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Abstract
Background—Hypo-responders to erythropoietin stimulating agents (ESAs) have been
associated with an increased subsequent risk of death or cardiovascular events. We hypothesized
that subjects who are hypo-responsive to erythropoietin alfa would have higher plasma volumes
and lower red cell deficits than subjects who are responsive to therapy.

Methods—As part of a prospective, single blind, randomized, placebo-controlled study
comparing erythropoietin alfa with placebo in older adults (n=56) with heart failure and a
preserved ejection fraction (HFPEF), we performed blood volume analysis using an indicator
dilution technique with iodine131 –labeled albumin. We evaluated differences in plasma volumes
and red cell volumes in hypo-responders (e.g. < 1 g/dL increase in hemoglobin within the first 4
weeks of treatment with epoetin alfa), compared to subjects who were responders and controls.

Results—Nine of 28 subjects (32%) assigned to ESA were hypo-responders. Hypo-responders
did not differ from responders nor controls by any baseline demographic, clinical or laboratory
parameter including hemoglobin. Hypo-responders had a greater total blood volume expansion
(1264.7 ± 387 vs 229 ±206 ml, p=0.02) but less of a red cell deficit (−96.2±126 vs. −402.5±80.6
ml, p=0.04) and a greater plasma volume expansion (+1360.8±264.5 vs. +601.1±165.5 ml,
p=0.01). Among responders, the increase in hemoglobin with erythropoietin alfa was associated
primarily with increases in red cell volume (r=0.91, p<0.0001) as well as a decline in plasma
volume (r=−0.55, p = 0.06).

Conclusions—Among older adults with HFPEF and anemia, hypo-responders to erythropoietin
alfa had a hemodilutional basis of their anemia, suggesting that blood volume analysis can identify
a cohort likely to respond to therapy.

Keywords
Anemia; erythropoietin alfa; heart failure; blood volume

© 2013 Elsevier Inc. All rights reserved.

Address for Correspondence: Mathew S. Maurer, Clinical Cardiovascular Research Lab for the Elderly, Allen Hospital of New York
Presbyterian Hospital, 5141 Broadway, 3 Field West, Room 037, New York, NY 10032, Phone: (212)-932-4537, Fax:
(212)-932-4538, msm10@columbia.edu.

Disclosures
None of the authors have any disclosures.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errorsmaybe
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Card Fail. Author manuscript; available in PMC 2014 October 01.

Published in final edited form as:
J Card Fail. 2013 October ; 19(10): . doi:10.1016/j.cardfail.2013.08.508.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Erythropoietin stimulating agents (ESAs) are approved for treatment of patients with
significant anemia and chronic kidney disease with or without dialysis. More recently,
studies have documented that anemia is highly prevalent in patients with heart failure,
strongly associated with morbidity and mortality, and often due to underlying chronic renal
disease.[1] Accordingly, clinical trials have evaluated the use of ESAs in patients with heart
failure [2–12]. Results from the Trial to Reduce Cardiovascular Events with Aranesp
Therapy (TREAT) demonstrated that administering an ESA (darbepoetin alfa) to achieve
target hemoglobin of 13 g/dL was associated with an elevated risk of stroke and has resulted
in an issuance of a package insert for all ESA products[13]. Subsequent analyses of these
data identified that hypo-responders to darbepoetin alfa, defined as patients in the treatment
group in the lowest quartile of change in hemoglobin level (<2% change), who had a median
reduction in hemoglobin levels of 0.2 g/dL after the first 4 weeks of therapy, experienced an
increased rate of death and cardiovascular events with ESA therapy[14]. These data coupled
with recently reported negative outcomes for patients with systolic heart failure treated with
darbepoetin alfa in the RED-HF trial [15] have dampened the interest in ESAs for use
among patients with heart failure [2–12]. Identifying the cohort of subjects who are hypo-
responders to ESAs and may be at increased risk for adverse outcomes with their use may be
essential for appropriately applying these therapies.

A significant percentage of the subjects with heart failure who are anemic have a
hemodilutional basis of their anemia[16] which can be identified by blood volume analysis
[17]. We analyzed data from a recently completed randomized clinical trial of erythropoietin
alfa in older adult subjects with heart failure and a preserved ejection fraction[12] in order to
determine if hemodilutional anemia is associated with an inadequate response to ESA. The
hypothesis was that blood volume analysis would reveal significant differences in blood
volume components (e.g. higher plasma volumes and lower red cell deficits differences) in
subjects who are hypo-responsive to EPO compared to subjects who are responsive to EPO
and controls.

