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ABSTRACT

Incidencies of heart and renal failure (HF, RF) together, are increasing in our country and all over the
world, so a great attention has been dedicated to this problem recently. These diseases together have
shown bad results because of the process of accelerated arteriosclerosis, structural changes of myocardi-
um, oxidative stress, inflammation, increased activities of symphathetic nervous system (SNS), increased
activities of a renin-angiotensin-aldosteron system (RAAS) (1). These factors are crucial in the devel-
opment of patho-physiological process and consequential development of anemia, that together with
heart and renal failure through interaction, cause serious disorder that we call the cardio-renal anemia
syndrome (2). We examined effects of erythropoietin (Epoetinum beta) at 90 (60 men and 30 women)
predialysed and dialysed patients with HF signs during a period of three years in individual dozes of
2000-6000 units subcutaneus (sc) weekly. Using computer S PLUS and SAS multiple variant analysis we
have got correlations by Pearson. Epoetinum beta significantly develops anemia parameters: number of
erythrocytes (r=0,51779; p<0,0001), hemoglobin (r=0,38811; p<0,0002), MCV (r=0,59876; p<0,0001) at
patients with HFE. Positive effects are seen at NYHA class (r=0,59906; p<0,0001), on quality of life be-
fore and after prescribing medicine. Parameters of renal functions are improving: more urea (r =0,45557;
p<0,0001) than creatinine (r=0,26397; p<0,00119) and potassium values K*) are not changed significantly
(r=0,02060; p<0,8471). Epoetinum beta has been useful in treatment of predialysed and dialysed patients

with HF and anemia by improving functional ability of myocardium and quality of life.
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INTRODUCTION

Erythropoietin (EPO) is represented as a hormone that is synthesized in the peritubular inter-
stice of renal and it is main regulator of erythropoiesis. It is connected with specific receptors
at the surface of hematopoietic cells, proerythroblast and it affects maturing of erythrocytes
and hemoglobin synthesis. Erythropoietin production is regulated by negative reversed pow-
er through oxygen concentration in the blood. As a response on hypoxia, kidneys produce
a large quantity of Erythropoietin and in that way contribute to increasing of the number
of erythrocytes, and by that improve supplying oxygen to the tissue. Erythropoietin repre-
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sents protein of molecular weight of 30400 daltons and
made of 165 amino acids divided into three connected
chains (3). In 1983 Amgen Laboratories and Fu-Kuen
Lin cloned a gene for Erythropoietin, and 10 years later,
in 1993, recombinant human Erythropoietin (Rh-EPO)
was synthesized and has been used in human medicine.
Erythropoietin has non-erythropoietic eftects that could
be seen in a protective role at vascular diseases, lower-
ing the zone of ischemia (for example at heart failure
and cerebral vascular failure) protection of apoptosis
through its antioxidant characteristics, and proangio-
genic potential with positive remodeling of myocar-
dium. Continuing researches of new medicines that
will have better clinical results, Amgen researchers
have developed a new type of Erythropoietin called
Darboepoetin Alfa (ARANESP) which has a higher
potential and its activities lasts longer compared with
Rh-EPO and it is prescribed in intravenous (iv) or sub-
cutaneous (sc) dozes of 0,45 micrograms/kg weekly (3).
Cardio-renal anemia syndrome was introduced in clini-
cal practice by Silverberg with associates after he pub-
lished the results of his study 2002 (2). He applied Eryth-
ropoietin in treatment of anemic patients with heart and
renal failure with intravenous Ferum (Fe2+) and man-
aged to improve hemoglobin from 10,2 1 to 12,1+1,2
during 7,2+5,5 months and improving of EFLV, improv-
ing NYHA class and decrease of need for diuretics and
hospitalizations. Anemia is often found in patients with
chronic renal failure. By definition of WHO, anemia is
characterized by decrease of hemoglobin (Hb)<12gr/dcl
(or 7,5 mmol/L) at women, and <13gr/dl (or 8,1 mmol/
L) for men and women in postmenopausal phase. Ane-
mia is seen at 80% patients whose creatinine clearance
is <2sml/min. Every decrease of hemoglobin for 1gr/dcl
in chronic renal failure(CRF) causes dilatation of a left
ventricle (LV) and creation or relapse of chronic heart
failure (CHF). In the same time mortality is increased.
Chronic anemia with increase of volume cause dilata-
tion of heart cavity causing spreading of sarcomere and
stronger myocardium contraction because of better
folding of myofilament (Starling’s law). Because of in-
crease of the volume LV walls become thicker and ec-
centric LV hypertrophy appears. Anemia, hypertension
and diabetes mellitus are main independent predictors
of hypertrophy LV in CRF (4). The main patho-physi-
ological mechanisms of anemia creation are decreased
secretions of Erythropoietin in peritubular renal areas,
negative effect of uremia toxins, appearance of hyper-
paratyreosis, increased blood loss through hemodialy-
sis, appearance of hyperspleenism as a blood depot and
places of fast wreck of erythrocytes, and toxic effects of
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FIGURE 1. Cardio-renal anemia syndrome (2)

