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Abstract
Background
Preoperative anemia is associated with an increased need for blood transfusion, complications, and
prolonged hospital stay. Iron deficiency anemia (IDA) may be treated with oral or intravenous (IV) iron. IV
iron repletes iron stores more rapidly. Its impact on perioperative blood transfusion, postoperative
complications, patients’ recovery, and long-term quality of life is unclear. Newer agents, such as ferric
carboxymaltose (FCM), are costly but have higher maximum approved doses and a very low incidence of
anaphylactic-type reactions. This study aims to explore the feasibility of a randomized control trial to
compare the preoperative treatment of IDA with IV FCM versus oral ferrous fumarate, in patients
undergoing elective major abdominal surgery.

Experimental design
This is an open-label pilot randomized controlled trial. A total of 30 adults with IDA scheduled for elective
major abdominal surgery were recruited for the study. They were randomized into two groups to receive
either oral iron or IV FCM. Primary outcomes are defined as the time from enrollment to study drug
administration, recruitment rate, and follow-up rate up to three months. Secondary outcomes are
hemoglobin rise from recruitment to surgery, perioperative blood transfusion, postoperative complications,
EQ-5D-3L scores at baseline, and three months and adverse events related to IV FCM therapy.

Results
All patients received study drugs within five days of enrollment; 30 patients were recruited within four
months, 15 patients in each group. Two in each group were withdrawn for surgery postponement. All
patients were followed up for three months and there was no crossover of patients. Per protocol, analysis
was performed. No severe adverse events related to IV FCM therapy occurred. Both groups had similar
baseline characteristics, similar hemoglobin rise from enrollment to the day of surgery [0.2 (+1.6) g/dL in the
FCM group and 0.8 (+0.7) g/dL in the Oral Iron group, p=0.3] and similar mean units of perioperative blood
transfused (recruitment to discharge) per patient [1.3 (+ 2.1) in the FCM group and 0.9 (+1.3) in the Oral Iron
group, p=0.6]. Postoperatively, there was a similar hospital length of stay [11.5 (+13.6 days) in the FCM group
and 9.0 (+9.8 days) in the Oral Iron group, p=0.6]; there were similar postoperative complications as reflected
by the average Comprehensive Complication Index [12.8 (+19.6) in the FCM group and 22.6 (+30.7) in the
Oral Iron group, p=0.3]; similar postoperative health-related quality of life as reflected by mean EQ-5D-3L
scores at one month [70.4 (+21.8) in the FCM group and 84.5 (+12.1) in the Oral Iron group] and three
months [80.0 (+18.4) in the FCM group and 85.9 (+10.7) in the Oral Iron group].

Conclusions
A full-scale randomized controlled trial to evaluate the effectiveness of preoperative IV FCM compared to
oral iron in patients with IDA undergoing major abdominal surgery is feasible.

Categories: Anesthesiology
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The prevalence of preoperative anemia, defined as hemoglobin level <13 g/dL in males and <12 g/dL in
females [1], ranges between 25% in knee arthroplasties and 75% in colorectal malignancies [2-4]. Many
studies have documented the negative impact of preoperative anemia on post-surgical outcomes. These
include adverse events such as the increased risk for perioperative blood transfusion, higher 30-day and one-
year mortality, prolonged length of hospital stay, and increased healthcare cost [2,5-8].

Iron deficiency is one of the most common underlying causes of preoperative anemia [9]. Preoperative iron-
deficiency anemia (IDA) may be effectively treated prior to surgery with oral or intravenous (IV) routes of
iron replacement [10]. Oral iron supplementation is the cheapest and easiest form of iron replacement.
However, its bioavailability is poor [11] and is further reduced in various diseases [12] with suboptimal
adherence to therapy [11,13]. Full iron repletion may take three to six months of oral therapy [12]. This
timeline may not always be available prior to major surgery. An alternative is the administration of IV iron,
which can replenish iron stores more rapidly and effect faster improvement in Hb level [14-15]. However,
older formulations of IV iron were associated with a high incidence of serious adverse drug reactions such as
hypersensitivity reactions [16]. Iron sucrose was associated with less anaphylactic-type reactions but had to
be given in small maximum dosages of 200 mg for each infusion, thus requiring several small dose infusions
to achieve the calculated iron deficit. Newer agents such as ferric carboxymaltose (FCM) have much higher
maximum approved doses up to 15 mg/kg per infusion but not more than 1000 mg per dose. Common
reported minor side effects include nausea (occurring in 2.9% of the subjects), followed by injection/infusion
site reactions, hypophosphatemia, headache, flushing, dizziness, and hypertension. Uncommon side effects
include myalgia, arthralgia, pyrexia, and chest pain while anaphylactoid reactions are rare (<0.1% incidence)
[17-18].

To date, there are limited studies [10,19-23] with mixed conclusions on the superiority of preoperative IV
iron supplementation in reducing the postoperative complications rate and perioperative blood transfusion
as compared to oral iron. FCM is attractive, in particular, as it has much higher maximum approved doses
and allows for a single total dose infusion. Patients undergoing major abdominal surgery have a higher
prevalence of iron-deficiency anemia, and often experience intraoperative bleeding and receive a
perioperative blood transfusion. There is a need to investigate if preoperative IV iron therapy compared to
oral iron therapy is truly beneficial for these patients. We hypothesize that treating IDA with a single dose of
IV FCM infusion preoperatively, as compared to oral ferrous fumarate, will reduce post-surgical
complications and perioperative blood transfusion and improve postoperative health-related quality of life
measures in patients undergoing major abdominal surgeries.

