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 Abstract 
  Background:  The treatment of anemia in patients with cardiorenal syndrome (CRS) is based 
mainly on intravenous (IV) iron therapy and/or   erythropoiesis-stimulating agents (ESAs). 
There are concerns about the safety of ESAs due to a potentially higher risk for stroke and 
malignancy.  Objective:  We aimed to explore whether IV iron alone is sufficient to improve 
anemia in CRS patients and to define the predictors of treatment response.  Methods:  We ret-
rospectively analyzed data of 81 CRS patient treated for anemia at our clinic. All patients re-
ceived IV iron for 6 weeks. A subset of patients was additionally given subcutaneous ESAs. 
The end point was the improvement from baseline in hemoglobin (Hb) and ferritin levels at 
week 7.  Results:  We retrieved the files of 81 patients; 34 received IV iron alone and 47 were 
given IV iron and ESAs (the combination group). The Hb levels significantly increased in both 
groups (in the IV iron alone group: 10.6 ± 1.1 to 11.9 ±1.1 g/dl, p < 0.001; in the combination 
group: 10.2 ± 0.9 to 12.4 ± 1.3 g/dl, p < 0.001), but more pronouncedly in the combination 
group (2.17 vs. 1.24 g/dl; p = 0.001). The platelet count decreased significantly in the IV iron 
alone group but was unchanged in the combination group. Eighty percent of patients attained 
a Hb target of 11 g/dl, with no significant difference between the two groups (73.5 vs. 85.1%; 
p = 0.197). Low baseline Hb was the only predictor of a favorable outcome to treatment.  Con-
clusion:  Our observational study suggests that IV iron treatment without ESAs may substan-
tially raise the Hb level to  ≥ 11 g/dl in CRS patients. This treatment strategy may reduce the 
use of ESAs and hence its potential adverse effects.  © 2015 S. Karger AG, Basel 
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 Introduction 

 Anemia is common in patients with congestive heart failure (CHF) and chronic kidney 
disease (CKD)  [1, 2] . The combination and interaction of CHF and CKD comprise the cardio-
renal syndrome (CRS)  [3] . Anemia is an independent risk factor for cardiac mortality and 
morbidity both in CHF  [1, 2]  and CKD patients  [4, 5] . In recent years, the attempt to treat 
anemia in these patients was mainly based on intravenous (IV) iron therapy and/or erythro-
poiesis-stimulating agents   (ESAs)  [6] .

  The value of IV iron for the treatment of anemia in CHF patient with or without CKD has 
been well demonstrated  [6–8] . However, there is growing concern about the safety of ESAs. 
Specifically, a higher risk for hypertension  [9] , stroke  [9, 10]  and malignancy  [11]  has been 
suggested. Furthermore, ESAs may aggravate iron deficiency (ID), which in turn may cause 
secondary thrombocytosis within several months  [12, 13] . It is possible that the beneficial 
effects of correcting anemia with ESAs in CHF or CKD are counterbalanced by some delete-
rious effects of the drug  [13, 14] . Therefore, correcting anemia by means other than ESAs may 
prove to yield a better cardiovascular outcome  [14] .

  We hypothesized that anemic patients with CRS may attain the target of a hemoglobin 
(Hb) level >11.0 g/dl without the addition of ESAs. To evaluate this hypothesis, we retrospec-
tively compared two groups of CRS patients treated for anemia in our clinic. One group was 
treated with IV iron alone, and the second group was treated with a combination of IV iron 
and ESAs. Our objectives were to explore whether IV iron alone is sufficient to improve 
anemia and to define predictors of treatment response.

  Methods 

 Approval of the study was granted by the Ethics Committee of the Tel-Aviv Medical Center. We retro-
spectively analyzed data of patients treated for anemia at our heart failure (HF)/CKD clinic at the Tel-Aviv 
Medical Center, Tel-Aviv, Israel. Data were collected between January 2010 and January 2013. We retrieved 
all files of patients with a combination of CKD, defined as an estimated glomerular filtration rate (eGFR) <60 
ml/min/1.73 m 2  and HF defined as symptoms of HF and evidence of diastolic or systolic dysfunction by echo-
cardiogram. eGFR was calculated by the Modification of Diet in Renal Disease equation  [15] . Anemia was 
defined as a serum Hb level <12 g/dl in men and <11.5 g/dl in women. ID was defined as a serum ferritin 
level <100 ng/l or 100–299 ng/l with a transferrin saturation <20%  [16] .

