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Abstract: Background: The prevalence of preoperative anaemia in patients undergoing major surgery
is approximately 30%, and is independently associated with higher mortality, a higher rate of post-
operative complications, and a greater probability of receiving a transfusion. In a prehabilitation
program, the evaluation and correction of anaemia in the preoperative period is essential, as it is a
risk factor for transfusions and complications. The main objectives of this study were to analyse the
need for blood transfusion, post-surgical complications, hospital length of stay, ICU length of stay,
hospital readmissions, and surgical wound infection in patients treated with ferric carboxymaltose
(FC) before surgery. Methods: A total of 152 patients were included, of whom 96 received FC before
the intervention and 56 received no treatment (control group). Results: Preoperative treatment with
FC significantly reduced the need for blood transfusion (p<0.001; OR 15.91 [4.44-57.01]), the incidence
of complications (p<0.001; OR 7.36 [3, 35-16.16]) and the mean hospital length of stay (p<0.001). Con-
clusions: Preoperative anaemia is a common comorbidity in surgical patients and is associated with
negative outcomes. The optimization of preoperative anaemia with FC is a blood-saving strategy that
also reduces the incidence of surgical wound infection, post-surgical complications, and the length of
hospital stay, among other results, and thereby improves patient quality of life.

Keywords: iron deficiency; perioperative anaemia; hemolytic anemia

1. Introduction

The prevalence of preoperative anemia in patients undergoing major surgery is approximately
30% [1]. Preoperative anemia, even when moderate, is independently associated with a higher number
of complications and a greater likelihood of requiring a blood transfusion [2][3]. It is important to
know which laboratory parameters can differentiate preoperative anemia from a deficiency disorder, a
disorder of erythropoiesis, or the pathological destruction of red blood cells [1][4]. The diagnosis of
nutritional anemia relies on biochemical markers of iron deficiency, and also takes into consideration
chronic disorders involving sequestration and malabsorption of iron due to high hepcidin levels, for
example [5][6]. It may also be necessary to detect other deficiencies, such as vitamin B12 and folic
acid [7][8]. Clinicians now have access to both standard biochemical parameters and biomarkers of
hypochromia - a direct indicator of functional iron deficiency that can show the rate of erythropoiesis
in recent months9,10. According to the latest Enhanced Recovery After Adult Surgery (RICA, in
its original Spanish acronym) statement, preoperative hemoglobin (Hb) should be above 13 g/dl,
regardless of gender [3]. Guidelines also recommend administering preoperative intravenous iron in
patients in whom oral administration is contraindicated or when the time interval between diagnosis
of anemia and performance of surgery is too short for oral iron to be effective [9][10][11][4][12]. Oral
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iron is reserved for patients in whom mild or moderate iron deficiency has been diagnosed at least 6
weeks before surgery [3][13][14][15]. In surgery prehabilitation programs, a multidisciplinary team
implements a series of preoperative measures and strategies aimed at reducing surgery-induced
stress and organic dysfunction, reducing postoperative complications, optimizing anemia, reducing
hospital stay, and expediting patient recovery [3][16][17][18]. In this context, we hypothesized that
administering ferric carboxymaltose (FC) before surgery would optimize the patient’s status, reduce
the number of intraoperative and postoperative blood transfusions, and thus reduce the risk of
postoperative complications. The main aim of this study has been to analyze Hb, ferritin, transferrin,
and transferrin saturation levels before administration of FC, at the time of inclusion on the surgical
waiting list (SWL), and 30 days after surgery, and to compare postoperative complications in patients
who received FC and those who did not. Our secondary aim was to compare hospital length of
stay (days), ICU length of stay (days), need for hospital readmission, and need for blood transfusion
between patients who received FC and those who did not.

2. Materials and Methods
2.1. Study Design

We conducted a prospective pre-post interventional study between 1 January 2019 and 31 Decem-
ber 2022 at Infanta Cristina University Hospital in Parla (Madrid, Spain). The study was approved by
the Ethics Committee of the Instituto de Investigacion Biomédica Segovia-Arana of Puerta de Hierro
University Hospital (Protocol Code: ACT 15.18), on 19 October 2018) and was carried out in accordance
with the Declaration of Helsinki.

Written informed consent was obtained from each participant. To ensure anonymity and confi-
dentiality, patient data were coded and stored in secure, password-protected databases accessible only
to authorized research personnel, in compliance with Spanish legislation (Organic Law 3/2018 and RD
1090/2015).

The data used in the study were anonymous and collected by impartial, unpaid, volunteers.

