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Comparison of Blood Volume Characteristics in Anemic Patients
With Low Versus Preserved Left Ventricular Ejection Fractions

Dmitry Abramov, MD, MSa, Rose S. Cohen, MDa, Stuart D. Katz, MDb, Donna Mancini, MDa,
and Mathew S. Maurer, MDa,*

Anemia is a significant co-morbidity in patients with heart failure (HF) irrespective of the
ejection fraction and is routinely quantified by hemoglobin concentration. Hemodilution as
a cause of anemia has been described in systolic HF. The aim of this study was to further
investigate the effects of plasma volume in patients with HF by (1) assessing the prevalence
of dilutional anemia in patients with anemia and preserved ejection fractions and (2)
exploring the relation between hemoglobin and red cell volume in these patients. Forty-six
patients with anemia (as determined by standard hemoglobin measurement), 22 with HF
and low ejection fractions (HFLEF) and 24 with HF and preserved ejection fractions
(HFPEF), all underwent plasma volume measurement with iodine-131-labeled albumin.
Hemoglobin values did not differ between subjects with HFLEF and those with HFPEF
(10.8 � 1.0 vs 11.0 � 1.0 g/dl, p � 0.55), but a red cell deficit was found in 88% of patients
with HFPEF compared with 59% of those with HFLEF (p � 0.04). This was the result of
a higher prevalence of an expansion of plasma volume in patients with HFLEF (100%)
compared with those with HFPEF (71%). Among all patients, no correlation was found
between hemoglobin and red cell volume (r � 0.09, p � 0.54), but a correlation did exist in
patients with normal blood volumes (r � 0.55, p � 0.02). In conclusion, dilutional anemia
caused by an expansion in plasma volume without a red cell deficit occurs more commonly
in patients with HFLEF than those with HFPEF, and hemoglobin does not correlate with
red cell volume in patients with anemia and HF. © 2008 Elsevier Inc. All rights reserved.

(Am J Cardiol 2008;102:1069–1072)
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he cause of anemia in patients with heart failure (HF) is
ultifactorial,1–3 and several therapies have been used with

arying success.2 Although hemoglobin values are typically
sed to diagnose anemia, low hemoglobin, on a physiologic
asis, can be the result of either (1) a true red cell deficit or
2) hemodilution with plasma volume expansion.4 Although
emoglobin or hematocrit provides a good estimate of red
ell volume in healthy patients,5 discordance between he-
oglobin and red cell volume has been described in patients
ith polycythemia vera6 and liver disease7,8 and in the
resence of splenomegaly9 due to the confounding effects
f alterations in plasma volume.5,9–11 In patients with ad-
anced HF and low ejection fractions (EFs), almost half
ere reported to have anemia on the basis of hemodilution
ith normal red cell volumes.4 Whether a similar percent-

ge of patients with HF and preserved EFs (HFPEF) have
uch dilutional anemia is unclear. Given the mixed success
n treatment of anemia,2,12 issues surrounding the measure-

ent of anemia deserve clarification. Accordingly, the pur-
ose of this study was twofold: (1) to explore the correlation
etween hemoglobin values and red cell volume in patients
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ith anemia and HF and (2) to determine whether patients
ith anemia and HFPEF have a similar prevalence of dilu-

ional anemia as patients with HF with low EFs (HFLEF).

ethods

ubjects were outpatients referred for evaluation and treat-
ent to the Columbia University Medical Center Heart
ailure Center. Subjects aged �21 years with HF for �3
onths’ duration with stable symptoms were enrolled. All

ubjects had anemia (per the World Health Organization
riteria: hemoglobin �13.0 g/dl in men and �12.0 g/dl in
omen).2 Criteria for exclusion were acute decompensated
F, severe renal dysfunction (serum creatinine �3.5 mg/dl
r history of nephrotic syndrome), and severe hepatic dys-
unction (serum liver enzymes �3 times the upper limits of
ormal or history of cirrhosis). Cardiac medications in-
luded diuretics, digoxin, renin-angiotensin system inhibi-
ors, and/or �-adrenergic receptor antagonists that were
table before the measurement of blood volume.

