
Abstract 

Iron deficiency (ID) is recognized as an important comorbidity
in patients undergoing cardiac surgery; however, it still remains
under-diagnosed and under-treated in clinical practice. This study
aims at comparing efficacy and the effects on exercise capacity of
intravenous ferric carboxymaltose (FCM) versus ferric gluconate
(FG) in patients with ID anemia (IDA) resulting from cardiac
surgery. We retrospectively analyzed data from our records of in-
hospital patients with IDA after cardiac surgery undergoing cardiac
rehabilitation. Group I was treated with FG, group II with FCM.
Efficacy measures included changes (baseline vs discharge) in
hemoglobin (Hb) and in distance traveled at six-minutes walking
test (6MWT). Data from 74 in-patients (mean age 67.5±10.4 years,
43% women) were analyzed. At discharge, patients treated with
FCM showed higher levels of Hb (11.1±1.2g/dl vs 10.2±1.1 g/dl;
p=0.001), greater distance traveled at 6MWT (279.2±108.8 meters
vs 236.3±72.7 meters; p=0.048), and lower in-hospital
rehabilitation length of stay (20.3±7 vs 25.3±11.7 days; p=0.043)
as compared to FG group. At multivariate analysis, the most
powerful predictors of Hb increase >1 g/dl at discharge were
transferrin levels (p=0.019) and treatment with FCM (p<0.001).
FCM replacement therapy and iron serum levels were the most
powerful predictors of 6MWT distance improvement (>100
meters) at discharge (p=0.13 and p=0.003, respectively). In
patients with IDA following cardiac surgery, intravenous FCM is
effective in restoring Hb levels and in improving exercise capacity
after cardiac surgery.

Introduction

Patients undergoing cardiac surgery are at increased risk of
excessive perioperative bleeding and increased blood product
transfusion [1]. In the setting of patients undergoing surgery,
anemia is present in a third of all patients [2], but it is more
prevalent in cardiac surgery where it may be interest about 50% of
patients [3].

Iron deficiency (ID) is increasingly recognized as an important
comorbidity in patients undergoing cardiac surgery and it has been
shown to be responsible of 29% of preoperative anemia [1]. ID
reduces exercise capacity in patients with chronic heart failure
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(CHF) but also in healthy volunteers [4-6]. Iron plays a crucial role
in systemic oxygen (O2) delivery and utilization [7]. Iron is also an
obligate component of enzymes involved in cellular respiration,
oxidative phosphorylation, vascular homeostasis, nitricoxide-
generation, and the citric acid cycle [8]. Hence, cells with high
energy demands, including skeletal and cardiomyocytes, are
particularly sensitive to iron depletion [9].

The most rapid and effective method of correcting anemia is
transfusing red blood cells; however, blood transfusion itself is not
riskless [1]. In the specific setting of cardiac surgery, blood
transfusions are associated with both infections and ischemic
postoperative morbidity, longer hospital stay, increased early and
late mortality and greater hospital costs [10]. On the other hand,
prophylactic administration of red blood cells to correct anemia
preoperatively leads to lower rates of intraoperative anemia and
transfusion compared with intraoperative transfusions [11].
Treatment of perioperative anemia using oral or intravenous (IV)
iron replacement therapy is safer, cheaper and relatively more
convenient than blood transfusion. 

The aim of the present study was to compare the efficacy and
the impact on exercise capacity of IV ferric carboxymaltose (FCM)
versus ferric gluconate (FG) in patients with ID anemia resulting
from cardiac surgery. 

Methods

A retrospective analysis of medical records of consecutive adult
patients with anemia following cardiac surgery hospitalized, from
January 2017 to December 2018, was completed at the
Cardiovascular Rehabilitation Unit of Buccheri La Ferla
Fatebenefratelli Hospital in Palermo, Italy.

Inclusion criteria were: Hb ≤12 g/dl, ferritin ≤100 ng/ml (or
≤300 mg/ml if transferring saturation [TSAT]≤ 20%), and left
ventricle ejection fraction (LVEF)>50%. Exclusion criteria were
age <18 years, pregnancy, iron therapy and/or blood transfusions in
the 6 weeks prior to enrollment, allergy/intolerance to iron and
inability to perform six-minutes walking test (6MWT).

