Editorial Commentary

Beyond the fluid bolus
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In a recent study published in Critical Care, Roger and
colleagues (1) evaluated the time course of the response
to a fluid bolus in patients suffering from septic shock in
11 intensive care units in France. The authors prospectively
included adult patients with septic shock in whom the
physician caring for the patient planned a fluid bolus
due to persistent hypotension, decreased central venous
oxygenation, decreased urine output, skin mottling
or increased lactate. Following transthoracic Doppler
echocardiography (TTE) the patients received a 500 mL
bolus of 0.9% NaCl in 10 min. A TTE was then performed
at 10, 20 and 30 min after start of the fluid bolus (T, T
and T5)). The change in stroke volume was assessed by
measurement of the sub aortic velocity time integral (V'IT)
at the different time points and an increase in VITby >15%
was considered to represent an equal increase in stroke
volume: i.e., the patient was a fluid responder. At T, 53%
of the patients were responders. Of these patients only 51%
were classified as responders at T, and the authors called
these patients persistent responders. Of the patients that
were classified as non-responders at T, 6% were classified
as responders at T';,. This means that only 30% of the
included patients were responders when assessed at T',.
The study was well designed and the indications for fluid
administration in the study are similar to those used in daily
practice (2). The data adds to previous data showing that
the effect of a crystalloid fluid bolus on cardiac output in
septic shock is short lived and returns to baseline within
1 h hour after completion of the bolus in patient whom
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were initially responders (3).

Given the increased awareness in the critical care
community of side-effects of liberal fluid resuscitation in
septic shock we believe these results raise some intriguing
questions which warrants a commentary. How do we
explain the transient nature of the response in responders?
The objective of a fluid bolus is to increase cardiac output
and a fluid bolus is presumed to achieve this objective by
increasing venous return through an increase in plasma
volume. It follows that the duration of the plasma volume
expansion obtained by the fluid bolus could have an impact
on the duration of the response. From this perspective it is
of interest to note that maximum plasma volume expansion
following a rapid infusion of a crystalloid can be seen
immediately after completion of the bolus. In the ensuing
25-30 min a rapid redistribution occurs (4). It is increasingly
recognized that the duration and magnitude of the plasma
volume expansion after the redistribution phase following
a fluid bolus is context dependent. This means that in a
hypovolemic patient with intact homeostatic mechanisms,
such as following a hemorrhage or dehydration,
compensatory mechanism will add to the plasma volume
expansion obtained by the fluid bolus resulting in a large
and sustained increase in plasma volume (5-7). During
these conditions, plasma volume may increase by 20-25%
of the infused volume after the initial distribution. This
is, in contrast to septic shock, a condition in which
disrupted homeostatic mechanisms and an increase in the
extravascular distribution volume most likely contributes
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to the pathophysiology. During these conditions plasma
volume expansion after the initial distribution may be in the
range of 1-6% (5,8). Based on the above we believe the that
a transient response in some patients is an expected finding.

Is it possible that the choice of resuscitation fluid
could have influenced the number of responders at Tj,?
It is well established that colloids are more efficacious as
plasma volume expanders than crystalloids and in sepsis
the immediate plasma volume expansion of 5% albumin
is about 5 times higher that of a 0.9% NaCl (9). To our
knowledge there are no clinical studies available comparing
the duration of the plasma volume expansion by albumin
to that of crystalloids in sepsis. However, data from a
small study on patients with septic shock suggests that
plasma volume expansion following resuscitation with
20% albumin persists unchanged for at least 2 h after
completion of resuscitation (10). Similarly, in a recent study
on postoperative patients after major abdominal surgery
plasma volume expansion persisted unchanged for at least
2.5 h after a bolus infusion of 5% albumin at a dose of
10 mL/kg (11). These data collectively suggest that choice
of fluid may have influenced the result and highlight the
need for studies comparing fluid response over time after
resuscitation with albumin or crystalloids.

The increasing awareness of potential adverse effects of
fluid administration has led to a surge of studies investigating
methods to predict fluid responsiveness. In the majority of
these studies the inclusion criteria has been very similar to
those employed in the study by Roger and colleagues. As
mentioned above, the fraction of responders immediately
after completion of the fluid bolus dose was about 50%
in the study by Roger. This is a remarkably consistent
figure across a large number of studies investigating
various predictors of fluid responsiveness in critically
ill patients after the initial resuscitation (12,13). Of the
50 studies included in a meta-analysis by Bentzer ez 4/. (12)
evaluating different predictors of fluid responsiveness, the
majority either did not describe in detail when the response
was assessed or stated that it was performed immediately
after the bolus. In 3 studies, the response was evaluated
30 min after completion of the bolus. The results by
Roger and colleagues indicate that many previous studies
investigating predictors of fluid responsiveness may have
included both transient and persistent responders in the
group of patients deemed to be responders. Given that one
of the purposes of assessing fluid responsiveness it to limit
unnecessary fluid administration the question could be asked
if a short-lasting increase in cardiac output after a fluid bolus
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is worth the price of the risks associated with a positive fluid
balance (14)? The results provided by Roger and colleagues
suggest that future studies evaluating methods to assess fluid
responsiveness should consider evaluating the response to
fluids at later time points, perhaps even beyond 30 min, to
identify the persistent responders. These patients are likely
to have a more favorable risk-benefit ratio with regards
to fluids. Unfortunately, no attempt was made to predict
persistent responders in the study by Roger and colleagues
and future studies will have to assess this issue. Should such
predictors become available it is possible that the potential
to limit unnecessary fluid administration is even higher than
previously thought.
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