2.2. Study Population

A total of 152 patients were included in the study: 96 recruited between 2020 and mid-2022
received FC (intervention group), and 56 recruited in 2019 did not (control group).

2.2.1. Inclusion Criteria

All study patients met the following inclusion criteria:

e Age over 18 years; on the SWL;

e  Hemoglobine <13g/dL.

*  Referred for major elective surgery requiring hospital admission (e.g., oncologic resections such as
mastectomy, colon resection, nephrectomy, hysterectomy), typically involving general anesthesia
and moderate to high morbidity risk, capable of understanding and consenting to the study.

¢  Physically and mentally able to complete assessments.

2.2.2. Exclusion Criteria

e  Patients with hypersensitivity to FC, or any of its excipients.
e  Patients with active bleeding.

2.3. Study Variables

The following variables were recorded for analysis: gender (male, female); age; timing of preoper-
ative FC therapy; Hb, ferritin, and transferrin levels before and 30 days after treatment; erythropoietin
levels before FC treatment; weight; size; BMI; FC dose (500 mg, 1000 mg, 1500 mg, or 2000 mg); type
of surgery (gastrectomy, hysterectomy, knee replacement, shoulder replacement, hip replacement,
nephrectomy, cystectomy, mastectomy /lumpectomy, hemicolectomy/colectomy, cholecystectomy,
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herniorrhaphy); hospital length of stay; presence of surgical wound infection; presence of complica-
tions; type of complication (visceral perforation, chest pain, respiratory infection, hemorrhagic shock,
paralytic ileus, hematoma, and bleeding); units of red blood cells transfused; need for ICU admission;
ICU length of stay and need for readmission.

2.4. Intervention

All patients in the control group underwent surgery in 2019. At this time, intravenous iron
administration was not included in the pre-operative optimization protocol and was not used as a
blood-saving strategy. Therefore, patients in the control group did not receive FC before surgery,
and laboratory tests were performed at the time of inclusion in the SWL and immediately before the
intervention.

Patients in the intervention group underwent surgery from 2020 to mid-2022 and were managed
according to the surgery prehabilitation protocol. Once the surgeon has included the patient on the
SWL, they were evaluated and followed up by the prehabilitation nurse (no more than 72 hours
in the case of cancer patients) together with the study internist. The protocol at this preoperative
stage consists of a comprehensive biopsychosocial assessment and an analysis of lab and nutritional
parameters, which are optimized using targeted treatment. One of the lab parameters analyzed was
Hb. Study patients with Hb < 13 g/dL received 500 mg, 1000 mg, 1500 mg or 2000 mg FC, depending
on their levels of Hb, ferritin, transferrin saturation index, and weight. The lab test was repeated
immediately before surgery or 30 days after administration of FC in order to determine whether Hb
levels had improved with FC therapy.

2.5. Statistical Analysis

Statistical analyses were carried out on SPSS v27 (IBM, Armonk, New York). All study variables
were analyzed descriptively in order to determine their distribution. Categorical variables are described
as percentage frequencies, and quantitative variables as mean plus standard deviation. The chi-square
test was used to compare categorical variables, and the Student’s t-test was used in the case of
quantitative variables.

3. Results

A total of 152 patients were included in the study: 96 recruited between 2020 and 2022 received
FC (intervention group), and 56 recruited in 2019 did not (control group). Study patients were mostly
women (n = 96, 60.5%), with a mean (SD) age of 63.91 (13.00) years. The sociodemographic variables
analyzed did not differ significantly between groups (Table Al).

In the intervention group (n=96), laboratory parameters were analyzed before receiving FC and
30 days after. Valid parameters for comparison were obtained for Hb (96 patients), ferritin (64 patients),
and transferrin (62 patients).

The mean hospital stay was 4.14 days in the intervention group vs. 9 days in the control group
(p<0.001). Surgical wound infection occurred in 26.8% of patients in the control group vs 4.2% in
the intervention group (OR 8.415 [2.63-26.91], p < 0.001). Blood transfusions were required in 3.1%
of patients in the intervention group vs. 33.9% in the control group (OR 15.91[4.44-57.01], p<0.001).
Regarding complications, 53.6% of patients in the control group presented some type of complication vs
13.5% in the intervention group (OR 7.36 [3.35- 16.16], p<0.001). Only 1% of patients in the intervention
group required re-admission after surgery vs 21.4% in the control group (OR 25.90 [3.26 — 205], p<0.001).
ICU care was required in 41.1% of patients in the control group vs 2.1% of patients in the intervention
group (OR 32.75 [7.32-146.5], p<0.001)(Figure 1). In terms of complications, significant differences
between groups were observed in the case of abdominal collections (OR 7.57 (2.01-28.51], p=0.001),
sepsis (OR 2.88 [2.3-3], p = 0.0035), and bleeding (OR 5 (1.48-16.80], p=0.005) (Table A2).
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Figure 1. Percentage of clinical outcomes in patients undergoing major surgery with or without preoperative
intravenous ferric carboxymaltose (FC): blood transfusion, surgical site infection, postoperative complications,
hospital readmission, and ICU admission.