A total of 74 patients met inclusion criteria and were divided
into two groups: 
- Group I:35 patients treated with FG (dose: 125 mg/die IV);
- Group II:39 patients treated with FCM (maximum dose: 1000

mg/week IV).
FCM before 2018 was not available in our center, therefore

patients enrolled in 2017 had been treated with FG; those enrolled
in 2018 with FCM. 

The following variables have been collected and stored in a
centralized database in a de-identified manner for both groups of
patients: 
- Demographics and baseline anthropometric and clinical data

(date of birth, height, weight, body mass index; co-morbidities
such as diabetes, chronic obstructive pulmonary disease, chronic
renal failure as defined by estimated glomerular filtration rate
(calculated with MDRD formula) [eGFR]<60 ml/min/1.73 m3);
pharmacological treatment; LVEF; in-hospital length-of-stay);

- Biochemical data (NT-proBNP, hemoglobin, serum iron,
transferrin and ferritin levels and TSAT), both at admission and
at discharge (after iron replacement therapy).
All patients underwent 6MWT both at admission and at

discharge to assess exercise capacity. 
Efficacy measures included changes from baseline in Hb and in

distance traveled at 6MWT.

Statistical analysis

Statistical analysis was performed using SAS JMP v.10 software
package. Continuous variables are described as mean ± standard
deviation, or as median and interquartile range, in case of non-
normal distribution. Categorical variables are expressed as number
(percentages). Differences between groups were assessed by
Student t-test, analysis of variance, or x2-test, as appropriate.
Contribution of baseline characteristics to study outcomes was
assessed by univariate analysis and multivariable analysis. All
derived cutoff values used for continuous variables have been
chosen by means of receiver operating characteristic (ROC) curve
analysis. Changes from baseline were tested by paired t-test or
McNemar test, as appropriate. A p-value <0.05 was considered
statistically significant; all tests were 2-tailed.

Results

Data from 74 patients (mean age 67.5±10.4 years, 43% women)
were analyzed. Table 1 summarizes clinical and biochemical
characteristics of the study population. No significant differences
in demographics, drug therapy, type of surgery, LVEF and martial
panel were observed between the 2 groups. Mean in-hospital length
of treatment was 22.8±9.3 days. At baseline, patients treated with
FCM had higher prevalence of chronic renal failure (59% vs 28%,
p= 0.01) and higher levels of NT-proBNP (3848 pg/ml vs
1335pg/ml, p=0.006); no significant difference in functional
capacity at admission was observed (176.8±114 meters in FCM
group vs 173.7±73 meters in FG group; p=0.88). 

Patients treated with FCM had significantly lower in-hospital
length-of-stay (20.3±7 vs 25.3±11.7 days, p=0.043), greater distance
walked at 6MWT at discharge than patients treated with FG
(279.2±108.8 meters vs 236.3±72.7 meters, p=0.048) and higher ∆
distance (102.4±63 vs 62.6±48.8 meters, p=0.003) (Figure 1, Table
2). At discharge, FCM-treated patients had lower NT-ProBNP levels
(945 pg/ml vs 1272 pg/ml, p=0.10), higher Hb levels (11.1±1.2 g/dl
vs 10.2±1.1 g/dl, p=0.001) (Figure 2, Table 2), and significant (>1
g/dl) changes in Hb levels (p<0.0001) as compared to FG group.

After adjusting for age, sex and eGFR, multivariate analysis
showed that transferrin levels [1.01 (1.00-1.02) p=0.028] and
replacement therapy with FCM [8.22 (2.66-29.11), p<0.0002] were
the most powerful predictors of Hb> 1 g/dl at discharge. Finally,
FCM replacement therapy and iron serum levels were the most
important predictors of 6MWT distance improvement (>100 meters)
at discharge (OR: 3.95, 1.31-13.06, p=0.013 and OR: 0.92, 0.86-
0.97, p=0.003, respectively).

Discussion

Cardiac rehabilitation is the best strategy approaching pre and
post cardiac surgery [12,13]. In cardiac rehabilitation setting, anemia
is commonly diagnosed after cardiac surgery and is often associated
whit ID [14]. It is well known that anemia due to ID impairs O2-
carrying and tissue oxidative capacity, resulting in a diminished peak
O2consumption and ability to endure submaximal exertion. Even in
absence of anemia, ID can attenuate exercise performance [15].

