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Efficacy of ferric carboxymaltose in iron deficiency anemia
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Purpose: Perioperative transfusion is reported to be an independent risk factor not only for postoperative complications
but also for early recurrence of periampullary carcinoma after pancreaticoduodenectomy (PD]. The purpose of this study
was to evaluate the safety and efficacy of ferric carboxymaltose (FCM) in reducing the need for perioperative transfusion in
iron deficiency anemia patients scheduled for PD.

Methods: Twenty-two male patients (hemoglobin [Hb] 7 to <13 g/dL]) and 18 female patients (Hb 7 to <12 g/dL] were
enrolled in the study group and administered FCM 1-3 weeks before PD. The perioperative transfusion rate was the
primary endpoint; morbidity, length of postoperative hospital stay, change in hematological parameters after FCM
injection, and adverse effects of FCM were also investigated.

Results: The perioperative transfusion rate of the study group was 22.5% (9 of 40). Hb level was significantly higher on the
day of the operation compared to baseline (P < 0.001). Levels of Hb, transferrin saturation, and ferritin were higher at the
follow-up compared to baseline (P = 0.008, P = 0.033, and P < 0.001, respectively).

Conclusions FCM administration was associated with a reduced need for perioperative transfusion and can safely stabilize
hematological parameters.

[Ann Surg Treat Res 2023;105(2):82-90]
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INTRODUCTION of patients with periampullary carcinoma. Despite refinement
of surgical techniques, PD is still associated with significant

Pancreaticoduodenectomy (PD) is the only treatment modality ~ bleeding and the requirement for transfusion, because of the
with realistic potential for improving the long-term survival — anatomic complexity and long operation time. Postoperative
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hemorrhage is one of the most serious complications of PD [1-3].
The perioperative transfusion rate has decreased but remains
high at up to 60% [4-6].

Allogeneic RBC transfusion during the perioperative period
is associated with increased morbidity and mortality [7.8].
Perioperative transfusion has also been reported to lead to
adverse oncologic outcomes, such as early tumor recurrence and
decreased overall survival [9-11]. Blood transfusion was reported
to induce host immunosuppression via several mechanisms,
including transfusion-induced suppression of natural killer cell
and monocyte phagocytic activity, increased suppressor T-cell
activity (resulting in inhibition of interleukin-2 production), and
concomitant soluble Fas ligand and human leukocyte antigen-
molecule transfusion [12-15]. Recent data also suggested that
transfusion timing may be critical [6]. We previously reported
that the perioperative RBC transfusion rate was 46% among 244
PD patients. Moreover, perioperative RBC and intraoperative
transfusion were associated with decreased overall survival
in patients who underwent PD for periampullary cancer [11].
Also, preoperative hemoglobin (Hb) of <12 mg/dL was an
independent predictor of perioperative transfusion, along with
female sex, a long operation time, and portal vein resection
[11]. In that study, 49% (120 of 244) of PD patients were anemic
(Hb of <12 mg/dL); most of the cases were of iron deficiency
anemia (IDA) due to lack of iron intake, inability to absorb iron
or chronic bleeding, etc.

Recent studies reported that infusion of intravenous iron in
patients with postoperative anemia rapidly improved the levels
of Hb, serum ferritin, and transferrin saturation (TSAT), and
also prevented indiscriminate transfusion [16-18]. In another
recent study, ferric carboxymaltose (FCM) administered
preoperatively in elderly patients with colorectal cancer
influenced reducing blood transfusion and intensive care unit
admissions after the operation [19]. A single large infusion of
FCM has been reported to exert its effects more rapidly, and
to lead to fewer gastrointestinal adverse effects, than an oral
iron supplement [20]. It also raised Hb levels higher and caused
less anemia just before surgery [21,22]. Furthermore, Kim et al.
[18], working in the Center for Gastric Cancer at our institute,
reported that FCM was effective in patients with acute
isovolemic anemia following gastrectomy.