Valid Hb values were obtained in 96 patients (63%) in the intervention group, in whom mean (SD)
Hb prior to FC treatment was 11.33 g/dL (1.24) vs 12.34 g/dL (1.06) immediately before surgery (p =
0.038). Ferritin values were obtained in 64 patients (42%); pre-treatment values were 111.50 ng/ml vs
601.81 ng/ml immediately before surgery (p < 0.001). In the case of transferrin, pre-treatment values
were 250.43 mg/dl vs 214.96 mg/dl after, p = 0.032. The TSI was only obtained in 34 patients (22.36%),
and there was no significance between pre- and post-treatment values (mean [SD] 30.75% [57.61] and
35.19% [19.86], respectively, p=0.259)(Figure 2).
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Figure 2. Changes in biomarker levels (hemoglobin, ferritin, and transferrin) in patients treated with FC, before
administration and 30 days post-treatment.
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EPO levels prior to treatment were obtained in 35 patients and showed a mean (SD) of 36.28
(55.73) mU/mL.

4. Discussion

Evidence has shown that a high proportion of surgical patients present preoperative anemia and
are candidates for patient blood management and optimization strategies. Given the short supply of
blood products, low hemoglobin levels need to be corrected before surgery in order to reduce the need
for transfusion. The results of this study show that patients not treated with FC before surgery have a
15.91-fold higher risk of requiring blood transfusions.

Several studies have shown the benefit of optimizing patients with intravenous iron shortly before
surgery when there is not enough time to administer an effective oral iron treatment [9][10][12][4].
On the basis of this recommendation, we performed a study in 96 patients receiving FC prior to
surgery. The mean duration of FC treatment prior to surgery was 19.64 days; however, this period
varied considerably because some surgeries could not be postponed given their characteristics. Our
findings show that the administration of FC over this time period improves hemoglobin, ferritin,
transferrin and transferrin saturation levels in patients undergoing prehabilitation, and that FC can
also be administered far closer to the date of surgery. However, hemoglobin values in patients receiving
FC less than 7 days before surgery, on average, showed a more modest increase (mean [SD] 10.96
[0.79] mg/dL) compared to other patients in the intervention group. Therefore, it would be highly
recommendable to delay non-urgent surgeries in order to optimize patients adequately and thus
minimize complications[19].

Given the different types of anemia (iron deficiency, hemolytic, or anemia of chronic disease)[5],
we also analyzed erythropoietin levels in 34 patients (22.87%) in order to understand why FC adminis-
tration did not achieve the expected results in some cases. Measuring blood levels of erythropoietin
or hepcidin allowed us to determine which patients were likely to respond to a particular dose of FC
in the absence of bone marrow dysfunction. These values should also be determined in subsequent
studies.

In line with current evidence, our study demonstrates that the early correction of perioperative
anemia using intravenous ferric carboxymaltose improves relevant clinical outcomes, including re-
duced transfusion rates, surgical site infections, and hospital stay. These findings are supported by
the recently published national consensus document on the management of perioperative anemia in
Spain (Mufioz et al., 2024)[4], which emphasizes that perioperative anemia affects up to one-third of
surgical patients and independently increases postoperative morbidity and mortality. The consensus
establishes a unified diagnostic threshold of hemoglobin <13 g/dL for both sexes, which reinforces
the appropriateness of our inclusion criteria. Moreover, it recommends a broader diagnostic panel
that includes C-reactive protein (CRP) and reticulocyte hemoglobin content (CHr), in addition to
conventional iron parameters, to better characterize anemia subtypes and guide iron therapy decisions.
While our protocol already includes ferritin and transferrin measurements, future protocols may
benefit from incorporating these additional biomarkers to refine patient stratification.

