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ABSTRACT

P

REOPERATIVE anemia is associated with increased
morbidity and mortality in patients undergoing noncardiac surgery.1–4 On the other hand, allogeneic erythrocyte
transfusion per se increases perioperative morbidity, as well as
septic risk and hospital stay.5–7 Patient blood management is
a key strategy to resolve this issue.8–10 Patient blood management is based on three pillars: improvement of erythropoiesis,
reduction of bleeding, and optimization of anemia tolerance.
Patient blood management is effective in reducing blood
transfusion, morbidity, mortality, and duration of hospitalization11,12 but remains underused in major orthopedic surgery.13
In order to improve erythropoiesis, preoperative epoetin-α is
used. Originally described in nonanemic patients undergoing
hip arthroplasty,14 epoetin-α is used today in preoperative anemic patients undergoing major orthopedic surgery.8,10 Its efficacy and safety have been evaluated in numerous studies.15–17
Epoetin-α stimulates erythropoiesis and induces iron uptake,
even though 75% of preoperative anemia in noncardiac surgery
is related to absolute or functional iron deficiency.18 It is therefore essential to combine iron supplementation with epoetin-α

Editor’s Perspective
What We Already Know about This Topic
• Epoetin-α is often given to patients scheduled for major
orthopedic surgery
• It remains unknown whether it is best to accompany epoetinα with oral or intravenous iron

What This Article Tells Us That Is New
• Hemoglobin level the day before surgery was 1 g/dl greater
in 50 patients randomized to intravenous iron than in those
assigned to oral iron
• About half the patients given oral iron reported gastrointestinal
symptoms
• Intravenous iron is preferable to oral iron as a supplement to
epoetin-α
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Background: Preoperative administration of epoetin-α with iron is commonly used in anemic patients undergoing major
orthopedic surgery, but the optimal route of iron intake is controversial. The aim of this study was to compare the clinical
effects of erythropoietin in combination with oral or intravenous iron supplementation.
Methods: This study was a prospective, randomized, single-blinded, parallel arm trial. Patients scheduled for elective hip or
knee arthroplasty with hemoglobin 10 to 13 g/dl received preoperative injections of erythropoietin with oral ferrous sulfate or
intravenous ferric carboxymaltose. The primary endpoint was the hemoglobin value the day before surgery.
Results: One hundred patients were included in the analysis. The day before surgery, hemoglobin, increase in hemoglobin,
and serum ferritin level were higher in the intravenous group. For the intravenous and oral groups, respectively, hemoglobin
was as follows: median, 14.9 g/dl (interquartile range, 14.1 to 15.6) versus 13.9 g/dl (interquartile range, 13.2 to 15.1), group
difference, 0.65 g/dl (95% CI, 0.1 to 1.2; P = 0.017); increase in hemoglobin: 2.6 g/dl (interquartile range, 2.1 to 3.2) versus
1.9 g/dl (interquartile range, 1.4 to 2.5), group difference, 0.7 g/dl (95% CI, 0.3 to 1.1; P < 0.001); serum ferritin: 325 µg/l
(interquartile range, 217 to 476) versus 64.5 µg/l (interquartile range, 44 to 107), group difference, 257 µg/l (95% CI, 199 to
315; P < 0.001). The percentage of patients with nausea, diarrhea, or constipation was higher in the oral group, 52% versus
2%; group difference, 50% (95% CI, 35 to 64%; P < 0.0001).
Conclusions: After preoperative administration of erythropoietin, body iron stores and stimulation of the erythropoiesis were
greater with intravenous ferric carboxymaltose than with oral ferrous sulfate supplementation. (Anesthesiology 2018;
129:710-20)

