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ABSTRACT

Introduction: The kidney is the main site for the synthesis of Erythropoietin, which represents the circulating
hormone responsible for stimulatory effect on bone marrow for the erythropoiesis. In case of chronic kidney
disease (CKD), Erythropoietin deficiency is the main cause of anemia. Erythropoietin synthesis by DNA
technology results in revolution in the management strategies of anemia in CKD. This study aimed to evaluate the
effect of different doses (different serum concentration) of erythropoietin on anemia treatment outcome in different
stages of renal disease. Material and methods: this prospective study was conducted on 245 patients categorized
into three groups according to their stage of renal disease. Serum concentration of Erythropoietin, HGB,
Transferrin, Ferritine, RBC, and hsCRP were measured using spectrophotometric and immunochemical
procedures. Results: There was a significant reduction in hematocrit, HGB in patients with advanced stage kidney
disease in comparison to early stage p=0.00567, p=0.00533. Transferrin was significantly less in stage V in
comparison to early stage of renal disease p=0.00635. Ferritin was significantly higher in stage V comparing to that
of early stage of renal disease. Serum concentration of erythropoietin was directly correlated with hematocrit and
Hb in early stage of renal disease EPO R2 = 0.597 Hct, Rz = 0.674 HB, whereas, in patients with stage 5 renal
disease, erythropoietin is poorly correlated with hematocrit and Hb, EPO R2 = 0.05353 Hct R? =0.064 HGB.
Conclusion: Advanced renal failure is associated with lack of erythropoietin and consequently result in severe
anemia. The stimulatory effect on bone marrow by erythropoietin is reduced with progression of renal disease.
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INTRODUCTION Erythropoietin has non hematopoietic effects including
vasoconstriction, angiogenesis and anti-apoptotic effects
that are reported by many clinical studies, although
others studies conclude no effect. Additionally,
Erythropoietin has been reported to have neuroprotecive
effects in diabetic patients.

Erythropoietin, also known as EPO, is a glycoprotein
hormone directly connected to the production and
maintenance of red blood cells.™

Kidney’s fibroblasts and hepatic perisinusoidal cells
synthesize erythropoietin in response to cellular hypoxia;
it stimulates the bone marrow for red blood cells
production through the process of erythropoiesis.!”! For
normal red blood cells turnover, average plasma
concentration 10 mU/ml of erythropoietin are constantly
secreted.”!  Pathological condition causing cellular
hypoxia, such as anemia and respiratory disease,
resulting in higher level of erythropoietin in plasma up to
10 000 mU/ml.*

Erythropoietin-stimulating agents is produced by
recombinant DNA technology in cell culture and present
in two pharmaceutical products, erythropoietin alpha and
erythropoietin beta.["! These products are indicated for
patients with chronic renal disease for treatment of
anemia,  myelodysplasia  with  sever  anemia,
chemotherapy induced anemia and Crohn’s disease.!
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MATERIAL AND METHODS

This survey was conducted on 245 patients categorized
into three groups according to their stage of renal
disease. Depending on the GFR, third stage renal
insufficiency was 94 patients with GFR between 30-59
ml/min/1.73 m?, fourth stage renal insufficiency was 83
patients with GFR of 15-29 ml/min/1.73 m? and 68
patients were at end stage renal disease with less than 15
ml/min/1.73 m.2% The age groups for the subjects were:
stage Il was 36.96 + 8.82, stage IV was 35.66 + 9.16,
and stage V was 34.71 £ 7.92.

GFR for patients were measured by using age, gender
and serum creatinine according to the Cockcroft-Gault
equation-estimated CCr. Serum concentration  of
Erythropoietin is  measured by  enzymatic-
chemiluminescent  immunometric  method, HGB,
Transferrin, Ferritine, RBC, and hsCRP were measured
using  spectrophotometric  and  immunochemical
procedures.

Statistical Analyses

Study’s data are expressed by means = SD. Changes
between parameters of different stages of renal failure
were assessed by two-way ANOVA. All tests for
significance and resulting P values were two sided, with
a level of significance of 0.05. All data analyses were
performed with an IBM SPSS version 22.

RESULTS

The characteristics of 245 patients who met the study
criteria are shown in table 1. The hematocrit and RBC
count were significantly decreased in patients starting
creatinine clearance < 29ml/min/1.73 m? (stage V) (p
=0.00567 and 0.00321). Anemia is significantly observed
in advanced renal disease (stage V) and it is directly
related to the decline of creatinine clearance in advanced
renal failure as observed by HGB (p =0.00533).
Transferrin level was significantly less in patients at
stage V in comparison to those at stage 11l and stage 1V
(p =0.00635). Ferritin was higher in patients with end
stage renal disease in comparison to the earlier stage (p =
0.02085). The values of hsCRP were significantly
increased with progression of renal disease (p =0.00032),
whereas, there are no significant increment in early stage
of disease.

There were good correlations between plasma
concentrations of EPO with HCT and HGB at early stage
of renal disease (EPO R2 = 0.597 Hct, R2 = 0.674 HGB)
(figure 1 and 2), whereas, in patients with stage V renal
disease, erythropoietin is poorly correlated with
hematocrit and Hb, (EPO R2 = 0.064 HGB, R2=0.05353
Hct) (figure 3 and 4).

Table 1: Change in the measured parameters according to the categorized creatinine clearance.

