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ABSTRACT

Study Objective: Preoperative anemia results in two- to sixfold increased incidence of perioperative blood transfusion requirements and reduced
postoperative hemoglobin (Hb) level. This prospective study was designed to investigate the effect of preoperative intravenous infusion of iron on
Hb levels, blood transfusion requirements, and incidence of postoperative adverse events in patients undergoing coronary artery bypass grafting.
Design: Prospective randomized trial.

Setting: Academic university hospital.

Patients: Eighty patients (52-67 years old) underwent coronary artery bypass grafting and received either iron therapy or saline infusion
preoperatively.

Interventions: Patients were randomly allocated to iron or placebo groups. In the iron group, patients received a single intravenous dose
of ferric carboxymaltose (1000 mg in 100 mL saline) infused slowly over 15 min 7 days before surgery. In placebo group, patients received a
single intravenous dose of saline (100 mL saline) infused slowly over 15 min 7 days before surgery.

Measurements: Patients were followed up with regards to incidence of anemia, Hb level on admission, preoperatively, postoperatively,
1 week and 4 weeks after discharge, aortic cross-clamp time, the number of packed red blood cells (pPRBCs) units, the percentage of reticulocytes
pre—postoperatively and 1 week later, hospital stay and intensive care unit (ICU) stay length, and the incidence of postoperative complications.
Main Results: Iron therapy was associated with lower incidence of anemia 4 weeks after discharge (P < 0.001). Hb level was significantly
higher in the iron group compared to the placebo group preoperatively and postoperatively, and 4 weeks after discharge (P < 0.001). Iron
therapy resulted in shorter hospital and ICU stay (P < 0.001) and shorter aortic cross-clamp time, reduced pRBCs requirements postoperatively.
Percentage of reticulocytes was significantly higher in placebo group than in iron group postoperatively and 1 week after discharge and the
incidence of postoperative complications was similar to the placebo group.

Conclusions: Preoperative IV iron infusion is a safe and feasible way to manage preoperative anemia. Preoperative administration of IV
iron is associated with a higher postoperative Hb level, shorter hospital and ICU stay, and reduced perioperative red blood cell transfusion
requirements with insignificant difference in incidence of postoperative complications.
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INTRODUCTION

Coronary artery diseases are associated with morbidity
and mortality in both developed and developing
countries.l"! Patients undergoing cardiac surgery along
with cardiopulmonary bypass (CPB) may have excessive
perioperative blood loss requiring red blood cell
transfusions.l! The severity of preoperative anemia is
considered an important predictor for perioperative blood
transfusions, and it is associated with higher incidence of
postoperative morbidity?” and 30-day mortality.!

In many studies, it was assumed that 30% of anemic
patients scheduled for cardiac surgery received more
allogeneic blood transfusions than those with normal
hemoglobin (Hb) levels.! Preoperative anemia results in
two- to sixfold increased incidence of perioperative blood
transfusion and low postoperative Hb levels. [

Hence, preoperative anemia is associated with complications,
such as stroke, postoperative myocardial infarction,
prolonged hospital or intensive care unit (ICU) stay,
increased 30-day mortality, kidney injury, and transfusion
induced lung injury.” Perioperative anemia mostly
concerns the ageing population, which is remarkably
growing with increased risk of diabetes, myocardial
diseases, and obesity, creating a progressive demand for
coronary artery bypass grafting (CABG).!"!

Therefore, perioperative blood Hb adjustment has been
adopted to maximize Hb levels and reduce the risk of
blood transfusion.!"!! Preoperative administration of
intravenous iron is a promising and feasible alternative
to blood transfusion for controlling preoperative anemia,
which affects one in four patients scheduled for surgical
procedures.!?

This prospective study was designed to investigate the
effect of preoperative intravenous infusion of iron on
incidence of anemia, Hb levels, red blood cell transfusion
requirements, and incidence of postoperative adverse
events as cardiac tamponade in patients undergoing elective

CABG.
METHODS

Study design

This prospective, randomized, double-blind, parallel-group
study was approved by the ethics committee of Ain Shams
University. Eighty patients, aged from 52 to 67 years,
undergoing elective CABG were recruited in this study.
The study was carried out in the Cardiothoracic Academy
of Ain Shams University from September 2019 to January
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2020. Ethical approval was provided by the local ethics
committee (FMASU R 03/2019) and informed consent
was obtained from all parents. The trial was registered
under the number Clinical trial.gov no. NCT04061655.
Preoperative check-up was completed 3—4 weeks in advance
and included patients’ medical history, current medication
use, body weight and height, physical examination, and
hematologic parameters (Hb, hematocrit, reticulocytes,
mean corpuscular Hb, mean corpuscular volume, mean
corpuscular Hb concentration, iron indices (serum ferritin,
transferrin saturation, and serum iron), other routine tests,
coronary angiography, and echocardiography).