in order to optimize its effects.8,19 Oral ferrous sulfate is widely
used because of its simplicity and low cost. However, intestinal
iron absorption is poor and frequently associated with digestive
discomfort, which leads to a decrease in medication compliance.20 IV ferric carboxymaltose ensures a rapid restoration of
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Materials and Methods
After ethics committee approval (Comité de Protection des
Personnes, Sud Méditerranée III, Montpellier-Nîmes, France,
No. 2014-05-05 bis), a prospective randomized trial was performed (Cross Iron study: Comparative Randomized Oral
versus Systemic IRON, ClinicalTrials.gov: NCT02496377)
at Lapeyronie University Hospital in Montpellier, France.
Eligible participants were patients scheduled for elective primary or revision total hip or knee arthroplasty and examined
by an anesthesiologist involved in the study. Exclusion criteria were underweight patients (less than 50 kg), pregnancy,
age under 18 yr old, systemic infection, bilateral arthroplasty,
time between anesthetic consultation and surgery greater than
5 weeks or less than 3 weeks, participation in a preoperative
autologous donation program, iron therapy before enrollment,
and contraindication to epoetin-α or to iron supplementation.
Preoperative Protocol
As per our routine protocol, within a 3-month period before
the preoperative consultation with the anesthesiologist, an initial blood sample was drawn in all patients scheduled for total
hip arthroplasty or total knee arthroplasty and examined for
blood count, coagulation, renal function, electrolytes, serum
ferritin level, serum iron, and transferrin saturation. During
the anesthetic consultation, patients with a hemoglobin level
between 10 and 12.9 g/dl, without iron overload disease (ferritin levels more than 800 µg/l or transferrin saturation more
than 45%) and without exclusion criteria, were identified by the
anesthesiologist and were enrolled after written informed consent. Included patients were then randomized either to the oral
or the IV iron supplementation group. The allocation sequence
was concealed from the anesthesiologist in sequentially numbered, opaque, and sealed envelopes. Block randomization by
a computer generated a random number list, and an investigator of the Department of Medical Statistics (CHU Montpellier,
University of Montpellier, Montpellier, France) without clinical
involvement in the trial prepared the envelopes.
Patients with hemoglobin less than 10 g/dl or newly
diagnosed iron overload were redirected to their physician
to determine the cause of anemia or to exclude the diagnosis of hemochromatosis. For the patients included in the
study, a baseline blood sample was drawn at the end of the
anesthetic consultation and analyzed for blood count, serum
ferritin level, serum iron, transferrin, transferrin saturation,
and C-reactive protein.
Anesthesiology 2018; 129:710-20
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According to our national recommendations,22 all patients
received 40,000 U epoetin-α (EPREX, Jansen-Cilag, France)
subcutaneously by a registered nurse in the patient's home,
on day −21, day −14, and day −7 before surgery. Patients randomized to the oral group received a prescription of ferrous
sulfate (Tardyferon 80 mg of iron per tablet [247 mg of ferrous
sulfate], Pierre Fabre, France), 160 mg of iron per day, two
tablets, each morning, starting the day after the anesthesiologist’s consultation. Particular attention was paid on treatments
altering oral iron absorption as well as on side effects and the
importance of treatment compliance. Patients randomized
to the IV group received an injection of 1,000 mg of ferric
carboxymaltose (Ferinject, Vifor, France) over a duration of
more than 15 min. This infusion was carried out immediately
after the anesthetic consultation and after the baseline blood
sample, in an ambulatory care unit located close to the anesthetic consultation and the intensive care unit. Patients were
monitored with noninvasive blood pressure and continuous
heart rate recording during infusion and 30 min after.
The day before surgery, blood was drawn and analyzed in
the same laboratory as the baseline blood sample had been,
and was evaluated for complete blood cell count, serum ferritin level, serum iron, transferrin, and transferrin saturation.
The produced erythrocyte mass was the difference between
erythrocyte mass at day −1 and baseline erythrocyte mass. The
erythrocyte mass was calculated according to the following
formula: erythrocyte mass = estimated total blood volume ×
hematocrit, with estimated total blood volume = body surface
area × α. The body surface area calculation used the Boyd formula,23 and α was 2,430 for women and 2,530 for men.24–26
The day before surgery, fatigue assessment using Pichot’s scale
(from 0, no fatigue, to 32, major fatigue)27 and fitness evaluation using a visual analog scale (from 0 to 10, with a score
of 10 representing a sensation of great physical shape) were
performed. In the oral iron group, adherence to treatment was
evaluated with the Morisky questionnaire (0 points for high
compliance and 3 or 4 points for low compliance)28 as well as
a visual analog scale derived from the scale of Chesney (0 for
low compliance and 10 for full compliance to treatment).29
Finally, complications related to ferrous sulfate, ferric carboxymaltose, or epoetin-α therapy were recorded.

iron stores. However, some rare but life-threatening hypersensitivity reactions have been described during iron infusions.21
For this reason, IV iron administration should be carried out
only in appropriately staffed sites to monitor patients and rapidly treat an adverse reaction.18,21 Consequently, the benefit of
an IV iron intake must be evaluated considering the logistic
requirements. The aim of this study was to evaluate the clinical
effect of oral or IV iron supplementation before hip or knee
arthroplasty surgery, in combination with epoetin-α.

