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Abstract

Objective: The incidence of postoperative anemia is high in cardiac surgery, with bleeding being the main cause. Iron therapy is one of
the most common empirical treatment strategies. In our study we evaluated the efficacy of oral and intravenous iron administration to
correct anemia, as well as the impact on transfusion requirements and postoperative hospital stay in patients undergoing cardiac surgery.
Methods: Prospective, adaptive, randomized, double blind, placebo controlled clinical trial with three parallel groups. Group I (n=72):
100 mg intravenous iron hydroxide complex III-sucrose/24 h preoperatively and 1 tablet/24 h oral placebo pre- and postoperatively up
to 1 month after discharge. Group II (n=73): intravenous placebo/24h preoperatively and 1 tablet /24 h of 105 mg oral iron II sulphate
pre and postoperatively until 1 month after discharge. Group III (n=65): intravenous placebo/24 h preoperatively and 1 tablet/24 h oral
placebo pre and postoperatively until 1 month after discharge. Results: The baseline clinical and demographic characteristics were
similar among the three groups. We did not find differences between the groups studied in Hb levels during the postoperative period.
Serum ferritin levels were increased in patients of group I both at hospital discharge and at the follow-up visit (p <0.001). We did not see
differences regarding the transfusion requirements and the postoperative hospital stay either. Conclusions: We could not to demonstrate
the effectiveness of the administration of iron to correct the postoperative anemia in non-iron deficient patients after cardiac surgery, nor

the reduction of transfusion requirements and nor the postoperative hospital stay.
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Introduction

The incidence of postoperative anemia is high in cardiac sur-
gery [1]. Its origin is multifactorial, with bleeding being the main
cause, often requiring the use of packed red blood cells to correct
it [2]. Hyperinflammation causes impaired bone marrow func-
tion by means of blunted erythropoietin response, reduced iron
availability.

Iron is essential for erythropoiesis [3, 4] being the mobiliza-
tion speed from its storage places one of the limiting factors [5].

The effectiveness of oral iron therapy is limited by its low

bioavailability and intolerance that many patients present. The
use of intravenous iron preparations has been positioned as an
alternative [0, 7].

It has been demonstrated that intravenous iron therapy is ef-
fective, both in the reduction of transfusion requirements and in
the elevation of hemoglobin levels, in some clinical specialties
(nephrology, oncology, hematology, cardiology....) and surgical
specialties (general surgery, orthotrauma, gynecology, obstet-
rics...) [8]. In cardiac surgery its efficacy is controversial [9, 10].

British Journal of Heart Diseases



Br J Heart Dis 2022,4:1

183

Objectives

To estimate the efficacy of oral and intravenous iron versus
placebo in correcting postoperative anemia in patients under-
going cardiac surgery with cardiopulmonary bypass (CBP), by
evaluating hemoglobin (Hb) values using analysis per protocol
(PP), by intention to treat (ITT) and modified intention to treat
(mITT). Secondary objectives were to assess whether iron ad-
ministration decreases transfusion needs and postsurgical hos-
pital stay.

Performing the trial by the three methods of analysis, seeking
to enhance the results of the study and reduce bias.

Methods
Ethical statement

The committee of ethics and clinical research of the Universi-
ty Hospital of the Canary Islands approved the study on 30th of
March 2006. The internal study ID asigned was: iron treatment
/2006.

This study was also approved by the Spanish National Agency
for Medicines and Health Products. The ClinicalTrials.gov Iden-
tifier assigned was NCT01078818.

All patients included in the trial adequately signed the in-
formed consent.

Study design

(ClinicalTrials.gov number NCT01078818) An adaptive
study [11] in patients undergoing cardiac surgery with CBP ran-
domly assigned to three groups: Group I patients treated pre- and
postoperatively with an intravenous complex of iron hydroxide
[I-sucrose (Venofer®; Uriach Laboratory), Group II patients

Table 1. Clinical demographic characteristics

treated pre and postoperatively orally with iron sulphate II (Fer-
ogradumet®, Abbott Laboratory) and Group III patients treated
pre and postoperatively with oral and intravenous placebo. The
randomization of patients was carried out using an excel table
of random numbers. This study was performed at the Hospital
Universitario de Canarias, Spain.

