
Abstract. Background/Aim: More than half of deaths
among hemodialysis patients are due to cardiovascular
disease. This study examined whether intravenous
administration of ferric carboxymaltose (FCM) has an
impact on cardiovascular events in iron-deficient
hemodialysis patients. Patients and Methods: We performed
a retrospective study concerning patients undergoing
hemodialysis in our center from September 2016 to
December 2019. We identified those who began FCM
therapy (FCM group) during this period and those who did
not (control group). We analyzed clinical, echocardiographic
and laboratory parameters at the beginning (t0) and after
one year (t1), to detect differences between the two groups.
Results: We identified 53 patients for the FCM group and 19
for the control group. Median follow-up was 1 year±3
months for both groups. In the FCM group, we observed a
reduction in the doses of erythropoiesis-stimulating agents
(ESA) (p<0.001) and a significative difference in
cardiovascular events (p<0.01), but no differences in
echocardiographic parameters. Conclusion: Patients who
received FCM reached satisfactory values of transferrin
saturation and ferritin, presented fewer coronary artery
events and cardiovascular events, and could reduce doses of
ESA.

Patients with end stage renal disease (ESRD) are among the
highest risk populations for cardiovascular disease (CVD).
As depicted by the 2018 United States Renal Data System
(USRDS) register (1), the prevalence of CVD in patients
who received hemodialysis (HD) is 70.6%. There are many
changes secondary to renal dysfunction that lead to cardiac
dysfunction, including fluid overload, uremic
cardiomyopathy, secondary hyperparathyroidism, altered
lipid metabolism, accumulation of gut microbiota-derived
toxins, anemia, iron deficiency (ID) and HD (2-4). In anemic
patients with chronic kidney disease (CKD), iron
replacement is an established part of disease management,
resulting in increased hemoglobin levels, decreased
concomitant therapy with erythropoiesis-stimulating agents
(ESA), and stabilized renal function (5-7). The importance
of ID in cardiac heart failure (CHF) has only recently drawn
clinical attention, however, several studies have shown that
it could be present independently of anemia, predicts poor
outcome, reduced exercise capacity and impaired quality of
life (8-12). Iron plays a central role in the uptake, transport,
storage and metabolism of oxygen, and it is involved in
erythropoiesis and cellular immune response. According to
a few studies, ID directly affects human cardiomyocyte
function, impairing mitochondrial respiration, and reducing
contractility and relaxation; restoration of intracellular iron
levels can reverse these effects (13, 14). In addition,
several studies have demonstrated that CKD patients who
underwent ferric carboxymaltose (FCM) treatment had
fewer hospitalizations for any cardiovascular cause and
experienced cardiac disorders less frequently (7).
Moreover, a PIVOTAL study showed that high dose FCM
was associated with a lower risk of death or major adverse
CVE (15). 

We analyzed the effects of intravenous FCM on the
anemia profile and whether it had an impact on the
reduction of CVE in our HD population, on reducing ESA
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dose or on determining some cardiac modifications in a
period of one year.

Patients and Methods
We performed a case-control retrospective study concerning patients
undergoing hemodialysis in Policlinico Sant’Orsola and Maggiore
Hospital in Bologna from September 2016 and December 2019.
During our observation period, we collected demographics
parameters (sex and age), clinical parameters (diabetes,
hypertension, comorbidities), dialytic parameters (age of dialysis,
frequency, vascular access), doses of ESA and doses of FCM.

We included all patients older than 18 years old, who performed
hemodialysis for at least one year. We excluded all patients who
previously received kidney transplantation, who in the previous 3
months received intravenous iron therapy and who in the last year
presented an episode of coronary artery event, cerebrovascular event
(stroke or TIA), de novo or relapsing CHF, or a symptomatic
episode of atrial fibrillation. We did not exclude patients who
presented allergies to different formulations of intravenous iron or
polyallergic patients. The research was conducted ethically in
accordance to the World Medical Association Declaration of
Helsinki. Subjects provided written informed consent and the Local
Ethical Committee approved the study.

