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PURPOSE OF REVIEW: Functional haemodynamic monitoring is the assessment of the

dynamic interactions of haemodynamic variables in response to a defined

perturbation.

RECENT FINDINGS: Fluid responsiveness can be predicted during positive pressure

breathing by variations in venous return or left ventricular output using

numerous surrogate markers, such as arterial pulse pressure variation (PPV), left

ventricular stroke volume variation (SVV), aortic velocity variation, inferior

and superior vena cavae diameter changes and pulse oximeter pleth signal

variability. Similarly, dynamic changes in cardiac output to a passive leg

raising manoeuvre can be used in any patient and measured invasively or

noninvasively. However, volume responsiveness, though important, reflects only

part of the overall spectrum of functional physiological variables that can be

measured to define physiologic state and monitor response to therapy. The ratio

of PPV to SVV defines central arterial elastance and can be used to identify

those hypotensive patients who will not increase their blood pressure in response

to a fluid challenge despite increasing cardiac output. Dynamic tissue O2

saturation (StO2) responses to complete stop flow conditions, as can be created

by measuring hand StO2 and occluding flow with a blood pressure cuff, assesses

cardiovascular sufficiency and micro-circulatory blood flow distribution. They

can be used to identify those ventilator-dependent individuals who will fail a

spontaneous breathing trial or trauma patients in need of life-saving

interventions.

SUMMARY: Functional haemodynamic monitoring approaches are increasing in numbers,

conditions in which they are useful and resuscitation protocol applications. This

is a rapidly evolving field whose pluripotential is just now being realized.
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This article is the second part of a series that describes practical techniques

in advanced critical care echocardiography and their use in the management of

hemodynamic instability. Measurement of left ventricular function and segmental

wall motion abnormalities, evaluation of left ventricular filling pressures,

assessment of right-sided heart function, and determination of preload

sensitivity, including passive leg raising, are discussed. Video examples help to

demonstrate techniques described in the text.
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Predicting fluid responsiveness, the response of stroke volume to fluid loading, 

is a relatively novel concept that aims to optimise circulation, and as such

organ perfusion, while avoiding futile and potentially deleterious fluid

administrations in critically ill patients. Dynamic parameters have shown to be

superior in predicting the response to fluid loading compared with static cardiac

filling pressures. However, in routine clinical practice the conditions necessary

for dynamic parameters to predict fluid responsiveness are frequently not met.

Passive leg raising as a means to alter biventricular preload in combination with

subsequent measurement of the change in stroke volume can provide a fast and

accurate way to guide fluid management in a broad population of critically ill

patients.
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Fluid therapy represents, most of the time, the first-line treatment of

circulatory failure in critically ill patients. However, after initial

resuscitation, fluid administration can be deleterious in patients with sepsis

and/or acute respiratory distress syndrome. In this context, several tests have

been developed to predict fluid responsiveness and fluid unresponsiveness to

identify patients who can be eligible for fluid therapy (fluid respondents) and

those who cannot benefit from volume expansion (fluid non-respondents) and in

whom fluid loading can even be deleterious. For this purpose, 'static' markers of

cardiac preload have been used for many years. However, a large number of studies

clearly showed that neither pressure nor volume markers of cardiac preload could 

predict fluid responsiveness. This is the reason why a 'dynamic approach' has

been developed to assess preload responsiveness. The respiratory variation of

arterial pulse pressure and of other surrogates of stroke volume has been used

first for this purpose and has received a large amount of evidence. However, such

indices suffer from several limitations. In such instances, alternative methods

such as passive leg raising, end-expiratory occlusion test or 'mini' fluid

challenge have been developed.

Copyright © 2013 Elsevier Ltd. All rights reserved.
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Fluid management is a crucial issue in patients with acute respiratory distress

syndrome (ARDS). Assessment of preload responsiveness should help to define the

best fluid strategy. Arterial pulse pressure variation (PPV), which represents

the amplitude of the respiratory changes in arterial pulse pressure, is

considered as a marker of preload responsiveness in patients mechanically

ventilated and fully adapted to their ventilator. The good ability of PPV to

predict fluid responsiveness has been confirmed in various clinical situations

(sepsis, operative and post-operative periods). However, there are a number of

limits of using PPV (e.g., spontaneous breathing activity, cardiac arrhythmias,

low tidal volume ventilation, low lung compliance), which are particularly

important in ARDS. Clinical studies have confirmed the poor reliability of PPV in

predicting fluid responsiveness in patients with ARDS, ventilated according to

the currently recommended lung protective strategy. Although a PPV >10-12% still 

keeps its good predictive value, a lower PPV (<10%) is far to guarantee fluid

unresponsiveness since many false-negative cases can be encountered in this

setting. Thus, performance of alternative preload responsiveness tests such as

passive leg raising or end-expiratory occlusion tests, is necessary when low PPV 

values are measured. This review addresses the meaning of PPV, its conditions of 

use and its limits in ARDS patients.
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ABSTRACT: The administration of a fluid bolus is done frequently in the

perioperative period to increase the cardiac output. Yet fluid loading fails to

increase the cardiac output in more than 50% of critically ill and surgical

patients. The assessment of fluid responsiveness (the slope of the left

ventricular function curve) prior to fluid administration may thus not only help 

in detecting patients in need of fluids but may also prevent unnecessary and

harmful fluid overload. Unfortunately, commonly used hemodynamic parameters,

including the cardiac output itself, are poor predictors of fluid responsiveness,

which is best assessed by functional hemodynamic parameters. These dynamic

parameters reflect the response of cardiac output to a preload-modifying maneuver

