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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-Δ cardiac function index

[CI]) and the changes in the cardiac index induced by PLR2 (PLR2-Δ 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-Δ 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-Δ CI and 

PLR2-Δ 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.

Copyright © 2014 The Authors. Published by Elsevier Inc. All rights reserved.
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Objective To determine if passive leg raising (PLR) significantly increases

cardiac output in a cohort of healthy pregnant women during the third trimester. 

Study Design Using a noninvasive monitor, baseline hemodynamic measurements for

arterial blood pressure, systolic and diastolic blood pressure, heart rate,

cardiac output, cardiac index, stroke volume, and systemic vascular resistances

were obtained with patients in the semirecumbent position. Measurements were

repeated after a 3-minute PLR maneuver in supine, right lateral decubitus, and

left lateral decubitus positions. Results After 10 minutes of bed rest, the

cohort's mean baseline heart rate was 80 ± 12 beats/minute. Baseline stroke

volume was 98 ± 14 mL, mean cardiac output was 7.8 ± 1.2 L/min, and mean cardiac 

index was 4.32 ± 0.63 L/min. The baseline systemic vascular resistance value was 

893 ± 160 dynes/sec/cm(5). Baseline mean arterial blood pressure was 84 ± 11 mm

Hg. Following a PLR maneuver in the supine position, heart rate decreased

significantly. No difference was noted in other measurements. Findings were

similar with PLR in the left lateral decubitus. PLR in the right lateral

decubitus resulted in significantly decreased heart rate, cardiac output, and

cardiac index. Conclusions PLR did not result in cardiac output recruitment in a 

cohort of healthy pregnant women during the third trimester.
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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.
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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.
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OBJECTIVE: To investigate functional hemodynamic response to passive leg raising 

in healthy pregnant women and compare it with non-pregnant controls.

MATERIALS AND METHODS: This was a prospective cross-sectional study with a

case-control design. A total of 108 healthy pregnant women at 22-24 weeks of

gestation and 54 non-pregnant women were included. Cardiac function and systemic 

hemodynamics were studied at baseline and 90 seconds after passive leg raising

using non-invasive impedance cardiography.

MAIN OUTCOME MEASURES: Trends and magnitudes of changes in impedance cardiography

derived parameters of cardiac function and systemic hemodynamics caused by

passive leg raising, and preload responsiveness defined as >10% increase in

stroke volume or cardiac output after passive leg raising compared to baseline.

RESULTS: The hemodynamic parameters in both pregnant and non-pregnant women

changed significantly during passive leg raising compared to baseline, but the

magnitude and trend of change was similar in both groups. The stroke volume

increased both in pregnant (p = 0.042) and non-pregnant (p = 0.018) women,

whereas the blood pressure and systemic vascular resistance decreased (p<0.001)

following passive leg raising in both groups. Only 14.8% of pregnant women and

18.5% of non-pregnant women were preload responsive and the difference between

groups was not significant (p = 0.705).

CONCLUSION: Static measures of cardiovascular status are different between

healthy pregnant and non-pregnant women, but the physiological response to

passive leg raising is similar and not modified by pregnancy at 22-24 weeks of

gestation. Whether physiological response to passive leg raising is different in 

earlier and later stages of pregnancy merit further investigation.
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Current guidelines for intra-operative fluid management recommend the use of

increments in stroke volume following intravenous fluid bolus administration as a

guide to subsequent fluid therapy. To study the physiological premise of this

paradigm, we tested the hypothesis that healthy, non-starved volunteers would

develop an increment in their stroke volume following a passive leg raise

manoeuvre. Subjects were positioned supine and stroke volume was measured by

transthoracic echocardiography at baseline, 30 s, 1 min, 3 min and 5 min after

passive leg raise manoeuvre to 45°. Stroke volume was measured at end-expiration 

during quiet breathing, as the mean of three sequential measurements. Seventeen

healthy volunteers were recruited; one volunteer in whom it was not possible to

obtain Doppler measurements and a further five for reasons of poor Doppler image 

quality were not included in the study. Mean (SD) percentage difference from

baseline to the largest change in stroke volume was 5.7 (9.6)% (p = 0.16). Of the

11 volunteers evaluated, five (45%) had stroke volume increases of greater than

10%. Mean (SD) maximum percentage change in cardiac index was 14.8 (9.7)% (p =

0.004). A wide variation in baseline stroke volume and response to the passive

leg raise manoeuvre was seen, suggesting greater heterogeneity in the normal

population than current clinical guidelines recognise.

© 2014 The Association of Anaesthetists of Great Britain and Ireland.
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BACKGROUND: The link between preoperative fasting and hypovolaemia remains

unclear. We tested the hypothesis that preoperative fasting does not

significantly increase the proportion of patients with hypovolaemia according to 

transthoracic echocardiography (TTE) criteria.

METHODS: Patients of ASA status I-III and without bowel preparation were included

in a non-inferiority, prospective, single-centre trial. Patients underwent

passive leg raising (PLR) test and TTE at admission (Day 0) and after 8 h fasting

(Day 1). The primary hypothesis was that an 8 h preoperative fasting does not

increase the proportion (margin=5%) of patients with a positive PLR test

('functional approach'). The secondary hypothesis was that echocardiographic

filling pressures or stroke volume (margin 10%) are not affected by preoperative 

fasting ('static approach').

RESULTS: One hundred patients were included and 98 analysed. After an 8 h

fasting, the change in the proportion of responders to PLR was -6.1% [95%

confidence interval (CI)=-16.0 to 3.8] of responders to PLR test on Day 0 when

compared with Day 1. Because 95% CI was strictly inferior to 5%, there was no

significant increase in the proportion of PLR responders on Day 1 when compared

with Day 0. The 95% CI changes of static variables were always fewer than 10%,

meaning that preoperative fasting induced significantly no relevant changes in

static variables.

CONCLUSION: Preoperative fasting did not alter TTE dynamic and static preload

indices in ASA I-III adult patients. These results suggest that preoperative

fasting does not induce significant hypovolaemia. Clinical trial registration NCT

01258361.
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A proper alignment of the ultrasound beam to the aortic or pulmonary outflow

tracts is essential to acquire accurate signals. This study aimed to investigate 

the influence of different positions on the acquisition of Doppler signals using 

a noninvasive transcutaneous Doppler ultrasound. This was a prospective

observational crossover study. Two operators performed hemodynamics measurements 

on each subject in supine, sitting, semirecumbent, passive leg raising (PLR) 20°,

and PLR 60° positions using both aortic and pulmonary approaches. All Doppler

flow profile images were assessed using the Fremantle and Prince of Wales

Hospital criteria. Time required to obtain Doppler signals was recorded. A total 

of 60 subjects (50% males) aged 18-60 years old were investigated. In both

sitting and semirecumbent positions, aortic stroke volume indexes (SVIs) and

cardiac indexes (CIs) were significantly lower than those in the other three

positions while the pulmonary CIs were comparable to that in the supine position.

In the sitting position, the aortic signal qualities were lower and the time to

obtain the pulmonary Doppler signals was prolonged. Instead, the signal quality

and the time to obtain the Doppler signals in the semirecumbent position were

similar to those in the other three positions using the pulmonary approach. PLR

did not cause a significant increase in SVI regardless of the degree of leg

elevation. These data show that it is feasible to perform the noninvasive

transcutaneous Doppler ultrasound using the pulmonary approach in the

semirecumbent position for patients unable to maintain the supine position. The

aortic approach in the sitting and semirecumbent positions is not suitable as it 

is not sufficiently reliable.
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BACKGROUND: 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.

METHODS: 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.

RESULTS: 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.

CONCLUSIONS: 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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Dynamic cerebral autoregulation (dCA) estimates require mean arterial blood

pressure (MABP) fluctuations of sufficient amplitude. Current methods to induce

fluctuations are not easily implemented or require patient cooperation. In search

of an alternative method, we evaluated if MABP fluctuations could be increased by

passive cyclic leg raising (LR) and tested if reproducibility and variability of 

dCA parameters could be improved. Middle cerebral artery cerebral blood flow

velocity (CBFV), MABP and end tidal CO2 (PetCO2) were obtained at rest and during

LR at 0.1Hz in 16 healthy subjects. The MABP-CBFV phase difference and gain were 

determined at 0.1Hz and in the low frequency (LF) range (0.06-0.14Hz). In

addition the autoregulation index (ARI) was calculated. The LR maneuver increased

the power of MABP fluctuations at 0.1Hz and across the LF range. Despite a clear 

correlation between both phase and gain reproducibility and MABP variability in

the rest condition, only the reproducibility of gain increased significantly with

the maneuver. During the maneuver patients were breathing faster and more

irregularly, accompanied by increased PetCO2 fluctuations and increased coherence

between PetCO2 and CBFV. Multiple regression analysis showed that these

concomitant changes were negatively correlated with the MABP-CBFV phase

difference at 0.1Hz Variability was not reduced by LR for any of the dCA

parameters. The clinical utility of cyclic passive leg raising is limited because

of the concomitant changes in PetCO2. This limits reproducibility of the most

important dCA parameters. Future research on reproducibility and variability of

dCA parameters should incorporate PetCO2 variability or find methods to keep

PetCO2 levels constant.

Copyright © 2013 IPEM. Published by Elsevier Ltd. All rights reserved.
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A spinal cord injury (SCI) clearly results in greater cardiovascular risk;

however, accompanying changes in peripheral vascular structure below the lesion

mean that the real impact of a SCI on vascular function is unclear.AIM:

Therefore, utilizing passive leg movement-induced (PLM) hyperaemia, an index of

nitric oxide (NO)-dependent vascular function and the central hemodynamic

response to this intervention, we studied eight individuals with a SCI and eight 

age-matched controls (CTRL).

METHODS: Specifically, we assessed heart rate (HR), stroke volume (SV), cardiac

output (CO), mean arterial pressure (MAP), leg blood flow (LBF) and thigh

composition.

RESULTS: In CTRL, passive movement transiently decreased MAP and increased HR and

CO from baseline by 2.5 ± 1 mmHg, 7 ± 2 bpm and 0.5 ± 0.1 L min(-1) respectively.

In SCI, HR and CO responses were unidentifiable. LBF increased to a greater

extent in CTRL (515 ± 41 ∆mL min(-1) ) compared with SCI, (126 ± 25 ∆mL min(-1) )

(P < 0.05). There was a strong relationship between ∆LBF and thigh muscle volume 

(r = 0.95). After normalizing ∆LBF for this strong relationship (∆LBF/muscle

volume), there was evidence of preserved vascular function in SCI (CTRL: 120 ± 9;

SCI 104 ± 11 mL min(-1)  L(-1) ). A comparison of ∆LBF in the passively moved and

stationary leg, to partition the contribution of the blood flow response, implied

that 35% of the hyperaemia resulted from cardioacceleration in the CTRL, whereas 

all the hyperaemia appeared peripheral in origin in the SCI.

CONCLUSION: Thus, utilizing PLM-induced hyperaemia as marker of vascular

function, it is evident that peripheral vascular impairment is not an obligatory 

accompaniment to a SCI.

© 2013 Scandinavian Physiological Society. Published by John Wiley & Sons Ltd.
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Rationale: The effects of prone positioning during acute respiratory distress

syndrome on all the components of cardiac function have not been investigated

under protective ventilation and maximal alveolar recruitment. Objectives: To

investigate the hemodynamic effects of prone positioning. Methods: We included 18

patients with acute respiratory distress syndrome ventilated with protective

ventilation and an end-expiratory positive pressure titrated to a plateau

pressure of 28-30 cm H2O. Before and within 20 minutes of starting prone

positioning, hemodynamic, respiratory, intraabdominal pressure, and

echocardiographic data were collected. Before prone positioning, preload reserve 

was assessed by a passive leg raising test. Measurements and Main Results: In all

patients, prone positioning increased the ratio of arterial oxygen partial

pressure over inspired oxygen fraction, the intraabdominal pressure, and the

right and left cardiac preload. The pulmonary vascular resistance decreased along

with the ratio of the right/left ventricular end-diastolic areas suggesting a

decrease of the right ventricular afterload. In the nine patients with preload

reserve, prone positioning significantly increased cardiac index (3.0 [2.3-3.5]

to 3.6 [3.2-4.4] L/min/m(2)). In the remaining patients, cardiac index did not

change despite a significant decrease in the pulmonary vascular resistance.

Conclusions: In patients with acute respiratory distress syndrome under

protective ventilation and maximal alveolar recruitment, prone positioning

increased the cardiac index only in patients with preload reserve, emphasizing

the important role of preload in the hemodynamic effects of prone positioning.
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The authors designed this prospective study to show the relationship between

preload reserve and treatment effectiveness of chronic heart failure (CHF). Fifty

patients, aged 77±24 years, with decompensated CHF (B-type brain natriuretic

peptide [BNP] >1000 pg/mL) were included. Preload reserve was assessed by the

changes in contraction indices during a passive leg raise (PLR). Contraction

indices were assessed noninvasively using Bioreactance technology. After 4 days

of optimized therapy, the same variables were reassessed and treatment-induced

differences were calculated. Treatment effectiveness was assessed by the 4-day

changes in BNP, body weight, and thoracic fluid content. The authors then

compared treatment-induced changes in preload reserve with treatment

effectiveness. Therapy was associated with an overall decrease in heart rate,

blood pressure, and cardiac power index (CPi) and with an increase in all preload

reserve indices. Treatment effectiveness correlated well with changes in preload 

reserve. The best correlation was found between treatment-induced changes in BNP 

and in PLR-induced changes of CPi (R=0.63, P<.001). The PLR-induced changes in

CPi increased from 21±48 to 51±48 in BNP responders and decreased from 34±34 to

5±19 mW/m(2) in BNP nonresponders (P<.0001). Hence, effective treatment, as

indexed by a decrease in BNP, restores the preload reserve in patients with

decompensated CHF.
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BACKGROUND: Hypotension due to the induction of sedation with dexmedetomidine

infusion may be harmful in critically ill patients. Changes in pulse pressure

induced by the passive leg raising test (PLR-ΔPP) as marker of fluid

responsiveness, assessed prior to sedation, may predict hemodynamic changes. The 

present study was to investigate the power of the PLR test in critically ill

patients in predicting hypotension induced by the induction of dexmedetomidine

sedation.

METHODS: Fluid responsiveness was estimated by a passive leg raising (PLR) test

before dexmedetomidine sedation. Patients were assigned to either the

"Nonresponders" or "Responders" group according to their hemodynamic responses to

the PLR test ("Nonresponders", PLR-ΔPP < 10.3%; "Responders", PLR-ΔPP ≥ 10.3%).

Sedation was performed with a dexmedetomidine infusion (0.5 µg/kg over a

10-minute loading period, then 0.2 - 0.7 µg×kg(-1)×h(-1)) and titrated to

maintain the target Richmond agitation sedation scale (RASS) score in the range

of -2 to -1 and the bispectral index value in the range of 60 to 75. Radial

artery pulse pressure, heart rate (HR), and central venous pressure (CVP) were

measured at each phase of the study procedure. Hemodynamic fluctuations during

the use of dexmedetomidine sedation were recorded and compared between the two

groups.

RESULTS: Fifty patients had a median (25% - 75% interquartile range) of 71 (61 - 

78) years old were studied. At baseline, 39 of the 50 patients were

"Nonresponders" and 11 were "Responders". Following dexmedetomidine sedation,

patients classified as "Responders" had a significantly greater systolic blood

pressure decrease during the induction of dexmedetomidine sedation than the

"Nonresponders" ((-26.3 ± 6.8)% vs. -11.8 ± 8.5)%, P < 0.001). In addition, the

"Responders" group required significantly more fluid boluses (8 vs. 3; P < 0.001)

and vasopressors (2 vs. 0; P < 0.05) than the "Nonresponders" group to restore

blood pressure. Finally, PLR-ΔPP was positively correlated with changes in

systolic blood pressure (PLR-ΔSBP) (r(2) = 0.576; P < 0.001) and significantly

correlated with dexmedetomidine infusion-induced changes in SBP (r(2) = 0.202; P 

< 0.05). AUC for PLR-ΔPP was 0.84 (95%CI 0.71 - 0.93). PLR-ΔPP predicted

hypotension with a sensitivity of 73% and a specificity of 92%.

CONCLUSIONS: The fluid responsiveness assessment pre-sedation was found to

predict blood pressure fluctuation during the induction of dexmedetomidine

sedation. The PLR test conducted prior to sedation may be a useful tool to

identify patients with a high risk of hemodynamic events and may be used to

indicate the need for prophylactic treatment.