Methods
Study design

This is a retrospective analysis of a recently completed prospective, single blind,
randomized, placebo-controlled, 24 week, phase 2 study that employed blinded endpoint
analysis. The details of the study and its primary results have been reported[12]. In brief, 56
eligible patients were randomly assigned in a 1:1 ratio to receive erythropoietin alfa (starting
dose 7,500 units) or placebo administered subcutaneously every week with a pre-specified
dosing algorithm for a total of 24 weeks[18]. In this analysis, we evaluated the number of
subjects who were hypo-responders to erythropoietin therapy (defined below) and compared
the demographic/clinical characteristics and blood volume analysis of hypo-responders to
responders and controls in order to determine if differences exist.

Blood Volume Analysis
Blood volume was calculated by standard indicator dilution technique. After intravenous
administration of iodine131 –labeled albumin (Volumex; Daxor Corp, New York, NY) and
sufficient time for circulation and equilibration (e.g. 12 minutes), venous samples from at
least 3 of 5 samples drawn at 6-minute intervals (e.g. 12, 18, 24, 30 and 36 minutes after
injection) were obtained. Each sample was centrifuged and pipetted to obtain two measures
of spun hematocrit on each specimen and two 1000 μl samples of plasma. Plasma
radioactivity of each sample was measured in a semi-automated counter (BVA-100 Blood
Volume Analyzer; Daxor Corp, New York, NY) and plasma volume was determined as the
zero-time volume of distribution of the radiolabeled albumin using semi-logarithmically
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techniques [19]. Blood volume and red blood cell volumes were calculated from the plasma
volume measurement and compared with ideal values for age, sex, height, and weight based
on the patient’s ideal weight [16]. To evaluate the true hematocrit, controlling for plasma
volume expansion, we calculated the normalized hematocrit as the peripheral hematocrit
multiplied by the ratio of total blood volume to ideal blood volume.

Statistical Analyses
Results are expressed as mean ± standard deviation unless otherwise noted. We defined
responders as those who were randomized to receive erythropoietin alfa and who had a rate
of hemoglobin rise ≥ 1 g/dL within the first 4 weeks of treatment, while hypo-responders
also were randomized to receive erythropoietin alfa but who had a change in hemoglobin of
< 1 g/dL within the first 4 weeks of treatment. These two cohorts were compared to controls
who received saline injections during the course of trial. We compared the clinical,
demographic, laboratory and echocardiographic characteristics of the three cohorts in order
to identify any clinical characteristics which might differ between the cohorts and thus
facilitate identification of non-responders at baseline. The primary focus was on blood
volume measures. Differences between cohorts were evaluated with a chi-square with
Fisher’s exact test for dichotomous variables and with a Wilcoxon Rank Test for continuous
variables given the non-normal distribution of the data. Additionally, we evaluated changes
in blood volume components from baseline to 24 weeks of therapy between responders,
hypo-responders and controls. Finally, to determine the underlying mechanism of observed
increases in hemoglobin with erythropoietin alfa therapy, we correlated changes in
hemoglobin with changes in blood volume components (e.g. plasma volume and red cell
volume). SAS for Windows (version 8.0, SAS Institute Inc, Cary, NC) was used for all
analyses.

Results
Of the 56 people enrolled in the trial, most were older adults (77 years of age), women
(68%), with comorbidities common in HFPEF (e.g. hypertension, obesity, coronary artery
disease and chronic renal disease). Based on the definition of hypo-responsiveness to
erythropoietin alfa administration (e.g. change in hemoglobin of < 1 g/dL within the first 4
weeks of treatment), 33% of patients in treatment group were non-responders. The changes
in hemoglobin values during the course of the trial were significantly different in responders
as compared to hypo-responders and controls (Figure 1).

Hypo-responders did not differ significantly from responders to erythropoietin alfa therapy
in any demographic, clinical, laboratory or echocardiographic characteristics (Table 1).
Notably, hypo-responders tended to be younger than responders (p=0.06), with larger body
surface areas (p=0.07). The type of diuretics employed, their dose and the number of
changes in doses during the course of the trial did not differ between responders and non-
responders. However, there were significant differences in blood volume components at
baseline between hypo-responders and responders/controls (Table 2). Specifically, total
blood volume of hypo-responders was significantly higher than responders and controls
(p=0.03) both in absolute terms and when indexed for body size (p=0.02). The excess blood
volume in hypo-responders was attributable to the absence of a decrement of red cell
volume when compared to responders and controls (p=0.03) and the marked increase in
plasma volume seen in hypo-responders. Therefore, hypo-responders to erythropoietin alfa
therapy had total blood volume expansion due to increased plasma volume with no red cell
deficit (e.g. a hemodilutional anemia).