(for example, a mechanical breath or passive leg-raising), thus providing

information about fluid responsiveness without the actual administration of

fluids. All dynamic parameters, which include the respiratory variations in

systolic blood pressure, pulse pressure, stroke volume and plethysmographic

waveform, have been repeatedly shown to be superior to commonly used static

preload parameters in predicting the response to fluid loading. Within their

respective limitations, functional hemodynamic parameters should be used to guide

fluid therapy as part of or independently of goal-directed therapy strategies in 

the perioperative period.
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An essential part of intensive care is to accurately identify fluid responders

among patients with circulatory failure. Over the past few years, new techniques 

have been assessed for rapid and non-invasive prediction of fluid responsiveness.

As transthoracic echocardiography (TTE) is becoming an integrated tool in the

intensive care unit, this systematic review examined studies evaluating the

predictive value of TTE for fluid responsiveness. In October 2012, we searched

Pubmed, EMBASE and Web of Science for studies evaluating the predictive value of 

TTE-derived variables for fluid responsiveness defined as change in

thermodilution cardiac output or stroke volume after a fluid challenge or a

passive leg raising test. The use of thermodilution was used as inclusion

criterion because it is the only method validated to show the change in cardiac

output or stroke volume, which defines fluid responsiveness. Of the 4294

evaluated citations, only one study fully met our inclusion criteria. In this

study, the predictive value of variations in inferior vena cava diameter (> 16%) 

for fluid responsiveness was moderate with sensitivity of 71% [95% confidence

interval (CI) 44-90], specificity of 100% (95% CI 73-100) and an area under the

receiver operating curve of 0.90 (95% CI 0.73-0.98). Only one study of TTE-based 

methods fulfilled the criteria for valid assessment of fluid responsiveness.

Before recommending the use of TTE in predicting fluid responsiveness, proper

evaluation including thermodilution technique as the gold standard is needed.

© 2012 The Acta Anaesthesiologica Scandinavica Foundation. Published by John

Wiley & Sons Ltd.
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Hypovolemia is a common clinical problem. The Trendelenburg position and passive 

leg raising (PLR) are routinely used in the initial treatment while awaiting

fluid resuscitation. In this meta-analysis, we evaluated the hemodynamic effects 

of PLR and Trendelenburg positioning to determine which position had the most

optimal effect on cardiac output (CO). Databases were searched for prospective

studies published between 1960 and 2010 in normovolemic or hypovolemic humans;

these studies had to investigate the hemodynamic effects within 10 minutes of a

postural change from supine. Twenty-one studies were included for PLR (n=431) and

13 studies for Trendelenburg position (n=246). Trendelenburg position increased

mean arterial pressure (MAP). Cardiac output increased 9%, or 0.35 L/min, at one 

minute of head-down tilt. Between 2 and 10 minutes, this increase in CO decreased

to 4%, or 0.14 L/min, from baseline. Cardiac output increased at one minute of

leg elevation by 6%, or 0.19 L/min. The effect persisted after this period by 6%,

or 0.17 L/min. Both Trendelenburg and PLR significantly increased CO, but only

PLR seemed to sustain this effect after one minute. Although the Trendelenberg

position is a common maneuver for nurses and doctors, PLR may be the better

intervention in the initial treatment of hypovolemia.

Copyright © 2012 Elsevier Inc. All rights reserved.
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Methods for the restoration of circulating blood volume, including the use of

intravenous fluids, have been widely discussed over many years. There are no

clear guidelines regarding the type of solutions, the total volume that should be

transfused, or time schedules. Colloid solutions, usually hydroxyethyl starch

compositions, are probably the most commonly used volume expanders in

resuscitation, despite the lack of convincing trials and possible

nephrotoxicity.In 2012, a task force of ESICM published a consensus statement on 

colloid use in critically ill adult patients. They stressed that infusion of an

inappropriate volume may worsen the outcome of critically ill patients. Static

parameters of cardiac filling volume, such as CVP or PCWP, commonly used in

clinical practice, were found to be useless in the prediction of fluid

responsiveness; volumetric or dynamic parameters, like global end diastolic

volume (GEDV) or stroke volume variations (SVV), obtained by PICCO meters, seemed

be much more appropriate. The dynamic fluid challenge test, which is transfusion 

of approx. 200 cc (or 3 mL kg-1) of any fluid over 5-10 min resulting in an

increase of stroke volume, has also been recommended for the identification of

those patients who may benefit from fluid resuscitation. The old passive leg

raising test can also be used for this purpose.Despite prolonged discussion about

fluid therapy in specific groups of critically ill patients, there is no

convincing data to indicate the superiority of colloids over crystalloids. The

choice of fluids is usually based on personal preference and hospital policy.