PMID: 23823816  [PubMed - in process]
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trial.
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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 (n = 35) or without PLR

(control group, n = 35).

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 45° 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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End-expiratory occlusion test predicts preload responsiveness independently of

positive end-expiratory pressure during acute respiratory distress syndrome.
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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.

PMID: 23774335  [PubMed - indexed for MEDLINE]
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Passive leg movement enhances diuresis and decline of plasma NT-proBNP level in

patients with decompensated heart failure treated with furosemide.
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Noninvasive assessment of acute dyspnea in the ED.

García X, Simon P, Guyette FX, Ramani R, Alvarez R, Quintero J, Pinsky MR.

BACKGROUND: We compared the ability of noninvasive measurements of cardiac output

(CO) and thoracic fluid content (TFC) and their change in response to orthostatic

challenges to diagnose acute decompensate heart failure (ADHF) from non-ADHF

causes of acute dyspnea in patients in the ED.

METHODS: Forty-five patients &gt; 44 years old presenting in the ED with dyspnea 

were studied. CO and TFC were monitored with a NICOM bioreactance device. CO and 

TFC were measured continuously while each patient was sitting, supine, and during

a passive leg-raising maneuver (3 min each); the maximal values during each

maneuver were reported. Orthostatic challenges were repeated 2 h into treatment. 

One patient was excluded because of intolerance to the supine position. Diagnoses

obtained with the hemodynamic measurements were compared with ED diagnoses and

with two expert physicians by chart review (used as gold standard diagnosis);

both groups were blinded to CO and TFC values. Patient's treatment, ED

disposition, hospital length of stay, and subjective dyspnea (Borg scale) were

also recorded.

RESULTS: Sixteen of 44 patients received a diagnosis of ADHF and 28 received a

diagnosis of non-ADHF by the experts. Baseline TFC was higher in patients with

ADHF (P = .001). Fifteen patients were treated for ADHF, and their Borg scale

values decreased at 2 h (P &lt; .05). TFC threshold of 78.8 had a receiver

operator characteristic area under the curve of 0.81 (76% sensitivity, 71%

specificity) for ADHF. Both ADHF and non-ADHF groups were similar in their

increased CO from baseline to PLR and supine. Pre- and posttreatment measurements

were similar.

CONCLUSIONS: Baseline TFC can discriminate patients with ADHF from non-ADHF

dyspnea in the ED.

PMCID: PMC3734890
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20. Am J Physiol Heart Circ Physiol. 2013 Feb 15;304(4):H610-9. doi:

10.1152/ajpheart.00656.2012. Epub 2012 Dec 21.

Perfusion pressure and movement-induced hyperemia: evidence of limited vascular

function and vasodilatory reserve with age.
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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 ΔmmHg). 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 (ΔLBF(peak)) 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 ΔLBF(peak) (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 ml·min(-1)·mmHg(-1);

upright: 12.8 ± 1.3 ml·min(-1)·mmHg(-1)), while the old again exhibited no

difference between postures (supine: 4.7 ± 0.4 ml·min(-1)·mmHg(-1); upright: 4.8 

± 0.5 ml·min(-1)·mmHg(-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.

PMCID: PMC3566486 [Available on 2014/2/15]

PMID: 23262136  [PubMed - indexed for MEDLINE]
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microvascular responses.
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Passive leg raising is a simple diagnostic maneuver that has been proposed as a

measure of arterial vasodilator reserve and possibly endothelial function. While 

passive leg raising has previously been shown to lower blood pressure, increase

flow velocity and cause brachial artery dilation, its effects on microvascular

flow has not been well studied. Also, passive leg raising has been directly

compared previously to upper arm but never to lower arm occlusion of blood flow

induced hyperemia responses. We compared changes in macrovascular indices

measured by brachial artery ultrasound and microvascular perfusion measured by

Laser Doppler Flowmetry induced by passive leg raising to those provoked by upper

arm and lower arm induced hyperemia in healthy subjects. Upper arm induced

hyperemia increased mean flow velocity by 398%, induced brachial artery

dilatation by 16.3%, and increased microvascular perfusion by 246% (p<.05 for

all). Lower arm induced hyperemia increased flow velocity by 227%, induced

brachial artery dilatation by 10.8%, and increased microvascular perfusion by

281%. Passive leg raising increased flow velocity by 29% and brachial artery

dilatation by 5.6% (p<.05 for all), but did not change microvascular perfusion

(-5%, p=ns). In conclusion, passive leg raising increases flow velocity orders of

magnitude less than does upper arm or lower arm induced hyperemia. Passive leg

raising-induced brachial artery dilatation is less robust than either of these

hyperemic techniques. Finally, although upper arm and lower arm hyperemia elicits

macrovascular and microvascular responses, passive leg raising elicits only

macrovascular responses.

Copyright © 2012. Published by Elsevier Inc.
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BACKGROUND: Non-invasive continous monitoring of finger arterial pressure has

gained increasing interest. The aim of the present study was to compare the

accuracy of non-invasive reconstructed brachial artery pressure by the Nexfin™

device (NFAP) with invasive femoral (IFAP) and radial (IRAP) artery pressure

before and after cardiopulmonary bypass (CPB).

METHODS: Fifty patients scheduled for elective coronary surgery were studied

before and after CPB, respectively. Each patient was monitored with the

non-invasive system, and both an indwelling femoral and radial arterial catheter.

A passive leg raising maneuver was also performed before and after CPB.

Measurements included mean (MAP), systolic (SAP) and diastolic (DAP) arterial

pressure by NFAP (MAP,SAP,DAP(NFAP)), IFAP (MAP,SAP,DAP(IFAP)) and IRAP

(MAP,SAP,DAP(IRAP)). Percentage changes of MAP for all measurement sites were

also calculated.

RESULTS: There was a moderate correlation between MAP(NFAP) and MAP(IFAP) both

before (r=0.64, P<0.0001) and after (r=0.57, P<0.0001) CPB, with a percentage

error (PE) of 29% and 27%, respectively. Correlation coefficients between

MAP(NFAP) and MAP(IRAP) were r=0.53, P<0.0001 (PE 34%) before and r=0.54,

P<0.0001 (PE 29%) after CPB. There was a significant correlation in percentage

changes between ∆MAP(NFAP) and ∆MAP(IFAP) before (r=0.70, P<0.0001) and after

(r=0.71, P<0.0001) CPB and for ∆MAP(NFAP) and ∆MAP(IRAP) (r=0.67, P<0.0001;

r=0.74, P<0.0001), respectively.

CONCLUSION: Non-invasive, reconstructed brachial artery pressure showed moderate 

correlation compared with both invasive femoral and radial artery pressure.

Furthermore, the non-invasive monitoring system was able to reflect percentage

changes in mean arterial pressure in a moderate fashion.

PMID: 23254164  [PubMed - indexed for MEDLINE]
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External leg compression (ELC) may increase cardiac output (CO) in

fluid-responsive patients like passive leg raising (PLR). We compared the

hemodynamic effects of two methods of ELC and PLR measured by thermodilution

(COtd), pressure curve analysis Modelflow™ (COmf) and ultra-sound HemoSonic™

(COhs), to evaluate the method with the greatest hemodynamic effect and the most 

accurate less invasive method to measure that effect. We compared hemodynamic

effects of two different ELC methods (circular, A (n = 16), vs. wide, B (n = 13),

bandages inflated to 30 cm H2O for 15 min) with PLR prior to each ELC method, in 

29 post-operative cardiac surgical patients. Hemodynamic responses were measured 

with COtd, COmf and COhs. PLR A increased COtd from 6.1 ± 1.7 to

6.3 ± 1.8 L·min(-1) (P = 0.016), and increased COhs from 4.9 ± 1.5 to

5.3 ± 1.6 L·min(-1) (P = 0.001), but did not increase COmf. ELC A increased COtd 

from 6.4 ± 1.8 to 6.7 ± 1.9 L·min(-1) (P = 0.001) and COmf from 6.9 ± 1.7 to

7.1 ± 1.8 L·min(-1) (P = 0.021), but did not increase COhs. ELC A increased COtd 

and COmf as in PLR A. PLR B increased COtd from 5.4 ± 1.3 to 5.8 ± 1.4 L·min(-1) 

(P < 0.001), and COhs from 5.0 ± 1.0 to 5.4 ± 1.0 L·min(-1) (P = 0.013), but not 

COmf. ELC B increased COtd from 5.2 ± 1.2 to 5.4 ± 1.1 L·min(-1) (P = 0.003), but

less than during PLR B (P = 0.012), while COmf and COhs did not change.

Bland-Altman and polar plots showed lower limits of agreement with changes in

COtd for COmf than for COhs. The circular leg compression increases CO more than 

bandage compression, and is able to increase CO as in PLR. The less invasive

Modelflow™ can detect these changes reasonably well.

PMID: 23143501  [PubMed - indexed for MEDLINE]
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OBJECTIVES: Sonographic measurement of the inferior vena cava (IVC) caval index

predicts central venous pressure in ED patients. Fluid responsiveness (FR) is a

measure of preload dependence defined as an increase in cardiac output secondary 

to volume expansion. We sought to determine if the caval index is an accurate

measurement of FR in ED patients.

METHODS: We conducted a prospective, observational trial at an urban, academic,

adult ED with an annual census >105 000. Included patients were clinically

suspected of eu- and hypovolemia. Excluded patients were <18 years old, pregnant,

incarcerated, sustained significant trauma or unable to consent. Supine IVC

diameter was measured by bedside ultrasonography (M-Turbo; Sonosite, Bothwell,

WA, USA). Caval index = [(expiratory IVC diameter - inspiratory IVC

diameter)/expiratory IVC diameter] × 100. FR was defined as an increase in the

cardiac index by >10% by impedance cardiography (BioZ; Sonosite) following

passive leg raise. The primary outcome was analysed using Spearman correlations

for non-parametric data and the area under the receiver operating characteristics

curve by Wilcoxon method.

RESULTS: Thirty patients were enrolled; four were excluded because of incomplete 

data collection. Thirty-one per cent (95% CI 13-48) of the patients were FR. The 

mean initial caval and cardiac index were 15.8% (95% CI 9.5-22) and

2.9 L/min/m(2) (95% CI 2.6-3.2), respectively. Caval index did not predict FR

(receiver operating curve = 0.46, 95% CI 0.21-0.71, P = 0.63).

CONCLUSION: Bedside sonographic measurement of IVC caval index does not predict

FR in a heterogeneous ED patient population. Further research using this

technique in targeted patient subsets and a variety of shock etiologies is

needed.

© 2012 The Authors. EMA © 2012 Australasian College for Emergency Medicine and

Australasian Society for Emergency Medicine.
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BACKGROUND: It was hypothesized that patients who are preload dependent, as

demonstrated by a >12% increase in cardiac output in response to a passive leg

raise test, would be more likely to exhibit hypotension during spinal anesthesia 

for cesarean delivery.

METHODS: Cardiac output response to the passive leg raise test was measured in 40

women before spinal anesthesia with a noninvasive, continuous cardiac output

monitor (NICOM®). Patients were divided into two groups based on their

performance on the passive leg raise test; those who increased cardiac output

>12% following passive leg raise test were considered fluid responsive. NICOM®

hemodynamic values were collected from the onset of spinal anesthesia until 10min

after delivery of the fetus. The incidence of hypotension, defined as mean

arterial blood pressure <70% of the patient's baseline value was compared between

the two groups. Vasopressor use, umbilical cord blood gases and Apgar scores were

also compared between the groups.

RESULTS: Nine patients were fluid responsive and 31 were fluid non-responsive.

The groups had similar demographics and baseline hemodynamic parameters. No

significant differences were seen between the groups in the incidence of spinal

hypotension, vasopressor use, or neonatal outcome. At the time of delivery, fluid

responsive patients had larger cardiac outputs compared to fluid non-responsive

patients.

CONCLUSIONS: In this pilot study, non-invasive assessment of the hemodynamic

response to a volume load was not predictive of hypotension or vasopressor use

during cesarean delivery under spinal anesthesia. Fluid responsiveness was

related to hemodynamic responses at delivery.

Copyright © 2012 Elsevier Ltd. All rights reserved.
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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) µg/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.

PMID: 22926333  [PubMed - indexed for MEDLINE]
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emergency departments].
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INTRODUCTION: Fluid therapy is one of the major elements of severe sepsis and

septic shock management. A systematic initial fluid bolus is recommended before

evaluation of left ventricular filling pressure by the use of indicators of fluid

responsiveness, preferentially dynamic ones. A massive fluid therapy could be

damaging for the patient. Dynamic indicators of fluid responsiveness are not

often relevant in the emergency department. This study was aimed to evaluate the 

use of indicators of fluid responsiveness by emergency practitioners during

septic shock management.

STUDY DESIGN: Cross sectional survey using anonymous self-questionnaire.

METHODS: We included all practitioners working in public emergency department of 

Languedoc-Roussillon (France). Primary-end point was the use of one indicator of 

fluid responsiveness at least. Uni- and multivariate analysis was conducted to

find associated factors.

RESULTS: Of 232 practitioners included, we collected 149 questionnaires (response

rate=64%). Hundred and eight practitioners (72% [64-79%]) used at least one

indicator of fluid responsiveness. Fifty-six practitioners (38% [30-46%]) used

echocardiography, 54 practitioners (36% [29-44%]) used blood lactate

concentration, 45 practitioners (30% [23-38%]) used passive leg raising. The use 

of indicators of fluid responsiveness is associated with easy access to

echography device (odd ratio=2.94 [1.16-7.62], P=0.03).

CONCLUSION: Emergency practitioners use preferentially less invasive and less

time-consuming indicators of fluid responsiveness.

Copyright © 2012 Société française d’anesthésie et de réanimation (Sfar).

Published by Elsevier SAS. All rights reserved.
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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

(N(G)-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 μmol

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 (r(2) = 0.704, P < 0.001) and

with age (r(2) = 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.

PMCID: PMC3473293
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The newly introduced Nexfin(®) device allows analysis of the blood pressure trace

produced by a non-invasive finger cuff. We compared the cardiac output derived

from the Nexfin and PiCCO, using transcardiopulmonary thermodilution, during

cardiac surgery. Forty patients with preserved left ventricular function

undergoing elective coronary artery bypass graft surgery were studied after

induction of general anaesthesia and until discharge to the intensive care unit. 

There was a significant correlation between Nexfin and PiCCO before (r(2) = 0.81,

p < 0.001) and after (r(2) = 0.56, p < 0.001) cardiopulmonary bypass.

Bland-Altman analysis demonstrated the mean bias of Nexfin to be -0.1 (95% limits

of agreement -0.6 to +0.5, percentage error 23%) and -0.1 (-0.8 to +0.6, 26%)

l.min(-1).m(-2), before and after cardiopulmonary bypass, respectively. After a

passive leg-raise was performed, there was also good correlation between the two 

methods, both before (r(2) = 0.72, p < 0.001) and after (r(2) = 0.76, p < 0.001) 

cardiopulmonary bypass. We conclude that the Nexfin is a reliable method of

measuring cardiac output during and after cardiac surgery.

Anaesthesia © 2012 The Association of Anaesthetists of Great Britain and Ireland.
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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.

PMCID: PMC3334248
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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.
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PURPOSE: The ability of the global end-diastolic volume index (GEDVI) and

respiratory variations in left ventricular outflow tract velocity (ΔVTI(LVOT))

for prediction of fluid responsiveness is still under debate. The aim of the

present study was to challenge the predictive power of GEDVI and ΔVTI(LVOT)

compared with pulse pressure variation (PPV) and stroke volume variation (SVV) in

a large patient population.

MATERIAL AND METHODS: Ninety-two patients were studied before coronary artery

surgery. Each patient was monitored with central venous pressure (CVP), the PiCCO

system (Pulsion Medical Systems, Munich, Germany), and transesophageal

echocardiography. Responders were defined as those who increased their stroke

volume index by greater than 15% (ΔSVI(TPTD) >15%) during passive leg raising.

RESULTS: Central venous pressure showed no significant correlation with

ΔSVI(TPTD) (r = -0.06, P = .58), in contrast to PPV (r = 0.71, P < .0001), SVV (r

= 0.61, P < .0001), GEDVI (r = -0.54, P < .0001), and ΔVTI(LVOT) (r = 0.54, P <

.0001). The best area under the receiver operating characteristic curve (AUC)

predicting ΔSVI(TPTD) greater than 15% was found for PPV (AUC, 0.82; P < .0001)

and SVV (AUC, 0.77; P < .0001), followed by ΔVTI(LVOT) (AUC, 0.74; P < .0001) and

GEDVI (AUC, 0.71; P = .0006), whereas CVP was not able to predict fluid

responsiveness (AUC, 0.58; P = .18).

