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AB: OBJECTIVE:: A 15-second end-expiratory occlusion increases cardiac preload and allows detection of preload dependence. We tested whether the reliability of this test depends upon positive end-expiratory pressure. DESIGN:: Prospective study. SETTING:: Medical ICU. PATIENTS:: Thirty-four patients presenting with acute circulatory failure and acute respiratory distress syndrome ventilated with a tidal volume of 6.7 mL/kg (interquartile range, 6.3-7.1). MEASUREMENTS:: At positive end-expiratory pressure = 5 cm H2O, we measured the changes in cardiac index induced by end-expiratory occlusion and a passive leg raising test. Preload dependence was defined by a passive leg raising-induced increase in cardiac index greater than or equal to 10%. Positive end-expiratory pressure was increased to a plateau pressure of 30 cm H2O, and end-expiratory occlusion and passive leg raising were performed again. MAIN RESULTS:: At positive end-expiratory pressure = 5 cm H2O, 29% of patients were passive leg raising responders. An end-expiratory occlusion-induced increase in cardiac index greater than or equal to 5% detected a passive leg raising-induced increase in cardiac index greater than or equal to 10% with a sensitivity of 90% (95% CI, 56-100) and a specificity of 88% (95% CI, 68-97). At higher positive end-expiratory pressure (15 cm H2O [interquartile range, 13-15]), the plateau pressure - positive end-expiratory pressure difference did not change (15 mm Hg [14-17] vs 15 mm Hg [13-18] before the positive end-expiratory pressure increase). Increasing positive end-expiratory pressure significantly reduced cardiac index in passive leg raising responders (-27% [interquartile range, -6 to -56]) but not in other patients. At high positive end-expiratory pressure, passive leg raising increased cardiac index to a larger extent than at positive end-expiratory pressure = 5 cm H2O (19% [interquartile range, 15-34] vs 16% [interquartile range, 13-23], respectively). The proportion of passive leg raising responders significantly increased (34 vs 29%, respectively), meaning preload dependence had increased. At higher positive end-expiratory pressure, an end-expiratory occlusion-induced increase in cardiac index greater than or equal to 6% detected a passive leg raising-induced increase in cardiac index greater than or equal to 10% with a sensitivity of 100% (95% CI, 75-100) and a specificity of 90% (95% CI, 70-99). CONCLUSIONS:: The end-expiratory occlusion test is reliable for detecting preload dependence whatever the positive end-expiratory pressure during acute respiratory distress syndrome. Copyright 2013 by the Society of Critical Care Medicine and Lippincott.
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AB: INTRODUCTION. Passive leg raising (PLR) test could be used to predict fluid responsiveness, whether Bioreactance-based passive leg raising test could predict fluid responsiveness of elderly patients with sepsis has not known by now. OBJECTIVES. To investigate whether Bioreactance-based passive leg raising (PLR) test could be used to predict fluid responsiveness of elderly patients with sepsis. METHODS. This prospective and self-controlled clinical study included thirty one elderly patients with sepsis of intensive care unit (ICU)of our hospital. The hemodynamic parameters including cardiac output (CO), stroke volume (SV) and stroke volume variation (SVV) were continuously recorded by Bioreactance-based device (NICOM) before and after PLR and volume expansion (VE) test. Patients were defined as responders if CO increased > 10 % after VE. The role of PLR for predicting fluid responsiveness was evaluated by receiver operating characteristic (ROC) curves. RESULTS. A total of one hundred PLR and VE tests in thirty one patients were evaluated and all were analyzed. In responders CO were obviously increased after PLR and VE, ((5.11 + 2.10) vs (5.91 + 2.45), p<0.05)); (5.06 + 2.06) vs (5.77 + 2.47), p<0.05)), the CO after PLR (COPLR) and CO after VE (COVE) was highly correlated (r = 0.813 (0.712-0.886)), the COmax after PLR (COmaxPLR) and COVE was also highly correlated (r = 0.819 (0.716-0.895)), the SVV before VE and COVE was uncorrelated (r = -0.218 (-0.372-0.034)). The area under the ROC curve of COPLR, COmaxPLR,SVV predicting fluid responsiveness was 0.880, 0.859 and 0.459 respectively. The COPLR > 10 % was found to predict fluid responsiveness with a sensitivity of 74 % and specificity of 93 %, the sensitivity and specificity of COmaxPLR > 10 % was 85 % and 83 % respectively. CONCLUSIONS. Fluid responsiveness could be accurately predicted by Bioreactancebased passive leg raising (PLR) test of elderly patients with sepsis.
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AB: BACKGROUND The pneumatic tourniquet is frequently used in total knee arthroplasty. Tourniquet deflation may result in hypotension and tachycardia caused by the rapid shift of blood volume back to the ischaemic limb and a decrease in cardiac preload. Passive leg raising (PLR) represents a 'self-volume challenge' that can result in an increase in preload. Such a PLR-induced increase in preload was hypothesised to attenuate the decrease in preload resulting from tourniquet deflation. OBJECTIVE To evaluate the effect of PLR on hypotension and tachycardia following tourniquet deflation. DESIGN A randomised controlled trial. SETTING Single medical centre. PATIENTS Seventy patients who underwent unilateral total knee arthroplasty were randomised into two groups: tourniquet deflation with PLR (n35) or without PLR (control group, n35). INTERVENTION(S) Patients in both groups were administered a single dose of plain bupivacaine for spinal anaesthesia. The pneumatic tourniquet was inflated on the thigh and the surgery was performed. The study composed of four steps: for the PLR group, step 1 - inflation of the tourniquet while the patient was supine; step 2 - the patient's legs were raised to a 458 angle; step 3 - the tourniquet was deflated while the patient's legs were still raised; and step 4 - the legs were returned to the supine position. In the control group, the same perioperative procedure was used, but PLR was not conducted. MAIN OUTCOME MEASURES The patients' blood pressure and heart rate were measured before, during and after tourniquet deflation. RESULTS After tourniquet deflation, the magnitude of the changes in blood pressure and heart rate was less in the PLR group than that in the control group. In addition, the blood pressure nadir also occurred later in the PLR group than in the controls. CONCLUSION Bilateral PLR is a simple, reversible manoeuvre that mimics rapid fluid loading. Bilateral PLR attenuates the severity of, and delays the time to, hypotension and tachycardia following deflation of a lower limb tourniquet. TRIAL REGISTRATION ClinicalTrials.gov number NCT01592669.
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AB: Introduction: In ICUs, fluid administration is frequently used to treat hypovolaemia. Because volume expansion (VE) can worsen acute respiratory distress syndrome (ARDS) and volume overload must be avoided, predictive indicators of fluid responsiveness are needed. The purpose of this study was to determine whether passive leg raising (PLR) can be used to predict fluid responsiveness in patients with ARDS treated with venovenous extracorporeal membrane oxygenation (ECMO).Methods: We carried out a prospective study in a university hospital surgical ICU. All patients with ARDS treated with venovenous ECMO and exhibiting clinical and laboratory signs of hypovolaemia were enrolled. We measured PLR-induced changes in stroke volume (PLRSV) and cardiac output (PLRCO) using transthoracic echocardiography. We also assessed PLR-induced changes in ECMO pump flow (PLRPO) and PLR-induced changes in ECMO pulse pressure (PLRPP) as predictors of fluid responsiveness. Responders were defined by an increase in stroke volume (SV) > 15% after VE.Results: Twenty-five measurements were obtained from seventeen patients. In 52% of the measurements (n = 13), SV increased by > 15% after VE (responders). The patients' clinical characteristics appeared to be similar between responders and nonresponders. In the responder group, PLR significantly increased SV, cardiac output and pump flow (P < 0.001). PLRSV values were correlated with VE-induced SV variations (r<sup>2 </sup>= 0.72, P = 0.0001). A 10% increased PLRSV predicted fluid responsiveness with an area under the receiver operating characteristic curve (AUC) of 0.88 + 0.07 (95% confidence interval (CI<sub>95</sub>): 0.69 to 0.97; P < 0.0001), 62% sensitivity and 92% specificity. On the basis of AUCs of 0.62 + 0.11 (CI<sub>95</sub>: 0.4 to 0.8; P = 0.31) and 0.53 + 0.12 (CI<sub>95</sub>: 0.32 to 0.73, P = 0.79), respectively, PLRPP and PLRPO did not predict fluid responsiveness.Conclusions: In patients treated with venovenous ECMO, a > 10% PLRSV may predict fluid responsiveness. PLRPP and PLRPO cannot predict fluid responsiveness. 2011 Guinot et al.; licensee BioMed Central Ltd.
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AB: OBJECTIVE: To evaluate the role of passive leg raising (PLR) test in predicting volume responsiveness in severe sepsis and septic shock patients. METHODS: Thirty severe sepsis and septic shock patients in intensive care unit (ICU) of Peking University Shenzhen Hospital were prospectively observed from February 2009 to January 2010. The hemodynamics including stroke volume (SV), cardiac output (CO) and systemic vascular resistance (SVR) were measured non invasively by ultrasonic cardiac output monitor (USCOM) device in the supine position, during PLR and after volume expansion (VE), and invasive arterial blood pressure and central venous pressure (CVP) were monitored consecutively. Responders were defined by the appearance of an increase in SV (?SV) ? 15% after VE. The role of PLR for predicting volume responsiveness was evaluated by receiver operating characteristic (ROC) curves. RESULTS: The CVP (cm H(2)O, 1 cm H(2)O=0.098 kPa) during PLR was increased compared with that at supine position in both responder group ( n =15) and non responder group ( n =15, 13.6 ± 6.6 vs. 12.1 ± 6.0, 11.9 ± 5.5 vs. 10.8 ± 5.2 , both P <0.01). ?SV was higher in responder group than in non responder group during PLR [(16.6 ± 5.5)% vs. (3.8 ± 8.2)%, P=0.000].?SV during PLR was highly correlated to ?SV after VE (r =0.681 , P =0.000).The area under the ROC curve (AUC) for PLR predicting volume responsiveness was 0.944 ± 0.039 ( P =0.000). The ?SV>11% during PLR was found to predict volume responsiveness with a sensitivity of 86.7%, specificity of 93.3%, positive predictive value of 92.9% and negative predictive value of 87.5%. CONCLUSION: PLR can be used generally to predict volume responsiveness accurately in severe sepsis and septic shock patients, and it can be used to direct clinical practice.
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AB: Background Predicting fluid responsiveness is crucial for fluid administration in septic shock patients. Midazolam and propofol decrease vascular tone and venous return, which may influence preload dependency. However, little is known about the effects of these two sedatives on preload dependency in septic shock patients. We evaluated the effects of sedation with propofol or midazolam on preload dependency in septic shock patients who have been fluid resuscitated. Methods Forty-three septic shock patients who were undergoing early goal-directed therapy resuscitated within 24 h were enrolled. The patients were randomly divided into the midazolam group and the propofol group. An initial passive leg-raising test (PLR1) was performed to evaluate passive leg raising test (PLR) responsiveness. Then, the patients were infused with midazolam or propofol. After increasing the doses of the sedatives to titrate to a Ramsay 4 score, a second passive leg raising test (PLR2) was conducted to evaluate PLR responsiveness. The primary end-point was the preload dependency before and after sedation with midazolam or propofol. Results In the midazolam-PLR1-negative patients, there was no difference between the changes in the cardiac index induced by PLR1 (PLR1- cardiac function index [CI]) and the changes in the cardiac index induced by PLR2 (PLR2- CI) (+1.4% + 7.4% versus +1.7% + 6.4%, P > 0.05). However, in the propofol-PLR1-negative patients, there was a significant increase in the PLR- CI after sedation to a Ramsay 4 score compared with a Ramsay 3 score (+7.3% + 4.8% versus +3.2% + 4.7%, P = 0.008). There were no differences between PLR1- CI and PLR2- CI within the midazolam-PLR1-positive patients or within the propofol-PLR1-positive patients. Conclusions In titrating the sedation level from a Ramsay 3 score to a Ramsay 4 score, propofol but not midazolam increased preload dependency in septic shock patients with fluid nonresponsiveness.
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AB: The effects of the Trendelenburg (TREND) position and passive straight leg raising (PLR) on cardiopulmonary performance in 18 anesthetized patients undergoing myocardial revascularization were studied with a two-dimensional transesophageal echocardiography probe and a thermodilution right ventricular ejection fraction (RVEF) pulmonary artery catheter. The TREND position (at 20 degrees) and PLR (at 60 degrees) were studied in relation to the level-supine position in random order. At 3 min, the TREND caused significant (p less than .05) decreases in heart rate (62 +/- 9 to 58 +/- 10 [SD] beat/min) and RVEF (0.48 +/- 0.11 to 0.44 +/- 0.10), and significant increases in mean arterial pressure (77 +/- 11 to 82 +/- 11 mm Hg), mean pulmonary artery pressure (16 +/- 4.3 to 19 +/- 5.5 mm Hg), wedge pressure (11 +/- 4 to 13 +/- 4 mm Hg), cardiac index (CI) (2.36 +/- 0.79 to 2.52 +/- 0.93 L/min.m2), right ventricular end-systolic volume index (44 +/- 21 to 58 +/- 21 ml/m2), right ventricular end-diastolic volume index (83 +/- 24 to 102 +/- 22 ml/m2), and shunt fraction (0.16 +/- 0.06 to 0.19 +/- 0.06). CVP and left ventricular areas did not change significantly. PLR had similar effects as the TREND position, except CI did not change significantly. Thus, the TREND and PLR resulted in minor hemodynamic improvement with right ventricular dilation, decreased RVEF, and impaired oxygenation in the anesthetized cardiac surgical patient.
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AB: Background: It is estimated that about 275,000 inhabitants experience an out-of-hospital cardiac arrest (OHCA) every year in Europe. Survival in out-of-hospital cardiac arrest is relatively low, generally between five per cent and 10%. Being able to explore new methods to improve the relatively low survival rate is vital for people with these conditions. Passive leg raise (PLR) during cardiopulmonary resuscitation (CPR) has been found to improve cardiac preload and blood flow during chest compressions. The aim of our study is to evaluate whether early PLR during CPR also has an impact on one-month survival in sudden and unexpected out-of-hospital cardiac arrest (OHCA).Method/Design: A prospective, randomized, controlled trial in which all patients (>18 years) receiving out-of hospital CPR are randomized by envelope to be treated with either PLR or in the flat position. The ambulance crew use a special folding stool which allows the legs to be elevated about 20 degrees. Primary end-point: survival to one month. Secondary end-point: survival to hospital admission to one month and to one year with acceptable cerebral performance classification (CPC) 1-2.Discussion: PLR is a simple and fast maneuver. We believe that the greatest benefit with PLR is when performed early in the process, during the first minutes of CPR and before the first defibrillation. To reach power this study need 3000 patients, we hope that this method article will encourage other sites to contact us and take part in our study.Trial registration: ClinicalTrials.gov NCT01952197. 2014 Herrera et al.; licensee BioMed Central Ltd.
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AB: Background Few studies have reported the effect of different volume responsiveness evaluation methods on volume therapy results and prognosis. This study was carried out to investigate the effect of two volume responsiveness evaluation methods, stroke volume variation (SVV) and stroke volume changes before and after passive leg raising (PLR-SV), on fluid resuscitation and prognosis in septic shock patients. Methods Septic shock patients admitted to the Department of Critical Care Medicine of Zhejiang Hospital, China, from March 2011 to March 2013, who were under controlled ventilation and without arrhythmia, were studied. Patients were randomly assigned to the SVV group or the PLR-SV group. The SVV group used the Pulse Indication Continuous Cardiac Output monitoring of SVV, and responsiveness was defined as SVV >12%. The PLR-SV group used SV before and after PLR as the indicator, and responsiveness was defined as SV >15%. Six hours after fluid resuscitation, changes in tissue perfusion indicators (lactate, lactate clearance rate, central venous oxygen saturation (SCVO<sub>2</sub>), base excess (BE)), organ function indicators (white blood cell count, neutrophil percentage, platelet count, total protein, albumin, alanine aminotransferase, total and direct bilirubin, blood urea nitrogen, serum creatinine, serum creatine kinase, oxygenation index), fluid balance (6- and 24-hour fluid input) and the use of cardiotonic drugs (dobutamine), prognostic indicators (the time and rate of achieving early goal-directed therapy (EGDT) standards, duration of mechanical ventilation and intensive care unit stay, and 28- day mortality) were observed. Results Six hours after fluid resuscitation, there were no significant differences in temperature, heart rate, blood pressure, SpO<sub>2</sub>, organ function indicators, or tissue perfusion indicators between the two groups (P >0.05). The 6- and 24-hour fluid input was slightly less in the SVV group than in the PLR-SV group, but the difference was not statistically significant (P >0.05). The SVV group used significantly more dobutamine than the PLR-SV group (33.3% vs. 10.7%, P =0.039). There were no significant differences in the time ((4.8+1.4) h vs. (4.3+1.3) h, P=0.142) and rate of achieving EGDT standards (90.0% vs. 92.9%, P = 0.698), or in the length of mechanical ventilation and ICU stay. The 28-day mortality in the SVV group (16.7% (5/30)) was slightly higher than the PLR-SV group (14.3% (4/28)), but the difference was not statistically significant (P = 0.788). Conclusions In septic shock patients under controlled ventilation and without arrhythmia, using SVV or PLR-SV methods to evaluate volume responsiveness has a similar effect on volume therapy results and prognosis. The evaluation and dynamic monitoring of volume responsiveness is more important for fluid resuscitation than the evaluation methods themselves. Choosing different methods to evaluate volume responsiveness has no significant influence on the effect of volume therapy and prognosis.
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AB: Objective: To evaluate the role of pleth variability index (PVI) by passive leg raising (PLR) test in volume responsiveness and volume status prediction in patients with septic shock. Methods: A prospective randomized controlled trial (RCT) was conducted. Eighty-seven patients suffering from septic shock undergoing mechanical ventilation in Department of Critical Care Medicine of Subei People's Hospital from June 2012 to September 2014 were enrolled. The hemodynamic changes before and after PLR were monitored by pulse indicated continuous cardiac output (PiCCO) and PVI monitoring. Responsive group: positive fluid response was defined as an increase in cardiac index (CI) > 10% after PLR. Unresponsive group: negative fluid response was defined as an increase in CI < 10% after PLR. The hemodynamic parameters, including heart rate (HR), mean arterial pressure (MAP), central venous pressure (CVP), stroke volume variation (SVV), CI and PVI, and the changes in cardiac parameters (DELTAHR, DELTAMAP, DELTACVP, DELTA SVV, DELTA CI, and DELTA PVI) before and after PLR were determined. The relations between hemodynamic parameters and their changes with DELTA CI were analyzed by the Pearson analysis. The role of the parameters for volume responsiveness prediction was evaluated by receiver operating characteristic (ROC) curves. Results: 145 PLRs in 87 patients with septic shock were conducted, with 67 in responsive group and 78 in unresponsive group. There were no statistically significant differences in HR, MAP, CVP and CI before PLR between the responsive and unresponsive groups. SVV and PVI in responsive group were significantly higher than those in the unresponsive group [SVV: (16.9 +/- 3.1)% vs. (8.4 +/- 2.2) %, t = 9.078, P = 0.031; PVI: (20.6 +/- 4.3)% vs. (11.1 +/-3.2)%, t = 19.189, P = 0.022]. There were no statistically significant differences in HR, MAP, CVP, SVV, and PVI after PLR between the responsive group and unresponsive group. CI in the responsive group was significantly higher than that in the unresponsive group (mLs<sup>-1</sup>m<sup>-2</sup>: 78.3+/-6.7 vs. 60.0 +/- 8.3, t = 2.902, P = 0.025). There were no statistically significant differences in DELTA HR, DELTA MAP, DELTA CVP between responsive group and unresponsive group. DELTA SVV, DELTA CI and DELTA PVI in responsive group were significantly higher than those in the unresponsive group [DELTASVV: (4.6 +/- 1.5)% vs. (1.8 +/- 0.9)%, t = 11.187, P = 0.022; DELTACI (mLs<sup>-1</sup>.m<sup>-2</sup>): 18.3 +/- 1.7 vs. 1.7 +/- 0.5, t = 3.696, P = 0.014; A PVI: (6.4+/-1.1)% vs. (1.3+/-0.2)%, t = 19.563, P = 0.013]. No significant correlation between HR, MAP or CVP before PLR and A CI was found. SVV (r = 0.850, P = 0.015) and PVI (r = 0.867, P = 0.001) before PLR were correlated with DELTACI. It was shown by ROC curve that the area under ROC curve (AUC) for SVV fluid responsiveness prediction was 0.948, and cut-off of SVV was 12.4%, the sensitivity was 85.4%, and specificity was 86.6%. The AUC for PVI fluid responsiveness prediction was 0.957, and cut-off was 14.8%, the sensitivity was 87.5%, and specificity was 84.8%. It was higher than other hemodynamic parameters (HR, MAP, CVP). Conclusions: PVI and SVV can better predict fluid responsiveness in mechanically ventilating patients with septic shock after PLR. PVI as a new continuous, noninvasive and functional hemodynamic parameter has the same accuracy as SVV.
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AB: INTRODUCTION. Preload dependence indices (such as pulse pressure or cardiac output variation during passive leg raising) are reliable to predict fluid responsiveness 1,2, and may help to identify patients requiring intravascular volume expansion, while avoiding unnecessary fluid administration in other patients. However, whether using these indices for fluid resuscitation improves septic shock prognosis remains unknown. OBJECTIVES. To determine the clinical benefit of using preload dependence indices to titrate volume expansion during septic shock. METHODS. In a single-center randomized controlled trial, septic shock patients were randomized into either a central venous pressure-guided group (control group, n = 30) or a preload dependence indices-guided group (n = 30) for the intravascular volume expansion. Cardiac output was continuously monitored with the Picco device (Pulsion Medical Systems, Munich, Germany). In both groups, an hemodynamic algorithm was run at each episode of hypotension, every hour during the first 6 h after randomization, and then every 4 h until shock resolution or death. The primary end-point was time to shock resolution defined by vasopressor weaning. RESULTS. Both treatment arms were well balanced regarding general characteristics at admission and randomization, characteristics of infection, and hemodynamics. Time to shock resolution was not different between treatment arms (2.0 [1.2-3.1] vs. 2.3 [1.4-5.6] days in control and preload dependence groups, respectively (figure 1)). The daily amount of fluids administered for intravascular volume expansion was higher in control than in preload dependence group (917 [639-1511] vs. 383 [211-604] mL, p = 0.01). The values of physiologic variables did not change between groups over time, except for plasma lactate (figure 2). There was a strong trend towards lower mortality in the preload dependence group (23 % vs 47 %, p = 0.10). (Figure presented) CONCLUSIONS. Titrating intravascular volume expansion with preload dependence indices has no effect on time to shock resolution, but is associated with a decrease in the daily amount of intravascular fluids administered as compared to control. Further studies are required to assess the impact of this strategy on patient survival.
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AB: Animal studies have shown that arterial baroreflexes are modulated by reflexes originating from the cardiopulmonary volume receptors, and that this modulation consists of a reduction of the inhibitory influence exerted by arterial baroreceptors on the heart and peripheral circulation. This has not been confirmed in man, however, in whom no reduction in the bradycardic response to carotid baroreceptor stimulation has been observed after the mild increase in central venous pressure (right atrial catheter) and cardiopulmonary receptor activity provided by passive leg raising. In seven normotensive subjects carotid baroreceptors were gradedly stimulated by progressively increasing carotid transmural pressure through a neck chamber device, the resulting reflex lengthening in R-R interval being measured in the two-three cardiac cycles immediately after the baroreceptor stimulus. This manoeuvre was performed in control conditions and repeated during a head-out water immersion which increased central venous pressure (right atrial catheter) from 1.5 +/- 0.2 to 12.0 +/- 0.9 mmHg (mean +/- SE), thereby providing a marked increase in the cardiopulmonary receptor stimulus. In the control condition graded stimulation of the baroreceptors caused a progressive lengthening in R-R interval, the maximal effect being + 477.4 +/- 57.2 ms. Immersion increased the R-R interval from 774.2 +/- 3.2 to 961.6 +/- 5.8 ms (P less than 0.01) and reduced mean arterial pressure (cuff measurement) from 96.0 +/- 1.0 to 82.3 +/- 0.9 mmHg. The changes in R-R interval induced by carotid baroreceptor stimulation were virtually identical with those observed in the absence of immersion.
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AB: The paper analyzes goal-oriented infusion therapy used during myocardial revascularization on the working heart. Forty-seven patients with coronary heart disease were examined. Group 1 (control) (n = 20) received standard infusion therapy (a combination of colloids and crystalloids (1:1) at a rate of 6-7 ml/kg/h, by being oriented to indices, such as heart rate, blood pressure, central venous pressure, and diuresis rate. In group 2, an anesthetist was oriented to central hemodynamic parameters during infusion therapy. In addition, the patients of this group underwent the 45 degrees passive leg raising test. In this group, a volume load was done at the beginning of an operation until the maximum possible SV resulted from increased preload (global end-diastolic volume index). The goal of infusion therapy throughout the operation was to maintain these values of the latter index. Goal-oriented infusion therapy, the purpose of which was to determine and maintain the individual optimal values of preload, was found to minimize hemodynamic disorders at surgery and to reduce the frequency of use of cardiotonic agents and the duration of artificial ventilation.
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AB: BACKGROUND: We studied the effects of propofol or dexmedetomidine on preload dependency and fluid responsiveness in critically ill patients. METHODS: In the study, we included 91 patients with acute circulatory failure (70 ± 15 y) who received propofol (n = 45 patients, PROP group) or dexmedetomidine (n = 46 patients, DEX group). An initial passive leg-raising (PLR 1) test was performed in all patients to evaluate preload dependency at baseline. Propofol and dexmedetomidine were infused and titrated according to the Richmond Agitation Sedation Scale; the results ranged from -2 to -1, and the bispectral index values ranged from 60-75. A second PLR test (PLR 2) was performed before administration of a 250-mL normal saline fluid challenge over a 5-min period. We obtained central venous pressure and cardiac index (CI) measurements before and after the two PLR tests and volume expansion. An increase of ?10% in CI during PLR was considered to be a positive test finding that was indicative of preload dependency, whereas an increase of <10% in CI during PLR was considered to be a negative test finding. RESULTS: At baseline, 22 of 45 patients had negative PLR 1 in the PROP group, whereas 20 of 46 patients had negative PLR 1 in the DEX group. After propofol or dexmedetomidine sedation, there were significant decreases in CI (-9.5% [±6.6%] versus -16.4% [±8.5%], P < 0.001) in the PROP and DEX groups, respectively. In the PROP group, there were significant increases in CI (+18.4% [±9.5%] versus +10.7% [±12.3%], P < 0.05) induced by PLR 2 compared with that induced by PLR 1. In the DEX group, there were no significant increases in CI (+13.2% [±14.9%] versus +12.8% [±17.7%]) induced by PLR 2 compared with that induced by PLR 1. Although the mean arterial pressure values increased comparably with the volume expansion observed in both groups, the volume expansion resulted in a significantly higher increase in CI compared with the baseline values in the PROP group (3.2 ± 0.8 versus 3.2 ± 0.7 L/min/m(2)) but not in the DEX group (2.9 ± 0.7 versus 3.1 ± 0.8 L/min/m(2), P < 0.05). CONCLUSIONS: We observed that propofol infusion, but not dexmedetomidine infusion, can increase preload dependency and fluid responsiveness in patients with circulatory failure.
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AB: Abnormal hemodynamic responses during supine exercise have been well documented in orthotopic cardiac transplant recipients. To determine the effect of posture, central hemodynamics were studied in 20 patients during a change from supine to sitting and during graded upright bicycle exercise (group U) and were compared with those of 20 patients matched for age, gender and time from transplantation who were studied after passive leg elevation and during exercise in the supine posture (group S). Passive leg elevation resulted in a 9% increase in stroke index (34 +/- 6 to 37 +/- 6 ml/m2, p < 0.001) and a 10% increase in cardiac index (3.1 +/- 0.4 to 3.4 +/- 0.5 liters/min per m2, p < 0.001) in group S patients compared with a 15% reduction in stroke index (34 +/- 7 to 29 +/- 6 ml/m2, p < 0.001) and a 9% decrease in cardiac index (3.2 +/- 0.6 to 2.9 +/- 0.5 liters/min per m2, p < 0.001) in group U patients on assuming the sitting posture. Likewise, both the pulmonary capillary wedge pressure and right atrial pressure increased significantly (13 +/- 4 to 17 +/- 8 mm Hg, p < 0.001 and 5 +/- 3 to 7 +/- 3 mm Hg, p < 0.001) with passive leg elevation in group S and decreased on sitting (12 +/- 6 to 8 +/- 5 mm Hg, p < 0.001 and 5 +/- 3 to 3 +/- 2, p < 0.001) in group U. Exercise heart rate was slow to rise in both postures and peak heart rate did not differ significantly in the two groups. Stroke index and cardiac index increased to a greater extent in group U during early exercise and, as a result, were not different in the two groups at peak exercise. However, pulmonary capillary wedge pressure was 69% higher (27 +/- 7 versus 16 +/- 7 mm Hg, p < 0.0001) and right atrial pressure 67% higher (15 +/- 5 versus 9 +/- 5 mm Hg, p < 0.0001) at peak exercise in the supine posture, although the absolute increase was similar in both groups. The marked increase in ventricular filling pressures during exercise and the differences between supine and upright exercise imply an abnormal left-shifted and steep diastolic pressure-volume relation in the transplanted heart. Copyright © 2011 Elsevier B. V., Amsterdam. All Rights Reserved.
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AB: OBJECTIVE: Comparison of cycling interventions to reduce spastic muscle tone increase in patients with spinal cord injury. SETTING: Neuroprosthetic outpatient clinic in a university hospital. METHODS: Five patients with spinal cord injury took part in a crossover study in which the lower limbs (1) were stimulated by functional neuromuscular electrical stimulation (FES) to induce leg cycling movements and (2) were passively moved by an ergometer machine. Patients sat in a comfortable chair fastened to the ergometer while FES was done to induce leg cycling (active session). During the passive leg movement session the ergometer moved their legs for the same period of time at the same velocity and frequency. MAIN OUTCOME MEASURES: The change in spastic muscle tone increase before and after each training session was tested with the modified Ashworth Scale and the pendulum test of spasticity (relaxation index and peak velocity). RESULTS: The averaged data of the relaxation index increased after FES by about 68%. Compared with the slight increase after the passive movement training of 12%, this is statistically significant (P = 0.01). Peak velocity increased after FES by around 50%, while it was nearly unchanged after the passive intervention (1%); this is also significant (P = 0.01). This was similar with the peak velocity and the modified Ashworth Scale. CONCLUSION: The study presents further interesting aspects of the usefulness of FES in patients with spinal cord injury to reduce spastic muscle tone.
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AB: The peripheral haemodynamic effects of a 40 mg intravenous injection of domperidone (a dopamine antagonist) have been studied in 10 normal subjects. In four subjects domperidone was infused directly into the brachial artery and the effects on forearm blood flow were measured. 2. When administered systemically, domperidone significantly decreased forearm blood flow by 9% (P <0.01) and significantly increased calculated forearm vascular resistance by 11% (P <0.01). 3. The drug produced no measurable changes in forearm blood flow at any dose when infused directly into the brachial artery. 4. A further study was carried out into the effects of a systemic injection of domperidone on peripheral sympathetic tone. Reduction of sympathetic tone in the forearm was achieved by passively raising the legs of eight recumbent subjects. 5. Before domperidone administration, passive leg elevation significantly increased forearm blood flow by 39% and decreased forearm vascular resistance by 13%. After drug administration the absolute values of vascular resistance increased and the changes between the supine and elevated position values when compared with those of the corresponding values prior to drug administration were significantly lower. 6. These results suggest that the role of domperidone in increasing peripheral vascular tone is unlikely to be mediated by a direct local effect on peripheral resistance vessels. Any effect the drug may have is suggested to be mediated via a central control mechanism. Copyright © 2011 Elsevier B. V., Amsterdam. All Rights Reserved.
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AB: OBJECTIVE: To determine whether passive leg movement during tilt table mobilization reduces the incidence of orthostatic dysfunction in mobilization of patients being comatose or semi-comatose early after brain injury. DESIGN: Randomized crossover pilot trial using sequential testing. SETTING: Neurorehabilitation hospital. SUBJECTS: Nine patients still unconscious within the first three months of brain injury (5 men, 4 women; age 51 +/- 20 years). INTERVENTION: Patients were subjected once to a conventional tilt table and once to a tilt table with an integrated stepping device. MAIN OUTCOME MEASURE: The number of syncopes/presyncopes (orthostatic hypotension, tachypnoea, increased sweating) during interventions. RESULTS: One patient had presyncopes on both devices, six patients had presyncopes on the conventional tilt table but not on the tilt table with integrated stepping, and two patients did not exhibit presyncopal symptoms on either device. There were significantly more incidents on the tilt table without than on the one with an integrated stepping device (P < 0.05) at tilts of 50 or 70 degrees respectively. CONCLUSION: Patients tolerate greater degrees of head-up tilt better with simultaneous leg movement.
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AB: STUDY OBJECTIVES: Data on the influence of lung volume reduction surgery (LVRS) on cardiac function and hemodynamics are scarce and controversial. Previous studies have focused mainly on right ventricular function and pulmonary hemodynamics. Here, we evaluated the effects of LVRS on left ventricular (LV) end-diastolic filling pattern, dimensions, stiffness, and performance, as well as pulmonary and systemic hemodynamics. DESIGN: A prospective, open, controlled study. PATIENTS: Patients with severe emphysema undergoing LVRS (10 patients). Patients scheduled for pulmonary lobectomy due to carcinoma (ie, the lobectomy group) served as control subjects (10 patients). MEASUREMENTS: LV dimensions and mitral flow velocities were measured by transesophageal, two-dimensional, Doppler echocardiography, and central hemodynamics were measured by a pulmonary artery thermodilution catheter. Measurements were performed during anesthesia in the supine position, before and after surgery, without and with passive leg elevation. RESULTS: Baseline cardiac index (CI) [- 21%], stroke volume index (SVI) [- 31%], stroke work index (SWI) [- 26%], and LV end-diastolic area index (EDAI) [- 15%] were significantly (p < 0.001) lower, whereas LV end-diastolic stiffness (LVEDS) did not differ in the LVRS group compared to the lobectomy group. The time from peak early diastolic filling to zero flow (E-dec time) [58%] and the deceleration slope of early diastolic filling (E-dec slope) [45%] were significantly higher (p < 0.01), whereas peak early diastolic filling velocity (E-max) [- 31%; p < 0.01] and the proportion of E-max vs peak late diastolic filling velocity (A-max) [ie, the E/A ratio] (- 27%; p < 0.001) were significantly lower compared to the lobectomy group. LVRS significantly increased CI (40%; p < 0.001), SVI (34%; p < 0.001), SWI (58%; p < 0.001), LV EDAI (18%; p < 0.001), E-max (44%; p < 0.01), A-max (15%; p < 0.05) and E/A ratio (28%; p < 0.01), decreased E-dec time (- 31%; p < 0.05) and E-dec slope (- 98%; p < 0.01), and had no effect on LVEDS. In the lobectomy group, surgery affected none of these variables. CONCLUSIONS: LV function is impaired in patients with severe emphysema due to small end-diastolic dimensions. LVRS increases LV end-diastolic dimensions and filling, and improves LV function.
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The accuracy of noninvasive cardiac output and pressure measurements with finger cuff: A concise review. 