We designed a preliminary study to assess the feasibility of conducting a full-scale trial. The primary
objectives of this feasibility study are to assess the feasibility of the study design, in terms of recruitment
rates, procedure implementation barriers, and outcome data variability, which will be used for sample-size
calculation of a full-scale trial. The study design would be deemed feasible to be conducted in our institution
if at least 96.7% (29 out of 30) participants received the study drug within five days of enrollment; if there is
sufficient patient volume, defined as recruitment rate of 30 participants over four months; and if there is
minimal loss to follow-up rate, defined as 90% of enrolled participants completing study follow-up. The
secondary objectives of this feasibility study are to ascertain the effect of IV FCM compared to oral iron on
the 30-day incidence of postoperative complications, perioperative blood transfusion requirements, change
in hemoglobin levels, length of hospital stay (LOS), and health-related quality of life measurement with the
EuroQol 5 Dimension 3 Levels (EQ-5D-3L).

Materials And Methods
This is an open-label, parallel, pilot randomized controlled trial (RCT) named Preoperative Single-Dose
Intravenous Iron Formulation to Reduce Postsurgical Complications in Patients Undergoing Major
Abdominal Surgery: A Randomized Control Trial Feasibility Study (PIRCAS Trial Pilot). Approval from the
SingHealth Institutional Review Board (Ref No. 2017/2005) and registration at the US Clinical Trials database
(NCT03295851) were done before its initiation. The study was conducted between November 2017 and May
2018 at Singapore General Hospital. As per standard clinical protocol, patients undergoing surgery are
routinely scheduled for preoperative assessment at the Preoperative Evaluation Clinic (PEC) one to four
weeks prior to surgery, which is the same time period required for iron supplementation to produce an
effective rise in Hb levels [22]. A research nurse was stationed at PEC to screen and identify eligible
participants. The study’s inclusion criteria include adults aged 21 years and older with iron-deficiency
anemia, scheduled for elective major abdominal surgery, presenting between one and four weeks of their
planned surgery, and who can receive the study intervention at least seven days before the date of surgery.
The full study inclusion criteria are listed in Table 1. Written informed consent was obtained by study team
doctors prior to trial initiation.
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Inclusion Criteria

1. Elective major abdominal surgery (Duration ≥ 2 hours Or blood loss ≥ 500 ml)

2. Age ≥ 21 years old

3. Preoperative assessment visit scheduled 1 - 4 weeks before surgery

4. Anemic (Male hemoglobin <13.0 g/dL; Female hemoglobin <12.0 g/dL)

5. Iron deficient (Serum Ferritin <100 µg/L Or Serum Ferritin 100 µg/L - 300 µg/L & Transferrin Saturation < 20%)

6. Able to receive infusion 1 - 4 weeks (at least 7 days) before the planned operation date

Exclusion Criteria

1. Known history of acquired iron overload

2. Family history of hemochromatosis or thalassemia or transferrin saturation (TSAT) >50%

3. Treatment with erythropoietin in the previous 12 weeks

4. Known hypersensitivity to study drugs

5. Patients with severe asthma or severe allergy (requiring hospitalization within the last 12 months)

6. Pregnancy

7. Age < 21 years old

8. Involvement in other investigational medicinal product trials within the previous 4 weeks prior to randomization that may impact
the results of this trial

TABLE 1: Inclusion and Exclusion Criteria
g/dL, Grams per Decilitre; µg/L, Micrograms per Litre

Experimental Design

Randomization was performed by the research nurse using an online system (http://rct.mui.ac.ir/q/) after
recruitment. Neither the study participant, research nurse, nor outcome adjudicators were blinded, as they
were required to perform and/or receive the study interventions. Participants were randomly assigned to
control or intervention arm in a 1:1 ratio stratified by age (<70 years or ≥70 years), baseline hemoglobin
level (<10 g/dL or ≥10.1 g/dL), surgical site (upper or lower abdominal surgery), and surgical approach (open
or laparoscopic).

Patients in the intervention arm received a single dose of IV FCM. The dosing for FCM is based on the
maximum dose of IV iron that can be safely given in a single infusion (15 mg/kg or up to 1000 mg). The drug
is diluted in 250 ml of normal saline and administered as an infusion over 30 minutes, which follows the
Singapore Health Science Authority’s approved manufacturer’s product guideline. After completion of
infusion, participants were monitored for half an hour for signs and symptoms of adverse drug reactions,
which were recorded and analyzed as adverse events. Participants were also contacted via telephone call
weekly until surgery day and asked to report adverse events. Participants in the control arm were prescribed
ferrous fumarate 200 mg twice daily, to be taken until one day before the surgery.

