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Abstract
Anemia is a significant co-morbidity in patients with heart failure (HF) irrespective of EF (EF) and
is routinely quantified by hemoglobin concentration. Hemodilution as a cause of anemia has been
described in systolic HF. This study aims to further investigate the effects of plasma volume in HF
patients by 1) assessing prevalence of dilutional anemia in patients with anemia and a preserved EF
and 2) exploring the relation between hemoglobin and red cell volume in these patients. Forty-six
anemic patients (as determined by standard hemoglobin measurement): 22 with HF and low EFs
(HFLEF) and 24 with HF and a preserved EFs (HFPEF) all underwent plasma volume measurement
with I-131 labeled albumin. Hemoglobin values did not differ between subjects with HFLEF and
HFPEF (10.8±1.0 vs. 11.0±1.0 gm/dl, p=0.55) but a red cell deficit was found in 88% of patients
with HFPEF as compared with 59% of HFLEF (p=0.04). This was the result of a higher prevalence
of an expansion of plasma volume in HFLEF patients (100%) as compared with HFPEF patients
(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 among patients with normal blood volumes (r=0.55, p =
0.02). In conclusion, dilutional anemia resulting from an expansion in plasma volume without a red
cell deficit occurs more commonly in HFLEF than HFPEF patients and hemoglobin does not
correlated with red cell volume in anemic HF patients.
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Introduction
The etiology of anemia in subjects with heart failure (HF) is multi-factorial1–3 and several
therapies have been employed with varying success.2 While hemoglobin values are typically
employed to diagnose anemia, low hemoglobin, on a physiologic basis, can be the result of
either: (1) a true red cell deficit, or (2) hemodilution with plasma volume expansion.4 While
hemoglobin or hematocrit provides a good estimate of red cell volume in healthy patients,5
discordance between hemoglobin and red cell volume has been described in patients with
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polycythemia vera6 , liver disease,7, 8 and in the presence of splenomegaly,9 due to the
confounding effects of alterations in plasma volume.5, 9–11 Among patients with advanced
HF and low ejection fraction (EF), almost half were reported to have anemia on the basis of
hemodilution with a normal red cell volume.4 Whether a similar percentage of HF and a
preserved EF (HFPEF) patients have such dilutional anemia is unclear. Given the mixed
success in treatment of anemia,2, 12 issues surrounding measurement of anemia deserve
clarification. Accordingly, the purpose of this study was 2-fold: (1) to explore the correlation
between hemoglobin values and red cell volume in anemic HF patients and (2) to determine
whether anemic patients with HFPEF have a similar prevalence of dilutional anemia as patients
with HF with a low EF (HFLEF).

Methods
Subjects were outpatients referred for evaluation and treatment to the Columbia University
Medical Center Heart Failure Center. Subjects greater than 21 years of age with HF for at least
3 months’ duration with stable symptoms were enrolled. All subjects were anemic (World
Health Organization criteria: hemoglobin <13.0 g/dL in men and <12.0 g/dL in women).2
Criteria for exclusion were acute decompensated HF, severe renal dysfunction (serum
creatinine >3.5 mg/dl or history of nephrotic syndrome), severe hepatic dysfunction (serum
liver enzymes >3 times the upper limits of normal or history of cirrhosis). Cardiac medications
included diuretics, digoxin, renin-angiotensin system inhibitors, and/or β-adrenergic receptor
antagonists that were stable prior to measurement of blood volume. Forty-six non-edematous
ambulatory patients with HF were studied; 24 patients with HFPEF and 22 patients with
HFLEF. Subjects with HF were dichotomized into those with HFLEF and HFPEF by an EF
of < or ≥ 45%, thus patients with HFLEF had systolic heart failure. Blood volume
measurements4, 13, 14 and the degree of hemodilution in subjects with HFLEF have been
reported previously;4 however, none of the previous analyses included a population of HFPEF
and none focused on the relation between blood volume components and hemoglobin as will
be presented herein. The Institutional Review Board at Columbia University Medical Center
approved the protocol. All subjects gave written informed consent before participation.

Plasma volume was determined after intravenous administration of iodine-131–labeled
albumin, as has been described previously.4, 13, 15 Blood volume and red blood cell volumes
were calculated from the plasma volume measurement, the measured hematocrit corrected for
trapped plasma, and mean body hematocrit, and then compared with normal values for age,
sex, height, and weight based on the ideal weight system.16 In addition to reporting absolute
values, we report percent deviation from expected based on the ideal weight system.
Normovolemia was prospectively defined as a measured blood volume within 8% of the
predicted normal value; while hypervolemia and hypovolemia were defined as blood volume
greater than 8% and less than 8% of predicted respectively.4 True anemia was defined as having
<95% predicted red blood cell volume based on the individual study participant’s sex and body
size.4 Hemoglobin was measured as part of a routine complete blood count from the hospital
core lab (Sysmex XE 2100).

