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Echocardiography and assessing fluid responsiveness: acoustic
quantification again into the picture?
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Abstract

Accurate identification of fluid responsiveness has become an
important issue in critically ill patients. Pulse pressure and stroke
volume variation have been shown to be reliable predictors of fluid
responsiveness. Apart from these two valuable techniques, echo-
Doppler offers an interesting alternative for estimating the
adequacy of filling. Acoustic quantification is a high-tech tool for
delineating the blood-tissue interface on-screen in real time.
Cannesson and coworkers utilized this technique in ventilated
patients to assess stroke area changes, with the intention being to
predict fluid responsiveness.

Optimization of haemodynamics in critically ill patients
necessitates a critical balance between cardiac preload,
afterload and myocardial performance. In this context,
assessment of fluid responsiveness remains difficult,
especially in haemodynamically unstable patients. Many
researchers have invested their experience in developing
reproducible methods to predict optimal preload safely and
adequately. Furthermore, echocardiography may be helpful in
estimating fluid responsiveness [1]. Alterations in intra-
thoracic pressures during mechanical ventilation are known
to induce cyclic variations in preloading conditions of the
right and left ventricles, resulting in discrete changes in
stroke volume and hence in arterial pressure [2]. Significant
ventilation-induced undulations in the arterial pressure tracing
are clinically related to the presence of hypovolaemia, both in
patients with preserved and in those with decreased left
ventricular (LV) function [3]. In septic shock patients, analysis
of stroke volume variation has been shown to indicate most
accurately the presence of fluid responsiveness.

Echocardiography and echo-Doppler have been demon-
strated to be an invaluable tool in the haemodynamic
management of the critically ill, either through a transthoracic
[4] or transoesophageal [5] approach. Estimation of volume

status in ventilated intensive care unit (ICU) patients has also
been a focus for many ICU echocardiographers. Assessment
of the collapsibility of the inferior or superior [6] caval vein is a
relatively simple method to identify the presence of fluid
responsiveness, although it is strongly influenced by right
ventricular function. Echo-Doppler was shown to be a good
alternative to pressures obtained by invasive means in
demonstrating the presence of fluid responsiveness. In a
graded haemorrhagic rabbit model, Slama and coworkers [7]
found that ventilation-induced transaortic flow variation could
be used in place of invasive pressure variation, underlining
the physiological link between pressure and flow [8].

Acoustic quantification (AQ) was introduced in the early
1990s, with the intention being to delineate - both on-screen
and in real time - the blood-tissue interface at the level of the
various cavities of the heart and great vessels [9]. In the
construction of pressure-volume loops, AQ has mostly been
exploited as a clever tool to replace the invasive assessment
of the volume component [10] in the estimation of end-
systolic elastance. Despite such an appealing application of
this investigational tool, the transition toward its integration
into clinical practice is not so easy. Several drawbacks must
be acknowledged, the most important being the fact that the
smallest of changes in transoesophageal echo (TOE) probe
position relative to the left ventricle can significantly alter
estimates of LV contractility. It is therefore more appealing to
apply this technology to assessment of cavities that are less
mobile (or that can be rendered less mobile). Our research
group showed an intriguing correlation between AQ obtained
aortic contour variations and the derived afterload parameters
at one side and the Langewouters’ model at the other [11].

In the previous issue of Critical Care, Cannesson and
coworkers [1] applied the AQ technique to assess stroke

AQ = acoustic quantification; ICU = intensive care unit; LV = left ventricular; TOE = transoesophageal echo.
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area changes in real time in mechanically ventilated cardiac
surgical patients with preserved LV function, as a
representative index of fluid responsiveness. In this
interesting study, which included a relatively small number of
patients, Cannesson and coworkers nicely circumvented the
problems associated with change in TOE probe position with
respect to the LV short axis by utilizing passive leg raising
(trunk lowering from 45° to 0°).

However, as with previous studies using AQ, this
investigation identified several issues that should be kept in
mind before this technique may be routinely implemented to
assess fluid responsiveness. First, despite the careful
implementation of passive leg raising, a small shift or
displacement of the TOE probes in relation to the LV short
axis could distort the findings significantly. The analysis of
endocardial motion can be confounded if it is applied to
patients with segmental wall motion abnormalities [12].
Second, inherently linked to the structure of the myocardial
muscle fibres, LV rotations and torsions could be present,
which again could interfere with AQ-based assessment.
Third, in a subset of coronary patients, a transient increase in
load by leg elevation results in a decrease in dP/dtmax and a
major increase in LV end-diastolic pressure. This impairment
is linked to deficient length-dependent regulation of
myocardial function [13]. Finally, echo-Doppler provides
discontinuous information, which is in contrast to routinely
available haemodynamic monitors.

De Backer and coworkers [14] showed that pulse pressure
variation was a reliable predictor of fluid responsiveness only
if tidal volume was more than 8 ml/kg. Further investigation is
necessary to reveal whether the observations reported by
Cannesson and coworkers [1] are also valid in patients
ventilated with tidal volumes of less than 8 ml/kg and a higher
level of positive end-expiratory pressure (as is the case for
patients with acute respiratory distress syndrome). Although
dynamic indices of fluid responsiveness are evidently superior
to static markers, Doppler echocardiography provides a
variety of bedside solutions to problems relating to hypo-
volaemia in a relatively noninvasive and dynamic manner. The
great strength of this tool lies in its power to add
supplementary information regarding contractility and
afterloading conditions in a direct, comprehensible and
physiological manner at the bedside.
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