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Abstract

Introduction/purpose: The purpose of this systematic review was to evaluate the effect of iron supplementation
during total knee arthroplasty (TKA): (1) Is the iron supplementation necessary during TKA? (2) When is the optimal
timing of iron supplementation? (3) Which is better, between orally and intravenously administered iron
supplementation? And (4) What is the optimal dose of iron supplementation?

Materials and methods: A rigorous and systematic approach was used and each of the selected studies was
evaluated for methodological quality. Data about study design, total number of cases enrolled, iron administration
method, timing, and dose were extracted. Change in hemoglobin and transfusion rates were extracted to evaluate the
effectiveness of iron supplementation.

Results: Eleven studies were included in the final analysis. Most of studies reported that hemoglobin change between
iron and control group did not show any difference. Only one study reported that iron supplementation could reduce
the decrease in hemoglobin. However, transfusion rate showed a decrease in the iron supplementation group compared
with the control group. There was no clear consensus on the optimum timing and dose of iron supplementation and
intravenously administered iron was more effective than orally administered iron, especially in anemic patients.

Conclusion: Iron supplementation is not clear as a way to raise hemoglobin levels after TKA, but an effective treatment
for lowering transfusion rate, especially in patients with anemia. We could not determine the optimal timing and dose of
the iron. Intravenously administered iron was similar to, or better than, orally administered iron for improving hemoglobin
levels and transfusion rate.
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Introduction
Total joint arthroplasty (TJA) is a successful and cost-
effective treatment option for end-stage osteoarthritis
(OA) [1]. However, TJA is an invasive procedure that
can cause serious complications, such as blood loss,
which is a major concern. Despite numerous studies on
blood loss and its management during TJA, but there is

little consensus about the amount of blood loss and
management strategies for reducing the blood loss. This
gap in our knowledge could be the differences in charac-
teristics of the patient groups, surgical method, or the
method used for the estimation of blood loss. Although
there may be differences in blood loss, the decrease of
hemoglobin after TKA is about 3 g/dL [2]. This often
leads to allogenic transfusion, from 3% up to 69% [3, 4].
THA is associated with a higher transfusion rate than
TKA [5]. THA is usually performed to treat hip fracture,
whereas TKA is performed as a regular operation. There
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are more opportunities to improve the hemoglobin
levels in the case of TKA, and the epidemiology of the
patients who undergo TKA is also different from that of
patients undergoing THA.
Allogenic transfusion can lead to increased length of stay,

perioperative infection, and increased cost of treatment.
Many methods have been tried to reduce allogenic transfu-
sion, such as oral and intravenous administration of tranex-
amic acid, or intra-articular or subcutaneous routes to
reduce transfusion rate [6–9]. The auto-transfusion system
is a method that reduces allogenic transfusion during TKA
[10]. Erythropoietin is also used to reduce the transfusion
rate without adverse effects [11]. However, it is impossible
to predict the exact effect of these methods, as they have
been selected according to the needs of each patient, under
different conditions [12–15].
Iron supplementation is widely accepted as an effective

method for treatment of anemia during surgery. Iron
can be administered orally or intravenously and is also
available in high and low doses as per the requirement.
There is little consensus regarding the method and opti-
mal dose of iron supplementation. Iron supplementation
can be used easily with few adverse effects, and it is also
cost-effective [16]. Therefore, it can be a useful tool for
perioperative blood management of TKA. Some meta-
analyses have also reported the use of iron supplementa-
tion during various surgeries [17–19]. As blood loss can
be different for each operation or surgical method, it is
difficult to formulate a consistent conclusion after ana-
lyzing these heterogeneous surgical methods using
pooled analysis. Instead, analysis should be performed
individually for each surgical method. We believe that a
separate analysis of the perioperative blood management
in TKA is necessary.
The purpose of this study was to analyze the peri-

operative blood management in TKA. We included stud-
ies that compared the effect of iron supplementation
under the conditions similar to those seen in TKA. We
also wanted to evaluate the effect of iron supplementation
in the perioperative blood management of TKA. Our sys-
tematic review was conducted to answer the following
questions by analyzing studies that assessed iron supple-
mentation for the perioperative blood management of
TKA: (1) Is the iron supplementation necessary during
TKA? (2) When is the optimal timing of iron supplemen-
tation? (3) Which is better, between orally and intraven-
ously administered iron supplementation? And (4) What
is the optimal dose of iron supplementation?

