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Abstract
Use of erythropoiesis-stimulating agents (ESAs) presents a significant time and cost burden in the

management of anemia of chronic kidney disease (CKD). We conducted a prospective, observational,

activity-based costing study to estimate the health care personnel time and resulting direct medical

costs associated with administering epoetin 3 times weekly to patients with end-stage renal disease

on dialysis. The study was conducted at 5 US hemodialysis centers. The personnel time and costs

were derived from time and motion observations. Predicted time and cost savings were modeled for

switching patients to once-monthly ESA therapy. Patients also completed a survey questionnaire to

assess their level of CKD knowledge and information needs. Total per-patient-per-year (PPPY) time

expended on anemia management with epoetin averaged 608 minutes (range 512–915 minutes),

with an average PPPY cost of $548 (range $342–$651). Use of a once-monthly ESA, compared with

epoetin, could decrease average PPPY time expenditure by 79% (127 minutes [range 96–173 min-

utes]) and reduce PPPY costs by 81% ($104 [range $79–$136]). The patient questionnaire reported

insufficient education on CKD. Use of a once-monthly ESA to correct anemia in dialysis patients may

provide substantial time, resource, and cost savings compared with current treatment practices.

Key words: Personnel time, costs, resource utilization, drug administration, erythropoiesis-

stimulating agent (ESAs)

INTRODUCTION

Anemia due to erythropoietin deficiency is a common

complication of chronic kidney disease (CKD).1 As CKD

progresses to end-stage renal disease (ESRD), the inci-
dence of anemia increases.2 The presence of anemia has

been associated with worsening cardiovascular morbid-

ity3 and accelerated rate of kidney damage in CKD pa-

tients.4,5 Further, anemia in both predialysis and dialysis

CKD patients has been shown to impair quality of life,

causing fatigue6 and cognitive deficits.7 As such, effective

anemia management is an important part of patient care,8

which may improve clinical outcomes.9

Two erythropoiesis-stimulating agents (ESAs), epoetin

and darbepoetin, are currently approved for anemia treat-

ment in ESRD patients requiring dialysis. The approved
dosing intervals for these agents are 2 to 3 times weekly for

epoetin,10 and once-weekly or once every 2 weeks for

darbepoetin.11 The use of ESAs in anemia management has

been shown to be effective in reducing the need for regular

red blood cell transfusions in dialysis patients.12,13 This

avoids the risk of infectious complications and sensitization

following blood transfusion that would make kidney trans-

plantation difficult. These benefits significantly reduce
overall health care expenditures, and more than offset the

additional drug cost of ESA use.14,15 However, ESA admin-
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istration during hemodialysis is labor intensive and adds to
the already significant workload in dialysis centers.

Because of the growing number of ESRD patients,

driven in part by an aging population and the longer life

expectancy of patients treated for advanced CKD, Med-

icare expenditures alone are projected to increase from

$10.8 billion in 1997 to $28.3 billion by 2010.16 A clear

understanding of the costs involved in anemia manage-

ment is important to manage the anticipated large num-
bers of ESRD patients effectively.

Typically, only drug acquisition expenses are consid-

ered in cost analysis studies. However, the true cost of

ESA therapy, as assessed for patients with cancer, has

been shown to include those costs associated with

preparation of ESA doses, medication administration,

record keeping, supplies, drug ordering, and personnel

expense for these services.17 In addition to the monetary
costs required to treat anemia, there are ‘‘opportunity

costs,’’ which are the lost opportunities for personnel time

and expenditure spent on anemia management to be

used in other activities such as direct patient care and

education.18

To better understand the actual costs involved in man-

aging anemia of CKD in dialysis patients, we undertook

an activity-based costing study. The primary objective of
this study was to estimate the health care personnel time

and resulting direct medical costs associated with admin-

istering epoetin 3 times weekly in ESRD patients visiting

hemodialysis centers. Only epoetin, rather than darbe-

poetin, was assessed in this study, as epoetin was the

standard of care in all 5 dialysis centers involved in this

investigation. A secondary objective was to model the

potential time and cost savings if patients converted to a
once-monthly ESA treatment such as continuous erythro-

poietin receptor activator (CERA). Continuous erythro-

poietin receptor activator has been shown to maintain

stable hemoglobin levels within the target range with a

once-monthly dosing19,20 and has been approved in Eu-

rope for the treatment of anemia associated with CKD.

