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Abstract

Objective: To assess an interdisciplinary programme for the

improvement of pharmacotherapy quality and patient safety in patients

with chronic renal disease who are treated with erythropoiesis-

stimulating agents.

Method: Observational, longitudinal study. Retrospective analysis

(period A) and prospective analysis (period B) following implementation

of the programme for haemoglobin values and monthly erythropoiesis-

stimulating agent dosage. The proportion of patients with haemoglobin

values within the target range (10-5-12.5 g/dL) and those with values

above the safety limit (≥12.5 g/dL) were compared every 4 months

and the average percentage of time with haemoglobin values within

the target range and above the safety limit were compared during

periods A and B.

Results: Fifty-nine patients were included in the study. The proportion

of patients with haemoglobin levels within the target range increased

from 28.8% to 65.4% (RR=2.27; 95% CI, 1.56-3.30) and the value in

patients with haemoglobin levels above the safe level reduced from

57.6% to 19.2% (RAR=0.39; 95% CI, 0.19-0.55). The time with

haemoglobin levels in the target range increased 15.7% (95% CI, 7.1-

24.2) and the time with values above the safe level reduced 26.9%

(95% CI, –35.1 to –18.6). The number of patients included to avoid

one reaching a haemoglobin value above the safe range was 2.6 (95%

CI, 2.5-2.7).

Conclusions: The implementation of an improvement programme

for the quality of pharmacotherapy with erythropoiesis-stimulating

agents in patients with haemodialysis significantly increases the

proportion of patients with haemoglobin values within the

recommended ranges of effectiveness and safety.

Key words: Renal anaemia. Chronic renal disease. Erythropoiesis-stimulating
agents. Patient safety. Quality improvement.

Resumen

Calidad de la farmacoterapia y seguridad de los

pacientes en hemodiálisis tratados con estimulantes

eritropoyéticos

Objetivo: Evaluar un programa interdisciplinario de mejora de la ca-

lidad de la farmacoterapia y la seguridad de los pacientes con enfer-

medad renal crónica tratados con estimulantes eritropoyéticos.

Método: Estudio observacional longitudinal. Análisis retrospectivo

(período A) y prospectivo tras implantar el programa (período B) de

valores de hemoglobina y dosis de estimulantes eritropoyéticos

mensuales. Se compararon, cada 4 meses, la proporción de pacien-

tes con valores de hemoglobina dentro del ámbito objetivo (10,5-

12,5g/dl) y superiores al límite de seguridad (≥ 12,5g/dl), y el por-

centaje medio de tiempo con valores de hemoglobina dentro del

ámbito objetivo y superiores al límite de seguridad, respectivamen-

te, durante los períodos A y B.

Resultados: Se incluyeron 59 pacientes. La proporción de éstos con

hemoglobina dentro del ámbito objetivo se incrementa de un 28,8

a un 65,4% (riesgo relativo = 2,27; intervalo de confianza [IC] del

95%, 1,56-3,30) y la de pacientes con hemoglobina superior al lími-

te de seguridad se reduce de un 57,6 a un 19,2% (reducción abso-
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luta del riesgo = 0,39; IC del 95%, 0,19-0,55). El tiempo con hemo-

globina en el ámbito objetivo se incrementa un 15,7% (IC del 95%,

7,1-24,2) y el tiempo con valores superiores al límite de seguridad

se reduce un 26,9% (IC del 95%, –35,1 a –18,6). El número de pa-

cientes que hay que incluir para evitar que uno alcance un valor de

hemoglobina superior al límite de seguridad fue 2,6 (IC del 95%,

2,5-2,7).

Conclusión: La implantación de un programa de mejora de la cali-

dad de la farmacoterapia con estimulantes eritropoyéticos en pa-

cientes en hemodiálisis aumenta significativamente la proporción

de pacientes con valores de hemoglobina dentro del ámbito de

efectividad y seguridad recomendados.

Palabras clave: Anemia renal. Enfermedad renal crónica. Factores

estimulantes eritropoyéticos. Seguridad del paciente. Mejora de ca-

lidad.