Study Measurement and Outcomes

Baseline demographic data, comorbidities, details of surgery, full blood count, and anemia panel (transferrin
saturation, serum iron, total iron-binding capacity, serum ferritin, serum vitamin B12, and serum folate
levels) results on the day of recruitment were recorded. On the day of surgery, full blood count and anemia
panel (transferrin saturation, iron, total iron-binding capacity, serum ferritin, serum vitamin B12, and serum
folate levels) were repeated for all trial participants. Additionally, adverse events (AEs) related to study
intervention and perioperative outcomes were recorded. These included blood transfusion, 30-day
complications, 30-day mortality, and health-related quality of life measurement.

Health-related quality of life questionnaire was assessed using the EQ-5D-3L [24] at baseline; and, via
telephone interview, at one month and three months after the operation. The EQ-5D-3L questionnaire
comprises five domains that are graded at three levels and a visual analog scale (VAS) with two endpoints: “0
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= worst imaginable health state to 100 = best imaginable health state [24]. Thirty-day postoperative
complications were compiled via medical record review, classified using the Clavien Dindo Complications
scoring system, and summarized into a single numerical score using the Comprehensive Complication Index
(CCI) score [25].

Sample Size

The sample size was selected based on the observation that at least 12 patients per group provide adequate
precision regarding the estimated mean and variance to allow for future sample size calculations [26]. We
aim to have 15 patients in each group. This is to account for a possible missing data rate or loss to follow-up
rate of three per group.

Statistical Analysis

A per-protocol analysis was performed. This includes patients who were randomized, received trial drugs,
and underwent surgery and excludes those who were withdrawn. Continuous variables were summarized
using their mean and standard deviations and compared using a two-sample t-test between the treatment
and control groups while non-normally distributed discrete variables were summarized with their median
and interquartile range and compared using the Mann-Whitney U test. Categorical variables were reported
as frequency (percentage) and the chi-square/Fisher’s exact test was used to investigate if there was any
discrepancy in baseline characteristics and outcomes in the two arms. Statistical analyses were performed
using IBM SPSS Statistics for Windows, version 24.0. (Armonk, NY: IBM Corp.).

Results
The primary aims of this feasibility study were time from recruitment to study intervention, recruitment
rate, and the loss-to-follow-up rate. As shown in Figure 1, between November 2017 and May 2018, a total of
56 eligible patients were invited to participate in the trial. Twenty-six patients declined to participate mainly
because they were not being able to choose the preferred study drug. The remaining 30 patients went
through randomization, and 15 patients were allocated into the intervention and 15 into the control arm.
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FIGURE 1: Trial Flowchart
n, Number of Patients; mg, Milligram; kg, Kilogram

All patients received trial drugs within five days of enrollment. No severe adverse events related to IV FCM
therapy occurred in the study. There was no crossover between the two treatment arms. Two participants
from the IV FCM arm and two participants from the Oral Iron arm were withdrawn from the trial, as their
surgeries were postponed >30 days and exceeded the trial’s allowable period from therapy to surgery. There
was no loss to follow-up of the remaining 26 patients, and all completed the full study follow-up to three
months.

Secondary Clinical Outcomes

The baseline characteristics of the two arms are shown in Table 2. Patients in the two arms had similar age,
preoperative hemoglobin levels, preoperative indices of iron deficiency, such as serum ferritin, serum iron,
and transferrin saturation levels; a similar proportion of gender, race, and equal distribution of surgical
sites, and surgical approach. The only characteristic that differed significantly was the type of comorbidities
as characterized by the Charlson Comorbidity Index (CCI). The median CCI score was significantly higher in
the FCM group (6, IQR 2-7.5) compared to the oral iron group (2, IQR 0-3), p=0.03.
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Characteristic
Ferric Carboxymaltose (IV
Iron) Ferrous Fumarate (Oral Iron)

P-value
(N = 13) (N = 13)

Age in years - Mean (SD) 59.2 (12.4) 55.2 (23.3) 0.6

Sex    

Female (%) 10 (76.9) 8 (61.5) 0.4

Race (%)    

Chinese 12 (92.3) 11 (84.6)

0.6Malay 0 1 (7.7)

Indian 1 (7.7) 1 (7.7)

Charlson Comorbidity Index - Median (IQR) 6 (2,7.5) 2 (0,3) 0.03

Age-adjusted Charlson Comorbidity Index - Median (IQR) 7 (2.5,8) 3 (0,6) 0.08

BMI - Mean (SD) 24.6 (5.9) 25.5 (8.2) 0.8

Preop Hb in g/dL - Mean (SD) 10.8 (1.4) 10.2 (1.3) 0.3

Days between therapy and surgery - Mean (SD) 11.5 (3.0) 11.1 (3.5) 0.7

Serum iron - Mean (SD) 8.8 (4.7) 7.0 (4.5) 0.3

Serum ferritin - Mean (SD) 37.1 (52.8) 31.3 (41.0) 0.8

Serum transferrin saturation - Mean (SD) 12.8 (7.2) 11.8 (8.9) 0.8

Surgical site    

Upper abdomen (%) 4 (30.8) 4 (30.8)
1

Lower abdomen (%) 9 (69.2) 9 (69.2)

Surgical Approach    

Open (%) 5 (58.5) 5 (38.5)
1

Laparoscopic (%) 8 (61.5) 8 (61.5)

TABLE 2: Characteristics of the FCM and Oral Iron Group
BMI, Body Mass Index; Hb, Hemoglobin; IQR, Interquartile Range; N, Number of Patients; SD, Standard Deviation; g/dL, Grams per Decilitre