FIGURE 2. Molecular view of Erythropoietin (3)

aluminum that are applied in therapy at CRF patients
(4, 5). On the other hand CHF development at ane-
mic patients is followed by other patho-physiological
mechanisms that are connected with tachycardia with
increased heart volume and decrease of minute heart
volume, venoconstriction, artery dilatation, dilatation
and hypertrophic remodeling of LV. Apart from these
mechanisms anemia creation in CHF is also influenced
by medicines that are used frequently: aspirin, that ad-
ditionally removes Ferum; ACE inhibitors that in CRF
change renal production of erythropoietin; beta-block-
ers that slow transmission of prorenin into renin; an-
ticoagulants and anti-aggregates that are frequently
applied in CHF therapy and contribute anemia develop-
ment by micro-bleedings into urinary and gastro tract
(6, 7). In cardio-renal anemia syndrome due to signs
of chronic inflammation with malnutrition, increased
secretion of cytokinin, of substances similar to tumor
necrotized factor alpha and tumor necrotized factor
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FIGURE 3. Distribution of patients (m-male; z-female)
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FIGURE 4. The effect of Epoetinum beta on the number of
Erythrocytes r=0,51779, p< 0,0001;

alpha (TNF-«) that significantly inhibit hematopoiesis,
cause anemia and play important role at CHF (4, 6, 8)

MATERIALS AND METHODS

Effects of recombined Erythropoietin (rh-EPO) Epoeti-
num beta that has been given to pre-dialyzed and dialyzed
patients have been examined. Dosage of Erythropoietin
(rh-EPO) Epoetinum beta was from 2000 to 6000 L.U.
sc 1-3 times a week depending of values of hemoglobin
(Hb) (5). Patients are observed during three years (2002-
2005). In this study 9o patients were included: 60 men
and 30 women from 12 municipalities of Hercegovina
that belong to Clinical Hospital Mostar. Most of the pa-
tients were from Mostar (32), Siroki Brijeg (17), Capljina
(11), Jablanica (8), Ljubuski (6), Grude (), Citluk (3), Us-
koplje (2), Stolac (2), Posusje (2), Rama (1) and Neum(1).
All the patients had signs of chronic renal failure (CRF)
from I-1V, signs of chronic heart failure (CHF) I-IV
NYHA classification and anemia signs by WHO criteria.
In analysis of Erythropoietin effects (rh-EPO) Epoeti-
num beta, anemia parameters have been observed, renal
and heart failure before and after therapy during three
years. From anemia parameters number of erythrocytes/
L has been observed, hemoglobin gr/L, MCV; from re-
nal function parameters we observed: urea/s, creati-
nine/s, glucose (GUK) and potassium/s (K*); from pa-
rameters of heart failure we followed functional class by
NYHA classification. Statistical elaboration was done by
using the S PLUS computer program for multi-variant
data analysis and results are shown by table and graph-
ics with correlation coefhicient by Pearson and classical
statistic method, arithmetic middle with minimal and
maximal values and standard deviation (SD) (8, 9, 10).
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FIGURE 5. The effect of Epoetinum beta on values
Hemoglobin r=0,38811, p< 0,0002;