Perioperative RBC transfusion is oncologically unsafe
and preoperative anemia is significantly associated with
perioperative transfusion in patients undergoing PD for
periampullary cancer; thus, we believe that reducing
perioperative RBC transfusion by increasing preoperative Hb in
anemic patients could be very valuable for patient management.
We posited that FCM could be effective for reducing
perioperative RBC transfusion in patients with IDA scheduled
for PD, and tested this hypothesis in the present study.

METHODS
Study design

This was a prospective, single-center, single-arm phase 11
trial. The study was approved by the Institutional Review Board
of the National Cancer Center, Korea (No. NCCCTS-13-709) and
registered on ClinicalTrial.gov (No. NCT02628860). Written
informed consent was obtained from all patients. The FCM
protocol was based on a previous randomized clinical trial of
patients who underwent gastrectomy at our institute [18,23].

Patients
Patients were enrolled between October 2014 and December

2018. The inclusion criteria were as follows: aged >19 years,
scheduled for PD for periampullary cancer, preoperative Hb
level of 7-129 g/dL in males and 7-119 g/dL in females, mean
corpuscular volume (MCV) of = 95 um’, and TSAT of =35%.

Patients with Hb levels of <7 g/dL needed preoperative
transfusions and were excluded from the study. The diagnosis
of IDA can be difficult; we took an MCV of =95 pym’ and TSAT
of =35% to indicate IDA. The common criteria of IDA are
as follows: microcytic RBC; serum ferritin, <30 ng/mL; and
TSAT index, <20%. Although a low level of serum ferritin is a
valuable parameter for diagnosing IDA, ferritin can be elevated
even in IDA patients with hyperbilirubinemia or acute/chronic
inflammation.

The exclusion criteria were as follows: concurrent medical
conditions that would prevent compliance or jeopardize the
health of the patient; hypersensitivity to any component of the
treatment; current severe infection or inflammation; history
of transfusion and erythropoietin or intravenous iron infusion
of >500 mg within the 4 weeks before screening; MCV of >95
um’ or TSAT of >35%; preoperative Hb of <7 g/dL; pregnancy
or lactation; decreased renal function (defined as creatinine
clearance of <50 mL/min/1.73 m’, calculated based on the
estimated glomerular filtration rate); and chronic liver disease
or increase in liver enzymes (aspartate aminotransferase and
alanine aminotransferase) to >5 times the upper limit of
normal.

Procedures
FCM (Ferinject, Vifor Pharma Pty Ltd) was administered as

an intravenous infusion; 1,000 mg of FCM was mixed with 250
mL of normal saline for patients with a body weight of =50 kg,
while 500 mg of FCM was mixed with 100 mL of normal saline
for those with a body weight of <50 kg (1-3 weeks before PD).
Perioperative RBC transfusion was performed at the surgeon's
discretion if the Hb level was <7 g/dL or vital signs became
unstable.
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Outcomes
This study evaluated the safety and efficacy of FCM for

reducing perioperative transfusion in IDA patients scheduled
for PD. The primary endpoints were the perioperative and
postoperative (within 7 days) transfusion rates. The secondary
endpoints were postoperative complications, length of hospital
stay after PD, changes in hematological parameters (Hb, ferritin,
and TSAT) after FCM injection, and adverse effects of FCM
which were based on the previous literature [21]. Hematological
parameters were measured at the time of enrollment, during
the operation, and 4-6 weeks after PD. Adverse events were
also noted.

Statistical analysis
Among 125 patients who underwent PD at our institute

between January 2012 and September 2013, the perioperative
transfusion rate was 30.4% (38 of 125). The transfusion rate
for the patients with preoperative Hb levels of 7-11.9 g/dL
was 44.2% (23 of 52), and for the patients with Hb of =12g/
dL was 20.5% (15 of 73). We hypothesized that preoperative Hb
levels would increase following FCM injection, and that the
transfusion rate of patients with preoperative Hb levels of 7-11.9
g/dL (44.0%) would decrease to 23.0%. A sample size of 43 had
00% power to detect a 21.0% decrease (from 44.0% to 23.0%) in
the perioperative transfusion rate using a 1-sided binomial test
at a significance level of 5%. Assuming a 10% dropout rate, 48
samples were needed.