There was no significant difference in days between therapy and surgery in both groups and was on average
11.3 +3.2 days. Within the FCM group, no patient received a preoperative transfusion while in the oral iron
group, three patients did. Excluding the patients who received a preoperative blood transfusion, the mean
hemoglobin rise was 0.2 (+ 1.6) g/dL in the FCM group and was 0.8 (+ 0.7) g/dL in the oral iron group.
Significantly more patients in the FCM group received intraoperative transfusion (6/13; 46.2%) compared to
the oral iron group (1/13; 7.7%), p=0.03. Overall, from recruitment to discharge, the proportion of patients
who received blood transfusion was identical in both groups - 6/13 (46.2%), and the mean units of blood
transfused per patient was similar - 1.3 (+ 2.1) in the FCM group and 0.9 (+ 1.3) in the Oral Iron group.
Further details can be seen in Table 3.
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Outcomes

Ferric
Carboxymaltose (IV
Iron)

Ferrous Fumarate
(Oral Iron) P-

value
(N = 13) (N = 13)

Mean rise in Hemoglobin in g/dL * - mean ( S.D.) 0.2 (1.6) 0.8 (0.7) 0.3

Number of patients who received RBC transfusion from recruitment to
discharge – N (% within the group) 6 (46.2) 6 (46.2) 1

    

Any RBC transfusion from recruitment to discharge – N (% within the group) 6 (46.2) 6 (46.2) 1

Mean RBC units per patient in each group from recruitment to discharge -
mean ( S.D.) 1.3 (2.1) 0.9 (1.3) 0.6

Mean RBC units per transfused patient in each group from recruitment to
discharge - mean ( S.D.) 2.8 (2.3) 2.0 (1.3) 0.5

    

Number of patients who received RBC transfusion preoperatively – N (%
within the group) 0 (0) 3 (23.1) 0.07

Mean RBC units transfused per patient preoperatively – mean ( S.D.) 0 0.4 (0.9) 0.1

    

Number of patients who received RBC transfusion intraoperatively – N (%
within the group) 6 (46.2) 1 (7.7) 0.03

Mean RBC units transfused intraoperatively- mean ( S.D.) 0.9 (1.3) 0.2 (0.6) 0.06

    

Number of patients who received RBC transfusion postoperatively – N (%
within the group) 2 (15.4) 4 (30.8) 0.4

Mean RBC units transfused postoperatively - mean ( S.D.) 0.4 (1.0) 0.4 (0.7) 1

* Exclude patients who received RBC transfusion

TABLE 3: Hemoglobin Improvement and Blood Transfusion Outcomes Between the FCM and Oral
Iron Groups
RBC, Red Blood Cells; N, Number; S.D, Standard Deviation; g/dL, Grams per Decilitre

The average hospital length of stay was slightly higher in the FCM group (11.5 + 13.6 days) as compared to
the Oral group (9.0 + 9.8 days) (Table 4). While the proportion of patients in each arm who have more serious
Clavien Dindo complications (grade 3a and above) are roughly similar - 4/13 in the FCM group and 6/13 in
the Oral Iron group, there was one perioperative 30-day mortality in the Oral Iron group. Thus, the average
comprehensive complication index is lower in the FCM group (12.8 + 19.6) as compared to the Oral Iron
group (22.6 + 30.7). 
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Outcomes
Ferric Carboxymaltose
(IV Iron)  Ferrous Fumarate

(Oral Iron) P-value
(N = 13)  (N = 13)

30-day CCI Score - Mean (SD) 12.8 (19.6)  22.6 (30.7)  0.3

Clavien Dindo Score 1&2 4 (33.3%)  4 (33.3%)   

Clavien Dindo Score 3a - 5 2 (16.7%)  3 (25%)   

Clavien Dindo Score 3 2 (16.7%)  1 (8.3%)   

Clavien Dindo Score 4 0  1(8.3%)   

Clavien Dindo Score 5 0  1 (8.3%)   

Total POMS score >= 1 at POD3 10 (66.7%)  9 (60%)  0.7

Total POMS score >= 1 at POD5 6 (40%)  4 (26.7%)  0.4

Total POMS score >= 1 at POD7/8 4 (26.7%)  5 (33.3%)  0.7

Total POMS score >= 1 at POD14/15 2 (13.3%)  3 (20%)  0.6

Total POMS score >= 1 at POD21/22 1 (6.7%)  1 (6.7%)  1

Total POMS score >= 1 at POD28/29 1 (6.7%)  0  0.3

Length of stay in days - Mean (SD) 11.5 (13.6)  9.0 (9.8)  0.6

      

Outcomes Ferric Carboxymaltose (IV
Iron) N Ferrous Fumarate (Oral

Iron N P-
value

6-month readmissions 4 (30.8%) 13 4 (33.3%) * 12 0.9

Total DAOH within 30 days - Mean (SD) 19.3 (8.9) 13 18.6 (10.2) 12 0.9

Total DAOH within 3 months - Mean (SD) 75.2 (16.1) 13 68.8 (26.9) 12 0.5

Total DAOH within 6 months - Mean (SD) 166.8 (14.5) 13 270.7 (442.0) 12 0.4

EQ-5D-3L (Health-Related Quality of Life) - (VAS score)
Baseline - Mean (SD) 70.3 (22.0) 15 73 (8) 15 0.6