Among crystalloid solutions, balanced preparations such as acetates, lactates,

malates or citrates are recommended to avoid hyperchloraemia, a common side

effect of saline infusion. There is no agreement regarding colloid solutions.The 

fluid transfusion regimen in critically ill patients should therefore be based on

clinical assessment and patient responses.
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Introduction. We systematically evaluated the use of transthoracic

echocardiography in the assessment of dynamic markers of preload to predict fluid

responsiveness in the critically ill adult patient. Methods. Studies in the

critically ill using transthoracic echocardiography (TTE) to predict a response

in stroke volume or cardiac output to a fluid load were selected. Selection was

limited to English language and adult patients. Studies on patients with an open 

thorax or abdomen were excluded. Results. The predictive power of diagnostic

accuracy of inferior vena cava diameter and transaortic Doppler signal changes

with the respiratory cycle or passive leg raising in mechanically ventilated

patients was strong throughout the articles reviewed. Limitations of the

technique relate to patient tolerance of the procedure, adequacy of acoustic

windows, and operator skill. Conclusions. Transthoracic echocardiographic

techniques accurately predict fluid responsiveness in critically ill patients.

Discriminative power is not affected by the technique selected.
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Fluid challenges are considered the cornerstone of resuscitation in critically

ill patients. However, clinical studies have demonstrated that only about 50% of 

hemodynamically unstable patients are volume responsive. Furthermore, increasing 

evidence suggests that excess fluid resuscitation is associated with increased

mortality. It therefore becomes vital to assess a patient's fluid responsiveness 

prior to embarking on fluid loading. Static pressure (CVP, PAOP) and

echocardiographic (IVC diameter, LVEDA) parameters fails to predict volume

responsiveness. However, a number of dynamic echocardiographic parameters which

are based on changes in vena-caval dimensions or cardiac function induce by

positive pressure ventilation or passive leg raising appear to be highly

predictive of volume responsiveness.
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The clinical determination of the intravascular volume can be extremely difficult

in critically ill and injured patients as well as those undergoing major surgery.

This is problematic because fluid loading is considered the first step in the

resuscitation of hemodynamically unstable patients. Yet, multiple studies have

demonstrated that only approximately 50% of hemodynamically unstable patients in 

the intensive care unit and operating room respond to a fluid challenge. Whereas 

under-resuscitation results in inadequate organ perfusion, accumulating data

suggest that over-resuscitation increases the morbidity and mortality of

critically ill patients. Cardiac filling pressures, including the central venous 

pressure and pulmonary artery occlusion pressure, have been traditionally used to

guide fluid management. However, studies performed during the past 30 years have 

demonstrated that cardiac filling pressures are unable to predict fluid

responsiveness. During the past decade, a number of dynamic tests of volume

responsiveness have been reported. These tests dynamically monitor the change in 

stroke volume after a maneuver that increases or decreases venous return

(preload) and challenges the patients' Frank-Starling curve. These dynamic tests 

use the change in stroke volume during mechanical ventilation or after a passive 

leg raising maneuver to assess fluid responsiveness. The stroke volume is

measured continuously and in real-time by minimally invasive or noninvasive

technologies, including Doppler methods, pulse contour analysis, and

bioreactance.
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Recent interest in functional hemodynamic monitoring for the bedside assessment

of cardiovascular insufficiency has heightened. Functional hemodynamic monitoring

is the assessment of the dynamic interactions of hemodynamic variables in

response to a defined perturbation. Accordingly, fluid responsiveness can be

predicted in a quantities fashion by measuring as arterial pulse pressure

variation and left ventricular stroke volume variation during positive pressure

breathing or the change in cardiac output response to a passive leg raising

maneuver. However, volume responsiveness, though important, reflects only part of

the overall spectrum of functional physiological variables that can be measured

to define physiologic state and monitor response to therapy. Dynamic tissue O2

saturation (StO2) responses to complete stop flow conditions, which can be

created by measuring hand StO2 and occluding flow with a blood pressure cuff,

assesses cardiovascular sufficiency and microcirculatory blood flow distribution.

Furthermore, these measures can be made increasingly more sensitive and specific 

if coupled to other "traditional" measures of organ perfusion, such as blood

lactate levels.
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PURPOSE: To systematically review the published evidence on the ability of

passive leg raising-induced changes in cardiac output (PLR-cCO) and in arterial

pulse pressure (PLR-cPP) to predict fluid responsiveness.

METHODS: MEDLINE, EMBASE and the Cochrane Database of Systematic Reviews were

screened. Clinical trials on human adults published as full-text articles in

indexed journals were included. Two authors independently used a standardized

form to extract data about study characteristics and results. Study quality was

assessed by using the QUADAS scale.

RESULTS: Nine articles including a total of 353 patients were included in the

final analysis. Data are reported as point estimate (95% confidence intervals).