In order to evaluate the differences in blood volume components in response to six months
of therapy with erythropoietin alfa, we compared changes in blood volume from baseline to
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last follow-up visit in responders, hypo-responders, and controls (Figure 2). While overall
blood volume did not change during the course of the study in any of the three groups,
(p=0.49), responders were characterized by a parallel increase in red cell volume coupled
with a decrease in plasma volume, a pattern that was different from that observed in hypo-
responders where both red blood cell and plasma volume declined to a non-significant
degree. The changes in hemoglobin during the course of the study correlated with increases
in red cell volume (r=0.91, p<0.01) and inversely with declines in plasma volume (r=−.051,
p=0.06) in responders.

Discussion
The principal findings of this study are that among older adults with HFPEF and anemia
identified by standard measures of hemoglobin, non-responders to erythropoietin alfa
therapy do not differ from responders at baseline by any demographic, clinical, laboratory,
or echocardiographic assessment suggesting that such measures cannot be employed to
identify hypo-responders to ESAs. However, we found that hypo-responders have higher
total blood volume due to higher plasma volumes and lower decrements in red cell volume,
indicative of a hemodilutional anemia. Accordingly, blood volume measures may be useful
to identify a cohort of older adults with HFPEF who are hypo-responder to ESA therapy.
Finally, although red cell volume is the main mechanism of the increase in hemoglobin
observed with erythropoietin alfa therapy, both the rise in red cell volume and decline in
plasma volume contribute to this phenomenon.

Erythropoiesis Stimulating Agents (ESAs), such as erythropoietin alfa, have been shown to
increase the risk of death, myocardial infarction, stroke, venous thromboembolism,
thrombosis of vascular access and tumor progression or recurrence in anemic patients with
chronic kidney disease [20]. No trial has yet identified a target hemoglobin level, ESA dose,
or dosing strategy that does not increase these risks. Because anemic CKD patients with
poor initial response to erythropoietin alfa therapy have been shown to have higher rates of
serious cardiovascular events and death [21], recognition of patients non-responsive to
therapy is a potential method to mitigate the hazards of ESA therapy. Our data suggest that
identification of poor responders using blood volume analysis may be a critical component
of erythropoietin alfa administration to patients with HFPEF and potentially in other
populations with volume overload states.

Identifying hypo-responders to ESA therapy is an emerging concept and precise criteria for
identifying this group of patients has not yet been established. Hypo-responders were at least
as prevalent in this study as in other studies. A third of patients in this trial were hypo-
responders, defined as those individuals with a hemoglobin change of <1 g/dL after the first
4 weeks of treatment. In Solomon’s analysis of TREAT in which anemic CKD patients were
divided into quartiles also based on change in hemoglobin in the first 4 weeks of therapy,
hypo-responders were defined as those patients in the first quartile whose hemoglobin
changed by on average −0.2 gm/dl (interquartile range of −0.7 to 0.0 gm/dl) [21]. Notably,
hypo-responders had higher BMIs, were more often afflicted by cardiovascular disease, had
milder decrements in hemoglobin, high c-reactive proteins indicative of inflammation and
were more often taking angiotensin receptor antagonists than responders in the TREAT trial.
Many of these characteristics are common to patients with HFPEF as demonstrated by the
characteristics of subjects in our trial, suggesting that this population may be particularly
susceptible to a lack of response to ESAs and may explain the lack of baseline differences
between responders and hypo-responders in this study. However, had the criteria used in this
study to identify hypo-responders (e.g. change in hemoglobin of < 1 g/dL within the first 4
weeks of treatment) been employed in TREAT, we estimate that at least 50% of patients in
the TREAT study, rather than the 25% reported, would have been identified as non-
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responders. Thus, the definition of a poor response to ESA may need to consider not only
the absolute change in hemoglobin from baseline, as in our study and in TREAT, but also
the time period over which the shift is observed. It is possible that changes in hemoglobin
during the initial 4 weeks of therapy with ESA may be insufficient time in which to judge
the effect of therapy on hemoglobin levels. Initial pharmacologic studies of ESAs in systolic
heart failure found that one 0.75 μg/kg dose of darbepoetin alfa did not raise hemoglobin
after 4 weeks [2] but all other doses employed in this trial (2, 3 and 5 ug/kg) did achieve a
response in a majority of subjects by 4 weeks. Accordingly, such data support the time
period of 4 weeks to define an appropriate response to ESA therapy. However, two
additional studies in systolic heart failure demonstrate that peak hemoglobin levels were
reached only after 10–13 weeks [10] and 12–14 weeks [4]. Thus is it is possible that in
subjects with heart failure, the response to ESA is delayed. Further research defining the
most appropriate level of hemoglobin response and time period of that response may be
critical to appropriate dosing of ESAs for subjects with heart failure in order to avoid
adverse effects of the drug.