In the study group, Hb levels were analyzed using the paired
ttest, and ferritin and TSAT levels using the Wilcoxon signed-
rank test, at baseline, on the day of the operation, and at the
4-6-week follow-up. We compared the characteristics of the
study and historical control groups. The control group consisted
of 54 patients who underwent PD between January 2012 and
September 2013. The same Hb inclusion criteria were used
as in the study group (preoperative Hb of 7 to <13 g/dL in
males and 7 to <12 g/dL in females). A paired t-test was used
to analyze continuous variables, while the Wilcoxon signed-

FCM-administration patients enrolled (n = 48)

rank test was used to analyze continuous variables that did not
follow a normal distribution, as well as categorical variables.
Perioperative transfusion rates were compared between the
study and control groups using logistic regression after adjusting
for the estimated blood loss (EBL).

RESULTS

Patient characteristics
Between October 2014 and December 2018, & of 48 enrolled

patients dropped out of the study; thus, 40 patients were
included in the final analysis (Fig. 1), of whom 22 were male
and 18 were female. The mean age of the patients was 69.1 +
79 years. The median time from FCM administration to PD was
8 days (range, 7-33 days); 1,000 mg of FCM was administered
to 32 patients and 500 mg to 8 patients. The median hospital
stay after PD was 28 days (range, 11-60 days). Fourteen patients
underwent standard PD and 25 had pylorus-preserving PD.
One patient underwent a total pancreatectomy. The median
operation time was 352.5 minutes (range, 245-680 minutes)
and the median amount of EBL was 400 mL (range, 130-3,300
mL) (Table 1).

Postoperative morbidity
Twenty-five patients (62.5%) and 29 patients (53.7%) had at

least 1 postoperative complication in the study and the control
groups, respectively (Tables 1, 2). Grade A delayed gastric
emptying occurred in 2 patients and grade B/C in 5, whereas
there were no cases in the control group. Biochemical leak
and grade B pancreatic fistula occurred in 4 and 3 patients,
respectively; there were no grade C patients in the study group.
In the control group, 13 patients had a biochemical leak and
grade B and C fistula occurred in 2 and 1 patients, respectively.
Only 3 patients in the control group had postoperative ileus.
Seven patients in the study group had delayed gastric emptying,
whereas there were no patients in the control group. There was
no postoperative mortality in the study group, but 1 patient in

» Operation canceled (n = 4)

A 4

Patients who underwent the operation (n = 44)

CBD resection (n = 1)
» HPD (n=1)
Others (n = 2)

Fig. 1. Flow chart of the study.

A 4

Patients who underwent PD (n = 40)

CBD, common bile duct; HPD,
hepatopancreaticoduodenec-
tomy.
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Table 1. Characteristics of the study and control group patients

Characteristic

No. of patients

Age (yr)

Sex
Male
Female

Time between enrollment and operation (day)

Hospital stay (day)

Amount of FCM injected (mg)
500
1,000

Site of cancer
Pancreas
Ampulla of Vater
Common bile duct
Duodenum

Miscellaneous

Operation type
PD
PPPD
TP

Hemoglobin (mg/dL)
Baseline
Operation day
At discharge
Follow-up, 4-6 wk

TSAT, iron/TIBC (%)
Baseline
Operation day
Follow-up, 4-6 wk

Ferritin (ng/mL)
Baseline
Operation day
Follow-up, 4-6 wk

Amount of transfused RBC (pack)

Operation time (min)

EBL (mL)

