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Abstract

Background and Methods: A prospective, observational
study in 12 German and UK dialysis centers which quantified
personnel time for anemia treatment using erythropoiesis-
stimulating agents (ESAs). Tasks directly observable were
measured through the time-and-motion method; time for
non-observable tasks was estimated by healthcare staff. Us-
ing activity-based costing methods, time was converted into
monetary units. Modeling was used to estimate potential
time and cost savings using once-monthly C.E.R.A., a con-
tinuous erythropoietin receptor activator. Results: For cur-
rent ESAs in Germany and the UK, respectively: mean ob-
served time was 1.67 and 2.67 min/patient/administration,
corresponding to 31 and 42 days/year/center/100 patients;
mean total time/center/100 patients/year was estimated at
79 and 95 days, equivalent to EUR 17,031 and GBP 18,739. As-
suming 100% once-monthly C.E.R.A. uptake, the observed
time/patient/year may decrease by 79 and 84% in Germany
and the UK, respectively, compared with traditional ESAs.
Conclusion: Conversion to once-monthly C.E.R.A. may offer
the potential to reduce time spent on ESA administration in

hemodialysis centers. Copyright © 2008 S. Karger AG, Basel

Introduction

The prevalence of chronic kidney disease (CKD) is
high and rising, with the number of patients with end-
stage renal disease (ESRD; CKD stage 5) increasing
worldwide at an estimated annual rate of 7% [1]. By 2010,
the prevalence of ESRD is predicted to exceed 2 million
patients worldwide [1-3]. The rising prevalence of ESRD
is placing increasing demand on renal healthcare servic-
es, and this is compounded by a shortfall in the number
of renal healthcare personnel [4, 5]. The total cost of treat-
ing ESRD is considerable. By 2000, more than 30,000 pa-
tients were receiving dialysis in England at a cost of ap-
proximately GBP 600 million [6]. In 2002, annual expen-
diture per patient in Germany and the UK was estimated
at EUR 44,982 and GBP 32,500, respectively [7, 8]. There-
fore, healthcare facilities, including hospitals, clinics and
dialysis units, are under increasing pressure to improve
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efficiency without compromising the quality of care ex-
perienced by patients.

Anemia is highly prevalent in patients with CKD [9-
11] and is associated with significant morbidity and mor-
tality [12-16]. Anemia management is a key aspect of re-
nal care. Erythropoiesis-stimulating agents (ESAs) are
standard treatment for renal anemia [17, 18], and studies
have shown that effective treatment with ESAs in dialysis
patients is associated with a slower rate of decline in renal
function and lower risk of death or hospitalization [16,
19-22]. In dialysis units, treatment with traditional ESAs
can be time-consuming, primarily because these agents
tend to have short half-lives that necessitate frequent dose
administrations of up to three times weekly to maintain
hemoglobin (Hb) levels within guideline targets [17, 18].
Consequently, the treatment of anemia in patients with
CKD has considerable impact upon the workload of renal
healthcare teams.

Simplifying anemia management has the potential to
provide time and cost savings, enabling time to be real-
located to other aspects of renal care. The use of an agent
that can effectively control Hb levels at extended admin-
istration intervals should reduce the amount of health-
care staff time associated with ESA administration.
C.E.R.A., a continuous erythropoietin receptor activator,
is approved in the European Union for the treatment of
anemia in patients with CKD. Data from a large phase II
and III trial program have demonstrated that once-
monthly C.E.R.A. has similar efficacy to more frequently
administered traditional ESAs, irrespective of the route
of administration [23-25].

The primary study objective was to quantify health-
care personnel time and associated direct medical costs
for routine anemia management using the current ESAs
in German and UK hemodialysis centers. Using those
real-life data, the secondary objective was to model po-
tential time and cost savings that could be associated with
adoption of once-monthly C.E.R.A.