INTRODUCTION

Anaemia is one of the most frequent complications in patients

with chronic renal disease (CRD), especially in advanced stages,

and it affects approximately 60%-80% of patients. Among the

factors that cause or contribute to renal anaemia, a deficit in the

production of endogenous erythropoietin in the kidney stands

out, which leads to a decrease in haemoglobin levels (Hb) and

affects the tissue use of oxygen in the organism. The consequences

in these patients are diverse and of different degrees of severity,

in general, anaemia usually worsens the prognosis of patients

with CRD. Therefore, aside from affecting quality of life, alterations

are produced in the immune system, the nervous system (including

the reduction of cognitive and concentration capacities) and,

especially, the cardiovascular system (left ventricular hypertrophy),

which has been associated in various studies with an increase in

morbidity and mortality of patients with CRD in haemodialysis.

The erythropoiesis-stimulating factors (ESF), such as the

recombinant human erythropoietin (α and β) and darbepoetin-α,

are administered to patients with CRD in haemodialysis to treat

anaemia and prevent its complications. Therefore, treatment with

ESF is usually initiated when the Hb of the patients is <10 g/dL

in 2 consecutive determinations, spaced at least 2 weeks apart,

as long as other possible causes of the anaemia are discarded and

iron levels are normalised.

The benefits of the treatment of renal anaemia with ESF is

currently being considered in terms of improved quality of life

for the patient—especially concerning tolerance to exercise and

functional capacities—and reduce or avoid blood transfusions

and their associated risks, including iron overloads, the potential

transmission of diseases or sensibilisation to future transplants.

However, the individualised benefit-risk balance must take into

consideration the presence of cardiovascular diseases, diabetes

mellitus, and other cardiovascular risk factors, as recently published

studies have reopened the date regarding Hb values that are

considered optimal and the safety of ESF in patients with CRD.

Therefore, in the CHOIR study, a randomised, open clinical

trial (n=1432), a greater cardiovascular risk and a risk to be

hospitalised for patients with elevated Hb values (13.5 g/dL)

compared to those that presented lower values (11.3 g/dL), without

demonstrating improvements in quality of life. In the CREATE

study, a randomised clinical trial (n=603), the authors concluded

that the early and complete correction of anaemia does not reduce

the risk of cardiovascular episodes. A recently published meta-

analysis demonstrates an increase in the risk of adverse serious

episodes, including death, when HB levels reach Hb levels over

12.0-16.0 g/dL in these patients. From these findings, not only

the regulating agencies but also the professional societies have

taken on the revision of scientific evidence concerning 

the effectiveness and safety of ESF, to provide explicit

recommendations to improve their use and the results of treatment

in patients. These analyses have led to modifications in the

authorised conditions of use of the ESF and the updating of the

clinical guides of the treatment of anaemia in CRD, however,

certain discrepancies have been observed (Table 1).

This situation generates an elevated variability in the treatment

of renal anaemia and reveals the opportunities to improve treatment

with ESF in these patients. This study is proposed in this context,

whose objective is to evaluate the results of an interdisciplinary

programme to improve pharmacotherapy quality and the safety

of patients with CRD in haemodialysis treated with ESF, based

on the co-responsible participation of the pharmacist in the

individualisation of the treatment and follow-up of the patient,

through his or her integration in the interdisciplinary team of a

dialysis centre.

METHOD

Observational, longitudinal study, where all patients were

included with CRD treated with ESF and undergoing haemodialysis

in a dialysis centre linked to a general public and university

hospital. The study has been divided in 2 periods: period A, before

the implementation of the program, where the data corresponding

to the months of February 2005 to February 2006 (13 months)

was analysed in a retrospective manner, and period B, where the

results corresponding to the first 20 months of the implementation

of the program (from March 2006 to October 2007) were analysed

in a prospective manner. For the implementation of the program,

a normalised work procedure (NWP) was designed, agreed upon

between the medical team and the nursing team of the dialysis

centre and the pharmacists of the pharmacy department of the

hospital that was responsible for the disbursement of ESF, where,

the following parameters, among others, were established: target

range for Hb, limit safety value for Hb, follow-up, and monitoring

frequency analysis parameters, as well as recommendations to

modify doses and/or dose intervals in different situations (Table 2).