Intraoperative Protocol
Anesthesiologists and surgeons attending to the patient
during surgery were blinded to patients’ allocation. In the
absence of contraindications, patients received 1,000 mg of
tranexamic acid before skin incision and during wound closure. In case of revision surgery, a cell saver was used. The
thresholds for homologous blood transfusion used during
the intra- and postoperative period were 7 g/dl hemoglobin
in healthy patients in the absence of physical activity, 8 g/dl
in the presence of physical activity, especially postoperative
rehabilitation, and 10 g/dl in patients with cardiac or coronary insufficiency.30 At the end of the procedure, 300 mg
711
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ferric hydroxide sucrose (Venofer, Vifor, France) were
administered over the course of 2 h to all patients.
Postoperative Protocol
Postoperatively, low-molecular-weight heparin was administered in all patients. A blood count was performed the day
after surgery (day 1) and on days 3 and 5 if the patient was
still admitted. According to our national recommendations,22
patients with hemoglobin less than 15 g/dl received on day 1
a subcutaneous injection of 40,000 U of epoetin-α. On day
2, all patients received 300 mg IV ferric hydroxide sucrose.
The calculation of erythrocyte mass loss on days 3 and 5 was
carried out according to the formula described in “Preoperative Protocol”: erythrocyte mass at day −1 minus erythrocyte
mass at day 3 or day 5. An average erythrocyte mass of 150 ml
for each homologous erythrocyte unit was added in transfused patients, and an average hematocrit of 60% in the cell
saver reinfusion bag (cell saver erythrocyte mass = volume of
reinfused blood × 0.6) was considered.24–26,31 The difference
between erythrocyte mass produced during the preoperative period and the loss of erythrocyte mass during and after
surgery was then calculated. Major complications, including
thromboembolic events, cardiac or respiratory failure, and
death during hospitalization, were reported on days 3 and 5
for inpatients. The occurrence of complications was further
evaluated by a systematic telephone call 1 month after surgery.
Postoperative lower limb ultrasonography was performed only
in clinically suspected deep venous thrombosis. Finally, the
cost of each iron treatment with epoetin-α was calculated.
Sample Size
The number of patients required was calculated from the
study by Weber et al., who found an increase in hemoglobin
from 12.3 ± 0.7 g/dl to 14.3 ± 1.2 g/dl in 467 patients who
received three injections of 40,000 U of epoetin-α in combination with oral iron.32 The hypothesis of our study was a
hemoglobin difference between the two groups of 1 ± 1.2 g/dl,
as this difference was considered clinically significant.14 With
an α risk at 5% and a 90% power, 31 individuals per group
were required. We increased the number to 50 per group to
account for loss to follow-up.

Results
From August 2014 to August 2016, 939 patients scheduled
for total hip arthroplasty or total knee arthroplasty (primary or revision) had a consultation with an anesthesiologist involved in the study. In the initial blood assessment,
223 (24%) patients had a hemoglobin level between 10 and
12.9 g/dl. In addition, 123 patients (55%) had exclusion criteria or refused to consent. Ultimately, 100 patients (45%)
consented to the study and were randomized to either the
oral group or the IV group (50 patients each; fig. 1). Baseline
characteristics, medical history, drugs, and baseline blood
tests were similar in both groups (table 1).

Statistical Analysis
The primary outcome measure was the hemoglobin value
the day before surgery to study the increase in hemoglobin
from baseline. Secondary outcomes were serum ferritin level,
produced erythrocyte mass the day before surgery, and postoperative hemoglobin.
The statistical analysis was carried out with intent to
treat. Categorical variables were expressed as number and
percentage, and quantitative variables were expressed as
median and interquartile range. Differences between the two
groups were expressed by Hodges–Lehmann median difference for continuous variables and the absolute difference for
Anesthesiology 2018; 129:710-20
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dichotomous variables. The Shapiro–Wilk test was used to
test the normality of continuous variables.
For the primary outcome, in the univariate analysis the
increase in hemoglobin the day before surgery (defined by the
value of hemoglobin the day before surgery less baseline hemoglobin) was examined by group with the Student’s t test. The
increase in hemoglobin was also studied between patients with
or without true iron deficiency, defined by a serum ferritin level
less than 30 µg/l18 on the baseline blood sample. A post hoc
multivariable analysis was performed. The hemoglobin value
the day before surgery was studied by stepwise multivariable
linear regression, which included the baseline hemoglobin, the
randomization arm, and variables identified in the univariate
analysis as covariables (i.e., associated to the outcome with a P
< 0.1). To estimate the performance of our multivariable linear
regression, we performed an internal validation (fivefold crossvalidation), and the results were expressed as mean absolute
percentage error of the prediction.
For secondary outcomes, univariate analysis was performed with the Student’s t test between continuous variables or the Mann–Whitney test for the nonnormal variables.
Categorical variables were compared with the chi-square test
or Fisher exact test, as appropriate. Linear mixed models
for repeated measures were performed to analyze change in
hemoglobin over time. The model included time, group, and
time–group interaction. Postoperative hemoglobin was analyzed using mixed-model regressions, with group and surgery
as fixed effects and random intercepts for patients. A test was
considered significant with P < 0.05. Statistical analyses were
performed with SAS version 11 (SAS Institute, USA).