  In our HF/CKD clinic, we use two main strategies to treat ID: combining IV iron with ESAs, or using IV 
iron alone. The decision to adopt a specific strategy is at the discretion of the senior physician. In the 
present analysis, we defined two groups of patients according to the treatment strategy used: group A 
(treatment with IV iron alone) included patients who received IV iron sucrose (200 mg/week) for 6 consec-
utive weeks. Group B (combined therapy) included patients who received the same IV iron regiment as 
group A, with the addition of subcutaneous epoetin-β (10,000 units/week) during the indicated time. We 
gathered the clinical and laboratory data from each patient at the beginning and at the end of a 6-week 
course of treatment. Our end point was the improvement from baseline in the Hb, platelet and ferritin 
levels at week 7.

  Statistical Analysis 
 All data are presented as mean (± standard deviation) for continuous variables, and as the number 

(percentage) of patients in each group for categorical variables. Student’s t test and the χ 2  test were used to 
evaluate the statistical significance between continuous and categorical variables, respectively. The Mann-
Whitney U test was used for the continuous variables that were not normally distributed. In order to check 
the association between the baseline variables and the change in the Hb level, we used linear regression with 
the variable ‘delta Hb’ as the dependent variable and tested the potential associations of all baseline variables 
using the stepwise method. All of the analyses were considered significant at a 2-tailed p value <0.05. The 
SPSS statistical package 21 was used to perform all statistical evaluation (SSPS, Chicago, Ill., USA).
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  Results 

 Patient Data 
 The files of 81 anemic patients with CRS were retrieved and investigated. Thirty-four 

patients received IV iron alone (group A), and 47 patients were given the combined therapy 
of IV iron and ESAs (group B). The baseline characteristics of the patients in both groups are 
summarized in  table 1 . In the comparison of the two groups, baseline eGFR was significantly 
higher in group A (30.8 ± 8.1 vs. 23.5 ± 16.1 ml/min/1.73 m 2 ; p = 0.018). The mean corpus-
cular volume (MCV; 85.6 ± 4.5 vs. 88.7 ± 7.2 fl; p = 0.034) and mean corpuscular Hb (MCH; 
28.6 ± 2.2 vs. 29.8 ± 2.5 pg/cell; p = 0.030) were significantly lower in group A compared to 
group B.

  All the patients in our cohort had anemia. The mean baseline Hb level was similar in both 
groups (10.6 ± 1.1 vs. 10.2 ± 0.9 g/dl; p = 0.350). There were no differences between groups 
with regard to baseline ferritin, serum iron levels and transferrin saturation. ID rates were 
similar between the groups (64 vs. 71%; p = 0.485). All the patients in the cohort had ferritin 
levels <800 ng/ml.

Variable Group A:
IV iron
alone
(n = 34)

Group B:
combined
therapy
(n = 47)

p
value

Baseline clinical characteristics
Age, years 75.4 ± 9.3 76 ± 10.2 0.766
Male 19 (56) 37 (79) 0.032
Diabetes mellitus 23 (67) 25 (53) 0.253
Hypertension 29 (85) 39 (83) 0.779
eGFRa, ml/min/1.73 m2 30.8 ± 8.1 23.5 ± 16.1 0.018
Ejection fraction, % 38.5 ± 13.9 36.5 ± 16.2 0.685
β-Blockers 27 (84) 35 (76) 0.410
RAAS inhibitors 24 (70) 25 (53) 0.779

Baseline laboratory characteristics
Hemoglobin, g/dl 10.6 ± 1.1 10.2 ± 0.9 0.350
Hematocrit, % 31.9 ± 3.4 31.4 ± 6.7 0.704
MCV, fl 85.6 ± 4.5 88.7 ± 7.2 0.034
MCH, pg/cell 28.6 ± 2.2 29.8 ± 2.5 0.030
Platelets, ×109/l 225 ± 69 219 ± 63 0.714
Ferritin, ng/ml 146 ± 112 148 ± 156 0.560
Serum iron, μg/dl 51.1 ± 16 49.7 ± 21 0.772
Transferrin, μg/dl 246 ± 62 247 ± 61 0.910
 Transferrin saturation, % 21.0 ± 9.7 19.8 ± 10.5 0.682

ID indices
Ferritin level <100 ng/ml 13 (39) 20 (45) 0.647
Transferrin saturation <20% 18 (58) 26 (62) 0.811
IDb 21 (64) 32 (71) 0.485

 Data are expressed as number (%) or as the mean ± SD. RAAS = 
Renin angiotensin aldosterone system.

a Calculated by the Modification of Diet in Renal Disease equation. 
b Defined as a serum ferritin level <100 ng/l or 100 – 299 ng/l with 

a transferrin saturation <20%.

