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Abstract 

 
Introduction. Recent KDIGO anemia treatment guide-

lines encourage the use of iron in treating renal ane-

mia in chronic hemodialysis patients. However, a recent 

study by Rostoker, et al. has demonstrated, by using mag-

netic resonance imaging, hepatic iron overload in sig-

nificant proportion of chronic hemodialysis patients. 

The aim of our retrospective cross-sectional clinical study 

was to evaluate iron status, levels of iron and epoetin the-

rapy in chronic hemodialysis patients from our center.  

Methods. All patients treated by chronic hemodialysis in 

the Dialysis center for acute and complicated hemodialy-

sis at the University Medical Center in Ljubljana during 

the month of March 2013 were screened (N=181). Me-

dian age was 66 (inter-quartile range 57-80) years, 58.6% 

were male. The data for the study were obtained from 

the hospital's laboratory database. Iron and epoetin the-

rapy during that time were recorded from our dialysis charts.  

Results. A total of 174 adult chronic hemodialysis pa-

tients participated in this study. 150/174 (86.2 %) of the 

patients have been receiving epoetin therapy, all intrave-

nously, while a lower percentage (100 patients, 57,4%) 

have received intravenous iron therapy. Out of the pa-

tients being treated with epoetins, 36/150 (24%) have 

received darbabopetin, and the rest of them either epoetin-

alfa or epoetin-beta. Average laboratory results were: 

hemoglobin 11.7±1.1 g/dl, serum iron 10.1±3.9 µmol/l, fe-

rritin 681±440 µg/l, TIBC 40.2±5.8 µmol/l, TSAT 25.7 

±10.4% iPTH 341±314 ng/l, 78.7% of the patients used 

arteriovenous fistulas as vascular access, 52/174 (29.9%) 

had elevated CRP levels.  

Conclusions. Weekly iron and epoetin dose in our pa-

tients were not high. Average serum ferritin level was 

rather high. Caution on possible iron accumulation should 

be in focus of renal anemia treatment during the next period. 
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Introduction 

 

Anemia is a common complication among patients with 

chronic kidney disease (CKD). It is present in the vast 

majority of patients on dialysis, leading to considerable 

morbidity, mortality and reduced quality of life [1-10]. 

It reflects a combination of erythropoietin deficiency and 

iron deficiency, as well as bone marrow resistance to 

erythropoietin [11]. Diet restrictions, poor absorption 

of iron, frequent blood tests, or removal of iron and vita-

mins by hemodialysis also contribute to anemia in a chro-

nic dialysis patient.  

As defined by the Kidney Disease: Improving Global 

Outcome (KDIGO) anemia treatment guidelines, anemia 

is a hemoglobin (Hb) concentration <12 g/dl for women 

and <13 g/dl for men [3]. The European Best Practices 

(ERBP) Guidelines for the Management of Anemia in 

Patients with Chronic Renal Failure define anemia accor-

ding to age and sex. Anemia is defined as an Hb con-

centration of <12 g/dl in women, <13.5 g/dl in men ≤70 

years of age, and <13,2 g/dl (in men >70 years of age [1]. 

Iron deficiency was defined using the Kidney Disease 

Outcomes Quality Initiative (K/DOQI) guidelines criteria: 

ferritin level <100 ng/ml or the percentage of transferrin 

saturation (TSAT) <20% when ferritin is <800 ng/ml [2]. 

Erythropoiesis-stimulating agents (ESAs) are frequently 

used to treat anemia of chronic kidney disease in the 

dialysis setting. ERBP guidelines recommend to initiate 

ESA maintenance therapy when the Hb values are bet-

ween 9 and 10 g/dl. For patients, who are already re-

ceiving ESA therapy, the recommended Hb target va-

lue should be kept between 10 and 11.5 g/dl and should 

not be allowed to routinely fall below 10 g/dl. Indivi-

dualization of therapy is reasonable as in some low-

risk patients (i.e. in younger patients with very few 

comorbidities), those with ischaemic heart disease with 

worsening ischaemic symptoms associated with anae-

mia, or in those in whom a clear benefit on quality of 

life can be foreseen, ESA therapy may be started at 

higher Hb values but not exceeding 12.0 g/dl [1]. 
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Correction of iron deficiency with oral or intravenous 

iron supplementation can reduce the severity of anemia 

in patients with CKD and also improve the erythro-

poietic response to ESA treatment. Due to having a 

readily available vascular access, intravenous (IV) admi-

nistration of supplemental iron is preferred among he-

modialysis patients. Treatment with IV iron is reco-

mmended when transferrin saturation (TSAT) falls below 

30% and ferritin is <500 mg/l [1-3,8-10]. According to 

ERBP guidelines, in adult CKD patients on ESA thera-

py who are not receiving iron supplementation, a trial 

of IV iron should be initiated if an increase in Hb con-

centration or a decrease in ESA dose is desired and 

TSAT is below 30% and ferritin is <300 ng/ml. In he-

modialysis patients with higher serum ferritin levels a 

course of IV iron therapy can be considered in the 

presence of hyporesponsiveness to ESA or a risk/be-

nefit ratio going against ESA use [1]. 