Forty-six nonedematous ambulatory patients with HF
ere studied: 24 with HFPEF and 22 with HFLEF. Subjects
ith HF were dichotomized into those with HFLEF and

hose with HFPEF by EFs of �45% or �45%; thus, patients
ith HFLEF had systolic HF. Blood volume measure-
ents4,13,14 and the degree of hemodilution in subjects with
FLEF have been reported previously4; however, none of

he previous analyses included populations of patients with
FPEF, and none focused on the relation between blood

olume components and hemoglobin, as presented herein.
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he Institutional Review Board at Columbia University
edical Center approved the protocol. All subjects gave
ritten informed consent before participation.
Plasma volume was determined after the intravenous

dministration of iodine-131-labeled albumin, as has been
escribed previously.4,13,15 Blood volume and red blood cell
olume were calculated from the plasma volume measure-
ent, the measured hematocrit corrected for trapped

lasma, and mean body hematocrit and then compared with
ormal values for age, gender, height, and weight on the
asis of the ideal weight system.16 In addition to reporting
bsolute values, we report percentage deviation from ex-
ected values on the basis of the ideal weight system.
ormovolemia was prospectively defined as a measured
lood volume within 8% of the predicted normal value, and
ypervolemia and hypovolemia were defined as blood vol-
mes �8% and �8% of the predicted value, respectively.4

able 1
emographic and clinical characteristics in patients with anemia and
eart failure and low ejection fractions and those with heart failure with
reserved ejection fractions

ariable HFLEF
(n � 22)

HFPEF
(n � 24)

p Value

ge (yrs) 63 � 11* 73 � 14 0.009
omen 5 (23%)* 18 (75%) �0.001

F (%) 26 � 10* 60 � 7 �0.001
eight (kg) 83 � 23 85 � 21 0.744

ody surface area (m2) 1.9 � 0.2 1.9 � 0.2 0.591
reatinine (mg/dl) 1.5 � 0.6 1.6 � 0.8 0.758
ender glomerular filtration rate
(ml/min)

67 � 41 55 � 29 0.340

lood urea nitrogen (mg/dl) 36 � 22 35 � 21 0.839
emoglobin (g/dl) 10.8 � 1.0 11.0 � 1.0 0.550
ematocrit (%) 33 � 3 33 � 3 0.576

ron (�g/dl) 67 � 55 53 � 20 0.274
erritin (ng/ml) 195 � 200 124 � 174 0.279
ew York Heart Association
class

2.7 � 0.7 2.5 � 0.5 0.475

iuretic dose (mg of furosemide
or equivalent)

177 � 127* 68 � 91 0.022

Data are expressed as mean � 1 SD or as number (percentage).
* p �0.05.

able 2
ematologic characteristics in patients with anemia and heart failure with

ariable HFLEF

lood volume (ml) 5,809 � 925*†

lood volume per kilogram (ml) 73.9 � 17†

lood volume deviation (ml) 865 � 824*
lood volume deviation 18.0%*
ed cell volume (ml) 1,760 � 338*†

ed cell volume per kilogram (ml) 22.1 � 5.0*
ed cell volume deviation (ml) �199 � 335*
ed cell volume deviation �9.3%*
lasma volume (ml) 4,049 � 650*†

lasma volume per kilogram (ml) 51.8 � 13*
lasma volume deviation (ml) 1,063 � 599*
lasma volume deviation 36.2%*

Data are expressed as mean � 1 SD. Deviation refers to percentage dif

* p �0.05 HFLEF versus HFPEF; † p �0.05 for HFLEF or HFPEF versus ref
rue anemia was defined as having �95% predicted red
lood cell volume on the basis of the study participant’s
ender and body size.4 Hemoglobin was measured as part of
routine complete blood count from the hospital core lab-

ratory (Sysmex XE 2100; Sysmex Corporation, Kobe,
apan).