The pharmacists participated in the pharmacotherapeutic and

clinical follow-up of patients through periodical visits to the

dialysis centre every 2-4 weeks, in order to come to an agreement
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Table 1. Summary of the guidelines from professional societies and warnings from the regulating agencies that modify the authorised conditions 

of use of erythropoiesis-stimulating factors in patients with chronic renal disease

NICE 2006 KDOQI 2007 FDA 2007 EMEA 2007

Target Hb 10.5-12-5 g/dL 11-12 g/dL; not above 13 g/dL 10-12 g/dL 10-12 g/dL; not above 12 g/dL, 

especially in patients with 

ischemic coronary diseases 

or CCF

Initiate ESF Hb ≤11 g/dL Not specified Hb <10 g/dL Not specified

Initial dose Not specified Depending on initial Hb, EPO: 50-100 UI/kg/week EPO: 3×40 UI/kg/week

target Hb and clinical situation DARBE: 0.45 µg/kg/week DARBE: 0.45 µg/kg/week

Monitoring frequency Increase Hb ≤1 g/dL At least once a month Every 2-6 weeks At the beginning, 

in 1 month, every 4 weeks very 1-2 weeks, 

increase Hb >1 g/dL in elater periodically

1 month, every 2 weeks

Increase in dose If Hb <11 g/dL ↑ Not specified If Hb <10 g/dL or an If increase of Hb <1 g/dL  

dose/frequency 25% Review bibliography increase of in 1 month ↑ dose 25% 

in spite of increase Hb <1 g/dL in 1 month ↑ (wait at least 4 weeks for

Hb >1 g/dL/month dose 25% (wait at least 4 new increases)

weeks for new increases)

Reduction of dose If Hb 12-15g/dl ↓ Not specified If Hb is close to If increase of Hb >2.5 g/dL 

dose/frequency 25%. Review bibliography 12 g/dL or increases in 1 month ↓ dose 25%-50%. 

If Hb >15 g/dL stop ESF >1 g/dL in 2 weeks ↓ If Hb >13 g/dL stop ESF until 

or ↓ dose/frequency 50% dose 25%. If Hb continues Hb <13 g/dL and reintroduce

and monitor in 2 weeks to increase, interrupt until with a reduction of the 

it drops and reintroduce with dose by 25%

dose reduced by 25%

CCF indicates congestive cardiac failure; ESF, erythropoietin-stimulating factors; Hb, haemoglobin; ↑, increase; ↓, decrease.

Table 2. Normalised work procedure for patients with chronic renal disease in haemodialysis treated with erythropoiesis-stimulating factors

Target Hb: 10.5-12.5 g/dL

Safety limit: Hb ≤12.5 g/dL

Type of ESF and initial dose Erythropoetin-b: 50-100 UI/kg/week, 3 times/week

Darbepoetin-a: 0.45 µg/kg, once per week

Response (Hb) and evaluation time Situation 1 Situation 2 Situation 3 Situation 4

Increase of Hb >1 g/dL Increase of Increase of Hb >13.0 g/dL

in 4-8 weeks and/or Hb >1 and <2 g/dL Hb >2 g/dL in 4-8 weeks

Hb <10.5 g/dL in 4-8 weeks and/or and/or Hb >12.5-13 g/dL

Hb = 10.5-12.5 g/dL

Dosage parameters Recommendation

1. Dose ↑ 25% → ↓ 25%-50% Stop until Hb <12.5 g/dL

Later → or ↓ 25%-50%

2. Interval → → → If various Hb >12.5 g/dL Suspend until Hb <12.5 g/dL;

↑ the interval later ↑
3. Monitoring frequency for Hb Every 4 weeks Every 4 weeks Every 4 weeks 2 weeks after stopping 

treatment

Other monitored parameters: hematocrit, ferritin, index of saturation of transferrin

ESF indicates erythropoiesis-stimulating factors; Hb, haemoglobin;  →, maintain; ↑, increase; ↓, decrease.
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with the interdisciplinary team the decisions regarding the

personalisation of the treatment with ISF, depending on the

response obtained. The disbursement of ESF was done monthly,

after the individualised request per patient of the dialysis centre

to the pharmacy department.

The Hb values (g/dL) and the doses of ESF per patient were

the result variables collected monthly and analysed every 4 months

during periods A and B. These times were established based on

the recommendations give to evaluate the response in Hb values

after initiating or modifying the doses prescriptions with ESF.