EQ-5D-3L (Health-Related Quality of Life) - (VAS score) 1
month - Mean (SD) 70.4 (21.8) 13 84.5 (12.1) 11 0.07

EQ-5D-3L (Health-Related Quality of Life) - (VAS score) 3
month - Mean (SD) 80.0 (18.4) 13 85.9 (10.7) 11 0.4

TABLE 4: Postoperative Complications and Quality of Life Between the FCM and Oral Iron Groups
CCI, Comprehensive Complication Index; DAOH, Days Alive and Out of Hospital; EQ-5D-3L, EuroQol 5 Dimension 3 Levels; FCM, Ferric
Carboxymaltose; FFP, Fresh Frozen Plasma; N, Number of patients; POD, Postoperative Day; POMS, Postoperative Morbidity Survey; RBC, Red
Blood Cell; SD, Standard Deviation; VAS, Visual Analog Scale

* 4 out of 12 as one patient had 30-day mortality

The proportion of patients who were readmitted within six months of surgery was identical at 4/13 in each
group. DAOH is a patient-centric composite outcome that integrates clinically important outcomes of death,
hospital length-of-stay, and multiple, if any, hospital readmission(s) [27]. It reflects a patient’s experience
after surgical intervention. In our study, while both arms had largely similar DAOH at 30 days, the gap
widened at three months (75.2 + 16.1 days in FCM, 68.8 + 26.9 days in the Oral Iron group) and even further
at six months (166.8 + 14.5 days in FCM, 270.7 + 442.0 days in oral iron). These differences were not
statistically significant due to the small numbers and large variations between patients (Table 4).

Discussion
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The primary aim of this PIRCAS Trial Pilot study is to test the feasibility of conducting a full-scale,
adequately powered randomized controlled trial comparing the impact of preoperative single-dose IV FCM
versus oral iron replacement on perioperative outcomes in patients with iron deficiency anemia undergoing
major abdominal surgery. It would be deemed feasible if 96.7% (29 out of 30) of the participants receive their
allocated study drug within five days of enrollment; 30 participants were recruited within four months and
there was complete follow-up of at least 90% of participants. We achieved all our primary objectives. Despite
occasional reports of serious adverse reactions associated with IV FCM in literature, we did not observe any
during the conduct of the trial [15,28].

The cutoff of four months as the maximum amount of time that should be taken to recruit 30 patients was
chosen, as we estimated that a full-scale trial would require about 180-270 patients based on other full-scale
studies [10,19,29]. Thus, a recruitment rate of 30 patients over four months may allow the full-scale trial to
be completed within two to three years approximately. These findings suggest that a full-scale trial is
feasible. However, towards the end of the pilot study, there was a concurrent initiative in our institution to
introduce IV iron as a standard of care for severely anemic patients undergoing major surgery, hence
patients and their physicians became more reluctant to enroll them into a randomized controlled trial. Our
recruitment slowed as a consequence, although we were still able to meet our target. Hence, we feel that a
full-scale trial can only be accomplished by expanding this into a multicenter trial and involving other local
institutions where IV iron has not gained a foothold in routine clinical care.

The secondary aims of the study are to examine the impact of IV FCM on perioperative blood transfusion,
postoperative complications, hospital length of stay, readmission, days alive and out of hospital, and health-
related quality of life. This trial was not powered adequately to analyze for secondary outcomes, and the
small sample size may introduce a Type II error if we attempt to draw conclusions about the outcomes [30].
Nevertheless, we observe no significant differences in mean hemoglobin rise from initiation of therapy to
the day of surgery or overall blood transfusion from recruitment to discharge. Oral group participants had a
higher average comprehensive complication index that was almost twice that of the FCM group, likely due to
the mortality in the oral iron group. However, in spite of the higher perioperative complication index, the
oral group fared better in terms of slightly shorter hospital length of stay, more days out of hospital in the
ensuing six months after surgery, and better overall health-related quality of life at one month compared to
the FCM group, although these results did not achieve statistical significance. A full-scale randomized
controlled trial that is powered to examine these secondary outcomes is needed to confirm these findings.

Preoperative IV iron supplementation is hypothesized to effect a faster hemoglobin rise compared to oral
iron that may reduce the need for blood transfusion. It takes on average two to four weeks to effect a 1 g/dL
rise in hemoglobin after iron supplementation. However, our study result demonstrated that there is no
difference in the rate of rise of hemoglobin levels on the day of surgery between both groups. We postulate
that this is because our study is underpowered for this outcome, and because of the short time from therapy
to surgery in our study (average 11.3 days).

Our results contrast with the results of another full-scale study by Keeler et. al that randomized anemic
patients with non-metastatic colorectal adenocarcinoma to receive oral or intravenous FCM. They were able
to demonstrate that the FCM group had significantly higher increases in hemoglobin after treatment
(median 1⋅55 (i.q.r. 0⋅93-2⋅58) versus 0⋅50 (−0⋅13 to 1⋅33) g/dl; P < 0⋅001) compared to oral iron [10]. Notably,
their average time to surgery was 20 days in the FCM group and 26.5 days in the oral iron group, which were
longer than ours. However, in terms of overall transfusion from recruitment to discharge in both arms, there
were no significant differences in the number of patients who received a blood transfusion in each arm or
the mean units of blood transfused per patient [10].

