lung and cardiac ultrasound (LuCUS) protocol. Acad Emerg Med 2015; 22 (2) 182-191 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-139]139 Goffi A, Pivetta E, Lupia E , et al.  Has lung ultrasound an impact on the management of patients with acute dyspnea in the emergency department?. Crit Care 2013; 17 (4) R180 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-140]140 Pivetta E, Goffi A, Lupia E , et al; SIMEU Group for Lung Ultrasound in the Emergency Department in Piedmont.  Lung ultrasound-implemented diagnosis of acute decompensated heart failure in the ED: A SIMEU multicenter study. Chest 2015; 148 (1) 202-210 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR01164-141]141 Fares WH. The ‘availability’ bias: underappreciated but with major potential implications. Crit Care 2014; 18 (2) 118 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 44.202.179.42
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  