Another secondary objective was to assess the level of

patient knowledge of CKD, as well as self-perceived pa-
tient educational needs.

MATERIALS AND METHODS

Study design

This was a prospective, observational, activity-based cost-

ing study of anemia management at 5 dialysis centers in

the United States. No medical interventions, tests, or pro-

cedures, other than standard practice, were introduced in

the study population. In addition, patients were asked to
complete a survey questionnaire regarding their knowl-

edge of CKD and the importance of educational activities.

Time and motion methods

The time and motion methodology was used to quantify

time and nondrug supplies utilized in ESA-related tasks

and activities. The study focused on epoetin administered

3 times weekly, as this was the regimen received by the

majority of dialysis patients at the 5 centers. In each cen-
ter, health care personnel were asked to identify and map

all anemia management tasks in chronologic sequence.

Four different case report forms (CRFs) were devised

based on these interviews, which included (1) beginning-

of-day group tasks (including preparation of epoetin and

daily inventory); (2) end-of-day group tasks (including

record keeping, preparation for the next day, and daily

inventory); (3) individual injections of epoetin; and (4)
inventory and ordering of epoetin. All centers used the

same 4 CRFs, except for Center 2, which used a modified

CRF for assessing beginning-of-day group tasks. This was

necessary due to small variations in the beginning-of-day

procedures at this center.

Staff members were also interviewed to estimate time

spent on nonobserved and/or infrequent tasks, and non-

drug supplies used. Personnel were also asked to iden-
tify tasks they thought might change if patients were

switched from epoetin 3 times weekly to a once-monthly

treatment.

Time and motion observations were randomly col-

lected during hemodialysis shifts by trained observers

using chronometers to determine minutes and seconds

spent performing each activity. The observations of timed

activities and supplies utilized, excluding epoetin drug
usage, were then recorded on the appropriate CRFs. The

staff collected 15 observations for the beginning-of-day

and end-of-day CRFs (tasks performed once per day for

all patients receiving epoetin that day) and 30 observa-

tions for tasks performed per individual patient admin-

istration. The time and cost savings assessed in this study

were based on the opportunity cost principle and do not

represent actual health care costs. All costs were calcu-
lated based on the perspective of a dialysis center.

Tasks observed and recorded on CRFs were prepara-

tion, injection and record keeping, and daily inventory.

Nonobserved tasks reported by staff were day before ad-

ministration (review of flow sheets, printing of epoetin

labels, and collection of supplies); inventory, ordering

and storage; scheduled blood sampling; physician visits;

and review of laboratory results and epoetin prescription
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changes. Record keeping (end of day) was observed at
1 center but was nonobserved at the other 4 centers. Aver-

age observed and total (observed plus nonobserved)

time was calculated per patient per epoetin session, per

patient per year (PPPY), and for all patients per year at

each center.

Activity-based costing method

Labor costs associated with the time and motion records

were computed from personnel time, using wage and
benefit rates. Cost per minute by type of personnel was

calculated from national salary averages as reported by

the United States Department of Labor, Bureau of Labor

and Statistics (2005 and 2006 level).21

Nondrug supply costs were calculated based on the

types and numbers of supplies used (excluding the quan-

tity of epoetin). Unit cost data were derived from national

sources to ensure comparability in costs across all centers.
Supply costs were obtained from a current medical sup-

ply price list agreed upon between New York State and a

leading vendor in that state.

Costs for overheads, waste management, blood sam-

pling supplies, and laboratory tests were not included in

the study analysis. It was not possible to determine the

proportion of overheads and waste management attrib-

utable to anemia management.

Modeling time and costs of once-monthly
ESA

The impact on observed and nonobserved time and costs

of the hypothetical use of a once-monthly ESA was

modeled. For the development of this simulation, it was

assumed that (1) staff time associated with injection

activities (preparation, injection, and record keeping)

was the same for patients receiving once-monthly ESA
or epoetin and (2) costs per minute, the number of

supplies used, and unit cost for supplies did not change

irrespective of the patient number per center or the

absolute number or proportion of patients receiving a

once-monthly ESA. This study assessed the associated

costs of different dosing regimens only and did not con-

sider ESA drug acquisition costs.