The PREVENTT (preoperative intravenous iron to treat anaemia before major abdominal surgery) trial is the
largest multi-center, double-blind, parallel-group, randomized study to date examining the impact of
preoperative IV iron compared to placebo in treating anemia in adult patients before major open abdominal
surgery. Likewise, similar to Keeler’s study, they found that while IV iron was able to effect a significant
improvement in hemoglobin levels compared to baseline by the time of surgery (mean difference [MD] 4·7
g/L, 95% CI 2·7-6·8), there was no difference in blood transfusion in the two groups. However, the
preoperative IV iron group had significantly higher mean hemoglobin values after surgery at eight weeks and
six months compared to the baseline, and reduced hospital readmission for complications, despite no
differences in the type of surgery, bleeding, or transfusion volumes between the group [23].

Conclusions
We have demonstrated that it is feasible to conduct a full-scale, adequately powered randomized controlled
trial comparing the impact of a single preoperative dose of IV FCM versus oral iron replacement on
perioperative outcomes in patients with iron deficiency anemia undergoing major abdominal surgery in a
single high-volume surgical center that does not routinely prescribe IV iron preoperatively for patients with
severe iron-deficiency anemia. However, our recruitment rate slowed down towards the tail end of our study
when the prescription of IV iron became part of routine care in our center. This posed a challenge for study
recruitment, as patients were unwilling to undergo randomization since they already had their minds set on
receiving IV iron.
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Our pilot study was underpowered to demonstrate any significant differences in perioperative blood
transfusion, hospital LOS or complication rates. A full-scale randomized controlled trial that examines these
outcomes would need to be conducted in centers that do not have plans to prescribe IV iron routinely in the
near future. In light of the publication of the PREVENTT trial, which has quite definitively answered the
impact of IV iron on perioperative blood transfusion, subsequent trials on IV iron could consider focusing on
the effect of preoperative IV iron and increased postoperative hemoglobin levels in reducing readmission to
hospital for surgical complications.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. SingHealth Centralised
Institutional Review Board issued approval CIRB Ref 2017/2005. Consent was obtained for all participants in
this study. SingHealth Centralised Institutional Review Board has issued approval CIRB Ref. 2017/2005.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: Funding: This study was funded by the Khoo Pilot Award from Duke-NUS
Medical School. Vifor Pharma provided the investigational product (injection Ferric Carboxymaltose) doses.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

Acknowledgements
We thank Dr. Ang Ai Leen (Senior Consultant, Dept. of Hematology, SGH) for their intellectual contribution
to the study design, and Ms. Ng Kai Lee (Nurse Clinician, Dept. of Pre-Operative Services, SGH) for
assistance in the execution of the study.

References
1. Sim YE, Wee HE, Ang AL, Ranjakunalan N, Ong BC, Abdullah HR: Prevalence of preoperative anemia,

abnormal mean corpuscular volume and red cell distribution width among surgical patients in Singapore,
and their influence on one year mortality. PLoS One. 2017, 12:e0182543. 10.1371/journal.pone.0182543

2. Muñoz M, Gómez-Ramírez S, Kozek-Langeneker S, et al.: 'Fit to fly': overcoming barriers to preoperative
haemoglobin optimization in surgical patients. Br J Anaesth. 2015, 115:15-24. 10.1093/bja/aev165

3. Kansagra AJ, Stefan MS: Preoperative anemia: evaluation and treatment . Anesthesiol Clin. 2016, 34:127-41.
10.1016/j.anclin.2015.10.011

4. Browning RM, Trentino K, Nathan EA, Hashemi N: Preoperative anaemia is common in patients undergoing
major gynaecological surgery and is associated with a fivefold increased risk of transfusion. Aust N Z J
Obstet Gynaecol. 2012, 52:455-9. 10.1111/j.1479-828X.2012.01478.x

5. Baron DM, Hochrieser H, Posch M, et al.: Preoperative anaemia is associated with poor clinical outcome in
non-cardiac surgery patients. Br J Anaesth. 2014, 113:416-23. 10.1093/bja/aeu098

6. Khanna R, Harris DA, McDevitt JL, et al.: Impact of anemia and transfusion on readmission and length of
stay after spinal surgery. A single-center study of 1187 operations. Clin Spine Surg. 2017, 30:E1338-42.
10.1097/BSD.0000000000000349

7. Gupta PK, Sundaram A, Mactaggart JN, et al.: Preoperative anemia is an independent predictor of
postoperative mortality and adverse cardiac events in elderly patients undergoing elective vascular
operations. Ann Surg. 2013, 258:1096-102. 10.1097/SLA.0b013e318288e957

8. Abdullah HR, Sim YE, Hao Y, Lin GY, Liew GH, Lamoureux EL, Tan MH: Association between preoperative
anaemia with length of hospital stay among patients undergoing primary total knee arthroplasty in
Singapore: a single-centre retrospective study. BMJ Open. 2017, 7:e016403. 10.1136/bmjopen-2017-016403