The improvement of the pharmacotherapy quality with ESF

was evaluated using the following indicators: proportion of patients

with Hb values within the target range (10.5-12.5 g/dL), obtained

every 4 months during period A and B, and average percentage

of follow-up time where the patients presented stable Hb values

within this range in each period. The improvement of patient

safety was evaluated using the proportion of patients with Hb

values above the established safety limit (≥12.5 g/dL), obtained

every 4 months during periods A and B, and the average percentage

of follow-up time where the patients presented stable Hb values

over said limit in each period.

The statistical treatment was realised using the SPSS v.12.0

computer program. The Kolmogorov-Smirnov test was used on

all of the quantitative variables. The Hb values, the average weekly

doses of ESF per patient and the average percentage of follow-

up time with optimal Hb and above the safety limit were compared

between the 2 groups using the analysis of averages, with the

Student t test. The difference in the proportion of patients within

the target Hb range and above the safety limit, the absolute risk

reduction (ARR) of presenting Hb values above the recommended

safety limit and the relative risk (RR), with their respective 95%

confidence intervals (CI), between the final result (measured in

the 20th month of period B) and the initial (measured in the 1st

month of period A) were calculated. The number of needed patients

to be treated (NNT) was also calculated, as the inverse of the

ARR and its 95% CI. The signification level was established at

P<.05. 

RESULTS

The number of patients evaluated in period A was 59 and in period

B, 52; the reasons for the loss of patients between both periods

were: death (4 patients; 6.8%), kidney transplant (2; 3.4%), or

transfer to other dialysis centres (1; 1.7%). The characteristics of

the population of patients studied are presented in Table 3, following

a distribution of the studied variables, demographic as well as

clinical, similar to other studies.

Average Hb levels of the patients in period A was 12.4 

(1.5 g/dL) (95% CI, 12.3-12.5) and in period B it was 11.6 

(1.4 g/dL) (95% CI, 11.5-11.7) (P<.01). In Figure 1 the evolutions

of the proportion of patients with Hb values in the optimal target

range is shown as well as those above the safety limit, analysed

every 4 months in periods A and B.

To evaluate the results of the programme, the proportions were

first compared of patients with Hb values in the target range and

above the safety limit obtained in month 1 of period A and month

20 of period B, that are shown in Table 4 as initial and final results,

respectively. As observed, before the programme, 28.8% of the

patients had Hb values within the target range, and this proportion

significantly increased up to 65.4% with the interdisciplinary

programme (RR=2.27; 95% CI, 1.56-3.30). At the same time, the

proportion of patients with Hb values over the safety limit was

initially 57.6% and it was significantly reduced to 19.2%.

Next, the indicators of average time were obtained, measured

in percentages compared to the total of months of follow-up, that

the patients presented stable Hb values within the target range

and above the safety limit, respectively. Indeed, in Table 4, it is

evident that before the programme the patients presented an

average of 41.0% of the time with Hb values in the target range

and 52.1% with values above the recommended safety limit. This

situation was modified with the programme, increasing the time

with Hb values in the target range to 56.7% and reducing the time

with Hb values that could affect the safety of patients to 23.3%.
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Table 3. Characteristics of the population of patients studied (n=59)

Variables

Sex (% males/% females) 58.8/41.2

Age, ya 67.1 (13.1) (64.3-69.9)

Weight, kga 66.7 (15.7) (63.3-70.1)

Plasma creatine, mg/dLa 9.1 (2.6) (8.5-9.7)

Ferritin, ng/mLa 512.8 (415.6) (420.3-605.2)

Transferrin saturation, %a 23.6 (12.8) (20.1-27.2)

Transferrin, mg/dLa 180.4 (48.1) (169.6-191.1)

Aetiology of CRD, %

High blood pressure 12 (20.3)

Diabetic nephropathy 14 (23.7)

Glomerulonephritis 5 (8.5)

Pyelonephritis 5 (8.5)

Interstitial nephritis 4 (6.8)

Polycystic kidneys 4 (6.8)

Unknown 15 (25.4)

Comorbidities, %

High blood pressure 42 (71.2)

Ischemic cardiopathy, thromboembolism 30 (50.8)

Diabetes mellitus 25 (42.4)

Dyslipidemia 14 (23.7)

COPD, asthma 16 (27.1)

Time in haemodialysis, ya 5.1 (4.0) (4.2-6.1)

COPD indicates chronic obstructive pulmonary disease; CRD, chronic renal disease.
aAverage (standard deviation) (95% confidence interval).
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In Figure 2 the evolution of the average weekly dose of ESF

is shown in periods A and B, for erythropoietin-β (above) and

darbepoetin-α (below). The difference in doses between both

periods is illustrated in Table 5. 