The pooled sensitivity and specificity of PLR-cCO were 89.4% (84.1-93.4%) and

91.4% (85.9-95.2%) respectively. Diagnostic odds ratio was 89.0 (40.2-197.3). The

pooled area under the receiver operating characteristics curve (AUC) was 0.95

(0.92-0.97). The pooled correlation coefficient r between baseline value of

PLR-cCO and CO increase after fluid load was 0.81 (0.75-0.86). The pooled

difference in mean PLR-cCO values between responders and non-responders was 17.7%

(13.6-21.8%). No significant differences were identified between patients adapted

to ventilator versus those with inspiratory efforts nor between patients in sinus

rhythm versus those with arrhythmias. The pooled AUC for PLR-cPP was 0.76

(0.67-0.86) and was significantly lower than the AUC for PLR-cCO (p < 0.001). The

pooled difference in mean PLR-cPP values between responders and non-responders

was 10.3% (6.5-14.1%).

CONCLUSIONS: Passive leg raising-induced changes in cardiac output can reliably

predict fluid responsiveness regardless of ventilation mode and cardiac rhythm.

PLR-cCO has a significantly higher predictive value than PLR-cPP.
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Policies of fluid administration/restriction in critically ill patients have

evolved over recent years. Abundant fluid resuscitation is encouraged during the 

early stage of severe sepsis. But a conservative fluid strategy is recommended in

later stages, in particular when lungs are injured. Both strategies are risky if 

uncontrolled. Tests detecting volume unresponsiveness at any moment of fluid

resuscitation or detecting volume unresponsiveness at any moment of fluid

restriction would help to better assess the benefit/risk ratio of continuing such

strategies. Measuring the short-term hemodynamic changes during passive leg

raising can be reliably used for that purpose in both situations, even when

patients are breathing spontaneously.
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BACKGROUND: For decades the pulmonary artery catheter has been the mainstay of

cardiac output monitoring in critically ill patients, and pressure-based indices 

of ventricular filling have been used to gauge fluid requirements with

acknowledged limitations. In recent years, alternative technologies have become

available which are minimally invasive, allow beat-to-beat cardiac output

monitoring and permit assessment of fluid requirements by volumetric means and by

allowing assessment of heart-lung interaction in mechanically ventilated

patients.

METHODS: A qualitative review of the basic science behind the transpulmonary

dilution technique used in the measurement of cardiac output, global

end-diastolic volume and extravascular lung water; the basic science and

validation of pulse contour analysis methods of real-time cardiac output

monitoring; the application and limitations of these technologies to guide

rational fluid therapy in surgical and critically ill patients.

RESULTS: Transpulmonary dilution techniques correlate well with pulmonary artery 

catheter-derived measurement of cardiac output. Volumetric measures of preload

appear to be superior to central venous and pulmonary artery occlusion pressures.

Dynamic indices of preload responsiveness such as stroke volume variation are

more useful than static measures in mechanically ventilated patients.

CONCLUSION: In fully mechanically ventilated patients, dynamic measurements of

heart-lung interaction such as stroke volume variation are superior to static

measures of preload in assessing whether a patient is volume-responsive (i.e.

will increase stroke volume in response to a fluid challenge). For patients who

are not fully mechanically ventilated, pulse contour analysis allows real-time

assessment of increases in cardiac output in response to passive leg-raising.
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The critically ill patient in acute heart failure continues to present an

exceptional challenge concerning diagnostic procedures, monitoring and treatment.

The European Society of Cardiology guidelines was the first to classify patients 

in acute heart failure into distinct clinical entities. Further management and

choice of monitoring relies on this classification. Beside the obligatory

monitoring (electrocardiography, respiratory rate, blood pressure, urine output, 

temperature) further components of a modular monitoring, as well as additional

diagnostic procedures, must be implemented according to the acuteness and

severity of the patient's condition. Measurement of cardiac output and arterial

blood pressure are essential elements in an extended invasive monitoring. The

pressure-based monitoring, which uses central venous pressure and pulmonary

artery occlusion pressure as a surrogate for cardiac preload, should be replaced 

by a more volume-oriented monitoring. Moreover, new monitoring strategies should 

incorporate functional hemodynamic monitoring that evaluates the effects of

treatment. Changes in volume and passive leg raising can be used to assess volume

responsiveness. Changes in left ventricular output during spontaneous breathing

or even positive pressure ventilation may be helpful in differentiating the

extent of volume dependency. The greater the increase in tidal volume for the

same lung compliance, the greater is the transient decrease in venous return and 

the subsequent decrease in left ventricular output. Variations in systolic

pressure or pulse pressure are reliable measures of preload responsiveness. More 

clinical validation of these measures must be done before they can become

standard measures of monitoring patients in acute heart failure.
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PURPOSE OF REVIEW: Predicting volume responsiveness in patients with spontaneous 

breathing activity is a difficult challenge in the emergency room as well as in

the intensive care unit because heart-lung interactions indices cannot be

reliably used as they can be in mechanically ventilated patients fully adapted to

their ventilator. The aim of this review is to summarize the different tools that

have been proposed to predict the hemodynamic response to fluid infusion in the

presence of spontaneous breathing activity.