The inclusion criteria were aged 52—67 years old, elective
CABG scheduled, eligibility to receive the study medication
and clopidogrel interruption 10 days before surgery, and
anemia defined as Hb less than 13 g/dL for men and
12 g/dL for women.

Patients’ hypersensitivity to iron, history of hepatitis B or
C or human immunodeficiency virus, folate or vitamin B12
deficiency, unstable angina, history of stroke in the last
6 months, Hb <8 g/dL, active severe infection, suspicion of
acquired iron ovetload (ferritin >300 pg/L) or autologous
blood transfusion in the previous month, pregnancy or
nursing, impaired renal function (s-creatinine >150 umol/L,
hemochromatosis or hemosiderosis), vitamin B12 or folic
acid deficiency, and anemia from intestinal bleeding were
not eligible to participate in the study.

A total of 80 patients were randomly allocated to either the
iron group or placebo group using the concealed envelope
method according to a computer-generated randomization
code, with an allocation ratio 1:1. Opaque-sealed envelopes
were prepared according to the randomization schedule.
Patients of the iron group (z = 40) received a single
intravenous dose of ferric carboxymaltose (Ferinject, Vifor
Pharma Management, Zurich, Switzerland) (1000 mg in
100 mL saline) infused for 15 min 7 days before surgery.
Patients of the placebo group (7 = 40) received a
single-dose infusion of 100 mL saline for 15 min 7 days
before surgery (sodium chloride 9 mg/mlL; Fresenius Kabi,
Copenhagen, Denmark). To ensure blinding, all infusion
syringes, infusion lines, and disposables were wrapped in
aluminum foil by the pharmacist, who was unaware of the
nature of the study, and the research team was blinded to
the treatment allocation.

The anesthesia procedure was standardized, and surgeries
were performed by the same surgical team. Premedication
with midazolam was limited to a maximum of 0.05 mg/kg.
Anesthesia was induced with 12 pg/kg fentanyl, 5-7 mg/
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kg sodium thiopental, and 0.15 mg/kg pancuronium and
was maintained with 1-2.0% isoflurane. Monitoring using
invasive arterial blood pressure, pulse oximetry, central
venous catheter, arterial blood gases, and nasopharyngeal
temperature during surgery. Heart rate and blood
pressure were maintained within 20% of baseline. For
anticoagulation treatment, heparin 300 U/kg was
administered into the right atrium to achieve an activated
clotting time above 480 s. CPB was initially handled with
nonocclusive roller pumps, membrane oxygenators, arterial
line filtration, and cold blood-enriched hyperkalemic arrest.
Next, the CPB circuit was primed with 1.8 L lactated
Ringer’s solution and 50 mL 20% mannitol. CPB included
systemic hypothermia (esophageal temperature 28°C)
during aortic cross-clamping, perfusion pressure between
60 and 80 mmHg, and pump flow rates of 2.2 L/min/m?
Myocardial protection was accomplished with antegrade
cold blood cardioplegia. A 32-um filter (Avecor Affinity,
Minneapolis, MN, USA) was used in the arterial perfusion
line. Toward the end of the operation, patients were warmed
to 36-37°C. Following separation from the CPB, heparin
was neutralized with protamine sulfate (1 mg protamine
sulfate/100 U hepatin) to achieve activated clotting time
within 10% of baseline. Finally, all patients were transferred
to the ICU after surgery. The primary endpoint included
the effect of iron therapy on the incidence of anemia in
each group 4 weeks after discharge. The secondary end
points included measurement of the Hb level on admission,
preoperatively, postoperatively, 1 week and 4 weeks
after discharge, number of pRBCs units, percentage of
reticulocytes preoperatively, postoperatively and 1 week
later, hospital stay length, length of ICU stay, and incidence
of postoperative complications including cerebrovascular
stroke, prolonged ventilation (duration of mechanical
ventilation >12-24 h), heart failure, cardiac tamponade,
hospital mortality, infection (sepsis and pneumonia),
myocardial infarction, and pericardial effusion.