Our data demonstrate that blood volume analysis is a particularly useful assessment to
identify subjects with heart failure who are hypo-responders to therapy. Indeed this is the
first study to demonstrate in the context of a randomized clinical trial that total blood
volume of hypo-responders was increased compared to responders and that this increase was
attributable to an expansion of plasma volume in the absence of a true red cell deficit
indicating a hemodilutional basis of the anemia. The recently reported results of the
Reduction of Events with Darbepoetin Alfa in Heart Failure Trial (RED-HF trial) did not
demonstrate an effect of therapy on the primary endpoint of time to death from any cause or
first hospital admission for worsening HF but the authors did not specify if unresponsiveness
to ESA was a factor in the negative outcomes of this trial.[15] It is not surprising that such
patients would not have a hematologic response of the same magnitude to ESA as those with
a true red cell deficit. We suggest that blood volume analysis, by identifying subjects with a
hemodilutional basis of their anemia, may enhance the application of ESAs to subjects with
volume overload states and concomitant anemia and could potentially reduce the exposure
of non-responders to ESA, a cohort that has been identified previously as increased risk of
serious adverse effects.

An alternative explanation for the lack of response to erythropoietin alfa that we observed
relates to inadequate dosing. Since the hypo-responders in this study and in TREAT had
larger BMIs and body surface area (Table 1), it is possible that a dosing algorithm that
adjusted the dose of ESAs based on body size would have significantly reduced the hypo-
responder population. However, in TREAT [13] and another multicenter study in subjects
with systolic heart failure [4], dose of ESA was weight based and hypo-responders were at
least as prevalent in our small study. Alternatively, increases in body size that results from
excess adiposity have been shown to result in an expanded plasma volume in animals [22–
24] and humans [25]. Thus, obesity may simply be a marker for plasma volume expansion
that contributes to a hemodilutional basis of the observed anemia. In support of this
hypothesis, indexed total blood volume, red cell volume, but not plasma volume for body
weight differed in hypo-responders compared to responders and controls. Additionally, iron
deficiency anemia could contribute to hypo-responsiveness to ESA therapy and a majority
of the subjects in this trial met the FAIR-HF criteria.[26] However, neither iron stores nor
the percent of subjects meeting the FAIR-HF criteria differed among responders and hypo-
responders to ESA and all subjects received oral iron supplementation, arguing against this
as the cause of hypo-responsiveness in this study.

Blood volume was not only a useful baseline assessment, but it is also provided insights into
the mechanism by which ESAs increase hemoglobin. We found that erythropoietin alfa
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impacts both red cell and plasma volumes (Figure 2). Another pilot study of HFPEF patients
with anemia by our group [27] reported no significant difference in plasma volume in
response to ESA therapy but in that study the sample size was small and therapy was only
administered for 12 weeks. A small study of eight young healthy patients also found red cell
volume depression and plasma volume reductions with ESA administration [28], similar to
our current results. Concomitant with the declines in plasma volume were reductions in
plasma renin activity and aldosterone concentration, which likely contributed to this effect.
The reductions in plasma renin activity and aldosterone concentrations occurred shortly after
ESA administration (e.g. within 96 hours) and before significant increases in hemoglobin
were observed, suggesting that this was a primary effect of ESA therapy. Clearly reductions
in the renin-angiotensin-aldosterone system would be of value in patients with heart failure,
resulting in declines in plasma volume, as has been reported by others in systolic heart
failure [6].