Material and methods
Search strategy
Rigorous and systematic approach conforming to the
Preferred Reporting Items for Systematic review and
Meta-Analysis (PRISMA) guidelines was used to verify

our research question [20]. In phase 1 of the PRISMA
search process, selected databases, including MEDLINE,
EMBASE, and Cochrane database were searched (31
March 2020). A Boolean strategy was used, and all field
search terms included the following: Search ([lower limb
arthroplasty] OR [total knee arthroplasty]) AND ([iron]
OR [ferric] OR [ferrous]). The references in the included
studies were also screened, and unpolished articles were
also checked manually. The bibliographies of the rele-
vant articles were subsequently cross-checked for articles
not identified in the search. In phase 2, abstracts and ti-
tles were screened for relevance. In phase 3, the full text
of the selected studies was reviewed according to the in-
clusion criteria, and methodological appropriateness was
determined with a predetermined question. In phase 4,
the studies were subjected to an appropriate systematic
review process.

Eligible criteria
The following eligibility criteria were used to select stud-
ies: (1) the articles should be about TKA, (2) the articles
should be written in English, (3) the full text of the art-
icle should be available, (4) the articles should include
human in-vivo studies, and (5) the articles should in-
clude comparative studies about the use of iron use. The
exclusion criteria were as follows: (1) articles not related
to TKA, (2) articles including studies about perioperative
blood management with selective iron use, (3) articles
published before 2000, and (4) articles that were not
clinical studies (experimental or review article).

Data assessment
Each of the selected studies was evaluated by two inde-
pendent authors for methodological quality. Data were
extracted by the following standardized protocol: publi-
cation year, publication journal, study type, number of
cases, type of iron supplement, timing, and dose of iron
supplement, change in the levels of hemoglobin, serum
ferritin and transferrin saturation, and transfusion rate.
The extracted data were then cross-checked for accuracy
and any disagreement were settled by the third contrib-
uting author. To assess the methodological quality of the
studies, quality assessment was conducted using the
Modified Coleman Criteria (Appendix A) [21]. The
Modified Coleman Criteria has a scaled potential score
ranging from 0 to 100. Scores of 85–100 are excellent,
70–84 are good, 55–69 are fair, and scores < 55 are poor.
It is used for assessing the quality of surgical studies.
Part A includes study size, mean follow-up, type of
study, and diagnostic certainty. Part B includes outcome
criteria, procedure for assessing clinical outcomes, de-
scription of patient selection process, post-operative re-
habilitation, surgical technique, complications recorded,
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and revisions recorded. These criteria were created by
two authors to quantify the quality of studies.

Results
Search
Eleven articles were included in the final analysis. Seven
randomized controlled trials (RCTs) [22–28], one pro-
spective cohort study [29], and three retrospective cohort
studies [30–32] were included for the final analysis. Two
of them were studies with conflict of interest [23, 32]. The
PRISMA flow chart is shown in Fig. 1.

Quality
All articles underwent quality assessment using the
Modified Coleman Criteria [21]. Included studies and
modified Coleman Criteria Scoring are presented in
Table 1. The studies that we analyzed had an average
modified Coleman Criteria Score of 59.5, and eight stud-
ies were fair whereas three studies were poor. Most
studies compared more than 50 cases and seven studies
were RCTs. However, the timing of post-operative
hemoglobin measurement was different (1 day to 6
weeks post operation) for each study, and there were dif-
ferences in indications for allogenic transfusion
(hemoglobin < 7 g/dL to < 9 g/dL) as shown in Tables 2
and 3. Quality of the studies was satisfactory.

Effectiveness of iron supplementation
Effectiveness of iron supplementation was evaluated
using nine articles that performed case-control

comparison (Table 3) [24–32]. Among them, five articles
used intravenously administered iron supplementation
[25, 26, 30–32], three used orally administered iron sup-
plementation [24, 27, 28], and one selectively used intra-
venously or orally administered iron supplementation
according to the level of serum ferritin [29]. In each
study, the effect of iron supplementation was compared
by comparing change in hemoglobin level and transfu-
sion rate after surgery. Among nine studies, one re-
ported significant increase in hemoglobin levels in the
iron supplementation group when compared to that seen
in the control group, until 6 weeks after the surgery [25].
This study used intravenously administered iron (iron su-
crose), along with recombinant human erythropoietin. No
significant difference in hemoglobin levels was seen be-
tween the iron supplementation group and the control
group in the remaining eight studies (Table 3).
Seven studies reported transfusion rate which is shown

in Fig. 2 [24–26, 29–32]. Figure 2 also include one an-
other study that reported transfusion rates by iron ad-
ministration method [23]. Among them, two RCTs
reported that iron supplementation did not lower trans-
fusion rates, but other five studies reported lowered
transfusion rates when compared with those of the con-
trol group. Five studies were conducted in patients with
anemia (hemoglobin 10 to 13 g/dL or 1-day post-
operative hemoglobin < 10 g/dL) [25, 26, 30–32]. One
study reported that hemoglobin was higher in the iron
supplementation group when compared with that of the
control group [25], and four studies reported that iron

Fig. 1 Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) flow chart
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supplementation was effective in lowering the transfu-
sion rate [25, 30–32]. Another study reported that iron
supplementation lowered the transfusion rate and in-
creased iron availability, although the increase was not
statistically significant [26].