DISCUSSION

The potential complications of renal anaemia in patients with

CRD and the variability observed in their treatment reveal the

opportunities to improve pharmacotherapy with ESF and the

safety of these patients. The results obtained with this study

demonstrate how using an interdisciplinary follow-up programme

that confirms and adapts the recommendations of scientific societies

and regulating agencies to the healthcare environment, the general

guidelines are established for the individualisation of treatment

with ESF, in order to obtain maximum benefits and reduce risks

for patients with CRD in haemodialysis.

However, there is still a good amount of controversy regarding

the optimal target range Hb values and, especially, the maximum
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Figure 1. Evolution of the proportion of patients with haemoglobin (Hb) values within the optimal target range (10.5–12.5 g/dL) and above the safety

limit (12.5 g/dL) in periods A and B.
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Table 4. Comparison of the quality indicators of the pharmacotherapy and safety of patients with chronic renal disease treated 

with erythropoiesis-stimulating factors in periods A and B

Indicator Initial result Final Result Comparison

Proportion of patients (95% CI) 28.8 65.4 DP: 36.6% (95% CI, 22.0-51.1)

with Hb in the target range (10.5-12.5 g/dl)a (16.8-40.4) (52.4-78.4) RR: 2.27 (95% CI, 1.56-3.30)

Proportion of patients (95% CI) 57.6 19.2 DP: 38.4% (95% CI, 24.5-52.3)

with Hb above the safety limit (≥12.5 g/dL)a (45.0-70.2) (8.5-29.9) RR: 0.34 (95% CI, 0.20-0.55)

ARR: 0.39 (95% CI, 0.19-0.55)

Percentage of average time (SD) 41.0 (22.7) 56.7 (23.3) DA: 15.7% (95% CI, 7.1-24.4)

and (95% CI) of follow-up with Hb (33.6-48.5) (49.1-64.4)

in the target range (10.5-12.5 g/dL)b

Percentage of average time (SD) 52.1 (24.6) 23.3 (23.4) DA: –26.9% (95% CI, –35.1 to –18.6)

and (95% CI) of follow-up with Hb (44.1-60.0) (15.6-31.0)

above safety limit (≥12.5 g/dL)b

ARR indicates absolute risk reduction; CI, confidence interval; DA, difference of averages; DP, difference of proportions; Hb, haemoglobin; RR, relative risk; SD, standard deviation.
aThe initial result corresponds to the first month of period A and the 20th month of period B.
bThe initial result corresponds to the entire period A (13 months) and the B result to the entire period B (20 months).
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safety limit that should not be surpassed. After the analysis of the

available scientific evidence and the safety alerts issued by the

medication regulating agencies, the interdisciplinary group agreed

to establish the target Hb value range between 10.5-12.5 g/dL

and the safety limit at 12.5 g/dL. Although the recommendations

of the most representative scientific societies establish the target

Hb range between 11.0-12.0 g/dL, this interval is considered to

be excessively narrow given the intra-individual variability of Hb

in these patients, which would have required a greater number of

possibly unjustified dose changes from the clinical perspective.

At the same time, considering the recommendation of the K-

DOQI guides to not surpass 13 g/dL and the alerts issued by the

FDA and the EMEA, that establish that the HB values should not

surpass 12 g/dL, the PNT proposed considered the safety limit

to be 12.5 g/dL.

The improvement in pharmacotherapy quality with ESF and

patient safety has been evaluated using 2 types of indicators 

(Table 4): those that provide a specific measurement taken every

4 months during periods A and B—proportion of patients with

Hb values within the target range and above the safety limit—

and those that consider the entire follow-up period of the patients—

average time (%) of follow-up where patients presented stable

Hb values within the target range and outside of the safety limit

during all of periods A and B—. Therefore, this last indicator

take into account not only the isolated Hb values but also their

intra-individual variability and, thus, the percentage of time that

the patients presented Hb values within the effective and safe

ranges, which may have a greater impact on the associated risks,

for therapeutic failure as well as for the toxicity of the ESF. With

both types of indicators, an improvement in pharmacotherapy

and patient safety were confirmed for patients treated with ESF.

