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Introduction
The prevalence of pre-operative anaemia may 

be high among surgical patients, depending on 
the patients' co-morbidities, gender, age and the 
underlying pathology for which they require surgery. 
In this regard, a recent systematic review showed that 
the weighted mean prevalence of anaemia was 24% 
in patients undergoing elective knee or hip surgery 
and 45% in those undergoing surgery because of 
a hip fracture1. In addition, it is worth noting that 
the proportion of older patients who undergo major 
orthopaedic surgery is rising progressively, and a 
high prevalence of anaemia (43%) was observed in 
a retrospective cohort of 57,636 veterans aged 65 
years or older who underwent major elective and 
non-elective orthopaedic surgery2.

Iron deficiency and chronic inflammation 
(including mild to moderate renal failure), with or 
without iron defi ciency, are the most common causes 
of pre-operative anaemia, although deficiencies 
of iron, folic acid and/or vitamin B12 without 
anaemia are also frequent, especially among an 
elderly population. Saleh et al.3 reported that 19.6% 
(210/1,142) of admissions for elective total knee or 
hip replacement were anaemic compared with local 
population reference ranges (males 13 g/dL; females, 
11.5 g/dL), with 76 of these anaemic patients having 
a haemoglobin (Hb) <11 g/dL and 13 having a Hb 
<10 g/dL. Regarding the types of anaemia, 135 had 
normocytic normochromic anaemia, 49 showed 
hypochromic varieties of anaemia, and 26 were 
classifi ed as having other types of anaemia. 

Similarly, in another series of 715 patients 
undergoing major elective orthopaedic surgery the 
prevalence of pre-operative anaemia was 10.5%, 
because of haematinic defi ciency (31%), chronic 
infl ammation with or without iron defi ciency (31%), 

and mixed or unknown cause (38%)4. Interestingly, 
iron defi ciency was present in 18% of non-anaemic 
patients, vitamin B12 defi ciency in 5%, and folate 
defi ciency in 2%4. These defi ciencies might blunt 
the response to erythropoiesis-stimulating agents, 
and delay the recovery from post-operative anaemia. 
In addition, almost 20% of  patients had a Hb 
level <13 g/dL4 and it is well known that a low                              
pre-operative Hb level is one of the major predictive 
factors for requiring peri-operative blood transfusion 
in orthopaedic surgery with moderate to high            
peri-operative blood loss5-7. 

In this regard, a European study including almost 
4,000 patients showed an inverse relationship 
between pre-operative Hb values and the probability 
of receiving allogeneic blood transfusion (e.g., 
10-18% for Hb 15 g/dL, 20-30% for Hb 13 g/dL, 
50-60% for Hb 10 g/dL; 70-75% for Hb 8 g/dL)8. 
Similarly, 30 to 70% of patients undergoing hip 
fracture repair received allogeneic blood transfusion 
peri-operatively, and the logistic regression analysis 
identifi ed pre-operative Hb value as an independent 
predictor of the need for these transfusions9. 
The limited physiological reserve and the higher 
prevalence of unrecognised cardiovascular disease 
may render the elderly population vulnerable to 
milder degrees of anaemia when undergoing the stress 
of surgery. In this regard, two large retrospective 
cohort studies of patients who underwent major    
non-cardiac surgery found that the adjusted risk of 
30-day post-operative mortality and cardiac morbidity 
begins to rise when pre-operative haematocrit levels 
decrease to less than 39%2,10. 

On the other hand, major orthopaedic procedures 
are associated with a significant peri-operative 
blood loss. As a consequence, up to 90% of patients 
undergoing such procedures develop post-operative 
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anaemia, which may be aggravated by infl ammation-
induced blunted erythropoiesis, especially through 
decreased iron availability (i.e, hepcidin-dependent 
down-regulation of intestinal absorption and impaired 
mobilisation from body stores)11. The correction 
of severe post-operative anaemia often requires 
allogeneic blood transfusion. 