Ameloot K., Palmers P.-J., Malbrain M.L.N.G. 

Current Opinion in Critical Care. 21 (3) (pp 232-239), 2015. Date of Publication: 06 Jun 2015. 

AN: 2015010249 

Purpose of review The present review aims to summarize literature on the accuracy of the finger cuff method to measure cardiac output (CO) and blood pressure, its ability to track hemodynamic changes, and to predict fluid responsiveness. Recent findings Finger cuff is an easy-to-use hemodynamic monitoring technique. Different devices are currently available, which provide continuous arterial blood pressure (Finapress), whereas only ClearSight (previously known as Nexfin; BMEYE) provides an estimate of CO. In most studies, the criteria for clinical interchangeability (for CO) were not met, when compared with the currently used invasive monitoring systems such as uncalibrated CO via a radial artery line, and calibrated CO either via a pulmonary artery catheter or a femoral artery catheter connected to the PiCCO (Pulsion Medical Systems) or VolumeView (Edwards Lifesciences) devices. In particular, ClearSight obtained CO seems to be less accurate in patients with a low CO. However, in most patients, ClearSight is able to track hemodynamic changes induced by a fluid challenge or passive leg raising test. We will discuss in this review the relevant literature with regard to validation of the finger cuff technique for both arterial blood pressure and CO. Summary The finger cuff method provides a reasonable estimate of CO and blood pressure, which does not meet the criteria for clinical interchangeability with the currently used invasive devices.
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2. 

Evolving concepts of hemodynamic monitoring for critically ill patients. 

Hamzaoui O., Monnet X., Teboul J.-L. 

Indian Journal of Critical Care Medicine. 19 (4) (pp 220-226), 2015. Date of Publication: 01 Apr 2015. 

AN: 2015952283 

The last decades have been characterized by a continuous evolution of hemodynamic monitoring techniques from intermittent toward continuous and real-time measurements and from an invasive towards a less invasive approach. The latter approach uses ultrasounds and pulse contour analysis techniques that have been developed over the last 15 years. During the same period, the concept of prediction of fluid responsiveness has also been developed and dynamic indices such as pulse pressure variation, stroke volume variation, and the real-time response of cardiac output to passive leg raising or to end-expiration occlusion, can be easily obtained and displayed with the minimally invasive techniques. In this article, we review the main hemodynamic monitoring devices currently available with their respective advantages and drawbacks. We also present the current viewpoint on how to choose a hemodynamic monitoring device in the most severely ill patients and especially in patients with circulatory shock.
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3. 

The reliability and validity of passive leg raise and fluid bolus to assess fluid responsiveness in spontaneously breathing emergency department patients. 

Duus N., Shogilev D.J., Skibsted S., Zijlstra H.W., Fish E., Oren-Grinberg A., Lior Y., Novack V., Talmor D., Kirkegaard H., Shapiro N.I. 

Journal of Critical Care. 30 (1) (pp 217.e1-217.e5), 2015. Date of Publication: 01 Feb 2015. 
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Purpose: We investigated the reproducibility of passive leg raise (PLR) and fluid bolus (BOLUS) using the Non-Invasive Cardiac Output Monitor (NICOM; Cheetah Medical, Tel Aviv, Israel) for assessment of fluid responsiveness (FR) in spontaneously breathing emergency department (ED) patients. Methods: Prospective, observational study of a convenience sample of adult ED patients receiving intravenous fluid bolus. We assessed stroke volume (SV) using NICOM and obtained results from PLR, where the head of the bed was changed from semirecumbent to supine while the patients' legs raised to 45degree for 3 minutes. Fluid bolus was defined as 5 mL/kg normal saline infusion. Maximal increase in SV was recorded. Fluid responsiveness was defined as an increase of SV greater than 10% from baseline. We obtained 4 consecutive responses for each patient; PLR1, PLR2, BOLUS1 separated each by 10 minutes, and BOLUS2 initiated immediately after the end of BOLUS1. We calculated kappa statistics, correlation coefficients, and odds ratios with 95% confidence interval and Bland-Altman plots. Results: We enrolled 109 patients enrolled in this study. The 2 PLRs were significantly correlated (r = 0.78, P < .001) with kappa = 0.46 for FR (P < .001). The 2 BOLUSES less strongly correlated (r = 0.14, P = .001) and kappa = 0.06 for FR (P < .001). Patients who were responsive to PLR1 had 9.5 (3.6-25) odds of being FR for PLR2, whereas those responsive to BOLUS1 had a 1.8 (0.76-4.3) increased odds of FR for BOLUS2. Conclusion: In conclusion, we have found PLR as measured by the NICOM to be a promising tool for the evaluation of SV responsiveness. It was feasible for use in the ED, and the data suggest that the PLR technique may be more reproducible than the fluid bolus technique for assessing volume responsiveness.
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Heart failure and movement-induced hemodynamics: Partitioning the impact of central and peripheral dysfunction. 

Witman M.A.H., Ives S.J., Trinity J.D., Groot H.J., Stehlik J., Richardson R.S. 

International Journal of Cardiology. 178  (pp 232-238), 2014. Date of Publication: 15 Jan 2015. 
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Background The complex pathophysiology of heart failure (HF) creates a challenging paradigm to differentiate the role of central and peripheral hemodynamic dysfunction during conventional exercise. Adopting a novel reductionist approach with potential clinical relevance, we studied the central and peripheral contributors to both continuous and single passive leg movement (PLM)-induced hyperemia in 14 HF patients with reduced ejection fraction (HFrEF) and 13 controls.   Methods Heart rate (HR), stroke volume (SV), cardiac output (CO), mean arterial pressure (MAP), and femoral artery blood flow (FBF) were recorded during PLM.

Results The FBF response (area under the curve; AUC) to 60 s of continuous PLM was attenuated in the HFrEF (25 +/- 15 ml AUC) compared to controls (199 +/- 34 ml AUC) as were peak changes from baseline for FBF, leg vascular conductance (LVC), CO, and HR. During single PLM, increases in CO and HR were smaller and no longer different between groups, supporting the use of this modality to assess groups with disparate central hemodynamics. Interestingly, single PLM-induced hyperemia, likely predominantly driven by flow-mediated vasodilation due to minimal vessel deformation, was essentially nonexistent in the HFrEF (- 9 +/- 10 ml AUC) in contrast to the controls (43 +/- 25 ml AUC).

Conclusions These data fail to support a HFrEF-associated exaggeration in the mechanoreceptor driven component of the exercise pressor response. In fact, by exhibiting limited central hemodynamic responses compared to the controls, the observed attenuation in movement-induced FBF in HFrEF appears largely due to peripheral vascular dysfunction, particularly flow-mediated vasodilation.
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Higher ventilatory responses during and after passive walking-like leg movement in older individuals. 