RECENT FINDINGS: Clinical studies recently demonstrated that neither indicators

of cardiac preload (filling pressures and end-diastolic ventricular dimensions)

nor arterial pulse pressure respiratory variation was an accurate predictor of

volume responsiveness in patients with spontaneous breathing activity with or

without mechanical support. In contrast, performing a passive leg-raising test

has been proved as valuable for this purpose.

SUMMARY: The passive leg-raising test is the only method that has been repeatedly

shown to be reliable for predicting volume responsiveness in patients who

experience spontaneous breathing. The appropriate utilization of this test

requires a real-time assessment of its effects on systemic blood flow.
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BACKGROUND: Fluid resuscitation is not only used to prevent acute kidney injury

(AKI) but fluid management is also a cornerstone of treatment for patients with

established AKI and renal failure. Ultrafiltration removes volume initially from 

the intravascular compartment inducing a relative degree of hypovolemia. Normal

reflex mechanisms attempt to sustain blood pressure constant despite marked

changes in blood volume and cardiac output. Thus, compensated shock with a normal

blood pressure is a major cause of AKI or exacerbations of AKI during

ultrafiltration.

METHODS: We undertook a systematic review of the literature using MEDLINE, Google

Scholar and PubMed searches. We determined a list of key questions and convened a

2-day consensus conference to develop summary statements via a series of

alternating breakout and plenary sessions. In these sessions, we identified

supporting evidence and generated clinical practice recommendations and/or

directions for future research.

RESULTS: We defined three aspects of fluid monitoring: i) normal and

pathophysiological cardiovascular mechanisms; ii) measures of volume

responsiveness and impending cardiovascular collapse during volume removal, and; 

iii) measured indices of each using non-invasive and minimally invasive

continuous and intermittent monitoring techniques. The evidence documents that

AKI can occur in the setting of normotensive hypovolemia and that

under-resuscitation represents a major cause of both AKI and mortality ion

critically ill patients. Traditional measures of intravascular volume and

ventricular filling do not predict volume responsiveness whereas dynamic

functional hemodynamic markers, such as pulse pressure or stroke volume variation

during positive pressure breathing or mean flow changes with passive leg raising 

are highly predictive of volume responsiveness. Numerous commercially-available

devices exist that can acquire these signals.

CONCLUSIONS: Prospective clinical trials using functional hemodynamic markers in 

the diagnosis and management of AKI and volume status during ultrafiltration need

to be performed. More traditional measure of preload be abandoned as marked of

volume responsiveness though still useful to assess overall volume status.
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OBJECTIVE: To assess whether the passive leg raising test can help in predicting 

fluid responsiveness.

DESIGN: Nonsystematic review of the literature.

RESULTS: Passive leg raising has been used as an endogenous fluid challenge and

tested for predicting the hemodynamic response to fluid in patients with acute

circulatory failure. This is now easy to perform at the bedside using methods

that allow a real time measurement of systolic blood flow. A passive leg raising 

induced increase in descending aortic blood flow of at least 10% or in

echocardiographic subaortic flow of at least 12% has been shown to predict fluid 

responsiveness. Importantly, this prediction remains very valuable in patients

with cardiac arrhythmias or spontaneous breathing activity.

CONCLUSIONS: Passive leg raising allows reliable prediction of fluid

responsiveness even in patients with spontaneous breathing activity or

arrhythmias. This test may come to be used increasingly at the bedside since it

is easy to perform and effective, provided that its effects are assessed by a

real-time measurement of cardiac output.
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Knowing whether or not a fluid infusion can improve cardiac output (fluid

responsiveness) is crucial when treating hemodynamically unstable patients.

Generally, cardiac filling pressures (central venous pressure, pulmonary artery

occlusion [''wedge''] pressure) and volumes (end-diastolic left and right

ventricular volume) are used, although they are not reliable predictors of fluid 

responsiveness. For this reason, new indices, the so-called dynamic indices of

fluid responsiveness, have been recently introduced in clinical use. If stroke

volume, or stroke volume-derived parameters (pulse pressure and aortic flow) show

wide variation during mechanical ventilation, a good response to fluid therapy

can be predicted. As these indices are based upon the effects of controlled

mechanical ventilation on stroke volume, they can be used in deeply sedated or

apneic patients whose cardiac rhythm is regular. To overcome these limitations,

new dynamic indices have been introduced. Among them, variation of cardiac output

induced by passive leg raising (PLR) has raised particular interest since it can 

identify fluid responders even among spontaneously breathing and non-sinus rhythm

patients. Although promising, the dynamic indices of fluid responsiveness have

been studied only retrospectively in a relatively small number of patients and

evidence that clinical use of these indices can improve outcome is still limited.

Further investigations are needed to confirm their clinical validity.
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PURPOSE OF REVIEW: In the ICU only half of the patients are volume responsive -

that is, they respond to fluid administration by increasing their cardiac output.

We aim to summarize the methods available for predicting volume responsiveness,

focusing on recent findings in patients with spontaneous breathing activity.

RECENT FINDINGS: New information mainly comes from studies that have attempted to

find accurate predictors of volume responsiveness in cases of spontaneous

breathing activity when heart-lung interaction indices cannot be reliably used.