Orthopaedic surgical patients at risk of developing 
severe post-operative anaemia and receiving peri-
operative allogeneic blood transfusion should, 
therefore, be identifi ed, on the basis of red blood 
cell mass (refl ected by haemoglobin concentration 
on the day of pre-operative assessment), the lowest 
haemoglobin concentration that the patient can 
tolerate (transfusion trigger), and the expected blood 
loss (e.g., using Mercuriali's algorithm)12. Whenever 
clinically feasible, these patients should have their 
Hb level and iron status (serum iron, ferritin, and 
transferrin saturation index) tested preferably 30 
days before the scheduled surgical procedure13. For 
patients older than 60 years, vitamin B12 and folic acid 
should also be measured13. Any defi ciency should be 
corrected prior to surgery, and unexplained anaemia 
should always be considered as secondary to some 
other process and, therefore, elective surgery should 
be deferred until a diagnosis has been made13,14.

The patient's situation
Let us analyse three possible scenarios. 

- Clinical suspicion of anaemia. This suspicion can 
be easily confi rmed or ruled out by determining 
Hb level, which provides a reliable indication 
of the presence and severity of anaemia. In this 
regard, Muñoz et al.15 evaluated the utility of 
point-of-care haemoglobin measurements with 
the HemoCue B-Haemoglobin for the initial 
diagnosis of anaemia. Results from venous and 
capillary samples were compared with those of 
standard blood laboratory tests. The results with 
capillary samples were highly encouraging with 
only one false negative. It was suggested that the 
use of such "offi ce/consulting room", point-of-
care based testing could exclude patients who 
are non-anaemic, whereas those identified as 
anaemic could then have an appropriate laboratory 
appraisal for anaemia. Overall, this saves time and 
is cost-saving to the healthcare system. However, 
as most patients have their Hb measured when 

they present for assessment by the anaesthetist, the 
HemoCue B-Haemoglobin may be more useful in 
the follow-up of patients being treated for anaemia 
(especially in those receiving recombinant human 
erythropoietin, rHuEPO), and upon admission for 
surgery. 

- Iron defi ciency without anaemia.  The downside 
of "in offi ce" testing is that iron defi ciency (per se) 
will not be detected if it is not refl ected in the Hb 
level. It is well known that a normal Hb level does 
not exclude iron defi ciency, because individuals 
with normal body iron stores must lose a large 
proportion of body iron before the Hb falls below 
the laboratory defi ned level of anaemia (generally, 
Hb <12 g/dL for women and Hb <13 g/dL for men, 
although higher levels were recently proposed, 
according to gender, age and racial origin)16. 

 In non-anaemic patients, the most important 
clinical indicator of iron defi ciency is the symptom 
of chronic fatigue (iron is required for the enzymes 
involved in oxidative metabolism). However, it is 
of little screening value because clinicians rarely 
consider the presence of iron defi ciency in patients 
who are not anaemic, and therefore iron defi ciency 
is almost invariably diagnosed in the laboratory17.  

- Overt anaemia. Finally, our patient may present 
with overt anaemia, thus requiring directed 
laboratory work-up for its differential diagnosis. 
Laboratory tests for investigating iron defi ciency 
fall into two categories: measurements providing 
evidence of iron depletion in the body (serum 
iron, transferrin saturation [TSAT], Ferritin [Ft], 
serum transferrin receptors [sTfR], ferritin index 
[sTfR/log Ft], hepcidin) and measurements 
reflecting iron-deficient red cell production 
(Hb, mean corpuscular volume [MCV], red cell 
distribution width [RDW], mean corpuscular Hb 
[MCH], hypochromic red cells, reticulocyte Hb 
content [CHr])18. The appropriate combination 
of these laboratory tests, plus some markers 
of infl ammation (e.g., C-reactive protein) will 
help to establish a correct diagnosis of anaemia 
and iron defi ciency status. An easy-to-follow 
algorithm for the diagnosis and treatment of 
iron-defi ciency anaemia (IDA) and non-IDA is 
presented in Figure 111. Of course, if no alteration 
in iron metabolism is found, vitamin B12 and folic 
acid levels should also be measured.

Iron therapy in orthopaedic surgery
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How to diagnose iron deficiency in the 
laboratory
Iron defi ciency without anaemia

Iron defi ciency can be defi ned by a ferritin level 
<15-30 ng/mL in the absence of infl ammation (e.g., 
normal serum concentrations of C-reactive protein 
[CRP] and/or normal erythrocyte sedimentation 
rate) (absolute iron defi ciency). In the presence of 
infl ammation, iron defi ciency should be defi ned by 
low transferrin saturation (TSAT <20%) and normal 
ferritin concentrations (>100 ng/mL) (functional 
iron deficiency) or intermediate ferritin values                   
(30-100 ng/mL) (absolute iron defi ciency)11.

