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Treatment of shock is not a new concern in intensive care medi-
cine. The highest priority in patients with shock is the restora-
tion of oxygen delivery. Fluid resuscitation is the very first goal
of increasing cardiac output and oxygen delivery in patients with
acute circulatory insufficiency. First, based on the simple physi-
ology of the Frank–Starling mechanism, fluid loading should
increase cardiac output (CO) by increasing preload and subse-
quently increasing left ventricular (LV) stroke volume.1 However,
fluid overload, especially in patients with pre-existing or devel-
oping cardiac failure, can end in only a fractional increase of
stroke volume and negative effects like pulmonary venous con-
gestion can predominate. It is therefore a daily task for each
intensivist to identify those patients who will respond to and
benefit from volume expansion (e.g. acute shock) and to avoid
fluid overload in those who are no longer fluid responsive but
are at risk for increased mortality by further fluid therapy (e.g.
protracted sepsis, acute respiratory distress syndrome, acute
kidney injury). Thus the therapeutic conflict between hypovolae-
mia and hypervolaemia needs to be addressed wisely.
Consequently, precise monitoring of preload could be helpful in
this clinical scenario (Fig. 1).

What about central venous pressure (CVP) monitoring?
Although this static marker of preload is still used more often
than dynamic indices (36% versus 22%, respectively),2 its predict-
ability for fluid responsivity is doubtful, as shown by a large
meta-analysis of Marik and Cavallazi.3 In an analysis of 43 stud-
ies, no correlation between baseline CVPs and changes in stroke
volume index or cardiac index could be shown. CVP use seems
more like an old habit, but it is no longer be recommended in
guidelines.4

Dynamic markers for preload, such as systolic pressure varia-
tion (SPV), pulse pressure variation (PPV) and stroke volume var-
iation (SVV), have proven to be superior to traditionally used
static indices. However, the first and easiest way to predict the
effects of increasing preload on cardiac output is the passive leg
raise (PLR) manoeuvre. It mimics fluid loading of �300 ml by
positioning the lower body above the trunk without infusing any
volume. Effects of volume overloading are therefore avoided.
The PLR is considered positive when an increase in cardiac out-
put of �10% is observed. It can be repeated at any time and
allows a fast and diagnostic check for further volume responsiv-
ity. A systematic meta-analysis considering PLR-induced
changes in cardiac output showed a sensitivity of 0.85 and a spe-
cificity of 0.91.5

Could the PLR answer our questions regarding fluid resuscita-
tion in critically ill patients? Maybe not all, as limitations for
positioning occur in neurosurgical or trauma patients. Besides,
raising the patient’s legs can result in pain, discomfort or other
stimuli that could trigger adrenergic stimulation and thus lead to
misinterpretation of an increased cardiac output. Moreover, PLR

is only a short-term test for preload responsiveness, and
although easy to repeat, the decision for further fluid loading
needs to be pondered cautiously. Conversely, a negative PLR
should lead to consideration of ending fluid loading.

The most widely used dynamic marker for preload is the PPV.
Based on intrathoracic and transpulmonary pressure changes
during mechanical ventilation that decrease venous return, and
thus right ventricular (RV) preload, reduced filling conditions
and decreased stroke volume of the RV occur. In parallel,
increased pressure in the alveolo-capillary units during inspira-
tion with increased left ventricular (LV) stroke volume is seen.6 7

The decreased RV stroke volume sustains reduced LV filling after
two to three heart beats, depending on the pulmonary transit
time.8 Thus cyclic changes of intrathoracic pressures during
mechanical ventilation lead to changes in LV stroke volume,
which is highest during inspiration and lowest during expiration,
and which indicates preload dependency of both ventricles.

PPV is a good predictor of preload responsiveness, and high
values are associated with preload responsiveness and vice
versa. This was shown in a large meta-analysis where 22 studies
were analysed. Sensitivity for predicting fluid responsiveness
of 88% with a specificity of 89% was shown. The median thresh-
old of PPV was 12% (interquartile range 10–13%).9 These results
were received with great interest; however, no physician would
expect to observe only one specific value for PPV in clinical
scenarios.
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Fig 1 Principles of hypo- and hypervolemia.
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Interestingly, a multicentre study by Cannesson and col-
leagues10 examined the accuracy of prediction for PPV and its
fluid responsiveness at lower values and identified a so-called
grey zone for PPV values between 9% and 13% where no clear
prediction of fluid responsiveness could be shown in the receiver
operating characteristics curve analysis. These PPV values were
seen in �25% of patients. However, patients included were venti-
lated with a small tidal volume (VT) of 6 ml kg�1 body weight,
and it is known that PPV does not function well during mechani-
cal ventilation with small VTs. This is a clear limitation of the
technique, and a temporary increase of VT could potentially lead
to enhanced, more valid PPV values useful in predicting fluid
responsiveness.

Min and colleagues11 investigated the principle of augmented
PPV in 38 adult patients requiring general anaesthesia. PPV was
executed while higher VTs were applied. When patients were in
the grey zone of PPV values between 9 and 13%, haemodynamic
parameters [stroke volume index (SVI) and PPV] were computed
at a VT of 8 ml kg�1 and then VT was increased to 12 ml kg�1 of
ideal body weight, followed by a further measurement. After
these two baseline measures, fluid loading (6 ml kg�1) with infu-
sion of balanced crystalloid solution was performed, and again,
haemodynamic variables were obtained at both VTs. Those
patients with increased SVI of >10% after volume expansion
were considered to be responders. For the 20 responders,
increased VT and augmentation of PPV led to significantly better
predictability of fluid responsiveness. Yet, ventilatory parame-
ters like driving pressure were significantly elevated during
mechanical ventilation with high VTs.

This small clinical study in non-shock patients undergoing
elective surgery underlines known physiological heart–lung
interactions. However, what can we conclude from these data?
We know that a VT of 6 ml kg�1 during mechanical ventilation in
elective surgery is associated with better post-surgical outcomes
than a VT of 11 ml kg�1.11 For the sake of using physiological
interactions, should we go back to unphysiologic VTs? Although
the increases of VT are only needed for the time of the measure-
ment, it cannot be excluded that subjects with ventilatory com-
promise could deteriorate during these repeated procedures.
Obviously these measures need to be done with great caution.
Protocols could help to guide this process, as well as comple-
mentary multilayered approaches for haemodynamic monitor-
ing (e.g. additional use of ultrasound).

Dynamic preload parameters provide an advance in haemo-
dynamic monitoring of critically ill patients. The selection of
parameters and techniques depends both on the physicians’
experience and the patient’s condition. They are restricted to
mechanically ventilated, not spontaneously breathing, patients
without cardiac arrhythmias. It should be stressed that the deci-
sion for fluid administration should not be made solely on the
presence of preload responsiveness, but also on clinical signs of
haemodynamic instability. Risks and benefits need to be eval-
uated cautiously.

The study of Min and colleagues11 reveals an interesting
approach. However, this study is only one brick in complex phys-
iologic interactions and further data are required to enlighten
the grey zone. Maybe innovative techniques are needed in this

complex area addressing the daily worries of anaesthetists and
intensivists regarding fluid challenge. Anaesthetists and inten-
sivists should feel encouraged to use PPV (and other parameters)
as components for a decision-making strategy of a more rational
fluid management approach.
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