Ogata H., Fujimaru I., Yamada K., Kondo T. 
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Minute ventilation (V  E) during walking has been shown to be higher in older individuals than in young individuals, but the mechanisms underlying the higher ventilatory response is unclear. Central command and peripheral neural reflex are important neural control mechanisms underlying ventilatory response during exercise. Passive leg movement has been used to exclude the influence of central command due to the lack of voluntary activation of muscles. The aim of the present study was to compare the ventilatory response during and after passive walking-like leg movement (PWM) in young and older individuals. Eight young subjects (20 +/- 2 years) and seven older subjects (70 +/- 1 years) participated in this study. Subjects spent 7 minutes in a quiet standing (QS) position. Thereafter, they performed 14-minute rhythmic PWM at 1 Hz and this was followed by 7 minutes of QS. V  E values during pre-PWM QS were calculated as 1-minute averages using data obtained between 5 and 6 minutes. V  E values at pre-PWM QS in the young and older groups were 8.4 +/- 2.1 and 7.5 +/- 1.2 l/minute, respectively. V  E values increased significantly at the first minute of PWM to 11.4 +/- 2.2 and 10.4 +/- 2.5 l/minute in the young and older groups, respectively (P <0.001). In the young group, V  E at the last minute of PWM (9.2 +/- 2.0 l/minute) was not significantly different from that at pre-PWM QS due to a decline in V  E, whereas V  E at the last minute of PWM in the older group (9.4 +/- 2.2 l/minute) was still significantly higher (P <0.01). On the other hand, V  E at the first minute of post-PWM QS (7.2 +/- 1.8 l/minute) was significantly lower than that during pre-PWM QS in the young group (P <0.05) but not in the older group. Ventilatory response during and after PWM is higher in older individuals than in young individuals. This may be associated with a mechanism(s) other than central command. Our findings may explain part of the higher V  E response while walking in older individuals.
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A new ratio for protocol categorization. 

Squara P. 
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The present review describes and validates a new ratio " S " created for matching predictability and balance between TP and TN. Validity of S was studied in a three-step process as follows: (i) S was applied to the data of a past study predicting cardiac output response to fluid bolus from response to passive leg raise (PLR); (ii) S was comparatively analyzed with traditional ratios by modeling different 2 2 contingency tables in 1000 hypothetical patients; (iii) precision of S was compared with other ratios by computing random fluctuations in the same patients. In comparison to other ratios, S performs better in predicting the cardiac response to fluid bolus and supports more directly the clinical conclusions. When the proportion of false responses is high, S is close to the coefficient correlation (CC). When the proportion of true responses is high, S is the unique ratio that identifies the categorization that balances the proportion of TP and TN. The precision of S is close to that of CC. In conclusion, S should be considered for creating categories from quantitative variables; especially when matching predictability with balance between TP and TN is a concern. © 2014 Pierre Squara.
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Effect of two volume responsiveness evaluation methods on fluid resuscitation and prognosis in septic shock patients. 

Xu Q.H., Yan J., Cai G.L., Chen J., Li L., Hu C.B. 
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Background Few studies have reported the effect of different volume responsiveness evaluation methods on volume therapy results and prognosis. This study was carried out to investigate the effect of two volume responsiveness evaluation methods, stroke volume variation (SVV) and stroke volume changes before and after passive leg raising (PLR-DELTASV), on fluid resuscitation and prognosis in septic shock patients. Methods Septic shock patients admitted to the Department of Critical Care Medicine of Zhejiang Hospital, China, from March 2011 to March 2013, who were under controlled ventilation and without arrhythmia, were studied. Patients were randomly assigned to the SVV group or the PLR-DELTASV group. The SVV group used the Pulse Indication Continuous Cardiac Output monitoring of SVV, and responsiveness was defined as SVV >12%. The PLR-DELTASV group used DELTASV before and after PLR as the indicator, and responsiveness was defined as DELTASV >15%. Six hours after fluid resuscitation, changes in tissue perfusion indicators (lactate, lactate clearance rate, central venous oxygen saturation (SCVO2), base excess (BE)), organ function indicators (white blood cell count, neutrophil percentage, platelet count, total protein, albumin, alanine aminotransferase, total and direct bilirubin, blood urea nitrogen, serum creatinine, serum creatine kinase, oxygenation index), fluid balance (6- and 24-hour fluid input) and the use of cardiotonic drugs (dobutamine), prognostic indicators (the time and rate of achieving early goal-directed therapy (EGDT) standards, duration of mechanical ventilation and intensive care unit stay, and 28- day mortality) were observed. Results Six hours after fluid resuscitation, there were no significant differences in temperature, heart rate, blood pressure, SpO2, organ function indicators, or tissue perfusion indicators between the two groups (P >0.05). The 6- and 24-hour fluid input was slightly less in the SVV group than in the PLR-DELTASV group, but the difference was not statistically significant (P >0.05). The SVV group used significantly more dobutamine than the PLR-DELTASV group (33.3% vs. 10.7%, P =0.039). There were no significant differences in the time ((4.8+/-1.4) h vs. (4.3+/-1.3) h, P=0.142) and rate of achieving EGDT standards (90.0% vs. 92.9%, P = 0.698), or in the length of mechanical ventilation and ICU stay. The 28-day mortality in the SVV group (16.7% (5/30)) was slightly higher than the PLR-DELTASV group (14.3% (4/28)), but the difference was not statistically significant (P = 0.788). Conclusions In septic shock patients under controlled ventilation and without arrhythmia, using SVV or PLR-DELTASV methods to evaluate volume responsiveness has a similar effect on volume therapy results and prognosis. The evaluation and dynamic monitoring of volume responsiveness is more important for fluid resuscitation than the evaluation methods themselves. Choosing different methods to evaluate volume responsiveness has no significant influence on the effect of volume therapy and prognosis.
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Predicting fluid responsiveness in children: A systematic review. 

Gan H., Cannesson M., Chandler J.R., Ansermino J.M. 

Anesthesia and Analgesia. 117 (6) (pp 1380-1392), 2013. Date of Publication: December 2013. 
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BACKGROUND:: Administration of fluid to improve cardiac output is the mainstay of hemodynamic resuscitation. Not all patients respond to fluid therapy, and excessive fluid administration is harmful. Predicting fluid responsiveness can be challenging, particularly in children. Numerous hemodynamic variables have been proposed as predictors of fluid responsiveness. Dynamic variables based on the heart-lung interaction appear to be excellent predictors of fluid responsiveness in adults, but there is no consensus on their usefulness in children. METHODS:: We systematically reviewed the current evidence for predictors of fluid responsiveness in children. A systematic search was performed using PubMed (1947-2013) and EMBASE (1974-2013). Search terms included fluid, volume, response, respond, challenge, bolus, load, predict, and guide. Results were limited to studies involving pediatric subjects (infant, child, and adolescent). Extraction of data was performed independently by 2 authors using predefined data fields, including study quality indicators. Any variable with an area under the receiver operating characteristic curve that was significantly above 0.5 was considered predictive. RESULTS:: Twelve studies involving 501 fluid boluses in 438 pediatric patients (age range 1 day to 17.8 years) were included. Twenty-four variables were investigated. The only variable shown in multiple studies to be predictive was respiratory variation in aortic blood flow peak velocity (5 studies). Stroke volume index, stroke distance variation, and change in cardiac index (and stroke volume) induced by passive leg raising were found to be predictive in single studies only. Static variables based on heart rate, systolic arterial blood pressure, preload (central venous pressure, pulmonary artery occlusion pressure), thermodilution (global end diastolic volume index), ultrasound dilution (active circulation volume, central blood volume, total end diastolic volume, total ejection fraction), echocardiography (left ventricular end diastolic area), and Doppler (stroke volume index, corrected flow time) did not predict fluid responsiveness in children. Dynamic variables based on arterial blood pressure (systolic pressure variation, pulse pressure variation and stroke volume variation, difference between maximal or minimal systolic arterial blood pressure and systolic pressure at end-expiratory pause) and plethysmography (pulse oximeter plethysmograph amplitude variation) were also not predictive. There were contradicting results for plethymograph variation index and inferior vena cava diameter variation. CONCLUSIONS:: Respiratory variation in aortic blood flow peak velocity was the only variable shown to predict fluid responsiveness in children. Static variables did not predict fluid responsiveness in children, which was consistent with evidence in adults. Dynamic variables based on arterial blood pressure did not predict fluid responsiveness in children, but the evidence for dynamic variables based on plethysmography was inconclusive. Copyright © 2013 International Anesthesia Research Society.
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Bioreactance is not reliable for estimating cardiac output and the effects of passive leg raising in critically ill patients. 

Kupersztych-Hagege E., Teboul J.-L., Artigas A., Talbot A., Sabatier C., Richard C., Monnet X. 

British Journal of Anaesthesia. 111 (6) (pp 961-966), 2013. Date of Publication: December 2013. 

AN: 2013729949 

Background. Bioreactance estimates cardiac output in a non-invasive way.We evaluated the ability of a bioreactance device (NICOM) to estimate cardiac index (CI) and to track relative changes induced by volume expansion. Methods. In 48 critically ill patients,wemeasured CI estimated by the NICOMdevice (CINicom) and by transpulmonary thermodilution (CItd, PiCCO2 TM device) before and aftera 500 ml saline infusion. Beforevolumeexpansion,weperformedapassiveleg raising (PLR) testandmeasured the changes it induced in CINicom and in pulse contour analysis-derived CI. Results. Considering the values recorded before PLR and before and after volume expansion (n=144), the bias (lower and upper limits of agreement) between CItd and CINicom was 0.9 (-2.2 to 4.1) litre min-1 m-2. The percentage error was 82%. There was no significant correlation between the changes in CItd and CINicom induced by volume expansion (P=0.24). An increase in CI estimated by pulse contour analysis >9% during the PLR test predicted fluid responsiveness with a sensitivity of 84% (95% confidence interval 60-97%) and a specificity of 97% (95% confidence interval 82-100%). The area under the receiver operating characteristic curve constructed to test the ability of the PLR-induced changes in CINicom in predicting fluid responsiveness did not differ significantly from 0.5 (P=0.77). Conclusions. The NICOM device cannot accurately estimate the cardiac output in critically ill patients. Moreover, it could not predict fluid responsiveness through the PLR test. © The Author [2013]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
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Physiological responses to passive exercise in adults receiving mechanical ventilation. 

Amidei C., Sole M.L. 
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Background Critical illness may weaken muscles, with long-term consequences. Objective To assess physiological responses to an early standardized passive exercise protocol to prevent muscle weakness in adults receiving mechanical ventilation. Methods A quasi-experimental within-subjects repeatedmeasures design was used. Within 72 hours of intubation, 30 patients had 20 minutes of bilateral passive leg movement delivered by continuous-passive-motion machines at a standardized rate and flexion-extension. Heart rate, mean blood pressure, oxygen saturation, and cytokine levels were measured before, during, and after the intervention. The Behavioral Pain Scale was used to measure patients' comfort. Repeatedmeasures analysis of variance was used to analyze the effect of the exercise on independent variables. Results Patients were mostly white men with a mean age of 56.5 years (SD, 16.9) with moderate mortality risk and illness severity. Heart rate, mean blood pressure, and oxygen saturation did not differ from baseline at any time measured. Pain scores were significantly reduced (F2.43,70.42 = 4.08; P = .02) 5 and 10 minutes after exercise started and remained reduced at the end of exercise and 1 hour later. Interleukin 6 levels were significantly reduced (F1.60,43.1 = 4.35; P = .03) at the end of exercise but not after the final rest period. Interleukin 10 levels did not differ significantly. Ratios of interleukin 6 to interleukin 10 decreased significantly (F1.61,43.38 = 3.42; P = .05) at the end of exercise and again after 60 minutes' rest. Conclusion The exercise was well tolerated, and comfort improved during and after the intervention. Cytokine levels provided physiological rationale for benefits of early exercise. © 2013 American Association of Critical-Care Nurses.
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Noninvasive continuous cardiac output by the nexfin before and after preload-modifying maneuvers: A comparison with intermittent thermodilution cardiac output. 

Bubenek-Turconi S.I., Craciun M., Miclea I., Perel A. 
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BACKGROUND: The Nexfin uses an uncalibrated pulse contour method for the continuous measurement of cardiac output (CO) in a totally noninvasive manner. Since the accuracy of pulse contour methods and their ability to track changes in CO have been repeatedly questioned, we have compared the CO measured by the Nexfin (NAPCO) with the CO measured by the pulmonary artery catheter (PACCO) in cardiosurgical patients before and after preload-modifying maneuvers. METHODS: Twenty-eight patients who underwent on-pump cardiac surgery, of whom 18 were receiving vasopressor and/or inotropic therapy, were studied during the first postoperative hours. Preload modification, in the form of either a fluid challenge or a passive leg raising maneuver, was done whenever clinically indicated, with PACCO and NAPCO being simultaneously measured before and after each intervention. RESULTS: A fluid challenge was administered to 22 patients, and the passive leg raising maneuver was performed in 6 patients. These interventions were repeated in 19 patients producing a total of 47 pairs of measurements. At baseline, mean (+/-SD) CO was 4.9 +/- 1.1 and 5.0 +/- 1.4 Lmin, for the PACCO and NAPCO, respectively, bias 0.1 +/- 1.0, 95% prediction interval-2.5 to 2.4 Lmin, and 39% of error. After preload modification, the mean CO was 5.6 +/- 1.3 and 5.6+/- 1.5 Lmin for the PACCO and NAPCO, respectively, bias-0.0 +/- 1.1, 95% prediction interval-2.6 to 2.7 Lmin, and 38% of error. The correlation coefficients (r) between the PACCO and NAPCO before and after preload modification were 0.71 (95% confidence interval [95% CI], 0.53-0.82) and 0.70 (95% CI, 0.52-0.82), respectively. Preload modification induced similar absolute changes in PACCO and NAPCO (r = 0.9, P < 0.0001). A 4-quadrant scatter plot showed a concordance rate of 100% (95% CI, 80.5%-100%) between the changes in NAPCO and PACCO. Polar plot analysis demonstrated a small polar angle and radial limits of agreement well below the 30 benchmark. The area under a receiver operating characteristic curve, testing the ability of Nexfin to detect an increase of >15% in PACCO, was 0.974 (95% CI, 0.93-0.99). CONCLUSIONS: Although the Nexfin has limited accuracy when compared with the pulmonary artery catheter, it can reliably track preload-induced changes in CO in stable patients after cardiac surgery in the presence of moderate vasopressor and inotropic therapy. This ability, combined with its total noninvasiveness, fast installation, and ease of use, make the Nexfin a suitable monitor for the perioperative continuous measurement of CO. The reliability of this monitor in tracking the CO when significant changes in peripheral resistance take place still needs to be established. Copyright © 2013 International Anesthesia Research Society.
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End-expiratory occlusion test predicts preload responsiveness independently of positive end-expiratory pressure during acute respiratory distress syndrome. 

Silva S., Jozwiak M., Teboul J.-L., Persichini R., Richard C., Monnet X. 

Critical Care Medicine. 41 (7) (pp 1692-1701), 2013. Date of Publication: July 2013. 
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OBJECTIVE:: A 15-second end-expiratory occlusion increases cardiac preload and allows detection of preload dependence. We tested whether the reliability of this test depends upon positive end-expiratory pressure. DESIGN:: Prospective study. SETTING:: Medical ICU. PATIENTS:: Thirty-four patients presenting with acute circulatory failure and acute respiratory distress syndrome ventilated with a tidal volume of 6.7 mL/kg (interquartile range, 6.3-7.1). MEASUREMENTS:: At positive end-expiratory pressure = 5 cm H2O, we measured the changes in cardiac index induced by end-expiratory occlusion and a passive leg raising test. Preload dependence was defined by a passive leg raising-induced increase in cardiac index greater than or equal to 10%. Positive end-expiratory pressure was increased to a plateau pressure of 30 cm H2O, and end-expiratory occlusion and passive leg raising were performed again. MAIN RESULTS:: At positive end-expiratory pressure = 5 cm H2O, 29% of patients were passive leg raising responders. An end-expiratory occlusion-induced increase in cardiac index greater than or equal to 5% detected a passive leg raising-induced increase in cardiac index greater than or equal to 10% with a sensitivity of 90% (95% CI, 56-100) and a specificity of 88% (95% CI, 68-97). At higher positive end-expiratory pressure (15 cm H2O [interquartile range, 13-15]), the plateau pressure - positive end-expiratory pressure difference did not change (15 mm Hg [14-17] vs 15 mm Hg [13-18] before the positive end-expiratory pressure increase). Increasing positive end-expiratory pressure significantly reduced cardiac index in passive leg raising responders (-27% [interquartile range, -6 to -56]) but not in other patients. At high positive end-expiratory pressure, passive leg raising increased cardiac index to a larger extent than at positive end-expiratory pressure = 5 cm H2O (19% [interquartile range, 15-34] vs 16% [interquartile range, 13-23], respectively). The proportion of passive leg raising responders significantly increased (34 vs 29%, respectively), meaning preload dependence had increased. At higher positive end-expiratory pressure, an end-expiratory occlusion-induced increase in cardiac index greater than or equal to 6% detected a passive leg raising-induced increase in cardiac index greater than or equal to 10% with a sensitivity of 100% (95% CI, 75-100) and a specificity of 90% (95% CI, 70-99). CONCLUSIONS:: The end-expiratory occlusion test is reliable for detecting preload dependence whatever the positive end-expiratory pressure during acute respiratory distress syndrome. Copyright © 2013 by the Society of Critical Care Medicine and Lippincott.
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Bench-to-bedside review: Functional hemodynamics during surgery - should it be used for all high-risk cases?. 

Perel A., Habicher M., Sander M. 

Critical Care. 17 (1) , 2012. Article Number: 203. Date of Publication: 28 Jan 2013. 
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The administration of a fluid bolus is done frequently in the perioperative period to increase the cardiac output. Yet fluid loading fails to increase the cardiac output in more than 50% of critically ill and surgical patients. The assessment of fluid responsiveness (the slope of the left ventricular function curve) prior to fluid administration may thus not only help in detecting patients in need of fluids but may also prevent unnecessary and harmful fluid overload. Unfortunately, commonly used hemodynamic parameters, including the cardiac output itself, are poor predictors of fluid responsiveness, which is best assessed by functional hemodynamic parameters. These dynamic parameters reflect the response of cardiac output to a preload-modifying maneuver (for example, a mechanical breath or passive leg-raising), thus providing information about fluid responsiveness without the actual administration of fluids. All dynamic parameters, which include the respiratory variations in systolic blood pressure, pulse pressure, stroke volume and plethysmographic waveform, have been repeatedly shown to be superior to commonly used static preload parameters in predicting the response to fluid loading. Within their respective limitations, functional hemodynamic parameters should be used to guide fluid therapy as part of or independently of goal-directed therapy strategies in the perioperative period. © 2013 BioMed Central Ltd.
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Perfusion pressure and movement-induced hyperemia: Evidence of limited vascular function and vasodilatory reserve with age. 

Jonathan Groot H., Trinity J.D., Layec G., Rossman M.J., Ives S.J., Richardson R.S. 
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To better understand the mechanisms contributing to reduced blood flow with age, this study sought to elucidate the impact of altered femoral perfusion pressure (FPP) on movement-induced hyperemia. Passive leg movement was performed in 10 young (22 +/- 1 yr) and 12 old (72 +/- 2 yr) healthy men for 2 min, with and without a posture-induced change in FPP (~7 +/- 1 DELTAmmHg). Second-by-second measurements of central and peripheral hemodynamic responses were acquired noninvasively (finger photoplethysmography and Doppler ultrasound, respectively), with FPP confirmed in a subset of four young and four old subjects with arterial and venous catheters. Central hemodynamic responses (heart rate, stroke volume, cardiac output, mean arterial pressure) were not affected by age or position. The young exhibited a ~70% greater movement-induced peak change in leg blood flow (DELTALBFpeak) in the upright-seated posture (supine: 596+/-68 ml/min; upright: 1,026 +/- 85 ml/min). However, in the old the posture change did not alter DELTALBFpeak (supine: 417+/-42 ml/min; upright: 412+/-56 ml/min), despite the similar increases in FPP. Similarly, movement-induced peak change in leg vascular conductance was ~80% greater for the young in the upright-seated posture (supine: 7.1 +/- 0.8 mlmin-1mmHg-1; upright: 12.8 +/- 1.3 mlmin-1mmHg-1), while the old again exhibited no difference between postures (supine: 4.7 +/- 0.4 mlmin-1mmHg-1; upright: 4.8 +/- 0.5 mlmin-1mmHg-1). Thus this study reveals that, unlike the young, increased FPP does not elicit an increase in movement-induced hyperemia or vasodilation in the old. In light of recent evidence that the majority of the first minute of passive movement-induced hyperemia is predominantly nitric oxide (NO) dependent in the young, these findings in the elderly may be largely due to decreased NO bioavailability, but this remains to be definitively determined. © 2013 the American Physiological Society.
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The effect of passive leg elevation and/or trendelenburg position on the cross-sectional area of the internal jugular vein in infants and young children undergoing surgery for congenital heart disease. 
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BACKGROUND:: In this study we evaluated the effect of passive leg elevation (LE) and Trendelenburg (T) position on the cross-sectional area (CSA) of the internal jugular vein (IJV) in infants and young children undergoing surgery for congenital heart disease. A secondary aim was to compare the CSA of the IJV between subjects with right-to-left (RL) shunt and left-to-right (LR) shunt. METHODS:: Ninety infants and small children from 10 days to 31 months old weighing from 1.5 to 9.7 kg were assigned to group RL (n = 48) or LR (n = 42). In both groups, the CSA, transverse, and vertical diameters of the IJV on both sides of the neck were measured using a 2-dimensional ultrasound transducer in the following positions: supine position, 15degree of T position, supine position with 50degree of LE, and 15degree of Trendelenburg position with 50degree of LE (TLE). A more than 25% increase in mean CSA of the IJV was considered clinically significant. RESULTS:: In group LR, T, LE, and TLE significantly increased CSA of both right (at least 12.3%, 10.3%, and 18.3%, respectively, "at least" refers to the lower 95% confidence limits) and left (at least 15.8%, 15.0%, and 18.9%, respectively) IJVs, whereas only TLE increased the CSA of both IJVs significantly in group RL (at least 8.2% and 7.7% in the right and left, respectively). The increase in the CSA of the right IJV related to T and TLE was larger in group LR than in group RL (at least 12.3% vs 1.2% for T and at least 18.3% vs 8.2% for TLE, respectively). A clinically significant increase in CSA was achieved in both right and left IJVs with TLE in group LR (mean 28.6% and 26.3%, respectively). The CSA of the right IJV was larger than that of the left IJV in most (at least 69.2%) patients. CONCLUSIONS:: Passive LE was as effective as T position to increase the CSA of the IJV, but there was no clinically significant increase in the CSA with any single maneuver. Only T position with passive LE achieved a clinically significant increase in the CSA of both IJVs in infants and young children with LR shunt, but not in the same age group with RL shunt. Copyright © 2012 International Anesthesia Research Society.
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Effects of norepinephrine on mean systemic pressure and venous return in human septic shock. 