Iron-defi ciency anaemia
Patients should be considered as having IDA when 

they present with low Hb (men <13 g/dL and women 
<12 g/dL), TSAT (<20%) and ferritin concentrations 
(<30 ng/mL) but no signs of infl ammation11. A low 

MCH (<27 pg) or, better still, a low CHr (<28 pg), 
rather than low mean MCV (<80 fL) has become the 
most important red cell marker for detecting iron 
defi ciency in circulating red blood cells (Figure 1). 
MCV is a reliable and widely available measurement 
but it is a relatively late indicator in patients who 
are not actively bleeding. In the presence of a low 
MCV, the differential diagnosis must be made with 
thalassaemia (normal RDW). In addition, patients 
may present with IDA without microcytosis when 
there is coexisting vitamin B12 or folate defi ciency, 
post-bleeding reticulocytosis, an initial response 
to oral iron treatment, alcohol intake or mild 
myelodysplasia. 

A truncated form of the transferrin receptor can be 
detected in human serum. The serum concentration 
of this soluble form of transferrin receptor is 
proportional to the total amount of surface transferrin 
receptor (sTfR; normal median concentration:                        

Figure 1 - A simplifi ed algorithm for the diagnosis of iron defi ciency anaemia (modifi ed from 
reference 11).

ACD, anaemia of chronic disease; Hb, haemoglobin; ID, iron defi ciency; IDA, iron-defi ciency anaemia; 
MCH, mean corpuscular haemoglobin; sTfR, serum transferrin receptor; Ft, ferritin; CRP, C-reactive protein; 
CHr, reticulocyte haemoglobin content; ESA, erythropoiesis-stimulating agent; RBC, red blood cell.

Muñoz M et al
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1.2-3.0 mg/L, but its measurement is not standardised 
and depends on which of the three available kits is 
used). Although sTfR levels are usually high or very 
high in uncomplicated IDA, as is the ferritin index, 
they are not usually required for the diagnosis.  

Anaemia of chronic disease
Patients should be considered to have anaemia 

of chronic disease (ACD), also called anaemia 
of inflammation, when they have: (i) evidence 
of infl ammation (e.g., high CRP level), (ii) a Hb 
concentration <13 g/dL for men and <12 g/dL 
for women, and (iii) a low transferrin saturation 
(TSAT<20%), but normal or increased serum 
ferritin concentration (>100 ng/mL [Figure 1]). In 
the presence of a low serum ferritin concentration 
(50-100 ng/mL), confi rmation of ACD will be given 
by the ferritin index plot as a sTfR/log ferritin ratio 
<2 with normal CHr11. Both ACD and functional 
iron defi ciency are frequent among patients with 
infl ammatory disease without apparent blood losses.

Anaemia of chronic disease with absolute iron 
defi ciency

Patients should be suspected of anaemia of chronic 
disease with absolute iron defi ciency (ACD/IDA) 
when they have: (i) a chronic infl ammation, (ii) a 
Hb concentration <13 g/dL for men and <12 g/dL 
for women, and (iii) a low transferrin saturation 
(TSAT<20%) with a serum ferritin concentration 
>30 and <100 ng/mL (Figure 1). Confi rmation of 
ACD/IDA will be given by the ferritin index plot as 
a sTfR/log ferritin ratio >2 with a CHr <28 pg11,19. 
This type of anaemia is more frequent in patients with 
infl ammatory diseases and chronic blood losses (e.g. 
infl ammatory bowel disease).  

The regulation of iron metabolism in ACD/
IDA involves the iron regulatory protein hepcidin. 
Hepcidin is a central regulator of iron metabolism 
controlling cellular iron effl ux from enterocytes and 
macrophages. During infl ammation, interleukin-6 
induces hepcidin production which binds to ferroportin 
in enterocytes, macrophages and hepatocytes, leading 
to a decrease in dietary iron absorption and an 
increase in macrophage iron. As a consequence, 
infl ammation causes decreased circulating iron and 
impaired iron distribution within the body20. Very 
recently, it has been shown that serum hepcidin-25 

(the active form of hepcidin) levels correlated with 
ferritin levels and the ferritin index. The use of 
hepcidin-25 levels ≤4 nmol/L allows differentiation 
of IDA from both ACD and ACD/IDA. Furthermore, 
the discrimination of ACD/IDA from ACD requires 
combination with CHr (hepcidin-25 plot) data. Thus, 
the hepcidin-25 plot and the ferritin index plot showed 
a good correspondence in the differentiation of iron 
states in patients with anaemia21.