Indeed, as observed in Figure 1, before the programme, between

28.8% and 52.4% of the patients presented Hb values in the target

range, while after the implementation of the programme, these

proportions were increased to values between 43.4% and 65.4%:

for the safety limit, before the programme, 34.9% to 57.6% of

the patients had higher Hb values and afterwards, this proportion

was reduced to values between 19.2% and 34.0%. The differences

obtained in these proportions oscillated according to the months

in question, but the tendencies remained stable confirming (Table 4)

the fact that the percentage of patients that reached Hb values in

the target range were almost doubled, and the average percentage

of time within this range increased 15.7% (95% CI, 7.1-24.4).

On the other hand, the impact of the programme on the

improvement of patient safety was greater, as an RAR was obtained

that presented Hb values above the recommended limit of 0.39

(95% CI, 0.19-0.55). In this regard, the number of patients to be

included in the programme to avoid one presenting Hb values

that could potentially affect their safety was between 2 and 3

(NNT=2.6; 95% CI, –35.1 to –18.6) in the average time that the

patients presented Hb values above the safety limit potentially

associated with the risk of cardiovascular morbidity.

As a secondary variable, the difference in the ESF doses used

by patients in periods A and B was also compared, and it was
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Figure 2. Evolution of the average weekly dose of erythropoietin-β (EPO)

(A) and darbepoetin-α (darbe) (B) during periods A and B. CI indicates

confidence interval.

Period A (n=24) Period B (n=20)

EPO (95% CI sup.)

EPO (95% CI of inf.)

EPO (IU/week average)

Period A (n=35) Period B (n=32)

Darbe (95% CI sup.)

Darbe (95% CI inf.)

Darbe average (µg/week)
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confirmed that the improvement of the quality and safety indicators

of pharmacotherapy with ESF was accompanied by a reduction

of the average doses, of both erythropoietin-β (28.9%) (Table 5),

with a corresponding reduction in treatment costs. Although the

economic evaluation exceeds the objectives defined in this study,

the results obtained may act as a first step to establish a cost-

effective or cost-benefit relationship for interdisciplinary programs

to improve pharmacotherapy quality in these patients.

The effectiveness of the different algorithms proposed for the

treatment of renal anaemia to reach the objectives established in

clinical guides is difficult to evaluate, given the limited availability

of clinical results obtained with their use. Also, it is difficult to

compare them with other authors, fundamentally because of their

variability in the in the Hb target range and in the safety limit

established, as well as the successive changes that have been

produced in the last few years. A study with a similar focus,

obtained a significant increase of the percentage of patients with

optimal Hb values (Hb >11 g/dL) from the initial 42.2% to 60%

after 21 months of follow-up. Another recent study evaluates the

use of ESF during 9 months in 40 patients, obtaining 46% of the

patients with determinations of Hb within the target range (Hb:

11-13.5 g/dL for patients under 60 years of age and 11-12 g/dL

for patients over 60 years of age or patients with a history of

cardiovascular diseases). In observational studies, the wide variety

of how to handle renal anaemia has been revealed in patients in

haemodialysis, as the proportion of patients with Hb <11 g/dL is

found, according to different countries, among 23% to 77% and

the proportion of patients with Hb >11 g/dL varies between 19%

and 76%, and the data that is relevant to Spain are 31%-67%,

respectively, although without establishing a maximum limit for

the recommended Hb values. 

An important limitation to this study is the derivation of the

use of Hb values as a principal result variable, as a subrogated

indicator of cardiovascular risk, as well as for the potential benefits

of treatment with ESF. However, it is widely accepted that renal

anaemia is a morbidity risk factor—for each gram lower in the

Hb values, the risk increases for left ventricular hypertrophy

(6%), cardiac dilatation (46%), and death (14%)—and diverse

studies suggest that an increase in the risk of adverse

cardiovascular episodes, including death, with Hb values above

the limit yet to be permanently established, but could still be

located between 12.0 and 14.0 g/dL. The measurement of

cardiovascular episodes would have required a much larger

sample size and, above all, a much longer follow-up period,

which exceeds the possibilities of a healthcare programme to

improve pharmacotherapy quality. At the same time, diverse

studies and clinical guides recognise the potential benefits of

treatment with ESF in patients with CRD in terms of improving

the quality of life of these patients, to create a greater tolerance

to exercise and to avoid blood transfusions.