CONCLUSIONS: In contrast to CVP, GEDVI and ΔVTI(LVOT) reliably predicted fluid

responsiveness under closed-chest conditions. Pulse pressure variation and SVV

showed the highest accuracy.

Copyright © 2012 Elsevier Inc. All rights reserved.
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A severe variant of vasovagal syncope, observed during tilt tests and blood

donation has recently been termed "prolonged post-faint hypotension" (PPFH). A

49-year-old male with a life-long history of severe fainting attacks underwent

head-up tilt for 20 min, and developed syncope 2 min after nitroglycerine spray. 

He was unconscious for 40 s and asystolic for 22 s. For the first 2 min of

recovery, BP and HR remained low (65/45 mmHg and 40 beats/min) despite passive

leg-raising. Blood pressure (and symptoms) only improved following active

bilateral leg flexion and extension ("dynamic tension"). During PPFH, when vagal 

activity is extreme, patients may require central stimulation as well as

correction of venous return.
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The performance dynamic physiology model (DPM-PE) integrates a modified muscle

fatigue model with an exercise physiology model that calculates the transport and

delivery of oxygen to working muscles during exposures of oxygen-limiting

environments. This mathematical model implements a number of physiologic

processes (respiration, circulation, tissue metabolism, diffusion-limited gas

transfer at the blood/gas lung interface, and ventilatory control with afferent

feedback, central command and humoral chemoreceptor feedback) to replicate the

three phases of ventilatory response to a variety of exertion patterns, predict

the delivery and transport of oxygen and carbon dioxide from the lungs to

tissues, and calculate the amount of aerobic and anaerobic work performed. The

ventilatory patterns from passive leg movement, unloaded work, and stepped and

ramping loaded work compare well against data. The model also compares well

against steady-state ventilation, cardiac output, blood oxygen levels, oxygen

consumption, and carbon dioxide generation against a range of exertion levels at 

sea level and at altitude, thus demonstrating the range of applicability of the

exercise model. With the ability to understand and predict gas transport and

delivery of oxygen to working muscle tissue for different workloads and

environments, the correlation between blood oxygen measures and the recovery

factor of the muscle fatigue model was explored. Endurance data sets in normoxia 

and hypoxia were best replicated using arterial oxygen saturation as the

correlate with the recovery factor. This model provides a physiologically based

method for predicting physical performance decrement due to oxygen-limiting

environments.
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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 30°

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 AUROC's 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.

PMID: 21622963  [PubMed - indexed for MEDLINE]

36. Acta Anaesthesiol Scand. 2011 Jul;55(6):686-93. doi:

10.1111/j.1399-6576.2011.02435.x. Epub 2011 Apr 11.

Accuracy of the pleth variability index to predict fluid responsiveness depends

on the perfusion index.

Broch O, Bein B, Gruenewald M, Höcker J, Schöttler J, Meybohm P, Steinfath M,

Renner J.

Author information: 

Department of Anaesthesiology and Intensive Care Medicine, University Hospital

Schleswig-Holstein, Campus Kiel, Germany. broch@anaesthesie.uni-kiel.de

BACKGROUND: Respiratory variations in plethysmographic waveform amplitudes

derived from pulse oximetry are believed to predict fluid responsiveness. The

non-invasive pleth variability index (PVI) is a variable based on the calculation

of changes in the perfusion index (PI). The aim of the following study was to

examine whether the predictive power of PVI depends on different values of PI.

METHODS: Eighty-one patients undergoing elective coronary artery surgery were

studied before operation: at baseline after induction of anaesthesia and during

passive leg raising (PLR). Each patient was monitored with central venous

pressure (CVP), the PiCCO monitor and the non-invasive Masimo monitoring system. 

Stroke volume index by transpulmonary thermodilution (SVI(TPTD)), pulse pressure 

variation (PPV), stroke volume variation (SVV) and systemic vascular resistance

index (SVRI) were measured using the PiCCO monitoring system. PI and PVI were

obtained by pulse oximetry.

RESULTS: Responders were defined to increase their SVI(TPTD) >15% after PLR. The 

highest area under the curve (AUC) was found for PPV (AUC: 0.83, P<0.0001) and

SVV (AUC: 0.72, P=0.002), in contrast to PVI (AUC: 0.60, P=0.11) and CVP (AUC:

0.60, P=0.13). The accuracy of PVI to predict fluid responsiveness was improved

on analysing patients with higher PI values. PI of about 4% (n=45) achieved

statistical significance (AUC: 0.72, P=0.01).

CONCLUSION: The PVI was not able to predict fluid responsiveness with sufficient 

accuracy. In patients with higher perfusion states, the PVI improved its ability 

to predict haemodynamic changes, strongly suggesting a relevant influence of the 

PI on the PVI.

© 2011 The Authors. Acta Anaesthesiologica Scandinavica © 2011 The Acta

Anaesthesiologica Scandinavica Foundation.
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OBJECTIVES: To evaluate the accuracy, precision, and trending of a new

endotracheally sourced impedance cardiography-based cardiac output (CO) monitor

(ECOM; ConMed Corp, Irvine, CA).

SETTING: Two university hospitals.

PARTICIPANTS: Thirty patients scheduled for elective coronary artery bypass graft

(CABG) surgery.

INTERVENTIONS: All patients received a pulmonary artery catheter (PAC), arterial 

catheter, endotracheal CO monitor (ECOM), endotracheal intubation, and

transesophageal echocardiographic monitoring. ECOM CO was compared with CO

measured with pulmonary artery thermodilution, and left ventricular CO measured

with transesophageal echocardiography.

MEASUREMENTS: One hundred forty-five pairs of triplicate CO measurements using

intermittent bolus pulmonary artery thermodilution (TD) and ECOM were compared at

5 distinct time points: postinduction, postinduction passive leg raise,

poststernotomy, post-CABG completion, and post-chest closure. Eighty-seven pairs 

of triplicate CO measurements using transesophageal echocardiography were

obtained at 3 time points: postinduction, post-CABG completion, and post-chest

closure and compared with ECOM- and PA-derived CO measurements. The measurements 

at each time point were compared by using Bland-Altman and polar plot analyses.

RESULTS: The mean CO ranged from 2.16 to 9.41 L/min. ECOM CO, compared with TD

CO, revealed a bias of 0.02 L/min, 95% limits of agreement of -2.26 to 2.30

L/min, and a percent error of 50%. ECOM CO showed trending with TD CO with 91%

and 99% of values within 0.5L/min and 1 L/min limits of agreement, respectively. 

ECOM CO, compared with TEE CO, revealed a bias of -0.25 L/min, 95% limits of

agreement of -2.41 to 1.92 L/min, and a percent error of 48%. ECOM CO showed

trending with TEE CO with 83% and 95% of values within 0.5L/min and 1 L/min

limits of agreement, respectively.

CONCLUSION: ECOM CO shows an acceptable bias with wide limits of agreement and a 

large percent error when compared with TD CO or TEE CO; however, it shows

acceptable trending of CO to both modalities in patients undergoing cardiac

surgery. Further studies are required to evaluate ECOM in other patient

populations and clinical situations.

Copyright © 2011 Elsevier Inc. All rights reserved.
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PURPOSE: Physical examination, assessment of central venous pressure (CVP) and

chest radiography are diagnostic tools for estimation of volume status in

intensive care unit (ICU) patients. Passive leg raising (PLR) is a test to

estimate fluid responsiveness. Transpulmonary thermodilution (TPTD) is

established for measurement of cardiac index (CI), global end-diastolic volume

index (GEDVI), and extravascular lung water index (EVLWI). This study compares

the estimation of volume status using physical examination, CVP, chest

radiography, PLR, and TPTD.

MATERIALS AND METHODS: This study was a prospective trial. Seventy-one patients

in a medical ICU were studied. Interventions were as follows: physical

examination by 2 independent examiners. CVP was measured. TPTD was performed. In 

2 patient subgroups PLR and chest radiography was performed. Comparison of

clinical and x-ray-based estimation of volume status, CVP, PLR, and TPTD

variables was performed.

RESULTS: Estimation of volume status based on physical examination showed a poor 

interobserver agreement between the examiners. There was no significant

correlation between physical examination-based estimation of volume status and

CVP or TPTD-derived GEDVI. There was no significant correlation between CVP and

GEDVI, EVLWI or CI. PLR did not indicate fluid responsiveness. Radiographically

estimated and TPTD-GEDVI/EVLWI values were significantly different.

CONCLUSIONS: In ICU patients, assessment of volume status remains difficult.

Physical examination, CVP, and portable radiography do not correlate with TPTD

assessment of volume status, preload, or pulmonary hydration.

Copyright © 2011 Elsevier Inc. All rights reserved.
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The combination of Pleth Variability Index (PVI) and passive leg raising

(PLR)-induced pulse pressure variation may help to diagnose hypovolemia in

spontaneously breathing patients. In 44 subjects, PVI and Pulse Pressure (PP)

variation after PLR were measured before and after induced hypovolemia (blood

gift or hemodialysis session). PVI values were significantly greater after

hemodialysis session or blood gift (22% vs 18%, P = 0.03); in contrast PP

variation did not change significantly (7% vs 4%, P = 0.49). The accuracy of

these parameters or of their combination to identify the "after hypovolemia

induction" period was weak. In spontaneous ventilation, PVI value is greater

after induced hypovolemia, whereas PP variation does not change significantly.

The combination of PVI and PLR does not improve the accuracy of the detection of 

induced hypovolemia.
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OBJECTIVE: Limb movements, passively performed by a physiotherapist, have been

shown to result in significant increases in critically ill patients' metabolic

and hemodynamic variables. This study objective was to determine whether passive 

cycling leg movement increases hemodynamic and metabolic variables in sedated

mechanical ventilation dependent patients.

METHODS: Five sedated mechanical ventilation dependent patients in a 18-bed

intensive care unit of a university hospital were evaluated. Passive cycling leg 

movements were performed for 10min at a 30 movements/min rate. Complete

hemodynamical data were recorded and arterial and mixed venous blood sample were 

collected 5 minutes before and after 5 minutes after the maneuver completion.

RESULTS: All patients had increased oxygen consumption (VO2). The VO2 increase

occurred with a concomitant drop in mixed venous blood saturation (SvO2), likely 

from both oxygen extraction ratio (O2ER) and cardiac index (CI) increase.

CONCLUSION: passive cycling leg movements may influence hemodynamical and

metabolic status in sedated mechanical ventilation-dependent patients.

PMID: 25302505  [PubMed - as supplied by publisher]
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OBJECTIVE: The authors evaluated the ability of 2 pulse contour cardiac output

(CO) techniques to track CO changes during passive leg raising (PLR) to assess

fluid loading responsiveness.

DESIGN: A prospective study.

SETTING: An intensive care unit in a university hospital.

PARTICIPANTS: Twenty mechanically ventilated postoperative cardiac surgery

patients.

INTERVENTIONS: Thirty-degree PLR.

MEASUREMENTS AND MAIN RESULTS: The authors estimated CO by 3 techniques:

thermodilution (COtd), arterial pulse power (Coli; LiDCO, London, UK), and pulse 

contour method (Com; FMS, Amsterdam, The Netherlands) based on uncalibrated

Modelflow. The authors measured heart rate (HR), central venous pressure,

arterial pulse pressure (PP), systolic pressure (SP), and mean arterial pressure 

(MAP). Stroke volume (SV), SP, PP, and SV variation (PPV and SVV, respectively)

were calculated over 5 breaths. SVV was measured by both LiDCO (SVVli) and

Modelflow (SVVm) devices. PLR-induced changes in COtd correlated with COli (p <

0.001) and COm (p < 0.001). Preload dependence was predicted with an area under

the ROC curve of 0.968 for ΔCOm, 0.841 for ΔCOli, 0.825 for SVVm, 0.873 for

SVVli, 0.808 for PPV, 0.778 for ΔSP, 0.714 for ΔPP, and 0.873 for ΔMAP.

CONCLUSIONS: Changes in COm, COli, SVV, and PPV track COtd changes during PLR

with a high degree of accuracy in sedated, ventilated, postoperative cardiac

surgery patients. Changes in pulse contour CO after PLR can be used to predict

fluid loading responsiveness.

Copyright © 2011 Elsevier Inc. All rights reserved.
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Passive leg raising (PLR) elicits cardiorespiratory changes because of

intra-thoracic blood pooling. We previously found PLR to lower blood pressure

(BP) in healthy subjects. To determine the effects of cardiovascular (CV) risk

factors on the PLR BP lowering response, we measured brachial artery, systolic

(SBP), diastolic (DBP), and pulse pressure (PP) before and 1 minute after 60°

PLR, in 125 subjects (58% males, age 48 ± 18 years) with/without CV risk

factors/disease. Baseline carotid-radial pulse wave velocity (PWV) and

augmentation index (AI) were measured by applanation tonometry. Changes (∆) in

SBP and BA PP ranged from +31 to -27 and +35 to -20 mm Hg and were normally

distributed. Mean BP decreases upon PLR were ΔSBP -3 ± 9 (P < .001), and ΔPP -2 ±

8 mm Hg (P = .04). On univariate analyses, ΔSBP was correlated with age (r =

0.31, P < .001), PWV (r = 0.53, P < .001), AI (r = 0.25, P < .01), hypertension

(r = 0.37, P < .001), hypercholesterolemia (r = 0.25, P < .01) and renal

insufficiency (r = 0.19, P = .038). ΔPP was correlated with age (r = 0.31, P <

.001), PWV (r = 0.45, P < .001), AI (r = 0.23, P = .01), hypertension (r = 0.22, 

P = .01), hypercholesterolemia (r = 0.27, P < .001). Multivariate analysis showed

PWV the only independent predictor of ΔSBP (B = 3.2, r(2) = 0.40, P < .001) and

of ΔPP (B = 2.6, r(2) = 0.36, P < .001). Therefore, changes in SBP and PP induced

by PLR are independently and inversely related to carotid-radial PWV.

Published by Elsevier Inc.
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BACKGROUND: Passive leg raising (PLR), to augment the artificial circulation, was

deleted from cardiopulmonary resuscitation (CPR) guidelines in 1992. Increases in

end-tidal carbon dioxide (P(ET)CO(2)) during CPR have been associated with

increased pulmonary blood flow reflecting cardiac output. Measurements of

P(ET)CO(2) after PLR might therefore increase our understanding of its potential 

value in CPR. We also observed the alteration in P(ET)CO(2) in relation to the

return of spontaneous circulation (ROSC) and no ROSC.

METHODS AND RESULTS: The P(ET)CO(2) was measured, subsequent to intubation, in

126 patients suffering an out-of-hospital cardiac arrest (OHCA), during 15 min or

until ROSC. Forty-four patients were selected by the study protocol to PLR 35 cm;

21 patients received manual chest compressions and 23 mechanical compressions.

The PLR was initiated during uninterrupted CPR, 5 min from the start of

P(ET)CO(2) measurements. During PLR, an increase in P(ET)CO(2) was found in all

44 patients within 15 s (p=0.003), 45 s (p=0.002) and 75 s (p=0.0001). Survival

to hospital discharge was 7% among patients with PLR and 1% among those without

PLR (p=0.12). Among patients experiencing ROSC (60 of 126), we found a marked

increase in P(ET)CO(2) 1 min before the detection of a palpable pulse.

CONCLUSION: Since PLR during CPR appears to increase P(ET)CO(2) after OHCA,

larger studies are needed to evaluate its potential effects on survival. Further,

the measurement of P(ET)CO(2) could help to minimise the hands-off periods and

pulse checks.

Copyright © 2010 Elsevier Ireland Ltd. All rights reserved.
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OBJECTIVES: Passive leg raising (PLR) is a diagnostic maneuver that has been

shown to cause brachial artery dilation (BAD). The objectives of this study were 

to compare BAD induced by PLR with flow mediated dilation (FMD), and to

investigate the mechanism of PLR-BAD. We studied a total of 75 subjects with and 

without cardiovascular risk factors/disease in order to provide a wide range of

FMD responses.

METHODS: Using ultrasound, PLR-BAD and FMD induced by release of arterial cuff

occlusion were measured.