Methods

Study Design

This was a multinational, multicenter, prospective, observa-
tional activity-based costing study conducted in 12 hemodialysis
centers across Germany and the UK (six centers per country) in
2006. The study was non-interventional; patients with ESRD were
not required to undergo any additional medical interventions,
tests or procedures, and were receiving usual and customary care;
patient demographic data were not collected. Data were blinded
so that individual healthcare staff observed during the study
could not be personally identified.
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Study Procedures and Data Collection

Time-and-Motion Methodology

Time-and-motion methodology consists of decomposing a
process into its constituting parts (tasks) and observing and re-
cording for each task a set number of times. Interviews were con-
ducted with relevant healthcare staff at each study center to map
anemia management-related tasks and processes, identify the
personnel involved with each task, and assess the frequency with
which tasks were performed. Tasks were classified as either ob-
servable or non-observable. Observed tasks were defined as ESA-
related activities that happen frequently, either on a per patient or
on a per group basis, and with a clear start and endpoint for which
time could be directly measured. This included preparation, dis-
tribution of ESAs, injection, and drug ordering. Non-observed
tasks were less frequently performed tasks for which ESA-related
time was intertwined with other activities and thus could not be
separated, such as physician visits, blood sampling and review of
blood analysis results. Time for tasks related to the hemodialysis
process (including co-prescribed drugs) was not part of the time
and motion observations, since these activities and their frequen-
cy are expected to be the same irrespective of the ESA adminis-
trated.

Time measurements for observed tasks were obtained by
trained observers (research nurses) using a stopwatch, with a tar-
geted 30-40 observations per activity collected at each center. Ac-
tivities were observed at random and were independent of the
patient and/or healthcare professional observed. Usage of sup-
plies was also assessed. Time estimates for non-observed tasks, as
well as staff involved and frequency, were derived from interviews
with healthcare personnel at each individual center. Results are
expressed as observed and total time (i.e. time for observed and
non-observed tasks combined).

Activity-Based Costing Method

Healthcare personnel time estimates for ESA-related observed
and non-observed tasks were converted into monetary units by
applying activity-based costing methods [26]. For each staff type
involved with tasks, representative national average salaries were
used to calculate average pay per minute. Costs associated with
anemia management supplies were calculated on the basis of the
resource used and the unit cost obtained from publicly available
sources.

Cost results are expressed as average observed costs (which
include staff costs for observed time and costs of supplies) and
total costs (accounting for both observed and non-observed
tasks). Costs for laboratory testing and overhead costs (e.g. waste
management and utility costs) were not included in the analysis
as these were not expected to be affected by the management of
renal anemia with ESAs. ESA drug acquisition costs were not con-
sidered in the analysis.

Modeling the Potential Impact of Once-Monthly C.E.R.A. on

Healthcare Resource Utilization

The potential time and associated cost offsets that might be
achieved with 100% uptake of once-monthly C.E.R.A. were mod-
eled. Key members of the healthcare team at each study center
were interviewed. No patients were administered C.E.R.A. dur-
ing this study. Staff members were asked to specify which anemia-
related tasks might be reduced in frequency or avoided with the
use of once-monthly C.E.R.A. compared with current practices,
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Fig. 1. Number and type of ESA injections per center per week administered in participating German and UK

dialysis centers.

and to assume that all patients would convert to once-monthly
C.E.R.A. (equating to 12 injections per year), and that the time for
observed tasks (mainly drug preparation, distribution, and injec-
tion) would be equivalent for C.E.R.A. and currently used ESAs.
For non-observed tasks, time savings were only considered in the
analysis if the healthcare staff was certain that the adoption of
once-monthly C.E.R.A. would result in a reduction in time or
avoidance of specific tasks.

Data Analysis and Statistical Methods

All time estimates for observed and non-observed tasks were
adjusted to time per patient per ESA administration and were
converted into numeric values. A working day was assumed to be
8 h. Within each center, observed time data by ESA product were
weighted using the distribution of patients across ESA products
(no statistical test of difference in time by ESA product was done
because no difference by product was expected a priori). To enable
time and cost calculations per week/month/year, the frequency of
ESA administrations was also weighted by the proportion of pa-
tients receiving each ESA product (some products are adminis-
tered three times per week, whereas others are given once every
week or fortnight).

Study endpoints were summarized using descriptive statistics.
For each center, bootstrap simulation was used to calculate the

Impact of Once-Monthly C.E.R.A. on
Anemia Healthcare Resources

non-parametric mean and 95% confidence intervals (Cls) for the
total observed time. Data for each study center were compiled in
a summary analysis, enabling a comparison of results by study
center and calculation of a country estimate by averaging all cen-
ters, whereby each center was assigned equal weight.