From Inclusion to the Day before Surgery
One patient in the IV group presented a femoral vein thrombosis diagnosed the day before surgery; the procedure was
cancelled. Two patients in the IV group received only two
epoetin-α injections preoperatively because the date of surgery was expedited. One patient in the IV group presented
prostatitis after three injections of epoetin-α, leading to surgery being delayed by 49 days. One patient’s procedure in
the oral group was postponed for 22 days for surgical reasons. All IV patients received 1 g of ferric carboxymaltose; in
the oral group, 92% of the ferrous sulfate tablets prescribed
712
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Intra- and Postoperative Periods
Intraoperative parameters did not differ between groups
(table 3). No patient undergoing primary total hip arthroplasty, total knee arthroplasty, or revision total knee arthroplasty was transfused. Four patients were transfused, during
or after total hip arthroplasty revision: one patient in the
IV group and three patients in the oral group. The mixedmodel analysis showed the negative independent association
between postoperative hemoglobin and oral iron group (β
= −0.64 [95% CI, −0.31 to −0.97]; P = 0.0002), primary
total knee arthroplasty (β = −0.4 [−0.02 to −0.75]; P = 0.03);
total knee arthroplasty revision (β = −1.7 [−1 to −2.42]; P <
0.0001) and total hip arthroplasty revision (β = −0.89 [−0.35
to 1.4]; P = 0.001). The erythrocyte mass loss at days 3 and 5
was similar in the two groups, but the difference between the
produced erythrocyte mass and the erythrocyte mass loss was
greater in the IV group (P = 0.0004; table 4). One patient
in the IV group presented with deep venous thrombosis on
day 7, secondary to accidental prolonged calf compression.
No major complications were noted at 1 month in the two
groups.

Fig. 1. Flowchart of study participants. EPO, erythropoietin;
Hb, hemoglobin; IV, intravenous.

were reported taken. Patients with abdominal complications
such as nausea, diarrhea, or constipation were higher in the
oral group, 26 (52%) versus 1 (2%); group difference, 50%
(95% CI, 35 to 64; P < 0.0001).
The Day before Surgery
The day before surgery, hemoglobin level and increase
in hemoglobin were significantly higher in the IV
group; for the IV and oral groups, respectively: median
hemoglobin level, 14.9 g/dl (interquartile range, 14.1
to 15.6) versus 13.9 g/dl (interquartile range, 13.2 to
15.1); group difference, 0.65 g/dl (95% CI, 0.1 to 1.2;
P = 0.017; table 2 and fig. 2); hemoglobin increase, 2.64 g/
dl (interquartile range, 2.1 to 3.2) versus 1.95 (interquartile range, 1.4 to 2.5); group difference, 0.7 g/dl (95% CI,
0.3 to 1.1; P < 0.001). Serum ferritin level and produced
erythrocyte mass were significantly higher in the IV group.
The serum ferritin levels in the IV group and the oral group,
respectively, were 325 µg/l (interquartile range, 217 to 476)
and 64.5 µg/l (interquartile range, 44 to 107); group difference, 257 µg/l (95% CI, 199 to 315; P < 0.001); the
produced erythrocyte mass in the IV group and oral group,
respectively, were 353 ml (interquartile range, 294 to 450)
and 299 ml (interquartile range, 217 to 357); group difference, 85 ml (95% CI, 38 to 133; P < 0.001).
The univariate analysis showed that the greatest rise
in hemoglobin was reached in the subgroup of patients
with true iron deficiency who benefitted from IV iron
Anesthesiology 2018; 129:710-20

Cost of Each Iron Treatment with Epoetin-α
The flat rate of an in-hospital infusion of ferric carboxymaltose was 389 €, including the Ferinject price of 150 €. The cost
of 60 ferrous sulfate tablets was 5.40 €. The cost of one dose
of epoetin-α, 40,000 U, was 283 €, and that of the nursing
act for the subcutaneous injection was 5.45 €. Therefore, the
cost of three injections of epoetin-α with ferric carboxymaltose amounted to 1254 €, versus 871 € for oral iron, resulting
in an additional cost of 383 € in the IV group.
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treatment (3.3 g/dl; interquartile range, 1.9 to 3.5; P =
0.002). This increase in hemoglobin was 2.5 g/dl (interquartile range, 2.2 to 3.2) in IV patients without true iron
deficiency, 1.6 g/dl (interquartile range, 1.1 to 2.7) in oral
patients with true iron deficiency, and 2 g/dl (interquartile range, 1.4 to 2.5) in oral patients without true iron
deficiency. Multivariable linear regression showed associations between hemoglobin the day before surgery in the
IV group (β = 0.7 [95% CI, 0.3 to 1.0]; P < 0.0001),
baseline hemoglobin (β = 0.9 [95% CI, 0.1 to 0.7];
P < 0.0001), C-reactive protein (β = −0.36 [95% CI,
−0.07 to −0.004]; P = 0.039), and body mass index
(β= −0.03 [95% CI, −0.07 to −0.004]; P = 0.029) in the
model that included baseline serum ferritin level as covariates (β = 0.001 [95% CI, 0 to 0.002]; P = 0.057). After
the cross-validation of the multivariable linear regression,
the mean (SD) absolute error was 4.8% (3.7). Figure 3
illustrates day −1 hemoglobin according to baseline hemoglobin and C-reactive protein by groups.