Persichini R., Silva S., Teboul J.-L., Jozwiak M., Chemla D., Richard C., Monnet X. 

Critical Care Medicine. 40 (12) (pp 3146-3153), 2012. Date of Publication: December 2012. 

AN: 2012695397 

ObjectiveS:: Norepinephrine exerts venoconstriction that could increase both the mean systemic pressure and the resistance to venous return, but this has not yet been investigated in human septic shock. We examined the relative importance of both effects and the resulting effect on venous return when decreasing the dose of norepinephrine. SETTING:: Intensive care unit. PATIENTS:: Sixteen septic shock patients. MEASUREMENTS:: For estimating the venous return curve, we constructed the regression line between the pairs of cardiac index (pulse contour analysis) and central venous pressure values. These values were measured during 15-sec end-inspiratory and end-expiratory ventilatory occlusions performed at two levels of positive end-expiratory pressure, in view of widening the range of cardiac index:central venous pressure measurements and increasing the accuracy of the regression line. The x-axis intercept of the regression line was used to estimate the mean systemic pressure and the inverse of the slope of the regression line to quantify resistance to venous return. These measurements were obtained before and after decreasing the dose of norepinephrine. Passive leg raising was performed before and after decreasing the dose of norepinephrine. MAIN Results:: Decreasing the dose of norepinephrine from 0.30 (0.10-1.40) to 0.19 (0.08-1.15) mug/kg/min decreased the mean systemic pressure from 33 +/- 12 mm Hg to 26 +/- 10 mm Hg (p = .0003). The slope of the multipoint cardiac index:central venous pressure relationship increased (p = .02). The resistance to venous return decreased, i.e., 1/slope decreased. Simultaneously, cardiac index decreased from 3.47 +/- 0.86 L/min/m2 to 3.28 +/- 0.76 L/min/m (p = .04), indicating a decrease in venous return. Passive leg raising increased cardiac index to a larger extent after (8% +/- 4%) than before (1% +/- 4%) decreasing norepinephrine (p = .001), suggesting an increase in unstressed blood volume at the lowest dose of norepinephrine. Conclusions:: In septic shock patients, decreasing the dose of norepinephrine decreased the mean systemic pressure and, to a lesser extent, the resistance to venous return. As a result, venous return decreased. © 2012 by the Society of Critical Care Medicine and Lippincott Williams and Wilkins.
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The hyperaemic response to passive leg movement is dependent on nitric oxide: A new tool to evaluate endothelial nitric oxide function. 

Mortensen S.P., Askew C.D., Walker M., Nyberg M., Hellsten Y. 

Journal of Physiology. 590 (17) (pp 4391-4400), 2012. Date of Publication: September 2012. 

AN: 2012512793 

Passive leg movement is associated with a ~3-fold increase in blood flow to the leg but the underlying mechanisms remain unknown. The objective of the present study was to examine the role of nitric oxide (NO) for the hyperaemia observed during passive leg movement. Leg haemodynamics and metabolites of NO production (nitrite and nitrate; NOx) were measured in plasma and muscle interstitial fluid at rest and during passive leg movement with and without inhibition of NO formation in healthy young males. The hyperaemic response to passive leg movement and to ACh was also assessed in elderly subjects and patients with peripheral artery disease. Passive leg movement (60 r.p.m.) increased leg blood flow from 0.3 +/- 0.1 to 0.9 +/- 0.1 litre min-1 at 20 s and 0.5 +/- 0.1 litre min-1 at 3 min (P < 0.05). Mean arterial pressure remained unchanged during the trial. When passive leg movement was performed during inhibition of NO formation (NG-mono-methyl-l-arginine; 29-52 mg min-1), leg blood flow and vascular conductance were increased after 20 s (P < 0.05) and then returned to baseline levels, despite an increase in arterial pressure (P < 0.05). Passive leg movement increased the femoral venous NOx levels from 35 +/- 5 at baseline to 62 +/- 11 mumol l-1 during passive leg movement (P < 0.05), whereas muscle interstitial NOx levels remained unchanged. The hyperaemic response to passive leg movement were correlated with the vasodilatation induced by ACh (r2= 0.704, P < 0.001) and with age (r2= 0.612, P < 0.001). Leg blood flow did not increase during passive leg movement in individuals with peripheral arterial disease. These results suggest that the hypaeremia induced by passive leg movement is NO dependent and that the source of NO is likely to be the endothelium. Passive leg movement could therefore be used as a non-invasive tool to evaluate NO dependent endothelial function of the lower limb. © 2012 The Authors. The Journal of Physiology © 2012 The Physiological Society.
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Prediction of fluid responsiveness by a continuous non-invasive assessment of arterial pressure in critically ill patients: Comparison with four other dynamic indices. 

Monnet X., Dres M., Ferre A., Le Teuff G., Jozwiak M., Bleibtreu A., Le Deley M.-C., Chemla D., Richard C., Teboul J.-L. 

British Journal of Anaesthesia. 109 (3) (pp 330-338), 2012. Date of Publication: September 2012. 

AN: 2012490736 

Background. We evaluated the ability of an infrared photoplethysmography arterial waveform (continuous non-invasive arterial pressure, CNAP) to estimate arterial pulse pressure variation (PPV). We compared the ability of non-invasive PPV to predict fluid responsiveness with invasive PPV, respiratory variation of pulse contour-derived stroke volume, and changes in cardiac index induced by passive leg raising (PLR) and end-expiratory occlusion (EEO) tests. Methods. We measured the responses of cardiac index (PiCCO) to 500 ml of saline in 47 critically ill patients with haemodynamic failure. Before fluid administration, we recorded non-invasive and invasive PPVs, stroke volume variation, and changes in cardiac index induced by PLR and by 15 s EEO. Logistic regressions were performed to investigate the advantage of combining invasive PPV, stroke volume variation, PLR, and EEO when predicting fluid responsiveness. Results. In eight patients, CNAP could not record arterial pressure. In the 39 remaining patients, fluid increased cardiac index by >15% in 17 'responders'. Considering the 195 pairs of measurements, the bias (sd) between invasive and non-invasive PPVs was -0.6 (2.3)%. The areas under the receiver operating characteristic (ROC) curves for predicting fluid responsiveness were 0.89 (95 confidence interval, 0.78-1.01) for non-invasive PPV compared with 0.89 (0.77-1.01), 0.84 (0.70-0.96), 0.95 (0.88-1.03), and 0.97 (0.91-1.03) for invasive pulse pressure, stroke volume variations, PLR, and EEO tests (no significant difference). Combining multiple tests did not significantly improve the area under the ROC curves. Conclusions. Non-invasive assessment of PPV seems valuable in predicting fluid responsiveness. © 2012 The Author. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
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19. 

The role of passive leg raising to predict fluid responsiveness in pediatric intensive care unit patients. 

Lukito V., Djer M.M., Pudjiadi A.H., Munasir Z. 

Pediatric Critical Care Medicine. 13 (3) (pp e155-e160), 2012. Date of Publication: May 2012. 

AN: 2012282829 

OBJECTIVE: Fluid challenge is often used to predict fluid responsiveness in critically ill patients. Inappropriate fluid expansion can lead to some unwanted side effects; therefore, we need a noninvasive predictive parameter to assess fluid responsiveness. We want to assess the hemodynamic parameter changes after passive leg raising, which can mimic fluid expansion, to predict fluid responsiveness in pediatric intensive care unit patients and to get a cutoff value of cardiac index in predicting fluid responsiveness in pediatric patients. DESIGN: Nonrandomized experimental study. SETTING: Tertiary academic pediatric intensive care. PATIENTS: Children admitted to pediatric intensive care. INTERVENTION: Hemodynamic parameters were assessed at baseline, after passive leg raising, at second baseline, and after volume expansion (10 mL/kg normal saline infusion over 15 mins). MEASUREMENTS AND MAIN RESULTS: We measured the heart rate, systolic blood pressure, and stroke volume and cardiac index using Doppler echocardiography. The hemodynamic parameter changes induced by passive leg raising were monitored. Among 40 patients included in the study, 20 patients had a cardiac index increase of >10% after volume expansion (responders). Changes in heart rate, systolic blood pressure, and stroke volume after passive leg raising did not significantly relate to the response to volume expansion. There was significant relation between changes in cardiac index to predict fluid responsiveness (p = .012, r = .22, 95% confidence interval 1.529 to 31.37). A cardiac index increase by >10% induced by passive leg raising predicted preload-dependent status with sensitivity of 55% and specificity of 85% (area under the curve 0.71 +/- 0.084, 95% confidence interval 0.546-0.874). CONCLUSION: The concomitant measurements in cardiac index changes after the passive leg raising maneuver can be helpful in predicting who might have an increase in cardiac index with subsequent fluid resuscitation. Copyright © 2012 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
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Central and peripheral hemodynamic responses to passive limb movement: The role of arousal. 

Venturelli M., Amann M., Mcdaniel J., Trinity J.D., Fjeldstad A.S., Richardson R.S. 

American Journal of Physiology - Heart and Circulatory Physiology. 302 (1) (pp H333-H339), 2012. Date of Publication: January 2012. 

AN: 2011707416 

The exact role of arousal in central and peripheral hemodynamic responses to passive limb movement in humans is unclear but has been proposed as a potential contributor. Thus, we used a human model with no lower limb afferent feedback to determine the role of arousal on the hemodynamic response to passive leg movement. In nine people with a spinal cord injury, we compared central and peripheral hemodynamic and ventilatory responses to one-leg passive knee extension with and without visual feedback (M+VF and M-VF, respectively) as well as in a third trial with no movement or visual feedback but the perception of movement (F). Ventilation (Ve), heart rate, stroke volume, cardiac output, mean arterial pressure, and leg blood flow (LBF) were evaluated during the three protocols. Ve increased rapidly from baseline in M+VF (55 +/- 11%), M-VF (63 +/- 13%), and F (48 +/- 12%) trials. Central hemodynamics (heart rate, stroke volume, cardiac output, and mean arterial pressure) were unchanged in all trials. LBF increased from baseline by 126 +/- 18 ml/min in the M+VF protocol and 109 +/- 23 ml/min in the M-VF protocol but was unchanged in the F protocol. Therefore, with the use of model that is devoid of afferent feedback from the legs, the results of this study reveal that, although arousal is invoked by passive movement or the thought of passive movement, as evidenced by the increase in Ve, there is no central or peripheral hemodynamic impact of this increased neural activity. Additionally, this study revealed that a central hemodynamic response is not an obligatory component of movement-induced LBF. © 2012 by the American Physiological Society.
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Passive leg-raising and end-expiratory occlusion tests perform better than pulse pressure variation in Patients with low respiratory system compliance. 

Monnet X., Bleibtreu A., Ferre A., Dres M., Gharbi R., Richard C., Teboul J.-L. 

Critical Care Medicine. 40 (1) (pp 152-157), 2012. Date of Publication: January 2012. 

AN: 2011702259 

Objectives: We tested whether the poor ability of pulse pressure variation to predict fluid responsiveness in cases of acute respiratory distress syndrome was related to low lung compliance. We also tested whether the changes in cardiac index induced by passive leg-raising and by an end-expiratory occlusion test were better than pulse pressure variation at predicting fluid responsiveness in acute respiratory distress syndrome Patients. Design: Prospective study. Setting: Medical intensive care unit. Patients: We included 54 Patients with circulatory shock (63 +/- 13 yrs; Simplified Acute Physiology Score II, 63 +/- 24). Twenty-seven Patients had acute respiratory distress syndrome (compliance of the respiratory system, 22 +/- 3 mL/cm H2O). In nonacute respiratory distress syndrome Patients, the compliance of the respiratory system was 45 +/- 9 mL/cm H2O. Measurements and Main Results: We measured the response of cardiac index (transpulmonary thermodilution) to fluid administration (500 mL saline). Before fluid administration, we recorded pulse pressure variation and the changes in pulse contour analysis-derived cardiac index induced by passive leg-raising and end-expiratory occlusion. Fluid increased cardiac index > 15% (44% +/- 39%) in 30 "responders." Pulse pressure variation was significantly correlated with compliance of the respiratory system (r = .58), but not with tidal volume. The higher the compliance of the respiratory system, the better the prediction of fluid responsiveness by pulse pressure variation. A compliance of the respiratory system of 30 mL/cm H2O was the best cut-off for discriminating Patients regarding the ability of pulse pressure variation to predict fluid responsiveness. If compliance of the respiratory system was >30 mL/cm H2O, then the area under the receiver-operating characteristics curve for predicting fluid responsiveness was not different for pulse pressure variation and the passive leg-raising and end-expiratory occlusion tests (0.98 +/- 0.03, 0.91 +/- 0.06, and 0.97 +/- 0.03, respectively). By contrast, if compliance of the respiratory system was <30 mL/cm H2O, then the area under the receiver-operating characteristics curve was significantly lower for pulse pressure variation than for the passive leg-raising and end-expiratory occlusion tests (0.69 +/- 0.10, 0.94 +/- 0.05, and 0.93 +/- 0.05, respectively). Conclusions: The ability of pulse pressure variation to predict fluid responsiveness was inversely related to compliance of the respiratory system. If compliance of the respiratory system was <30 mL/cm H2O, then pulse pressure variation became less accurate for predicting fluid responsiveness. However, the passive leg-raising and end-expiratory occlusion tests reMained valuable in such cases. © 2012 by the Society of Critical Care Medicine and Lippincott Williams & Wilkins.
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22. 

Predicting cardiac output responses to passive leg raising by a PEEP-induced increase in central venous pressure, in cardiac surgery patients. 

Geerts B.F., Aarts L.P.H.J., Groeneveld A.B., Jansen J.R.C. 

British Journal of Anaesthesia. 107 (2) (pp 150-156), 2011. Date of Publication: August 2011. 

AN: 2011397674 

Background Changes in central venous pressure (CVP) rather than absolute values may be used to guide fluid therapy in critically ill patients undergoing mechanical ventilation. We conducted a study comparing the changes in the CVP produced by an increase in PEEP and stroke volume variation (SVV) as indicators of fluid responsiveness. Fluid responsiveness was assessed by the changes in cardiac output (CO) produced by passive leg raising (PLR). Methods In 20 fully mechanically ventilated patients after cardiac surgery, PEEP was increased +10 cm H2O for 5 min followed by PLR. CVP, SVV, and thermodilution CO were measured before, during, and directly after the PEEP challenge and 30degree PLR. The CO increase >7 upon PLR was used to define responders. Results Twenty patients were included; of whom, 10 responded to PLR. The increase in CO by PLR directly related (r=0.77, P<0.001) to the increase in CVP by PEEP. PLR responsiveness was predicted by the PEEP-induced increase in CVP [area under receiver-operating characteristic (AUROC) curve 0.99, P<0.001] and by baseline SVV (AUROC 0.90, P=0.003). The AUROCs for dCVP and SVV did not differ significantly (P=0.299). Conclusions Our data in mechanically ventilated, cardiac surgery patients suggest that the newly defined parameter, PEEP-induced CVP changes, like SVV, appears to be a good parameter to predict fluid responsiveness. © The Author [2011].
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Passive leg raising can predict fluid responsiveness in patients placed on venovenous extracorporeal membrane oxygenation. 

Guinot P.-G., Zogheib E., Detave M., Moubarak M., Hubert V., Badoux L., Bernard E., Besserve P., Caus T., Dupont H. 

Critical Care. 15 (5) , 2011. Article Number: R216. Date of Publication: 18 Sep 2011. 

AN: 2011596470 

Introduction: In ICUs, fluid administration is frequently used to treat hypovolaemia. Because volume expansion (VE) can worsen acute respiratory distress syndrome (ARDS) and volume overload must be avoided, predictive indicators of fluid responsiveness are needed. The purpose of this study was to determine whether passive leg raising (PLR) can be used to predict fluid responsiveness in patients with ARDS treated with venovenous extracorporeal membrane oxygenation (ECMO).Methods: We carried out a prospective study in a university hospital surgical ICU. All patients with ARDS treated with venovenous ECMO and exhibiting clinical and laboratory signs of hypovolaemia were enrolled. We measured PLR-induced changes in stroke volume (DELTAPLRSV) and cardiac output (DELTAPLRCO) using transthoracic echocardiography. We also assessed PLR-induced changes in ECMO pump flow (DELTAPLRPO) and PLR-induced changes in ECMO pulse pressure (DELTAPLRPP) as predictors of fluid responsiveness. Responders were defined by an increase in stroke volume (SV) > 15% after VE.Results: Twenty-five measurements were obtained from seventeen patients. In 52% of the measurements (n = 13), SV increased by > 15% after VE (responders). The patients' clinical characteristics appeared to be similar between responders and nonresponders. In the responder group, PLR significantly increased SV, cardiac output and pump flow (P < 0.001). DELTAPLRSV values were correlated with VE-induced SV variations (r2 = 0.72, P = 0.0001). A 10% increased DELTAPLRSV predicted fluid responsiveness with an area under the receiver operating characteristic curve (AUC) of 0.88 +/- 0.07 (95% confidence interval (CI95): 0.69 to 0.97; P < 0.0001), 62% sensitivity and 92% specificity. On the basis of AUCs of 0.62 +/- 0.11 (CI95: 0.4 to 0.8; P = 0.31) and 0.53 +/- 0.12 (CI95: 0.32 to 0.73, P = 0.79), respectively, DELTAPLRPP and DELTAPLRPO did not predict fluid responsiveness.Conclusions: In patients treated with venovenous ECMO, a > 10% DELTAPLRSV may predict fluid responsiveness. DELTAPLRPP and DELTAPLRPO cannot predict fluid responsiveness. © 2011 Guinot et al.; licensee BioMed Central Ltd.
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Application of Nexfin noninvasive beat-to-beat arterial blood pressure monitoring in autonomic function testing. 

Sipkens L.M., Treskes K., Ariese-beldman K., Veerman D.P., Boer C. 

Blood Pressure Monitoring. 16 (5) (pp 246-251), 2011. Date of Publication: October 2011. 
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Objective: Evaluation of autonomic function responses is increasingly important for risk prediction and hemodynamic evaluation in the ambulant and perioperative setting, but requires a noninvasive arterial blood pressure measurement device. This study describes whether a novel noninvasive beat-to-beat arterial blood pressure measurement device (Nexfin HD) is able to reproducibly reflect autonomic function responses in healthy volunteers. Methods: Noninvasive beat-to-beat arterial blood pressure measurements (Nexfin HD) were performed in 20 healthy men of 22+/-3 years. Measurements were performed during supine steady state, controlled breathing (0.125 Hz), passive leg raising, a controlled Valsalva maneuver, and a quick stand test. Finally, relative changes in pulse pressure during autonomic function testing and the test-retest reproducibility were determined. Results: Autonomic function tests induced beat-to-beat arterial blood pressure changes that were accurately monitored by the Nexfin device. The intraclass correlation coefficients for systolic and diastolic arterial blood pressure measurements during supine steady state were agreeable [0.91 (0.82-0.96) and 0.84 (0.69-0.93), respectively]. The reproducibility of blood pressure changes during controlled breathing, passive leg raising, and Valsalva maneuver averaged 0.92 (0.82-0.96), 0.76 (0.50-0.90), and 0.94 (0.89-0.97), respectively. The reproducibility of the pulse pressure variation (PPV) as calculated from controlled breathing-induced changes in the arterial blood pressure (13+/-5%) was high [0.96 (0.93-0.98)]. Conclusion: This study shows that noninvasive beat-to-beat Nexfin HD arterial blood pressure measurements reproducibly reflect autonomic function responses in healthy volunteers. © 2011 Wolters Kluwer Health     Lippincott Williams & Wilkins.
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Norepinephrine increases cardiac preload and reduces preload dependency assessed by passive leg raising in septic shock patients. 