We included patients older than 18 years-old, elective cardiac
surgery under CBP, without anemia, and signing informed con-
sent. Anemia was defined according to the World Health Organi-
zation (WHO) definition (Hb <13 g/dL for males and <12 g/dL
for females). The exclusion criteria were: cardiac surgery with-
out CBP or emergency surgery, without fibrinolytic treatment in
the 48 hours prior to surgery, renal dysfunction (serum creatinine
> 1.5 mg/dL), endocarditis surgery, re-operated patients, preg-
nancy, history of digestive hemorrhage, iron deficiency, vitamin
B12 and/or folic acid, any hematological disease, asthma, liver
disease, acute or chronic infection, allergy to iron and/or excip-
ients.

The criteria for transfusing red blood cell (RBC) concentrates
was the presence of low cardiac output syndrome associated
with Hb levels < 8 g/dL and < 7 g/dL in patients undergoing
coronary and valvular surgery, respectively.

Dosage of drugs

The treatment regimen for the 3 parallel groups of patients was
the same; 1 diary dose of intravenous treatment (iron or place-
bo) for three days during preoperative and postoperative period
combined with oral treatment (oral iron or placebo) during the
same preoperative period and during the postoperative period,
maintaining oral treatment for 1 month after hospital discharge.
The oral iron treatment up was with iron II oral sulphate/24h, 1

GROUPI GROUP II GROUP I P value
ITT ITTv PP ITT ITTv PP ITT ITTv PP
0=72) | ®=68) | (=53) | m=73) | (n=69) (n=54) (n=65) (n=63) (n=s2) | TT | ITTv | PP
Sex: n (%)
* Female 23(31.9) | 22(32.4) | 16(30.2) | 26 (35.6) | 23(33.3) 15 (27.8) 19 (29.2) 19 (30.2) 12(23.1) [ 0.72 | 0.87 | 0.71
* Male 49 (68.1) | 46 (67.6) | 37(69.8) | 47 (64.4) | 46 (66.7) 39(72.2) 46 (70.8) 44 (69.8) 40 (76.9)
Age (years) 65+12 65+12 64 + 11 67+ 10 67+9 66+ 10 65+12 65+12 65+12 0.84 | 0.84 | 0.81
Parsonnet 7.6+ 6.9 + 6.7+
Score 510 7.6+5.15 471 297 6.7+3.02 | 6.7+324 | 74+534 | 74+£538 | 72+482 [ 0.79 | 0.68 | 0.98
NYHA: n(%)
(Functional
class)
- Class I 4 (5.6) 4(5.9) 2(3.8) 2(2.8) 2(2.9) 1(1.9) 6(9.2) 6(9.5) 4(7.7)
- Class I1 29 (40.8) | 27 (39.7) | 22 (41.5) | 24(33.3) | 21(30.9) 16 (30.2) 30 (46.2) 29 (46.0) 26 (50.0) 035 | 021 | 024
- Class III | 26 (36.6) | 25(36.8) | 23(43.4) | 33(45.8) | 33(48.5) 30 (56.6) 22 (33.8) 22 (34.9) 18 (34.6) ' ’ ’
- Class IV | 12(16.9) | 12(17.6) | 6(11.3) | 13(18.1) | 12(17.6) 6(11.3) 7(10.8) 6(9.5) 4(7.7)
Heart dis-
ease: n(%)
nal:ycom- 30 (41.7) | 28 (41.2) | 21(39.6) | 27(37.0) | 25(36.2) 21(38.9) 34 (52.3) 34 (54.0) 28 (53.8)
* Valvular | 34 (47.2) | 33 (48.5) | 29(54.7) | 36(49.3) | 34(49.3) 24 (44.4) 19 (29.2) 18 (28.6) 15(28.8) | 0.02 | 0.02 | 0.05
+ Mixed 4 (5.6) 4(5.9) 3(5.7) 10 (13.7) | 10(14.5) 9 (16.7) 11 (16.9) 10 (15.9) 9(17.3)
- Other 4 (5.6) 3(4.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(1.5) 1(1.6) 0(0.0)
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tablet a day. In this way: Group I: Patients received pre and post-
operatively 100 mg intravenous iron hydroxide complex III-su-
crose/24h and 1 oral placebo tablet/24h. Group II: Patients were
treated pre and postoperatively with intravenous placebo/24h
and 1 tablet of 105 mg iron II oral sulphate/24h. Group III: Pa-
tients were treated pre and postoperatively with intravenous pla-
cebo/24 h and 1 tablet of oral placebo/24 h.