RESULTS: BA diameter increased from 0.33+0.06 at baseline to 0.35+/-0.06 cm

(p<.001) (4.8% increase) upon PLR and from 0.33+/-0.06 to 0.37+/-0.06 (11.8%)

upon hyperemia. PLR induced BAD was significantly correlated with FMD (r=.82,

p<.001). On receiver operating characteristic analysis of the two techniques, the

area under the curve was 0.86 (95% CI 0.79-0.94, p<.001). Heart rate variability 

measures remained unchanged upon PLR indicating minimal contributions from

changes in autonomic activity. The combination of FMD and PLR did not result in

greater BAD than did FMD alone consistent with a common underlying mechanism.

Mean blood flow velocity increased prior to BAD suggesting that shear stress

increases prior to BAD.

CONCLUSIONS: BAD occurs in response to PLR and is proportional to FMD, although

the magnitude of PLR-BAD is less than half that of FMD. It appears to occur by

the same endothelial dependent mechanism as FMD. PLR-BAD may be used as a

surrogate measure of FMD to evaluate vascular function, and has the advantage of 

being simpler to perform.

Published by Elsevier Ireland Ltd.
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Limb movement-induced hyperemia has a central hemodynamic component: evidence

from a neural blockade study.

Trinity JD, Amann M, McDaniel J, Fjeldstad AS, Barrett-O'Keefe Z, Runnels S,

Morgan DE, Wray DW, Richardson RS.

Author information: 

Geriatric Research, Education, and Clinical Center, George E. Whalen Veterans

Affairs Medical Center, Salt Lake City, Utah, USA. joel.trinity@utah.edu

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.

PMCID: PMC3774478
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To assess the feasibility of left atrial flow propagation velocity (LAFPV)

measurement and to evaluate the influence of preload alterations on this new

parameter of left atrial (LA) reservoir function as compared to conventional

echocardiographic indices. 30 healthy volunteers (26 ± 5 years, 20 males)

underwent echocardiographic examination at rest, during passive leg lifting and

after sublingual administration of nitroglycerine with subsequent Valsalva

maneuver. LA reservoir function was assessed by conventional indices including LA

expansion index, peak velocity and velocity-time integral of pulmonary venous

systolic flow. As well, LAFPV was measured by color M-mode in an apical 4-chamber

view as the slope of the transatrial flow wave during LA reservoir phase. LAFPV

measurement was feasible in 25 subjects (83%). All conventional parameters of LA 

reservoir function were significantly altered from resting values by both

load-modifying conditions. However, LAPFV was not significantly altered by such

maneuvers (228 ± 28 cm s⁻¹ at rest vs. 238 ± 3 cm s⁻¹ during leg lifting, P = NS,

vs. 218 ± 38 cm s(-1) after nitroglycerin with Valsalva maneuver, P = NS vs.

rest, P < 0.01 vs. leg lifting). LAFPV can be measured in a majority of subjects 

and represents a new, less load-dependent index of LA reservoir function that may

more appropriately reflect LA compliance.

PMID: 20571873  [PubMed - indexed for MEDLINE]

47. J Appl Physiol (1985). 2010 Aug;109(2):484-90. doi:

10.1152/japplphysiol.00196.2010. Epub 2010 Jun 17.

Effect of increased preload on the synthesized aortic blood pressure waveform.

Heffernan KS, Sharman JE, Yoon ES, Kim EJ, Jung SJ, Jae SY.

Author information: 

Tufts Medical Center, Molecular Cardiology Research Institute and the Dept. of

Medicine, Division of Cardiology, 800 Washington St, Boston, MA 02111, USA.

KHeffernan@tuftsmedicalcenter.org

In the present study, we examined the influence of preload augmentation via

passive leg elevation (PLE) on synthesized aortic blood pressure, aortic

augmentation index (AIx), and aortic capacitance (a reflection of aortic

reservoir function). Central and peripheral hemodynamics were measured via

tonometry with a generalized transfer function in 14 young, healthy men (age = 24

yr). Aortic blood flow was calculated from the left ventricular outflow tract

(LVOT) velocity-time integral (VTI) using standard two-dimensional

echocardiographic-Doppler techniques. Measures were made in the supine position

at rest (Pre), during PLE, and during recovery (Post). There was a significant

increase in LVOT-VTI, synthesized aortic systolic blood pressure (BP) and AIx

from Pre to PLE, with values returning to baseline Post (P < 0.05). There was a

reduction in aortic capacitance from Pre to PLE, with values returning to

baseline Post (P < 0.05). There was no change in heart rate, systemic arterial

compliance, aortic elastance, aortic wave travel timing, or vascular resistance

(P > 0.05). Change in AIx from Pre to PLE was associated with change in LVOT-VTI 

(r = 0.66, P < 0.05) and inversely associated with change in aortic capacitance

(r = -0.73, P < 0.05). These data suggest that in a setting of isolated augmented

preload with minimal changes in other potential confounders, the morphology of

the synthesized aortic BP waveform and AIx may be related to changes in aortic

reservoir function.

PMID: 20558757  [PubMed - in process]
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INTRODUCTION: Previous studies suggested that variation of pulse oximetric

plethysmographic (POP) waveform amplitude (Delta POP) could predict fluid

responsiveness in mechanically ventilated patients. Our objective was to

correlate the variations of Delta POP and the variations of cardiac index (CI)

induced by passive leg raising (PLR) in spontaneously breathing volunteers.

METHODS: We studied 26 spontaneously breathing volunteers using a pulse oximeter 

attached to the middle finger. We assessed hemodynamic variables, including Delta

POP (%) (POP(max) - POP(min))/[(POP(max) + POP(min))/2] and CI determined by

transthoracic echocardiography at baseline (eg, semirecumbent position), during

PLR at 60 degrees, and back to baseline.

RESULTS: Cardiac index significantly increased from 2.2 to 2.5 L/min x m(2) (P < 

.01) at 60 degrees PLR. Conversely, Delta POP significantly decreased from 22% to

15% (P < .01) at 60 degrees PLR. There was a weak correlation between CI and

Delta POP variations at 60 degrees PLR (r = 0.40; P < .01). The area under curve 

of the receiver operating characteristic curve for Delta POP as a predictor of an

increase of CI of 15% was not significant (0.67 +/- 0.10; P = .16).

CONCLUSION: The variation of Delta POP induced by PLR is not an accurate

predictor of increase in CI.

(c) 2010 Elsevier Inc. All rights reserved.
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BACKGROUND: The aim of this study was to demonstrate the usefulness of leg raise 

in identifying lower diastolic functional reserve to exercise.

METHODS: One hundred fifty-four patients with abnormal left ventricular

relaxation on Doppler mitral inflow with preserved left ventricular ejection

fractions were enrolled. After resting evaluations, Doppler echocardiographic

measurements were repeated during passive leg raise and graded supine bicycle

exercise.

RESULTS: Patients were divided into 3 groups according to resting E/e' ratio and 

its response to leg raise: group IA (persistent E/e' < 15 [n = 112]), group IB

(change to E/e' > or = 15 after leg raise [n = 19]), and group II (persistent

E/e' > or = 15 [n = 23]). Group II had lower S', e', and diastolic reserve index 

values during exercise compared with group IA but not with group IB. Group IB had

higher E/e' ratios during exercise and lower diastolic functional reserve index

values accompanied by lower exercise capacity compared with group IA.

CONCLUSION: Passive leg raise might be helpful in identifying a subgroup with

lower diastolic functional reserve and lower exercise capacity among patients

with abnormal relaxation.

2010 American Society of Echocardiography. Published by Mosby, Inc. All rights

reserved.
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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

(P(s)-P(i)), HR corrected augmentation index (AIx@75), and augmentation index

decreased significantly [(P(s)-P(i)): 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 (ED(c)), round trip travel time

(deltat(p)), and reflected wave systolic duration (deltat(r)) all increased upon 

PLR [ED(c): 433 +/- 15 vs. 444 +/- 17, P < 0.001; deltat(p): 149 +/- 18 vs. 156

+/- 20, P = 0.003; deltat(r): 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.

PMID: 19938336  [PubMed - indexed for MEDLINE]
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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.

PMID: 19926983  [PubMed - indexed for MEDLINE]
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Arterial spin labeling (ASL) is a powerful tool for the quantitative measurement 

of tissue blood flow, and has been extensively applied to the brain, lungs, and

kidneys. ASL has been recently applied to myocardial blood flow (MBF) measurement

in small animals; however, its use in humans is limited by inadequate

signal-to-noise ratio (SNR) efficiency and timing restrictions related to cardiac

motion. We present preliminary results demonstrating MBF measurement in humans,

using cardiac-gated flow-sensitive alternating inversion recovery (FAIR) tagging 

and balanced steady-state free precession (SSFP) imaging at 3T, and present an

analysis of thermal and physiological noise and their impact on MBF measurement

error. Measured MBF values in healthy volunteers were 1.36 +/- 0.40 ml/ml/min at 

rest, matching the published literature based on quantitative (13)N-ammonia

positron emission tomography (PET), and increased by 30% and 29% with passive leg

elevation and isometric handgrip stress, respectively. With thermal noise alone, 

MBF can be quantified to within +/- 0.1 ml/ml/min with 85.5% confidence, for 3.09

cm(3) regions averaged over 6 breath-holds. This study demonstrates the

feasibility of quantitative assessment of myocardial blood flow in humans using

ASL, and identifies SNR improvement and the reduction of physiological noise as

key areas for future development.

(c) 2009 Wiley-Liss, Inc.
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We evaluated cardiac output (CO) using three new methods - the auto-calibrated

FloTrac-Vigileo (CO(ed)), the non-calibrated Modelflow (CO(mf) ) pulse contour

method and the ultra-sound HemoSonic system (CO(hs)) - with thermodilution

(CO(td)) as the reference. In 13 postoperative cardiac surgical patients, 104

paired CO values were assessed before, during and after four interventions: (i)

an increase of tidal volume by 50%; (ii) a 10 cm H(2)O increase in positive

end-expiratory pressure; (iii) passive leg raising and (iv) head up position.

With the pooled data the difference (bias (2SD)) between CO(ed) and CO(td),

CO(mf) and CO(td) and CO(hs) and CO(td) was 0.33 (0.90), 0.30 (0.69) and -0.41

(1.11) l.min(-1), respectively. Thus, Modelflow had the lowest mean squared

error, suggesting that it had the best performance. CO(ed) significantly

overestimates changes in cardiac output while CO(mf) and CO(hs) values are not

significantly different from those of CO(td). Directional changes in cardiac

output by thermodilution were detected with a high score by all three methods.

PMID: 19624632  [PubMed - indexed for MEDLINE]
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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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This paper describes the effect of passive leg raising on blood volume change in 

the lower limb, using a dual probe photoplethysmography (PPG) system employing a 

tissue optics model. The normalized AC/DC ratio and DC value are introduced from 

the model to evaluate the dynamic pulsation and total blood volume changes due to

postural effects. The AC and DC components of PPG signals were collected from a

passive leg raising protocol. With the leg raised, the normalized AC/DC ratio

significantly decreased when supine, while the normalized DC value increased

significantly in both supine and reclining positions. The parameters from the

stationary leg showed similar but smaller responses. These results demonstrate a 

local and systemic physiological phenomenon in the lower limb blood volume change

caused by postural changes. The normalized AC/DC ratio and DC value derived from 

the tissue optics model could be applied to assess the blood volume change.
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METHODS: We evaluated diastolic functional reserve in 108 patients with normal

left ventricular ejection fraction (LVEF)> or =50% but abnormal relaxation (ratio

of transmitral peak velocity of early and late diastolic flow (E/A)<1) using

passive leg lifting. We calculated the pulmonary venous systolic to diastolic

flow ratio (S/D) as a marker of left atrial reservoir function, and the time

difference between the duration of pulmonary venous retrograde flow (PVAd) and

the duration of the mitral A wave (PVAd-Ad) as a marker of left ventricular

end-diastolic pressure (LVEDP).

RESULTS: During leg lifting, the E/A was > or =1 in 39 patients (the inverted

group); the remaining 69 patients comprised the stable group. Comparing the

inverted group with the stable group at baseline, S/D was smaller (1.5+/-0.4 vs. 

1.8+/-0.5, P=0.002) and PVAd-Ad greater (11+/-23 ms vs. -23+/-28 ms, P<0.001).

Multiple logistic regression analysis revealed that PVAd-Ad and S/D predicted E/A

inversion with leg lifting after adjustment for age, LV wall thickness, LV

dimension, LVEF, deceleration time of E, and E/E'.

CONCLUSION: In patients with preserved LVEF but early diastolic dysfunction,

passive leg lifting may identify patients having a less compliant left ventricle 

and impaired left atrial reservoir function.
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The aim of this study was to evaluate the influence of passive leg elevation and 

Trendelenburg position on the cross-sectional area (CSA) of the internal jugular 

(II) and subclavian veins (SCV). Ultrasound imaging was used for the following

measurements of both the IJV and SCV baseline in the supine position (control);

Trendelenburg position 15 degrees; reverse Trendelenburg position 15 degrees and 

passive leg elevation 50 degrees. Twenty healthy male volunteers were studied.

Mean CSA of the IJV was 1.12 +/- 0.57 cm2 in control, 1.66 +/- 0.67 cm2 in the

Trendelenburg position (P < 0.0001 vs. control), 0.38 +/- 0.23 cm2 in the reverse

Trendelenburg position (P < 0.0001 vs. control), and 1.40 +/- 0.64 cm2 during

passive leg elevation (P < 0.0001 vs. control). Mean CSA of the SCV was 0.92 +/- 

0.23 cm2 in control, 0.98 +/- 0.17 cm2 in the Trendelenburg position, 0.86 +/-

0.21 cm2 in the reverse Trendelenburg position and 0.93 +/- 0.18 cm2 during

passive leg elevation. The results indicate that passive leg elevation increases 

the CSA of the IJV, but has little effect on the SCV. The CSA of the IJV appears 

to be influenced more by gravitational factors than the SCV.
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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 45 degrees 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.
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The time interval (TEa-E) between onsets of early diastolic mitral annular

velocity (Ea) and early mitral inflow velocity (E) has been proposed as a new

index of left ventricular (LV) relaxation. We aimed to assess the influence of

preload changes on this parameter by examining 25 healthy volunteers at rest,

after passive leg lifting, and after administration of nitroglycerin combined

with Valsalva maneuver. To obtain septal and lateral TEa-E, the time intervals

between peak R-wave on electrocardiogram and the onsets of Ea and E were measured

in different cardiac cycles. E and Ea were significantly changed by preload

manipulations. We did not observe significant changes of TEa-E intervals after

leg lifting or after nitroglycerin administration combined with Valsalva maneuver

(P = NS). TEa-E was < 0 ms in several subjects using either septal or lateral Ea 

recordings. We conclude that TEa-E may be load independent in subjects with

normal LV systolic and diastolic function as compared to other Doppler

parameters. Therefore, this index could be potentially used as a reliable

noninvasive parameter of LV relaxation. Nevertheless, even slight differences in 

cardiac cycle lengths might influence the measurements of TEa-E interval. For

that reason, the clinical use of TEa-E seems to be significantly limited because 

of a wide margin of error in its measurement due to the inability to obtain

Doppler recordings during the same cardiac cycle.
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OBJECTIVE: Echocardiographic recording of the tricuspid annular plane systolic

excursion (TAPSE) has been recommended for assessing right ventricular function

in cardiac patients. The ability of TAPSE to reflect right ventricular function

at baseline and to monitor acute changes in right ventricular function was tested

in critically ill patients.

DESIGN: Prospective study.

SETTING: A 24-bed medical intensive care unit.

PATIENTS: Eighty-six patients admitted for acute respiratory failure, circulatory

failure, or coma.

INTERVENTIONS: In 40 patients, the examination was repeated after volume

expansion (n = 15), passive leg raising (n = 5), or dobutamine infusion (n = 20).

MEASUREMENTS AND RESULTS: The right ventricular fractional area change, TAPSE,

the left ventricular ejection fraction, and the ratio of right to left

ventricular end-diastolic area were measured using Doppler echocardiography. In

the overall population, TAPSE (19+/-5 mm) was positively related to left

ventricular ejection fraction (r2 = 0.31, p < 0.001) and right ventricular

fractional area change and was negatively related to age and to the ratio of

right to left ventricular end-diastolic area. Multivariate analysis indicated

that only left ventricular ejection fraction and age were independently related

to TAPSE (multiple r2 = 0.36, p < 0.001). Following dynamic interventions, the

changes in TAPSE were linearly related to changes in left ventricular ejection

fraction (r2 = 0.65, p < 0.01) but notto changes in the right ventricular

fractional area change.