Analysis was performed at the beginning of FCM therapy (t0)
and one year later (t1), and included:

- laboratory values: Hemoglobin, mean corpuscular volume
(MCV), serum iron, transferrin, ferritin, saturation of transferrin
(sTF), C reactive protein (CRP), acid uric, total cholesterol, LDL,
HDL, triglycerides;

- echocardiographic parameters: ejection fraction (EF),
teledyastolic left atrial volume, teledyastolic interventricular septum,
telesystolic interventricular septum, teledyastolic left ventricular
volume, E wave, A wave, and E/A. Echocardiographs were
performed by several cardiologists of the Cardiology Unit of
Maggiore Hospital and of Policlinico Sant’Orsola.

Our population was divided into two groups, one that received
FCM (study group) and one that did not (control group). FCM is a
new intravenous iron preparation (molecular weight 150,000
Daltons) that comprises an iron carbohydrate complex that allows
iron to be slowly released, avoiding toxicity and oxidative stress.
Two ml (100 mg) of undiluted FCM was administered during the
last 15-20 min of hemodialysis treatment directly in the venous
circuit (16).

At one year, the role of demographic, laboratory, echocardiographic
and dialytic parameters was investigated. We also analyzed the
incidence of CVE expressed as a coronary artery event, cerebrovascular
event (stroke or TIA), de novo or relapse of CHF, symptomatic episode
of atrial fibrillation as well as the reduction of ESA.

Data were obtained from the digital medical records and a
database was created specifically for the study. The study was
approved by the Local Ethics Committee (n˚148/2019).

Statistical analysis. Quantitative data are presented as
mean±standard deviation or as median and interquartile range (IQR)
when appropriate, while qualitative data were expressed as an
absolute or relative (percent) frequency. Correlations were assessed
using Pearson’s or Spearman’s method for normally or non-
normally distributed data, respectively. The quantitative parameter
distributions were analyzed by Skewness and Kustosis normality

test. The chi-square test (Fisher’s exact test for small numbers) was
used to compare the categorical variables. Student’s t-test and
Kruskal-Wallis were used to compare quantitative parameters with
a symmetric or asymmetric distribution, respectively. A p-value
<0.05 was considered statistically significant. The statistical analysis
was performed using STATA (Statistical software, Version 13-
StataCorp LP, College Station, TX, USA).

Results

Following evaluation, we selected 72 patients undergoing
hemodialysis. We split our population into two groups: the
study group (53 patients) that received FCM (median dose
656.6 mg/month) and the control group (19 patients) that did
not receive iron replacement therapy for clinical reasons. The
study group (FCM group) included 33 men (62.3%), and the
control group (CG) 14 (73.7%). The median age was
64.82±15.29 years old and the most representative age was
in the range of 61 to 80 years old. We considered the
presence of diabetes (23 patients, 31.9%) and hypertension
(51 patients, 70.8%). Regarding dialysis frequency, 61
patients (84.7%) underwent dialysis three times per week, 9
(12.5%) underwent dialysis twice per week and only 2
(2.8%) patients belonging to the FCM group performed 4
dialysis per week. In our population, the mean years of
dialysis were 6.15±4.51 years. Regarding vascular access,
our population included 39 patients (54.2%) with proximal
arterio-venous fistula (pAVF), 24 (33.3%) with distal arterio-
venous fistula (dAVF) and 9 (12.5%) with central venous
catheter (CVC). These results and subgroup differences are
summarized in Table I.

As described above, for each patient, we evaluated
laboratory results and echocardiograms performed at the
beginning of FCM therapy t(0) and after 12±3 months t(1).
We analyzed an analogue period for the group who did not
receive iron therapy. 

In our population, Hb values of 10.44±1.77 g/dl at t(0)
and of 11.11±1.29 g/dl at t(1) were recorded. The group that
received FCM showed an increase in Hb of 6.79% during the
study period, while the control group showed a minor
increase. MCV was also evaluated considering that our
patients could have a mixed anemia (normocytic and
microcytic). MCV was found to be 92.8±9.7 fL at t(0) and
97±8.8 fL at t(1). This increasing trend occurred in both
subgroups without a significative difference. CRP was also
evaluated as an inflammation marker because it could
influence our results; nevertheless, mean CRP values were
0.45±0.35 mg/dl at t(0) and 0.42±0.38 mg/dl at t(1) without
difference between groups.