Results

Center Characteristics and Anemia Treatment

Patterns

A total of six German and six UK centers participated
in the study. German centers were private hemodialysis
clinics, and UK centers were hospital hemodialysis units
affiliated to the National Health Service. The average
numbers of ESRD patients visiting German and UK cen-
ters were 130 (90-180) and 194 (72-538), respectively,
with 98 (93-161) and 120 (71-511) patients coming to the
center to receive ESA treatment, respectively. Two out of
six UK centers had a significant proportion of patients

Blood Purif 2008;26:537-546 539



Table 1. Summary of mean time for
observed and total tasks associated with
ESA treatment?®

Mean time

Germany UK

Observed: preparation and administration of ESA

Per patient per administration, min

Per patient per year, min

Per average center per year™<, days

Per center with 100 patients per year®, days

1.67 (1.42-1.92)
148 (127-168)
30 (26-34)
31 (26-35)

2.67 (2.17-3.14)
201 (165-235)
50 (41-59)

42 (34-49)

Total (observed and non-observed): all ESA-related activities

Per patient per administration, min
Per patient per year, min
Per average center per year™<, days

4.44 (2.40-8.13)
381 (251-452)
78 (35-119)

6.09 (3.01-9.06)
454 (349-630)
113 (46-19)

Per center with 100 patients per year?, days 79 95

2 Results in parentheses are the 95% Cls for observed time (average across six centers)
and ranges (min-max) for total time.

b Calculated on the basis of an 8-hour working day.

¢ Average number of patients per center: 98 for Germany and 120 for the UK.

receiving ESA injections at home, but time for home in-
jections was not observed. When considering the home
and center dialysis patients affiliated to the participating
centers, the average number of patients receiving ESA
treatment was >80% in both countries. All ESAs were
injected using pre-filled syringes or pens.

Participating centers had up to three ESAs (epoetin «,
epoetin (3 and darbepoetin o) available on their formu-
laries for the treatment of renal anemia, administered
once or three times a week (fig. 1). All centers in Ger-
many and three centers in the UK used more than one
ESA product. The weighted average number of ESA ad-
ministrations per patient per month was 7.8 and 6.9 in
Germany and the UK, respectively, with patients receiv-
ing 94 and 83 ESA administrations per year. A total of
608 observations for the various tasks combined were
collected across the six centers in Germany and 412
across the UK centers. Despite differences in country,
center affiliation or size, the type of tasks and processes
related to the management of anemia appeared to be fair-
ly standardized.

Anemia Management under Current Conditions

Time Spent on Anemia Management

The average time for observed tasks and the estimated
total time for observed and non-observed tasks combined
are shown in table 1. A mean of 1.67 min (95% CI 1.42-
1.92) and 2.67 min (95% CI 2.17-3.14) per patient was
measured for the observed tasks across the German and
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UK centers, respectively. On the basis of 100 patients per
center, this would equate to 31 (95% CI 26-35) and 42
days (95% CI 34-49) per center per year.

Total time per center per year (basis 100 patients) for
all ESA-related activities was estimated to represent up to
79 and 95 days in Germany and the UK, respectively. Ob-
served tasks accounted for approximately 40% of the es-
timated total time (fig. 2).

Anemia Management Costs

Mean cost per center per year (basis 100 patients) for
observed tasks represents EUR 4,786 (95% CI 4,221-
5,362) for German and GBP 7,696 (95% CI 6,357-8,971)
for UK centers (table 2). The estimated total time spent
on ESA-related activities per center (100 patients) per
year would represent EUR 17,031 and GBP 18,739 for a
German and UK center, respectively.