Timing of iron supplementation
Iron supplementation was used preoperatively in three
studies, post-operatively in six, intraoperatively in one,
and used together in one study during intraoperative
and post-operative period [25]. Among them, the study
that used iron supplementation together in intraopera-
tive and post-operative period reported an increase in
hemoglobin levels, when compared with those of control
group. Iron supplement was effective in five studies for
lowering transfusion rate (two studies that used iron
supplementation preoperatively [29, 30], two that used
iron supplementation post-operatively and one that used
iron supplementation intraoperatively and post-
operatively [25]). However, optimal timing of the iron
supplement was not evaluated in any of these studies.

Method of iron administration: orally and intravenously
Three studies compared the efficiency of orally and
intravenously administered iron supplementation
(Table 4). Two of those studies were RCTs and one was
a prospective cohort study [29]. One study reported that
intravenous administration of iron supplementation sig-
nificantly increased hemoglobin levels when compared
with those seen in the oral administration of iron sup-
plementation [22], but other studies reported that there
was no difference in hemoglobin levels between the two
groups, but intravenous administration was more effect-
ive in increasing iron availability [23]. In patients with
hemoglobin levels < 10 g/dL, intravenous administration
significantly increased hemoglobin levels compared to
the orally administered supplementation group [23].
Transfusion rates were also compared in two studies,

but no differences were reported between the two
groups [23, 29].

Dose of iron supplementation
Only one study compared the effect of iron supplemen-
tation dose [32]. In this study, no difference was seen in
the increase in hemoglobin levels corresponding to the
iron dose, but the transfusion rate was low in the high-
dose iron supplementation group (200 mg iron sucrose
for 3 days or 600 mg ferric carboxymaltose) when com-
pared with those seen in the low-dose iron supplementa-
tion group (100 mg iron sucrose for 3 days).

Discussion
This systematic review was performed to answer follow-
ing questions: (1) Is the iron supplementation necessary
during TKA? (2) When is the optimal timing of iron
supplementation? (3) Which is better, between orally
and intravenously administered iron supplementation?
And (4) What is the optimal dose of iron supplementa-
tion? Eleven articles were finally included and used for
answering these questions. We observed that iron sup-
plementation can help in the treatment of post-operative
anemia and lower the transfusion rate, especially in pa-
tients who have preoperative anemia. We could not de-
termine the optimal timing for the administration of
iron supplementation. Intravenous administration of
iron was more effective than oral administration and a
high dose of iron was more effective than a lower dose.
Most of the included studies stated that iron supplemen-
tation has negligible effect on the hemoglobin level, but
a confirmative effect on the transfusion rate. However,
we believe that it is necessary to consider the time points
at which the hemoglobin level was checked.
Recently, a meta-analysis reported the effect of iron sup-

plementation in surgical patients. A meta-analysis by Shin
et al. [17] reported that intravenously administered iron
supplementation significantly reduces the proportion of

Table 1 Quality of included studies

Author Journal Year Modified Coleman A score Modified Coleman B score Modified Coleman Total score

Park et al. [26] J Clin Med 2019 27 34 61

Heschl et al. [30] Eur J Anaesthesiol 2018 20 32 52

Biboulet et al. [22] Anesthesiology 2018 27 37 64

Bisbe et al. [23] Br J Anaesth 2014 30 37 67

Muñoz et al. [31] Blood transfus 2014 20 32 52

Muñoz et al. [32] Br J Anaesth 2012 20 32 52

Na et al. [25] Transfusion 2011 30 34 64

Gonzalez-Porras et al. [29] Transfus Med 2009 27 32 59

Mundy et al. [24] JBJS 2005 27 34 61

Sutton et al. [27] JBJS 2004 27 34 61

Weatherall et al. [28] ANZ J Surg 2004 27 34 61
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transfusion and shortens the length of hospital stay in
orthopedic surgery. However, a meta-analysis by Koo
et al. [18] reported that while intravenously administered
iron supplementation may increase the post-operative
hemoglobin level, transfusion rates cannot be reduced in
surgical patients. A meta-analysis by Yang et al. [19] re-
ported that iron supplementation raises the hemoglobin
level but does not affect the transfusion rate. However,
these studies were performed in different conditions and
it is difficult to compare blood loss directly due to the dif-
ferences in the amount of bleeding. Additionally, indica-
tions of the transfusion could also be different, and even
for the same operation, the amount of blood loss varies
according to the surgical method and technique of the

surgeon. Therefore, only comparative studies such as ours
can assess the efficacy of the iron supplementation.
Intravenously administered iron supplementation was

a similar or superior method for increasing hemoglobin
levels and lowering transfusion rate compared to orally
administered iron supplementation. However, a high
intravenously administered iron dose (ferric carboxymal-
tose) was used in two studies [22, 23], and a low intra-
venously administered iron dose was used (iron sucrose)
in one study [29], so it is thought that there was an ef-
fect according to the administration dose as well as the
administration method. A meta-analysis by Koo et al.
[18] reported that intravenously administered iron was
better for increasing hemoglobin levels than orally