RESULTS

From 9o patients (predialysed and those on hemo-
dialysis) aged 16-80, arithmetic average of 56 years
of age, standard deviation (SD) 15 years, had chron-
ic renal and heart failure with emphasized anemia.
The average number of erythrocytes was 3,07 x 10'2/L at
the beginning of the treatment with SD 0,55 and with
range of 2,01-4,5 x 10*2L.. Control measurement after ob-
served period on an average was 3,36 x10'?/L with SD
from 0,60 and range of 2,3-4,9 x 10'*/L. An average he-
moglobin value (Hb) before start of the treatment was
87,41 gr/L with SD 15,07 gr/L and range from 54-133
gr/L; and after observatory period of three years an aver-
age value of hemoglobin (Hb) was 101,36 gr/L with SD
19,16 gr/L and range of 66-151 gr/L. An average value of
MCYV before the treatment was 88,67 ok/L with SD 6,04
and range of 66,4-100 and after the period of monitor-

BOSNIAN JOURNAL OF BASIC MEDICAL SCIENCES 2006; 6 (4): 36-41



EMIR FAZLIBEGOVIC ET AL ERYTHROPOIETIN IN CARDIORENAL ANEMIA SYNDROME

5 racdn :Geamnl piod belwian 5 and o

PR Ey

Vel

[ T ] 0 100 110
MCY afler therap

FIGURE 6. The effect of Epoetinum beta in MCV' 1=
0,59876, p<0,0001;
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FIGURE9. The effect of Epoetinum beta in Creatinine
1=0,26397, p<0,00119;
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FIGURE 7. The effect of Epoetinum beta in Glucose/s
1=045557, p<0,0001;
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FIGURE 10. The eEffect of Epoetinum beta in K+
r=0,02060, p<0,8471;
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FIGURE 8. The effect of Epoetinum beta in urea r=0,45557,
p<0,0001;
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FIGURE 11. The effect of Epoetinum beta in NYHA classes
1=0,59906,p<0,0001

ing an average value was 89,47; SD 6,75 with range of
67,1-104,5. An average value of urea/serum before the
treatment was 23,76 mmol/L with SD 5,14 and range
of 13,7-36,2, and after the treatment an average value
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of urea was 23,01 mmol/L with SD 5,85 and range of
12,4-44,1. An average creatinum/serum value before the
treatment was 924,89 pmol/L with SD 112,08 pmol/L
and range of 362-1.123 pmol/L and after the treatment
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FIGURE 12. The effect of Epoetinum beta in changes of NYCHA classes
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an average value of creatinum was 743,17 umol/L, SD
was 189,71 mol/L with range of 357-1.350 pmol/L. An
average potassium (K+) value before the treatment was
5,39 mmol/L with SD 1,02 mmol/L and the range of 4,1-
6,3mmol/ L ; an average K+ value after the treatment
was 5,43 mmol/L, SD was 1,02 mmol/L with the range
of 2,5-7,4 mmol/L. An average NYHA class before the
treatment was Il and with range of I-1V; and after the
treatment an average NYHA class was I with the range
of I-II. By using multi-variant data analysis and statisti-
cal program S PLUS we have got correlation coefficients
by Pearson that for the effect of Epoetinum beta on the
number of erythrocytes was r=0,51779; p<0,0001; We
also stress that four of our patients in observed period
had significant bleeding and one patient had developed
inflammation; on MCV' r=0,59876, p<0,0001; the func-
tional ability of myocardium by NYHA classification
r=0,59906, p<0,0001. The results were shown graphically.