ID is a treatable condition; however, it is still under-diagnosed
and under-treated in clinical practice [16].
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Several studies [4,17] demonstrated that IV iron loading
improved exercise capacity and symptoms in patients with CHF and
evidence of abnormal iron metabolism. In CHF, iron sucrose [18,19]
and FCM [4] are the most adopted IV formulations for replacement
therapy. Oral iron formulation is usually the first-line strategy;
however, these supplementations may not be useful in all patients
with IDA, since it is often poorly absorbed [4,20]. A recent study

suggests that FCM is an effective therapy in patients with IDA who
have gastrointestinal disorders and has a safety profile comparable
to other IV iron agents [21]. 

We conducted a single-center retrospective study of anemic
patients after cardiac surgery and found that those treated with FCM
had shorter in-hospital stay, greater improvement in Hb values and
in distance walked at 6MWT than patients treated with FG. To the
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Table 1. Clinical and biochemical characteristics of study population.

                                                                                   Ferric gluconate (n=35)      Ferric carboxymaltose (n=39)                          p

Age (years)                                                                                                          67 ± 11                                                       68 ± 9                                                          0.55
Females, n (%)                                                                                                   12 (34)                                                      20 (51)                                                         0.16
BMI, kg/m2                                                                                                           28.8 ± 6                                                     27.2 ± 6                                                         0.25
CABG                                                                                                                      8 (26)                                                        8 (24)                                                          0.99
Valvular surgery                                                                                                  23 (74)                                                      25 (75)                                                         0.99
Diabetes, n (%)                                                                                                   9 (25)                                                       11 (28)                                                         0.99
COPD, n (%)                                                                                                         9 (25)                                                        8 (20)                                                          0.78
Chronic renal failure, n (%)                                                                            10 (28)                                                      23 (59)                                                         0.01
Single antithrombotic therapy                                                                        23 (65)                                                      22 (56)                                                         0.47
Double antithrombotic therapy                                                                         1(3)                                                           2 (5)                                                           0.99
Triple antithrombotic therapy                                                                           0 (0)                                                          1 (2)                                                           0.99
Vitamin K antagonists                                                                                        19 (54)                                                      19 (48)                                                         0.64
NOACs                                                                                                                   4 (11)                                                        8 (20)                                                          0.35
LVEF, % (IQR)                                                                                                  60 (48-60)                                                 60 (55-60)                                                       0.33
NT-proBNP, ng/ml, median (range)                                                        1335 (764-3157)                                     3848 (1147-7241)                                               0.006
eGFR, ml/min/1.73 m3                                                                                       71 ± 21.8                                                  60.7 ± 29.9                                                      0.08
Hb, g/dl                                                                                                                  9,5 ± 1                                                       9,2 ± 1                                                          0.19
Serum iron, µg/dl                                                                                              35.5 ± 8.2                                                 36.9 ± 12.5                                                      0.58
Transferrin, mg/dl                                                                                             235 ± 45                                                   227.5 ± 57                                                       0.51
Ferritin, ng/ml                                                                                                   375 ± 283                                                398 ± 376.8                                                      0.76
Transferrin saturation, %                                                                               10.4 ± 2.8                                                  10.4 ± 3.2                                                       0.92
In-hospital length-of-stay, days                                                                    25.3 ± 11.7                                                   20.3 ± 7                                                        0.043
BMI, body mass index; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; Hb, Hemoglobin; LVEF, left ventricular ejection fraction; NOACs,
new oral anticoagulants; NT-proBNP, N-terminal pro-hormone of brain natriuretic peptide.

Figure 1. Distance walked at six-minutes walking test (A) and ∆ distance at discharge (B) in patients treated with ferric gluconate and
ferric carboxymaltose.
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best of our knowledge, this is the first study evaluating exercise
capacity in patients without CHF and IDA after cardiac surgery.

In a large sample size population of consecutive routine elective
surgical patients who were having major orthopedic surgery,
abdominal, and genitourinary surgery, and other surgeries,
Khalafallah et al .[22] found that postoperative IV FCM is a feasible
and pragmatic management approach. More recently, in anemic
patients undergoing elective cardiac surgery, Padmanabahn et al.
[23] observed no significant differences in Hb increments after IV
or oral iron administration; however, it should be remarked that only
a small proportion of patients had proven ID. Notably, no adverse
events were reported in all studies [22,23].