Transfusion
Intraoperative
Postoperative
Total

Morbidity

Mortality

Study group Control group P-value
40 54
69.1+7.9 66.2 +9.3 0.113
0.250
22 (55.0) 36 (66.7)
18 (45.0) 18 (33.3)
8 (7-33) NA
28 (11-60) 19 (8-117) 0.893
8(20.0) NA NA
32 (80.0) NA NA
0.774
19 (47.5) 29 (53.7)
10 (25.0) 8(14.8)
7 (17.5) 10 (18.5)
1(2.5) 1(1.9)
3(7.5) 6(11.1)
0.690
14 (35.0) 18 (33.3)
25 (62.5) 32 (59.3)
1(2.5) 4 (7.4)
11.0+£1.0 NA NA
11.5+£1.3 11.0+1.2 0.065
104+ 1.4 9.7+1.2 0.010
11.7+£1.3 10.7+£1.3 <0.001
23.7 (5.1-50.0) NA NA
38.3 (14.8-98.0) NA NA
28.9 (7.0-58.1) NA NA
202 (8-1,470) NA NA
1,182 (11.1-7,550) NA NA
632 (48-2,650) NA NA
0(0-9) 0(0-31) 0.385
352.5 (245-680) 370 (215-745) 0.277
400 (130-3,300) 600 (300-3,800) <0.001
6 (15.0) 13 (24.1) 0.139”
5(12.5) 16 (29.6) 0.024"
9(22.5) 21 (38.9) 0.046"
25 (62.5) 29 (53.7) 0.394
0(0) 1(1.9) 0.387

Values are presented as number only, mean + standard deviation, or number (%).
NA, not applicapable; FCM, ferric carboxymaltose; PD, pancreatoduodenectomy; PPPD, pylorus-preserving pancreatoduodenectomy;
TP, total pancreatectomy; TSAT, transferrin saturation; TIBC, total iron binding capacity; EBL, estimated blood loss.

“One-sided P-value.

the control group died 48 days after the operation due to sepsis.

Adverse effects of ferric carboxymaltose
Adverse effects of FCM were reported in 5 cases. Dyspepsia

was reported in 2 cases and dizziness, hypertension, and
pruritus were each reported in 1 case. The severity of dyspepsia

and dizziness was moderate, and that of hypertension
and pruritus was mild. All adverse effects were managed
conservatively, or by medication, and all patients recovered
well without any sequelae. There were no reports of headache,
flushing, nausea, or vomiting,
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Outcomes of the study

The perioperative transfusion rate in the study group was
22.5% (9 of 40; 90% confidence interval [CI], 11.6-33.4); 6
patients (15.0%) during PD and 5 patients (12.5%) within 7 days
after PD. Two patients required transfusion during both the
intraoperative and postoperative periods.

The Hb level significantly increased from baseline to the
day of the operation and also increased (but not significantly)
between the day of the operation and the 4-6-week follow-
up (Fig. 2). TSAT and ferritin levels also significantly increased
on the day of the operation after administration of FCM but
decreased at the 4-6-week follow-up. All of these parameters
showed significantly higher levels at the follow-up compared to
the baseline.

The perioperative transfusion rate in the study group was
lower than that in the control group (22.5% vs. 38.9%:; 90% CI,

Table 2. Postoperative morbidity in the study and the
control groups

o ezt Study group Control group Pvalue

11.6-33.4; 1-sided P = 0.046). The postoperative (within 7 days
after PD) transfusion rate was also lower in the study group
(12.5% vs. 29.6%; 1-sided P = 0.024) (Table 1). However, the EBL
was significantly higher in the control group (P < 0.001). The
patients in both groups were divided into 3 subgroups according
to the EBL amount (Table 3). We compared transfusion rates
using logistic regression after adjusting for the amount of EBL;
there was no significant difference in the transfusion rate
following the adjustment (odds ratio, 0.76; 95% CI, 0.27-2.15;
2-sided P = 0.607). Hb levels at the time of discharge (104 +
14 mg/dL vs. 9.7 = 1.2 mg/dL, P = 0.010), and at the 4-6-week
follow-up (11.7 = 1.3 mg/dL vs. 10.7 = 1.3 mg/dL, P < 0.001),
were significantly higher in the study group than in the control
group.