Data are expressed as mean ± standard deviation, unless otherwise noted. Dichotomous
variables were compared by chi-square analysis with fisher’s exact test where appropriate while
continuous variables were compared by unpaired 2-tailed T tests. Simple linear regression
analysis was used to determine correlation between hemoglobin and red blood cell volumes.
A p value of 0.05 was considered significant. SAS 9.1 (Cary, NC, USA) was used for all
analyses.
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Results
The demographic characteristics of the patient populations are shown in Table 1. Subjects with
HFLEF were predominately male, while HFPEF subjects were older and predominately
female. The groups did not differ with regards to body size, functional state (New York Heart
Association class), renal function and hemoglobin, but the HFLEF patients were taking a higher
daily dose of loop diuretics.

Despite similar mean hemoglobin values, blood volume measurements differed between
HFLEF patients and those with HFPEF (Table 2). With respect to blood volume, of the HFPEF
patient, 38% were hypovolemic, 42% were normovolemic 20% were hypervolemic. In the
HFLEF patients, none were hypovolemic, 36% were normovolemic, and 64% were
hypervolemic.

Plasma volume excess was found more frequently in the HFLEF group (100%) then in the
HFPEF group (71%) and the average plasma volume excess was significantly larger in the
HFLEF group (p<0.001). Red blood cell deficit was more pronounced in HFPEF patients and
plasma volume expansion was less pronounced in comparison to the HFLEF cohort. The
incidence of dilutional anemia was 41% in the HFLEF group and 12% in the HFPEF group
(p=0.04).

Among all HF patients studied, there was no significant association found between hemoglobin
and percent red cell volume deviation from reference values (r = 0.09, p=0.54). This was found
for both patients with HFLEF and HFPEF (r=0.09, p=0.69 and r = 0.19, p =0.38) (Figure 1,
panel A). However, when subjects were classified by volume status, normovolemic patients
had a stronger association between hemoglobin and red cell volume (r=0.55, p = 0.02) than
either hypovolemic or hypervolemic patients, who had a non-significant association (r = 0.016,
p =0.97 and r=0.067, p=0.79 respectively), (Figure 1, Panel B and C).

Discussion
The principal findings of this study are 2-fold. First, among anemic HF subjects, the prevalence
of a red cell deficit differs among patients with a normal as compared to a reduced EF.
Specifically, most of subjects with HFPEF (88% in this series) had a red cell deficit while
slightly more than half of subjects with HFLEF had a red cell deficit. Second, the correlation
of hemoglobin, the standard measure by which clinicians diagnose and manage anemia in
patients with HF, with red cell volume is poor irrespective of the EF. This is because of the
confounding effects of alterations in plasma volume, which are common in patients with HF,
resulting from either the underlying disease or the concomitant use of diuretic therapy. Blood
volumes in HF patients have been evaluated in multiple studies in patient with HFLEF, with
alterations of both blood volume contraction and expansion described.13, 14 Blood volumes
have not been described in patients with HFPEF, and our findings suggest that compensated
HFPEF patients can likewise be hypo-, normo-, or hypervolemic.

The discordance between hemoglobin and red cell volume found in this study is in accordance
with literature from other patient populations where the poor association has been attributed
to alterations in plasma volume.5, 9–11 Much of the previous literature in this area has been
focused on polycythemia vera, where plasma volume derangements and splenomegaly
confound the utility of employing hemoglobin (or hematocrit) as a surrogate for red cell
volume.9 Both splenomagely17, 18 and plasma volume expansion13 have been described in
HF patients. Given the relevance of plasma volume to the hemoglobin-red cell volume
relationship, some have noted that hematocrit (or hemoglobin) is no more a marker of red cell
volume than serum sodium is of total body sodium.9 Our data support this explanation; the
association between hemoglobin and red cell volume was stronger in normovolemic patients
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than in those with hypovolemia or hypervolemia. Plasma volume alterations, whether leading
to hemodilution or hemoconcentration therefore appear to influence hemoglobin
determination.