Modeling the Potential Impact of Once-Monthly

C.E.R.A. on Healthcare Resource Utilization

With the adoption of once-monthly C.E.R.A., it was
estimated that 82 and 71 injections per patient per year
could be avoided in the average German and UK center,
respectively. Based upon the observed time, it was calcu-
lated that the average time per patient per year for the
administration of 12 C.E.R.A. injections would necessi-
tate 31 min (95% CI 25-37) in Germany and 32 min in
the UK (95% CI 26-38; table 3). Compared with the time
spent for observed tasks with traditional ESAs, this would
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ministration for observed and non-ob-
served tasks in German and UK hemodi- 0 0
alysis centers. (Time for activities with German UK German UK
varying frequency converted to time per centers centers centers centers
patient per ESA administration.)
Table 2. Summary of mean costs for
observed and total tasks associated with Mean costs
ESA treatment? Germany, EUR UK, GBP
Observed: preparation and administration of ESA
Per patient per administration 0.53 (0.47-0.60) 1.05 (0.86-1.22)
Per patient per year 48 (42-54) 77 (64-90)
Per average center per yearb 4,675 (4,123-5,237) 9,198 (7,598-10,721)

Per center with 100 patients per year 4,786 (4,221-5,362) 7,696 (6,357-8,971)

Total (observed and non-observed): all ESA-related activities

Per patient per administration 1.97 (1.06-3.52) 2.49 (1.25-3.45)
Per patient per year 170 (112-196) 187 (155-191)

Per average center per yearb 16,634 (7,069-28,244) 22,396 (9,697-40,076)
Per center with 100 patients per year 17,031 18,739

 Results in parentheses are 95% ClIs for observed costs (average across six centers)
and ranges (min-max) for total costs.
b Average number of patients per center: 98 for Germany and 120 for the UK.

represent time savings of approximately 80% in the aver-
age center in both countries (table 3; fig. 3).

The adoption of once-monthly C.E.R.A. may yield fur-
ther time saving as a result of its impact on the frequency
of non-observed activities. Based on interview responses,

Impact of Once-Monthly C.E.R.A. on
Anemia Healthcare Resources

non-observed activities associated with ESA treatment
that were expected to decrease in frequency with the adop-
tion of once-monthly C.E.R.A. were pharmacy ordering
and storage in three centers (UK) and record-keeping
(Germanys; table 4). In Germany, interviewed healthcare
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cost saving: including costs for healthcare staff and usage of supplies, excluding utilities and drug acquisition

costs.

Table 3. Estimated potential time savings that could be achieved with 100% uptake of once-monthly C.E.R.A. in German and UK

centers®

Estimated time

Germany

UK

per patient
per year, min

per center of 100 pa-
tients per year® 9, days

per patient
per year, min

per center of 100 pa-
tients per year® 9, days

Observed: preparation and administration of ESA

With current ESAs 148 (126-169)  30.8 (26-35) 201 (165-235)  41.8 (34-49)

With 100% adoption of once-monthly C.E.R.A. 31 (25-37) 6.5 (5-8) 32 (26-38) 6.7 (5-8)

Difference in time associated with 117 (101-132) 24.3 (21-27) 169 (139-197) 35.1(29-41)
adoption of once-monthly C.E.R.A. (-79%) (-84%)

Total (observed and non-observed): all ESA-related activities

With current ESAs 381 (253-452)  79.4 454 (349-630) 947

With 100% adoption of once-monthly C.E.R.A. 173 (112-281) 36.0 277 (190-388) 57.8

Difference in time associated with 208 (113-263) 43.4 177 (102-242) 36.9

adoption of once-monthly C.E.R.A.

(~55%)

(-39%)

 Results in parentheses are 95% Cls for observed time (average across six centers) and ranges (min-max) for total time.
" Based on modeling data from time assessments.

¢ Data modeled for a hypothetical center of 100 patients.
d Calculated on the basis of an 8-hour working day.
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Table 4. Expected changes in frequency for non-observable ESA-related activities with the introduction of
C.ER.A.

Task is expected to be
avoided with every
injection not required

Time spent and fre-
quency of activity not
expected to change

Magnitude of change in
frequency unclear — conser-
vatively no change assumed

Record-keeping
Germany (per injection) yes

Inventory, ordering and storage of ESA at the hemodialysis unit

Germany (every 2 months)
UK (once/month)

yes
yes

Ordering and storage of ESA at the pharmacy

Germany (done externally)
UK (once/month)

yes (3 centers) yes (3 centers)

Scheduled blood sampling (including hemoglobin control)