Our study has several limitations. First, this is a retrospective analysis of a recently
completed small, single center randomized controlled trial. However, we specifically
included measures of blood volume as an a priori secondary exploratory hypothesis
believing that such measures could provide meaningful information about the proper
administration of ESAs and provide insights into their mechanism of action. Second, the
small size of this study and the homogenous nature of the study participants (all subjects had
HFPEF) may have limited our ability to identify baseline differences between responders
and hypo-responders with respect to demographic, clinical, laboratory, or echocardiographic
characteristics. Additionally, several parameters such as inflammatory markers which were
shown in the analysis of the TREAT study to be weakly associated with a poor initial
response to an ESA were not measured in this trial. While the blood volume measure
employed in this study is approved for clinical use, it is not widely employed and takes ~45
minutes to perform. However, the presented data emphasizes the potential physiologic value
in direct measures of blood volume to identify a real or false (e.g. hemodilutional basis of)
anemia because despite the limited sample size, we were able to determine significant
differences using the techniques applied. Whether applications of blood volume analysis to
larger cohorts will yield similar data or insights is unknown.

In older adults with HFPEF and anemia, blood volume analysis performed prior to
administration of ESA therapy identified patients who had a poor response to erythropoietin
alfa in terms of increases in hemoglobin. Hypo -responders had a hemodilutional basis of
their anemia with no significant red cell deficit but with marked plasma volume excess.
Finally, blood volume analysis demonstrated that while increase in red cell volume is the
main mechanism by which erythropoietin alfa increases hemoglobin, reduction in plasma
volume is also an important contributor to this process. These data suggest that additional
studies of the value of blood volume analysis in larger patient populations who are receiving
ESAs may be useful to identify a cohort likely to benefit and respond to therapy.
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Figure 1. Change in Hemoglobin during course of Trial in Controls. Responders and Hypo-
Responders
Weekly Change in Hemoglobin from Baseline during course of trial in subjects assigned to
placebo (controls) and epoetin alfa, the latter divided into responders and hypo-responders.
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Figure 2. Change in Blood Volume After 6 Months
Change in blood volume and its components red cell volume and plasma volume after 6
Months of therapy with epoetin alfa in in subjects assigned to placebo (controls) and in
responders and hypo-responders (see text for details).
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Table 2

Patient Blood Volume Characteristics at Baseline Evaluation

Baseline Blood Volume Characteristics

Parameter Controls Responders Hypo-Responders

No. of participants 24 14 6

Measured blood volume (cc) 4586.3 ± 194.0 4778.2 ± 326.2 6131.8 ± 513.0*

Ideal blood volume (cc) 4266.0 ± 132.1 4549.4 ± 179.3 4867.2 ± 216.5

Blood volume excess/deficit (cc) 320.3 ± 124.9 228.8 ± 205.6 1264.7 ± 387.0*

Blood volume deviation % 7.5 ± 3.0 4.3 ± 3.9 25.5 ± 7.2*

Measured blood volume indexed (cc/kg) 62.7 ± 2.0 56.5 ± 1.9 69.6 ± 3.7*

Ideal blood volume indexed (cc/kg) 58.4 ± 1.0 54.4 ± 1.4 55.8 ± 2.7

Measured red cell volume (cc) 1322.7 ± 58.8 1318.1 ± 99.0 1769.8 ± 175.1*

Ideal red cell volume (cc) 1632.3 ± 62.7 1720.6 ± 86.0 1866.0 ± 106.2

Red cell volume excess/deficit (cc) −309.6 ± 33.0 −402.5 ± 80.6 −96.2 ± 126.0

Red cell volume deviation % −18.9 ± 1.9 −23.2 ± 3.9 −5.6 ± 6.9*

Measured red cell volume indexed (cc/kg) 18.1 ± 0.6 15.6 ± 0.6 19.9 ± 1.0*

Ideal red cell volume indexed (cc/kg) 22.3 ± 0.5 20.5 ± 0.7 21.4 ± 1.3

Measured plasma volume (cc) 3263.7 ± 143.2 3430.0 ± 244.1 4362.0 ± 345.6*

Ideal plasma volume (cc) 2633.8 ± 74.2 2828.9 ± 99.9 3001.2 ± 130.8

Plasma volume excess/deficit (cc) 629.9 ± 112.1 601.1 ± 165.5 1360.8 ± 264.5*

Plasma volume deviation % 24.1 ± 4.4 19.9 ± 4.9 44.9 ± 7.5*

Measured plasma volume indexed (cc/kg) 44.7 ± 1.6 40.4 ± 1.4 49.7 ± 2.8

Ideal plasma volume indexed (cc/kg) 36.1 ± 0.6 33.9 ± 0.9 34.4 ± 1.6

Hematocrit 32.2 ± 0.6 31.9 ± 0.9 32.8 ± 0.8

Normalized hematocrit 34.3 ± 0.9 31.9 ± 1.5 40 ± 2.7*

Values are mean ± Standard error

*
p < 0.05 for Wilcoxon signed rank test score
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