Sample-size justification

The Power Calculations and Sample Size Software (PASS;
NCSS, LLC, East Kaysville, UT, USA) showed that
80 patients, 40 per arm, were required considering a
5% dropout (power of 80%; alpha error at 5%). These
calculations based on a previous study by Johansson
et al” showed that among the treatment group, the
percentage of nonanemics was 38% compared to 8% in
the placebo group.

Statistical analysis

The collected data were coded, tabulated, and statistically
analyzed using STATA (Stata Corp LLC, TX, USA).
Descriptive statistics were carried out for numerical parametric
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data and are presented as mean * SD, whereas categorical data
are presented as numbers and percentages. Variables such as
demographic data and comorbidities were compared using
the * test. P value less than 0.05 was considered significant.

RESULTS

The study was carried out in the Cardiothoracic Academy
of Ain Shams University from September 2019 to January
2020. Ethical approval was provided by the local ethics
committee (FMASU R 03/2019). The trial was registered
under the number Clinical trial. gov no. NCT04061655.

A group of 80 patients were randomized [Figure 1], all
were enrolled in our study without a single case of protocol
violation, and their data were analyzed. The research team
decided on the removal of patients from the study because
of their clinical condition or violation of the protocol.

There was no significant difference in terms of demographic
data, American Association of Anesthesiologists (ASA) status,
comorbidities, and surgical data between the two study groups;
aortic cross-clamp time was significantly shorter in iron group
compared with placebo group, P < 0.001 [Table 1].

The intention-to-treat analysis of the primary outcome
revealed an incidence of anemia 4 weeks after discharge
of (13/40) 32% in patients receiving iron and (32/40)
80% in those receiving placebo (P < 0.001) [Table 2]. Hb
level was significantly higher in the iron group compared
to the placebo group preoperatively and postoperatively
and 4 weeks after discharge (P < 0.001) [Table 2]. In
contrast, Hb level was comparable between study groups
on admission and 1 week after discharge (P = 0.397).

The amount of postoperative blood loss was similar
between the study groups (P = 0.843).

Patient demographics

Age (years) 58.35+4.44  60.08+4.79 1.671 0.099
Sex
Female 22 (55%) 15 (37.5%) 2.464 0.116
Male 18 (45%) 25 (62.5%)
ASA
| 17 (42.5%) 21(52.5%) 0.802 0.370
Il 23 (57.5%) 19 (47.5%)
EF % 62.38+4.7 63.10£5.8 0.614 0.541
Total bypass (min) 126.4£9.5 123.28+8.36  1.560 0.123
Aortic cross-clamp ~ 56.55£5.5 72.75%6.42 12.115  <0.001*

time (min)
* significant,Data (age, ejection fraction [EF], total bypass time, and

cross-clamp time) were presented as mean=SD, while sex and ASA
were presented as percentage
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[ Enroliment ]

Assessed for eligibility (n = 80)

Excluded (n=0)

¢ Not meeting inclusion criteria (n = 0)
¢ Declined to participate (n = 0)
¢ Other reasons (n = 0)

Randomized (n = 80)

|

!

—

Allocation ] v

Allocated to iron group (n = 40)
¢ received single intravenous dose of
ferric carboxymaltose (1000mg in 100 ml
saline) infused for 15 minutes at least
seven days before surgery

Allocated to placebo group (n = 40)
¢ Received a single intravenous dose of 100
mll saline infused for 15 minutes at
least 7 days before surgery

[ Follow-Up ] l

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

v [ Analysis ] 1
Analysed (n= 4_0) Analysed (n =40)
¢ Excluded from analysis (n = 0) ¢ Excluded from analysis (n=0)

Figure 1: Study flow chart
Incidence of anemia 4 weeks after discharge 13 (32%) 32 (80%) 14.57 <0.001*
Postoperative blood loss (mL) 1239.4+172.43 1247.33+183.43 0.199 0.843
Number of pRBCs units given postoperatively 5 (12.5%) 22 (55%) 16.157 <0.001*
Hb (g/dL)

On admission 9.52+0.84 9.77+0.74 1.650 0.103

Preoperative 12.76+0.88 10.03+0.83 9.086 <0.001*

Postoperative 9.1+0.63 7.55%0.6 11.257 <0.001*
One week after discharge 10.35+0.89 10.18+0.85 0.851 0.397
Four weeks after discharge 12.44+0.71 11.26+1.13 5.583 <0.001*

All data were presented as mean=SD except number of blood units which was presented as percentage. RBCs: red blood cells; Hb: hemoglobin.