CONCLUSIONS: Unexpectedly, TAPSE was more strongly related to left ventricular

ejection fraction than to indices of right ventricular function in critically ill

patients. The potential interest of TAPSE as a dynamic marker of left ventricular

systolic function deserves further study.
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BACKGROUND: The mechanisms underlying alterations in left ventricular diastolic

function after a marathon are unknown and may be a consequence of a reduced

preload.

OBJECTIVE: We sought to assess the effect of preload augmentation through passive

leg elevation (PLE) on echocardiographic indices of diastolic function after a

marathon.

METHODS: Fourteen trained participants (13 male) were echocardiographically

assessed before and after a marathon in the supine position and during PLE.

Diastolic function was measured via conventional Doppler, color M-mode, and

tissue Doppler echocardiography. Early and late transmitral filling velocities (E

and A, respectively), flow propagation velocity of early filling, and basal early

and late left ventricular wall velocities (E' and A', respectively) were

obtained.

RESULTS: The E/A ratio, flow propagation velocity of early filling, and the E'/A'

ratio decreased by 31%, 24%, and 32%, respectively (P < .05), after marathon

running. Postrace PLE returned E to baseline and increased E/A compared with

postrace supine (P < .05). However, E/A remained depressed compared with baseline

as a result of the persistent elevation in A. Postrace PLE caused Vp to return to

baseline; mean E' also increased (9%, P < .05), but did not return to resting

levels. Mean A' was unaffected by postrace PLE, therefore, E'/A' was unchanged

postrace despite PLE.

CONCLUSION: Postexercise alterations in Doppler indices of diastolic function can

be partially explained by a reduction in preload. However, data from tissue

Doppler echocardiography indicate that there is an intrinsic impairment in

myocardial relaxation after marathon running.
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OBJECTIVE: The purpose of this study was to compare dP/dt(max) estimated from a

femoral artery pressure tracing to left ventricular (LV) dP/dt(max) during

various alterations in myocardial loading and contractile function.

PARTICIPANTS: Seventy patients scheduled for elective coronary artery bypass

surgery.

METHODS: All patients were instrumented with a high-fidelity LV catheter, a

pulmonary artery catheter, and a femoral arterial catheter. In 40 patients,

hemodynamic measurements were performed before and after passive leg raising and 

before and after calcium administration (5 mg/kg); and in 30 other patients,

hemodynamic measurements were performed before and after dobutamine infusion (5

microg/kg/min over 10 minutes).

RESULTS: LV and femoral dP/dt(max) were significantly correlated (r = 0.82, p <

0.001), but femoral dP/dt(max) systematically underestimated LV dP/dt(max) (bias 

= -361 +/- 96 mmHg/s). Passive leg raising induced significant increases in

central venous pressure and LV end-diastolic pressure, but femoral dP/dt(max),

stroke volume, and LV dP/dt(max) remained unaltered. Calcium administration

induced significant and marked increases in LV dP/dt(max) (23% +/- 9%) and

femoral dP/dt(max) (37% +/- 14%) associated with a significant increase in stroke

volume (9% +/- 2%). Dobutamine infusion also induced significant and marked

increases in LV dP/dt(max) (25% +/- 8%) and femoral dP/dt(max) (35% +/- 12%)

associated with a significant increase in stroke volume (14% +/- 3%). Overall, a 

very close linear relationship (r = 0.93) and a good agreement (bias = -5 +/- 17 

mmHg/s) were found between changes in LV dP/dt(max) and changes in femoral

dP/dt(max). A very close relationship was also observed between changes in LV

dP/dt(max) and changes in femoral dP/dt(max) during each intervention (leg

raising, calcium administration, and dobutamine infusion).

CONCLUSION: Femoral dP/dt(max) underestimated LV dP/dt(max), but changes in

femoral dP/dt(max) accurately reflected changes in LV dP/dt(max) during various

interventions.
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BACKGROUND: One problem in the mobilization of patients with neurological

diseases, such as spinal cord injury, is the circulatory collapse that occurs

while changing from supine to vertical position because of the missing venous

pump due to paralyzed leg muscles. Therefore, a tilt table with integrated

stepping device (tilt stepper) was developed, which allows passive stepping

movements for performing locomotion training in an early state of rehabilitation.

The aim of this pilot study was to investigate if passive stepping and cycling

movements of the legs during tilt table training could stabilize blood

circulation and prevent neurally-mediated syncope in healthy young adults.

METHODS: In the first experiment, healthy subjects were tested on a traditional

tilt table. Subjects who had a syncope or near-syncope in this condition

underwent a second trial on the tilt stepper. In the second experiment, a group

of healthy subjects was investigated on a traditional tilt table, the second

group on the tilt ergometer, a device that allows cycling movements during tilt

table training. We used the chi-square test to compare the occurrence of

near-syncope/syncope in both groups (tilt table/tilt stepper and tilt table/tilt 

ergometer) and ANOVA to compare the blood pressure and heart rate between the

groups at the four time intervals (supine, at 2 minutes, at 6 minutes and end of 

head-up tilt). RESULTS: Separate chi-square tests performed for each experiment

showed significant differences in the occurrence of near syncope or syncope based

on the device used. Comparison of the two groups (tilt stepper/ tilt table) in

experiment one (ANOVA) showed that blood pressure was significantly higher at the

end of head-up tilt on the tilt stepper and on the tilt table there was a greater

increase in heart rate (2 minutes after head-up tilt). Comparison of the two

groups (tilt ergometer/tilt table) in experiment 2 (ANOVA) showed that blood

pressure was significantly higher on the tilt ergometer at the end of head-up

tilt and on the tilt table the increase in heart rate was significantly larger

(at 6 min and end of head-up tilt). CONCLUSIONS: Stabilization of blood

circulation and prevention of benign syncope can be achieved by passive leg

movement during a tilt table test in healthy adults.
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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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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 60 degrees, 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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PURPOSE: The purpose of this study was to express quantitatively and

noninvasively the efficiency of the venomuscular pump by using

photoplethysmography (PPG). METHODS AND PATIENTS PPG was used to record volume

changes induced by dorsiflexion resulting in exercise displacement volume (EDV)

and subsequently by passive limb elevation resulting in tilt displacement volume 

(TDV). Dividing EDV by TDV yields efficiency of the venomuscular pump.

Twenty-four control subjects, 21 patients with venous valvular insufficiency

(VVI), and 10 additional patients with both VVI and deep venous thrombosis (DVT) 

were studied. Data for one leg in each subject are reported. Though calculation

of efficiency does not require calibrated or quantitative PPG, in this case

because we used calibrated PPG we recorded the respective values for EDV after

dorsiflexion and TDV after passive leg elevation.

RESULTS: EDV decreased from a normal value of 3.15% optical reflectance (% OR) to

1.68% OR in patients with VVI and 1.09% OR in patients with VVI plus DVT. TDV

response was quite opposite, increasing from 6.55% OR in the control group to

10.30% OR in the VVI group and 16.66% OR in the VVI plus DVT group. Finally,

efficiency decreased from the average normal value of 50.5% to 24.4% in the VVI

group and 8.8% in the VVI plus DVT group.

CONCLUSION: Dividing EDV by TDV, venomuscular efficiency can be determined and

may be considered a useful index of venous hemodynamics.
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18 healthy subjects and 15 patients with liver cirrhosis were examined using a

2-hour method of passive leg rising (PLR). Renal and hormonal responses to PLR

were investigated. There was a significant increase in diuresis (p < 0.01) and

sodium excretion (p < 0.01) simultaneously with a decrease in plasma renin

activity (p < 0.01) and plasma aldosterone (p < 0.01) in the group of healthy

subjects. Similarly, in the group of patients with liver cirrhosis a significant 

increase in diuresis (p < 0.01), natriuresis (p < 0.05) together with a decrease 

in plasma renin activity (p < 0.05) and aldosterone (p < 0.01) were detected. 3

of 15 patients were nonrespondents. We conclude that PLR leads to central volume 

expansion which causes suppression of sodium retaining factors, and the increase 

in diuresis and natriuresis not only in healthy objects but also in cirrhotics.

This simple method may be used as the first therapeutic regimen in patients with 

cirrhosis and edemas. (Tab. 2, Fig. 3, Ref. 13.)
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OBJECTIVES: The goals of this study were: 1) to assess the predictive value of

baseline mitral flow pattern (MFP) and its changes after loading manipulations as

regards tolerance to and effectiveness of beta-adrenergic blocking agent

treatment in patients with chronic heart failure (CHF); and 2) to analyze the

prognostic implications of chronic MFP modifications after beta-blocker

treatment.

BACKGROUND: In patients with CHF, carvedilol therapy induces clinical and

hemodynamic improvements. Individual management, clinical effectiveness and

prognostic implications, however, remain unclear. The MFP changes induced by

loading manipulations provide independent prognostic information.

METHODS: Echo-Doppler was performed at baseline and after loading manipulations

in 116 consecutive patients with CHF (left ventricular ejection fraction: 25 +/- 

7%); 54 patients with a baseline restrictive MFP were given nitroprusside

infusion; 62 patients with a baseline nonrestrictive MFP performed passive leg

lifting. According to changes in MFP, we identified four groups: 17 with

irreversible restrictive MFP (Irr-rMFP), 37 with reversible restrictive MFP

(Rev-rMFP), 12 with unstable nonrestrictive MFP (Un-nrMFP) and 50 with stable

nonrestrictive MFP (Sta-nrMFP). Carvedilol therapy (44 +/- 27 mg) was

administered blind to results of loading maneuvers. After six months, MFP was

reassessed and patients reclassified according to chronic MFP changes. During

follow-up, tolerance to and effectiveness of treatment and major cardiac events

(death, readmission and urgent transplantation) were considered.

RESULTS: Changes of MFP after loading manipulations were more accurate than

baseline MFP in predicting both tolerance to (p < 0.01) and effectiveness of (p <

0.05) carvedilol. After 26 +/- 14 months of follow-up, cardiac events had

occurred in 23/102 patients (23%). The event rate in patients with chronic

Irr-rMFP or Un-nrMFP was markedly higher than it was in those with Rev-rMFP or

Sta-nrMFP.

CONCLUSIONS: In our patients, tolerance to and effectiveness of carvedilol was

predicted better by echo-Doppler MFP changes after loading manipulations than by 

baseline MFP. Chronic changes of MFP after therapy are strong predictors of major

cardiac events.
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The purpose of this study was to assess the effects of preload alterations on

color M-mode flow propagation velocity (Vp) in volunteers with normal left

ventricular (LV) function and in patients with depressed LV function. Color

M-mode Doppler echocardiography was performed during Valsalva maneuver, passive

leg lifting, and after administration of nitroglycerin in 30 healthy volunteers

and in 30 age- and sex-matched patients with previous myocardial infarction (MI).

Mean Vp in controls was 74 +/- 15 cm/s at baseline and 46 +/- 15 cm/s in MI

patients (P <.0005). In both groups, minor changes in Vp were seen during preload

alterations; however, these were not significant (control P =.72, MI P =.31). In 

both groups, peak E-wave velocity (P <.0005), ratio of early-to-late peak

velocities (P <.0005), and E-wave deceleration time (P <.0005) were found to

change during preload alterations. In conclusion, we found that in controls and

patients with previous MI, the color M-mode flow propagation velocity is not

affected significantly by preload.
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Results from both experimental animals and humans suggest that baroreflex

stimulation may be involved in blood pressure-related hypoalgesia. However, most 

of this research, especially in the area of human experimentation, has focused on

sinoaortic baroreceptors. Cardiopulmonary baroreflex stimulation may also be an

important moderator of pain. Sixty-six healthy male undergraduates varying in

risk for hypertension participated in an experimental protocol in which painful

mechanical finger pressure was presented three times in a counterbalanced

fashion. One pain stimulus was preceded by 6 min of supine rest, another by a

period of rest interspersed with periodic Valsalva manoeuvres, and another by a

period in which cardiopulmonary baroreceptors were stimulated by passive leg

elevation. Significantly lower pain was reported by men with relatively elevated 

systolic blood pressure following leg elevation but not the other conditions.

Cardiopulmonary baroreflex stimulation was documented by increased forearm blood 

flow and other data obtained via impedance cardiography. These results suggest

that blood pressure related hypoalgesia may be at least partially related to

cardiopulmonary baroreflex stimulation.
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The objective of the study was to assess the effect of preload alternations on a 

nongeometric Doppler index of combined systolic and diastolic myocardial

performance (MPI). Doppler echocardiography was performed during Valsalva

maneuver, passive leg lifting, and after sublingual administration of

nitroglycerin in 50 healthy volunteers (group 1) and 25 patients (group 2) with

previous myocardial infarction. MPI was significantly lower in group 1 (0.34 +/- 

0.04) compared with group 2 (0.52 +/- 0.14), P <.0005. In group 1 MPI was

significantly increased during preload manipulations (P =. 001). The largest

change in MPI was induced by nitroglycerin (0.034 +/- 0.05). In group 2 no

significant changes in MPI were found. In both groups peak E-wave velocity (P

<.0005), E/A-ratio (P <.0005), and E-wave deceleration time (P <.0005) were found

to change during preload alternations. In conclusion, we found in normal subjects

and to a lesser extent in patients with previous myocardial infarction that MPI

is influenced by preload.
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Twenty patients undergoing elective coronary artery bypass grafting were studied 

prospectively to evaluate the haemodynamic effects of passive leg raising. The

patients were divided into two groups: those having good left ventricular

function with ejection fraction of 0.50 or more (group I, n = 10) and those

having poor left ventricular function with ejection fraction of upto 0.35 (group 

II, n = 10). Morphine-based anaesthetic technique was used and standard

haemodynamic measurements were obtained at following stages: (1) control--20 to

30 min after induction of anaesthesia; (2) one minute, and (3) five min after

raising both the legs; (4) one min, and (5) five min after the legs were

repositioned. In group I, heart rate decreased from 71 +/- 9 to 66 +/- 8

beats/min (p < 0.001) at stage 1 and persisted throughout the study period. This 

was accompanied by a decrease in cardiac index, although, the statistical

significance was achieved at stage 3 and 4 only. The haemodynamic changes

observed in group II were of more severe magnitude. The heart rate decreased from

90 +/- 13 to 84 +/- 13 beats/min at stage 1 (p < 0.05) and persisted throughout

the study with maximum decrease of 14 percent occurring at stage 3. The cardiac

index decreased significantly from 2.4 +/- 0.3 to 2.0 +/- 0.5 L/min/m2 (p < 0.05)

at stage 1. This persisted throughout the study except that it recovered at stage

4. The maximum decrease in cardiac index (20%) occurred at stage 2. In addition, 

systemic vascular resistance increased significantly from 1458 +/- 255 to 1830

+/- 420 dyne.sec.cm-5 (p < 0.05) at stage 1 and persisted throughout the study

period. We conclude that passive leg raising should be undertaken with caution in

patients with coronary artery disease especially in those who have poor left

ventricular function.
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OBJECTIVES: We sought to assess the clinical significance of peak negative

myocardial velocity gradient (MVG) in early diastole as a noninvasive indicator

of left ventricular (LV) diastolic function.

BACKGROUND: Peak systolic MVG has been shown useful for the quantitative

assessment of regional wall motion abnormalities, but limited data exist

regarding the diastolic MVG as an indicator of LV diastolic function.

METHODS: Peak negative MVG was obtained from M-mode tissue Doppler imaging (TDI) 

in 43 subjects with or without impairment of systolic and diastolic performance: 

12 normal subjects, 12 patients with hypertensive heart disease (HHD) with normal

systolic performance and 19 patients with dilated cardiomyopathy (DCM), and was

compared with standard Doppler transmitral flow velocity indices. In a subgroup

of 30 patients, effects of preload increase on these indices were assessed by

performing passive leg lifting. In an additional 11 patients with congestive

heart failure at the initial examination, the measurements were repeated after

26+/-16 days of volume-reducing therapy.

RESULTS: Peak negative MVG was significantly depressed both in HHD (-3.9+/-1.3/s,

p < 0.01 vs. normal=-7.7+/-1.5/s) and DCM (-4.4+/-1.4/s, p < 0.01 vs. normal). In

contrast, transmitral flow indices failed to distinguish DCM from normal due to

the pseudonormalization. Transmitral flow velocity indices were significantly

altered (peak early/late diastolic filling velocity [E/A]=1.1+/-0.5 to 1.5+/-0.7,

p < 0.01; E deceleration time=181+/-41 to 153+/-38 ms, p < 0.01), while peak

negative MVG remained unchanged (-5.3+/-2.2 to -5.3+/-2.0/s, NS) by leg lifting. 