Then, we evaluated the iron balance expressed as serum
iron, ferritin, transferrin, and sTF. The results are presented
in Table II. In our population, serum iron was 50.3±22.3
μg/dl at t(0) and 55.6±25.6 μg/dl at t(1). This increase was
prominent in the FCM group. Furthermore, ferritin was
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sufficient in both groups; in the whole population, mean
ferritin was 302.5±398.9 ng/ml at t(0) and 466.7±422.6
ng/ml at t(1), showing an increase of 54.28% in the FCM
group and a reduction of 8.23% in the CG. The different
trend between the two groups was relevant (p<0.001). As for
ferritin, even sTF presented an analogous trend, increasing
from 18.1±10.3% at t(0) to 24.2±12.9% at t(1). In the FCM
group, as expected, we noticed a higher increase (33.96% vs.
15.3%) with a significant difference between the two groups
(p<0.001) (Figure 1).

To treat anemia in CKD patients ESA are prescribed. In
our population, the mean dose of ESA at t(0) was
19,055.6±8,226.4 U/week whereas at t(1) it was
17,111.1±9,099.69 U/week. The variation in the dose of ESA
was consistent between the two groups (-16.8% vs. +3.6%,
p<0.001).

We also analyzed the relationship between iron balance
and echocardiographic aspects in HD patients including the
Ejection Fraction (EF, 72 patients), left atrial volume (LAV,
52 patients), left venticular telediastolic volume (LVTDV, 40
patients), and telediastolic interventricular septum diameter
(SIV td, 51 patients). Then, we recorded E/A variations to
investigate diastolic function. E wave corresponds to the
rapid ventricular replacement, when after the isovolumetric
release, atrial pressure exceeds the ventricular one. A wave
expresses the second peak in the transmitralic pattern and
corresponds to atrial systole. The E/A ratio could distinguish

4 diastolic patterns of trans-mitralic flux: normal, altered
diastolic release, pseudonormal pattern and restrictive
pattern. In our population, E/A was available for 28 patients.
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Table I. Population and subgroup characteristics.

Population FCM group           Control group 

No. patients 72 53                             19
Gender
   M 47 (65.3%) 33 (62.3%)              14 (73.7%)
   F 25 (34.7%) 20 (37.7%)               5 (26.3%)
Age (med±SD) 64.8±15.3 65±15.3                  64.4±15.6
   <40 y 5 (6.9%) 3 (5.7%)                 2 (10.5%)
   41-60 18 (25%) 15 (28.3%)               3 (15.8%)
   61-80 38 (52.8%) 26 (49.1%)              12 (63.2%)
   >80 11 (15.3%) 9 (17%)                  2 (10.5%)
Diabetes 23 (31.9%) 19 (35.8%                 4 (21%)
Hypertension 51 (70.8%) 41 (77.4%)              10 (52.6%)
Dialysis 
frequency/week
   2 9 (12.5%) 7 (3.2%)                 2 (10.5%)
   3 61 (84.7%) 44 (83%)                17 (89.7%)
   4 2 (2.8%) 2 (3.8%)                        0
Vascular access
   pAVF 39 (54.2%) 27 (50.9%)              12 (63.2%)
   dAVF 24 (33.3%) 18 (34%)                 6 (31.6%)
   CVC 9 (12.5%) 8 (15.1%)                 1 (5.3%)

FCM: Ferric carboxymaltose; M: male; F: female; SD: standard
deviation; y: years; pAVF: proximal arterovenous fistula; dAVF: distal
arterovenous fistula; CVC: central venous catheter. 

Table II. Blood analysis at t(0) and t(1) expressed as percentage
variations in one year. Significant results were observed for sTF, ferritin
and ESA weekly dose.