*Highly significant

The number of pRBCs taken was significantly higher
in the placebo group than in the iron group given
postoperatively (P < 0.001) [Table 2].

The length of hospital stay and the ICU stay was
significantly longer in the placebo group than in the iron
group (P < 0.001) [Table 3].

There was no statistically significant difference regarding
the incidence of adverse cardiovascular events such as atrial
fibrillations and also the incidence of infection (P = 0.531
and P = 0.450, respectively) [Table 3].

There was no significant difference between the study groups
in terms of prolonged ventilation (P = 0.136), mortality
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rate (P = 0.644), heart failure (P = 0.305), and the incidence
of stroke (P = 0.314) [Table 3]. The incidence of pericardial
effusion and cardiac tamponade were similar between the
two groups (P = 0.556 and P = 1.00, respectively).

Percentage of reticulocytes was comparable between the
two study groups preoperatively (P = 0.293). However,
percentage of reticulocytes was significantly higher in
placebo group than in iron group postoperatively and
1 week after discharge (P < 0.001) [Table 4].

DISCUSSION

The results of this study showed that the preoperative
management of anemia with intravenous iron therapy
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Adverse cardiovascular events (myocardial infarction, atrial fibrillation)
Infection (sepsis and pneumonia)

Prolonged ventilation

Mortality rate

Heart failure

Stroke incidence

Length of hospital stay (days)

ICU stay (days)

Pericardial effusion

Cardiac tamponade

5 (12.5%) 7 (17.5%) 0.392 0.531
3 (7.5%) 5 (12.5%) 0.556 0.456
2 (5%) 6 (15%) 2.222 0.136
2 (5%) 3 (7.5%) 0.213 0.644
1(2.5%) 3 (7.5%) 1.053 0.305
0 (0%) 1(2.5%) 1.013 0.314
4.33+1 8.68+1.1 18.576 <0.001*
1.28+0.45 2.23+0.95 3.408 <0.001*
1(2.5%) 2 (5%) 0.346 0.556
2 (5%) 2 (5%) 0.000 1.000

* significant, All data were presented as percentage except hospital stay length was presented as mean+SD

Preoperative 1.46+0.38  1.54+0.27 1.059 0.293
Postoperative 1.88+0.19  4.3+0.27 23.1777 <0.001*
One week after discharge 1.72+0.52 7.96+0.41 59.598 <0.001*

* significant All data were presented as mean=SD

in patients undergoing CABG was associated with less
incidence of postoperative anemia 4 weeks after discharge,
increased Hb level preoperatively, postoperatively and
4 weeks after discharge, significant decrease in the
postoperative packed RBC requirements, shorter hospital
and ICU stay length, shorter aortic cross-clamp time,
and insignificant difference as regard the incidence
postoperative complications between the study groups.
Percentage of reticulocytes was significantly higher in
placebo group than in iron group postoperatively and
1 week after discharge.

Over the past 2 decades, a variety of blood conservation
programs have been carried out to address the problem of
preoperative anemia aiming to limit RBC transfusions.!"*

An earlier systematic review showed that anti-fibrinolytic
drugs decreased blood loss during surgery and consequently
the need for RBC transfusions,>!? although the drugs used
to reduce blood loss may provoke hypercoagulation.!”
Similatly, it was reported that erythropoiesis-stimulating
agents are associated with thrombotic events.'" Thus,
intravenous iron treatment is an effective intervention
for preoperative anemia. However, definitive evidence is
lacking. "

In a previous randomized controlled trial, Johansson ez a/.
compared iron isomaltoside to placebo regarding the
ability to change Hb from baseline to 4 weeks in patients
undergoing elective coronary artery bypass graft or valve
replacement. The incidence of anemia was significantly less
in the iron isomaltoside group compared to the placebo
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group (P = 0.012), and the percentage of nonanemic
patients at week 4 was significantly more pronounced in
the iron isomaltoside group (38.5% vs. 8%; P < 0.05). The
authors found that iron isomaltoside is safe and effective in
prevention of anemia after cardiac surgery.”” The results
of this study agreed with the findings of the current study.

In nonsurgical procedures, it has been reported that
IV iron supplements effectively raise preoperative Hb
values.”!l Recent intravenous preparations, such as
Venofer® (iron (IIT)~hydroxide sucrose), have been more
tolerable.

IV iron therapy is more effective compared to oral iron
and it has many advantages such as higher and prompt

increase in Hb levels and rebuilding of body iron stores.!