Data are expressed as mean � SD, unless otherwise
oted. Dichotomous variables were compared using chi-
quare analysis with Fisher’s exact test when appropriate,
nd continuous variables were compared using unpaired
-tailed Students’ t tests. Simple linear regression analysis
as used to determine the correlation between hemoglobin

nd red blood cell volumes. A p value �0.05 was consid-
red significant. SAS version 9.1 (SAS Institute Inc., Cary,
orth Carolina) was used for all analyses.

esults

he demographic characteristics of the patient populations
re listed in Table 1. Subjects with HFLEF were predomi-
ately male, whereas those with HFPEF were older and
redominately female. The groups did not differ with regard
o body size, functional state (New York Heart Association
lass), renal function, and hemoglobin, but the patients with
FLEF were taking higher daily doses of loop diuretics.
Despite similar mean hemoglobin values, blood volume

easurements differed between patients with HFLEF and
hose with HFPEF (Table 2). With respect to blood volume,
f the patients with HFPEF, 38% were hypovolemic, 42%
ere normovolemic, and 20% were hypervolemic. Of the
atients with HFLEF, none were hypovolemic, 36% were
ormovolemic, and 64% were hypervolemic.

Plasma volume excess was found more frequently in the
roup with HFLEF (100%) than in the HFPEF group (71%),
nd the average plasma volume excess was significantly
arger in the HFLEF group (p �0.001). Red blood cell
eficit was more pronounced in patients with HFPEF, and
lasma volume expansion was less pronounced in compar-
son with the HFLEF cohort. The incidence of dilutional
nemia was 41% in the HFLEF group and 12% in the
FPEF group (p � 0.04).
Among all patients with HF studied, there was no sig-

ificant association found between hemoglobin and percent-

d preserved ejection fractions

rence Values HFPEF Reference Values

940 � 568 4,487 � 1,170 4,620 � 791
— 54.1 � 15 —
— �132 � 1,091 —
— �2.2% —

958 � 266 1,317 � 340† 1,712 � 326
— 15.9 � 4.4 —
— �395 � 323 —
— �22.4% —

986 � 327 3,170 � 867 2,908 � 487
— 38.2 � 11 —
— 263 � 842 —
— 10.1% —

from reference values on the basis of gender and body size.
low an

Refe

4,

1,

2,

ference

erence values.
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dicted normal value and the value determined by blood volume analysis.

1071Heart Failure/Anemia in HFPEF Versus HFLEF
ge red cell volume deviation from reference values (r �
.09, p � 0.54). This was found for patients with HFLEF
nd those with HFPEF (r � 0.09, p � 0.69, and r � 0.19,
� 0.38, respectively; Figure 1). However, when subjects
ere classified by volume status, normovolemic patients
ad a stronger association between hemoglobin and red cell
olume (r � 0.55, p � 0.02) than either hypovolemic or
ypervolemic patients, who had a nonsignificant association
r � 0.016, p � 0.97, and r � 0.067, p � 0.79, respectively;
igure 1).

iscussion

he principal findings of this study are twofold. First, in
ubjects with anemia and HF, the prevalence of a red cell
eficit differs between patients with normal compared with
educed EFs. Specifically, most subjects with HFPEF (88%
n this series) had red cell deficits, whereas slightly more
han half of subjects with HFLEF had red cell deficits.
econd, the correlation of hemoglobin, the standard mea-
ure by which clinicians diagnose and manage anemia in
atients with HF, with red cell volume is poor irrespective
f the EF. This is because of the confounding effects of
lterations in plasma volume, which are common in patients
ith HF, caused by either the underlying disease or the

oncomitant use of diuretic therapy. Blood volumes in pa-
ients with HF have been evaluated in multiple studies in
atients with HFLEF, with alterations of blood volume
ontraction and expansion described.13,14 Blood volumes
ave not been described in patients with HFPEF, and our
ndings suggest that patients with compensated HFPEF can