Monnet X., Jabot J., Maizel J., Richard C., Teboul J.-L. 

Critical Care Medicine. 39 (4) (pp 689-694), 2011. Date of Publication: April 2011. 
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Objective: To assess the effects of norepinephrine on cardiac preload, cardiac index, and preload dependency during septic shock. Design: Prospective interventional study. Setting: Medical Intensive Care Unit. Patients: We included 25 septic shock patients (62 +/- 13 yrs old, Simplified Acute Physiology Score II 53 +/- 12, lactate 3.5 +/- 2.1 mmol/L, all receiving norepinephrine at baseline at 0.24 [25%-75% interquartile range: 0.12-0.48] mug/kg/min) with a positive passive leg raising test (defined by an increase in cardiac index 10%) and a diastolic arterial pressure <40 mm Hg. Interventions: We performed a passive leg raising test (during 1 min) at baseline. Immediately after, we increased the dose of norepinephrine (to 0.48 [0.36-0.71] mug/kg/min) and, when the hemodynamic status was stabilized, we performed a second passive leg raising test (during 1 min). We finally infused 500 mL saline. Measurements and Main Results: Increasing the dose of norepinephrine significantly increased central venous pressure (+23% +/- 12%), left ventricular end-diastolic area (+9% +/- 6%), E mitral wave (+19% +/- 23%), and global end-diastolic volume (+9% +/- 6%). Simultaneously, cardiac index significantly increased by 11% +/- 7%, suggesting that norepinephrine had recruited some cardiac preload reserve. The second passive leg raising test increased cardiac index to a lesser extent than the baseline test (13% +/- 8% vs. + 19% +/- 6%, p < .05), suggesting that norepinephrine had decreased the degree of preload dependency. Volume infusion significantly increased cardiac index by 26% +/- 15%. However, cardiac index increased by <15% in four patients (fluid unresponsive patients) while the baseline passive leg raising test was positive in these patients. In three of these four patients, the second passive leg raising test was also negative, i.e., the second passive leg raising test (after norepinephrine increase) predicted fluid responsiveness with a sensitivity of 95 [76-99]% and a specificity of 100 [30-100]%. Conclusions: In septic patients with a positive passive leg raising test at baseline suggesting the presence of preload dependency, norepinephrine increased cardiac preload and cardiac index and reduced the degree of preload dependency. Copyright © 2011 by the Society of Critical Care Medicine and Lippincott Williams & Wilkins.
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Pleth variability index predicts fluid responsiveness in critically ill patients. 

Loupec T., Nanadoumgar H., Frasca D., Petitpas F., Laksiri L., Baudouin D., Debaene B., Dahyot-Fizelier C., Mimoz O. 

Critical Care Medicine. 39 (2) (pp 294-299), 2011. Date of Publication: February 2011. 
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Objective: To investigate whether the pleth variability index, a noninvasive and continuous tool, can predict fluid responsiveness in mechanically ventilated patients with circulatory insufficiency. Design: Prospective study. Setting: Surgical intensive care unit of a university hospital. Patients: Forty mechanically ventilated patients with circulatory insufficiency in whom volume expansion was planned by attending physician. Exclusion criteria included spontaneous respiratory activity, cardiac arrhythmia, known intracardiac shunt, severe hypoxemia (Pao2/Fio2 <100 mm Hg), contraindication for passive leg raising, left ventricular ejection fraction of <50%, and hemodynamic instability during the procedure. Interventions: Fluid challenge with 500 mL of 130/0.4 hydroxyethyl-starch if respiratory variations in arterial pulse pressure were a1 13% or with passive leg raising if variations in arterial pulse pressure were <13%. Measurements and Main Results: Pleth variability index, variations in arterial pulse pressure, and cardiac output estimated by echocardiography were recorded before and after fluid challenge. Fluid responsiveness was defined as an increase in cardiac output of a1 15%. Twenty-one patients were responders and 19 were nonresponders. Mean +/- sd pleth variability index (28% +/- 13% vs. 11% +/- 4%) and arterial pulse pressure variation (22% +/- 11% vs. 5% +/- 2%) values at baseline were significantly higher in responders than in nonresponders. The pleth variability index threshold value of 17% allowed discrimination between responders and nonresponders with a sensitivity of 95% (95% confidence interval, 74% to 100%) and a specificity of 91% (95% confidence interval, 70% to 99%). The pleth variability index at baseline correlated (r = .72, p < .0001) with the percentage change in cardiac output induced by fluid challenge, suggesting that a higher pleth variability index at baseline will correlate with a higher percentage change in cardiac output after volume expansion. Conclusions: The pleth variability index can predict fluid responsiveness noninvasively in intensive care unit patients under mechanical ventilation. © 2011 by the Society of Critical Care Medicine and Lippincott Williams & Wilkins.
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27. 

Impact of concomitant diabetes and chronic kidney disease on preload-induced changes in left ventricular diastolic filling in hypertensive patients. 

Iwashima Y., Horio T., Suzuki Y., Takagi T., Kamide K., Ohishi M., Ogihara T., Yoshikawa J., Kawano Y., Rakugi H. 

Journal of Hypertension. 29 (1) (pp 144-153), 2011. Date of Publication: January 2011. 

AN: 2011009750 

Objectives: Concomitant diabetes and/or chronic kidney disease (CKD) in hypertensive patients may portend additive deleterious effects on active left ventricular relaxation. We investigated the effect of a passive leg lifting (PLL) maneuver, a means of increasing preload, on left ventricular filling to assess the relationship of concomitant diabetes mellitus (DM) and/or CKD with diastolic function in hypertensive patients. Methods: A total of 155 asymptomatic essential hypertensive patients underwent Doppler echocardiography to compare the echocardiographic indices at baseline and during PLL. In 51 patients, the effect of physiological saline infusion was also examined. Results: The changes in echocardiographic indices, including deceleration time of early diastolic filling (EDT) and the ratio of transmitral early left ventricular filling velocity to early diastolic Doppler tissue imaging of the mitral annulus (E/E') by saline infusion showed a good correlation with those induced by PLL (Bland-Altman plot and linear regression). We next divided the total participants into four groups according to the presence/absence of diabetes and/or CKD [DM(-)/CKD(-); n = 48, DM(+)/CKD(-); n = 25, DM(-)/CKD(+); n = 43, and DM(+)/CKD(+); n = 39)] and found that the changes in EDT (F = 15.92, P < 0.01) as well as those in E/E' (F = 8.87, P < 0.01) were significantly different among the subgroups. Multiple logistic regression analysis revealed that these complications were independent predictors of EDT less than 150 ms [DM, odds ratio (OR): 2.82; CKD, OR: 2.18, P < 0.05, respectively] as well as E/E' ratio at least 15.0 during PLL (DM, OR: 4.78; CKD, OR: 3.32, P < 0.05, respectively). Conclusion: This simple preloading test unmasks latent progression of left ventricular dysfunction in essential hypertension; that is, these complications potentially cause deterioration of left ventricular compliance and preload reserve even in the early stages of diastolic dysfunction. © 2010 Wolters Kluwer Health     Lippincott Williams & Wilkins.
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28. 

Limb movement-induced hyperemia has a central hemodynamic component: Evidence from a neural blockade study. 

Trinity J.D., Amann M., McDaniel J., Fjeldstad A.S., Barrett-O'Keefe Z., Runnels S., Morgan D.E., Wray D.W., Richardson R.S. 

American Journal of Physiology - Heart and Circulatory Physiology. 299 (5) (pp H1693-H1700), 2010. Date of Publication: November 2010. 

AN: 2010622436 

The purpose of this investigation was to partially remove feedback from type III/IV skeletal muscle afferents and determine how this feedback influences the central and peripheral hemodynamic responses to passive leg movement. Heart rate (HR), stroke volume (SV), cardiac output (CO), mean arterial pressure, leg vascular conductance (LVC), and leg blood flow (LBF) were measured during 2 min of passive knee extension in eight young men before and after intrathecal fentanyl injection. Passive movement increased HR by 14 beats/min from baseline to maximal response during control (CON) (65 +/- 4 to 79 +/- 5 beats/min, P < 0.05), whereas HR did not significantly increase with the fentanyl block (BLK). LBF and LVC increased in both conditions; however, these increases were attenuated and delayed during BLK [%change from baseline to maximum, LBF: CON 295 +/- 109 vs. BLK 210 +/- 86%, (P < 0.05); LVC: CON 322 +/- 40% vs. BLK 231 +/- 32%, (P < 0.04)]. In CON, HR, SV, CO, and LVC increased contributing to the hyperemic response. However, under BLK conditions, statistically insignificant increases in HR and SV combined to yield a small, but significant, increase in CO and an attenuated hyperemic response. Therefore, partially blocking skeletal muscle afferent feedback blunts the central hemodynamic response due to passive limb movement, which then results in an attenuated and delayed movement-induced hyperemia. In combination, these findings provide evidence that limb movement-induced hyperemia has a significant central hemodynamic component induced by peripheral nerve activation. Copyright © 2010 the American Physiological Society.
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Passive leg raising is predictive of fluid responsiveness in spontaneously breathing patients with severe sepsis or acute pancreatitis. 

Preau S., Saulnier F., Dewavrin F., Durocher A., Chagnon J.-L. 

Critical Care Medicine. 38 (3) (pp 819-825), 2010. Date of Publication: March 2010. 

AN: 2010131069 

Objective: Rapid fluid loading is standard treatment for hypovolemia. Because volume expansion does not always improve hemodynamic status, predictive parameters of fluid responsiveness are needed. Passive leg raising is a reversible maneuver that mimics rapid volume expansion. Passive leg raising-induced changes in stroke volume and its surrogates are reliable predictive indices of volume expansion responsiveness for mechanically ventilated patients. We hypothesized that the hemodynamic response to passive leg raising indicates fluid responsiveness in nonintubated patients without mechanical ventilation. Design: Prospective study. Setting: Intensive care unit of a general hospital. Patients: We investigated consecutive nonintubated patients, without mechanical ventilation, considered for volume expansion. Interventions: We assessed hemodynamic status at baseline, after passive leg raising, and after volume expansion (500 mL 6% hydroxyethyl starch infusion over 30 mins). Measurements and Main Results: We measured stroke volume using transthoracic echocardiography, radial pulse pressure using an arterial catheter, and peak velocity of femoral artery flow using continuous Doppler. We calculated changes in stroke volume, pulse pressure, and velocity of femoral artery flow induced by passive leg raising (respectively, DELTAstroke volume, DELTApulse pressure, and DELTAvelocity of femoral artery flow). Among 34 patients included in this study, 14 had a stroke volume increase of >15% after volume expansion (responders). All patients included in the study had severe sepsis (n = 28; 82%) or acute pancreatitis (n = 6; 18%). The DELTAstroke volume >10% predicted fluid responsiveness with sensitivity of 86% and specificity of 90%. The DELTApulse pressure >9% predicted fluid responsiveness with sensitivity of 79% and specificity of 85%. The DELTAvelocity of femoral artery flow >8% predicted fluid responsiveness with sensitivity of 86% and specificity of 80%. Conclusions: Changes in stroke volume, radial pulse pressure, and peak velocity of femoral artery flow induced by passive leg raising are accurate and interchangeable indices for predicting fluid responsiveness in nonintubated patients with severe sepsis or acute pancreatitis. Copyright © 2010 by the Society of Critical Care Medicine and Lippincott Williams & Wilkins.
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Hemodynamic impact of a positive end-expiratory pressure setting in acute respiratory distress syndrome: Importance of the volume status. 

Fougeres E., Teboul J.-L., Richard C., Osman D., Chemla D., Monnet X. 

Critical Care Medicine. 38 (3) (pp 802-807), 2010. Date of Publication: March 2010. 

AN: 2010131067 

Objective: The hemodynamic impact of positive end-expiratory pressure in acute respiratory distress syndrome and the underlying mechanisms have not been extensively investigated during low stretch ventilation. Our aim was to evaluate the hemodynamic effect of increasing positive end-expiratory pressure when tidal volume and the plateau pressure are limited and to explore the underlying mechanisms. Design: Prospective study. Setting: Medical intensive care unit. Patients: Twenty-one acute respiratory distress syndrome patients ventilated with a tidal volume of 6.0 +/- 0.5 mL/kg of predicted body weight. Intervention: Positive end-expiratory pressure was significantly increased from 5 +/- 1 cm H2O to 13 +/- 4 cm H2O for reaching a plateau pressure of 30 +/- 1 cm H2O. At high positive end-expiratory pressure, passive leg raising was performed for increasing the central blood volume. Measurements: We performed echocardiography and pulmonary artery catheterization during positive end-expiratory pressure increase and during passive leg raising at high positive end-expiratory pressure. Main Results: With positive end-expiratory pressure elevation, the cardiac index decreased by 13% +/- 9%. The right ventricular end-diastolic area, right atrial pressure, and pulmonary vascular resistance increased by 13% +/- 20%, 34% +/- 24% and 32% +/- 31%, respectively (p <.01; p =.04; and p <.01 vs. baseline, respectively). The transpulmonary pressure difference (mean pulmonary artery pressure-pulmonary artery occlusion pressure) increased (p <.05). Both at low and high positive end-expiratory pressure, an acute cor pulmonale was observed in the same three (14%) patients. At high positive end-expiratory pressure, the passive leg raising significantly increased the right and left ventricular end-diastolic areas and right atrial pressure. Passive leg raising also decreased the transpulmonary pressure difference (p <.05), increased the cardiac index by 14% +/- 10%, and decreased the pulmonary vascular resistance by 21% +/- 20% (both p <.01 vs. baseline). Conclusions: In acute respiratory distress syndrome patients, a positive end-expiratory pressure increase with limited tidal volume and plateau pressure reduced cardiac output by increasing the right ventricular afterload. Passive leg raising restored cardiac output by reducing the transpulmonary pressure difference and the pulmonary vascular resistance. This suggests that some pulmonary microvessels were collapsed by positive end-expiratory pressure elevation and were recruited by increasing the central blood volume. Copyright © 2010 by the Society of Critical Care Medicine and Lippincott Williams & Wilkins.
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The passive leg-raising maneuver cannot accurately predict fluid responsiveness in patients with intra-abdominal hypertension. 

Mahjoub Y., Touzeau J., Airapetian N., Lorne E., Hijazi M., Zogheib E., Tinturier F., Slama M., Dupont H. 

Critical Care Medicine. 38 (9) (pp 1824-1829), 2010. Date of Publication: September 2010. 

AN: 2010474906 

Objectives: The passive leg-raising maneuver is a reversible fluid-loading procedure used to predict fluid responsiveness in mechanically ventilated patients. The aim of the present study was to determine whether intra-abdominal hypertension (which impairs venous return) reduces the ability of passive leg raising to detect fluid responsiveness in critically ill ventilated patients. Design: A prospective study. Setting: The medical and surgical intensive care unit of a university medical center. PATIENTS: Forty-one mechanically ventilated patients with a pulse pressure variation of >12%. Interventions: Stroke volume was continuously monitored by esophageal Doppler. Intra-abdominal pressure was measured via bladder pressure. After a passive leg-raising maneuver and a return to baseline, fluid loading with 500 mL of saline was performed. Hemodynamic parameters were recorded at each step. Nonresponders to volume loading were not analyzed (10 patients). Thirty-one patients were classified into two groups according to their response to passive leg raising: responders to passive leg raising (at least a 12% increase in stroke volume) and nonresponders to passive leg raising. MEASUREMENTS AND MAIN RESULTS: Sixteen patients (52%) were responders to passive leg raising, and 15 (48%) were nonresponders to passive leg raising (i.e., false negatives). At baseline, the median intra-abdominal pressure was significantly higher in the nonresponders to passive leg raising than in the responders to passive leg raising (20 [6.5] vs. 11.5 [5.5], respectively; p <.0001). The area under the receiver-operating characteristic curve was 0.969 +/- 0.033. An intra-abdominal pressure cutoff value of 16 mm Hg discriminated between responders to passive leg raising and nonresponders to passive leg raising with a sensitivity of 100% (confidence interval, 78-100) and a specificity of 87.5% (confidence interval, 61.6-98.1). An intra-abdominal pressure of >16 mm Hg was the only independent predictor of nonresponse to passive leg raising in a multivariate analysis (odds ratio, 2.6 [confidence interval, 1.1-6.6]; p =.04). Conclusions: An intra-abdominal pressure of >16 mm Hg seems to be responsible for false negatives to passive leg raising. Hence, the intra-abdominal pressure should be measured in critically ill ventilated patients, especially before performing passive leg raising. © 2010 by the Society of Critical Care Medicine and Lippincott Williams & Wilkins.

Institution

(Mahjoub, Touzeau, Airapetian, Hijazi, Zogheib, Tinturier, Dupont) Medical and Surgical Intensive Care Unit, Medical Intensive Care Unit, Amiens University Medical Center, Amiens, France   (Slama) Department of Anesthesia, Medical Intensive Care Unit, Amiens University Medical Center, Amiens, France

(Mahjoub, Lorne, Slama, Dupont) INSERM ERI-12, Jules Verne University of Picardie, Amiens, France

Publisher

Lippincott Williams and Wilkins (351 West Camden Street, Baltimore MD 21201-2436, United States)

<td colspan=""> 
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Tracking hypotension and dynamic changes in arterial blood pressure with brachial cuff measurements. 

Lakhal K., Ehrmann S., Runge I., Legras A., Dequin P.-F., Mercier E., Wolff M., Regnier B., Boulain T. 

Anesthesia and Analgesia. 109 (2) (pp 494-501), 2009. Date of Publication: August 2009. 
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BACKGROUND: Arterial cannulation is strongly recommended during shock. Nevertheless, this procedure is associated with significant risks and may delay other emergent procedures. We assessed the discriminative power of brachial cuff oscillometric noninvasive blood pressure (NIBP) for identifying patients with an invasive mean arterial blood pressure (MAP) below 65 mm Hg or increasing their invasive MAP after cardiovascular interventions. METHODS: This prospective study, conducted in three intensive care units, included adults in circulatory failure who underwent 45degree passive leg raising, 300 mL fluid loading, and additional 200 mL fluid loading. The collected data were four invasive and noninvasive MAP measurements at each study phase. RESULTS: Among 111 patients (50 septic, 15 cardiogenic, and 46 other source of shock), when averaging measurements of each study phase, NIBP measurements accurately predicted an invasive MAP lower than 65 mm Hg: area under the receiver operating characteristic curve 0.90 (95% CI: 0.71-1), positive and negative likelihood ratios 7.7 (95% CI: 5.4-11) and 0.31 (95% CI: 0.22-0.44) (cutoff 65 mm Hg).For identifying patients increasing their invasive MAP by more than 10%, the area under the receiver operating characteristic curve was 0.95 (95% CI: 0.92-0.96); positive and negative likelihood ratios (cutoff 10%) were 25.7 (95% CI: 10.8-61.4) and 0.26 (95% CI: 0.2-0.34). CONCLUSIONS: NIBP measurements have a good discriminative power for identifying hypotensive patients and performed even better in tracking MAP changes, provided that one averages four NIBP measurements. Copyright © 2009 International Anesthesia Research Society.
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The effects of passive leg raising on arterial wave reflection in healthy adults. 

Kamran H., Salciccioli L., Gusenburg J., Kazmi H., Eun H.K., Qureshi G., Lazar J.M. 

Blood Pressure Monitoring. 14 (5) (pp 202-207), 2009. Date of Publication: October 2009. 
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BACKGROUND: Passive leg raising (PLR) produces hemodynamic and physiological changes related to centralizing blood volume and baroreceptor activation. METHODS/RESULTS: To evaluate the effects of PLR on central hemodynamics, we prospectively studied 50 healthy participants (80% male, age 37+/-12 years). Central aortic blood pressures (CA-BPs) and reflected wave properties were evaluated using applanation tonometry at baseline and upon 1 min of PLR. Heart rate (HR) was unchanged. Brachial artery (BA)-systolic BP, BA-diastolic BP, and BA-pulse pressure (PP) all decreased from baseline to PLR. Changes in BA-PP were significantly greater than changes in CA-PP. Reflected wave augmentation pressure (Ps-Pi), HR corrected augmentation index (AIx@75), and augmentation index decreased significantly [(Ps-Pi): 5+/-6 vs. 4+/-5, P<0.001; AIx@75%: 10+/-13 vs. 7+/-12, P = 0.004; AI%: 14+/-12 vs. 12+/-12, P = 0.014, respectively]. HR corrected ejection duration (EDc), round trip travel time (DELTAtp), and reflected wave systolic duration (DELTAtr) all increased upon PLR [EDc: 433+/-15 vs. 444+/-17, P<0.001; DELTAtp: 149+/-18 vs. 156+/-20, P = 0.003; DELTAtr: 174+/-33 vs. 179+/-32, P = 0.046, respectively]. Indices of left ventricular (LV) workload including wasted LV energy and tension-time index decreased upon PLR. CONCLUSION: PLR decreases the amplitude and delays the onset of the reflected aortic pressure wave. This decreases wasted LV pressure energy and workload. © 2009 Lippincott Williams & Wilkins, Inc.
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Predicting volume responsiveness by using the end-expiratory occlusion in mechanically ventilated intensive care unit patients. 