A study by Munoz ez a/. discussing the effect of
perioperative intravenous iron for management of anemia
and reducing transfusion requirements, they reported
that intravenous iron therapy was safe and reduced the
transfusion requirements and enhanced the recovery from
postoperative anemia.l*"

After review of literature, it was found that a single
intravenous dose of ferric carboxymaltose (1000 mg)
infused over 15 min (FCM, Ferinject) is a novel, easy
treatment for rapid correction of anemia, particularly when
oral therapy is either ineffective or intolerable.*!

A meta-analysis by Schack and colleagues” investigated
the effect of preoperative iron therapy on allogenic blood
transfusion, postoperative Hb levels, length of hospital
stay, mortality rate, and postoperative infections in acute
major noncardiac surgeries. They also found that there
was risk reduction of transfusion (P=0.0004) in seven
studies. Postoperative mortality was reduced in the iron
therapy group in a meta-analysis of four observational
studies (P = 0.04); postoperative infection reduction was
also detected in four studies.” The findings of this study
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support the results of the current study regarding the
reduction of transfusion requirements.

In a recent study including 22,785 consecutive patients, the
research team found that transfusion of 1 or 2 units of
RBCs resulted in increased morbidity and mortality after
cardiac surgery.”’)

Habib and his colleagues™ noticed that in patients with
preoperative hematocrit value of 42.6%, the mortality rate
was 1.6% and increased to 3.6% in patients receiving RBC
units. In cases of preoperative hematocrit value of 27.5%,
the mortality rate increased to 7.5% and blood transfusion
to 66.6%.

Zindrou and his colleagues?” stated that preoperative
anemia was associated with a fourfold increase of the
odds of postoperative complications, especially in valvular
surgery and fivefold increase in the mortality rate in patients
undergoing cardiac surgery.

A multicenter study including patients undergoing cardiac
surgery showed that lower preoperative Hb levels were
associated with an increased need for blood transfusion,
higher mortality, and lengthy hospital stay.”” In addition,
Hb levels below 13 g/dL caused worse outcomes.
Furthermore, female patients with Hb levels below 12 g/dL
scheduled for cardiac surgery, received more RBC units,
and stayed in the hospital for longer. For this reason, we
suggest that Hb < 13 g/dL is the trigger for the initiation
of anemia treatment in patients of both sexes undergoing
major surgery.”” These findings agreed with the results of
the current study except for mortality.

Different from the findings of the current study, an eatlier
study by Gartido e# al,"” who studied the efficacy of iron
therapy either oral or IV on the incidence of anemia and
transfusion requirements in cardiac surgery, they found that
iron supplementation was ineffective, a possible cause may be
insufficient dose of iron therapy received or ineffective type
of iron treatment given (3 doses of 100 mg IV iron (I1I)—
hydroxide sucrose complex every 24 h pre—postoperatively).'”)

In a study by Bisbe and his colleagues, they found that
preoperative IV iron administration in anemic patients
scheduled for major elective surgical procedure markedly
increases postoperative Hb level and reduces the incidence
of postoperative anemia.’"! These findings support the
results of the present study.

According to the International treatment guidelines
g g >
patients scheduled for elective surgery associated with an
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expected blood loss of 500 mL or more must be screened
for anemia 2 weeks prior to surgery and anemia should be
treated with intravenous iron therapy.’?

In contrast to results of the present study, Richards
et al? studied the efficacy of iron therapy use for patients
undergoing major abdominal surgery; they showed that
iron treatment raised Hb level but it did not reduce the
need for postoperative blood transfusion or hospital stay
length. This controversy may be due to the difference in
the nature of the surgical procedure.

Limitations

This study was subjected to some limitations including
the relatively small sample size. For this reason, further
studies of a larger scale would be beneficial to support the
findings of the current study regarding the clinical effect
of iron therapy administered preoperatively on Hb levels
of patients scheduled for elective CABG and to identify
adverse events occurring at lower frequency. The adverse
events have not been classified as serious or nonserious,
recovering or nonrecovering.

CONCLUSION

Preoperative IV iron infusion was shown to be a safe
and feasible way to manage preoperative anemia. The
preoperative administration of IV iron was associated
with higher preoperative and postoperative Hb levels
that reduced the need for perioperative RBC transfusions
and significantly shorter ICU and hospital stay length
and insignificant difference regarding the incidence of
postoperative complications between the study groups.
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