Previous studies showed encouraging evidences for iron
replacement therapy in patients with CHF and ID [4]. Van
Veldhuisen et al. [4] reported that treatment with intravenous FCM
improves iron stores and showed a favorable effect on peak VO2.
Ponikowsky et al. [24] found that treatment of symptomatic, iron-
deficient CHF patients treated with FCM for more than 1 year, had
sustainable improvement in functional capacity, symptoms, and
quality of life. Interestingly, Viethen et al. [25] reported that
parenteral iron supplementation with FCM significantly improves
exercise capacity and quality of life and is well tolerated in patients
with pulmonary hypertension and iron deficiency. These data
highlight that there is solid evidence suggesting that iron
replacement therapy exerts beneficial effects on exercise capacity
and is proven to be safe in HF patients with iron deficiency.
However, type, dose and duration of replacement therapy as well as
the effect on mortality and hospitalization still remain to be
ascertained.

In the present study, we divided our population with IDA after
cardiac surgery in two groups of IV iron replacement treatment.
Mean ejection fraction in our population was normal. According to
the literature, patients treated with FCM showed greater reduction
of NT-proBNP levels [19]. In our population, levels of the NT-
proBNP at the baseline is greater in the FCM group, this data is
probably correlated to lower eGFR that reflect a major
neurohormonal activation. After treatment with FCM, we observed
a significant reduction of NT-proBNP levels than FG group. We
suppose that this result is correlated to the improvement of
myocardial oxygenation and to the increase of Hb concentration that
inhibiting the renin-angiotensin-aldosterone system reduce serum
concentrations of NT-proBNP.

In the group treated with FCM we observed greater increase in
hemoglobin values and in distance travelled at 6MWT at discharge.
We did not observe any adverse events in both groups. Moreover,
in our study, transferrin levels were predictors of increased

hemoglobin on discharge. It is well known that transferrin
contributed about as much to the model as transferrin saturation that
predicts the probability of treatment response. This might explain
the good discriminative power of transferrin in iron deficiency
diagnosis.

Our results suggest that FCM may be an appropriate alternative
to more established parenteral iron therapies, allowing higher doses
with each infusion and therefore fewer infusions to achieve repletion
of iron stores and rapid Hb responses. Furthermore, patients treated
with FCM showed lower in-hospital rehabilitation length of stay.
Use of FCM, reducing hospital stays, reduces the costs and risks
associated with prolonged hospitalization. 

Our results show that treatment of iron deficiency is crucial and
FCM is effective in achieving this goal. However, further studies
are mandatory in order to evaluate the effects of FCM replacement
therapy on long-term outcomes in IDA patients after cardiac surgery. 

Study limitation

This study has a number of limitations. First, this is a
retrospective, single center study. Moreover, an important limitation
of this study is the small sample size. Finally, we had no control
group with IDA not treated or treated with oral iron replacement
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Figure 2. Hemoglobin levels at admission and at discharge in the
two groups of patients.

Table 2. Hemoglobin and 6MWT parameters at discharge according to iron replacement therapy.

                                                                                   Ferric gluconate (n=35)      Ferric carboxymaltose (n=39)                          p

Distance at discharge (mt)                                                                         236.3 ± 72.7                                             279.2 ± 108.8                                                   0.048
Distance at discharge (%Predicted)                                                          50.9 ± 15.7                                                 59.1±19.7                                                      0.052
∆ Distance at discharge                                                                              +62.6 ± 48.8                                             + 102.4 ± 63                                                    0.003
∆ Distance at discharge (%Predicted)                                                    +13.8 ± 11.3                                           + 22.12 ± 14.7                                                  0.008
NT-ProBNP at discharge, median (range)                                            1272 (592-4146)                                       945 (487-1716)                                                   0.10
Hb at discharge (g/dl)                                                                                     10.2 ± 1.1                                                  11.1 ± 1.2                                                      0.001
∆ Hb                                                                                                                     0.6 ± 0.9                                                    1.9 ± 1.1                                                     <0.0001
Hb >1 at discharge n (%)                                                                                11 (31)                                                      31 (79)                                                      <0.0001
Hb, hemoglobin.
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therapy, because in our center all patients with IDA are treated with
intravenous iron replacement therapy according to guidelines. 

Conclusions

Diagnosis and treatment of iron deficiency anemia in adult
surgical patients is important in order to improve outcomes in a cost-
effective manner. Intravenous ferric carboxymaltose may be an
effective therapy in this setting of patients and may improve
exercise capacity after cardiac surgery. Further studies are necessary
to confirm our preliminary data.
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