FCM group Control group p-Value 

Hb g/dl 0.09
   t(0) 10.6±1.4 10.5±1.6
   t(1) 11.1±1.3 11.1±1.3
   Δ +6.5% +6.8%
MCV fl 0.05
   t(0) 92.8±10.9 93±4.8
   t(1) 97.2±8.7 96.3±9.2
   Δ +5.9% +3.7%
Total Cholesterol mg/dl 0.3
   t(0) 157.3±66.7 164.7±49
   t(1) 169.4±44.8 152.7±45.5
   Δ +7.67% –7.3%
LDL mg/dl 0.44
   t(0) 94.5±45.6 102.2±45.2
   t(1) 90.6±39.3 88.2±39.7
   Δ –4.09% –13.7%
HDL mg/dl 0.19
   t(0) 49.8±18.1 41.4±14
   t(1) 52.2±34.8 51.6±21.7
   Δ +4.6% +26.4%
Triglycerids mg/dl 0.55
   t(0) 152.4±74 158.4±57.9
   t(1) 151.4±44.1 134.5±61.8
   Δ –0.7% –15.1%
Uric Acid mg/dl 0.06
   t(0) 6.2±0.9 6.8±1.4
   t(1) 6.5±0.9 6.8±1.4
   Δ +6.7% +3.5%
C reactive Protein mg/dl 0.44
   t(0) 0.48±0.46 0.39±0.27
   t(1) 0.45±0.38 0.41±0.39
   Δ –6% +5%
Serum iron mcg/dl 0.34
   t(0) 48.5±20 55.8±27.8
   t(1) 55.3±25.3 56.7±27.2
   Δ +14.1% +1.6%
sTF (%)
   t(0) 18.1±10.3 19.3±10.5 
   t(1) 24.2±12.9 22.2±12.9
   Δ 34% 15.3%
Ferritin ng/ml <0.001
   t(0) 302.5±382.9 532.8±1,220
   t(1) 466.7±422.6 489±1,341.3
   Δ 54% –8%
ESA dose U/week <0.001
   t(0) 17,547.2±6,931.2 23,263.2±10,137.1
   t(1) 14,603.8±7,641.8 24,105.3±9,368.4
   Δ –16.8% +3.6%

FCM: Ferric carboxymaltose; Hb: Haemoglobin; ESA: erythropoiesis-
stimulating agents; sTF: transferrin saturation MCV: mean corpuscolar
volume; LDL: low density lipoprotein; HDL: high density lipoprotein.



Although we observed several differences between the two
groups, no significant variations were recorded in our
echocardiographic values (Table III).

Similarly to recent studies, we examined whether FCM
therapy in our population could reduce the incidence of
cardiovascular events (CVE); therefore, we evaluated
coronary artery event (CA), cerebrovascular event (stroke or
TIA), de novo or relapse of CHF, symptomatic episode of
atrial fibrillation (AF). In the whole population, we observed
18 CVE in 15 patients (20.83%), 10 CA, 2 AF, 5 CHF, and
1 stroke. Analyzing the FCM group, we witnessed 9 CVE
(16.98%) in 7 patients, 5 CA (9.43%) in 5 patients, 2 AF
(3.77%) in 2 patients, 1 CHF (1.89%) and 1 stroke (1.89%).
In this population, 2 patients (3.77%) presented multiple
CVE in the considered period. Considering the CG, we also
witnessed 9 CVE (47.37%) in 8 patients, 5 CA (26.32%) in
5 patients, no AF, 4 CHF (21.05%) in 4 patients and no
strokes. The difference in the incidence of CVE and CA was
statistically significantly different between the two groups
(p<0.02, p<0.02). The distribution of CVE is shown in
Figure 2. Then, we examined whether some conditions could
influence our results but no statistical significance was
reached among the different subgroups (Table IV).

Discussion

Anemia in HD patients has complex and multiple etiologies
and significantly impairs quality of life. Several previous
studies have shown that anemia is associated with higher risk

of left ventricular hypertrophy, CVE, hospitalization and
death (17-19). It is currently known that a lot of HD patients
present iron deficiency because of reduced dietary intake,
reduced gut absorption and increased gastrointestinal iron
losses (20, 21). Intravenous iron replacement is often
required for these patients in order to reduce ESA doses and
to reach adequate Hb values; nevertheless, concerns have
been raised regarding the safety of iron compounds due to
the possibility of iron overload, oxidative stress,
cardiovascular disease and hypersensitivity reactions (22,
23). On the other hand, even ESA therapy could result in
many adverse clinical consequences such as stroke and
venous thromboembolic disease, and some patients do not
respond adequately to ESA (24-26). 

In line with the NICE guidelines (27) and KDIGO
recommendations on anemia management, our population
received FCM therapy and showed no side effects or
hypersensibility reactions. None of our patients dismissed the
therapy due to iron overload and we did not purposely
exclude from our analysis patients who presented anamnestic
iron reactions. 