We combined the control and the study groups, divided the
transfusion group and the non-transfusion group, and compared

Table 3. Estimated blood loss (EBL) in the study and control
groups

Study group Control group Pvalue

n =40 n=>54 i
( ) ( ) EBL (mL)  Transfusion (n = 40) (h = 54)
Wound problem 10 (25.0) 9(16.7) 0.320 00 2 Y 0.999
Delayed gastric emptying 7 (17.5) 0 (0) 0.001 < - p 4 ~U-
Pancreatic fistula 7 (17.5) 16 (29.6) 0.176 +
Biochemical leak 4(100) 13 (24.1) 500-1,000 - 9 7 0.248
Grade B 3(7.5) 2(3.7) + 3 7
Grade C 0(0) 1(1.9) >1,000 - 0 5 >0.999
Bleeding 4 (10.0) 3(5.6) 0.417 + 1 10
Biliary flst.ula 1(2.5) 0(0) 0.243 There was more proportion of patients with EBL of >1,000 mL in
Pneumonia 1(2.5) 3(5.6) 0.468 the control group than in the study group, and more proportion
lleus 00 3(5.6) 0.130  of patients with EBL of <500 mL in the study group (P = 0.005).
A B
12 1 45 1,400 1
// 401 1,200 ~
35 4 —_
| -
g 1 < 301 £ 1,000
© = 251 2 800 -
E 74 20 - <
o % £ 6001
T 10 15 - E
—e— Hb (total) 10- $ 400+
Hb < 10 200 -
—— Hb > 10 %
9 T T 1 O T T 1 0 T T 1

Baseline Operation Follow-up

Baseline Operation Follow-up

Baseline Operation Follow-up

Fig. 2. Change of hematological parameters in the study group. (A) Hemoglobin (Hb) level change. Total Hb level significantly
increased from baseline to operation day (P < 0.001) and also increased, but not significantly from operation day to follow-
up 4 to 6 weeks later (P = 0.373). It finally increased from baseline to follow-up 4 to 6 weeks later (P = 0.008). Hb levels of
patients with levels lesser than 10 maintained significantly higher in the follow-up period than in the baseline. Hb levels were
compared using paired t-test. (B) Transferrin saturation (TSAT) level change. TSAT significantly increased on operation day
after the administration of ferric carboxymaltose (FCM) (P < 0.001), but decreased 4 to 6 weeks later (P < 0.001). However, it
maintained a significantly higher state at the follow-up period compared to the levels at baseline (P = 0.033). TSAT levels were
compared using Wilcoxon signed-rank test. (C) Ferritin level change. Ferritin level also significantly increased at operation
day after the administration of FCM (P < 0.001), but decreased 4 to 6 weeks later (P < 0.001). However, it maintained a
significantly higher state at the follow-up period compared to the levels at baseline (P < 0.001). Ferritin levels were compared

using Wilcoxon signed-rank test.
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Table 4. Comparison of the transfusion and the non-transfusion groups after combining the control and the study groups

Characteristic Transfusion group Non-transfusion group P-value

No. of patients 30 64
Age (yr) 67.4+10.0 67.4+8.2 0.990
Sex 0.824

Male 9 (63.3) 39 (60.9)

Female 1(36.7) 25(39.1)
Hospital stay (day) 25 5(12-117) 18 (8-60) 0.008
FCM injection 9 (30.0) 31 (48.4) 0.092
Site of cancer 0.411

Pancreas 19 (63.3) 29 (45.3)

Ampulla of Vater 3(10) 15 (23.4)

Common bile duct 5(16.7) 12 (18.8)

Duodenum 1(3.3) 1(1.6)

Miscellaneous 2(6.7) 7 (10.9)
Operation type 0.027

PD 12 (40.0) 20 (31.3)

PPPD 14 (46.7) 43 (67.2)

TP 4(13.3) 1(1.6)
Hemoglobin (mg/dL)