Passive leg raising has emerged as a reliable test for this purpose. The

hemodynamic response to this maneuver, which induces a transient increase in

cardiac preload, has been shown to provide a robust prediction of volume

responsiveness. Assessment of the effects of passive leg raising requires

real-time measurement of cardiac output/stroke volume or their surrogates.

SUMMARY: Predicting the hemodynamic response to fluid administration in patients 

with acute circulatory failure is of major importance and numerous methods are

now available. While the respiratory variations of stroke volume (or its

surrogates) can be used in patients fully adapted to their ventilator, the

passive leg-raising test has become a reliable predictive method in patients with

spontaneous breathing activity.
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Predicting fluid responsiveness has become a topic of major interest.

Measurements of intravascular pressures and volumes often fail to predict the

response to fluids, even though very low values are usually associated with a

positive response to fluids. Dynamic indices reflecting respiratory-induced

variations in stroke volume have been developed; however, these cannot be used in

patients with arrhythmia or with spontaneous respiratory movements. The passive

leg raising (PLR) test has been suggested to predict fluid responsiveness. PLR

induces an abrupt increase in preload due to autotransfusion of blood contained

in capacitance veins of the legs, which leads to an increase in cardiac output in

preload-dependent patients. This commentary discusses some of the technical

issues related to this test.
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PURPOSE OF REVIEW: Cardiac preload is frequently altered during hemodynamic

failure and is a major focus of therapeutic management. The aim of this review

was to summarize the invasive indicators of preload and the invasive predictors

of preload responsiveness.

RECENT FINDINGS: The static assessment of preload is based on the measurement of 

pulmonary artery occlusion pressure, which is still considered a gold standard.

The reliability of the transpulmonary dilution method for bedside monitoring of

cardiac volumes and preload has been clearly documented. Nonetheless, a number of

recent studies have emphasized the poor value of static markers of preload for

predicting a positive response to fluid therapy in comparison to 'dynamic' or

'functional' indices. Among them, the respiratory variation of arterial pulse

pressure has been confirmed by numerous studies as an excellent indicator of

volume responsiveness. The limitations for using these dynamic parameters have

recently been emphasized so that alternative methods, such as passive leg raising

or the respiratory systolic variation test, have been developed.

SUMMARY: The best prediction of the hemodynamic response to fluid therapy is

afforded by functional evaluation of preload responsiveness rather than by static

markers of preload.
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Hemodynamic monitoring is a central component of intensive care. Patterns of

hemodynamic variables often suggest cardiogenic, hypovolemic, obstructive, or

distributive (septic) etiologies to cardiovascular insufficiency, thus defining

the specific treatments required. Monitoring increases in invasiveness, as

required, as the risk for cardiovascular instability-induced morbidity increases 

because of the need to define more accurately the diagnosis and monitor the

response to therapy. Monitoring is also context specific: requirements during

cardiac surgery will be different from those in the intensive care unit or

emergency department. Solitary hemodynamic values are useful as threshold

monitors (e.g. hypotension is always pathological, central venous pressure is

only elevated in disease). Some hemodynamic values can only be interpreted

relative to metabolic demand, whereas others have multiple meanings. Functional

hemodynamic monitoring implies a therapeutic application, independent of

diagnosis such as a therapeutic trial of fluid challenge to assess preload

responsiveness. Newer methods for assessing preload responsiveness include

monitoring changes in central venous pressure during spontaneous inspiration, and

variations in arterial pulse pressure, systolic pressure, and aortic flow

variation in response to vena caval collapse during positive pressure ventilation

or passive leg raising. Defining preload responsiveness using these functional

measures, coupled to treatment protocols, can improve outcome from critical

illness. Potentially, as these and newer, less invasive hemodynamic measures are 

validated, they could be incorporated into such protocolized care in a

cost-effective manner.

PMCID: PMC1414021

PMID: 16356240  [PubMed - indexed for MEDLINE]
27. Anaesthesiol Intensive Ther. 2014 Nov 25. doi: 10.5603/AIT.a2014.0067. [Epub

ahead of print]

Fluid therapy and perfusional considerations during resuscitation in critically

ill patients with intra-abdominal hypertension.

Regli A, De Keulenaer B, De Laet I, Roberts D, Dabrowski W, Malbrain ML(1).

Author information: 

(1)Department of Intensive Care and High Care Burn Unit, Ziekenhuis Netwerk

Antwerpen, Belgium. manu.malbrain@skynet.be.

Intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS) are

consistently associated with morbidity and mortality among the critically ill or 

injured. Thus, avoiding or potentially treating these conditions may improve

patient outcomes. With the aim of improving the outcomes for patients with

IAH/ACS, the World Society of the Abdominal Compartment Syndrome recently updated

its clinical practice guidelines. In this article, we review the association

between a positive fluid balance and outcomes among patients with IAH/ACS and how

optimisation of fluid administration and systemic/regional perfusion may

potentially lead to improved outcomes among this patient population.Evidence

consistently associates secondary IAH with a positive fluid balance. However,

despite increased research in the area of non-surgical management of patients

with IAH and ACS, evidence supporting this approach is limited. Some evidence

exists to support implementing goal-directed resuscitation protocols and

restrictive fluid therapy protocols in shocked and recovering critically ill

patients with IAH. Data from animal experiments and clinical trials has shown

that the early use of vasopressors and inotropic agents is likely to be safe and 

may help reduce excessive fluid administration, especially in patients with IAH. 