To conclude, the implementation of a programme to improve

pharmacotherapy quality with erythropoiesis-stimulating agents

in patients with CRD in haemodialysis significantly increases the

proportion of patients with haemoglobin levels within the

recommended ranges of effectiveness and safety. Also, this

improvement is obtained with a reduction in the average monthly

doses per patient, and, consequently, a lower treatment cost.

Fundamentally, the greatest benefit of the program is demonstrated

in the significant reduction of the risk of patients to present Hb

values above the recommended safety limits to prevent

cardiovascular morbidity and mortality. 

References

1. Astor BC, Muntner P, Levin A, Eustace JA, Coresh J. Association of
kidney function with anemia: the Third National Health and Nutrition
Examination Survey (1988-1994). Arch Intern Med. 2002;162:1401-8.

2. Frankenfield DL. Johnson CA. Management of anaemia in chronic kidney
disease patients. Hospital Pharmacy Europe. 2007;32:49-51.

3. Rao M, Pereira BJG. Optimal anemia management reduces cardiovascular
morbidity, mortality and costs in chronic kidney disease. Kidney Int.
2005;68:1432-8.

4. Portolés J, López-Gómez JM, Aljama P; en representación del MAR
Study Group. A prospective multicentre study of the role of anaemia as
a risk factor in haemodialysys patients: the MAR Study. Nephrol Dial
Transplant. 2007;22:500-7.

5. Rossert J, Froissart M. Role of anemia in progresión of chronic kidney
disease. Semin Nephrol. 2006;26:283-9.

6. National Kidney Foundation. KDOQI. Clinical Practice Guideline and
Clinical Practice Recommendations for Anemia in Chronic Kidney
Disease: 2007 Update of Hemoglobin Target. Am J Kidney Dis.
2007;50:471.

7. National Institute for Clinical Excellence (NICE). Anaemia management
in chronic kidney disease. National Clinical Guideline for management
in adults and children. 2006 [cited, Nov 27, 2007]. Available from:
http://www.nice.org.uk/nicemedia/pdf/Anaemia_Management_full_
guideline.pdf

8. Singh AK, Sczcech L, Tang KL, Barnhart H, Sapp S, Wolfson M, et al;
for the CHOIR Investigators. Correction of anemia with epoetin alfa in
chronic kidney disease. N Engl J Med. 2006;355:2085-98.

9. Drüeke TB, Locatelli F, Tsakiris D, Clyne N, Eckardt KU, Macdougall
IC, et al; for the CREATE investigators. Normalization of hemoglobin

Farm Hosp. 2008;32(6):315-22 321

Table 5. Difference of average weekly dose of erythropoiesis-stimulating factors in periods A and B

ESF Period A Period B Statistical significance

Erythropoetin-β, 15 215.0 (8832.1) 13 429.7 (10 420.7) P=.019

Dosea
IU/week (14 199.5-16 230.5) (12 384.1-14 475.3)

Darbepoetin-α, µg/week 44.7 (38.8) (44.9-48.5) 31.8 (21.9) (30.1-33.6) P=.001

ESF indicates erythropoiesis-stimulating factors.

*Average (standard deviation) (95% confidence interval).

*Media ± desviación estándar (intervalo de confianza del 95%).



de Diego Santos T et al. Pharmacotherapy quality and patient safety in haemodialysis patients treated with erythropoiesis-stimulating agents

level in patients with chronic kidney disease and anemia. N Engl J Med.
2006;355:2071-84.

10. Singh AK. The target hemoglobin in patients with chronic kidney disease.
Medscape Nephrology 2007 [cited, Jan 24, 2008]. Available from:
http://www.medscape.com/viewarticle/551086

11. Strippoli GFM, Tognoni G, Navaneethan SD, Nicolucci A, Craig JC.
Haemoglobin targets: we were wrong, time to move on. Lancet.
2007;369:346-50.