Operation day 103 +1.2 11.6+1.0 <0.001

At discharge 9.9+1.2 10.0 1.3 0.663

Follow-up, 4-6 wk 104+ 1.4 11.4+13 0.001
Operation time (min) 385 (295-740) 347.5 (215-680) 0.013
EBL (mL) 750 (150-3,800) 400 (130-2,400) 0.003
Morbidity 0 (66.7) 4 (53.1) 0.216
Mortality 13.3) 0 (0) 0.142

Values are presented as number only, mean =+ standard deviation, or number (%).
FCM, ferric carboxymaltose; PD, pancreatoduodenectomy; PPPD, pylorus-preserving pancreatoduodenectomy; TP, total

pancreatectomy; EBL, estimated blood loss.

them. The rate of FCM injection was 30.0% (9 of 30) in the
transfusion group and 48.4% (31 of 64) in the non-transfusion
group, but it was not significantly different (P = 0.092) (Table 4).

DISCUSSION

In this study, the perioperative transfusion rate of the study
group was 22.5% (9 of 40), which was significantly lower than
that in the control group (389%, 21 of 54; P = 0.046). However,
due to greater blood loss in the control group (P < 0.001), there
was no significant difference in transfusion rate between the
2 groups in a logistic regression model adjusted for blood loss
(P = 0.607). In the study group, the Hb level was significantly
higher on the day of the operation compared to the baseline
(P < 0.001). Levels of Hb, TSAT, and ferritin were higher at the
follow-up compared to baseline (P = 0.008, P = 0.033, and P <
0.001, respectively). Mild-to-moderate adverse effects of FCM
were reported in 5 cases (20.0%), which were managed easily. To
the best of our knowledge, this was the first study to investigate
the efficacy of FCM in patients scheduled for PD.

In our previous study, a preoperative serum Hb level of
<12 mg/dL was an independent predictor of perioperative

transfusion, along with female sex, a long operation time, and
portal vein resection [11]. In this study, 49.2% of PD patients
(120 of 244) were anemic (Hb of <12 mg/dL), which in most
cases was assumed to be due to IDA in association with a lack
of iron intake, inability to absorb iron or chronic bleeding,
etc. [11]. We hypothesized that, if the preoperative Hb in IDA
patients scheduled for PD could be increased, the perioperative
transfusion rate would decrease and long-term survival would
improve. Intravenous iron, including FCM, has been used to
rapidly improve hematological parameters including serum Hb,
ferritin level, and TSAT, and to prevent unnecessary transfusion
after gastrectomy [16-18]. In a previous randomized, controlled
trial performed at our institute, Kim et al. [18] reported that
alternative anemia management strategies, such as oral iron
supplementation and transfusion, were used more frequently
in the observation group than in patients receiving FCM at 5-7
days after gastrectomy (6.9% vs. 1.4%; absolute difference, 5.5;
05% CI, 3.3-76; P = 0.000). In another randomized, controlled
trial, transfusion was less frequent in the FCM group versus
control group patients (0.97% vs. 5.1%; incidence rate ratio,
0.1; 95% CI, 0.01-0.85; P = 0.035) [17]. In that randomized,
controlled trial, most of the operations were orthopedic,

Annals of Surgical Treatment and Research

87



88

Annals of Surgical Treatment and Research 2023;105(2):82-90

including knee and hip arthroplasties and spinal surgery;
the rest were abdominal, gynecologic, urologic, plastic, and
otolaryngologic surgeries.