The Spanish consensus also highlights logistical and organizational barriers that currently limit
the implementation of structured perioperative anemia management protocols in many hospitals.
Our study shows that integration of intravenous iron therapy into a multidisciplinary prehabilitation
program is not only feasible, but can also be delivered effectively within the limited time window
available in oncologic surgery settings. Finally, the implementation of standardized clinical algo-
rithms—such as those proposed in the consensus document—may help reduce variability in practice,
improve efficiency, and support a more equitable and cost-effective model of perioperative care[14][4].

Regarding surgical wound infections and other postoperative complications, our results show
that these and mortality rates are reduced in patients treated with FC sufficiently in advance of surgery
- a finding also reported by other authors [2][11]. Patients in the control group (no preoperative
FC) had a 7.36-fold higher risk of presenting post-surgical complications, particularly abdominal
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collections, which were significantly more frequent in patients not treated with FC and could be related
to surgical wound complications. Complications such as sepsis, meanwhile, are usually associated
with nosocomial infection acquired during a lengthy hospital stay and are favored by surgery-related
immunosuppression. Finally, bleeding complications are directly related to preoperative anemia (low
hemoglobin levels) which, if not corrected, may be aggravated by surgery-related blood loss and cause
bleeding complications derived from hypovolemia. The results of our study show that patients not
treated with FC before surgery have a 2.88-fold higher risk of developing septic complications, a 7.57-
fold higher risk of presenting abdominal collections, and a 5-fold higher risk of bleeding complications.
The relationship between anemia and surgical wound infection, however, is not described in the
literature and we were unable to find any evidence of its pathophysiology. Even so, incidence of
surgical wound infection was lower in patients in the intervention group vs the control group, and
this, in turn, improves 30-day mortality rates, as described by Schack et al.[2].

Regarding hospital stay, ICU admission and readmission’s, ICU length of stay was shorter in
the intervention group vs controls, which also reduced the risk of ICU-related complications. Re-
admissions were also less frequent in patients receiving FC, due to a lower rate of nosocomial infections
and complications that cannot be treated at the primary care level or by the hospital’s outpatient
department or nurse practitioners. Our findings also show that patients who are not treated with
intravenous FC before surgery have a 25.90-fold higher risk of being readmitted and a 32.75-fold higher
risk of requiring admission to the ICU.

According to Banerjee et al., administering FC to optimize hemoglobin levels prior to surgery is a
cost-effective measure that saves approximately EUR 831.00 per transfusion and EUR 405.00 per unit
of red blood cells. The authors concluded that FC was less expensive than other blood management
modalities[12] and it is consistent with the cost-saving data in surgical prehabilitation reported by
Mudarra et al [20]

5. Conclusions

FC rapidly and effectively boosts hemoglobin levels in anemic patients, reduces the need for
blood transfusions and their corresponding costs, decreases the rate of surgical wound infections,
reduces the incidence of post-surgical complications, hospital and ICU stays, and the rate of hospital
readmissions.

Delaying surgery in order to optimize the patient’s Hb status could help reduce postoperative
complications.

However, further studies are needed to analyze whether delaying surgery would be detrimental
to the patient’s prognosis.

6. Limitations and Future Directions

This study has several limitations. First, although the prospective design enhances data quality,
the use of a historical control group may introduce potential biases related to changes in surgical
practices or perioperative management over time. Second, the sample size, while sufficient to detect
significant differences in primary outcomes, may limit the generalizability of the results to broader
surgical populations, especially in non-oncologic or emergency settings. Third, biomarker data (e.g.,
transferrin saturation index, erythropoietin, hepcidin) were only available for a subset of patients,
which may limit the depth of interpretation regarding iron metabolism and treatment response. In
addition, the absence of long-term follow-up prevents conclusions about delayed complications,
recurrence rates, or survival.

Future research should focus on randomized controlled trials comparing different intravenous
iron formulations and dosing strategies, ideally stratified by baseline inflammation status, type of
anemia, and timing of administration. Moreover, integrating broader biomarker panels—such as CRP,
CHzr, and hepcidin—may allow for a more tailored and pathophysiologically guided approach to
anemia management. Finally, cost-effectiveness analyses across different healthcare systems would
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help support policy-level decisions regarding the widespread implementation of perioperative anemia
optimization programs.
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The following abbreviations are used in this manuscript:

MDPI  Multidisciplinary Digital Publishing Institute

FC Ferric carboxymaltose

Hb Hemoglobine

RICA  Recuperacién intensificada en la cirugia del Adulto
SWL  Surgical waiting List