Discussion
The day before surgery, hemoglobin level and increase in
hemoglobin were higher in the IV group. In the oral group,
713
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Table 1. Study Population
Oral Group, n = 50
71 (61–78)
38 (76)
163 (158–170)
74 (62–86)
27 (24–32)
1.9 (1.7–2)
28 (25–30)

67 (60–75)
42 (84)
163 (158–167)
73 (62–84)
28 (24–31)
1.9 (1.7–2)
28 (24–30)

7 (14)
39 (78)
4 (8)

7 (14)
36 (72)
7 (14)

20 (40)
20 (40)
6 (12)
4 (8)

25 (50)
18 (36)
5 (10)
2 (4)

P Value
0.410
0.317
0.606
0.821
0.856
0.636
0.802
0.625

0.712

12.3 (11.8–12.6)
125 (54–211)
22 (16.3–28)
73.5 (58–101)

12.5 (11.8–12.7)
115 (62–248)
20.2 (15.2–27.2)
76.5 (58–99)

0.167
0.662
0.633
0.888

12.3 (11.8–12.8)
37.3 (35.4–39)
93 (90–96)
138 (71–246)
13.2 (9.3–15.2)
2.5 (2.3–2.7)
22 (14–25)
3 (6)
3.7 (1.8–9.6)
1,704 (1,524–1,879)

12.2 (11.6–12.8)
36.6 (35.2–38.6)
91.5 (87–95)
142 (66–246)
13.2 (9.6–16.8)
2.4 (2.2–2.7)
22.1 (15–30)
5 (10)
3.3 (2.1–9.2)
1,668 (1,497–1,832)

0.620
0.313
0.152
0.851
0.317
0.671
0.300
0.714
0.741
0.301

Results are expressed as median (interquartile range) or number (%). Delay of surgery is the period between anesthetic consultation and surgery. Initial
blood assessment was the results available at the anesthetic consultation. Creatinine clearance was estimated by Cockcroft–Gault equation (ml · min−1 · 1.73
m−2). Baseline blood assessment was the results of the blood sample taken just after the anesthetic consultation and before iron supplementation. True iron
deficiency was defined by serum ferritin level less than 30 µg/l.
ASA, American Society of Anesthesiologists; IV, intravenous; rTHA, revision total hip arthroplasty; rTKA, revision total knee arthroplasty; THA, primary total
hip arthroplasty; TKA, primary total knee arthroplasty.

day −1 serum ferritin was decreased substantially from baseline, indicating the intense stimulation of erythropoiesis by
epoetin-α, inducing an increased iron need not compensated by oral iron intake. In contrast, in the IV group, day
−1 serum ferritin was elevated despite the administration of
three preoperative injections of epoetin-α. The higher hemoglobin level in the IV group persists throughout the postoperative period despite infusion of ferric hydroxide sucrose on
days 0 and 2 in both groups.
In the different steps of a patient blood management
program, reduction of bleeding and optimization of anemia
are gaining popularity.33 Most patients received tranexamic
acid because the hypothetical increased risk of thromboembolic complications is controversial,34,35 and the thresholds
for homologous blood transfusion are clearly defined. By
contrast, the detection and treatment of preoperative anemia require a more complex and expensive organization.
Anesthesiology 2018; 129:710-20

Therefore, assessing the best response to epoetin-α treatment
is essential in clinical practice. To our knowledge, only one
study compared oral iron intake and IV ferric carboxymaltose
with epoetin-α in the context of perioperative blood management.36 This before-and-after nonrandomized study included
51 patients and reported results similar to ours, with higher
hemoglobin and ferritin levels in the IV group the day before
surgery. Another study compared two preoperative injections
of epoetin-α with an oral or an IV (iron saccharate 200 mg at
days −14 and −6) iron intake in patients without iron deficiency.37 In this selected population, there was a comparable
erythropoietic response to epoetin-α, irrespective of the route
of iron administration, but with a decrease in serum ferritin
levels in the oral group and a slight increase in the IV group.37
In our study, increase in hemoglobin was higher in patients
with true iron deficiency supplemented with IV iron. This
result emphasizes the effectiveness of IV iron supplementation
714
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Age, yr
Women
Height, cm
Weight, kg
Body mass index, kg/m2
Body surface area, m2
Delay of surgery, day
ASA physical status
 I
 II
 III
Type of surgery
 THA
 TKA
 rTHA
 rTKA
Initial blood assessment
 Hemoglobin, g/dl
 Ferritin level, µg/l
 Transferrin saturation, %
 Creatinine clearance
Baseline blood assessment
 Hemoglobin, g/dl
 Hematocrit, %
 Mean cell volume, µm3
 Ferritin level, µg/l
 Serum iron, µmol/l
 Transferrin, g/l
 Transferrin saturation, %
 True iron deficiency
 C-reactive protein, mg/l
 Erythrocyte mass, ml