The aim of our retrospective cross-sectional clinical study 

was to evaluate iron status, levels of iron and epoetin the-

rapy in chronic hemodialysis patients treated in our center.  

 

Materials and methods 
 

For this retrospective cross-sectional clinical study we 

have used the laboratory database of the University 

Medical Center Ljubljana, Dialysis center for acute and 

complicated hemodialysis, for the three month period 

between January and March 2013. During that time 

181 chronic hemodialysis patients were treated at our 

center, 174 of whom were included in this study. Se-

ven patients were not recruited because they were either 

absent from our center or have passed away during 

the observation period. Patients' dialysis charts were 

retrospectively examined to obtain data regarding the 

iron and epoetin therapy in the observed time period. 

The study population consisted of 102 men and 72 wo-

men, with median age of 66 (inter-quartile range 57-80) 

years. The patients' complete blood count (CBC), serum 

iron, ferritin, C-reactive protein (CRP) levels, albumin 

levels (Alb), total iron binding capacity (TIBC) and TSAT 

were monitored on a monthly basis, prior to the first 

mid-week hemodialysis session of the second half-

month. Intact parathyroid hormone (iPTH) levels were 

monitored on a 3-month basis.  

In accordance with European Best Practice and KDIGO 

guidelines [1,3], anemia treatment in our hemodialysis 

center comprised of intravenous administrations of either 

darbepoetin alfa (Aranesp
®

, Amgen, Thousand Oaks, 

USA), epoetin alfa (Eprex
®
, Janssen-Cilag, Buckingham-

shire, UK) or epoetin beta (NeoRecormon
®
, Roche, Basel, 

Switzerland) and, if required, iron sucrose (Venofer
®

, 

Lek, Ljubljana, Slovenia), with the following targets: 

hemoglobin 10-11,5 g/dl; TSAT: lower limit 20%, target 

range 30%-50%; and serum ferritin: lower limit 100 

µg/l, target range 200-500 µg/l. 

Levels of hemoglobin, serum iron, ferritin, TSAT and 

TIBC, along with the iron and epoetin therapy doses 

measured during the month of March 2013 were com-

pared between groups with normal and elevated C-

reactive protein (i.e. CRP≥10 mg/l [8]), low serum al-

bumin levels and high iPTH values. We also evaluated 

the angiotensin-converting enzyme inhibitors (ACEI) 

use and the choice of dialysis procedure. To evaluate 

the dose-response effect of erythropoetin therapy, we 

used the erythropoietin resistance index (ERI), calcula-

ted as the weekly weight-adjusted dose of ESA divided 

by the hemoglobin level. Finally, we also compared the 

before mentioned laboratory parameters between patients 

who recevied ESA and iron replacement therapy and 

those who did not require it. 

 

Results 

 

A total of 174 adult chronic hemodialysis patients par-

ticipated in this study. 86.2% of the patients have been 

receiving epoetin therapy, all intravenously, while a 

lower percentage (57.5%) have received intravenous 

iron therapy in the last month. Out of the patients re-

ceiving epoetins, 27.8% have received darbabopetin alfa, 

and the rest of them either epoetin-alfa or epoetin-beta.  

 
Table 1. Patients' main treatment and laboratory data 

Parameters 
All 

(n=174) 
Range 

Age (yrs) 66±15 26-92 

Male (%) 58.6  

AVFa (%) 78.7  

HDFs (%) 24.7  

ACEIc (%) 25.3  

Hb (g/dl) 11.7±1.1 8.7-16.1 

Ht (%) 0.352±0.03 0.271-0.485 

ESAd (IU/week)h 5268±4562 0-24000 

Iron Sucrose (mg/month)h 136±116 0-533 

Ferritin (µg/l) 681±440 13.7-2758 

Serum Fe (µmol/l) 10.1±3.9 4.25-23.4 

TIBCe (µmol/l) 40.2±5.8 22.3-64.3 

TSATf (%) 25.7±10.4 8.43-65.5 

iPTH (ng/l) 341±314 3-1843 

Alb (g/l) 37.6±3.2 26-45.3 

ERIg (IU/kg/week/g per dl)i 7.7±0.5 0.4-24.8 
aArterio-venous fistula, bHemodiafiltration, cAngiotensin-Conver-

ting-Enzyme Inhibitor, dErythropoiesis-stimulating agent, eTotal Iron-

binding Capacity, fTransferrin saturation, gErytropoetin Resistance 

Index, hAll patients included, in=157 

 