DISCUSSION

The renal anemia at dialysed patients: Wizemann and
associates (7) examined patients with CHD and con-
cluded that Erythropoietin decrease ischemia caused by
loading, and correction of the anemia decrease minute
and heart volume and consuming of oxygen. That was
confirmed by our patients too. Besarab and associates (7,
11) found normal hematocrits at 42% (618 patients) from
which 183 ended terminally, 19 got nonfatal heart failure
at study taken on 1233 patients with evident angina pec-
toris and CHF signs at dialysed patients with CRF during
29 months observation. At 30% of the patients (615) with
low hematocrits 150 ended terminally, 14 got nonfatal
heart failure. They have stressed that mortality decrease
with increase of hematocrits in both groups of patients.
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In our population we did not find any fatal results during
the observation period. The Australia study (11) found
out that patients with high levels of hemoglobin show
significantly low dilatation LV, and incidence of hyper-
trophy LV was lowered at hemodialysed patients with
CRF who was given rh-EPO. Thoraco-cardial measure-
ments at our patients didn't show any significant differ-
ences in the observation period. Canadian multi-centric
study (7, 11) has shown that hemoglobin normalization
at patients with cardiomyopathy causes decrease of con-
centric hypertrophy LV and its dilatation. Hayashi and
associates (11) has examined effects of rh-EPO at predi-
alysed patients and have shown that increase of hemato-
crites for more than 30% decrease in LV hypertrophy. At
patients in the late CHF and CRF phase with hypertro-
phy or dilatation LV the effects of anemia correction are
weaker, and that is also shown in our study. The rh-EPO
treatment has good effect at preventing hypertrophy
LV. Patients with advanced dilatation LV have weaker
effect because of long term hypertrophy development
and dilatation LV with structural abnormalities, and
also weaker effects of rh-EPO. Al-Ahmad and associates
(12) have shown that rise of mortality and morbidity be-
cause of heart diseases at patients with anemia, which is
not the case in our study with our patients. Decrease of
renal function and anemia as a risk factor increase mor-
tality at patients with dysfunction LV. SOLVD study at
6635 patients has shown that based on the multi-variant
analysis of parameters of LV dysfunction on decrease of
renal function and loss of hematocrits are risk factors
for all causes of mortality. Loss of hematocrits for 1% to-
gether with increase of risk of 1.027 times for all causes
of mortality (5,10,11,12). McClellan and associates (13)
examined 665 patients with CHF and found out that he-
matocrits and creatinine are independently combined
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risk factors for mortality increase. Horwich and associ-
ates (14) examined anemia effect on mortality at 100 pa-
tients with CHF NYHA 1II-1V classification and found
out that anemia of the medium degree (Hb<12,3 gr/dcl
or 7,7 mmol/L) was observed with decrease of surviv-
ing and decline of the symptoms and functional status.
Ezocowitz and associates (15) have found out that ane-
mia is frequent in HF and combined with bad prognosis
for the whole population of 12.065 patients with newly
formed HF. Anemia is, at 17% of patients, independent
prognostic marker for mortality. Silverberg and associ-
ates (1) have examined the role rh-EPO and usage of
i.v Ferum (Fe2+) at CHF patients with LVEF< 40% and

CONCLUSION

with Hb from 10-11 gr/dcl (6,3-7,2 mmol/L). During 8,2
+ 6 months there was increase of hemoglobin 10,3-12,9
gr/dcl (6,4-8,1 mmol/L) and improving of NYHA class
at 42% of patients (11% had a decrease of NYHA class in
the controlled group) and EFLV has increased for 5,5% in
the treated group (it was decreased for 5,4% in the con-
trolled group). The number of hospitalizations decreased
for 79% which is in accordance with our observations.
Cristina Opasich with associates (16) has stressed the
need for establishing individual mechanisms of anemia
creation in CHF in order to make better and right thera-
py by ferum, folic acid, B12 vitamins and Erythropoietin.

Erythropoietin significantly improves anemia parameters (erythrocytes, hemoglobin, MCV) at patients with

HE. Positive effects were seen at renal function by decreasing urea more than creatinine. Epoetinum beta in

our study does not show any significant effect of potasssium (K*) values. The positive effects were seen on

the LV function and improving the quality of life, especially at patients on hemodialisys. The functional abil-

ity of myocardium is improved for one to two classes of NYHA classification. Further studies of non-hema-

topoetic effects of Epoetinum beta, its effect on decrease of ischemia level, size of heart or brain failure, ef-

fect at endothelium remodeling and proangiogenic effects can be interesting for further studies and researches.
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