12. Phrommintikul A, Haas SJ, Elsik M, Krum H. Mortality and target
haemoglobin concentration in anaemic patients with chronic disease
treated with erythropoietin: a meta-analysis. Lancet. 2007;369:381-8.

13. FDA alert on erythropoiesis stimulating agents [11/16/2006, Updated
2/16/2007 and 3/09/2007] [cited, Oct 20, 2007]. Available from:
http://www.fda.gov/cder/drug/InfoSheets /HCP/RHE2007HCP.pdf

14. EMEA Public Statement. Epoetins and the risk of tumour growth pro-
gression and thromboembolic events in cancer patients and cardiovascular
risks in patients with chronic kidney disease [cited, Oct 23, 2007]. Available
from: http://www.emea.europa.eu/pdfs/human /press/pus/ 49618807en.pdf

15. Pisoni RL, Braga-Gresham JL,Young EW, Akizawa T, Asano Y, Locatelli
F, et al. Anemia management and outcomes from 12 countries in the
Dialysis Outcomes and Practice Patterns Study (DOPPS). Am J Kidney
Dis. 2004;44:94-111.

16. Ficha Técnica de Neorecormon®. Roche Diagnostics GMBH [cited, Jul
16, 2007]. Available from: http://www.anemia.roche.es/fichatecnica.pdf

17. Ficha Técnica de Aranesp®. AMGEN [cited, Nov 05, 2007]. Available
from: http://emc.medicines.org.uk/emc/assets/c/html/displaydoc.asp?
documentid=4981

18. Lacson E, Ofsthun N, Lazarus M. Effect of Variability in Anemia
Management on Hemoglobin Outcomes in ESRD. Am J Kidney Dis.
2003;41:111-24.

19. Vanbelleghem H, Vanholder R, Levin NW, Becker G, Craig JC, Ito S, et
al. The kidney disease: improving global outcomes website: comparison

of guidelines as a tool for harmonization. Kidney Internacional. 2007;72
[cited, Jan 28, 2008]. Available from: http://www.medscape.com/view-
publication/21061_index

20. Locatelli F; on behalf of the European Best Practice Guidelines II Working
Group. Revised European best practice guidelines for the manage- ment
of anaemia in patients with chronic renal failure. Nephrol Dial Transplant.
2004;19 Suppl 2:S1-47.

21. Patterson P, Allon M. Prospective evaluation of an anemia treatment
algorithm in hemodialysis. Am J Kidney Dis. 1998;32:635-41.

22. Richardson D, Bartlett C, Will EJ. Intervention thresholds and ceilings
can determine the haemoglobin outcome distribution in a haemodialysis
population. Nephrol Dial Transplant. 2000;15:2007-13.

23. Chen M, Deng JH, Zhou FD, Wang M, Wang H. Improving the management
of anemia in hemodialysis patients by implementing the continuous quality
improvement program. Blood Purif. 2006;24:282-6.

24. García de Santiago B, Baldominos Utrilla G, Cañivano Petreñas L, Luque
Infantes R. Mejora continuada en la calidad del proceso de utilización
de los medicamentos Darbepoetina y Hierro IV en pacientes dializados.
Atención Farmacéutica. 2007;9:216-25.

25. Ma JZ, Ebben J, Xia H, Collins AJ. Hematocrit level and associated
mortality in hemodialysis patientes. J Am Soc Nephrol. 1999;10:610-9.

26. Volkova N, Arab L. Evidence-based systematic literature review of
haemoglobin/hematocrit and all-cause mortality in dialysis patients. Am
J Kidney Dis. 2006;47:24-36.

27. Wu AW, Fink NE, Cagney KA, Bass EB, Rubin HR, Meyer KB, et al.
Developing a health-related quality-of-measure for endstage renal disease:
The CHOICE Health Experience Questionnaire. Am J Kidney Dis.
2001;37;11-21.

28. Martín F, Reig A, Sarró F, Ferrer R,Arenas D, González F, et al. Evaluación
de la calidad de vida en pacientes de una unidad de hemodiálisis con el
cuestionario Kidney Disease Quality of Life- Short Form (KDQOL-SF).
DYT. 2004;25:79-92.

322 Farm Hosp. 2008;32(6):315-22