IV Group, n = 50
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Table 2. Results the Day before Surgery
IV Group, n = 50

P Value

52 (42–56)
26 (22–28)
1 (0.95–1)
0 (0–1)
10 (9–10)
9.5 (4.5–15.5)
6 (5–7.5)
26 (52)

1,000 (1,000−1,000)
—
1 (1–1)
—
—
9 (4–14)
6.5 (5–8)
1 (2)

—

13.9 (13.2–15.1)
1.9 (1.4–2.5)
43.1 (40.9–46.8)
95 (92–99)
64.5 (44–107)
10.2 (6.8–21.9)
2.5 (2.3–2.7)
15.5 (11–34)
1,952 (1,823–2,137)
298 (217–357)

14.9 (14.1–15.6)
2.6 (2.1–3.2)
44.7 (42.3–47)
95 (91–99)
325 (217–476)
9.3 (6.2–11.3)
2 (1.8–2.3)
17 (13–21)
2,015 (1,833–2,169)
353 (294–450)

< 0.001

0.848
0.389
< 0.0001
0.017
< 0.001
0.043
0.840
< 0.001
0.095
< 0.001
0.837
0.514
< 0.001

Results are expressed as median (interquartile range) or number (%). Ratio iron prescribed/received is the ratio between the amount of iron prescribed in
tablets for oral group or in mg for IV group and the amount of iron received by the patients. Morisky questionnaire is the score to assess adherence to an
oral treatment (0 points for high compliance and 3 and 4 points for low compliance).26 Adherence to treatment VAS is the score to assess compliance to
an oral treatment by a VAS (0 for low compliance and 10 for full compliance to treatment). Pichot’s scale is the score to assess fatigue (from 0, no fatigue,
to 32, major fatigue).25 Fitness VAS is the score to assess fitness using a VAS (a score of 10 representing a sensation of great physical form). Day −1 is the
day before surgery. Increase in hemoglobin = hemoglobin the day before surgery – baseline hemoglobin.
IV, intravenous; VAS, visual analog scale.
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Iron received, tablets or mg
Duration of iron treatment, day
Ratio prescribed iron/received
Morisky questionnaire
Adherence to treatment VAS
Pichot’s scale
Fitness VAS
Digestive complications
Blood assessment at day –1
 Hemoglobin, g/dl
 Increase in hemoglobin
 Hematocrit, %
 Mean cell volume, µm3
 Ferritin level, µg/l
 Serum iron, µmol/l
 Transferrin, g/l
 Transferrin saturation, %
 Erythrocyte mass, ml
 Produced erythrocyte mass, ml

Oral Group, n = 50

Fig. 2. Change in hemoglobin over time in the oral and intravenous groups. Baseline was the hemoglobin value the day of the
anesthetic consultation; day −1 was the hemoglobin value the day before surgery, after erythropoietin administration with oral or
intravenous iron intake; day 1 was the day after surgery. *P value between groups at each time point. For the box and whisker
plots, the horizontal bar indicates the median, the upper and lower limits of the boxes the interquartile range, and the ends of
the whiskers the 95% CI.
Anesthesiology 2018; 129:710-20

715

Biboulet et al.

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Intravenous or Oral Iron Intake with Erythropoietin

Table 3. Parameters during and after Surgery

General anesthesia
Spinal anesthesia
Peripheral nerve block
Tranexamic acid
Duration of surgery, min
Tourniquet in TKA and rTKA
Duration of tourniquet, min
Fluid management, ml
Ferric hydroxide sucrose at day 0
Ferric hydroxide sucrose at day 2
Epoetin-α at day 1
Patients transfused
Erythrocyte units per patient
 0
 2
 3

Oral Group, n = 50

IV Group, n = 49

P Value

49 (98)
1 (2)
25 (50)
48 (96)
90 (64–106)
11 (45.8)
80 (40–114)
1,500 (1,000–2,000)
49 (98)
48 (96)
49 (98)
3 (6)

48 (98)
1 (2)
24 (49)
48 (98)
88 (64–108)
9 (45)
100 (65–114)
1,500 (1,000–2,000)
49 (100)
47 (96)
48 (98)
1 (2)

> 0.999
> 0.999
0.919
> 0.999
0.851
0.920
0.847
0.925
> 0.999
> 0.999
> 0.999
0.617