Volume-reducing therapy resulted in the apparent worsening of the transmitral

flow velocity pattern toward abnormal relaxation, as opposed to peak negative

MVG, which improved by the therapy (p < 0.05).

CONCLUSIONS: Peak negative MVG derived from TDI may be a noninvasive indicator of

LV diastolic function that is less affected by preload alterations than the

transmitral flow velocity indices, and thereby could be used for the follow-up of

patients with nonischemic LV dysfunction presenting congestive heart failure.
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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-legged,

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

approximately 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 (approximately 15% of peak power output), two-component

(approximately 40-70% of peak power output), or three-component exponential model

(> or = 75% of peak power output), where Q(t) = Qpassive + delta Q1.[1 - e-(t -

TD1/tau 1)]+ delta Q2.[1 - e-(t - TD2/tau 2)]+ delta Q3.[1 - e-(t - TD3/tau 3)]; 

Qpassive, the blood flow during passive leg movement, equals 1.17 +/- 0.11 l/min;

TD is the onset latency; tau is the time constant; delta Q 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 approximately 

2.2-8.9 s. The blood flow leveled off after approximately 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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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 < or = 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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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 1, and 6.33 +/- 0.23 vs 5.28 +/-

0.13 1). 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 (-34 +/- 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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Hyperadrenergic orthostatic hypotension was diagnosed in a 27-year-old man

because of recurrent episodes of hypotension associated with high plasma

noradrenaline levels. In this patient, laboratory tests were performed to

evaluate autonomic nervous system function. Decreased response to Valsalva

maneuver and carotid sinus massage indicated decreased baroreflex and vagal

responsiveness, respectively. Cardiovascular response to the handgrip was reduced

in comparison to controls. Passive leg raise showed normal reduction of plasma

norepinephrine, indicating normal responsiveness of cardiopulmonary receptors.

'Non-dipper' profile in the ambulatory blood pressure monitoring provided further

evidence for an impaired autonomic control of cardiovascular function in this

patient. This report suggests the presence of autonomic dysfunction in

hyperadrenergic orthostatic hypotension.
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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 led 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).(ABSTRACT TRUNCATED AT 250 WORDS)
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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 Cv,PCW

= (SF/100)(0.075PCW + 0.90)SV/[(v - d)PCW + 1], where Cv,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 (Cvasc) and is based on measurement of pulmonary blood volume (PBV)

and its increase with passive elevation of the legs to calculate Cvasc. Assuming 

the proportion of blood entering pulmonary venous system (in increase of PBV)

during passive leg elevation to be 0.8, pulmonary venous compliance (Cv,PBV) was 

calculated as Cv,PBV = 0.8Cvasc. Cv,PCW correlated fairly closely with Cv,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. Cv,PCW, Cvasc, and Cv,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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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 (microM/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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Passive leg raising is commonly used for the initial treatment of hypovolemic

shock. However, there are many reports which have pointed out that it does not

produce significant autotransfusion effect. We tried to evaluate the effects of

passive leg raising on the cardiovascular performance in coronary artery disease 

patients in stable condition. We studied 31 patients of 51 +/- 10 years. Two

M-mode echocardiographic and continuous wave Doppler studies of aortic flow were 

obtained. The first was performed while the patient was lying on the left side

and the second after passive leg elevation. Left ventricular end-diastolic

dimension increased by 0.40 +/- 0.82 cm (P = 0.007), fractional shortening by 2.5

+/- 6% (P = 0.01), peak aortic blood velocity by 5 +/- 14 cm/s (P = 0.02), and

velocity time integral by 1.7 +/- 3.0 cm (P = 0.0007). From the above it is

concluded that passive leg elevation really does increase preload, and

consequently cardiac performance, by the classical Frank-Staring relationship in 

normovolemic coronary artery disease patients.
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A case of severe bradycardia with junctional escape immediately following

sublingual nitroglycerin is described. Bradycardia is a rare, but

well-documented, complication of nitroglycerin and is often reported in the

setting of myocardial ischemia or infarction. This particular case reported was

complicated by the presence of an angiographically documented congenital coronary

anomaly, but did not have either electrocardiographic or enzymatic evidence of

ischemia or infarction during this event. Previously reported cases were

reviewed, as well as potential mechanisms for this phenomenon. All cases reported

to date were easily corrected with passive leg elevation or atropine.
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We found that on pulmonary auscultation, fine crackles could be induced by

changing the posture from sitting to supine and/or from supine to supine with

passive leg elevation in patients without obvious congestive heart failure. We

named these crackles "posturally induced crackles (PIC)." To investigate the

relationship between PIC and long-term prognosis after myocardial infarction, we 

followed up 262 patients who recovered from acute myocardial infarction for a

mean period of six years. Cardiac death occurred in three of 78 PIC-negative

patients and in 28 of 143 PIC-positive patients. PIC-negative patients had a

significantly better long-term prognosis than PIC-positive patients according to 

the Kaplan-Meier survival curves for cardiac death (p < 0.01). In a multilogistic

model based on 70 appropriate cases, PIC was the third most important

prognosticator after recovery from myocardial infarction and the number of

diseased coronary vessels and the pulmonary capillary wedge pressure ranked first

and second, respectively.
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Cardiorespiratory response at the onset of passive leg movements during sleep in 

humans.
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To examine the ventilatory response at the onset of passive leg movements during 

sleep in man and the concomitant changes in cardiac output (Qc), five healthy

male subjects had their knee joints extended and flexed alternately at a

frequency of about 60.min-1 for about 8 s. Minute ventilation (VI), respiratory

frequency, tidal volume, end-tidal partial pressure of carbon dioxide and of

oxygen, stroke volume (SV), heart rate (fc) and Qc were measured before, during

and after passive leg movement during sleep stage III or IV (SLEEP). These values

were compared with those of the awake condition (AWAKE). The VI increased

significantly (P < 0.05) compared with the mean of five breaths preceding the

movement (pre-movement) within one or two breaths at the onset of passive leg

movements in both conditions. The difference between the mean of the first and

second breaths after the onset of leg movement and pre-movement was 5.2 (SEM 1.9)

l.min-1 for SLEEP and 2.7 (SEM 1.1) l.min-1 for AWAKE, respectively. Four of the 

five subjects showed a larger increase in ventilation during SLEEP compared with 

AWAKE. The fc increased significantly (P < 0.05) at the beginning of the passive 

movement in all cases, while SV showed an increase or decrease so that Qc showed 

no significant change in either condition. These results would suggest that

afferent drive from moving limbs could produce an increase in ventilation without

any change in Qc.
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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.
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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 (less than

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 (45 degrees) 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 specificity 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.(ABSTRACT TRUNCATED AT 250 WORDS)
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Both arterial baroreceptor reflexes and cardiopulmonary reflexes are modified in 

human hypertension. The arterial baroreceptor reflex regulation of heart rate,

when tested by both vasoactive drug injection and the neck chamber technique, has

been shown to be reset and blunted. Arterial baroreceptor reflex control of blood

pressure, studied by the neck chamber technique, has been found to be reset to

more effectively buffer increases in blood pressure than blood pressure falls,

but without any loss of overall reflex sensitivity. Cardiopulmonary reflexes,

tested by passive leg raising and by application of lower body negative pressure,

are also blunted, and their dysfunction involves not only control of peripheral

vasoconstriction but also that of renin release. These readjustments of arterial 

and cardiopulmonary reflexes make buffering of blood pressure falls or of blood

volume changes less effective in hypertension. These readjustments appear to be a

consequence, rather than a cause, of hypertension. In particular, the blunting of

cardiopulmonary reflexes is induced more by left ventricular hypertrophy than by 

hypertension. It is very marked in hypertensive patients with echocardiographic

evidence of left ventricular hypertrophy and very significantly improves when

left ventricular hypertrophy is made to regress by prolonged antihypertensive

therapy; significant blunting of cardiopulmonary reflexes has also been found in 

young athletes with marked left ventricular hypertrophy but normal blood

pressure. Whether structural changes in the carotid and aortic wall and possibly 

in the heart are equally important in the readjustment of arterial baroreceptor

reflexes is incompletely clarified at the moment, although there are indications 

that functional and structural modifications may both be involved.
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Comparison of hemodynamic responses during dynamic exercise in the upright and

supine postures after orthotopic cardiac transplantation.
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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 less than 0.001) and a 10% increase in

cardiac index (3.1 +/- 0.4 to 3.4 +/- 0.5 liters/min per m2, p less than 0.001)

in group S patients compared with a 15% reduction in stroke index (34 +/- 7 to 29

+/- 6 ml/m2, p less than 0.001) and a 9% decrease in cardiac index (3.2 +/- 0.6

to 2.9 +/- 0.5 liters/min per m2, p less than 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 less than 0.001 and 5 +/- 3 to 7 +/- 3 mm Hg, p less than 0.001) with

passive leg elevation in group S and decreased on sitting (12 +/- 6 to 8 +/- 5 mm

Hg, p less than 0.001 and 5 +/- 3 to 3 +/- 2, p less than 0.001) in group

U.(ABSTRACT TRUNCATED AT 250 WORDS)
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Brachial artery diameter changes associated with cardiopulmonary baroreflex

activation in humans.
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Stimulation of receptors in the cardiopulmonary compartment produces a

vasodilatation of forearm resistive vessels. A possible participation of large

conduit arteries in such adjustments, studied in situ, has not been clearly

documented in humans. We used a dual-crystal pulsed Doppler system to determine

whether leg elevation in recumbent subjects is associated with changes in

brachial artery diameter (BAD) and blood velocity (BV) in humans. BA diameter,

velocity, and flow, together with arterial pressure and heart rate, were measured

in 20 normal subjects in supine position and after passive leg raising. BAD

increased immediately after leg elevation from 4.03 +/- 0.11 to 4.56 +/- 0.13 mm 

(P less than 0.001) parallel with an increase in BV from 6.05 +/- 1.18 to 7.1 +/-

1.36 cm/s (P less than 0.02). A positive correlation between BAD enlargement and 

BV increase was observed during the initial peak response (P less than 0.01).

Subsequent measures indicated that BAD remained enlarged throughout the whole

period of leg raising, whereas BV returned to the base-line values. Brachial

artery volumic flow augmented during the initial phase of leg raising from 46 +/-

8 to 74 +/- 15.5 ml/min (P less than 0.01) and remained elevated throughout the

whole period of leg elevation. This study shows that arteries participate in

hemodynamic adjustments induced by positional changes associated with

cardiopulmonary baroreflex activation.
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Effects of twenty-four hours of bed rest with head-down tilt on cardiopulmonary

baroreflex control: preliminary study.
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Author information: 

Internal Medicine Department, Broussais Hospital, Paris, France.

The cardiopulmonary baroreflex response was studied before and after 24 h bed

rest with head-down tilt (-5 degrees) in six normal male subjects, through lower 

body negative pressure (-5, -10, -15 mmHg) and passive leg raising. The reflex

response was assessed (using plethysmography) by changes in forearm vascular

resistance. During the lower body negative pressure and leg raising, forearm

vasoconstriction and vasodilation were similar before and after head-down tilt.

The study shows that orthostatic intolerance following head-down tilt is not

explained by an abnormality in the response of low pressure baroreceptors.
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Oxygen supply dependency in patients with obstructive sleep apnea and its

reversal after therapy with nasal continuous positive airway pressure.

Williams AJ, Mohsenifar Z.

Author information: 

Division of Pulmonary Medicine, Wadsworth VA Medical Center, Los Angeles,

California.

Recently, it was shown that under certain conditions, there is a linkage between 

oxygen delivery (DO2) and oxygen consumption (VO2) so that any increase in DO2 is

accompanied by an increase in VO2. We investigated this phenomenon in 10 patients

with severe obstructive sleep apnea who had nocturnal oxygen desaturations to

less than 85% (Group I), 10 patients with mild sleep apnea and no significant

desaturations (Group II), and six obese control subjects (Group III). VO2 was

measured by respired gas analysis before and after passive leg raising, which has

been shown to increase DO2 by 10 to 12%. This was verified by thermodilution

cardiac output measurements in four obese patients. In patients with severe sleep

apnea, mean apnea index was 53 +/- 11, and supine VO2 was 141 +/- 40 ml/min/m2,

whereas with leg elevation it rose to 163 +/- 41 ml/min/m2 (p less than 0.005).

In patients with mild sleep apnea and in obese control subjects (mean apnea

indices of 24 +/- 6 and 4 +/- 1, respectively), supine VO2 was 144 +/- 11 and 152

+/- 10 ml/min/m2, respectively; with leg elevation, VO2 was 144 +/- 13 and 151

+/- 6 ml/min/m2, respectively (p greater than 0.6). The study was repeated in

nine of the Group I patients after 8 wk of treatment with nasal CPAP (Group IA). 

The repeated supine VO2 in these patients was 138 +/- 28 ml/min/m2, and a

significant difference was not observed after leg raising (140 +/- 29 ml/min/m2; 

p greater than 0.5).(ABSTRACT TRUNCATED AT 250 WORDS)
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Changes in cardiac output after acute blood loss and position change in man.
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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 less than .0001) and

stroke volume index (SI) decreased 22% (14.8 +/- 2.7 ml/beat.m2, p less than

.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 less than .0001); after blood withdrawal PLR increased

CI 11.1% (0.4 +/- 0.1 L/min.m2, p less than .0001). PLR can increase stroke

volume and cardiac output in hypovolemic humans.
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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).(ABSTRACT

TRUNCATED AT 250 WORDS)
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Trendelenburg position and passive leg raising do not significantly improve

cardiopulmonary performance in the anesthetized patient with coronary artery

disease.
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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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Increased vasodilator response during stimulation of cardiopulmonary

baroreceptors in borderline hypertensives.
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1. The effects of passive leg elevation on the forearm circulation were compared 

in 14 borderline hypertensive and 16 normotensive men. 2. In the supine position,

mean arterial pressure (MAP), heart rate (HR) and forearm blood flow (FBF) were

significantly greater in borderline hypertensives. 3. With leg raising, MAP and

HR did not change significantly from basal values. FBF increased by +0.6 +/- 0.2 

(s.e.m.) mL/min/100 mL (P less than 0.02) in normotensives and by + 1.3 +/- 0.2

mL/min/100 mL (P less than 0.001) in hypertensives (P for difference between

groups less than 0.05).
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1. The effects of passive leg elevation on the forearm circulation were compared 

in 14 borderline hypertensive and 16 normotensive men. 2. In the supine position,

mean arterial pressure (MAP), heart rate (HR) and forearm blood flow (FBF) were

significantly greater in borderline hypertensives. 3. With leg raising, MAP and

HR did not change significantly from basal values. FBF increased by +0.6 +/- 0.2 

(s.e.m.) mL/min/100 mL (P less than 0.02) in normotensives and by + 1.3 +/- 0.2

mL/min/100 mL (P less than 0.001) in hypertensives (P for difference between

groups less than 0.05).
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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 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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Several studies have described the modifications of the arterial baroreceptor

reflex in hypertension. Whether this condition alters the other major

cardiovascular reflex (ie, that originating from receptors in the cardiopulmonary

region) is less well known, however. Herein we describe the importance of the

inhibitory control of sympathetic vasomotor and renin influences exerted by the

cardiopulmonary reflex in normotensive humans as assessed by deactivating and

stimulating heart and lung receptors through reductions and increases in central 

venous pressure respectively obtained via lower-body negative pressure and

passive leg raising. Observations on this reflex obtained in experimental animal 

models are summarized. Finally, we report recent evidence showing that the

cardiopulmonary reflex is only slightly affected by mild or moderate essential

hypertension but impaired in hypertension with left ventricular hypertrophy in a 

fashion positively related to the degree of this cardiac structural alteration.