Germany (once/month) yes

UK (once/month) yes
Physician time dedicated to ESA monitoring

Germany (per injection) yes

UK (once/month) yes
Review laboratory results and ESA dose adjustment

Germany (once/month) yes

UK (once/month) yes
Check fridge temperature

Germany (daily) yes

UK (daily) yes

staff anticipated that the time for anemia-related moni-
toring during the physician visits would also fall. When
both observed and non-observed tasks were considered,
the estimated average annual total time saving per center
with 100 patients per year may reach 43.4 days (-55%) in
Germany and 36.9 days (-39%) in the UK (table 3). Trans-
lated into monetary units on the basis of 100 patients per
center, the difference in total time between once-monthly
C.E.R.A. and traditional ESA use would represent EUR
9,798 for Germany and GBP 6,615 for the UK, representing
a 58 and 35% reduction, respectively (table 5). The differ-
ence between Germany and the UK reflects the different
assumptions made by staff regarding the potential impact
of once-monthly C.E.R.A. on non-observed tasks (table 4).

Discussion
This time-and-motion study provides insights into the

management of anemia with ESAs in hemodialysis cen-
ters across Germany and the UK. For a center of 100 pa-

Impact of Once-Monthly C.E.R.A. on
Anemia Healthcare Resources

tients, the average time spent per year on frequent ob-
servable activities (including preparation, distribution,
injection, and ordering of ESAs) is substantial: 31 days in
Germany and 42 days in the UK. When total time spent
on all ESA-related anemia management tasks is consid-
ered, the time burden accounts for 79 and 95 days in Ger-
many and the UK, respectively. The difference in time
between the two countries reflects different organiza-
tional processes for observable tasks with substantially
more time spent on injection in the UK versus Germany
(122 vs. 72 min per patient per year), although a similar
number of pre-filled syringes and pens were used (83 ses-
sions/year in the UK vs. 93 sessions/year in Germany).
The difference in time may be explained by a tendency
across the UK centers to verify the patient chart before
injection, and update and sign off the treatment chart af-
terwards. These tasks were much less prominent in Ger-
many.

This study also suggests that major time and cost sav-
ings may be possible with the use of once-monthly
C.E.R.A. Although the use of individually packed syring-

Blood Purif 2008;26:537-546 543



Table 5. Estimated potential cost savings that could be achieved with 100% uptake of once-monthly C.E.R.A. in German and UK

centers®®

Estimated cost

Germany, EUR

UK, GBP

per patient

per center of per patient per center of

per year 100 patients per year® ¢ per year 100 patients per year® ¢

Observed: preparation and administration of ESA
With current ESAs 48 (42-54) 4,786 (4,221-5,362) 77 (64-90) 7,696 (6,357-8,971)
With 100% adoption of once-monthly C.E.R.A. 9 (6-11) 924 (577-1105) 12 (10-14) 1,234 (1,011-1,441)
Difference in costs associated with 39 (36-43) 3,862 (3,644-4,257) 65 (53-75) 6,462 (5,346-7,530)

adoption of once-monthly C.E.R.A. (-81%) (-84%)
Total (observed and non-observed): all ESA-related activities
With current ESAs 170 (112-196) 17,031 187 (155-273) 18,739
With 100% adoption of once-monthly CER.A. 72 (42-123) 7,233 121 (90-184) 12,124
Difference in costs associated with 98 (52-125) 9,798 66 (38-89) 6,615

adoption of once-monthly C.E.R.A. (-58%) (-35%)

 Results in parentheses are 95% Cls for observed costs (average across six centers) and ranges (min-max) for total costs.

b Based on modeling data from cost assessments.
¢ Data modeled for a hypothetical center of 100 patients.

es and needles would have added to the time spent on
ESA preparation, this was not an issue in this study, as all
ESAs were administered using pre-filled syringes and
pens. Time for observed activities could be reduced by
approximately 80%, saving 24-35 working days per year
for a center of 100 patients. Additional time savings may
be generated as a result of potentially lower frequency of
inventory, ordering and storage of ESA at the hemodialy-
sis unit, ordering and storage of ESA at the pharmacy,
physician time to monitor ESA, and blood sampling and
ESA dosage changes. When non-observed activities are
considered as well, uptake of once-monthly C.E.R.A. of-
fers potential annual time savings of 43 days in an average
German and 37 days in an average UK center.

