Anemia and hemodilution: analysis of a single center
cohort based on 2,858 red cell mass measurements

Anemia is the most frequent hematologic disorder
worldwide. It was biologically defined many years ago
by the World Health Organization (WHO) as a decrease
in circulating hemoglobin concentration [Hb] to <120 g/L
in women and <130 g/L in men.' In severe anemia (i.e.,
anemia causing symptoms or when [Hb] <70-80 g/L),
curative treatments (e.g., iron, folates, vitamin B12 sup-
plementation or erythropoiesis stimulating agents [ESA])
or transfusions are typically used. Approximately 85 mil-
lion red blood cell (RBC) units are transfused per year
worldwide.?

In a recent study, Otto et al.’ reported that in approxi-
mately half the cases anemia can be explained as a result
of hemodilution (increased plasma volume [PV]) rather
than by a reduction in red cell mass (RCM), especially in
chronic heart and liver diseases. These results, obtained
by using total hemoglobin mass measurement with car-
bon monoxide rebreathing method and PV indirect calcu-
lation, suggest that treatment of anemias could be over-
prescribed for hemodiluted patients.

In order to determine whether anemia-related treat-
ment could be over-prescribed for “anemic” patients in
our institution, we retrospectively analyzed RCM and PV
from normal, anemic and polycythemic patients using
direct measurements of red cell and plasma volumes
(Cr'-labeled RBC and I'*-labeled albumin). Briefly, 2,858
RCM and PV performed concomitantly in our depart-
ment between 2010 and 2017 (mostly for suspected
myeloproliferative diseases) were retrospectively ana-
lyzed in addition to [Hb] and hematocrit (Hct) determina-
tion. These measurements were performed in different
situations: i) looking for real RCM decrease in case of low
[Hb] in presence of possible cause of hemodilution or in
absence of other obvious causes of [Hb] decrease; ii)
looking for “masked” RCM increase in presence of
known myeloproliferative neoplasm in case of low or
normal [Hb]; or iii) confirming polycythemia in case of
elevated [Hb]. We then selected a group of “anemic”
patients with low [Hb] (<120 g/L in women and <130
g/L in men) and classified them according to the severity
of the anemia (WHO classification of anemia®): mild ane-
mia (110-119 g/L for women and 110-129 g/L for men,
n=27), moderate anemia (80-109 g/L, n=27) and severe
anemia (< 80 g/L, n=9). We also selected a control group
(n=97) defined as follow: [Hb] 120-160 g/L in women
and 130-165 g/L in men, Hct <48% in women and =49%
in men, mean corpuscular volume 80-100 fL, RCM =<
+25% of normal value, absence of JAK2V617F mutation,
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no splenomegaly, white blood cell (WBC) count 4-
10x10°/L and platelet count 150-450x10°/L, and a group
of “polycythemic” patients with increased [Hb] (>160 g/L
in women and >165 g/L in men) (n=1,815). Patients'
characteristics are summarized in Table 1 and a flow
chart of the study is shown in Online Supplementary Figure
S1.

PV categories had previously been defined according to
Otto et al’: plasmatic contraction if PV < -8% of the
expected theoretical value, normal if = -8% and = +8%,
moderate expansion if > +8% and = +25%, and severe
expansion if > +25%. RCM was considered as normal
when varying between -25% and +25% of the theoreti-
cal value, increased (polycythemia) when RCM > +25%
of the theoretical normal RCM, and reduced when RCM
< -25% of the theoretical normal RCM according to
Pearson et al.’

We first focused on anemic and control subjects.
Anemic patients had a significantly higher PV than the
control group (mean PV +41% vs. -5%; P<0.0001) (Figure
1A), 94% of them had PV > +8% (vs. 9% in the control
group) and 73% PV > +25% (vs. 0% in the control group)
(Table 2), confirming with direct measurement previous
findings from Otto et al® about the high frequency of
hemodilution in anemic patients. There was also a statis-
tical difference in RCM between the control group and
the anemic group (mean RCM -12.7% vs. +8.8% for ane-
mic and control groups, respectively; P<0.0001) (Figure
1B). Only 24% (n=15) of anemic patients had RCM
< -25% of the expected theoretical value (Table 2 and
Figure 1C), confirming that, in our cohort, a decrease in
[Hb] may be due more often to an increase in PV rather
than related to a decrease in RCM in clinical practice.
Among anemic patients, no patient with mild anemia
had RCM < -25%, while patients with moderate anemia
presented a 25.9% risk of RCM < -25% and those with
severe anemia a risk of 88.9% (Table 2), suggesting that
even in severe anemic patients, patients may have
hemodilution rather than an important reduction in the
RCM. Moreover, 77.8% (n=7) of the severe anemic
patients with RCM < -25% also have increased PV >
+25%. This suggests that, in the vast majority of cases,
severe anemia is related to both reduced RCM and
increased PV.