9. Muñoz M, Laso-Morales MJ, Gómez-Ramírez S, Cadellas M, Núñez-Matas MJ, García-Erce JA: Pre-operative
haemoglobin levels and iron status in a large multicentre cohort of patients undergoing major elective
surgery. Anaesthesia. 2017, 72:826-34. 10.1111/anae.13840

10. Keeler BD, Simpson JA, Ng O, Padmanabhan H, Brookes MJ, Acheson AG: Randomized clinical trial of
preoperative oral versus intravenous iron in anaemic patients with colorectal cancer. Br J Surg. 2017,
104:214-21. 10.1002/bjs.10328

11. Cancelo-Hidalgo MJ, Castelo-Branco C, Palacios S, Haya-Palazuelos J, Ciria-Recasens M, Manasanch J,
Pérez-Edo L: Tolerability of different oral iron supplements: a systematic review . Curr Med Res Opin. 2013,
29:291-303. 10.1185/03007995.2012.761599

12. Clevenger B, Richards T: Pre-operative anaemia. Anaesthesia. 2015, 70 Suppl 1:20-8, e6-8.
10.1111/anae.12918

13. Tolkien Z, Stecher L, Mander AP, Pereira DI, Powell JJ: Ferrous sulfate supplementation causes significant
gastrointestinal side-effects in adults: a systematic review and meta-analysis. PLoS One. 2015, 10:e0117383.
10.1371/journal.pone.0117383

14. Onken JE, Bregman DB, Harrington RA, et al.: A multicenter, randomized, active-controlled study to
investigate the efficacy and safety of intravenous ferric carboxymaltose in patients with iron deficiency
anemia. Transfusion. 2014, 54:306-15. 10.1111/trf.12289

15. Vadhan-Raj S, Strauss W, Ford D, Bernard K, Boccia R, Li J, Allen LF: Efficacy and safety of IV ferumoxytol
for adults with iron deficiency anemia previously unresponsive to or unable to tolerate oral iron. Am J
Hematol. 2014, 89:7-12. 10.1002/ajh.23582

2021 Thin et al. Cureus 13(8): e17357. DOI 10.7759/cureus.17357 10 of 11

https://dx.doi.org/10.1371/journal.pone.0182543
https://dx.doi.org/10.1371/journal.pone.0182543
https://dx.doi.org/10.1093/bja/aev165
https://dx.doi.org/10.1093/bja/aev165
https://dx.doi.org/10.1016/j.anclin.2015.10.011
https://dx.doi.org/10.1016/j.anclin.2015.10.011
https://dx.doi.org/10.1111/j.1479-828X.2012.01478.x
https://dx.doi.org/10.1111/j.1479-828X.2012.01478.x
https://dx.doi.org/10.1093/bja/aeu098
https://dx.doi.org/10.1093/bja/aeu098
https://dx.doi.org/10.1097/BSD.0000000000000349
https://dx.doi.org/10.1097/BSD.0000000000000349
https://dx.doi.org/10.1097/SLA.0b013e318288e957
https://dx.doi.org/10.1097/SLA.0b013e318288e957
https://dx.doi.org/10.1136/bmjopen-2017-016403
https://dx.doi.org/10.1136/bmjopen-2017-016403
https://dx.doi.org/10.1111/anae.13840
https://dx.doi.org/10.1111/anae.13840
https://dx.doi.org/10.1002/bjs.10328
https://dx.doi.org/10.1002/bjs.10328
https://dx.doi.org/10.1185/03007995.2012.761599
https://dx.doi.org/10.1185/03007995.2012.761599
https://dx.doi.org/10.1111/anae.12918
https://dx.doi.org/10.1111/anae.12918
https://dx.doi.org/10.1371/journal.pone.0117383
https://dx.doi.org/10.1371/journal.pone.0117383
https://dx.doi.org/10.1111/trf.12289
https://dx.doi.org/10.1111/trf.12289
https://dx.doi.org/10.1002/ajh.23582
https://dx.doi.org/10.1002/ajh.23582


16. Auerbach M, Macdougall IC: Safety of intravenous iron formulations: facts and folklore . Blood Transfus.
2014, 12:296-300. 10.2450/2014.0094-14

17. Auerbach M, Ballard H: Clinical use of intravenous iron: administration, efficacy, and safety . Hematology
Am Soc Hematol Educ Program. 2010, 2010:338-47. 10.1182/asheducation-2010.1.338

18. Consumer medicine information: Ferinject. Ferric carboxymaltose . (2021). Accessed: August 9, 2021:
https://www.nps.org.au/medicine-finder/ferinject-solution-for-injection.