There are several other important haematological 
indices that may also help in the diagnosis of iron 
defi ciency in ACD, although they are only available 
in specifi c haematology analysers. Besides CHr, 
hypochromic red blood cells are reported by the 
Bayer Advia 120 haematology analyser (normal 
value <5%)22. The Sysmex XE-2100 haematology 
analyser determines RET-Y, which can be considered 
as the reticulocyte haemoglobin equivalent (RET-He), 
as well as RBC-Y, which can be considered as the 
erythrocyte haemoglobin equivalent23. The Beckman-
Coulter LH 750 determines the microcytic anaemia 
factor or microcytic factor or low haemoglobin 
density24. The clinical utility of these new indices in 
the diagnosis of iron defi ciency will be evaluated in 
the near future. 

How to manage iron defi ciency in orthopaedic 
patients
Initiation of iron treatment and goals

According to the recommendations of the Network 
for the Advancement of Transfusion Alternatives 
(NATA) Consensus Statement on management of 
pre-operative anaemia and on the use of intravenous 
iron13,14 iron supplementation should be initiated when 
IDA is present. For iron defi ciency without anaemia, 
different approaches to iron replacement should be 
considered and discussed with the patient. The major 
goal of therapy for IDA is to supply suffi cient iron to 
increase haemoglobin levels to normal values within 
4-6 weeks, and to replenish iron stores. Nevertheless, 
the route by which to administer the iron is still a 
matter of debate.  

Oral iron
Oral iron supplementation is adequate in most 

clinical conditions. Administration of oral iron 
(mostly ferrous salts) in the absence of infl ammation 
or signifi cant ongoing blood loss can correct the 

Blood Transfus 2012; 10: 8-22  DOI 10.2450/2011.0061-11
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anaemia, provided signifi cant doses can be tolerated. 
Thus, oral iron is the conventional iron treatment 
because it is a low cost and non-invasive route of 
administration.

However, time is very important for surgical 
patients (e.g., Hb levels are inversely correlated with 
the risk for blood transfusion). Total iron defi cit can 
be calculated using Ganzoni's formula: Total iron 
defi cit (mg) = Weight (kg)x[Ideal Hb-Actual Hb]                 
(g/dL)x0.24+depot iron (500 mg). 

According to this formula, a person weighing       
70 kg with a Hb level of 9 g/dL would have a body 
iron defi cit of about 1400-1600 mg. If oral iron 
treatment is used, it would take 2-2.5 weeks for Hb 
levels to increase, as long as 2 months to reach normal 
values, and at least 6 months to fi ll iron stores. 

In addition, there is a large list of situations 
(loss of small bowel integrity, Helicobacter pylori 
infection, infl ammation, etc.) and substances (e.g., 
antibiotics, antacid medications, phytates and 
phenolic compounds) that may interfere with the 
absorption of iron salts, and lead to failure of oral 
iron therapy11. Moreover, non-absorbed iron salts may 
produce a variety of highly reactive oxygen species, 
including hypochlorous acid, superoxides and 
peroxides, which may lead to digestive intolerance, 
causing nausea, fl atulence, abdominal pain, diarrhoea 
or constipation, and black or tarry stools, and may 
be able to activate relapsed infl ammatory bowel 
disease26,27. To avoid the risk of poisoning during 
oral iron therapy, other iron compounds (such as 
iron polymaltose which has low toxicity and meets 
the requirements for a food supplement) might be 
used instead of ferrous salt preparations26 and lower 
doses (e.g., 50-100 mg of elemental iron) should 
be recommended27. Additionally, the response and 
tolerance should be monitored and treatment changed 
to intravenous iron if necessary.