This may further worsen the severity of hypertension. However, the impairment of 

the cardiopulmonary reflex is reversible with regression of hypertrophy obtained 

by antihypertensive treatment which is thus beneficial for cardiovascular

homeostasis.
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The diagnostic accuracy of bedside maneuvers in the evaluation of patients with

systolic murmurs has not been assessed objectively. Therefore, we evaluated 50

patients with documented systolic murmurs and compared all standard bedside

techniques. Murmurs originating within the right-sided chambers of the heart were

best differentiated from all other murmurs by augmentation of their intensity

with inspiration (100 percent sensitivity, 88 percent specificity) and diminution

of their intensity with expiration (100 percent sensitivity, 88 percent

specificity). The murmur of hypertrophic cardiomyopathy was distinguished from

all other murmurs by an increase in intensity with the Valsalva maneuver (65

percent sensitivity, 96 percent specificity) and during squatting-to-standing

action (95 percent sensitivity, 84 percent specificity), and by a decrease in

intensity during standing-to-squatting action (95 percent sensitivity, 85 percent

specificity), passive leg elevation (85 percent sensitivity, 91 percent

specificity), and handgrip (85 percent sensitivity, 75 percent specificity). The 

murmurs of mitral regurgitation and ventricular septal defect had parallel

responses to all maneuvers, but could be differentiated from other systolic

murmurs by augmentation of their intensity with handgrip (68 percent sensitivity,

92 percent specificity) and during transient arterial occlusion (78 percent

sensitivity, 100 percent specificity), and by a decrease in their intensity

during the inhalation of amyl nitrite (80 percent sensitivity, 90 percent

specificity). No single maneuver identified the murmur of aortic stenosis, but

the diagnosis could be made by exclusion. Although no single maneuver is 100

percent accurate in diagnosing the cause of a systolic murmur, its origin can be 

determined accurately at the bedside by observation of the response to a

combination of maneuvers.
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To characterize the spectrum of hemodynamic findings after orthotopic cardiac

transplantation, 20 healthy heart transplant recipients with no evidence of

cardiac dysfunction by noninvasive testing were studied for 1 to 51 months (mean 

15) following surgery. After routine endomyocardial biopsy, right-sided heart

pressures and thermodilution cardiac outputs were measured at rest (supine) and

during symptom-limited, graded supine exercise. In addition, the effect of

respiration on right atrial pressures and waveforms was determined at rest

(supine, legs down), and after passive leg raising (volume loading). During

exercise, striking increases of pulmonary artery, pulmonary artery wedge and

right atrial pressures were seen. The mean pulmonary artery pressure rose 45%

during the first stage of exercise (p less than 0.001) and by peak exercise it

had increased 87% above resting values. The pulmonary artery wedge pressure

increased significantly with passive leg elevation (p less than 0.001) and during

the first stage of exercise rose 61% above baseline values. By peak exercise the 

mean pulmonary artery wedge pressure was more than double the resting value.

Similarly, the right atrial mean pressure increased significantly (p less than

0.001) with passive leg elevation and nearly tripled at peak exercise. All values

promptly returned to near baseline after exercise. The cardiac output increased

98% during exercise. During early exercise, the rise in cardiac output was

mediated primarily by an increase in stroke volume. At rest, there was an

abnormal response in right atrial mean pressure during slow deep inspiration in 7

individuals with legs down and in 12 after passive leg elevation (volume

loading), including 4 of 10 patients studied beyond 1 year.(ABSTRACT TRUNCATED AT

250 WORDS)

PMID: 3287883  [PubMed - indexed for MEDLINE]

103. Am J Med. 1988 Mar 11;84(3A):97-104.

Cardiopulmonary receptor regulation of renin release.

Grassi G, Giannattasio C, Cuspidi C, Bolla GB, Cléroux J, Ferrazzi P, Fiocchi R, 

Mancia G.

Author information: 

Instituto di Clinica Medica Generale e Terapia Medica, Università di Milano,

Italy.

Cardiopulmonary receptors have been shown to modulate renin release in animals.

However, their involvement in reflex control of renin in humans has never been

unequivocally established. This report reviews data on the effects on plasma

renin activity of maneuvers (lower body negative pressure and passive leg

raising) that reduce and increase central venous pressure and cardiac diameter

without affecting blood pressure and heart rate, thereby deactivating and

stimulating cardiopulmonary receptors with little or no involvement of the

arterial baroreceptors. In normotensive subjects, reduction in central venous

pressure was accompanied by an increase in plasma renin activity that was similar

to the increase observed during tilt that reduced central venous pressure to a

similar extent. Conversely, an increase in central venous pressure was

accompanied by a reduction in plasma renin activity. The increase in plasma renin

activity that followed the reduction in central venous pressure was drastically

attenuated in four patients who had undergone cardiac transplantation, along with

other reflex effects (changes in forearm vascular resistance and plasma

norepinephrine) of cardiopulmonary receptor manipulations. There was a modest

reduction in the overall reflex changes in plasma renin activity in patients with

mild to moderate essential hypertension compared with normotensive subjects.

However, patients with essential hypertension and cardiac hypertrophy showed

marked attenuation of all reflex influences of the cardiopulmonary receptors. In 

five subjects, therapeutic regression of this structural alteration was

associated with a clear improvement in the cardiopulmonary reflex. Thus, in

humans, cardiopulmonary receptors exert an important reflex control of renin

release. This control (which is due in part to receptors located in the cardiac

walls) is moderately affected by a mild to moderate blood pressure elevation but 

is markedly impaired when the elevation produces structural alterations in the

heart. Preliminary evidence, however, suggests that the cardiopulmonary reflex

may be improved by a reduction in cardiac hypertrophy.
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Acute cardiovascular response to passive leg raising.

Wong DH, Tremper KK, Zaccari J, Hajduczek J, Konchigeri HN, Hufstedler SM.

Author information: 

Department of Anesthesiology, University of California, Irvine Medical Center,

Orange.

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/min.m2 (p less than .001), mean transcutaneous oxygen

tension increased 1.6 +/- 0.6 torr (p less than .01), and mean oxygen saturation 

decreased 0.5 +/- 0.2% (p less than .01) after PLR. There were no significant

changes in heart rate or systolic BP. Seven (16%) patients had increased cardiac 

index greater than 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.

Author information: 
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Italy.

Cardiopulmonary receptors modulate renin release in several animals 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.(ABSTRACT TRUNCATED AT 250

WORDS)
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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, et al.

Author information: 

Istituto di Clinica Medica Generale e Terapia Medica, Università di Milano,

Italy.

Data from animals and from man suggest 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 administration 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).(ABSTRACT TRUNCATED AT 250 WORDS)
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The effect of aerobic conditioning on venous pooling in the foot.

Kenney WL, Armstrong CG.

Author information: 
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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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The effects of posture on abnormalities of forearm venous tone in women with

pregnancy-induced hypertension.

Stainer K, Pickles C, Cowley AJ.

Author information: 
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1. Forearm venous tone was measured in the left lateral supine position and in

response to passive leg elevation in a group of women with pregnancy-induced

hypertension and compared with a group of normotensive pregnant women and a group

of non-pregnant women. 2. The women with pregnancy-induced hypertension were

venoconstricted in the supine position compared with the normal pregnant women (P

less than 0.002). There was no difference in forearm venous tone between the

women with pregnancy-induced hypertension and the non-pregnant women. 3. In

response to passive leg elevation the women with pregnancy-induced hypertension

venodilated (P less than 0.002) whereas there was no change in forearm venous

tone in the normotensive pregnant women and the non-pregnant women. There was no 

change in blood pressure in any of the women after 35 min of leg elevation. 4.

These results demonstrate that the abnormal venous vasoconstriction that occurs

in women with pregnancy-induced hypertension in the supine position is corrected 

by passive leg elevation, a manoeuvre which leads to an increase in central blood

volume.
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Influence of cardiopulmonary receptors on the bradycardic responses to carotid

baroreceptor stimulation in man.

Parati G, Grassi G, Coruzzi P, Musiari L, Ravogli A, Novarini A, Mancia G.

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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Oxygen consumption and transport in stable patients with chronic obstructive

pulmonary disease.

Albert RK, Schrijen F, Poincelot F.

We studied the relationship between oxygen consumption and systemic oxygen

transport in 30 clinically stable patients with chronic obstructive pulmonary

disease (COPD) before and after increasing oxygen transport by passive leg

elevation to raise the cardiac output. Results were compared with those observed 

in 10 patients with silicosis. The effect of leg elevation on oxygen consumption 

was also studied in 12 normal subjects. Oxygen consumption was measured by a

closed circuit system, cardiac output by the direct Fick method, and arterial

oxygen content by a cooximeter. Supine oxygen consumption was correlated with

oxygen transport in patients with COPD (r = 0.50, p less than 0.01), and with leg

elevation transport increased from a mean of 516 +/- 23 (SEM) to 567 +/- 26 ml X 

min-1 X m-2 and consumption increased from a mean of 136 +/- 3 to 148 +/- 4 ml X 

min-1 X m-2 (both p less than 0.01). In patients with silicosis, leg elevation

raised mean oxygen transport from 620 +/- 40.0 to 745 +/- 54.0 ml X min-1 X m-2

and mean consumption from 161 +/- 6 to 192 +/- 6 ml X min-1 X m-2 (both p less

than 0.01). In normal subjects, no change in oxygen consumption was observed with

leg elevation (154 +/- 8 to 152 +/- 6 ml X min-1 X m-2).(ABSTRACT TRUNCATED AT

250 WORDS)
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Changes in human plasma atrial natriuretic polypeptide concentration in normal

subjects during passive leg raising and whole-body tilting.

Ogihara T, Shima J, Hara H, Kumahara Y, Kangawa K, Matsuo H.

The effect of central venous pressure on release of human atrial natriuretic

polypeptide (hANP) was studied by measuring the plasma hANP levels during passive

leg raising to 60 degrees and head up whole-body tilt at 60 degrees in normal

volunteers. In ten subjects, after at least 1 h recumbency, both legs were raised

passively 60 degrees for 20 min. While the legs were raised the plasma hANP level

increased significantly from a basal level of 101 +/- 10 pg/ml (mean +/- SE) to a

peak of 165 +/- 15 pg/ml after 10 min, and returned to the basal level 10 min

after the legs were lowered. The blood pressure and pulse rate were not affected 

by raising the legs. The effect of head up whole-body tilt of 60 degrees from the

supine position, for 20 min, was examined in nine normal subjects. Their plasma

hANP decreased transiently at 5 min in five of them and at 10 min or later in the

remaining four subjects. Their blood pressure did not change but their pulse rate

increased significantly while their body was being tilted. These results suggest 

that secretion of hANP is regulated physiologically by changes in the central

venous pressure.
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Volume-pressure relations of the human pulmonary "venous" system studied by

radionuclide angiocardiography and passive leg elevation, with special reference 

to the effect of nitroglycerin.

Hirakawa S, Ohsumi Y, Gotoh K, Suzuki T, Fujiwara H, Yagi Y, Takatsu H.

In an attempt to clarify the effect of nitroglycerin (NTG) on the human pulmonary

"venous" (P"V") system, short segments of volume-pressure (V-P) curves in the

P"V" system were estimated in 50 patients before and after the sublingual

administration of NTG. The pulmonary "venous" volume (P"V"V) was estimated with

our own method, using radionuclide (RN) angiocardiography. The mean pulmonary

artery wedge pressure (PAW) was measured using a Swan-Ganz catheter. The

increments of P"V"V and PAW that occurred during passive elevation of the legs

were clues to the estimation of V-P "curves" in this system before and after NTG.

In order to calculate a short segment of a V-P curve, the P"V"V was plotted on

the ordinate and the PAW on the abscissa. In addition, we presented the effective

unstressed volume graphically by extrapolating each short segment of V-P curves

towards the volume axis (ordinate). We obtained the following results from the

present study; The sublingual administration of NTG caused the P"V"V-PAW-plots to

shift to the left (-5.2 +/- 3.6 mmHg, mean +/- SD) and downwards (-19 +/- 11 ml, 

mean +/- SD). The V-P curves appeared to shift to the left and become steeper

after NTG. The average slope (delta V/delta P) was steeper after NTG (19.2 +/-

11.3 ml/mmHg, mean +/- SD) than before NTG (12.4 +/- 7.9 ml/mmHg). The

graphically-obtained effective unstressed volume was unchanged with NTG, at least

within the operating range of PAW. It is highly probable that NTG causes the tone

of the P"V" system to be decreased by way of a relaxation of the vascular beds of

the P"V" system.
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Effects of celiprolol on reflex control of the cardiovascular system in essential

hypertension.

Mancia G, Grassi G, Parati G, Pomidossi G, Sabadini E, Giannattasio C, Bolla G,

Zanchetti A.

We have previously shown that baroreceptor control of the cardiovascular system

and the cardiopulmonary receptor control of peripheral circulation are preserved 

or only moderately reduced during antihypertensive treatment with acebutolol or

nadolol, which indicates that treatment with beta blockers with or without

intrinsic sympathomimetic activity does not impair fundamental neural mechanisms 

involved in circulatory homeostasis. In the present study we have investigated

the reflex control of circulation before and during antihypertensive treatment

with celiprolol, which, in addition to its beta-blocking action, has vasodilator 

properties that may stem from interference with neural cardiovascular control. In

six essential hypertensive subjects we measured blood pressure (intraarterial

catheter), heart rate (ECG recording), central venous pressure (right atrial

catheter), and forearm blood flow and resistance (plethysmography) before and

during alterations in the activity of the arterial baroreceptors obtained by

means of lower body suction and passive leg raising. The study was performed

before and after 5-7 days of oral administration of celiprolol at 200-400 mg once

a day. Compared to the values obtained in the control, condition celiprolol

caused a reduction in blood pressure, a slight change in heart rate, and an

increase in forearm blood flow, which indicated the occurrence of a clear-cut

forearm vasodilatation. The heart rate responses to arterial baroreceptor

manipulation were unchanged by celiprolol which reset the carotid baroreflex so

that its tonic restraint on blood pressure increased despite the hypotension

induced by the drug. The inhibitory restraint tonically exerted by the

cardiopulmonary receptors on peripheral circulation was also increased by

celiprolol.(ABSTRACT TRUNCATED AT 250 WORDS)

PMID: 2427855  [PubMed - indexed for MEDLINE]

113. J Cardiovasc Pharmacol. 1986;8 Suppl 4:S67-74.

Effects of celiprolol on reflex control of the cardiovascular system in essential

hypertension.

Mancia G, Grassi G, Parati G, Pomidossi G, Sabadini E, Giannattasio C, Bolla G,

Zanchetti A.

We have previously shown that baroreceptor control of the cardiovascular system

and the cardiopulmonary receptor control of peripheral circulation are preserved 

or only moderately reduced during antihypertensive treatment with acebutolol or

nadolol, which indicates that treatment with beta blockers with or without

intrinsic sympathomimetic activity does not impair fundamental neural mechanisms 

involved in circulatory homeostasis. In the present study we have investigated

the reflex control of circulation before and during antihypertensive treatment

with celiprolol, which, in addition to its beta-blocking action, has vasodilator 

properties that may stem from interference with neural cardiovascular control. In

six essential hypertensive subjects we measured blood pressure (intraarterial

catheter), heart rate (ECG recording), central venous pressure (right atrial

catheter), and forearm blood flow and resistance (plethysmography) before and

during alterations in the activity of the arterial baroreceptors obtained by

means of lower body suction and passive leg raising. The study was performed

before and after 5-7 days of oral administration of celiprolol at 200-400 mg once

a day. Compared to the values obtained in the control, condition celiprolol

caused a reduction in blood pressure, a slight change in heart rate, and an

increase in forearm blood flow, which indicated the occurrence of a clear-cut

forearm vasodilatation. The heart rate responses to arterial baroreceptor

manipulation were unchanged by celiprolol which reset the carotid baroreflex so

that its tonic restraint on blood pressure increased despite the hypotension

induced by the drug. The inhibitory restraint tonically exerted by the

cardiopulmonary receptors on peripheral circulation was also increased by

celiprolol.(ABSTRACT TRUNCATED AT 250 WORDS)
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Increased forearm vascular resistance after dopamine blockade.

Mannering D, Bennett ED, Mehta N, Kemp F.

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. When administered systemically,

domperidone significantly decreased forearm blood flow by 9% (P less than 0.01)

and significantly increased calculated forearm vascular resistance by 11% (P less

than 0.01). The drug produced no measurable changes in forearm blood flow at any 

dose when infused directly into the brachial artery. 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. 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. 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.

PMCID: PMC1463392

PMID: 6721983  [PubMed - indexed for MEDLINE]

116. Acta Diabetol Lat. 1983 Oct-Dec;20(4):311-20.

Preclinical abnormality of left ventricular performance in patients with

insulin-dependent diabetes mellitus.

Jermendy G, Kammerer L, Koltai ZM, Cserhalmi L, Szelényi J, Tichy M, Pogátsa G.

The left ventricular systolic function of 32 patients with insulin-dependent

diabetes mellitus was investigated by measurement of systolic time intervals.

Patients with clinical signs of sclerosis in the coronary arteries were excluded.