Monnet X., Osman D., Ridel C., Lamia B., Richard C., Teboul J.-L. 

Critical Care Medicine. 37 (3) (pp 951-956), 2009. Date of Publication: March 2009. 
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OBJECTIVE:: During mechanical ventilation, inspiration cyclically decreases the left cardiac preload. Thus, an end-expiratory occlusion may prevent the cyclic impediment in left cardiac preload and may act like a fluid challenge. We tested whether this could serve as a functional test for fluid responsiveness in patients with circulatory failure. DESIGN:: Prospective study. SETTING:: Medical intensive care unit. PATIENTS:: Thirty-four mechanically ventilated patients with shock in whom volume expansion was planned. INTERVENTION:: A 15-second end-expiratory occlusion followed by a 500 mL saline infusion. MEASUREMENTS:: Arterial pressure and pulse contour-derived cardiac index (PiCCOplus) at baseline, during passive leg raising (PLR), during the 5-last seconds of the end-expiratory occlusion, and after volume expansion. MAIN RESULTS:: Volume expansion increased cardiac index by >15% (2.4 +/- 1.0 to 3.3 +/- 1.2 L/min/m, p < 0.05) in 23 patients("responders") . Before volume expansion, the end-expiratory occlusion significantly increased arterial pulse pressure by 15% +/- 15% and cardiac index by 12% +/- 11% in responders whereas arterial pulse pressure and cardiac index did not change significantly in nonresponders. Fluid responsiveness was predicted by an increase in pulse pressure >5% during the end-expiratory occlusion with a sensitivity and a specificity of 87% and 100%, respectively, and by an increase in cardiac index >5% during the end-expiratory occlusion with a sensitivity and a specificity of 91% and 100%, respectively. The response of pulse pressure and cardiac index to the end-expiratory occlusion predicted fluid responsiveness with an accuracy that was similar to the response of cardiac index to PLR and that was significantly better than the response of pulse pressure to PLR (receiver operating characteristic curves area 0.957 [95% confidence interval {CI:} 0.825-0.994], 0.972 [95% CI: 0.849-0.995], 0.937 [95% CI: 0.797-0.990], and 0.675 [95% CI: 0.497-0.829], respectively). CONCLUSIONS:: The hemodynamic response to an end-expiratory occlusion can predict volume responsiveness in mechanically ventilated patients. © 2009 by the Society of Critical Care Medicine and Lippincott Williams & Wilkins.
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Non-invasive stroke volume measurement and passive leg raising predict volume responsiveness in medical ICU patients: An observational cohort study. 

Thiel S.W., Kollef M.H., Isakow W. 

Critical Care. 13 (4) , 2009. Article Number: R111. Date of Publication: 08 Jul 2009. 
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Introduction: The assessment of volume responsiveness and the decision to administer a fluid bolus is a common dilemma facing physicians caring for critically ill patients. Static markers of cardiac preload are poor predictors of volume responsiveness, and dynamic markers are often limited by the presence of spontaneous respirations or cardiac arrhythmias. Passive leg raising (PLR) represents an endogenous volume challenge that can be used to predict fluid responsiveness. Methods: Medical intensive care unit (ICU) patients requiring volume expansion were eligible for enrollment. Non-invasive measurements of stroke volume (SV) were obtained before and during PLR using a transthoracic Doppler ultrasound device prior to volume expansion. Measurements were then repeated following volume challenge to classify patients as either volume responders or non-responders based on their hemodynamic response to volume expansion. The change in SV from baseline during PLR was then compared with the change in SV with volume expansion to determine the ability of PLR in conjunction with SV measurement to predict volume responsiveness. Results: A total of 102 fluid challenges in 89 patients were evaluated. In 47 of the 102 fluid challenges (46.1%), SV increased by >15% after volume infusion (responders). A SV increase induced by PLR of >15% predicted volume responsiveness with a sensitivity of 81%, specificity of 93%, positive predictive value of 91% and negative predictive value of 85%. Conclusions: Non-invasive SV measurement and PLR can predict fluid responsiveness in a broad population of medical ICU patients. Less than 50% of ICU patients given fluid boluses were volume responsive. © 2009 Thiel et al.; licensee BioMed Central Ltd.
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Prediction of volume responsiveness in critically ill patients with spontaneous breathing activity. 

Teboul J.-L., Monnet X. 

Current Opinion in Critical Care. 14 (3) (pp 334-339), 2008. Date of Publication: June 2008. 
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PURPOSE OF REVIEW: Predicting volume responsiveness in patients with spontaneous breathing activity is a difficult challenge in the emergency room as well as in the intensive care unit because heart-lung interactions indices cannot be reliably used as they can be in mechanically ventilated patients fully adapted to their ventilator. The aim of this review is to summarize the different tools that have been proposed to predict the hemodynamic response to fluid infusion in the presence of spontaneous breathing activity. RECENT FINDINGS: Clinical studies recently demonstrated that neither indicators of cardiac preload (filling pressures and end-diastolic ventricular dimensions) nor arterial pulse pressure respiratory variation was an accurate predictor of volume responsiveness in patients with spontaneous breathing activity with or without mechanical support. In contrast, performing a passive leg-raising test has been proved as valuable for this purpose. SUMMARY: The passive leg-raising test is the only method that has been repeatedly shown to be reliable for predicting volume responsiveness in patients who experience spontaneous breathing. The appropriate utilization of this test requires a real-time assessment of its effects on systemic blood flow. © 2008 Lippincott Williams & Wilkins, Inc.
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Ability of pleth variability index to detect hemodynamic changes induced by passive leg raising in spontaneously breathing volunteers. 
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Introduction: Pleth Variability Index (PVI) is a new algorithm that allows continuous and automatic estimation of respiratory variations in the pulse oximeter waveform amplitude. Our aim was to test its ability to detect changes in preload induced by passive leg raising (PLR) in spontaneously breathing volunteers. Methods: We conducted a prospective observational study. Twenty-five spontaneously breathing volunteers were enrolled. PVI, heart rate and noninvasive arterial pressure were recorded. Cardiac output was assessed using transthoracic echocardiography. Volunteers were studied in three successive positions: baseline (semirecumbent position); after PLR of 45degree with the trunk lowered in the supine position; and back in the semirecubent position. Results: We observed significant changes in cardiac output and PVI during changes in body position. In particular, PVI decreased significantly from baseline to PLR (from 21.5 +/- 8.0% to 18.3 +/- 9.4%; P < 0.05) and increased significantly from PLR to the semirecumbent position (from 18.3 +/- 9.4% to 25.4 +/- 10.6 %; P < 0.05). A threshold PVI value above 19% was a weak but significant predictor of response to PLR (sensitivity 82%, specificity 57%, area under the receiver operating characteristic curve 0.734 +/- 0.101). Conclusion: PVI can detect haemodynamic changes induced by PLR in spontaneously breathing volunteers. However, we found that PVI was a weak predictor of fluid responsiveness in this setting. © 2008 Keller et al.; licensee BioMed Central Ltd.
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Passive leg movement enhances interstitial VEGF protein, endothelial cell proliferation, and eNOS mRNA content in human skeletal muscle. 
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The present study used passive limb movement as an experimental model to study the effect of increased blood flow and passive stretch, without enhanced metabolic demand, in young healthy male subjects. The model used was 90 min of passive movement of the leg leading to a 2.8-fold increase (P < 0.05) in blood flow without a significant enhancement in oxygen uptake. Muscle interstitial fluid was sampled with microdialysis technique and analyzed for vascular endothelial growth factor (VEGF) protein and for the effect on endothelial cell proliferation. Biopsies obtained from the musculus vastus lateralis were analyzed for mRNA content of VEGF, endothelial nitric oxide synthase (eNOS), and matrix metalloproteinase-2 (MMP-2). The passive leg movement caused an increase (P < 0.05) in interstitial VEGF protein concentration above rest (73 +/- 21 vs. 344 +/- 83 pg/ml). Addition of muscle dialysate to cultured endothelial cells revealed that dialysate obtained during leg movement induced a 3.2-fold higher proliferation rate (P < 0.05) than dialysate obtained at rest. Passive movement also enhanced (P < 0.05) the eNOS mRNA level fourfold above resting levels. VEGF mRNA and MMP-2 mRNA levels were unaffected. The results show that a session of passive leg movement, elevating blood flow and causing passive stretch, augments the interstitial concentrations of VEGF, the proliferative effect of interstitial fluid, and eNOS mRNA content in muscle tissue. We propose that enhanced blood flow and passive stretch are positive physiological stimulators of factors associated with capillary growth in human muscle. Copyright © 2008 the American Physiological Society.
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Volume responsiveness. 

Monnet X., Teboul J.-L. 

Current Opinion in Critical Care. 13 (5) (pp 549-553), 2007. Date of Publication: October 2007. 

AN: 2007433557 

PURPOSE OF REVIEW: In the ICU only half of the patients are volume responsive - that is, they respond to fluid administration by increasing their cardiac output. We aim to summarize the methods available for predicting volume responsiveness, focusing on recent findings in patients with spontaneous breathing activity. RECENT FINDINGS: New information mainly comes from studies that have attempted to find accurate predictors of volume responsiveness in cases of spontaneous breathing activity when heart-lung interaction indices cannot be reliably used. Passive leg raising has emerged as a reliable test for this purpose. The hemodynamic response to this maneuver, which induces a transient increase in cardiac preload, has been shown to provide a robust prediction of volume responsiveness. Assessment of the effects of passive leg raising requires real-time measurement of cardiac output/stroke volume or their surrogates. SUMMARY: Predicting the hemodynamic response to fluid administration in patients with acute circulatory failure is of major importance and numerous methods are now available. While the respiratory variations of stroke volume (or its surrogates) can be used in patients fully adapted to their ventilator, the passive leg-raising test has become a reliable predictive method in patients with spontaneous breathing activity. © 2007 Lippincott Williams & Wilkins, Inc.
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Left ventricular performance and dimensions in patients with severe emphysema. 

Jorgensen K., Houltz E., Westfelt U., Ricksten S.-E. 

Anesthesia and Analgesia. 104 (4) (pp 887-892), 2007. Date of Publication: April 2007. 
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BACKGROUND: Concomitant heart dysfunction during the course of chronic obstructive pulmonary disease is well recognized. The prevailing view is that mainly the right side of the heart is involved. We evaluated left ventricular (LV) function and dimensions in patients with severe emphysema. METHODS: Patients with severe emphysema undergoing lung volume reduction surgery were studied after anesthesia induction (n = 10). Non-emphysematous patients scheduled for lobectomy served as controls (n = 10). LV dimensions were measured with patients in the supine position by transesophageal two-dimensional echocardiography and systemic hemodynamics by a pulmonary artery thermodilution catheter, before and during central blood volume expansion by passive leg elevation. RESULTS: Baseline cardiac index (-25%), stroke volume index (SVI, -32%) stroke work index (-34%) and LV end-diastolic area index (EDAI, -33%) were significantly (P < 0.001) lower in the emphysema group. Passive leg elevation increased SVI and LV area ejection fraction more in the emphysema group than in controls (P < 0.05). The DELTASVI/DELTA pulmonary capillary wedge pressure and the DELTASVI/DELTAEDAI relationships were significantly (P < 0.05) higher in the emphysema group compared to controls (2.2 +/- 0.71 vs 0.6 +/- 0.2 mL/mm Hg x m and 5.8 +/- 0.89 vs 2.8 +/- 0.8 mL/cm x m, respectively). Preload-recruitable stroke work (DELTAstroke work index/DELTAEDAI), a load-independent index of systolic LV function, did not differ between the two groups. CONCLUSION: The LV in patients with severe emphysema is hypovolemic, and operates on a steeper portion of the LV function curve, while indices of systolic function are not significantly impaired compared to non-emphysematous controls. © 2007 by International Anesthesia Research Society.

Institution

(Jorgensen, Houltz, Westfelt, Ricksten) Department of Cardiothoracic Anesthesia and Intensive Care, Sahlgrenska University Hospital, Gothenburg, Sweden   (Ricksten) Department of Cardiothoracic Anesthesia and Intensive Care, Sahlgrenska University Hospital, S-413 45 Gothenburg, Sweden

Publisher

Lippincott Williams and Wilkins

<td colspan=""> 
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Changes in aortic blood flow induced by passive leg raising predict fluid responsiveness in critically ill patients. 

Lafanechere A., Pene F., Goulenok C., Delahaye A., Mallet V., Choukroun G., Chiche J.-D., Mira J.-P., Cariou A. 

Critical Care. 10 (5) , 2006. Article Number: R32. Date of Publication: 13 Sep 2006. 

AN: 2007354400 

Introduction: Esophageal Doppler provides a continuous and non-invasive estimate of descending aortic blood flow (ABF) and corrected left ventricular ejection time (LVETc). Considering passive leg raising (PLR) as a reversible volume expansion (VE), we compared the relative abilities of PLR-induced ABF variations, LVETc and respiratory pulsed pressure variations (DELTAPP) to predict fluid responsiveness. Methods: We studied 22 critically ill patients in acute circulatory failure in the supine position, during PLR, back to the supine position and after two consecutive VEs of 250 ml of saline. Responders were defined by an increase in ABF induced by 500 ml VE of more than 15%. Results: Ten patients were responders and 12 were non-responders. In responders, the increase in ABF induced by PLR was similar to that induced by a 250 ml VE (16% versus 20%; p = 0.15). A PLR-induced increase in ABF of more than 8% predicted fluid responsiveness with a sensitivity of 90% and a specificity of 83%. Corresponding positive and negative predictive values (PPV and NPV, respectively) were 82% and 91%, respectively. A DELTAPP threshold value of 12% predicted fluid responsiveness with a sensitivity of 70% and a specificity of 92%. Corresponding PPV and NPV were 87% and 78%, respectively. A LVETc of 245 ms or less predicted fluid responsiveness with a sensitivity of 70%, and a specificity of 67%. Corresponding PPV and NPV were 60% and 66%, respectively. Conclusion: The PLR-induced increase in ABF and a DELTAPP of more than 12% offer similar predictive values in predicting fluid responsiveness. An isolated basal LVETc value is not a reliable criterion for predicting response to fluid loading. © 2006 Lafanechere et al.; licensee BioMed Central Ltd.
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Prediction of fluid responsiveness using respiratory variations in left ventricular stroke area by transoesophageal echocardiographic automated border detection in mechanically ventilated patients. 

Cannesson M., Slieker J., Desebbe O., Farhat F., Bastien O., Lehot J.-J. 

Critical Care. 10  , 2006. Article Number: R171. Date of Publication: 2006. 

AN: 2007076694 

Background: Left ventricular stroke area by transoesophageal echocardiographic automated border detection has been shown to be strongly correlated to left ventricular stroke volume. Respiratory variations in left ventricular stroke volume or its surrogates are good predictors of fluid responsiveness in mechanically ventilated patients. We hypothesised that respiratory variations in left ventricular stroke area (DELTASA) can predict fluid responsiveness. Methods: Eighteen me chanically ventilated patients undergoing coronary artery bypass grafting were studied immediately after induction of anaesthesia. Stroke area was measured on a beat-to-beat basis using transoesophageal echocardiographic automated border detection. Haemodynamic and echocardiographic data were measured at baseline and after volume expansion induced by a passive leg raising manoeuvre. Responders to passive leg raising manoeuvre were defined as patients presenting a more than 15% increase in cardiac output. Results: Cardiac output increased significantly in response to volume expansion induced by passive leg raising (from 2.16 +/- 0.79 litres per minute to 2.78 +/- 1.08 litres per minute; p < 0.01). DELTASA decreased significantly in response to volume expansion (from 17% +/- 7% to 8% +/- 6%; p < 0.01). DELTASA was higher in responders than in non-responders (20% +/- 5% versus 10% +/- 5%; p < 0.01). A cutoff DELTASA value of 16% allowed fluid responsiveness prediction with a sensitivity of 92% and a specificity of 83%. DELTASA at baseline was related to the percentage increase in cardiac output in response to volume expansion (r = 0.53, p < 0.01). Conclusion: DELTASA by transoesophageal echocardiographic automated border detection is sensitive to changes in preload, can predict fluid responsiveness, and can quantify the effects of volume expansion on cardiac output. It has potential clinical applications. © 2006 Cannesson et al.; licensee BioMed Central Ltd.
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Invasive measures of left ventricular preload. 

Monnet X., Teboul J.-L. 

Current Opinion in Critical Care. 12 (3) (pp 235-240), 2006. Date of Publication: June 2006. 

AN: 2006442625 

PURPOSE OF REVIEW: Cardiac preload is frequently altered during hemodynamic failure and is a major focus of therapeutic management. The aim of this review was to summarize the invasive indicators of preload and the invasive predictors of preload responsiveness. RECENT FINDINGS: The static assessment of preload is based on the measurement of pulmonary artery occlusion pressure, which is still considered a gold standard. The reliability of the transpulmonary dilution method for bedside monitoring of cardiac volumes and preload has been clearly documented. Nonetheless, a number of recent studies have emphasized the poor value of static markers of preload for predicting a positive response to fluid therapy in comparison to 'dynamic' or 'functional' indices. Among them, the respiratory variation of arterial pulse pressure has been confirmed by numerous studies as an excellent indicator of volume responsiveness. The limitations for using these dynamic parameters have recently been emphasized so that alternative methods, such as passive leg raising or the respiratory systolic variation test, have been developed. SUMMARY: The best prediction of the hemodynamic response to fluid therapy is afforded by functional evaluation of preload responsiveness rather than by static markers of preload. © 2006 Lippincott Williams & Wilkins.
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Passive leg raising predicts fluid responsiveness in the critically ill. 

Monnet X., Rienzo M., Osman D., Anguel N., Richard C., Pinsky M.R., Teboul J.-L. 

Critical Care Medicine. 34 (5) (pp 1402-1407), 2006. Date of Publication: May 2006. 

AN: 2006241379 

Objective: Passive leg raising (PLR) represents a "self-volume challenge" that could predict fluid response and might be useful when the respiratory variation of stroke volume cannot be used for that purpose. We hypothesized that the hemodynamic response to PLR predicts fluid responsiveness in mechanically ventilated patients. Design: Prospective study. Setting: Medical intensive care unit of a university hospital. Patients: We investigated 71 mechanically ventilated patients considered for volume expansion. Thirty-one patients had spontaneous breathing activity and/or arrhythmias. Interventions: We assessed hemodynamic status at baseline, after PLR, and after volume expansion (500 mL NaCl 0.9% infusion over 10 mins). Measurements and Main Results: We recorded aortic blood flow using esophageal Doppler and arterial pulse pressure. We calculated the respiratory variation of pulse pressure in patients without arrhythmias. In 37 patients (responders), aortic blood flow increased by >15% after fluid infusion. A PLR increase of aortic blood flow >10% predicted fluid responsiveness with a sensitivity of 97% and a specificity of 94%. A PLR increase of pulse pressure a 12% predicted volume responsiveness with significantly lower sensitivity (60%) and specificity (85%). In 30 patients without arrhythmias or spontaneous breathing, a respiratory variation in pulse pressure >12% was of similar predictive value as was PLR increases in aortic blood flow (sensitivity of 88% and specificity of 93%). In patients with spontaneous breathing activity, the specificity of respiratory variations in pulse pressure was poor (46%). Conclusions: The changes in aortic blood flow induced by PLR predict preload responsiveness in ventilated patients, whereas with arrhythmias and spontaneous breathing activity, respiratory variations of arterial pulse pressure poorly predict preload responsiveness. Copyright © 2006 by the Society of Critical Care Medicine and Lippincott Williams & Wilkins.
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Functional hemodynamic monitoring. 

Pinsky M.R., Payen D. 

Critical Care. 9 (6) (pp 566-572), 2005. Date of Publication: 22 Nov 2005. 

AN: 2007569366 

Hemodynamic monitoring is a central component of intensive care. Patterns of hemodynamic variables often suggest cardiogenic, hypovolemic, obstructive, or distributive (septic) etiologies to cardiovascular insufficiency, thus defining the specific treatments required. Monitoring increases in invasiveness, as required, as the risk for cardiovascular instability-induced morbidity increases because of the need to define more accurately the diagnosis and monitor the response to therapy. Monitoring is also context specific: requirements during cardiac surgery will be different from those in the intensive care unit or emergency department. Solitary hemodynamic values are useful as threshold monitors (e.g. hypotension is always pathological, central venous pressure is only elevated in disease). Some hemodynamic values can only be interpreted relative to metabolic demand, whereas others have multiple meanings. Functional hemodynamic monitoring implies a therapeutic application, independent of diagnosis such as a therapeutic trial of fluid challenge to assess preload responsiveness. Newer methods for assessing preload responsiveness include monitoring changes in central venous pressure during spontaneous inspiration, and variations in arterial pulse pressure, systolic pressure, and aortic flow variation in response to vena caval collapse during positive pressure ventilation or passive leg raising. Defining preload responsiveness using these functional measures, coupled to treatment protocols, can improve outcome from critical illness. Potentially, as these and newer, less invasive hemodynamic measures are validated, they could be incorporated into such protocolized care in a cost-effective manner. © 2005 BioMed Central Ltd.
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Functional hemodynamic monitoring. 

