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H I G H L I G H T S

� Since the haematocrit reflects a proportion, it can be sometimes misleading.
� Blood volume analysis by radioisotopic dilution technique is still valid and very useful.
� The mean value of f-ratio (Hc/Hv) varies between 0.84 and 0.99, with a total range from 0.54 to 1.35.
� This variation of f could cause large errors when estimating RCV or PV once the other has been measured.
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a b s t r a c t

In the last years, there has been a growing recognition of the importance of blood volume abnormalities
in the pathophysiology of several conditions and, consequently, a growing interest of accurate and rapid
volume status assessment. Accordingly, there has been a surge of interest in blood volume analysis by
radioisotopic dilution technique. However, there are still some controversies about this technique, such
as the use of the f-cell ratio, the errors associated with the method and the reference values. This review
aims to revise and discuss the theoretical and methodological aspects of this technique and also to
discuss their controversies. Furthermore, it is questioned whether red cell volume or plasma volume can
be accurately estimated once the other quantity has been measured or should red cell volume and
plasma volume be directly measured.

As a conclusion, blood volume analysis by radioisotopic dilution technique is still valid and very
useful.

& 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

Whole blood comprises a liquid phase (plasma) and a solid or
cellular phase. The latter includes red blood cells (RBC), white
blood cells and platelets. Platelets and white blood cells account
for less than 0.1% of blood volume (BV). Thereby, the BV can be
derived by summing the red cell volume (RCV) and the plasma
volume (PV) inside the circulatory system. Nevertheless in some
pathologies, such as leukaemia, the volume of leucocytes may
constitute an appreciable fraction of the total circulating blood
cells. In those cases, if the sum of the PV and RCV is used for its
appraisal, the total BV would be underestimated.

Several normal and pathological conditions (e.g. posture, ex-
ercise, dehydration) affect the PV and many physiological me-
chanisms (e.g. hormonal, neural, renal, and cardiac) are involved in
the regulation of the PV; whereas RCV is regulated by ery-
thropoietin and growth factors. Deviations from normovolemia
take place due to many pathological conditions, and these devia-
tions of PV or RCV can be of significant importance for organ
perfusion and blood pressure regulation by modifying vascular,
cardiac, hepatic, renal, endocrine or immune endpoints.

Fluctuations in PV may result in either haemodilution or hae-
moconcentration, and can mask a genuine anaemia or can suggest
polycythaemia where none exists (Dacic and Lewis, 1991). Hy-
pervolemic or dilutional anaemia (normal RCV with increased BV
and PV) and euvolemic or compensatory anaemia (normal BV with
decreased RCV and increased PV) are not serious, but hypovolemic
anaemia (decreased RCV, PV and BV) may be disastrous in condi-
tions associated with augmented physiologic stress. Therefore, it is
very important to differentiate between these kinds of anaemias.

Erythrocytosis or polycythaemia consists of an augmented
proportion of RBC in the circulating blood. In polycythaemia vera
(absolute polycythaemia) there is a true augmentation of the RCV
with normal PV. By contrast, in apparent polycythaemia (pseu-
dopolycythemia or Gaisböck syndrome) there is decreased PV and
increased or normal RCV. In order to select the right treatment it is
necessary to discriminate between these two kinds of poly-
cythaemias. The laboratory parameters such as haemoglobin, red
cell count, and haematocrit may not always reflect the total RCV
because of variations in PV.

For all the above it follows that the assessment of RCV and PV is
an important tool in clinical medicine for the evaluation of several
disorders or diseases. The measurements of RCV and PV are well-
established techniques performed routinely in nuclear medicine
departments, and the development of these measurement tech-
niques has a long history. They were first described in the early
20th century and have become more refined during time and
evolved to use radiolabelled tracers. The measurement of PV in
humans by a dilution method, using a red dye (Vital red), was first
described in 1915 (Keith et al., 1915). Since then, the development
of radiolabelled biological tracers has further refined these tech-
niques. Other techniques, such as pulse-dye and exhaled carbox-
yhaemoglobin dilution, have also been described with variable
success (Sawano et al., 2006; Imai et al., 2000).

2. Haematocrit and f-cell ratio

The haematocrit is a necessary parameter in the measurement
of RCV, while f-cell ratio is an empirical factor very important
when estimating RCV or PV once the other quantity has been
measured. For this reason it is important to deepen the analysis of
these parameters. The haematocrit (Hct, Ht or H), also known as
erythrocyte volume fraction (EVF) or packed cell volume (PCV), is
the proportion by volume of the BV that consists of RBC. Although
typically the haematocrit is expressed in percentage (%), hence-
forth in this text, when this parameter appears into any equation,
we will refer to it in terms of proportion, in order to simplify these
equations.

The venous haematocrit (Hv) is a routine blood test that is
available as a part of a complete automated blood count. The re-
ference ranges for Hv are 37–43% in women and 42–47% in men,
although these values may slightly change considering the differ-
ent laboratories and the equipment used for the test. Haematocrit
has also been traditionally measured by spinning down a tube of
blood and then comparing the height of the column of RBC with
the height of the entire sample. However, a centrifuged haema-
tocrit value must be corrected, because it introduces a significant
non-rectilinear error due to variability in the plasma trapping
between packed erythrocytes. Furthermore, several factors will
affect the Hv value. Firstly, it is the practice of some authors to
include the white cell layer in their reading of the observed packed
cell volume. Secondly, although most authors agree that the ob-
served packed cell volume must be corrected for trapped plasma,
there is considerable variation in the applied correction factor
(Chaplin and Mollison, 1952; Maizels, 1945). Therefore, Hv has
been measured by Coulter counter over more than 30 years, rather
than by centrifugation, in view of the much better linearity of the
former.

It is believed that there is normally a sufficient correlation
between the RCV and certain peripheral blood values, such as total
erythrocyte counts, haematocrit and haemoglobin content. Thus,
Hv is often used clinically as a surrogate measure for RCV, although
this assumes a normal PV, which is not always the case. Dis-
crepancies occur when the PV becomes disproportionately re-
duced or increased. In such cases there is poor correlation between
RCV and haematocrit, so that Hv is an imprecise estimate of actual
RCV (Takanishi et al., 2008). Therefore, the Hv values may falsely
reflect a low RCV in states of excess PV (dilutional anaemia), or it
may falsely reflect a high RCV when PV is low (Hurley, 1974;
Bentley and Lewis, 1976; Lorberboym et al., 2005). For example,
the Hv values in hypovolemic anaemic patients are elevated be-
cause the PV does not increase to achieve the normovolemic
anaemic state (Valeri et al., 2006).

Since the haematocrit reflects a proportion, this parameter can
sometimes lead to errors of interpretation. Fig. 1 shows an ex-
ample of two samples (A and B) with the same haematocrit.
Compared with sample A, sample B shows a balanced reduction in
both RCV and PV with a preserved ratio between these two
parameters. Despite the two samples having the same
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