This study aimed to provide as accurate estimates as
possible for non-observed tasks, so that the total time
spent for the management of anemia was documented.
Estimates were elicited from staff through interviews.
For various reasons, staff found it difficult to provide ac-
curate estimates of how long these activities take: many
are processes which are done at various time points, by
various staff, with different frequencies; some tasks are
performed for groups of patients (rather than per indi-
vidual patient), and some were not exclusively related to
anemia management but to dialysis management in gen-
eral (e.g. physician rounds or blood sampling). In addi-

544 Blood Purif 2008;26:537-546

tion, staff in all the centers found it difficult to predict
changes in the time and frequency of non-observed ac-
tivities that may occur with the use of once-monthly
C.E.R.A. For those centers where the impact was not
clear, a reduction in the frequency of non-observed ac-
tivities was not included in the hypothetical estimate of
time and cost savings. Hence, the assumptions consid-
ered for the analysis were conservative and may have re-
sulted in an underestimate of the true time and cost sav-
ings. The expected reduction in the frequency of physi-
cian monitoring of anemia is the most important
component of total time savings in Germany, but not in
the UK, accounting for the different percentage reduc-
tion in total time across the two countries.

Some limitations to this study should be noted. First,
the relatively small number of sites per country and the
small number of observations collected at each site may
limit the generalizability of the results. However, the lim-
ited variability in observed time suggests that the number
of observations was sufficient to obtain accurate esti-
mates. Second, estimates of non-observed time were
based on point estimates derived from staff interviews
and had lower predictive values than data obtained
through the time-and-motion method for which 95% CIs
could be calculated. Hence, results are reported separate-
ly for observed and total time and cost. Non-observed

Saueressig/Kwan/De Cock/Sapede



tasks took up a significant amount of time spent on ane-
mia management (62% in Germany and 56% in the UK),
but were difficult to measure accurately. In addition, non-
observed time accounted for a significant portion of total
time and cost savings in Germany (44% of time and 61%
of cost). Finally, our model for a once-monthly C.E.R.A.
use is hypothetical; as such it was necessary to make sev-
eral assumptions. We assumed that number of supplies
used per ESA administration, unit costs for supplies, and
labor costs were the same for either administration. How-
ever, we believe it is unlikely that the change in frequency
of ESA administration would impact supplies and labor
costs.

The potential cost savings associated with the theo-
retical uptake of once-monthly C.E.R.A. compared with
the use of traditional ESA therapy are illustrative only
and are unlikely to translate into actual cost savings in
clinical practice. Time and related cost savings represent
‘opportunity costs’, meaning the value of the best avail-
able alternative use of the resources being freed up. As
such, the monetary value of these savings reflects the op-
portunity to reinvest healthcare staff time in other valu-
able activities which could potentially improve patient
care. More patients could be treated by the healthcare
team, greater time could be devoted to monitoring pa-
tients who self-administer ESA therapy at home [27],
time and costs could be reallocated to patient education
or other aspects of renal care that require attention.

Freeing up staff time to devote to patient monitoring
may have important implications for improving clinical
outcome in patients with CKD, as highlighted by the Di-
alysis Outcomes and Practice Patterns Study. In this
study, many patients with CKD failed to achieve guide-
line targets for key clinical parameters such as dialysis
dose, catheter use for vascular access, and the control of
serum albumin and phosphate [28]. Indeed, it was esti-
mated that if guideline targets were met, over 100,000
patient life years could be gained in the US hemodialysis
population over 5 years. Therefore, reallocating resource
to help patients attain these targets could exert beneficial
effects on morbidity and mortality in patients with CKD,
and may help to maintain quality of care in light of the
increasing demand on renal healthcare resources im-
posed by the rising prevalence of ESRD. Also, some pa-
tients may be more difficult to treat than others, requir-
ing more time resources from the dialysis staff to main-
tain these patients within Hb target ranges [29, 30].

In conclusion, with traditional ESAs, hemodialysis
centers spend a substantial amount of time per year on
tasks related to anemia management. Our modeling anal-

Impact of Once-Monthly C.E.R.A. on
Anemia Healthcare Resources

ysis showed that a substantial reduction in time spent on
ESA administration and associated costs may be achieved
by converting from traditional ESA regimens to once-
monthly C.E.R.A. Such savings may allow healthcare re-
sources to be reallocated to other aspects of patient man-
agement, thereby enhancing the overall quality of dial-
ysis care, and potentially enabling improvements in
clinical outcomes.
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