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We thank Begos et al.1 for their interest in our work2 and
would like to respond to their comments and questions re-
garding our study. The study considered 36 patients with
acute heart failure and assessed the relationships of changes
in measured plasma volume (mPV), using the FAST Biomedi-
cal Technology technique, and changes in estimates of
plasma volume (ePV), using haemoglobin and haematocrit-
based Strauss and Kaplan–Hakim equations during 48 h of
decongestive therapy. The key finding of our study was an
absence of a significant correlation between changes of mPV
and changes of ePV over this period. This finding questions
the validity of ePV equations in acute heart failure patients.

Begos et al. state in the first paragraph of their letter that
‘changes in measured plasma volume correlated moderately
well with the Kaplan–Hakim formula (r = 0.75), and also with
the Strauss formula in a subgroup of 19 patients with a stable
measured red cell volume (mRCV) (r = 0.78)’. We would like
to note that this sentence does not adequately summarize
our findings. The correlation coefficient r of changes in PV es-
timated by Kaplan–Hakim formula and actual changes of mPV
was 0.23 and non-significant, indicating no value of Kaplan–
Hakim formula in assessing changes of PV in acute heart fail-
ure patients. A similarly poor correlation was found for the
Strauss formula (r = 0.24, non-significant) when considering
the entire population.

Begos et al. suggested comparing patients with stable RCV
against those with unstable RCV, because Strauss formula
appeared to be more adequate in identifying true changes
of PV in patients with a stable RCV. However, we did not find
statistically meaningful clinical differences between stable
and unstable RCV groups regarding baseline characteristics
(including age, sex, weight, height, body mass index, blood

pressure, heart rate, left ventricular ejection fraction, chronic
kidney disease stage, N-terminal pro-brain natriuretic peptide
levels, and comorbidities). Thus, it appears difficult to predict
a priori, which patients would exhibit a stable RCV.

Begos et al. also pointed out the exclusion criterion of in-
ternal bleeding and asked why the four patients with clinical
evidence of bleeding, or need for blood transfusions, were
not excluded. The reason is that none of these patients had
signs or symptoms of active bleeding at the time of study
inclusion. Hence, these patients were enrolled as per study
protocol, and the blood losses or requirement for blood
transfusions developed later during the course of the study.
However, even after exclusion of these four patients, the cor-
relations of ePV changes and mPV changes remained poor
(Kaplan–Hakim, r = 0.33; Strauss, r = 0.33; both non-
significant).

Begos et al. point out that Kaplan–Hakim formula includes
‘dry weight’ and draw attention to the difficulties in defining
‘dry weight’ in heart failure patients. We agree that this is an
additional limitation of Kaplan–Hakim formula. We did test
different definitions of dry weight, but correlations of
changes of mPV and changes of ePV (Kaplan–Hakim) re-
mained weak and non-significant.

Begos et al. further questioned the accuracy of PV mea-
surements during our study because of the duration of the
sample acquisition and the potential lack of steady state con-
ditions in heart failure patients. As pointed out in the
Methods section, we obtained blood samples during a rela-
tively short period of 1 h to determine the concentrations
of the fluorescent PV tracer FD003. We also have reported
in our original publication of the study that the concentration
of FD003 remained stable throughout the sampling period
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without evidence of changing PV over time.3 Hence, PV
assessments in our study population are accurate.

Begos et al. cite a number of studies that report the
association of ePV with clinical outcomes suggesting ePV
might be useful for clinical decision-making. We would like
to emphasize that we are less enthusiastic about the clinical
utility of ePV equations because PV-independent factors also
drive the association of these estimates with outcomes. For
instance, low or declining haemoglobin concentrations and
haematocrit values will result in high or increasing PV
estimates when applying ePV formulas. Nevertheless, low
or declining haemoglobin or haematocrit may simply signify

bleeding or worsening anaemia, known adverse prognostic
factors. Hence, the association of ‘rising ePV’ with poor
outcomes may simply be driven by the anticipated inverse
association of falling haemoglobin or haematocrit with poor
outcomes.

In sum, our study highlights the limitations of PV
estimating formulas in patients with acute heart failure and
emphasizes the potential need for direct PV measurements
to overcome these limitations. We concur with Begos et al.
in their call for a large prospective study to compare various
methods of PV determination and correlation of such
measures with clinical outcomes.
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