Pinsky M.R., Payen D. 

Critical Care. 9 (6) (pp 566-572), 2005. Date of Publication: December 2005. 
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Hemodynamic monitoring is a central component of intensive care. Patterns of hemodynamic variables often suggest cardiogenic, hypovolemic, obstructive, or distributive (septic) etiologies to cardiovascular insufficiency, thus defining the specific treatments required. Monitoring increases in invasiveness, as required, as the risk for cardiovascular instability-induced morbidity increases because of the need to define more accurately the diagnosis and monitor the response to therapy. Monitoring is also context specific: requirements during cardiac surgery will be different from those in the intensive care unit or emergency department. Solitary hemodynamic values are useful as threshold monitors (e.g. hypotension is always pathological, central venous pressure is only elevated in disease). Some hemodynamic values can only be interpreted relative to metabolic demand, whereas others have multiple meanings. Functional hemodynamic monitoring implies a therapeutic application, independent of diagnosis such as a therapeutic trial of fluid challenge to assess preload responsiveness. Newer methods for assessing preload responsiveness include monitoring changes in central venous pressure during spontaneous inspiration, and variations in arterial pulse pressure, systolic pressure, and aortic flow variation in response to vena caval collapse during positive pressure ventilation or passive leg raising. Defining preload responsiveness using these functional measures, coupled to treatment protocols, can improve outcome from critical illness. Potentially, as these and newer, less invasive hemodynamic measures are validated, they could be incorporated into such protocolized care in a cost-effective manner. © 2005 BioMed Central Ltd.
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Muscle oxygenation of the paralyzed lower limb in spinal cord-injured persons. 

Kawashima N., Nakazawa K., Akai M. 

Medicine and Science in Sports and Exercise. 37 (6) (pp 915-921), 2005. Date of Publication: June 2005. 
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Purpose: Even in the paralyzed lower limb muscle, EMG activity can be induced by imposing passive leg movement in standing posture in persons with spinal cord injury (SCI). The purpose of the present study was to ascertain whether the oxygenation level of the paralyzed lower limb muscle covaried with the muscle EMG activity during imposed passive leg movement. Methods: Six motor-complete SCI subjects and four neurologically normal controls were placed on a gait-training apparatus that enabled the SCI subjects to stand and move their legs passively. After a 1-min resting stage, consecutive passive alternate leg movements were performed at different frequencies (0.8, 1, 1.2, and 1 Hz, for 3 min at each stage). To obtain postexercise data, subjects were kept in a standing posture for 5 min after passive movement ceased. The EMG activity and concentration changes in the oxygenated (oxy-) and deoxygenated hemoglobin (Hb) (deoxy-Hb) were continuously measured using near-infrared spectroscopy (NIRS) from the gastrocnemius muscle. Results: In all SCI subjects, muscle EMG activity was observed during passive leg movement. The oxy-Hb level gradually increased, whereas the deoxy-Hb decreased, and these changes were independent of the total Hb changes. In the recovery stage, the total Hb level was found to exceed the preexercise level. In contrast to the SCI patients, the normal subjects showed neither EMG activity nor changes in oxy- or deoxy-Hb. Conclusion: The present results demonstrate that passive leg movement can induce not only muscular activity but also alteration of muscle oxygenation level in the paralyzed lower leg. Particularly, induced muscular activity seems to correlate with increased perfusion of the muscle. Copyright © 2005 by the American College of Sports Medicine.
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Alternate leg movement amplifies locomotor-like muscle activity in spinal cord injured persons. 

Kawashima N., Nozaki D., Abe M.O., Akai M., Nakazawa K. 
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It is now well recognized that muscle activity can be induced even in the paralyzed lower limb muscles of persons with spinal cord injury (SCI) by imposing locomotion-like movements on both of their legs. Although the significant role of the afferent input related to hip joint movement and body load has been emphasized considerably in previous studies, the contribution of the "alternate" leg movement pattern has not been fully investigated. This study was designed to investigate to what extent the alternate leg movement influenced this "locomotor-like" muscle activity. The knee-locked leg swing movement was imposed on 10 complete SCI subjects using a gait training apparatus. The following three different experimental conditions were adopted: 1) bilateral alternate leg movement, 2) unilateral leg movement, and 3) bilateral synchronous (in-phase) leg movement. In all experimental conditions, the passive leg movement induced EMG activity in the soleus and medial head of the gastrocnemius muscles in all SCI subjects and in the biceps femoris muscle in 8 of 10 SCI subjects. On the other hand, the EMG activity was not observed in the tibialis anterior and rectus femoris muscles. The EMG level of these activated muscles, as quantified by integrating the rectified EMG activity recorded from the right leg, was significantly larger for bilateral alternate leg movement than for unilateral and bilateral synchronous movements, although the right hip and ankle joint movements were identical in all experimental conditions. In addition, the difference in the pattern of the load applied to the leg among conditions was unable to explain the enhancement of EMG activity in the bilateral alternate leg movement condition. These results suggest that the sensory information generated by alternate leg movements plays a substantial role in amplifying the induced locomotor-like muscle activity in the lower limbs.
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Respiratory response to passive limb movement is suppressed by a cognitive task. 

Bell H.J., Duffin J. 
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Feedback from muscles stimulates ventilation at the onset of passive movement. We hypothesized that central neural activity via a cognitive task source would interact with afferent feedback, and we tested this hypothesis by examining the fast changes in ventilation at the transition from rest to passive leg movement, under two conditions: 1) no task and 2) solving a computer-based puzzle. Resting breathing was greater in condition 2 than in condition 1, evidenced by an increase in mean +/- SE breathing frequency (18.2 +/- 1.1 vs. 15.0 +/- 1.2 breaths/min, P = 0.004) and ventilation (10.93 +/- 1.16 vs. 9.11 +/- 1.17 l/min, P < 0.001). In condition 1, the onset of passive movement produced a fast increase in mean +/- SE breathing frequency (change of 2.9 +/- 0.4 breaths/min, P < 0.001), tidal volume (change of 233 +/- 95 ml, P < 0.001), and ventilation (change of 6.00 +/- 1.76 l/min, P < 0.001). However, in condition 2, the onset of passive movement only produced a fast increase in mean +/- SE breathing frequency (change of 1.3 +/- 0.4 breaths/min, P = 0.045), significantly smaller than in condition 1 (P = 0.007). These findings provide evidence for an interaction between central neural cognitive activity and the afferent feedback mechanism, and we conclude that the performance of a cognitive task suppresses the respiratory response to passive movement.
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Influence of passive leg elevation on the right ventricular function in anaesthetized coronary patients. 

Bertolissi M., Da Broi U., Soldano F., Bassi F. 

Critical Care. 7 (2) (pp 164-170), 2003. Date of Publication: April 2003. 
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Introduction: The aim of the present study was to evaluate the haemodynamic effects of passive leg elevation on the right ventricular function in two groups of patients, one with a normal right ventricular ejection fraction (RVEF) and one with a reduced RVEF. Methods: Twenty coronary patients undergoing elective coronary artery bypass grafting surgery were studied by a RVEF pulmonary artery catheter. The haemodynamic data reported were collected before the induction of anaesthesia (time point 1), just before (time point 2) and 1 min (time point 3) after the legs were simultaneously raised at 60degree, and 1 min after the legs were lowered (time point 4). The patients were divided into two groups: group A, with preinduction RVEF > 45%; and group B, with preinduction RVEF < 40%. Results: In group A (n=10), at time point 3 compared with time point 2, the heart rate significantly decreased (from 75+/-10 to 66+/-7 beats/min). The right ventricular end diastolic volume index (from 105+/-17 to 133+/-29 ml/m2), the right ventricular end systolic volume index (from 61+/-13 to 77+/-24 ml/m2), the systolic systemic arterial/right ventricular pressure gradient (from 93+/-24 to 113+/-22 mmHg) and the diastolic systemic arterial/right ventricular pressure gradient (from 58+/-11 to 66+/-12 mmHg) significantly increased. Also in group A, the cardiac index did not significantly increase (from 3.28+/-0.6 to 3.62+/-0.6 l/min/m2), the RVEF was unchanged, and the right ventricular end diastolic volume/pressure ratio (RVED V/P) did not significantly decrease (from 48+/-26 to 37+/-13 ml/mmHg). In group B (n=6) at the same time, the heart rate (from 72+/-15 to 66+/-12 beats/min), the right ventricular end diastolic volume index (from 171+/-50 to 142+/-32 ml/m2) and the RVED V/P (from 71+/-24 to 39+/-7 ml/mmHg) significantly decreased. The cardiac index and the diastolic systemic arterial/right ventricular pressure gradient were unchanged in group B, while the RVEF and the systolic systemic arterial/right ventricular pressure gradient did not significantly increase, and the right ventricular end-systolic volume index did not significantly decrease. All results are expressed as mean+/-standard deviation. Conclusions: We conclude that passive leg elevation caused a worse condition in the right ventricle of group B because, with stable values of cardiac index, of systolic systemic arterial/right ventricular pressure gradient and of diastolic systemic arterial/right ventricular pressure gradient (which supply oxygen), the RVED V/P (to which oxygen consumption is inversely related) markedly decreased. This is as opposed to group A, where the cardiac index, the systolic systemic arterial/right ventricular pressure gradient and the diastolic systemic arterial/right ventricular pressure gradient increased, and the RVED V/P slightly decreased. Passive leg elevation must therefore be performed cautiously in coronary patients with a reduced RVEF.
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Muscle blood flow at onset of dynamic exercise in humans. 
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To evaluate the temporal relationship between blood flow, blood pressure, and muscle contractions, we continuously measured femoral arterial inflow with ultrasound Doppler at onset of passive exercise and voluntary, one-logged, dynamic knee-extensor exercise in humans. Blood velocity and inflow increased (P < 0.006) with the first relaxation of passive and voluntary exercise, whereas the arterial-venous pressure difference was unaltered [P = not significant (NS)]. During steady-state exercise, and with arterial pressure as a superimposed influence, blood velocity was affected by the muscle pump, peaking (P < 0.001) at ~2.5 +/- 0.3 m/s as the relaxation coincided with peak systolic arterial blood pressure; blood velocity decreased (P < 0.001) to 44.2 +/- 8.6 and 28.5 +/- 5.5% of peak velocity at the second dicrotic and diastolic blood pressure notches, respectively. Mechanical hindrance occurred (P < 0.001) during the contraction phase at blood pressures less than or equal to that at the second dicrotic notch. The increase in blood flow (Q) was characterized by a one-component (~15% of peak power output), two-component (~40-70% of peak power output), or three- component exponential model (<75% of peak power output), where Q(t) = Q(passive) + DELTAQ1  .[1-(e-(t - TD1/(T1))] + DELTAQ2  [1 - e-(t - TD2/Ts)] + DELTAQ3  [1 - e-(t - TD3/T3)]; Q(passive), the blood flow during passive leg movement, equals 1.17 +/- 0.11. l/min; TD is the onset latency; gamma is the time constant; DELTAQ is the magnitude of blood flow rise; and subscripts 1-3 refer to the first, second, and third components of the exponential model, respectively. The time to reach 50% of the difference between passive and voluntary asymptotic blood flow was ~2.2-8.9 s. The blood flow leveled off after ~10-150 s, related to the power outputs. It is concluded that the elevation in blood flow with the first duty cycle(s) is due to muscle mechanical factors, but vasodilators initiate a more potent amplification within the second to fourth contraction.
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Doppler echocardiographic evaluation of latent pulmonary hypertension by passive leg raising. 
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Background. The prevalence of chronic lung disease increases with advancing age. The purpose of this study was to detect latent pulmonary hypertension noninvasively in elderly patients with chronic lung disease. Methods. The changes of flow-velocity by passive leg raising were assessed using pulsed Doppler echocardiography in the right ventricular outflow tract in 19 patients with chronic lung disease and 13 normal healthy subjects. Pulmonary artery pressure was measured simultaneously using a thermodilution cardiac output catheter. Results. In patients with chronic lung disease examined at rest, we found pulmonary hypertension in seven, and none in 12. The normal pattern observed at rest changed to pulmonary hypertension pattern after leg raising in six out of the 12 patients. Pulmonary arterial catheterization confirmed the data obtained by pulsed Doppler echocardiography. Conclusions. Some elderly patients with chronic lung disease have latent pulmonary hypertension which can be detected noninvasively by analyzing the changes of flow velocity profiles in the right ventricular outflow tract by passive leg raising.
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Background: Mitral flow velocity patterns (MFVPs) evaluated by Doppler echocardiography are strong predictors of survival in various cardiac diseases. However, MFVPs may change over time according to loading conditions. We performed this prospective study to assess whether changes in MFVP induced by loading manipulations provided additional prognostic information in 173 patients with chronic heart failure. Methods and Results: Simultaneous Doppler echocardiographic and right-sided hemodynamic recordings were obtained at baseline in all patients, during nitroprusside infusion in the 98 patients who had a baseline restrictive (early-to-late flow velocity ratio >1 and deceleration time < 130 ms) MFVP, and during passive leg lifting in the 75 patients who had a baseline nonrestrictive MFVP. Patients were categorized, according to changes in MFVP, into four groups: 61 patients with an irreversible restrictive, 37 with a reversible restrictive, 48 patients with a stable nonrestrictive, and 27 patients with an unstable nonrestrictive MFVP. Fifty patients experienced major cardiac events. Cox analysis revealed that MFVP was a strong predictor of events and that the response to loading manipulations improved its prognostic value. Patients with an irreversible restrictive MFVP had a higher event rate (51%) than patients with a reversible restrictive MFVP (19%). Among patients with a baseline nonrestrictive MFVP, those with a stable nonrestrictive MFVP had the lowest event rate (6%), whereas the event rate was 33% in patients with an unstable nonrestrictive MFVP. Conclusions: In patients with chronic heart failure, MFVPs provide independent prognostic information. Their prognostic value can be further increased by assessment of the changes induced in them by loading manipulations.
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Diminished forearm vasomotor response to central hypervolemic loading in aerobically fit individuals. 

Shi X., Gallagher K.M., Smith S.A., Bryant K.H., Raven P.B. 

Medicine and Science in Sports and Exercise. 28 (11) (pp 1388-1395), 1996. Date of Publication: November 1996. 

AN: 1996354608 

The aim of this study was to test the hypothesis that cardiopulmonary baroreflex control of forearm vascular resistance (FVR) during central hypervolemic loading was less sensitive in exercise trained high fit individuals (HF) compared to untrained average fit individuals (AF). Eight AF (age: 24 +/- 1 yr and weight: 78.9 +/- 1.7 kg) and eight HF (22 +/- 1 yr 79.5 +/- 2.4 kg) voluntarily participated in the investigation. Maximal aerobic power (determined on a treadmill), plasma volume and blood volume (Evans blue dilution method) were significantly greater in the HF than AF (60.8 +/- 0.7 vs. 41.2 +/- 1.9 ml  kg-1  min-1, 3.96 +/- 0.17 vs. 3.36 +/- 0.08 l, and 6.33 +/- 0.23 vs 5.28 +/- 0.13 l). Baseline heart rate (HR), central venous pressure (CVP), mean arterial pressure (MAP, measured by an intraradial catheter or a Finapres finger cuff), forearm blood flow (FBF, plethysmography), and FVR, calculated from the ratio (MAP-CVP)/FBF, were not different between the HF and the AF. Lower body negative pressure (LBNP, -5, -10, -15, and -20 torr) and passive leg elevation (LE, 50 cm) combined with lower body positive pressure (LBPP, +5, +10, and +20 torr) were utilized to elicit central hypovolemia and hypervolemia, respectively. Range of CVP (from LBNP to LE + LBPP) was similar in the AF (from -3.9 to +1.9 mm Hg) and HF (from -4.0 to +2.2 mm Hg). However, FVR/CVP was significantly less in the HF (-1.8 +/- 0.1 unit  mm Hg-1) than AF (-3.4 +/- 0.1 unit  mm Hg-1). The FVR decrease in response to increase in CVP was significantly diminished in the HF (-1.46 +/- 0.45 unit  mm Hg-1) compared to the AF (-4.40 +/- 0.97 unit  mm Hg-1), and during LBNP induced unloading the FVR/CVP of the HF (-2.01 +/- 0.49 unit  mm Hg-1) was less (P < 0.08) than the AF (-3.28 +/- 0.69 unit  mm Hg-1). We concluded that the cardiopulmonary baroreceptor mediated FVR reflex response was significantly less sensitive to changes in CVP in individuals who practice exercise training.
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Alternations in atrial natriuretic peptide release after DC cardioversion of non-valvular chronic atrial fibrillation. 

Arakawa M., Miwa H., Noda T., Ito Y., Kambara K., Kagawa K., Nishigaki K., Kano A., Hirakawa S. 

European Heart Journal. 16 (7) (pp 977-985), 1995. Date of Publication: 1995. 

AN: 1995243902 

The response of atrial natriuretic peptide (ANP) release to haemodynamic influences after cardioversion of atrial fibrillation has not been fully examined. We measured plasma concentrations of ANP and assessed haemodynamic changes 60-120 min after DC cardioversion in 22 patients with non-valvular chronic atrial fibrillation. Passive leg elevation to enhance volume expansion was performed 60 min after DC cardioversion. Sinus rhythm was restored in 18 of the 22 patients (successful DC cardioversion group). The control group consisted of seven patients with non-valvular chronic atrial fibrillation who did not undergo DC cardioversion (atrial fibrillation control group). In the successful DC cardioversion group, the mean pulmonary artery wedge pressure decreased significantly 15 min after cardioversion (P < 0.05) and then remained unchanged. Plasma concentrations of ANP also decreased significantly 15 min after cardioversion (P < 0.05). Furthermore, there was an additional significant decrease in ANP levels for up to 60 min after cardioversion (P < 0.05) from 15 min). Passive leg elevation for 15 min lead to an increase in the mean pulmonary artery wedge pressure (P < 0.01) and right atrial pressure (P < 0.05), but did not result in increased plasma concentrations of ANP (47.1 +/- 27.6 vs 43.9 +/- 34.4 pg.ml-1, mean +/- SD, P = ns). In the atrial fibrillation control group, passive leg elevation increased the mean pulmonary artery wedge pressure (P < 0.01), the mean right atrial pressure (P < 0.05) and plasma concentrations of ANP (139.9 +/- 85.8 vs 168.1 +/- 108.2, P < 0.05). In summary, after successful DC cardioversion of non-valvular chronic atrial fibrillation, plasma concentrations of ANP decreased in conjunction with decreased mean pulmonary artery wedge pressure. The response of ANP release to volume expansion, however, appears to be dysregulated in this patient population.
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Human pulmonary vascular and venous compliances are reduced before and during left-sided heart failure. 

Hirakawa S., Suzuki T., Gotoh K., Ito H., Tanaka T., Ohsumi Y., Yagi Y., Terashima Y., Fujiwara H., Nagashima K., Sawa T., Tsukamoto T. 

Journal of Applied Physiology. 78 (1) (pp 323-333), 1995. Date of Publication: 1995. 

AN: 1995035946 

Human pulmonary vascular and venous compliances were measured in 41 patients with or without left-sided heart failure. Two methods were used. Method 1 was based on analysis of pulmonary capillary wedge (PCW) pressure tracings according to C(v,PCW) =(SF/100)(0.075PCW + 0.90)SV/[(v - d)(PCW) + 1], where C(v,PCW) is compliance of pulmonary venous system, SF is systolic fraction of pulmonary venous flow [related to pulmonary capillary wedge pressure (PCW) as SF = 82 - 2.01PCW], (v - d)(PCW) is pulse pressure in PCW position, and SV is stroke volume. The (0.075PCW + 0.90) term equals k'', i.e., systolic run-off ratio. Method 2 was used to measure to pulmonary vascular volume-pressure (V-P) relationship and pulmonary vascular compliance (C(vasc)) and is based on measurement of pulmonary blood volume (PBV) and its increase with passive elevation of the legs to calculate C(vasc). Assuming the proportion of blood entering pulmonary venous system (in increase of PBV) during passive leg elevation to be 0.8, pulmonary venous compliance (C(c,PBV)) was calculated as C(v,PBV) = 0.8C(vasc). C(v,PCW) correlated fairly closely with C(v,PBV) (r = 0.81, coefficient of variation = 31%). This fair agreement between two independent methods suggests strongly that both methods may be valid, although other interpretations are possible. C(v,PCW), C(vasc), and C(v,PBV) decreased going from New York Heart Association class I to classes II and III. When PBV was plotted vs. PCW, average V-P line for class II patients was flatter and shifted downward to the right compared with that for class I. This suggests pulmonary vasoconstriction as well as other factors. Average V-P line for class III patients is flatter but not displaced compared with that for class II. Another previously reported series of 50 patients, most of whom had ischemic heart disease, are included in this study.
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Regional metabolic dependency in obstructive sleep apnea. 