The main patients' treatment and laboratory data are 

presented in Table 1. Laboratory values, calculated as 

the mean of the last three values, of serum hemoglobin, 

iron, ferritin, TIBC and TSAT were 11.7 g/l, 10.2 µmol/l, 

662 µg/l, 40.1 µmol/l and 25.7%, respectively. Mean 

ERI was 7.7 IU/kg/week per 100 ml. 78.7% of the pa-

tients had arteriovenous (AV) fistulas as vascular access, 

postdilutional hemodiafiltration (HDF) was prescribed in 

24.7% and standard bicarbonate dialysis (BHD) for in 

the rest of the patients. 25.4% of patients were treated 
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with ACE inhibitors. Mean ESA and iron sucrose doses 

were calculated from the data collected from all patients 

who participated in the study (N=174). If these doses 

are calculated by only including patients who were re-

cieving ESA and iron sucroce during the observed pe-

riod, the results are 6534±4631 IU/week and 239±250 

mg/month (Table 2 and Table 3). 29.9% of the patients 

had elevated CRP levels, 17.8% of the patients had 

hypoalbuminemia and 41.9% iPTH levels >300 ng/l. 

Their mean age was higher and a larger proportion of 

patients used central venous catheters instead of arte-

rio-venous fistulas as a form of vascular access. 

  
Table 2. Comparison of characteristics between patients without and with ESA 

(erythropoesis-stimulating agent) replacement therapy 

Parameter 
Without therapy  

(n=24) 
ESA (n=150) p-value 

Age (yrs) 62.7±13.3 (34-88) 66.5±15.6 (26-92) 0,814 

Hb (g/dl) 12.9±1.7 (8.4-15.5) 11.5±1.3 (7.9-17.5) <0.001 

ESA (IU/week)d 0 6534±4631 (1000-24000)  

Iron Sucrose (mg/month) 121±206 (0-1000) 140±227 (0-1200) 0.7 

Ferritin (µg/l) 555±435 (34-1587) 724±500 (15-3334) 0.12 

Serum Fe (µmol/l) 9.5±4.3 (3.1-23.2) 10.2±4.6 (3.1-25.7) 0.486 

TIBC (µmol/l)b 42.4±7.4 (28.2-57.1) 39.9±6.3 (15.1-58.6) 0.08 

TSAT (%)b 22.9±11.1 (7.2-61.7) 25.4±11.4 (6.7-64.3) 0,612 

Data are presented as mean ± standard deviation 
aErythropoiesis-stimulating agent, bTotal Iron-binding Capacity, cTransferrin saturation 

 
Table 3. Comparison of characteristics between patients without intravenous iron 

replacement therapy 

Parameter 
Without therapy 

(n=74) 

Iron Sucrose 

(n=100) 
p-value 

Age (yrs) 64.5±16.7 (28-88) 67±14.8 (26-92) 0.505 

Hb (g/dl) 11.7±1.4 (7.9-14.4) 11.6±1.4 (8.4-17.5) 0.642 

ESA (IU/week)d 4990±4194 (0-20000) 6109±5262 (0-24000) 0.133 

Iron Sucrose (mg/month) 0 239±250 (100-1200)  

Ferritin (µg/l) 675±375 (42-2338) 719±568 (15-3334) 0.563 

Serum Fe (µmol/l) 10.6±4.3 (3.6-23.2) 9.8±4.7 (3.1-25.7) 0.252 

TIBC (µmol/l)e 39.5±4.6 (28.2-49.9) 40.8±7.5 (15.1-58.6) 0,189 

TSAT (%)f 27±10.9 (9.7-61.7) 23.6±11.5 (6.7-64.3) 0,05 

Data are presented as mean ± standard deviation  
aErythropoiesis-stimulating agent, bTotal Iron-binding Capacity, cTransferrin saturation 

 

Patients with elevated CRP (>10 mg/l) had significantly 

lower hemoglobin level (11.3±1.3 versus 11.8±1.4, p=0.03) 

and serum iron (8.3±4.2 versus 10.9±4,4, p<0.001), hig-

her ferritin (764±527 versus 673±475, p=NS), ERI (8.9±7 

versus 6.9±5.9, p=0.05) and epoetin doses (6154±4884 

versus 5411±4846, p=NS) and a lower iron sucrose dose 

(113.5±201 versus 142±240, p=NS).  