Twenty-nine sex- and age-matched healthy people served as controls. Resting

values of PEP/LVET ratio and of the corrected pre-ejection period were

significantly higher in diabetics than in controls. The alterations of systolic

time intervals during volume-loading induced by passive leg-raising as well as by

isometric handgrip test indicated an increase in left ventricular performance in 

healthy people. The unchanged systolic time intervals observed in diabetics

during the same loadings indicated a decrease in the functional reserve of the

diabetic left ventricle. The systolic time intervals observed in patients with

type-1 diabetes could be evaluated as a preclinical abnormality of left

ventricular performance and as early signs of diabetic cardiomyopathy.
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Haemodynamic effects of frusemide and its influence on repetitive rapid volume

loading in acute myocardial infarction.

Nelson GI, Ahuja RC, Silke B, Okoli RC, Hussain M, Taylor SH.

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 less than 0.05) 

and heart rate (less than 0.05); these declined to pre-injection values after 60 

min. Following frusemide there were progressive reductions in left heart filling 

pressure (P less than 0.01), thermodilution cardiac output (P less than 0.01) and

stroke volume (P less than 0.05) and a progressive increase in the derived

systemic vascular resistance (P less than 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 less 

than 0.01) and stroke volume at a similar increment in filling pressure and a

significant reduction in the systemic vascular resistance (P less than 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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Passive leg raising does not produce a significant or sustained autotransfusion

effect.

Gaffney FA, Bastian BC, Thal ER, Atkins JM, Blomqvist CG.

Passive leg raising is widely used to treat hypotension associated with

hypovolemia. Presumably gravity causes a central translocation of leg venous

blood and an increase in filling pressure, cardiac output, and arterial pressure.

Ten healthy volunteers, 25 to 35 years old, had measurements of heart rate, blood

pressure, and cardiac output in the supine position after 20 sec and 7 min of 60 

degrees passive leg elevation. The protocol was performed 3 and 45 min after the 

subjects changed from an ambulatory upright to a supine position. Stroke volume

and cardiac output increased transiently (8-10%) when the legs were raised after 

3 min rest in the supine position. By 7 min of leg elevation, these beneficial

effects disappeared. After 45 min supine, leg raising had no effect on stroke

volume or cardiac output but increased blood pressure (4 mm Hg) by increasing

peripheral resistance (15%). Thus, leg raising, like application of the MAST

trousers, fails to produce any sustained increase in cardiac output or stroke

volume. Small venous leg volumes and time-dependent changes in the distribution

of venous volume and compliance may explain the absence of any sustained

'autotransfusion' effect.
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Estimation of the compliance of the human pulmonary "venous" system from

pulmonary artery wedge pressure tracings.

Hirakawa S, Ito H, Sakai A, Wakabayashi A.

Compliance (delta V/delta P) of the human pulmonary "venous" system was estimated

in a total of 37 human subjects, from the pulmonary artery wedge (PAW) pressure

tracings, using two equations, (delta V/delta P) slope = 0.4 . k" . SV/(v-d)

given in Appendix, and k" = 0.075 PAW + 0.9 given in Method. The estimated

compliance of the pulmonary "venous" system was about 7 approximately 15 ml

(mmHg)-1 in the control group, the patients of aortic valvular disease with

physical capacity of Class I approximately III of the NYHA, and the patients of

mitral stenosis with physical capacity of Class I. These values were in good

agreement with that estimated by Guyton, i.e., 10 ml (mmHg)-1. For the entire

population of pure mitral stenosis (n = 16), compliance (delta V/delta P) of the 

pulmonary "venous" system could be related to the PAW pressure by a regression

curve of delta V/delta P = 1/(0.0106 PAW -0.0173). We pointed out, in discussion,

that the present method and an entirely different method using the pulmonary

blood volume measurements and passive leg elevation, performed in one and the

same patient simultaneously, gave fairly similar values of the compliance of the 

pulmonary "venous" system.
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[Left ventricular function at rest and during leg raising in patients with

cardiomyopathy (author's transl)].

[Article in German]

Bussmann WD, Schmidt W, Kaltenbach M.

Isovolumetric and auxotonic contractility parameters were analyzed at rest and

following leg raising in 16 patients with predominantly congestive

cardiomyopathy. Regional ventricular function was calculated using the hemiaxis

method. In patients with mild cardiomyopathy, ventricular function improved

following leg raising with an increase in the mean velocity of circumferential

fiber shortening and a decrease in endsystolic volume. By contrast, patients with

moderate and severe cardiomyopathy displayed deterioration of ventricular

function with increased hypokinesia, particularly in the anterior and apical

region. Endsystolic volume increased; mean velocity of circumferential fiber

shortening, regional wall velocity, and ejection fraction decreased. These

results suggest that in the early phase regional disturbances of ventricular

function may regress in response to passive leg raising. In the severe forms of

cardiomyopathy, the preexisting regional or generalized hypokinesia increased

markedly following leg raising, reflecting limited or absent left ventricular

contractility reserve.
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Role of circulatory congestion in the cardiorespiratory failure of obesity.

Kaltman AJ, Goldring RM.

The role of circulatory congestion in the cardiorespiratory dysfunction of

massive obesity was investigated in 18 patients. They were hypervolemic and had

increased cardiac outputs proportionate to their weight. The average resting left

ventricular filling pressure was within the upper limits of normal, but it

increased to abnormally high levels with increased venous return of passive leg

raising, and further during exercise. The elevations in pressure were associated 

with high resting central blood volumes which increased significantly with

exertion. These findings are consistent with reduced distensibility of the

central circulation in these congested patients. Weight reduction was accompanied

by a decrease in central blood volumes and restoration of a normal left

ventricular response in three of four patients and a return toward normal in one.

The improvement in ventricular function with relief of edema and dyspnea. In 14

patients with normal or only minimal alveolar hypoventilation, there were no

significant transpulmonary diastolic pressure gradients despite a marked increase

in left ventricular end-diastolic pressures. One patient, after regaining weight,

subsequently had an abnormal gas exchange and an increased pulmonary vascular

resistance. He and two others with severe alveolar hypoventilation demonstrated

cor pulmonale on a background of left ventricular dysfunction and congestion of

the circulation. Two other patients, the least obese of the group, had

hypoventilation and cor pulmonale with normal left ventricular pressures.

Hypervolemia and a hyperdynamic state are common features of the obese patients. 

High cardiac output is maintained despite marked circulatory congestion which may

result in generalized anasarca and increased ventricular filling pressures. This 

clinical syndrome may be present in obese patients without intrinsic heart

disease and may be reversible with weight reduction. The central circulatory

congestion may contribute to the development of the alveolar hypoventilation

syndrome in certain obese patients.
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Heart failure and movement-induced hemodynamics: Partitioning the impact of

central and peripheral dysfunction.

Witman MA(1), Ives SJ(2), Trinity JD(3), Groot HJ(4), Stehlik J(5), Richardson

RS(6).
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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 60s of continuous PLM

was attenuated in the HFrEF (25±15ml AUC) compared to controls (199±34ml 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±10ml AUC) in contrast

to the controls (43±25ml 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.

Published by Elsevier Ireland Ltd.
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In young healthy men, passive leg movement (PLM) elicits a robust nitric oxide

(NO)-dependent increase in leg blood flow (LBF), thus providing a novel approach 

to assess NO-mediated vascular function. While the magnitude of the LBF response 

to PLM is markedly reduced with age, the role of NO in this attenuated response

in the elderly is unknown. Therefore, this study sought to determine the

contribution of NO in the PLM-induced LBF with age. Fourteen male subjects (7

young, 24 ± 1 yr; and 7 old, 75 ± 3 yr) underwent PLM with and without NO

synthase (NOS) inhibition achieved by intra-arterial infusion of

N(G)-monomethyl-L-arginine (L-NMMA). LBF was determined second-by-second by

Doppler ultrasound, and central hemodynamics were measured by finger

photoplethysmography. NOS inhibition blunted the PLM-induced peak increase in LBF

in the young (control: 668 ± 106;L-NMMA: 431 ± 95 Δml/min; P = 0.03) but had no

effect in the old (control: 266 ± 98;

L-NMMA: 251 ± 92 Δml/min; P = 0.59). Likewise, the magnitude of the reduction in 

the overall (i.e., area under the curve) PLM-induced LBF response to NOS

inhibition was less in the old (LBF: -31 ± 18 ml) than the young (LBF: -129 ± 21 

ml; P < 0.01). These findings suggest that the age-associated reduction in

PLM-induced LBF in the elderly is primarily due to a reduced contribution to

vasodilation from NO and therefore support the use of PLM as a novel approach to 

assess NO-mediated vascular function across the lifespan.
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OBJECTIVE: The aims of the study were to assess the knowledge of intensivists

and/or anaesthesiologists concerning respiratory arterial pulse pressure

variation (PPV) and to define the criteria used to indicate a fluid challenge.

STUDY DESIGN: A prospective observational study.

PATIENTS AND METHODS: Intensivists and anaesthesiologists from one region of

France were evaluated for their knowledge about the prerequisites (continuous

arterial pressure monitoring, regular sinus rhythm, mechanical ventilation

without spontaneous breathing) and confounding factors shifting the threshold

value of PPV (low tidal volume, decreased pulmonary compliance, low heart

rate/respiratory rate ratio, right ventricular dysfunction, and/or

intra-abdominal hypertension) using clinical vignettes. Criteria used by

physicians to indicate a fluid challenge were also collected.

RESULTS: One hundred and forty-five physicians were included in the study. Among 

them, 87 (60%) knew prerequisites but none of them had full knowledge of all

confounding factors. Criteria used to perform a fluid challenge were mainly PPV

and the passive leg-raising test for the residents and PPV, blood pressure,

oliguria and hydric balance for the qualified physicians.

CONCLUSIONS: PPV was widely employed to indicate a fluid challenge and 60% of the

physicians knew the prerequisites. However, the physicians did not correctly

interpret all confounding factors.

Copyright © 2015 Société française d’anesthésie et de réanimation (Sfar).

Published by Elsevier Masson SAS. All rights reserved.
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OBJECTIVE: To investigate whether ultrasonography can be used for field volume

status assessment and to determine whether a detectable difference in

intravascular volume exists in individuals with acute mountain sickness (AMS)

compared with those without.

METHODS: Study was performed at the Himalayan Rescue Association Clinic in

Manang, Nepal, located on the Annapurna trekking circuit at an altitude of 3519 m

(11545 feet). A convenience sample was taken from individuals trekking over 5 to 

8 days from 760 m (2490 feet) to 3519 m (11,545 feet), comparing asymptomatic

trekkers vs those who experienced AMS. Subjects were evaluated for AMS based on

the Lake Louise AMS Questionnaire (LLS ≥ 3 indicates AMS). After medical

screening examination, both groups (control, n = 51; AMS, n = 18) underwent

ultrasonography to obtain measurements of inferior vena cava collapsibility index

(IVC CI) and left ventricular outflow tract velocity-time integral (LVOT VTI)

before and after a passive leg raise (PLR) maneuver.

RESULTS: There was no statistically significant difference between groups

regarding change in heart rate before and after PLR, or IVC CI; however, there

was a statistically significant increase in LVOT VTI after PLR maneuver in

control group subjects compared with those with AMS (18.96% control vs 11.71%

AMS; P < .01).

CONCLUSIONS: Ultrasonography is a useful tool in the assessment of intravascular 

volume at altitude. In this sample, we found ultrasonographic evidence that

subjects with AMS have a higher intravascular volume than asymptomatic

individuals. These data support the hypothesis that individuals with AMS have

decreased altitude-related diuresis compared with asymptomatic individuals.

Copyright © 2015 Wilderness Medical Society. Published by Elsevier Inc. All

rights reserved.
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BACKGROUND: We previously reported that the transmural myocardial strain profile 

(TMSP) was an effective predictor for subclinical left ventricular (LV)

dysfunction in patients with Duchenne muscular dystrophy (DMD) with preserved LV 

ejection fraction (LVEF), but its predictive power when used alone proved to be

limited.

METHODS: A total of 95 DMD patients with LVEF of 59±5% (all ≥55%) and age

11.3±3.0 years were analyzed retrospectively. Echocardiography was performed at

baseline and 1-year follow-up, and all baseline measurements were repeated during

a passive leg-lifting maneuver with legs elevated to approximately 45° from the

horizontal position. TMSP of the posterior wall was evaluated from the mid-LV

short-axis view. On the basis of our previous findings, TMSP with a notch was

adopted as a predictor for evaluation of subclinical LV dysfunction in DMD

patients whose LVEF remains preserved.

RESULTS: At baseline, normal TMSP comprised 35 patients (37%), and the remaining 

60 (63%) were classified as TMSP with a notch. Twenty-nine patients (48%) had

developed LV wall motion abnormality at the 1-year follow-up, but this was

observed only in the group of patients with TMSP with a notch at rest and also

during passive leg-lifting. Furthermore, this group showed significantly more

frequent development of LV wall motion abnormality at 1-year follow-up, with

better sensitivity, specificity, and positive and negative predictive values for 

prediction of this abnormality than for other sub-groups.

CONCLUSIONS: Most DMD patients suffer from progressive skeletal muscle weakness, 

so that combining TMSP with passive leg-lifting may make TMSP even more effective

as a simple and non-invasive predictor of LV subclinical dysfunction.

Copyright © 2015 Japanese College of Cardiology. Published by Elsevier Ltd. All

rights reserved.
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STUDY OBJECTIVE: Noninvasive predictors of volume responsiveness may improve

patient care in the emergency department. Doppler measurements of arterial blood 

flow have been proposed as a predictor of volume responsiveness. We seek to

determine the effect of acute blood loss and a passive leg raise maneuver on

corrected carotid artery flow time.

METHODS: In a prospective cohort of blood donors, we obtained a Doppler tracing

of blood flow through the carotid artery before and after blood loss.

Measurements of carotid flow time, cardiac cycle time, and peak blood velocity

were obtained in supine position and after a passive leg raise. Measurements of

flow time were corrected for pulse rate.

RESULTS: Seventy-nine donors were screened for participation; 70 completed the

study. Donors had a mean blood loss of 452 mL. Mean corrected carotid artery flow

time before blood loss was 320 ms (95% confidence interval [CI] 315 to 325 ms);

this decreased after blood loss to 299 ms (95% CI 294 to 304 ms). A passive leg

raise had little effect on mean corrected carotid artery flow time before blood

loss (mean increase 4 ms; 95% CI -1 to 9 ms), but increased mean corrected

carotid artery flow time after blood loss (mean increase 23 ms; 95% CI 18 to 28

ms) to predonation levels.

CONCLUSION: Corrected carotid artery flow time decreased after acute blood loss. 

In the setting of acute hypovolemia, a passive leg raise restored corrected

carotid artery flow time to predonation levels. Further investigation of

corrected carotid artery flow time as a predictor of volume responsiveness is

warranted.

Copyright © 2015 American College of Emergency Physicians. Published by Elsevier 

Inc. All rights reserved.
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Abstract
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 (n=35) or without PLR (control group, n=35). 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.
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Abstract
In untreated hypertensive patients, blood pressure is decreased during the hours that follow a single bout of exercise, but the mechanisms involved are as yet unknown. As antihypertensive chemotherapy may interfere with cardiovascular regulation, we investigated the effects of calcium antagonism with isradipine (slow-release oral formulation, SRO) on postexercise blood pressure and on the reflex control of forearm vascular resistance in patients with mild-to-moderate hypertension. The results show that isradipine SRO exerted an additional blood pressure-lowering effect after exercise that was associated with a further decrease in forearm vascular resistance. The reflex changes in forearm vascular resistance were potentiated after exercise, but were not further affected by isradipine SRO. Therefore, isradipine SRO does not interfere with the cardiovascular mechanisms that act to decrease blood pressure after exercise in patients who have hypertension.
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Abstract
Cardiac catheterization studies, performed 3 weeks after cardiac homotransplantation, revealed nearly normal cardiac performance. Alteration in heart rate by right atrial pacing, passive elevation of the legs, and exercise modified cardiac performance predominantly by variation in ventricular filling. Isoproterenol infusion increased stroke volume above the level predicted from the ventricular end diastolic pressure. The heart was hypersensitive to beta adrenergic stimulation with isoproterenol as judged by a greater responsiveness of the donor sinus node than the recipient sinus node, by prolongation of ventricular filling time, and by shortening the P-R interval for any given paced heart rate. These measures permitted tests for endogenous catecholamine effects during passive leg elevation and during exercise. Only after the 3 minutes of exercise was a small beta adrenergic effect detectable. These data demonstrate the dependence of the denervated human heart upon variation in ventricular filling as the predominant mode of regulation of cardiac performance.