Studies using furosemide and/or renal replacement therapy to achieve a negative

fluid balance in patients with IAH are encouraging. The type of fluid to be

administered in patients with IAH remains far from resolved. There is currently

insufficient evidence to recommend the use of abdominal perfusion pressure as a

resuscitation endpoint in patients with IAH. However, it is important to

recognise that IAH either abolishes or increases threshold values for pulse

pressure variation and stroke volume variation to predict fluid responsiveness,

while the presence of IAH may also result in a false negative passive leg raising

test.Correct fluid therapy and perfusional support during resuscitation form the 

cornerstone of medical management in patients with abdominal hypertension.

Controlled studies determining whether the above medical interventions may

improve outcomes among those with IAH/ACS are urgently required.
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Acute pancreatitis (AP) is a frequent disease with degrees of increasing severity

responsible for high morbidity. Despite continuous improvement in care, mortality

remains significant. Because hypovolemia, together with microcirculatory

dysfunction lead to poor outcome, fluid therapy remains a cornerstone of the

supportive treatment. However, poor clinical evidence actually support the

aggressive fluid therapy recommended in recent guidelines since available data

are controversial. Fluid management remains unclear and leads to current

heterogeneous practice. Different strategies may help to improve fluid

resuscitation in AP. On one hand, integration of fluid therapy in a global

hemodynamic resuscitation has been demonstrated to improve outcome in surgical or

septic patients. Tailored fluid administration after early identification of

patients with high-risk of poor outcome presenting inadequate tissue oxygenation 

is a major part of this strategy. On the other hand, new decision parameters have

been developed recently to improve safety and efficiency of fluid therapy in

critically ill patients. In this review, we propose a personalized strategy

integrating these new concepts in the early fluid management of AP. This new

approach paves the way to a wide range of clinical studies in the field of AP.
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Noninvasive continuous cardiac output monitoring may have wide clinical

applications in anaesthesiology, emergency care and cardiology. It can improve

outcomes, establish diagnosis, guide therapy and help risk stratification. The

present article describes the theory behind the two noninvasive continuous

monitoring methods for cardiac output assessment such as bioimpedance and

bioreactance. The review discusses the advantages and disadvantages of these

methods and highlights the recent method comparison studies. The use of

bioimpedance and bioreactance to estimate cardiac output under haemodynamic

challenges is also discussed. In particular, the article focuses on performance

of the two methods in the assessment of fluid responsiveness using passive leg

raising test and cardiac output response to exercise stress testing.

Copyright © 2014 Elsevier Ltd. All rights reserved.
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Early recognition and treatment of acute circulatory failure and tissue

hypoperfusion are paramount for improving the odds of survival in critically ill 

patients. Fluid volume resuscitation is the mainstay intervention in

redistributive and hypovolemic shock. Correct identification of a patient who

would benefit from fluid administration allows optimization of hemodynamics and

avoids ineffective or even deleterious volume expansion that may result in

worsening of gas exchange and pulmonary edema in fluid unresponsive patients, in 

whom inotropic and/or vasopressor support should preferentially be used. The use 

of dynamic changes in central venous pressure, pulse pressure, and

echocardiography for assessment of inferior vena cava diameter variations during 

respiration allows prediction of fluid volume responsiveness in hemodynamically

unstable patients. The use of these bedside approaches and passive leg raising

maneuver, which is a reversible and quick fluid volume challenge, allows timely

formulation of treatment strategy in patients with shock.

Copyright © 2015 Elsevier Inc. All rights reserved.
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The last decades have been characterized by a continuous evolution of hemodynamic

monitoring techniques from intermittent toward continuous and real-time

measurements and from an invasive towards a less invasive approach. The latter

approach uses ultrasounds and pulse contour analysis techniques that have been

developed over the last 15 years. During the same period, the concept of

prediction of fluid responsiveness has also been developed and dynamic indices

such as pulse pressure variation, stroke volume variation, and the real-time

response of cardiac output to passive leg raising or to end-expiration occlusion,

can be easily obtained and displayed with the minimally invasive techniques. In

this article, we review the main hemodynamic monitoring devices currently

available with their respective advantages and drawbacks. We also present the

current viewpoint on how to choose a hemodynamic monitoring device in the most

severely ill patients and especially in patients with circulatory shock.
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PURPOSE OF REVIEW: Haemodynamic monitoring in obstetric patients has evolved

during the last decade, with the development of minimally invasive and

noninvasive continuous cardiac output (CO) monitors. This review focuses on

recent articles that improve our understanding of physiology and haemodynamic

changes during spinal anaesthesia in healthy pregnant women, and pathophysiology 

in women with preeclampsia and other cardiovascular disease.