The administration of intravenous iron was carried out by di-
luting 100 mg in 200 ml of physiological saline solution with an
infusion time of 1 hour. An infusion of 200 ml of saline was used
as an intravenous placebo. The medication was prepared and
provided by the Pharmacy Service following the list of random-
ized numbers, and neither the healthcare staff nor the patients
knew the assigned treatment.

The treatment was given during hospital admission and post-
operatively in the Intensive Care Unit (ICU) and / or hospital
ward.

Procedure

The sociodemographic data, cardiovascular risk factors and
necessary parameters to calculate the surgical risk were collected
during the inclusion visit. The data of Hb (g/dL) and hematocrit
(%), as main variables of assessment, were recorded at the time
of hospital admission, in the operating room, at the time of ad-
mission to the intensive care unit (ICU), at the time of discharge
from the ICU, at hospital discharge and during the first follow-up
visit (one month after hospital discharge). The reticulocyte count
data, expressed as a percentage of the total red blood cells, the
reticulocyte index, (additional correction that takes into account
the compensatory red cell stimulus that occurs in severe anemi-
as) and the serum ferritin concentration (ng/mL), were collected
at the time of admission, at hospital discharge and during the fol-
low-up visit at consultation. The outpatient follow-up has been
only once a month after discharge.

In addition, data on the amount of blood products used were
obtained both during surgery and in the postoperative period.

Statistical analysis

The intention-to-treat (ITT) analysis (includes all randomized
patients) aims to preserve the balance between the groups par-
ticipating in the trial achieved through randomization, and thus
minimize bias by admitting the lack of adherence to treatment,
resembling more to reality that we find in daily clinical practice
[12]. It is also recommended by expert groups and organizations
in the methodology of clinical trials [13-15]. Its modified ITT
variant (mITT) (excludes patients considered not selectable after
randomization and patients who have not received any dose of
treatment), given that some authors maintain that the inclusion
of patients who did not receive treatment could bias the efficacy
of the drug to study [16] and the per protocol (PP) analysis (in-
cludes randomized patients who were adherent to the protocol
and followed periodically until the end of the trial).

Sample size

According with the adaptive nature of the design, [11] the sam-
ple size was calculated by performing an intermediate statistical
analysis when 20 patients from each group had been included,
estimated at 210 the number of patients needed to test the mag-

nitude of the effect of iron supplementation on Hb levels. The
mean hemoglobin in an exploratory analysis with the first 60
patients included showed a common standard deviation of 1.17
g/dL in hemoglobin between the placebo and oral iron groups
(intergroup comparison). To demonstrate with a 95% confidence
level and 80% power an expected increase of at least 0.48 g/dL in
hemoglobin after ICU discharge in the oral iron group compared
to the placebo group, 73 patients per group are needed (total n =
210). The sample size calculation was calculated for ITT analysis
and using Grammo v. 7.12 (“Institut Municipal d’Investigacio
Medica”, Barcelona, Spain).”

Data Analysis

The continuous variables are expressed with means and stan-
dard deviations and the categorical variables with frequencies
and percentages. The comparison between groups of the quan-
titative variables was performed with two way analysis of vari-
ance with repeated measures including post hoc comparisons us-
ing the Scheffee test, and the Kruskal-Wallis and Mann-Whitney
tests, as appropriate. The comparison between proportions was
made using the chi-square or Fisher exact test. The non para-
metric correlation studies were performed using the Spearman
correlation test.

Statistical analyses were performed using the SPSS v 17.0 pro-
gram (SPSS Inc., Chicago, IL, USA) and Statistica V. 8.0. (Stat-
Soft Tulsa, OK). Values of p <.05 were considered significant.

Results

We included 210 patients in the 2-year study (May 2007 - Au-
gust 2009; first patient was enrolled on May 07th 2007 and last
patient was enrolled on June 19th 2009) randomized in 3 parallel
treatment groups. Figure 1 shows the CONSORT diagram of the
study. 67.6% of these patients were male and 32.4% were women
with a mean age of 66 + 11 years. No differences were observed
between the groups in the clinical and demographic characteris-
tics and not differences in the estimation of surgical risk (Parson-
net Score) (Table 1).