Hypoalbuminemic patients (compared to patients with 

albumin level >40 g/l) had significantly lower Hb levels 

(10.7±1.3 versus 11.9±1.3, p<0.001) and serum iron 

(8.2±4.2 versus 10.6±4.5, p=0.007), similar ferritin le-

vels (714±451 versus 697±505, p=NS), a higher ERI 

(10.1±6.8 versus 6.7±6, p=0.006) and epoetin dose 

(6774±4911 versus 5385±4825, p=NS), with lower dose 

of iron sucrose (105±119 versus 145±240, p=NS).  

Patients with iPTH >300 ng/l (compared to patients 

with iPTH <300 ng/l) had similar Hb levels (11.7±1.4 

versus 11.6±1.4, p=NS), similar serum iron (11.6±4.4 ver-

sus 10.1±4.6, p=0.03) and ferritin levels (692±499 ver-

sus 706±494, p=NS), however ERI was higher (8.2±7.3 

versus 7±5.5, p=NS) in parallel with ESA dose (6310±5868 

versus 5144±3297, p=NS), The dose of iron sucrose was 

lower in this group (116±162 versus 154±259, p=NS).  

No significant difference was found between the groups 

with or without ACE inhibitor therapy as concerns he-

moglobin level, serum iron, ferritin, ERI, ESA and iron 

sucrose dose. 

Patients treated by postdilutional HDF had lower ERI 

(5.6±4.9 versus 8.15±6.6, p=0.02) and lower ESA dose 

(4360±4233 versus 6051±4987, p=0.03). No significant 

difference was found in the level of hemoglobin, se-

rum iron, ferritin and iron sucrose dose compared to 

patients treated with bicarbonate hemodialysis. 

 

Discussion 
 

The major finding of our study was that average he-

moglobin level was within the guidelines [1] and that 

average ferritin levels were rather high, including the 

subgroup in the group with non-elevated CRP, normal 

albumin and iPTH levels. Interestingly, ferritin levels 

were elevated even among patients who did not receive 
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intravenous iron replacement therapy during the month 

the screening took place. This can be explained by the 

fact that a vast majority of patients have received in-

travenous iron in previous months, with only 26.7% 

of patients not receiving any iron supplements during 

the observed period. Also, some of the patients were 

taking iron supplements by oral route and some re-

ceived intravenous iron outside our center (for e.g. 

patients treated for hematological conditions in other 

clinics). There was a noticeable increase of ESA dosage 

among patients with hypoalbuminemia and high iPTH 

levels, while patients treated with HDF procedures needed 

smaller doses of epoetins compared to those treated 

with BHD procedures 

Renal anemia is a common complication among pa-

tients with chronic kidney disease, especially among 

those requiring hemodialysis and can be corrected by 

erythropoiesis-stimulating agents (ESA) [12].  Current 

guidelines recommend initiation of ESA therapy when 

serum hemoglobin drops below 10 g/dl, but should not 

be used to intentionally increase Hb concentration abo-

ve 13 g/dl as higher Hb concentrations raise the risk for 

stroke, hypertension, vascular access thrombosis and may 

perhaps also increase risk for death or serious cardio-

vascular events [1-3.8]. Among our study population, a 

significant proportion was receiving ESA (86.2%). 

The mean Hb concentration was 11.7±1.1 g/dl, with 

5.2% of the patients having target Hb concentration 

below 10 g/dl, and 10.3% above 13 g/dl. 

Failure to achieve adequate iron stores and availability 

is the main cause of hyporesponsiveness to ESA thera-

py. For the optimal management of anemia, use of iron 

supplements in combination with ESA is required [12]. 

Iron however, is considered to be somewhat of a double 

edged sword as it is critical for health, yet highly toxic 

because of its oxidative properties. As a result, the hep-

cidine system carefully regulates iron absorption from 

the diet and the availability of iron from storage ti-

ssues. Intravenous injection of iron directly into the 

circulation bypasses these protective controls, and this 

raises concerns regarding the safety of intravenous iron 

[13]. In a MRI-based study from Rostoker, et al. of he-

modialysis patients receiving both erythropoeisis-stimu-

lating agents and intravenous iron, hepatic iron over-

load was observed in the majority of cases [14]. Iron 

overload can also increase the risk of infection as it 

facilitates bacterial growth and impairs host defense 

against microbial pathogens [15]. 