RECENT FINDINGS: Recent research findings in healthy women focus on the

haemodynamic changes due to aortocaval compression, fluid administration,

vasopressor therapy, and oxytocin during spinal anaesthesia for caesarean

delivery. In preeclampsia, the haemodynamics of early versus late-onset disease

and fluid management have been the subject of considerable investigation. Case

reports suggest that invasive monitoring in combination with echocardiography is 

preferable for clinical management of high-risk obstetrics cases with unstable

haemodynamics.

SUMMARY: In healthy women, left lateral tilt remains an important clinical

intervention during caesarean delivery, and phenylephrine is an essential early

adjunct to fluid therapy. Noradrenaline may have a clinical benefit in selected

patients. Carbetocin has similar haemodynamic effects to oxytocin. Haemodynamic

changes associated with delivery per se may be minor compared with those due to

oxytocin. Uncomplicated severe preeclampsia is usually associated with a normal

to raised CO. Early-onset preeclampsia may be associated with more

vasoconstriction and lower CO than late-onset disease. Passive leg raising may be

useful to judge fluid responsiveness, and lung ultrasound may predict pulmonary

oedema in preeclampsia. Further research is warranted to study the area of

circulatory changes during delivery and the postpartum period, in healthy and

preeclamptic women.
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PURPOSE OF REVIEW: The present review aims to summarize literature on the

accuracy of the finger cuff method to measure cardiac output (CO) and blood

pressure, its ability to track hemodynamic changes, and to predict fluid

responsiveness.

RECENT FINDINGS: Finger cuff is an easy-to-use hemodynamic monitoring technique. 

Different devices are currently available, which provide continuous arterial

blood pressure (Finapress), whereas only ClearSight (previously known as Nexfin; 

BMEYE) provides an estimate of CO. In most studies, the criteria for clinical

interchangeability (for CO) were not met, when compared with the currently used

invasive monitoring systems such as uncalibrated CO via a radial artery line, and

calibrated CO either via a pulmonary artery catheter or a femoral artery catheter

connected to the PiCCO (Pulsion Medical Systems) or VolumeView (Edwards

Lifesciences) devices. In particular, ClearSight obtained CO seems to be less

accurate in patients with a low CO. However, in most patients, ClearSight is able

to track hemodynamic changes induced by a fluid challenge or passive leg raising 

test. We will discuss in this review the relevant literature with regard to

validation of the finger cuff technique for both arterial blood pressure and CO.

SUMMARY: The finger cuff method provides a reasonable estimate of CO and blood

pressure, which does not meet the criteria for clinical interchangeability with

the currently used invasive devices.
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The effects of increased intra-abdominal pressure (IAP) on cardiovascular

function are well recognized and include a combined negative effect on preload,

afterload and contractility. The aim of this review is to summarize the current

knowledge on this topic. The presence of intra-abdominal hypertension (IAH)

erroneously increases barometric filling pressures like central venous (CVP) and 

pulmonary artery occlusion pressure (PAOP) (since these are zeroed against

atmospheric pressure). Transmural filling pressures (calculated by subtracting

the pleural pressure from the end-expiratory CVP value) may better reflect the

true preload status but are difficult to obtain at the bedside. Alternatively,

since pleural pressures are seldom measured, transmural CVP can also be estimated

by subtracting half of the IAP from the end-expiratory CVP value, since

abdominothoracic transmission is on average 50%. Volumetric preload indicators,

such as global and right ventricular end-diastolic volumes or the left

ventricular end-diastolic area, also correlate better with true preload. When

using functional hemodynamic monitoring parameters like stroke volume variation

(SVV) or pulse pressure variation (PPV) one must bear in mind that increased IAP 

will increase these values (via a concomitant increase in intrathoracic

pressure). The passive leg raising test may be a false negative in IAH.

Calculation of the abdominal perfusion pressure (as mean arterial pressure minus 

IAP) has been shown to be a better resuscitation endpoint than IAP alone.

Finally, it is re-assuring that transpulmonary thermodilution techniques have

been validated in the setting of IAH and abdominal compartment syndrome. In

conclusion, the clinician must be aware of the different effects of IAH on

cardiovascular function in order to assess the volume status accurately and to

optimize hemodynamic performance.
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Abstract
In a patient with hemodynamic failure, volume expansion is used to increase cardiac output, thereby improving tissue oxygenation. Nevertheless, the relationship between cardiac output and preload is curvilinear, and so the expected increase in cardiac output frequently does not occur. This supports the concept of predicting fluid responsiveness. In addition, evidence is growing that administration of too much fluid to critically ill patients impairs organ function and increases mortality. Thus, it is crucial to avoid potentially harmful volume expansion if it does not improve cardiac output. This supports the concept of predicting fluid unresponsiveness. There is today solid evidence that fluid responsiveness/unresponsiveness cannot be predicted by static markers of cardiac preload, like central venous pressure. In contrast, a dynamic approach to prediction has increasingly proven valid and useful. We review methods at the bedside currently used to predict fluid responsiveness/unresponsiveness before deciding whether or not to administer fluid. The method that was initially described consists in observing changes in stroke volume resulting from heart-lung interactions during invasive mechanical ventilation. Some alternatives were developed later, like passive leg raising and the end-expiratory occlusion test. In light of the latest literature, we describe their practical aspects, value, and limitations.
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