47 (94)
3 (6)
0

48 (98)
0
1 (2)
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Fig. 3. Response to erythropoietin according to the baseline Hb level in the oral and IV groups with a CRP less than or equal
to 5 mg/l or more than 5 mg/l. Baseline hemoglobin was the hemoglobin value the day of the anesthetic consultation; day −1
hemoglobin was the hemoglobin value the day before surgery, after erythropoietin administration with oral or IV iron intake. This
figure illustrates the change in hemoglobin in the two groups, in patients with a CRP more than 5 mg/l or less than or equal to
5 mg/l. After the preoperative erythropoietin treatment, in both groups, there was an association between the baseline hemoglobin and the hemoglobin the day before surgery. The higher the baseline hemoglobin, the higher the hemoglobin at day –1. In both
groups, the increase in hemoglobin was higher in patients with a CRP less than or equal to 5 mg/l compared to the patients with
a CRP more than 5 mg/l. The increase in hemoglobin was always higher in the IV group than in the oral group, with or without a
CRP more than 5 mg/l. CRP, C-reactive protein; Hb, hemoglobin level; IV, intravenous.

0.242

Results are expressed as median (interquartile range) or number (%). Tourniquet in TKA and in rTKA means the use of a tourniquet in primary total knee
arthroplasty and in revision total knee arthroplasty. Day 0 is the day of surgery, day 1 is the first day after surgery, day 2 is the second day after surgery.
IV, intravenous; rTKA, revision total knee arthroplasty; TKA, total knee arthroplasty.
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Table 4.

Results after Surgery
Day 1:
Oral Group (n = 50)
IV Group (n = 49)

P Value
Day 5:
Oral Group (n = 47)
Over Time
IV Group (n = 48) Between Groups

12.2 (11–12.9)
12.6 (11.9–13.6)

11.6 (10.8–13.1)
12.6 (11.7–13.8)

12.3 (11–13.9)
13.4 (11.8–14.2)

0.0002

0.175

36.7 (33.5–39.9)
38.1 (35.7–41.7)

35 (32–39.9)
38.3 (35.4–41.7)

36.9 (33.9–41.6)
40.2 (35.3–43.5)

0.0003

0.147

318 (223–453)
269 (138–397)

292 (196–403)
207 (57–405)

0.363

0.156

−58 (−213 to 100)
65 (−50.5 to 236)

13 (−164 to 131)
168 (−75 to 310)

0.0004

0.109

Results are expressed as median (interquartile range) or number. (%). Day 1 is the day after surgery.
RBCM, erythrocyte mass; RBCM loss, erythrocyte mass lost between day 1 and day 3 or day 5; produced RBCM, erythrocyte mass produced between
baseline and day 1.

and other countries,32,39 but it has been demonstrated that
only two preoperative epoetin-α injections could be sufficient
to reach 40% hematocrit in 63% of enrolled patients.31 With
a better rise in hemoglobin than the oral route, IV iron might
allow for only two preoperative injections of epoetin-α.43 A
blood count after the second injection would limit the third
one to the weak responders, namely, according to our results,
patients with inflammation, a high body mass index, and/or a
low baseline hemoglobin. The fourth epoetin-α injection on
day 1 could be restricted to anemic patients. Finally, the preoperative injection of ferric carboxymaltose could be restricted
to major predictive blood loss as arthroplasty revision. IV ferric carboxymaltose infusion increases the hemoglobin at day 3
or day 5 compared to the baseline value noted the day of the
anesthetic consultation. In contrast, patients in the oral group
have a postoperative hemoglobin level lower than the baseline. This difference is important given that some studies have
reported that higher postoperative hemoglobin was associated
with better functional recovery after hip fracture repair44,45
and improved quality of life after total hip arthroplasty.46
Some limitations of the study may deserve comments.
The oral iron dose selected in our study was 160 mg per
day, in a morning dose, according to the current recommendations in France.47 In clinical practice, dose spacing
and timing of oral iron supplementation vary widely. In
a recent study, a twice daily iron supplementation seems
to have limited additional effect on total iron absorption
compared with daily administration.48 Moreover, lower
oral iron doses have been recommended because high
oral iron intake increases hepcidin and decreases iron
absorption.48 Low doses may increase dosage efficacy,
reduce gastrointestinal exposure to unabsorbed iron, and
ultimately improve tolerance of iron supplements. However, the total iron absorbed was higher with high dose,
and 160 mg daily provided the higher body iron stores.48