TSI Transferrin saturation index

Appendix A

Table Al. Sociodemographic variables comparing intervention and control group

IV Iron No Iron Total
(n = 96) (n = 56) (n=152) P
Gender, n(%) Men 36 (37.50) 24 (42.90) 60 (39.50) 0515
Women 60 (62.50) 32 (57.10) 92 (60.50) '
Age (years), mean (SD) 6222 (14.11) 66,80 (10.35) 63.91 (13.00) | 0.036
Height (cm), mean (SD) 159.70 (8.54) 160.50 (9.19) 159.99 (8.76) | 0.591
Weight (kg), mean (SD) 7254 (16.02) 71.36 (162)  72.10 (16.06) | 0.664
BMI, mean (SD) 28.61(5.87) 27.83(5.38) 28.32(5.69) | 0.420
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Table A2. Clinical variables comparing the intervention and control groups
Iron No Iron Total
(n=9) (=50  (@0=152) P
500 mg 37(385)  0(0.00) 37 (38.50)
. . oy 1000 mg 37(3850) 0(0.00) 37 (3850)
Dose of Ferric Carboximaltose, n (%) 1500 mg 20 (20.80) 0 (0.00) 20 (20.80)
2000 mg 2 (2.10) 0(0.00)  2(2.10)
Gastrectomy 2 (2.10) 10 (17.90) 12 (7.90)
Hysterectomy 14 (14.60) 5 (8.90) 19 (12.50)
Hip replacement 10 (10.40) 0 (0.00) 10 (6.60)
Shoulder replacement 1 (1.00) 0 (0.00) 1(0.70)
o Nephrectomy 4 (4.20) 3 (5.40) 7 (4.60)
Type of surgery, n (%) Cystectomy 1(1.00)  0(.00) 170 <0001
Mastectomy / lumpectomy 35 (36.50) 0 (0.00) 35 (23.00)
Colectomy 23(24.00) 38 (67.90) 61 (40.10)
Cholecystectomy 1 (1.00) 0 (0.00) 1(0.70)
Hiatus hernia 5 (5.20) 0(0.00)  5(3.30)
Hospital stay (days), mean (SD) 414 (3.44) 9 (6.45) 594 (5.31) <0.001
) e . Yes 4 (4.20) 15(26.80) 19 (12.50)
Surgical wound infection, n (%) No 92 (95.80)  41(7320) 133 (87.50) <0.001
. . Yes 3(3.10) 19 (33.90) 22 (14.50)
Blood transfusion, n (%) No 93(96.90) 37 (66.10) 130 (85.50) <0.001
RBC units, mean (SD) 0.05(0.30) 091 (1.13) 0.24(0.68) <0.001
o s Yes 13 (13.50) 30 (53.60) 43 (28.30)
Complications, n (%) No 83(8650) 26 (4640) 109 (81.70) <0001
o Yes 0 (0.00) 5(890)  5(3.30) ~
Sepsis, n (%) No 96 (100.00) 51 (91.10) 147 96.70) P~0-003
. . Yes 0 (0.00) 5(890)  5(3.33) -
Pleural effusion, n (%) No 96 (100.00) 51(91.10) 147 (96.70) P=0003
. . . Yes 0 (0.00) 2(3.60)  2(1.30) ~
Respiratory infection, n (%) No 96 (100.00) 54 (96.40) 150 (98.70 p=0.062
. . . Yes 3(3.1) 11 (19.60) 14 (9.20) ~
Abdominal collection, n (%) No 93(96.90)  45(80.40) 138 (90.80) p=0.001
.. . Yes 4 (4.20) 5(890)  9(5.90) ~
Paralytic ileum, n (%) No 92(95.80)  51(91.10) 143 (94.10) p=0.230
. L . Yes 0 (0.00) 1(1.80)  1(0.70) -
Urinary tract infection, n (%) No 96 (100.00) 54 (96.40) 150 (98.70) p=0.189
. . Yes 4 (4.20) 10 (17.90) 14 (9.20) ~
Bleeding, n (%) No 92 (95.80) 46 (8210) 138 (90.80) P=00%
o . Yes 1(1.00) 12 (21.40) 13 (8.60)
Re-admission, n (%) No 95(99.00) 44 (78.60) 139 (91.40) <0001
. . Yes 2(2.10) 23(41.10)  25(16.40)
ICU admission, n (%) No 94(97.90) 33 (5890) 127 83.60) <0001
ICU stay (days), mean (SD) 0.04(0.28) 091(1.13) 0.36(0.83) <0.001

Appendix B

All appendix sections must be cited in the main text. In the appendices, Figures, Tables, etc.
should be labeled, starting with “A”—e.g., Figure A1, Figure A2, etc.
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