19. Froessler B, Palm P, Weber I, Hodyl NA, Singh R, Murphy EM: The important role for intravenous iron in
perioperative patient blood management in major abdominal surgery: a randomized controlled trial. Ann
Surg. 2016, 264:41-6. 10.1097/SLA.0000000000001646

20. Serrano-Trenas JA, Ugalde PF, Cabello LM, Chofles LC, Lázaro PS, Benítez PC: Role of perioperative
intravenous iron therapy in elderly hip fracture patients: a single-center randomized controlled trial.
Transfusion. 2011, 51:97-104. 10.1111/j.1537-2995.2010.02769.x

21. Bernabeu-Wittel M, Romero M, Ollero-Baturone M, et al.: Ferric carboxymaltose with or without
erythropoietin in anemic patients with hip fracture: a randomized clinical trial. Transfusion. 2016, 56:2199-
211. 10.1111/trf.13624

22. Kim YH, Chung HH, Kang SB, Kim SC, Kim YT: Safety and usefulness of intravenous iron sucrose in the
management of preoperative anemia in patients with menorrhagia: a phase IV, open-label, prospective,
randomized study. Acta Haematol. 2009, 121:37-41. 10.1159/000210062

23. Richards T, Baikady RR, Clevenger B, et al.: Preoperative intravenous iron to treat anaemia before major
abdominal surgery (PREVENTT): a randomised, double-blind, controlled trial. Lancet. 2020, 396:1353-61.
10.1016/S0140-6736(20)31539-7

24. Feng Y, Devlin N, Herdman M: Assessing the health of the general population in England: how do the three-
and five-level versions of EQ-5D compare?. Health Qual Life Outcomes. 2015, 13:171. 10.1186/s12955-015-
0356-8

25. Clavien PA, Vetter D, Staiger RD, Slankamenac K, Mehra T, Graf R, Puhan MA: The Comprehensive
Complication Index (CCI®). Added value and clinical perspectives 3 years "down the line". Ann Surg. 2017,
265:1045-50. 10.1097/SLA.0000000000002132

26. Julious SA: Sample size of 12 per group rule of thumb for a pilot study . Pharm Stat. 2005, 4:287-91.
10.1002/pst.185

27. Jerath A, Austin PC, Wijeysundera DN: Days alive and out of hospital: validation of a patient-centered
outcome for perioperative medicine. Anesthesiology. 2019, 131:84-93. 10.1097/ALN.0000000000002701

28. Moore RA, Gaskell H, Rose P, Allan J: Meta-analysis of efficacy and safety of intravenous ferric
carboxymaltose (Ferinject) from clinical trial reports and published trial data. BMC Blood Disord. 2011, 11:4.
10.1186/1471-2326-11-4

29. Khafalafallah A, Al-Barzan AM, Chan J, et al.: A prospective randomized controlled trial to assess the effect
of intravenous versus oral iron therapy in the treatment of preoperative anaemia. J Blood Disord Transfus.
2012, 3:1-6. 10.4172/2155-9864.1000127

30. Ioannidis JP, Hozo I, Djulbegovic B: Optimal type I and type II error pairs when the available sample size is
fixed. J Clin Epidemiol. 2013, 66:903-910.e2.

2021 Thin et al. Cureus 13(8): e17357. DOI 10.7759/cureus.17357 11 of 11

https://dx.doi.org/10.2450/2014.0094-14
https://dx.doi.org/10.2450/2014.0094-14
https://dx.doi.org/10.1182/asheducation-2010.1.338
https://dx.doi.org/10.1182/asheducation-2010.1.338
https://www.nps.org.au/medicine-finder/ferinject-solution-for-injection
https://www.nps.org.au/medicine-finder/ferinject-solution-for-injection
https://dx.doi.org/10.1097/SLA.0000000000001646
https://dx.doi.org/10.1097/SLA.0000000000001646
https://dx.doi.org/10.1111/j.1537-2995.2010.02769.x
https://dx.doi.org/10.1111/j.1537-2995.2010.02769.x
https://dx.doi.org/10.1111/trf.13624
https://dx.doi.org/10.1111/trf.13624
https://dx.doi.org/10.1159/000210062
https://dx.doi.org/10.1159/000210062
https://dx.doi.org/10.1016/S0140-6736(20)31539-7
https://dx.doi.org/10.1016/S0140-6736(20)31539-7
https://dx.doi.org/10.1186/s12955-015-0356-8
https://dx.doi.org/10.1186/s12955-015-0356-8
https://dx.doi.org/10.1097/SLA.0000000000002132
https://dx.doi.org/10.1097/SLA.0000000000002132
https://dx.doi.org/10.1002/pst.185
https://dx.doi.org/10.1002/pst.185
https://dx.doi.org/10.1097/ALN.0000000000002701
https://dx.doi.org/10.1097/ALN.0000000000002701
https://dx.doi.org/10.1186/1471-2326-11-4
https://dx.doi.org/10.1186/1471-2326-11-4
https://dx.doi.org/10.4172/2155-9864.1000127
https://dx.doi.org/10.4172/2155-9864.1000127
https://www.sciencedirect.com/science/article/abs/pii/S0895435613000887

	Preoperative Single-Dose Intravenous Iron Formulation to Reduce Postsurgical Complications in Patients Undergoing Major Abdominal Surgery: A Randomized Control Trial Feasibility Study (PIRCAS Trial Pilot)
	Abstract
	Background
	Experimental design
	Results
	Conclusions

	Introduction
	Materials And Methods
	TABLE 1: Inclusion and Exclusion Criteria

	Results
	FIGURE 1: Trial Flowchart
	TABLE 2: Characteristics of the FCM and Oral Iron Group
	TABLE 3: Hemoglobin Improvement and Blood Transfusion Outcomes Between the FCM and Oral Iron Groups
	TABLE 4: Postoperative Complications and Quality of Life Between the FCM and Oral Iron Groups

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