Cost calculations

The following calculations were used to estimate the wage

costs, supply costs, and the average cost per patient per

ESA administration:

Wage costs ¼ T1W1 þ T2W2 þ � � � þ TnWn

where T is the total time in minutes, W is the average
wage per minute through n staff categories, and ‘‘wage

costs’’ is the total cost for multiple staff time for ESA

management activities.

The supply costs were calculated by multiplying the

estimated resource use by unit cost, as follows:

Supply costs ¼ X1Y1 þ X2Y2 þ � � � þ XnYn

where X is the number of a specific supply used and Y is

the unit cost of that supply through n supplies. For non-

observed time, the time estimates were obtained through

interview.

Finally, the average cost per patient per ESA adminis-

tration was calculated as
Average cost ¼ preparation costsþ inventory costs

ðbeginning of dayÞ þ record-keeping costs ðend of dayÞ
þinventory costs ðend of dayÞ þ distribution=ESA

administration costsþ record-keeping costs

þinventory=ordering costsþ total nonobserved

activity costsþ supply costs:

Patient survey

In addition to the time and motion observations, a patient

questionnaire survey was conducted to assess the level of
CKD knowledge and self-perceived information needs.

Patients at each of the 5 dialysis centers were asked to

complete a survey questionnaire. Those patients who re-

sponded to the questionnaire were required to submit

written informed consent. Patients were asked 2 ques-

tions aimed to (1) assess how informed they felt on as-

pects of CKD management and (2) identify the tasks that

they felt were important for staff to spend extra time on, if
available:

Question 1—‘‘Please think about what you have been

told regarding your chronic kidney disease by the doctors

and nurses who are looking after you.’’ Patients were re-

quired to rate 6 topics from 1 (‘‘no information received’’)

to 3 (‘‘all information I need’’).

Question 2—‘‘Imagine that more time were available to

health care professionals, doctors, and nurses at the di-
alysis unit. How important is it for you that staff would

spend additional time for each of the activities listed

below’’? Patients were required to rate 8 activities from

1 (‘‘not important’’) to 3 (‘‘very important’’).

Statistical analysis

Descriptive statistics were used to describe personnel

time, supplies, and cost for anemia management with

epoetin. Time and costs of either ESA administration, and

potential time and cost savings for switching administra-

Activity-based costs of anemia management
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tion, were expressed per ESA administration session,
PPPY, and per center per year.

Two sets of analyses were undertaken: (1) time and

costs obtained from observed tasks only and (2) com-

bined time and costs from direct observations together

with estimates of time spent on nonobserved tasks. All

time estimates were adjusted to a time per patient per

epoetin session by dividing the time of each task by the

number of epoetin sessions per frequency of each task.
Because fewer than 30 observations were taken per

center, bootstrap simulation was used to calculate the

nonparametric mean and 95% confidence intervals (CI)

for observed time. Confidence intervals were constructed

for endpoints based on observed time only but could not

be calculated for nonobserved time because only point

estimates were available from interview. Therefore, min-

imum and maximum ranges across all the centers are re-
ported for total (observed and nonobserved) time and

costs.

Average scores for the topics in the questionnaire were

calculated based on the responses of patients from all

centers. Subgroup analyses of the average scores based on

age and gender were not performed as no a priori differ-

ences were expected.

RESULTS

Observed time and costs associated with
epoetin

Across the 5 centers, patients received epoetin, on aver-

age, 3 times weekly or 13 times monthly (Table 1). The
average time per patient per epoetin session was 2.35

minutes (95% CI: 2.04 minutes, 2.67 minutes), with the

majority of time (54%) being spent on tasks involved

with administering the injection and record keeping

(Figure 1a). This would result in 364 minutes (95% CI: 316

minutes, 414 minutes) PPPY. If this were extrapolated to

a hypothetical dialysis center of 100 patients, the time

spent per year on anemia management would average

606 hours. The average cost per patient per epoetin session
(i.e., cost associated with time and supplies expended on

all tasks related to administration of epoetin during a

single visit) was $2.56 (95% CI: $2.38, $2.75) (Figure

1b). Nondrug supplies accounted for 44% of average ex-

penditure, with the labor costs associated with personnel

Table 1 Average patient epoetin sessions

Center 1 Center 2 Center 3 Center 4 Center 5 Average

Number of dialysis patients per center 47 157 60 81 113 92
Number receiving epoetin per center 47 143 60 81 113 89
Epoetin sessions per patient per week 3.0 2.9 2.9 2.9 3.0 3.0
Epoetin sessions per patient per month 12.9 12.7 12.7 12.7 13.0 13.0
Epoetin sessions per patient per year 155.0 153.0 152.0 153.0 156.0 154.0