Table 4 Effectiveness of iron supplementation according to the route of administration

Author Year Journal Transfusion indication Transfusion
rate_IV
(N, %)

Transfusion
rate_Oral
(N, %)

Hb_IV (g/dL) Hb_Oral (g/dL)

Biboulet et al. [22] 2018 Anesthesiology Pre-OP (14.9)
POD 1D (12.6)
POD 3D (12.6)
POD 5D (13.4)

Pre-OP (13.9)
POD 1D (12.2)
POD 3D (11.6)
POD 5D (12.3)

Bisbe et al. [23] 2014 Br J Anaesth Hb < 8 g/dL or acute anemia
symptoms

3 (5%) 2 (3.2%) Pre-OP (13.6 ± 0.9)
POD 1D (10.5 ± 1.0)
POD 4D (9.7 ± 1.3)
POD 30D (11.5 ± 1.2)

Pre-OP (13.6 ± 0.9)
POD 1D (10.5 ± 1.0)
POD 4D (9.7 ± 1.1)
POD 30D (11.0 ± 1.1)

Gonzalez-Porras
et al. [29]

2009 Transfus Med Hb < 7 g/dL for healthy patients
Hb < 8 g/dL for poor tolerance of
anemiaHb < 9 g/dL for cardiac or
respiratory failure

10 (20.4%) 29 (20%) Pre-OP (13.3 ± 0.2)
POD discharge
(10.3 ± 0.8)

Pre-OP (14.3 ± 0.8)
POD discharge
(10.7 ± 0.1)

D day, OP operation, POD post-operation day, Hb hemoglobin

Fig. 2 Transfusion rate during the erative period
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administered iron, but both methods affected the trans-
fusion rate in a similar manner. As very few studies
compared the timing of iron supplementation, we could
not determine the optimum timing for the administra-
tion of iron supplementation. However, as it is widely
believed that hemoglobin level rises in 2 to 4 weeks after
iron supplementation, surgeons should consider this for
determining the optimum timing for the administration
iron supplementation [33]. A meta-analysis by Shin et al.
[17] reported that iron dose does not affect the transfu-
sion rate. In our analysis, a high dose of iron lowered
the transfusion rate. As there was only one study on iron
dose, we believe that this could be insufficient evidence
to draw any conclusion about the iron dose.
Iron supplementation often translates into additional

costs for patients. Considering the increase in length of
stay and the cost of transfusion, iron supplementation
could be cost-effective, although direct comparison has
not been performed [31, 34]. However, the cost can dif-
fer according to each country’s health care system and
insurance status, and it may not be available in some
countries. It has also been reported that the use of iron
supplementation can reduce the length of hospital stay
[35, 36]. Therefore, further studies are necessary to
evaluate the effects and possible complications of iron
supplementation when compared with the transfusion,
and determine its optimal form, dose, and timing. More-
over, we believe that RCTs that are identical in terms of
the type, dose, and timing of the iron supplementation are
necessary. Additionally, studies that accurately measure
blood loss, hemoglobin levels, ferritin levels and its satur-
ation rate at regular time intervals are also necessary.
The present study also has some limitations. First, only

one of the included studies was conducted with unilateral
TKA alone, whereas the rest of the studies included bilat-
eral TKA or THA. This may have influenced the results of
our study due to the difference in the amount of blood
that was lost. Second, iron type, dose, timing, and indica-
tion of iron supplementation were not identical in all the
studies, and the time point of hemoglobin-level estimation
was also different. Therefore, we decided to perform sys-
tematic review than meta-analysis. Third, the publication
years of the included studies were also different. With the
current advancement of iron formulations, recent studies
have shown favorable results for iron supplementation,
with a distinct possibility of improvement in future.
Fourth, in some studies, other formulations were also used
along with iron supplementation for reducing blood loss,
such as tranexamic acid and erythropoietin.

Conclusion
Iron supplementation is not clear as a way to raise
hemoglobin after TKA, but an effective treatment for
lowering transfusion rate, especially in patients with

preoperative anemia. We could not determine the opti-
mal timing and dose of the iron. Intravenously adminis-
tered iron was similar to, or better than, orally
administered iron for improving hemoglobin levels and
transfusion rates.
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