 Table 1.  Baseline characteristics 
of the study population
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  Response to Treatment 
 The Hb levels were significantly increased in both groups (10.6 ± 1.1 to 11.9 ± 1.1 g/dl, 

p < 0.001, and 10.2 ± 0.9 to 12.4 ± 1.3 g/dl, p < 0.001, respectively;  table 2 ;    fig. 1a ), but more 
pronouncedly in group B (net Hb increase of 1.24 ± 0.9 vs. 2.17 ± 1.2 g/dl; p = 0.001). Ferritin 
levels increased significantly in both groups ( table 2 ;    fig. 1b ), but the net ferritin increment 
was greater in group A (308 ± 219 vs. 161 ± 133 ng/ml; p = 0.002). The platelet count was 
significantly decreased in group A (225 ± 69 to 199 ± 51 × 10 9 /l; p = 0.002) while it remained 
unchanged in group B (219 ± 63 to 216 ± 54 × 10 9 /l; p = 0.54;  table 2 ;  fig. 2 ). At the end of the 
treatment course, Hb levels were increased to >11 g/dl in 80.2% of our cohort, with no signif-
icant difference between the groups (73.5 vs. 85.1%; p = 0.197).

  Predictors of Treatment Response 
 The only independent predictor of a favorable increase in Hb in both groups was a low 

baseline Hb level (p = 0.001). Baseline levels of serum iron, ferritin, transferrin, MCV and MCH 
did not predict a favorable increase in Hb.

  Discussion 

 In this small observational study, we found that treating anemic CRS patients with IV iron 
alone can significantly raise Hb levels, attaining a target Hb level of 11.0 g/dl in >80% of the 
patients. It implies that elevating Hb levels in the majority of anemic CRS patients may be 
achieved without the use of ESAs. To the best of our knowledge, this is the first description of 
similar effects on Hb levels of IV iron therapy alone or a combination of IV iron with ESAs in 
anemic CRS patients. Similar findings were briefly described by Terrovitis et al.  [17]  in anemic 
patients with advanced CHF and ID. However, the eGFR levels were not given by the authors, 
and therefore, the proportion of CRS patients in this study is unknown  [17] . We have previ-
ously shown that the combination of IV iron and low-dose ESAs was more effective in elevating 
hematocrit levels in comparison with IV iron alone in predialysis CKD patients with anemia 
 [18] . Yet, in that study, the percentage of patients attaining the target hematocrit of 35% was 
similar in the group treated with the combination of IV iron and ESAs to the group treated 
with IV iron alone  [18] .

 Table 2. Response to treatment in CRS anemic patients

Variable Group A: IV iron alone (n = 34)  Group B: combined therapy (n = 47)

before after p value befor e after p value

Hb, g/dl 10.6 ± 1.1 11.9 ± 1.1 <0.001 10.2 ± 0.9 12.4 ± 1.3 <0.001
Hematocrit, % 31.9 ± 3.4 35.2 ± 3.9 <0.001 31.4 ± 6.7 37.1 ± 4.2 <0.001
MCV, fl 85.6 ± 4.5 87.5 ± 4.3 0.001 88.7 ± 7.2 90.3 ± 9.6 0.021
MCH, pg/cell 28.6 ± 2.2 29.7 ± 1.9 <0.001 29.8 ± 2.5 30.2 ± 2.5 0.043
MCHC, g/dl 33.3 ± 1.1 33.7 ± 0.9 0.066 33.5 ± 1.1 33.5 ± 0.9 0.979
Platelets, ×109/l 225 ± 69 199 ± 51 0.002 219 ± 63 216 ±54 0.540
Ferritin, ng/ml 146 ± 112 454 ± 271 <0.001 148 ± 156 310 ± 203 <0.001
Serum iron, μg/dl 51.1 ± 16 73.6 ± 23 <0.001 49.7 ± 21 60.1 ± 18 0.004
Transferrin, μg/dl 246 ± 62 222 ± 51 0.015 248 ± 61 218 ± 48 <0.001
Transferrin saturation, % 21.0 ± 9.7 31.2 ± 9.3 <0.001 19.8 ± 10.5 26.1 ± 10.5 <0.001

Data are expressed as the mean ± SD. MCHC = MCH concentration.
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  Importantly, the rate of ID did not differ between the patients treated with IV iron alone 
and those treated with IV iron and ESAs. It suggests that the similar Hb elevation in both 
groups was not due to a higher rate of ID in the patients on IV iron alone.