Figure 1 (a) Average observed time and (b) observed costs
per patient per epoetin session, by center.
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time accounting for the remaining 56%. This resulted in
an annual cost of $395 (95% CI: $368, $424) PPPY. The

hypothetical annual cost for 100 patients was $39,546.

Total time and costs associated with
epoetin

When nonobserved tasks reported by staff were included

in the analyses, the average time per patient per epoetin

session was 4.09 minutes (range: 3.30 minutes in Center
2 to 6.19 minutes in Center 1), and the average cost per

patient per epoetin session was $3.63 (range: $2.16 in

Center 2 to $4.37 in Center 1). Annualized time and costs

per patient were 608 minutes (range: 512 minutes in

Center 2 to 915 minutes in Center 1) and $548 (range:

$342 in Center 2 to $651 in Center 1). When all patients

in each center were considered, the overall time ranged

from 532 hours in Center 3 to 1242 hours in Center 2,
with overall costs ranging from $30,576 in Center 1 to

$64,770 in Center 5. The hypothetical time and cost for

100 patients per year were calculated to be 1013 hours

and $54,799, respectively.

Modeled total time and costs associated
with once-monthly ESA

Modeling analysis based on observed and nonobserved
tasks predicted that an average reduction of 481 minutes

(79% of total time spent on epoetin use) PPPY would be

achieved if a patient were converted for a year from epoe-

tin 3 times weekly to a once-monthly ESA (Figure 2a).

This would result in an accompanying 81% saving of

$444 PPPY (Figure 2b).

Figure 3 shows the distribution of time and cost sav-

ings with 100% of patients receiving a once-monthly ESA.
Time savings would be driven by avoiding observed tasks

per ESA administration (70%). The additional 30% of

time savings would be obtained through expected reduc-

tion in the frequency of several tasks to once monthly:

inventory, ordering, and storage; scheduled blood testing;

and review of lab results and ESA dosage changes. Thirty-

six percent of the time saved would be due to a reduction

in time spent on tasks related to injection and record
keeping, 32% in preparation tasks, and 17% in scheduled

blood sampling. However, supplies (mostly saline infu-

sion) constitute the main component of cost savings

(36%), followed by time for injection and record keep-

ing (25%), and time for preparation (20%).

Using the data for average savings per patient, potential

savings were extrapolated to centers with varying pro-

portions of patients receiving a once-monthly ESA. If 50%

of patients were to use a once-monthly ESA, average time

savings PPPY would be 241 minutes with a cost saving of

$222 PPPY. Average savings were also modeled for vary-

ing center size. A hypothetical center with 100 patients all

receiving epoetin 3 times weekly would potentially save

802 hours and $44,415 per year by converting to a once-

monthly ESA. Greater savings could be achieved with
larger centers, for example, a hypothetical center with

180 patients requiring ESA therapy could realize savings

of 1444 hours and $79,950 per year.

Patient survey

A total of 91 completed surveys were received out of 150

requested at the participating centers: 56% of respon-

dents were male, and the average age was 60 years. In-

formation on CKD-related causes of anemia was

Figure 2 (a) Total time and (b) total costs per patient per
year for epoetin 3 times weekly vs. erythropoiesis-stimulat-
ing agents (ESA) modeled at once-monthly use in 100% of
patients, by center.
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considered by most patients to be limited; 77% of re-

spondents had no or insufficient information on this

topic (Table 2). Participants felt most informed about

home dialysis, with only 47% feeling that they received
no or insufficient information on this topic (Table 2).