ikewise be hypovolemic, normovolemic, or hypervolemic.
The discordance between hemoglobin and red cell vol-

me found in this study is in accordance with research from
ther patient populations, in which the poor association has
een attributed to alterations in plasma volume.5,9–11 Much
f the previous research in this area has been focused on
olycythemia vera, in which plasma volume derangements
nd splenomegaly confound the utility of using hemoglobin
or hematocrit) as a surrogate for red cell volume.9 Spleno-
egaly17,18 and plasma volume expansion13 have been de-

cribed in patients with HF. Given the relevance of plasma
olume to the relation between hemoglobin and red cell
olume, some have noted that hematocrit (or hemoglobin) is
o more a marker of red cell volume than serum sodium is
f total body sodium.9 Our data support this explanation; the
ssociation between hemoglobin and red cell volume was
tronger in normovolemic patients than in those with hypo-
olemia or hypervolemia. Plasma volume alterations,
hether leading to hemodilution or hemoconcentration,

herefore appear to influence hemoglobin determination.
These observations may have implications for the treat-

ent of anemia in patients with HF. Two main therapies
ave been used to treat anemia in patients with HF, intra-
enous iron19,20 and erythropoietic stimulators,21 either
lone or in combination,22,23 and data on treatment have
een mixed.2,12 The 2 therapies have been shown in small
ingle-center studies to increase hemoglobin, quality of life,
nd exercise tolerance in patients with anemia and HF with
ystolic dysfunction.21,23–26 However, a larger multicenter
igure 1. (A) Relation between red blood cell volume deviation and
emoglobin in patients with HFLEF and those with HFPEF. (B, C) Rela-
ionship between red blood cell volume deviation and hemoglobin graphed
y volume status. Normovolemia is blood volume within 8% of the predicted
ormal value. Hypervolemia is blood volume �8% of the predicted normal
alue. Hypovolemia is blood volume �8% of the predicted normal value.
lood volume deviation refers to the percentage difference between the pre-
tudy, the Study of Anemia in Heart Failure–Heart Failure
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rial (STAMINA-HeFT), did not meet its primary end point
f exercise time and quality-of-life changes.27

Potential explanations for the discrepant results include
hat treatment for anemia in these trials may have been
pplied to subjects with dilutional anemia as well as to those
ith red cell deficits. In the only study in which blood
olume was measured during erythropoietin treatment,21 the
imited data suggested that that erythropoietin may have
irect effects on both components of total blood volume
red cell volume and plasma volume). Erythropoietin in-
reased hemoglobin in patients with HF with true and di-
utional anemia through different mechanisms; although the

groups had increases in red cell volume, the patients with
ilutional anemia also experienced reductions in plasma
olume.21 Although the effects on plasma volume are poorly
nderstood, they have been observed in dialysis patients as
ell.28 Although erythropoietin may therefore benefit patients
ith HF with both normal and reduced red cell volumes,
erhaps diuresis may be the safer and cheaper approach to
atients with dilutional anemia, without predisposing patients
o the side effects attributed to erythropoietin.

There are several limitations to our study. Our study
opulation consisted of patients with advanced HF receiv-
ng care at a tertiary center, which may not represent the
eneral HF population. All patients were stable outpatients
eceiving high-dose, long-term diuretic therapy; hence, the
lterations of plasma volume observed need to be inter-
reted in this context, and the relevance of these measures
o the pathophysiology of the acutely decompensated state
s limited. Splenomegaly was not assessed in our patients.
he data measurements, including hemoglobin and blood
olume measurements, were taken at a single point in time.
lood volume measurements were done with iodine-131-

abeled albumin, and we did not directly measure red cell
olume. However, the validity of our approach for measur-
ng red cell volume indirectly versus the chromium-labeling
echnique has been demonstrated, with only small differ-
nces found between chromium labeling and the albumin
ilution technique.29
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