  Baseline serum iron, ferritin, transferrin, MCV and MCH levels were all poor indicators of 
Hb increase with either IV iron alone or IV iron in combination with ESAs. In CKD, there is 
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disagreement about the value of these parameters as predictors of response to IV iron alone 
or combined with ESAs  [18, 19] . The results of our study suggest that iron status parameters 
should only have a minor influence on our decision to initiate IV iron therapy in anemic CRS 
patients.

  The platelet count decreased significantly in the group treated with IV iron alone but was 
unchanged in the group treated with both IV iron and ESAs ( table 2 ;  fig. 2 ). Possible explana-
tions for these phenomena include: (1) ID can cause an elevated platelet count and even 
thrombocytosis, which may lead to increased thrombosis, atherosclerosis and increased 
mortality  [12, 13] . Indeed, ID correction with IV iron in ESA-treated dialysis patients was 
shown to significantly reduce the platelet count  [13] . (2) High doses of ESAs in CKD are asso-
ciated with higher ID and more severe thrombocytosis  [13] . (3) ESAs may increase the platelet 
count through amplification of the thrombopoietin effect on thrombopoiesis  [20] . In this 
study, it is therefore possible that ESA therapy counterbalanced a potential decline in platelet 
counts by IV iron therapy. The different effect on platelet counts may well be important, since 
thrombocytosis, or at least an elevation of platelet counts with ESA therapy, may be one of 
the missing links in causing the increased incidence of cardiovascular events in CKD  [12, 13]  
and cancer  [14] .

  This study has several limitations. First and foremost, it is a small nonrandomized, retro-
spective, observational study in a single medical center. Importantly, the baseline eGFR was 
significantly higher in the group on IV iron alone as compared to the group on IV iron and 
ESAs ( table 1 ). It is therefore possible that the similar effects on Hb in both groups are due to 
the fact that the patients on IV iron and ESAs had worse renal function with lower levels of 
endogenous erythropoietin. Nevertheless, similar effects of therapy were found in both 
groups even after adjusting for eGFR. The results here still suggest that IV iron alone will be 
sufficient to elevate Hb towards a level of 11.0 g/dl in a large proportion of anemic CRS 
patients.

  Recently, the safety as well as the benefit of ESAs in anemic CKD or CHF patients has 
come into question. Specifically, a higher risk of stroke and malignancy has been suggested 
with the use of ESAs  [10, 20] . Furthermore, a recent large, long-term, double-blind study 
with the ESA darbepoetin-α did not meet its primary end point of reducing the composite 
end point of time to death from any cause or first hospital admission for worsening HF in 
patients with systolic CHF  [21] . A higher rate of thromboembolic adverse events with a 
nonsignificantly higher stroke rate but no cancer was also reported in this study  [21] . A 
meta-analysis showed that ESA treatment in HF patients had no significant impact on 
mortality or morbidity  [22] . These results led the American College of Physicians to re-
commend against ESA treatment in patients with mild to moderate anemia and CHF  [23] . 
Recent guidelines of anemia management in CKD patients suggest reducing the dose of ESAs 
to a minimum and targeting Hb to levels of  ≤ 11.5 g/dl  [24] . It is also recommended to use 
ESA therapy with great caution, if at all, in CKD patients with active malignancy (in particular 
when cure is the anticipated outcome), a history of stroke or a history of malignancy  [24] . 
These recommendations put the focus once again on IV iron as a potential beneficial therapy 
for anemia in CHF and/or CKD patients. IV iron therapy improves many ‘soft’ outcome 
measures in patients with CHF or CKD and ID  [7, 8, 16] . However, concerns have also been 
raised about the safety of IV iron with its possible worsening of oxidative stress and reduced 
immunological function with a possible increased tendency to infections  [25, 26] . It is, in our 
opinion, the time for large, randomized, double-blind studies to test the safety and efficacy 
of IV iron in anemic CRS with an emphasis on ‘hard’ outcome measures such as cardiovas-
cular morbidity and mortality.
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  Conclusions 

 This observational study suggests that IV iron treatment without ESAs can raise the Hb 
level to  ≥ 11.0 g/dl. In addition, IV iron treatment without ESAs can reduce a potentially 
hazardous secondary thrombocytosis. This treatment strategy may elevate Hb levels in 
anemic CRS patients while reducing the use of ESAs and hence its possible adverse effects. 
Further studies should be conducted to evaluate the potential of treating CRS anemic patients 
with IV iron alone.

  Disclosure Statement 
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