A significant difference in terms of CVE was observed
between the group treated with FCM vs. the CG. Our results
are in line with the study of Garcia et al. (28), who showed
that high ESA dose is an independent predictor for all-cause,
CVE and infectious hospitalization. The study focused on the
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Figure 1. Changes in Hb, sTF and ferritin after one-year observation
between the two groups. sTF and ferritin showed a significant increase
in the group receiving FCM vs. the control group. Hb: Hemoglobin;
sTF: transferrin saturation; FCM: ferric carboxymaltose.

Table III. Echocardiographic parameters of the two populations with
percentage changes in one year. No significative results were obtained
although differences were observed.

FCM group Control group p-Value 

EF
   t(0) 55.9% 60.9%
   t(1) 56.5% 60.9%
   Δ +1.05% +0.1%                0.8
LAV
   t(0) 59.3 mmc 42.1 mmc
   t(1) 59.6 mmc 44.4 mmc
   Δ +0.49% +3.92%               0.3
LVTDV
   t(0) 112.9 ml 114.9 ml
   t(1) 109.3 ml 94.5 ml
   Δ –3.16% –17.64%              0.09
SIV td
   t(0) 12.5 mm 12.1 mm
   t(1) 13.1 mm 12.2 mm
   Δ +5.23% +0.1%                0.78
E/A
   t(0) 1.03 1.18
   t(1) 0.99 0.8
   Δ –4.44% –36.36%              0.07

EF: Ejection fraction; LAV: left atrial volume; LVTDV: left ventricular
telediastolic volume; SIV td: telediastolic interventricular septum.



increase in mortality with a higher dose of ESA (>8,000
IU/week). As the authors suggested, we hypothesized that the
dose sparing effect of intravenous iron therapy on ESA might
contribute to the cardiovascular profile; our population
received a higher mean dose of ESA than the one in that
study, and the FCM group showed a decrease in the number
of CVE compared to the CG, supporting the reduction in the
dose of ESA.

Apart from its role in maintaining the oxygen-carrying
capacity of the blood in erythropoiesis, iron is independently
crucial for oxygen transport, delivery and utilization.
Metabolically active cells (as myocytes) depend on iron for
their function and structural integrity (29-31). Iron
deficiency is prevalent in CHF and may be present
independently of anemia; it predicts poor outcomes, reduces
exercise capacity, and impairs quality of life (32, 33),
however, though those studies were performed in patients
who were not on HD. A study that set a milestone in the
scientific community, was performed by Mcdougall et al.
(15). In a population of over 2,000 patients undergoing HD,
they showed that those who received a proactive dose (high
dose, 200-400 mg/month) rather than a reactive dose (low
dose, <200 mg/month) of FCM presented a significative
reduction in the composite end-point (nonfatal myocardial
infarction, nonfatal stroke, hospitalization for heart failure
or death, assessed in a time to first event analysis). Our
population received a higher dose of FCM (656.6
mg/month), without any adverse event. Supported by the
data of the PIVOTAL study, we found that patients who
received FCM had a reduced number of CVE compared to

those who did not. Moreover, CVE among patients who
received 800 mg/month were slightly inferior compared to
those who received less than 400 mg/month.

Our cohort reached high levels of ferritin and sTF,
showing no increase of CVE during the year; however, one
year of observation is a short period of time which does not
allow us to reach definite conclusions, and does not take into
account the accumulation of iron in tissues. Despite not
reaching statistical significance, the highest number of CVE
in our cohort was observed in the CG, with levels of ferritin
<200 ng/ml. 

Regarding sTF, without reaching statistical significance,
we evidenced most CVE in those who presented low levels
in both groups compared to those who reached satisfactory
values. Our results are in line with a study by Fukuma et al.
where values of ferritin <200 ng/ml and sTF<20% were
associated with increased cardiovascular mortality (34).

We analyzed the correlation between vascular access and
the incidence of CVE. The arteriovenous fistula (AVF)
undoubtedly contributes to inflammation status, excess CV
mortality in HD patients and a short life span (35-37). As
described by Basile et al. (38), significant hemodynamic
modifications of the cardiovascular system are associated
with AVF. To our knowledge, there are no studies that
correlate an improved iron balance, to specific hemodynamic
modifications in HD patients; with this in mind, we analyzed
the echocardiograms of our population. We noticed multiple
changes in echocardiographic parameters in the FCM group
compared to the CG. The most improved parameter was
ejection fraction (EF) that showed an improvement in the
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Figure 2. Cardiovascular events in the two groups after one-year observation. Significant results were observed for cardiovascular events (CVE)
and coronary artery disease (CA). AF: Atrial fibrillation; CHF: cardiac heart failure; FCM: ferric carboxymaltose.