In the ITT analysis, first, there were no differences in Hb
levels in the intergroups comparison (p = 0.91) nor the interac-
tion between groups and repeated measures (p = 0.10). Second,
there were no differences in absolute reticulocyte count in the
intergroups comparison (p = 0.14) nor the interaction between
groups and repeated measures (p = 0.99). And third, there were
no differences in reticulocyte index in the intergroups compari-
son (p = 0.28) nor the interaction between groups and repeated
measures (p = 0.90) (Supplementary table 1). On the other hand,
serum ferritin levels showed a clear increase in group I patients
at the time of hospital discharge, staying above the normal range
at the time of the follow-up visit, with patients in groups II and
III. These differences between the mean ferritin values showed
statistical significance in the three analysis modalities (p< .001)
in these 2 test points. The mean values of serum ferritin observed
between the patients in group II and group III were similar both
at discharge and during the follow-up visit in consultation (Sup-
plementary table 1).

No differences were observed among the three groups in the
three modalities of analysis in terms of the number of patients
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Figure 1. CONSORT diagram of the study

that required the transfusion of RBC, nor in the number of units
of RBC required per patient, nor the distribution of patients de-
pending on the units transfused in each treatment group, includ-
ing in this last section also patients who did not require transfu-
sion (Supplementary table 2).

The average postoperative hospital stay was greater in patients
included in the ITT and mITT analyses compared to patients who
strictly complied with the trial protocol. Although we did not find
significant differences between the three groups of patients stud-
ied in terms of the average postoperative stay in each of the anal-
ysis strategies performed (Supplementary table 3).

In the per protocol analyses, significant differences were ob-
served between the groups in length of stay after leaving the
intensive care unit (p= 0.03). The stay was shorter in the group
that received intravenous iron (Group I) compared to the placebo
group (Group III). No differences were observed between Group
1T and Group III and Group 1.

Discussion

The results obtained with respect to the main study variable in-
dicate that the administration of iron, in intravenous or oral form,
does not produce a greater recovery of Hb levels (primary out-

ey
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W
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S
W
R : '
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| | !
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=
]

come) in any of the control points throughout the trial, in any of
the analysis modalities carried out (ITT, mITT and PP).

Our results are in line with two other randomized clinical trials
(RCTs) in cardiac surgery [9, 17] that argue that intravenous iron
administration, alone or in association with recombinant human
erythropoietin (thEPO), is ineffective in recovering hemoglobin
levels. It should be noted that in these trials, the administration
of the treatment was performed exclusively during the postoper-
ative period. In contrast, in another placebo-controlled RCT in
cardiac surgery [10] when a single dose of intravenous iron was
administered (1000 mg) the day before surgery, a significantly
higher Hb serum level was observed at 4 weeks after the inter-
vention in the group of patients who received intravenous iron.

Cladellas et al. [18] in a prospective study administering 5
preoperative doses of intravenous iron associated with thEPO,
initiating treatment one month before surgery, observed a signif-
icant increase in Hb levels before surgery, when compared with
patients in a study observational retrospective. However, at the
end of the study, the Hb levels of the patients were similar in
both studies. In our hospital setting, a longer treatment regimen
cannot be performed on an outpatient basis and the preopera-
tive period established has been the longest possible to avoid an
excessive preoperative hospital stay and an unjustified delay in
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surgery.

The elevation of absolute reticulocyte figures is shown in oth-
er published trials with similar results to ours [9]. However, oth-
er authors [10, 17] did observe significant differences in patients
treated with intravenous iron. This difference with reference to
our results may be due to the fact that these studies determined
the maximum peak in the reticulocyte count between days 5 and
7 after surgery, the different iron doses used [10] or the concom-
itant administration of thEPO [17].

Ferritin levels increase rapidly, reaching a maximum peak at
the time of hospital discharge, significantly decreasing in the
consultation visit, maintaining the differences between patients
in group I and groups II and III. These results are compatible
with those found in similar studies in cardiac surgery [9, 10]. It
should be noted that the ferritin figures between the groups that
did not receive intravenous iron (II and III) are similar in these
two moments of the trial, so the elevation that occurs at the time
of hospital discharge could be due to the condition of reactant of
acute phase of this molecule. In the follow-up visit it’s possible
to see a decrease over 50% in serum ferritin levels.