These observations may have implications for treatment of anemia in HF. Two main therapies
have been employed to treat anemia in HF, intravenous iron19, 20 and erythropoetic
stimulators21 either alone or in combination,22, 23 and data on treatment has been mixed.2,
12 Both therapies have been shown in small single center studies to increase hemoglobin,
quality of life, and exercise tolerance in anemic HF patients with systolic dysfunction.21, 23–
26 However, a larger multi-center study, STAMINA-HeFT trial did not meet its primary end-
point of exercise time and quality of life changes.27

Potential explanations for the discrepant results include that treatment for anemia in these trials
may have been applied to subjects with a dilutional anemia as well as to those with a red cell
deficit. In the only study in which blood volume was measured during erythropoietin treatment,
21 the limited data suggest that that erythropoietin may have direct effects on both components
of total blood volume (red cell volume and plasma volume). Erythropoietin increased
hemoglobin in heart failure patients with both true and dilutional anemia through different
mechanisms; while both groups had an increase in red cell volume, the patients with dilutional
anemia also experienced a reduction in plasma volume.21 Although the effects on plasma
volume are poorly understood, they have been observed in dialysis patients as well.28 While
erythropoietin may therefore benefit HF patients both with a normal and reduced red cell
volume, perhaps diuresis may be the safer and cheaper approach to dilutional anemia patients
without predisposing patients to the side effects attributed to erythropoietin.

There are several limitations to our study. Our study population consisted of patients with
advanced HF receiving care at a tertiary center, which may not represent the general HF
population. All patients were stable outpatient on high dose chronic diuretic therapy; hence the
alterations of plasma volume observed need to be interpreted in this context and the relevance
of these measures to the pathophysiology of the acutely decompensated state is limited.
Splenomegaly was not assessed in our patients. The data measurements, including hemoglobin
and blood volume measures, were taken at a single point in time. Blood volume measurements
were done with I-131-labeled albumin and we did not directly measure red cell volume.
However, the validity of our approach for measuring red cell volume indirectly versus the
chromium labeling technique has been demonstrated, with only small differences found
between chromium labeling and the albumin dilution technique.29
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Figure 1.
Figure 1(A): The relationship between red blood cell volume deviation and hemoglobin in
patients with HF and a low EF (HFLEF) and HF with preserved EF (HFPEF).
Figure 1 (B) and 1 (C): The relationship between red blood cell volume deviation and
hemoglobin graphed by volume status. Normovolemia is blood volume within 8% of predicted.
Hypervolemia is blood volume greater than 8% of predicted. Hypovolemia is blood volume
less than 8% of predicted. Blood volume deviation refers to percent difference between
predicted and determined by blood volume analysis.
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Table 1
Demographic and clinical characteristics in anemic patients with HF and low EF (HFLEF) and HF with a preserved
EF (HFPEF).

Variable HFLEF (n=22) HFPEF (n=24) P values

Age (years) 63±11* 73±14 0.009
Women 5(23%)* 18(75%) <0.001
Ejection Fraction (%) 26±10* 60±7 <0.001
Weight (kg) 83±23 85±21 0.744
Body Surface Area (m2) 1.9±0.2 1.9±0.2 0.591
Creatinine (mg/dl) 1.5±0.6 1.6±0.8 0.758
Gender Glomerular Filtration Rate (mL/min) 67±41 55±29 0.340
Blood Urea Nitrogen (mg/dl) 36±22 35±21 0.839
Hemoglobin (g/dl) 10.8±1.0 11.0±1.0 0.55
Hematocrit (%) 33±3 33±3 0.576
Iron (ug/dL) 67±55 53±20 0.274
Ferritin (ng/mL) 195±200 124±174 0.279
New York Heart Association Class 2.7±0.7 2.5±0.5 0.475
Diuretic Dose (mg of furosemide or equivalent) 177±127* 68±91 0.022

*
p<0.05. Values expressed as ± one standard deviation.
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Table 2
Hematologic Characteristics in anemic patients with systolic heart failure (HFLEF) and heart failure with a preserved
EF (HFPEF).

Variable HFLEF Reference Values HFPEF Reference Values

Blood Volume (mL) 5809±925*┼ 4940±568 4487±1170 4620±791
Blood Volume Volume/Kg (mL) 73.9±17 - 54.1±15 -
Blood Volume Deviation (mL) 865±824* - −132±1091 -
Blood Volume Deviation (%) 18.0%* - −2.2% -
Red Cell Volume (mL) 1760±338*┼ 1958±266 1317±340┼ 1712±326
Red Cell Volume/Kg (mL) 22.1±5.0* - 15.9±4.4 -
Red Cell Volume Deviation (mL) −199±335* - −395±323 -
Red Cell Volume Deviation (%) −9.3%* - −22.4% -
Plasma Volume (mL) 4049±650*┼ 2986±327 3170±867 2908±487
Plasma Volume/Kg (mL) 51.8±13* - 38.2±11 -
Plasma Volume Deviation (mL) 1063±599* - 263±842 -
Plasma Volume Deviation (%) 36.2%* - 10.1% -

*
p<0.05 HFLEF versus HFPEF.

┼
< 0.05 for HFLEF or HFPEF versus reference values.

Deviation (%) refers to percent difference from reference values based on sex and body size. Values expressed as ± one standard deviation.
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