Mohsenifar Z., Stein M., DeLilly J., Mahler M.E., Mandelkern M., Williams A.J. 

American Journal of the Medical Sciences. 308 (2) (pp 75-78), 1994. Date of Publication: 1994. 

AN: 1994317774 

Abnormalities of oxygen use occur in obstructive sleep apnea, as do impaired cerebral perfusion and alterations of cerebral function. In this case study, the authors quantitated the local cerebral glucose metabolic rate in two patients with obstructive sleep apnea (one with and one without oxygen supply dependency) and assessed cerebral glucose use by increasing oxygen delivery through passive leg elevation. Obstructive sleep apnea was confirmed by visual analysis of nocturnal pulse oximetry traces in two patients and its severity assessed from the respiratory disturbance index and minimum oxygen saturation. Awake local cerebral glucose metabolic rate (muM/min/100 g) was determined by positron-emission tomography using [18F]-2-Fluoro-2-Deoxy-D- Glucose at baseline and on the following day during passive leg elevation. Conditions otherwise were unchanged. The patient with global oxygen supply dependency exhibited a significant increase in the local cerebral glucose metabolic rate. In contrast, the patient without global supply dependency had no change in the local cerebral glucose metabolic rate. These case studies demonstrate the first evidence of improvement in regional metabolic consumption in response to increased oxygen delivery and in the presence of global oxygen supply dependency.
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Left ventricular filling pattern and pulmonary wedge pressure are closely related in patients with recent anterior myocardial infarction and left ventricular dysfunction. 

Pozzoli M., Capomolla S., Opasich C., Reggiani R., Calsamiglia G., Cobelli F., Tavazzi L. 

European Heart Journal. 13 (8) (pp 1067-1073), 1992. Date of Publication: 1992. 

AN: 1992275896 

To determine whether mitral flow velocity can be used to estimate mean pulmonary wedge pressure (PWP) in patients with left ventricular dysfunction, 50 patients with recent Q-wave anterior infarction and a reduced ejection fraction (<40%) underwent simultaneous pulsed-wave Doppler measurements of mitral flow and right heart catheterization. Doppler tracings and PWP were recorded at rest, after passive leg lifting (45degree) and (in 15 patients with increased PWP) after 5 mg sublingual ISDN. Significant correlations were found between the ratio of peak early to peak late diastolic velocity (E/A) and PWP (r=0.83). Early diastolic deceleration and the ratio of the time velocity integral of atrial contribution to the total time velocity integral were also correlated to PWP (r=0.80 and r=0.79 (respectively). The E/A ratio was less than 1 in 25 patients and more than 1 in the remaining 25. An E/A ratio of at least 1 predicted a PWP of more than 20 mmHg with a sensitivity of 100% and a specific ity of 86%. In all five patients, in whom the PWP was less than 20 mmHg at baseline and became greater with leg lifting, the E/A ratio changed from less than 1 to more than 1. After ISDN, changes in E/A ratio from more than 1 to less than 1 identified all 12 patients with a PWP falling below 20 mmHg. In conclusion, patients with recent Q-wave anterior infarction and a reduced ejection fraction mitral flow velocity-derived variables correlate with PWP representing a reliable index for the diagnosis of markedly increased PWP. In individual patients, Doppler measurement of mitral flow can predict directional changes of PWP and may provide a simple non-invasive means of assessing the haemodynamic effect of therapeutic interventions.
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Changes in cardiac output after acute blood loss and position change in man. 

Wong D.H., O'Connor D., Tremper K.K., Zaccari J., Thompson P., Hill D. 

Critical Care Medicine. 17 (10) (pp 979-983), 1989. Date of Publication: 1989. 

AN: 1989253004 

Thoracic bioimpedance cardiac output (Qtbi) was measured at 1-min intervals in 27 volunteers before, during, and after withdrawing 500 ml (3.7 to 8.5 ml/kg; mean 5.8) of blood. The effects of passive leg raising (PLR) and standing on Qtbi were measured before and after blood withdrawal. Arterial oxygen saturation (SaO2), transcutaneous oxygen tension (PtcO2), mean arterial BP (MAP), and heart rate (HR) were also measured before and after blood withdrawal. Thoracic bioimpedance cardiac index (CI) decreased 18% (0.8 +/- 0.1 L/min  m2, p < .0001) and stroke volume index (SI) decreased 22% (14.8 +/- 2.7 ml/beat  m2, p < .0001) after blood withdrawal. HR, MAP, SaO2, and ptcO2 were not significantly different after blood withdrawal. Before blood withdrawal PLR increased CI 6.8% (0.3 +/- 0.1 L/min  m2, p < .0001); after blood withdrawal PLR increased CI 11.1% (0.4 +/- 0.1 L/min  m2, p < .0001). PLR can increase stroke volume and cardiac output in hypovolemic humans.
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Comparison of finger and intra-arterial blood pressure monitoring at rest and during laboratory testing. 

Parati G., Casadei R., Groppelli A., Di Rienzo M., Mancia G. 

Hypertension. 13 (6 I) (pp 647-655), 1989. Date of Publication: 1989. 

AN: 1989157993 

The accuracy of blood pressure values obtained by continuous noninvasive finger blood pressure recording via the FINAPRES device was evaluated by comparison with simultaneous intraarterial monitoring both at rest and during performance of tests known to induce fast and often marked changes in blood pressure. The comparison was performed in 24 normotensive or essential hypertensive subjects. The average discrepancy between finger and intra-arterial blood pressure recorded over a 30-minute rest period was 6.5+/-2.6 mm Hg and 5.4+/-2.9 mm Hg for systolic and diastolic blood pressure, respectively; a close between-method correspondence was also demonstrated by linear regression analysis. The beat-to-beat changes in finger systolic and diastolic blood pressure were on average similar to those measured intra-arterially during tests that induced a pressor or depressor response (hand-grip, cold pressor test, diving test, Valsalva maneuver, intravenous injections of phenylephrine and trinitroglycerine) as well as during tests that caused vasomotor changes without major variations in blood pressure (application of lower body negative pressure, passive leg raising). The average between-method discrepancy in the evaluation of blood pressure changes was never greater than 4.3 and 2.0 mm Hg for systolic and diastolic blood pressure, respectively; the corresponding standard deviations ranged between 4.6 and 1.6 mm Hg. Beat-to-beat computer analysis of blood pressure variability over the 30-minute rest period provided standard deviations almost identical when calculated by separate consideration of intra-arterial and finger blood pressure tracings (3.7 and 3.8 mm Hg, respectively). The two methods of blood pressure recording also allowed similar assessments of the sensitivity of baroreceptor control of heart rate (vasoactive drug injections) and blood pressure (neck chamber technique) to be obtained. Thus, beat-to-beat blood pressure recording via FINAPRES provides an accurate estimate of means and variability of radial blood pressure in groups of subjects and represents in most cases an acceptable alternative to invasive blood pressure monitoring during laboratory studies.
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Trendelenburg position and passive leg raising do not significantly improve cardiopulmonary performance in the anesthetized patient with coronary artery disease. 

Reich D.L., Konstadt S.N., Raissi S., Hubbard M., Thys D.M. 

Critical Care Medicine. 17 (4 I) (pp 313-317), 1989. Date of Publication: 1989. 

AN: 1989108399 

The effects of the Trendelenburg (TREND) position and passive straight leg raising (PLR) on cardiopulmonary performance in 18 anesthetized patients undergoing myocardial revascularization were studied with a two-dimensional transesophageal echocardiography probe and a thermodilution right ventricular ejection fraction (RVEF) pulmonary artery catheter. The TREND position (at 20degree) and PLR (at 60degree) were studied in relation to the level-supine position in random order. At 3 min, the TREND caused significant (p < .05) decreases in heart rate (62 +/- 9 to 58 +/- 10 [SD] beat/min) and RVEF (0.48 +/- 0.11 to 0.44 +/- 0.10), and significant increases in mean arterial pressure (77 +/- 11 to 82 +/- 11 mm Hg), mean pulmonary artery pressure (16 +/- 4.3 to 19 +/- 5.5 mm Hg), wedge pressure (11 +/- 4 to 13 +/- 4 mm Hg), cardiac index (CI) (2.36 +/- 0.79 to 2.52 +/- 0.93 L/minm2), right ventricular end-systolic volume index (44 +/- 21 to 58 +/- 21 ml/m2), right ventricular end-diastolic volume index (83 +/- 24 to 102 +/- 22 ml/m2), and shunt fraction (0.16 +/- 0.06 to 0.19 +/- 0.06). CVP and left ventricular areas did not change significantly. PLR had similar effects as the TREND position, except CI did not change significantly. Thus, the TREND and PLR resulted in minor hemodynamic improvement with right ventricular dilation, decreased RVEF, and impaired oxygenation in the anesthetized cardiac surgical patient.
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Effects of ageing on the cardiopulmonary receptor reflex in normotensive humans. 

Cleroux J., Giannattasio C., Grassi G., Seravalle G., Sampieri L., Cuspidi C., Bolla G., Valsecchi M., Mazzola C., Mancia G. 

Journal of Hypertension. 6 (SUPPL. 4) (pp S141-S144), 1988. Date of Publication: 1988. 

AN: 1989067299 

This study examined the effects of ageing on the cardiopulmonary receptor regulation of vasomotor tone in skeletal muscle and renin release by the kidney. To this end, the changes in forearm vascular resistance (mean arterial pressure divided by plethysmographically measured forearm blood flow), plasma noradrenaline concentration and plasma renin activity were measured in eight young (23 +/- 2 years, mean +/- s.e.m.) and seven elderly healthy subjects (69 +/- 2 years) during manoeuvres which altered cardiopulmonary receptor activity. The cardiopulmonary receptors were stimulated by increasing central venous pressure through passive leg-raising and deactivated by reducing central venous pressure through non-hypotensive (-15 mmHg) and hypotensive (-40 mmHg) levels of lower body negative pressure. During either manoeuvre, central venous pressure changed by the same amount in both groups, but the reflex changes in forearm vascular resistance, plasma noradrenaline and plasma renin activity were significantly less in elderly subjects. Since the increase in forearm vascular resistance induced by a cold pressor test was comparable in young and elderly subjects, a non-specific depression of cardiovascular responsiveness to neural stimuli can be excluded. Thus, healthy normotensive elderly subjects show an impairment of both vascular and neurohumoral influences exerted by cardiopulmonary receptors. This may be involved in the decreased ability of the elderly to cope with gravity challenges.
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Cardiopulmonary reflex before and after regression of left ventricular hypertrophy in essential hypertension. 

Grassi G., Giannattasio C., Cleroux J., Cuspidi C., Sampieri L., Battista Bolla G., Mancia G. 

Hypertension. 12 (3) (pp 227-237), 1988. Date of Publication: 1988. 

AN: 1988236945 

Studies that have examined the cardiopulmonary receptor control of circulation in hypertension have produced conflicting results. In 10 normotensive subjects and in age-matched essential hypertensive subjects without (n = 10) or with left ventricular hypertrophy (n = 12), as well as in seven subjects of the latter group restudied after 1 year of treatment that induced regression of cardiac hypertrophy, we examined the cardiopulmonary reflex by increasing central venous pressure and stimulating cardiopulmonary receptors through passive leg raising and by reducing central venous pressure and stimulating cardiopulmonary receptors through passive leg raising and by reducing central venoms pressure and deactivating cardiopulmonary receptors through nonhypotensive lower body negative pressure. Reflex responses were measured as changes in forearm vascular resistance (mean blood pressure divided by plethysmographically measured blood flow), plasma norepinephrine concentration, and plasma renin activity. In hypertensive subjects without left ventricular hypertrophy, stimulation and deactivation of cardiopulmonary receptors caused changes in forearm vascular resistance, norepinephrine concentration, and plasma renin activity that were modestly reduced as compared with those in normotensive subjects. However, all these changes were markedly reduced in hypertensive subjects with left ventricular hypertrophy. Following regression of left ventricular hypertrophy, the changes in vascular resistance, plasma norepinephrine, and plasma renin activity induced by cardiopulmonary receptor manipulation all improved markedly. These results demonstrate that cardiopulmonary receptor regulation of peripheral vascular resistance and of neurohumoral variables is impaired in essential hypertension and that the impairment is much more pronounced when this condition is associated with cardiac structural alterations. Therapeutic regression of these alterations, however, leads to a marked improvement of this reflex, with consequent favorable effects on circulatory homeostasis.
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Acute cardiovascular response to passive leg raising. 

Wong D.H., Tremper K.K., Zaccari J., Hajduczek J., Konchigeri H.N., Hufstedler S.M. 

Critical Care Medicine. 16 (2) (pp 123-125), 1988. Date of Publication: 1988. 

AN: 1988102148 

Cardiac output by thoracic bioimpedance, heart rate, BP, oxygen saturation, and transcutaneous oxygen tension were measured at 1-min intervals in 45 patients before and after passive leg raising (PLR). Mean cardiac index increased only 0.09 +/- 0.02 (SEM) L/minm2 (p < .001), mean transcutaneous oxygen tension increased 1.6 +/- 0.6 torr (p < .01), and mean oxygen saturation decreased 0.5 +/- 0.2% (p < .01) after PLR. There were no significant changes in heart rate or systolic BP. Seven (16%) patients had increased cardiac index > 10% after PLR.
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Cardiopulmonary receptor modulation of plasma renin activity in normotensive and hypertensive subjects. 

Grassi G., Giannattasio C., Saino A., Sabadini E., Capozi A., Sampieri L., Cuspidi C., Mancia G. 

Hypertension. 11 (1) (pp 92-99), 1988. Date of Publication: 1988. 

AN: 1988086316 

Cardiopulmonary receptors modulate renin release in several animal species. However their involvement in reflex control of this humoral substance in humans is controversial. Furthermore, no information is available on the alteration of this control in hypertension. We studied the modulation of plasma renin activity (radioimmunoassay) in 12 normotensive subjects and in 12 age-matched subjects with untreated hypertension of mild or moderate degree. Cardiopulmonary receptors were stimulated by increasing central venous pressure (right atrial catheter) and cardiac volume (echocardiographic measurement) through passive leg raising and deactivated by reducing central venous pressure and cardiac volume through lower body negative pressure. The stimuli were maintained for 20 to 30 minutes, and their degree was set to avoid changes in blood pressure (indirect or direct measurements) and heart rate, thus avoiding involvement of arterial baroreceptors. In normotensive subjects, deactivation of cardiopulmonary receptors induced a progressive rise in plasma renin activity and stimulation of cardiopulmonary receptors induced a progressive fall. The reflex gain (ratio between plasma renin activity and central venous pressure or cardiac volume changes) was similar for deactivation and stimulation. During cardiopulmonary receptor deactivation, the gain corresponded to that obtained by dividing the increase in plasma renin by the reduction in central venous pressure induced by tilting. Cardiopulmonary receptor deactivation and stimulation also induced clear-cut changes in plasma renin activity in hypertensive subjects, but the percent magnitude of the reflex plasma renin activity excursion was less than that in normotensive subjects. These observations indicate that cardiopulmonary receptors modulate plasma renin activity in humans. This modulation is presumably responsible for the rise in plasma renin activity occurring during changes in posture. The cardiopulmonary receptor modulation of renin remains operative, although with a reduced effectiveness, in mild or moderate essential hypertension.
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Haemodynamic effects of frusemide and its influence on repetitive rapid volume loading in acute myocardial infarction. 

Nelson G.I.C., Ahuja R.C., Silke B. 

European Heart Journal. 4 (10) (pp 706-711), 1983. Date of Publication: 1983. 

AN: 1983239939 

The haemodynamic effects of intravenous frusemide (1 mg/kg) were studied in 22 male patients with left ventricular failure following acute myocardial infarction. Radiographic pulmonary oedema was present in all patients and their average left heart filling pressure was 20 mmHg. Bolus injection of the drug was followed by immediate increases in systemic arterial pressure (P<0.05) and heart rate (<0.05); these declined to pre-injection values after 60 min. Following frusemide there were progressive reductions in left heart filling pressure (P<0.01), thermodilution cardiac output (P<0.01) and stroke volume (P<0.05) and a progressive increase in the derived systemic vascular resistance (P<0.05). There was an average diuresis of 860 ml during the 90 min following the frusemide injection. The influence of frusemide on left ventricular performance was studied by comparing the circulatory effects of passive leg raising in the control period with those at 30, 60 and 90 min after the drug. In the control period this manoeuvre increased left heart filling pressure, but not heart rate, cardiac output, stroke volume or systemic vascular resistance. Ninety minutes after frusemide, but not before, passive leg raising resulted in a significant increase in cardiac output (P<0.01) and stroke volume at a similar increment in filling pressure and a significant reduction in the systemic vascular resistance (P<0.05). These circulatory actions of intravenous frusemide are compatible with initial arteriolar constriction and venodilatation followed by depletion of blood volume with subsequent change in left ventricular pumping performance.
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The effect of aerobic conditioning on venous pooling in the foot. 

Kenney W.L., Armstrong C.G. 

Medicine and science in sports and exercise. 19 (5) (pp 474-479), 1987. Date of Publication: Oct 1987. 

AN: 3683152 

Nineteen fit college-age men were studied using foot (mid-arch) mercury-in-silastic strain gauge plethysmography before and after an 8-wk aerobic conditioning (running) program. Foot volume changes were followed through two maneuvers: a 15-s Trendelenburg procedure (passive leg elevation with subsequent relaxation in the dependent position) and a 15-s dynamic dorsi-flexion/plantar flexion exercise and subsequent relaxation. The conditioning regimen consisted of running 40 min, 3 d.wk-1 and resulted in a 10% (P less than 0.01) increase in VO2max. Following this regimen, subjects exhibited an increased blood volume drainage during the Trendelenburg procedure (mean delta VT = 3.3 ml.100 ml-1 pre-training, 3.8 ml.100 ml-1 post-training, P less than 0.05), but no significant change in delta VE (2.7 ml.100 ml-1 for all subjects). Muscle pump efficacy, defined as the ratio between delta VE and delta VT, did not change (64%). These data suggest that increased aerobic power via weight-bearing exercise training results in an increased foot venous pooling, but does not affect relative muscle pump function. This apparent increase in vascular pooling may be a physical response to the hypervolemia induced by endurance training, aiding in maintaining the constancy of vascular pressures.
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Calcium antagonists and neural control of circulation in essential hypertension. 

Mancia G., Parati G., Grassi G., Pomidossi G., Giannattasio C., Casadei R., Groppelli A., Saino A., Gregorini L., Perondi R., Zanchetti A. 

Journal of Hypertension. 5 (SUPPL. 4) (pp S49-S55), 1987. Date of Publication: 1987. 

AN: 1988035038 

Data from animals and from man suggests that calcium antagonists interfere with alpha-adrenergic receptors and that this mechanism may be responsible for some of the vasodilation induced by these drugs. However, alpha-adrenergic receptors play a primary role in baroreceptor regulation of the cardiovascular system and blood pressure homeostasis, which might therefore be adversely affected by calcium antagonist treatment. We addressed this question in 14 essential hypertensives studied before treatment, 1 h after 20 mg oral nitrendipine and 5-7 days after daily administration of 20 mg oral nitrendipine. Blood pressure was measured by an intra-arterial catheter, heart rate by an electrocardiogram, cardiac output by thermodilution and forearm blood flow by venous occlusion plethysmography. Total peripheral and forearm vascular resistances were calculated by dividing mean blood pressure by blood flow values. Plasma norepinephrine was also measured (high performance liquid chromatography) in blood taken from the right atrium. Compared with the pretreatment values, acute nitrendipine adminstration caused a fall in resting blood pressure, an increase in the resting heart rate and cardiac output, and a fall in resting peripheral and forearm vascular resistance. The resting hypotension and vasodilation were also evident during the prolonged nitrendipine administration, which was, however, accompanied by much less resting cardiac stimulation than that observed in the acute condition. Baroreceptor control of the heart rate (vasoactive drug method) was similar before and after acute and prolonged nitrendipine treatment. This was also the case for carotid baroreceptor control of blood pressure (neck chamber technique) and for control of forearm vascular resistance as exerted by receptors in the cardiopulmonary region (lower-body negative-pressure and passive leg-raising techniques). The increases in blood pressure, cardiac output and total peripheral resistance induced by a cold pressor test and isometric exercise were also superimposable before and after the acute and more prolonged administration of nitrendipine. Even the cardiovascular adjustments to dynamic exercise (increase in blood pressure, heart rate and cardiac output, decrease in peripheral resistance) were superimposable before and after drug administration. These observations show that reflex control of circulation and blood pressure homeostasis are not adversely affected by acute and prolonged administration of nitrendipine at doses capable of exerting an antihypertensive effect. Although this does not exclude an alpha-blocking action by this drug, it indicates that any such action does not interfere with sympathetic cardiovascular control.

Institution

(Mancia, Parati, Grassi, Pomidossi, Giannattasio, Casadei, Groppelli, Saino, Gregorini, Perondi, Zanchetti) Istituto di Clinica Medica Generale e Terapia Medica, Universita di Milano, Milan Italy

<td colspan=""> 