The relationship between transfusion of RBC and the in-
creased risk of postoperative infections, morbidity and mortality
and length of hospital stay have been widely demonstrated [19,
20]. In our RCT, we found no significant differences between
the three treatment groups, either in the number of patients re-
quiring RBC transfusion or in the number of units required per
patient. These results are in line with those found in other stud-
ies performed in cardiac surgery. [10, 17] On the contrary, there
are many studies such as Theusinger,[21] Cuenca,[22] Garcia-
Erce [23] and Serrano-Trenas [24] in orthotrauma surgery and
Okuyama [25] in colorectal surgery demonstrating that intrave-
nous iron administration is effective in reducing the blood trans-
fusion requirements of these patients.

The average postoperative stay was higher in the patients in-
cluded in the analyses by ITT and mITT, regarding the stay that
patients who strictly complied with the trial protocol present-
ed. The mean stay in the ITT and mITT analyses was higher in
groups I (intravenous iron) and III treatment (placebo). This was
due to the fact that two patients from group I treatment present-
ed postoperative multi-complications that required a very long
stay in the ICU (75 and 80 days). On the other hand, there were
two patients (1 patient in group I and another in group III) who
presented anoxic encephalopathy and remained hospitalized for
237 and 535 days respectively, awaiting transfer to a chronic
hospital.

Eliminating these patients from the analysis, because they
were considered “outliers”, the stay of patients in group I was
slightly lower compared to patients in groups II and III (12.2
vs 14.2 vs 13.8 days in group I, II and III respectively), without
reaching these differences statistical significance.

Our results are in agreement with those observed by other
authors such as Karkouti [17] and Serrano-Trenas, [24] where
the administration of iv iron associated or not, with erythropoi-
esis stimulating agents, does not reduce hospital stay. However,
Cuenca [22] did observe a decrease in hospital stay in patients
treated with intravenous iron in hip surgery. Currently, an in-

ternational multicenter randomized study (https://clinicaltrials.
gov/ct2/show/record/NCT02632760) is ongoing using i.v. iron
(ferric carboxymaltose 1000 mg) during 1-10 weeks prior to
surgery. The results of the trial will be relevant to improve the
correction of anemia on cardiac surgery.

Study Limitations

One of the limitations of this study could be the short period
of preoperative treatment, from 4 to 6 days, compared to other
similar studies where the preoperative treatment is extended up
to 1 month before surgery. In our environment at the time of the
trial it was not possible to do otherwise.

Another limitation could be the assessment of Hb levels one
month after hospital discharge. It is possible that this period of
time is insufficient for a recovery of anemia after surgery. In
any case, the intention was to evaluate the early recovery of ane-
mia and the reduction of transfusion needs that are the relevant
points from the clinical-surgical point of view.

Conclusions

It is evident that intravenous iron administration is effective
in the restoration of iron reserves valued by the increase in fer-
ritin levels, demonstrating the excellent bioavailability of this
form of iron administration. Although we have not been able
to demonstrate that the administration of intravenous iron im-
proves the correction of postoperative anemia in non-iron defi-
cient patients undergoing programmed cardiac surgery, assessed
with hemoglobin levels at different times of the postoperative
period.

We also did not find that the administration of intravenous
iron is effective in reducing transfusion requirements or in re-
ducing the total postoperative hospital stay of patients undergo-
ing cardiac surgery with CBP. The short-term iron treatment pri-
or to surgery could be a limitation that can explain not to achieve
a major difference between groups in terms of Hb recovering
values.

Per Protocol analysis results with iv iron treatment presents
the shortest stay and this could have relevant economic implica-
tions. But this point is not included in our main objective and it
would be necessary to perform an economic analysis to confirm
it. These results should be considered with caution due the lim-
ited sample size.

Based on the results, it would be advisable to perform more
randomized trials with a greater number of patients and with
treatment regimens with higher iron concentration or longer
over time, to confirm these results and re-evaluate the efficacy
of intravenous iron administration in non-anemic patients un-
dergoing elective cardiac surgery.

Abbreviations

CBP: cardiopulmonary bypass, Hb: hemoglobin, HUC: Hos-
pital Universitario de Canarias, ICU: intensive care unit, ITT:
intention to treat, PP: per protocol, mITT: modified intention to
treat, PP: per protocol; RBC: red blood cell RCT: randomized
clinical trial
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