KDIGO anemia treatment guidelines recommend that 

serum ferritin as a measure of iron storage in the bo-

dy should be quantified every 3 months in patients who 

are receiving ESA treatment and intravenous iron supple-

mentation. This is required to establish whether an iron 

deficiency exists or too much iron supplementation is 

being administered. It must be noted, that high serum 

ferritin levels in patients with end-stage renal disease 

(ESRD) may be a result of inflammation, infection, 

malnutrition, or malignancy and not necessarily the re-

sult of iron overload [3]. In our center, we monitor se-

rum ferritin levels of our patients on a monthly basis. 

The mean ferritin level in our patients was rather high 

(681±440 µg/l), with only 23.6% of the patients achieving 

target ferritin values, which raises concerns about po-

ssible iron accumulation. 

Fluctuation of Hb levels or "Hb variability" during treat-

ment with ESAs is a well-documented phenomenon. 

Evidence suggests that inflammation is an important 

factor associated with Hb variability and that high C-

reactive protein levels (a widely used surrogate marker 

of inflammatory activity) are a predictor for less stable 

Hb control in CKD patients [16]. 29.9% of our patients 

had elevated CRP levels. Among this group, a higher ESA 

and a lower dose of supplemental iron was used to main-

tain target Hb concentration. As expected, despite using 

lower doses of iron sucrose, ferrritin concentration re-

mained higher than in patients with normal CRP levels.  

Several possible strategies exist to enhance the res-

ponse to ESAs and iron in dialysis patients with per-

sistent low-grade inflammation. Occult infections, when 

found, should be treated with antibiotics. Also, occult 

infection of old, non-functioning, arteriovenous grafts 

may be a cause of ESA resistance and a chronic infla-

mmatory state in HD patients. Resection of old non-

functioning arterviovenous grafts with occult infec-

tion was associated with the resolution of markers of 

a chronic inflammatory state and improvement in res-

ponsiveness to ESA treatment [16]. Chronic heart failure 

with fluid overload, a common feature in dialysis pa-

tients, may be an important cause of inflammation. 

Thus, rigorous measures should be taken to avoid or 

treat fluid overload in these patients [16]. 

Angiotensin-converting enzyme inhibitors are widely 

used in renal failure patients in the treatment of hyper-

tension, left ventricular dysfunction, and diabetic nephro-

pathy [17]. Much controversy has been generated over 

whether these drugs can suppress erythropoiesis, and 

thereby exacerbate anemia, with several studies sugges-

ting that they do [18,19], while others finding no such 

effect [20]. Among our study population, 25.4% were 

treated with ACEI. In our experience, ACEI treatment 

does not seem to have negative effects on hemoglobin 

levels and erythropoetin-resistance index. When compa-

red to those not treated with these drugs, the epoetin 

dose was slightly higher in this group, however, the 

difference was negligible. While ACEI may evoke a 

degree of epoetin resistance particularly at high doses, 

this should be able to be counteracted by a correspon-

ding increase in the dose of epoetin [21]. 

Hemodiafiltration is associated with a lower incidence 

of neuropathy, carpal tunnel syndrome, joint pain, and 

partial correction of anemia [21]. Our results show that 

patients treated with HDF received a lower dose of ESA 

and had lower ERI, however, selection bias has to be 

taken into account. 
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Hyperparathyroidism is usually listed among the possib-

le reasons for impaired response to recombinant human 

erythropoietin in patients with renal disease. Possible 

pathogenic links between anemia and parathyroid hor-

mone (PTH) include reduced erythropoiesis due to 

calcitrol deficiency, and direct or indirect effects of PTH 

on erythropoietin release, red blood cell production, sur-

vival, and loss [22]. Our study shows that increased iPTH 

levels are present in 41.9% of our patients and are associa-

ted with a decreased erythropoietic response in this group. 

A large proportion of CKD patients have also protein 

energy malnutrition and wasting, low serum levels of 

albumin and other more specific nutritional markers 

which are predictors of the response to EPO. It is there-

fore possible that a diminished nutritional status could 

be a feature of patients who are resistant to ESA treat-

ment [23-25]. In our study, hypoalbuminemic patients 

had lower Hb levels despite using significantly higher 

doses of epoetins. 

 

Limitations of the study 

 

The main limitation of this study is that it is from a single 

center and it is retrospective and cross sectional. Even so we 

feel that some findings may be important for further focus 

on renal anemia treatment, since the number of patients in-

cluded in the study was rather high for a single center study. 

 

Conclusions 

 

In conclusion, ferritin levels in our maintenance hemo-

dialysis patients were relatively high, even after excluding 

those with elevated CRP levels. Hemoglobin level was in 

the target range for the majority of patients, with moderate 

ESA dose. Possible iron accumulation should be a focus of 

further studies on renal anemia treatment in the next period.  
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