We then focused on the correlations between [Hb], PV
and RCM. Studying the whole cohort according to the
[Hb] revealed a direct correlation between [Hb] level and
PV (P=0.0006). This was also observed when focusing on
anemic (P<0.0001) and control patients (P=0.0006) (data
not shown). A direct correlation between [Hb] and RCM
was found in the whole cohort: the lower the [Hb] level,
the lower the RCM (P<0.0001). This correlation between

Table 1. Characteristics of anemic patients, control subjects, and of patients with increased hemoglobin concentration.

“Anemic” Control “Polycythemic”

All Mild Moderate Severe
N 63 27 27 9 97 1,815
Age (years) 61.0+19.4 61.0+17.2 63.9+21.1 52.5+19.8 52.4+16.8 56.7+15.2
M/F 14 1.7 1.1 2.0 2.1 5.8
WBC (x10°/L) 8.7+8.3 8.5+4.6 9.2+11.3 7.6+7.1 6.7+1.5 8.0+4.3
[Hb] (g/L) 103+20 120+6 97+8 676 158+7 177+9
Het (%) 31759 36.9+2.0 29.8+3.2 21.6+34 46.1+2.0 51.4+3.1
Platelets (x10°/L) 3224329 490+430 207116 152117 247+69 256153

M/F: sex ratio male/female; WBC: white blood cell count; [Hb]: hemoglobin concentration; Hct: hematocrit. Polycythemic patients in this table are all patients with
increased [Hb] whatever the cause: red cell mass increase (real polycythemia) or plasma volume decrease (hemoconcentration).
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Figure 1. Plasma volume (PV), red cell mass (RCM) and hemoglobin concentration [Hb] in control subjects and anemic patients. Box-and-Whisker plot of (A)
PV and (B) RCM (in % of expected theoretical value) in control and anemic patients. (C) Correlations of PV and RCM in control and anemic patients. (D)
Correlations of RCM and [Hb] (g/L) in control and anemic patients. Black points and discontinued line represent control patients, gray triangles and discontinued
line represent anemic patients, black continuous line represents both anemic and control patients.

RCM and [Hb] level was found in anemic patients
(P<0.0001) but, interestingly, not in control patients
(P=0.12) (Figure 1D).

We then analyzed in more detail the levels of [Hb]
according to PV measurements. We observed higher
mean [HDb] in patients with normal PV (156 g/L) com-
pared to moderately expanded (126 g/L; P<0.0001) or
severely expanded (99 g/L; P<0.0001) PV (Figure 2A).
Conversely, mean PV was lower for the control group
(-5%) than in mild “anemia” (+26%; P<0.0001), moder-
ate “anemia” (+49%; P<0.0001) or severe “anemia”
(+60%; P=0.0001) groups (Figure 2B). In contrast to the
results of Otto et al.’, in which correlation between [Hb]
and total hemoglobin mass (measured with respiratory
test) weakened as PV rose, we found a positive correla-
tion between [Hb] and RCM whatever the PV status (nor-
mal, moderately or severely expanded), and this did not
weaken as PV increased (Figure 2C). In order to define
whether these correlations were only found for anemic
and normal subjects, we also analyzed the correlation for
patients with increased [Hb]. For those patients, correla-
tions between [Hb] and PV or RCM were also significant
(P<0.0001 in both cases) (data not shown).

Lastly, since spleen enlargement is considered to be the
main cause of an increase in PV in hematologic disorders,
we compared anemic patients with or without spleen
enlargement and normal subjects. Twenty-nine out of 63
(46%) anemic patients presented splenomegaly and these
had a significantly higher PV than anemic patients with-

out spleen enlargement (+49% vs. +34%; P=0.03) (Figure
2D). Surprisingly, comparison between anemic patients
without spleen enlargement and control patients also
revealed a significantly higher PV in the anemic group
(+34% vs. -5%; P<0.0001), suggesting that anemia due to
hemodilution is not only associated to spleen enlarge-
ment and that there could be other causes of hemodilu-
tion in these patients.

We decided to verify whether the causes of anemia
(heart disease, renal failure, hypergammaglobulinemia,
portal thrombosis, primary myelofibrosis, other myelo-
proliferative neoplasms) could be associated with differ-
ences in PV, RCM or [Hb] in anemic patients. However,
we failed to find any difference according to disease; this
was probably due to the low number of patients in each
group (data not shown).