With respect to tasks that health care professionals could

be performing if more time were available, all topics pro-

posed were considered to be fairly very important by the

majority of patients. In particular, guidance on dealing

with fatigue and easing symptoms of CKD were consid-

ered priorities, while advice on self-care and/or home di-

alysis was rated as least important (Table 3).

DISCUSSION

The findings of this study demonstrate that anemia man-

agement is associated with substantial time and costs, and

show that major savings could potentially be achieved

with the use of an ESA that can be administered once

monthly. Using activity-based costing and modeling once-

monthly administration, we found that an average time

savings of 79% could be achieved per center per year by

converting patients from current anemia treatment using
epoetin 3 times weekly to utilization of a long-acting ESA.

This would also result in an 81% reduction in corre-

sponding costs associated with anemia management per

center per year. It is important to note that these esti-

mated time and related-cost savings represent ‘‘opportu-

nity costs’’ associated with current ESA use and as such

should not be considered to reflect actual savings that

might be realized by dialysis centers. These ‘‘opportunity
costs’’ represent the potential benefits if the time and ex-

penditure was alternatively used. As such, the monetary

Figure 3 Distribution of predicted total time and cost savings, by task.

Table 2 Results from patient survey: knowledge of anemia

Average
(1–3)a

Respondents
who received no

or insufficient
information (%)

How CKD causes anemia 1.80 77
Symptoms of anemia 1.85 76
Treatments for anemia 1.87 74
Complications associated

with CKD
1.93 77

Information about kidney
transplant

2.12 62

Information about home
dialysis

2.33 47

a1: ‘‘I don’t recall having received information’’; 2: ‘‘I received in-
formation but would like to receive more’’; 3: ‘‘I have all the infor-
mation that I need.’’
CKD=chronic kidney disease.

Table 3 Results from patient survey: importance of health
care staff tasks

Staff Task
Average
(1–3)a

Respondents who
considered task as
‘‘very important’’

(%)

Providing advice on how to
deal with fatigue

2.66 70

Providing information about
easing symptoms of kidney
disease

2.63 69

Talking about health problems 2.59 62
Providing more information

about CKD in general
2.51 60

Providing dietary advice 2.50 59
Providing more information

about anemia
2.47 53

Providing information on
kidney transplantation

2.36 61

Providing advice on self-care
and/or home dialysis

2.04 37

a1: ‘‘Not important’’; 2: ‘‘Fairly important’’; 3: ‘‘Very important.’’
CKD=chronic kidney disease.
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value of these cost savings is in the opportunity to rein-
vest such time in other valuable activities.

A published analysis of comparable design in 5 Euro-

pean dialysis centers found average times for tasks related

to epoetin administration similar to those assessed in the

current study.22 The European study estimated that 3.9

minutes per patient per epoetin session—equivalent to

503 hours for 50 patients per year—was spent adminis-

tering epoetin 3 times weekly (including nurses’ and
physicians’ time combined). It also concluded that ad-

ministration of darbepoetin once weekly instead of epoe-

tin 3 times weekly would save 350 h/y for 50 patients.

The present study also estimated costs associated with

the time spent on epoetin 3 times weekly compared with

once-monthly ESA administration. In a previous study of

CKD patients not on dialysis, ESA drug costs exclusive of

administration costs were significantly greater for darbe-
poetin compared with epoetin ($190 vs. $155 per week;

P=0.028).23 However, another study showed that among

a cohort of ESA-treated inpatients, those receiving epoe-

tin for renal anemia had far higher median daily admin-

istration costs than those receiving darbepoetin ($2.69 vs.

$0.99, Po0.001).24 These studies suggest that in addi-

tion to acquisition costs, administration costs may ac-

count for a large part of overall costs of ESA treatment.
Therefore, it is important for pharmacoeconomic analyses

of anemia management to focus on direct costs associated

with preparation, administration, and other ESA-related

activities, as these can be major cost drivers. Indeed, the

most labor-intensive anemia management tasks identified

in the current study were drug administration and record

keeping, with supplies (excluding drug costs) being the

largest expense.
This analysis used activity-based costing to determine

the time and costs associated with each task.25,26 This

approach identifies the relationship between the con-

sumption of resources and the process or service by dis-

assembling a health care process into discrete tasks. It is a

more complex method than traditional cost accounting,

which does not assign costs to specific services. Activity-

based costing allows centers to compare the costs of ane-
mia management between different ESAs. Analysis of ac-

tivity-based costs allows evaluation of the economic

impact of real-world practice patterns, including all com-

ponents of nondrug costs. This analysis complements

randomized clinical trials, which evaluate efficacy and

safety under highly standardized conditions and seldom

address economic factors.