FCM group compared with the CG (2.38% vs. 0.09%).
Another improved parameter was SIVtd where a greater
improvement was observed in the FCM group (4.52% vs.
1.76%). In the FCM group, most of CVE and CA occurred in
those who presented EF <50%. Naturally, those parameters
could not provide an all-round assessment of systolic function
in HD patients, and due to the retrospective character of this
study, it is difficult to derive conclusions. Despite this
drawback, we suggest that an improvement in EF in these
patients could reflect an improvement in systolic function.

Amerling and Ronco (37), examined the hemodynamic
effects of AVF and concluded that it decreases peripheral

resistance, and increases cardiac output, sympathetic activity
with increased contractility, heart rate, stroke volume, blood
volume with increased left ventricular end diastolic
dimension, and pulmonary flow; overtime there is cardiac
hypertrophy and four-chamber enlargement that can lead to
diastolic dysfunction (39, 40). Concerning diastolic
disfunction, in our cohort, LVTDV had a significant decrease
only in CG and the left atrial volume was increased only in
the CG. A moderate to severe dilatation of left atrial volume,
as suggested by Di Tullio et al. (41), is related to an increase
in all causes of mortality, mortality from CVE, and to
hospitalizations for HF. Therefore, despite the fact that these
results were obtained from a small number of patients, E/A
index increased in the FCM group and decreased in the CG;
E/A index together with tissue doppler, can distinguish 4
transmitral flux patterns: normal, altered released,
pseudonormalized and restrictive (42). Due to these results,
we predicted an incipient diastolic dysfunction that
progressed more rapidly in the CG vs. the FCM group.

Finally, due to the retrospective character of the study, it
is difficult to derive conclusions from echocardiographic
parameters. Additional studies need to be performed in order
to confirm whether intravenous iron therapy could improve
systolic and diastolic disfunction in HD patients.

In conclusion, we demonstrated that FCM therapy had a
beneficial impact on CVE in a HD population and helped
reach satisfactory levels of Hb, ferritin, and sTF.
Importantly it helped reduce the dose of ESA compared to
those who did not receive the FCM therapy.
Echocardiography could be a useful tool for identifying
progressive CVD in HD patients.
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Table IV. Number of cardiovascular events in the two subpopulations.
Differences were significant for CVE and CA.

Number of Population FCM Control 
patients group group

Diabetes                                    23                     3                 2               1
Hypertension                            51                   12                 8               4
Dialysis frequency
   2                                               9                     0                 0                0
   3                                             61                   15                 6               9
   4                                               2                     3
Years of dialysis
   <5                                           34                     7                 4               3
   5<years<10                            26                     7                 1               6
   >10                                         12                     4                 4                 
Vascular access
   pAVF                                      39                     9                 3               6
   dAVF                                      24                     5                 3               2
   CVC                                         9                     4                 3               1
Mean FCM (mg/week)
   <400                                       28                     6                 6
   400<FCM<800                      16                     3                 3
   >800                                         8                     0                 0
Mean ESA dose 
(U/week)

   <10,000                                  16                     1                 1               0
   10,000<ESA<20,000            28                     8                 4               4
   >20,000                                  28                     9                 4               5
Mean Hb (g/dl)
   <10.5 g/dl                              28                   12                 5               7
   10.5<Hb<11.5                        29                     4                 2               2
   >11.5                                      15                     2                 2               0
Mean sTF (%)
   <20                                         37                   14                 7               7
   20<sTF<45                            32                     3                 2               1
   >45                                           3                     1                 0               1
Mean Ferritin (ng/ml)
   <200                                       33                     8                 3               5
   200<Ferritin<800                  33                     9                 6               3
   >800                                         6                     1                 0               1

FCM: Ferric carboxymaltose; pAVF: proximal arteriovenous fistula;
dAVF: distal arteriovenous fistula; CVC: central venous catheter, ESA:
erythropoiesis stimulating agents; Hb: Haemoglobin; sTF: transferrin
saturation.
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