Parameter Stage 111 Stage IV Stage V P value
Hematocrit 37.585% + 5.746 34.386% + 6.473 24.954% + 7.673 0.00567
HGB 10.885 £ 1.992 9.786 £ 1.321 9.060 + 1.016 0.00533
Transferrin 17.906 + 14.375 2.385+ 0.095 2.089 + 0.593 0.00635
Ferritin 244.883+ 138.914 283.862 +337.343 465.315+ 282.712 0.02085
RBC 4.164 + 0.689 4.103 + 0.564 3.453 £ 0.456 0.00321
hsCRP 3.874 +£1.832 3.395 £ 2.045 32.069 + 31.405 0.00032
Hematocrit ad- hoc: stage 11l and V, stage IV and V.
HGB ad- hoc: stage 1l and V.
Transferrin ad- hoc: stage Il and 1V, stage Il and V.
Ferritin ad- hoc: stage Il and V.
RBC ad- hoc: stage 11l and V, stage IV and V.
hsCRP ad- hoc: stage 11l and V, stage IV and V.
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Figure 1: Correlation between EPO plasma concentration and HGB in stage 111 renal impairment
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Figure 2: Correlation between EPO plasma concentration and Hct % in stage 11 renal impairment.
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Figure 3: Correlation between EPO plasma concentration and HGB in stage V renal impairment.
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Figure 4: Correlation between EPO plasma concentration and Hct % in stage V renal impairment.

DISCUSSION

Anemia is the most frequent complication of renal
disease and it progressed during the advanced stage of
chronic renal impairment. The pathophysiology of
anemia is complex and may be associated with many
factors such as iron deficiency, but the main etiology is
the erythropoietin deficiency. Anemia in chronic kidney
diseases was associated with fatigue and shortness of
breathing.

Effective erythropoiesis is dependent on the availability
of adequate iron and erythropoietin. In kidney disease,
iron is deficit due to the reduction in gastrointestinal
absorption and reduced releasing of stored in the body.[”

In this study we aimed to evaluate the effect of
erythropoietin in advanced chronic renal disease and its
effect on treating anemia.

Our study indicate that anemia is progressed in
association with the advanced renal disease as illustrated
by significant reduction in hematocrit, RBC count, HGB,
Ferritin and Transferrin in relation to reduction in
creatinine clearance as indicator for renal impairment
staging. Additionally, hsCRP, the predictor of
cardiovascular disease and other associated oxidative
stress resulting consequences, was increased with
advanced renal impairment. The efficacy of
erythropoietin was decreased with progression of renal
disease as confirmed by poor correlation between the
concentration of EPO with HGB and Hct in patients with
end stage renal disease as comparison to the earlier stage.
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The study of Akbar et al in 2013 that compare 96
patients with acute and 36 patient with chronic renal
failure concluded that Hct, HGB, and RBC count was
significantly less with advanced renal disease.”!
Additionally, Anwar et al study in 2017 showed that the
RBC count, hemoglobin levels and platelets counts are
significantly reduced in the patients of chronic renal
failure.” The same result confirmed by Cindy et al in
2018, the RBC indices, including RBC count,
haematocrit and haemoglobin levels were consistently
lower in CKD participants compared with the group with
normal kidney function (all p<0.0001)."% These studies
were compatible with our study results of lower level of
Hct, HGB, and RBC in late stage renal impairment
comparing to the earlier stage.

Ferritin is a good measure of body iron status. The study
of Przybyszewska et al in 2013 described that in chronic
renal failure, serum ferritin level is usually increased as a
result of retention of iron by the reticulo-endothelial cells
and overproduction as a result of inflammatory response.
In their study, 5 fold increasing in ferritin was seen in
patients with end stage renal disease. This compatible
with our study results of higher level in stage V
comparing to stage I11.

Transferrin with Ferritin can be used together for
determination of iron status in patients with different
disease. Low Transferrin may indicate either iron
deficiency or excessive erythropoiesis.*) Most studies
have revealed that serum ferritin is very well related with
iron stores in the bone marrow is the best surrogate of
iron status in healthy individuals.*? However, ferritin is
an acute phase reactant increasing in states of chronic
inflammation (such as dialysis), malignancy, or systemic
disease, and ferritin levels alone may not reflect iron
stores available for haematopoiesis.™**

Other study suggest that Transferrin could be a good
clinical tool to reveal the underlying cause of anemia in
early stages in CKD, this study confirm that Transferrin
level is low in CKD but it is high in iron deficiency . In
our study, the low level of Transferrin was associated
with advanced renal disease confirm that.

Although some studies suggest that IL6 may be more
predictor than hsCRP for cardiovascular and oxidative
stress associated disease secondary to the CKD™, other
studies confirm the productivity of hsCRP as predictor
for cardiovascular disease in CKD.!"® The role of hsCRP
was very informative in our study about the progression
of the renal disease and it is significantly lower in the
end stage of disease.

The efficacy of erythropoietin in treating anemia in end
stage renal disease was less than in early stage as
illustrated by the review of Cody et al 2001.™1 However,
other study indicates that the efficacy of erythropoietin
was variable and depending on the underlying cause of
the anemia.!*®!

In our study, the efficacy of erythropoietin was
significantly less in patients with end stage renal
impairment as confirmed by poor correlation between
plasma concentration of EPO with HGB and Hct. This
required further investigation to determine the possibility
of other associated factors for loss of EPO activity.

CONCLUSION

The progression of chronic renal failure is associated
with severe anemia and in the early stage of disease;
EPO is more effective than advanced late stage of renal
failure.
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