This single-center, single-arm study assessed the efficacy
and safety of FCM for patients scheduled for PD, in terms of
the perioperative transfusion rate. FCM was infused 1-3 weeks
before the operation in male patients with an Hb level of 7-13
g/dL, and in female patients with an Hb level of 7-12 g/dL.
Compared to the historical control group, the transfusion rate
significantly decreased from 38.9% to 22.5% in the study group
(1-sided P = 0.046). However, there was no statistical difference
in transfusion rate between the groups after adjusting for EBL
(2-sided P = 0.607). The median EBL was significantly greater
in the control group than the study group (600 mL [range,
300-3,800 mL] vs. 400 mL [range, 130-3,300 mL], P < 0.001),
possibly because the operation time and surgeon experience
differed between the groups; alternatively, the surgeons might
have been more concerned about reducing bleeding in the study
patients. We further investigated EBL in both groups: there
was more proportion of patients with EBL of >1,000 mL in the
control group than in the study group, and more proportion of
patients in the study group with EBL of <500 mL (P = 0.005)
(Table 3). In both groups, the transfusion rate increased with
EBL (control group: 16%, 50%, and 66.7%; study group: 18.5%,
25%, 100%, in the subgroups with EBL of <500 mL, 500-1,000
mL, and >1,000 mL). After adjusting for EBL, the relative risk of
transfusion in the study group was 0.46 (0.18-1.15, P = 0.095)
in the univariate model and 0.76 (0.27-2.15, P = 0.607) in the
multivariate model. Therefore, the reduced transfusion rate in
the study group was mainly due to reduced blood loss compared
to the control group; the effect of FCM administration was not
statistically significant. We also performed subgroup analyses
according to EBL, but the transfusion rate was not significantly
different between the control and study groups (Table 3).

Levels of Hb, TSAT, and ferritin were significantly higher
4-6 weeks after PD than at the time of enrollment in the study
group. Hb levels in the study group were also higher at the
time of discharge, and at 4-6 weeks after PD, compared to the
control group. The Hb level had improved after 12 weeks in
patients who received FCM infusion, and levels of TSAT and
ferritin were also higher, in a previous randomized trial [18]. In
that trial, the Hb level showed a greater recovery in the FCM
group than in the control group [17]. However, there have been
no clinical trials regarding the effects of preoperative FCM,
particularly in patients undergoing PD.

Randomized clinical trials reported that FCM was more
effective in reversing IDA than an oral iron supplement [22,24].
FCM also has fewer gastrointestinal adverse effects, such as
nausea, vomiting, constipation, and diarrhea, than oral iron;
the most common adverse effect is transient, asymptomatic
hypophosphatemia [20]. Although one study reported several

adverse effects of FCM, including fatigue, headache, dizziness,
dyspepsia, and rash [24], no adverse events were reported in our
study.

There was no delayed gastric emptying in the control group,
but unexpectedly, it occurred in 7 patients in the study group.
This was attributable to the fact that the study group applied
more stringently in recording complications.

There were several limitations to the current study. First,
it used a single-arm, single-center design; thus, although
safety issues associated with FCM were relatively easy to
manage, the effectiveness of FCM was more difficult to
quantify. We compared the transfusion rate between study and
historical control groups with similar Hb levels. Although the
transfusion rate for the study group was significantly lower
than that for the control group, the EBL differed between the
groups. Hematologic parameters, including TSAT and ferritin
levels, should have been measured before and after PD and
compared in both groups. The median interval between FCM
administration and the operation was 8 days (range, 7-33
days), which may be too short to observe a meaningful increase
in Hb. However, as most of the patients were periampullary
cancer patients, it was difficult to delay the operations.
Moreover, the amount of FCM injected and the period between
FMC administration and measurement of blood parameters
were different. These factors have the potential to be a risk
of increasing bias. The sample size of this study was small;
future randomized, controlled, multicenter studies should be
performed to confirm the efficacy and safety of FCM, as well
as the transfusion and morbidity rates. To further clarify and
elaborate the relationship between FCM administration and
outcomes, univariate and multivariate analyses are required.

In conclusion, FCM for IDA patients scheduled for PD was
associated with a lower perioperative RBC transfusion rate,
likely due to an increase in the preoperative Hb level and
reduced intraoperative blood loss. FCM can safely stabilize
hematological parameters (Hb, ferritin, and TSAT) during
the perioperative period in IDA patients scheduled for
pancreaticoduodenectomy.
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