during epoetin-α treatment. The analysis of the produced
erythrocyte mass had a high interindividual variability. The
multivariable linear regression showed that oral iron supplementation, low baseline hemoglobin, C-reactive protein more
than 5 g/l, or a high body mass index resulted in lower hemoglobin at day −1. In inflammation, interleukin 6 stimulates
the hepatic synthesis of hepcidin, which binds to ferroportin,
resulting in less intestinal absorption of iron and lower release
of iron stored in hepatocytes and macrophages, leading to
functional iron deficiency and decreased erythropoiesis.38 A
high body mass index has already been described as a factor
in poor response to epoetin-α,39 caused by obesity-induced
chronic inflammation, which leads to preoperative iron deficiency and anemia.40 Only 45% of patients with hemoglobin less than 13 g/dl were included in our study. This figure
could be greatly increased by improvements in time between
anesthetic consultation and surgery, use of brief protocols for
administration of epoetin-α (300 U · kg–1· day–1 from day −10
to day 4,41 or decreases in the unwarranted contraindications
to epoetin-α in anemic patients.15 The main limitation to preoperative epoetin-α therapy is its high cost,42 and the additional cost of iron IV supplementation would be prohibitive.
However, the cost of blood transfusion and the consequences
of complications associated with perioperative anemia and/or
transfusion must also be considered in an economic analysis.
In our study, the increase in hemoglobin is lower with an oral
iron supplementation in combination with epoetin-α. However, in the oral group, the day before surgery hemoglobin was
13.9 g/dl, with 298 ml of produced erythrocyte mass, and no
transfusion occurred in primary arthroplasty. One can wonder
if the statistically lower response to epoetin-α after oral iron is
clinically relevant when considering the cost of the IV iron.
To decrease the cost of preoperative anemia treatment, several
measures could be considered. In this study, patients received
the preoperative epoetin-α protocol recommended in France22
Anesthesiology 2018; 129:710-20

717

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/129/4/710/385683/20181000_0-00022.pdf by guest on 26 September 2021

Hemoglobin, g/dl
 Oral group
 IV group
Hematocrit, %
 Oral group
 IV group
RBCM loss, ml
 Oral group
 IV group
RBCM, produced – loss, ml
 Oral group
 IV group

Day 3:
Oral Group (n = 50)
IV Group (n = 49)
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Therefore, our results might also be applied to lower oral
doses. The degree of change in hemoglobin or in serum
ferritin level could be related to the reliability of the measurements. However, this issue was minimized by randomization and by the fact that blood was analyzed in the
same laboratory at baseline and the day before surgery.
The effects of the higher serum ferritin level induced by
IV iron intake could not be properly evaluated in this
study. Iron deficiency per se, independently of anemia, is
associated with fatigue and muscle weakness,18,49 and iron
treatment is used even in patients with heart failure.47,50
The preoperative correction of iron deficiency, with or
without anemia, could be effective in improving fatigue
and physical performance36,49 but, to our knowledge,
has never been studied in a surgical context. We did not
find any improvement in fatigue in the IV group. The
subjective self-evaluation of fatigue used in our study is
questionable. An objective evaluation by a strong and sustained preoperative effort, necessary to demonstrate the
benefit of a high hemoglobin and/or serum ferritin level,
was not applicable in these physically impaired patients.
We did not perform a postoperative iron blood assessment because it would be strongly affected by the perioperative inflammatory state and by the postoperative IV
iron systematically administered in our institution patient
blood management program.13,18 Finally, the studied population was too weak to properly evaluate the side effects
of the preoperative anemia treatment. The 52% incidence
of digestive discomfort in the oral group is consistent
with the literature.50 Despite this side effect, stated adherence to the oral treatment was good, probably improved
by inclusion in a clinical research protocol. Anaphylactic
reactions have been described during the administration
of IV presentations associating iron with dextran.21 Ferric hydroxide-sucrose and ferric carboxymaltose do not
contain dextran. Ferric carboxymaltose has the advantage
in that it can administer a large dose of iron in a very
short time. With the current formulations of IV iron,
serious adverse effects are very rare.18,21 Patients should be
closely monitored for signs of hypersensitivity during and
for at least 30 min after each IV iron administration.21
Regarding the complications of preoperative injection of
epoetin-α, the risk of thromboembolism has been reported
to be increased in spinal surgery patients who receive only
mechanical antithrombotic prophylaxis; therefore, pharmacologic thromboprophylaxis is advised.15 In a recent
review, it has been demonstrated that, with correct use
of prophylactic anticoagulation, there is not an increased
risk of thrombotic events after preoperative epoetin-α
treatment in major orthopedic surgery.51
In conclusion, both oral and IV iron treatments combined
with epoetin-α resulted in increased hemoglobin levels, with
a greater increase in the IV group before and after surgery.
The IV iron supplementation led to a higher preoperative
serum ferritin level. Given that the cost of an IV iron intake
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is higher, the IV supplementation could be used mainly in
patients with inflammation, a high body mass index, a low
baseline hemoglobin, and/or with anticipated major blood
losses. Finally, the consequences of a high ferritin level and/
or a high postoperative hemoglobin level in the context of
early rehabilitation must be studied before the use of preoperative IV iron to a larger population can be suggested.
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