Here we retrospectively analyzed RCM measurements
in a single center cohort of patients with a focus on ane-
mic patients. RCM and PV determinations are rarely per-
formed in these patients. We assume a study bias in this
patient cohort as clinicians asking for RCM measurement
probably hypothesize that their patients would present a
hemodilution rather than a true anemia. Measurement of
RCM was performed here using standard recommenda-
tions (Cr’'-labeled RBC) and direct PV was measured
using the dilution method based on I'*-labeled albumin.
Then, using a different technical approach, and despite
the probable bias in patient selection that may have arti-
ficially increased the hemodilution rate compared to
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Figure 2. Correlations between hemoglobin concentration [Hb], plasma volume (PV), red cell mass (RCM), splenomegaly, and erythropoietin (EPO) concentra-
tions. (A) [Hb] (g/L) according to PV groups of patients. (B) PV (in % of expected theoretical value) in the anemic groups of patients (World Health Organization
definition). (C) Correlations of RCM (in % of expected theoretical value) and [Hb] in different PV groups: black points and continuous line represents a group of
PV contraction patients, dark gray squares and discontinued line represent a group of normal PV patients, light gray diamonds and continuous line represent a
group of moderate PV expansion patients, light gray triangles and discontinued line represent a group of severe PV expansion patients. (D) PV in anemic patients
according to spleen enlargement. (E) EPO concentrations according to RCM groups or (F) PV groups (in % of expected theoretical value).
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Table 2. Red cell mass and plasma volume in anemic patients, control subjects, and patients with increased hemoglobin concentration.

Anemic (%) Control (%) Polycythemic (%)
All Mild Moderate Severe
Total, n 63 27 27 9 97 1,815
RCM < -25% 15 (23.8) 0 (0) 7(25.9) 8 (88.9) 1 (1.0) 3(02)
and PV < -25% 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.0) 1(0.1)
and PV = -25% and < -8% 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 2 (0.1)
and PV = -8% and < +8% 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
and PV > +8% and < +25% 3(4.8) 0 (0) 2 (74) 1(11.1) 0 (0) 0 (0)
and PV > +25% 12 (19.0) 0 (0) 5 (18.5) 7(71.8) 0 (0) 0 (0)
RCM = -25% and < +25% 46 (73.0) 25 (92.6) 20 (74.1) 1(11.1) 96 (99.0) 1,004 (55.3)
and PV < -25% 0(0) 0(0) 0(0) 0(0) 0(0) 754D
and PV = -25% and < -8% 1 (1.6) 13.7) 0(0) 0(0) 35 (36.1) 614 (33.8)
and PV = -8% and < +8% 3(498) 3(1LD 0(0) 0(0) 52 (53.6) 297 (16.4)
and PV > +8% and < +25% 10 (15.9) 9(33.3) 1(3.7) 0(0) 9(93) 16 (0.9)
and PV > +25% 32 (50.8) 12 (44.4) 19 (70.4) 1(1LD) 0(0) 2(0.1)
RCM > +25% 2(32) 2(74) 0(0) 0 (0) - 808 (44.5)
and PV < -25% 0 (0) 0 (0) 0(0) 0 (0) - 13 (0.7)
and PV = -25% and < -8% 0 (0) 0 (0) 0(0) 0 (0) - 283 (15.6)
and PV = -8% and < +8% 0 (0) 0 (0) 0(0) 0 (0) - 414 (22.8)
and PV > +8% and < +25% 0 (0) 0 (0) 0(0) 0(0) - 83 (4.6)
and PV > +25% 2(32) 2(14) 0 (0) 0 (0) - 15 (0.8)

n: number; RCM: red cell mass; PV: plasma volume.

unselected anemic patients of other clinical centers, we
confirmed the results from Otto et al.’ showing the high
proportion of anemic patients who, in fact, present a
hemodilution rather than a reduction in RCM. However,
and for clinical purposes, our study demonstrates that
when a patient presents severe anemia (i.e., [Hb] <80
g/L), RCM is decreased in around 90%, thus justifying
therapeutic intervention (such as transfusion or ESA)
whatever the cause of the anemia. However, therapeutic
interventions for patients with mild or moderate anemia
have to be discussed since we noticed that over half the
patients were hemodiluted and did not have a decrease in
RCM. In order to distinguish hemodiluted from “real ane-
mic” patients in the moderate and mild groups of
patients, we analyzed erythropoietin (EPO) level meas-
ured in the different cohorts. Our data, as previously
reported,” demonstrated that only truly anemic patients
presented increased circulating EPO concentrations.
However, the overlap in EPO concentrations among the
different groups suggested that as a marker this was not
sufficiently discriminative (Figure 2E and F).

RCM and PV measurement are currently performed for
polycythemic patients since the correlation between [Hb]
or [Hct] and RCM is relatively low in these patients. We
previously reported that, even in JAK2V617F mutated
myeloproliferative neoplasm patients, the RCM was con-
sistently increased over +25% only for patients present-
ing Het >55%.

Here we demonstrate that [Hb] is a good surrogate
marker of decreased RCM for severe anemic patients but
not for moderate or mild anemic patients. Therefore, for
this last category of patients, measurement of RCM and
PV to clearly differentiate RCM decrease and hemodilu-
tion could only be useful before therapeutic intervention.
Based on these results, a prospective study in anemic
patients may confirm these findings and thus help in
treatment decisions.
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