Apart from reducing the costs of anemia management
in dialysis patients, a once-monthly anemia treatment has

the potential to improve dialysis care in several ways.

First, in-center dialysis is very labor intensive; reducing
the workload could help personnel at dialysis centers to

provide more timely care. Second, a reduced workload

could provide physicians and nurses with the opportu-

nity to spend more time on clinical assessment and dis-

ease management. Finally, the time savings could also be

used toward improving patient education efforts. Our

patient survey results showed that 475% of patients at

the dialysis centers felt that they received no information
or insufficient information on various aspects of their

disease, including the symptoms of anemia, anemia treat-

ment, the association between anemia and CKD, as well

as complications associated with CKD. Reducing the time

spent on recurrent tasks may be used for individualized

patient care and education, which can help improve over-

all disease management and patient satisfaction in dialysis

centers.
Some limitations of this study should be noted. First,

the relatively small number of sites and the small number

of observations collected at each site may limit the gen-

eralizability of the results to different geographic areas of

the United States. Three of these 5 centers were from a

large dialysis organization, which has protocols in place

that might have impacted estimated time. Also, only 2

ESA protocols were studied, which may differ from pro-
tocols applied in other dialysis organizations or hospital-

based dialysis units. The cost calculations used national

average salaries, which may not adequately take into

account salary variations in private and public dialysis

centers.

Second, estimates of nonobserved time were based on

point estimates derived from staff interview and, hence,

have a lower predictive value than directly observed time.
Nonobserved tasks take up a significant amount of time

spent on anemia management (30%, according to this

study), but were difficult to measure accurately and were,

therefore, not always included in these analyses. In ad-

dition, it is difficult to assign some nonobserved tasks

exclusively to anemia management as they may also relate

to other disease management (e.g., physician rounds,

blood sampling).
Finally, our model for a once-monthly ESA use is hy-

pothetical; as such, it was necessary to make several as-

sumptions. We assumed that the number of supplies used

per ESA administration, unit costs for supplies, and labor

costs were the same for either administration. However,

we believe it is unlikely that the change in frequency of

ESA administration would impact supplies and labor

costs. In addition, we assumed a reduction in time and
costs only for those nonobserved activities that the center

personnel were certain would be reduced by the conver-

Activity-based costs of anemia management

Hemodialysis International 2008; 12:441–449 447



sion to once-monthly ESA. This was the case only for
scheduled blood sampling and the subsequent review of

laboratory results and ESA dosage. Hence, our model may

underestimate savings associated with once-monthly ESA

use compared with current epoetin 3 times weekly ad-

ministration. Additionally, we assumed that the tasks and

costs associated with each administration session would

be similar between epoetin and a once-monthly treatment

such as CERA, and would not be affected by the propor-
tion of patients switching ESA. As with any new treat-

ment, models for use will need to be refined further as

details of impact on practice become available.

With regard to the patient questionnaire, patients gen-

erally felt that they were not provided with sufficient in-

formation about CKD or methods to manage the

symptoms of the disease. Patients reported being well

informed about self-care and home dialysis but had a
low perceived need for this information. There may be a

discrepancy between what practitioners emphasize in pa-

tient education (e.g., self-care and home dialysis) and

what patients perceive as important educational needs

(advice on dealing with fatigue and easing CKD symp-

toms, or on causes and symptoms of anemia).

In summary, this study evaluated the direct medical

costs of current anemia management (excluding ESA ac-
quisition costs) and highlights the importance of taking

these factors into account when considering the actual

costs involved in the administration of ESAs. Although

total time per patient ESA session is relatively small (4.1

minutes), the time burden of anemia management for

health care professionals across a whole dialysis center

over 1 year is significant. A once-monthly administration

of an ESA would reduce this time burden and may make
time available for other important care activities, such as

patient education, that may contribute substantially to

patients’ well-being and overall care satisfaction.
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