A randomised controlled trial on iron pre-load for 
major joint replacement showed that at least 18% of 
patients attending for total hip or knee replacement 
were anaemic and benefi ted signifi cantly from pre-
operative iron supplementation over 4 weeks. In 
addition, iron supplementation in patients without 
obvious anaemia protected against a fall in Hb during 
the immediate post-operative period, suggesting a 
widespread underlying depletion of iron stores in this 
group despite a normal Hb28.

In this regard, the implementation of a blood-
saving protocol for total knee replacement, consisting 
of a restrictive transfusion trigger (Hb <8 g/dL) plus 
oral haematinics for 30-45 days prior surgery29, was 
found to be useful since the transfusion rate (5.8%) 
and the transfusion index (1.78 units per transfused 
patient) was reduced with respect to those in both the 
previous series in our institution7 and other published 
series8,30. Similar results were obtained by Rodgers 
et al31. Moreover, for patients with a pre-operative 
Hb <13 g/dL, this protocol seems to be as effective 
as other more complex and expensive protocols, 
involving the use of high doses of rHuEPO32.

In contrast, the results of several randomised 
controlled trials seem to demonstrate that the 
administration of oral iron for anaemia after 
orthopaedic surgery does not appear to be worthwhile, 
despite being a widespread practice, since post-
operative erythropoiesis is limited by the infl ammatory 
effects of surgery on iron metabolism33-38.

Intravenous iron
Because of the limitations of oral iron therapy 

in patients scheduled for surgery, parenteral routes 
of iron administration should be preferred, even 
though many patients will respond to oral iron. 
Nowadays, intramuscular administration of iron is not 
recommended. Thus, intravenous iron has emerged as 
a safe and effective alternative for the management of 
IDA. The indication for intravenous iron in surgical 
patients takes into consideration factors such as:
- intolerance or contraindications to oral iron 

therapy;
- poor adherence or failure of oral iron therapy;
- malabsorptive status;
- infl ammatory status;
- severe IDA or ACD/IDA (Hb <10 g/dL);
- use of erythropoiesis-stimulating agents;
- short time to surgery;
- predicted blood loss;
- active bleeding.

Seven different products are principally used 
in clinical practice: iron gluconate, iron sucrose, 
low molecular weight (LMW) iron dextran, 
ferric carboxymaltose, iron isomaltoside 1000, 
high molecular weight (HMW) iron dextran, and 
ferumoxytol (the last two are only available in 
USA) (Table I). Their effi cacy in treating anaemia 

Muñoz M et al

Blood Transfus 2012; 10: 8-22  DOI 10.2450/2011.0061-11

008-22_061-11.indd   12 19/12/2011   14.28.50



13

Ta
bl

e 
I 

-  
So

m
e 

ch
ar

ac
te

ri
st

ic
s 

of
 th

e 
di

ff
er

en
t i

nt
ra

ve
no

us
 ir

on
 fo

rm
ul

at
io

ns
.

Ir
on

 g
lu

co
na

te
Ir

on
 su

cr
os

e
L

ow
 m

ol
ec

ul
ar

 w
ei

gh
t 

ir
on

 d
ex

tr
an

 
Fe

rr
ic

 
ca

rb
ox

ym
al

to
se

 
Ir

on
is

om
al

to
si

de
 1

00
0

H
ig

h 
m

ol
ec

ul
ar

 
w

ei
gh

t i
ro

n 
de

xt
ra

n 
Fe

ru
m

ox
yt

ol

C
ar

bo
hy

dr
at

e 
sh

el
l

G
lu

co
na

te
 

(m
on

os
ac

ch
ar

id
e)

Su
cr

os
e

(d
is

ac
ch

ar
id

e)

D
ex

tra
n

(b
ra

nc
he

d 
po

ly
sa

cc
ha

rid
e)

C
ar

bo
xy

m
al

to
se

(b
ra

nc
he

d 
po

ly
sa

cc
ha

rid
e

Is
om

al
to

si
de

(li
ne

ar
 

ol
ig

os
ac

ch
ar

id
e)

D
ex

tra
n

(b
ra

nc
he

d 
po

ly
sa

cc
ha

rid
e)

Po
ly

gl
uc

os
e 

so
rb

ito
l 

ca
rb

ox
ym

et
hy

le
th

er

C
om

pl
ex

 ty
pe

Ty
pe

 II
I

La
bi

le
 a

nd
 w

ea
k

Ty
pe

 II
Se

m
i-r

ob
us

t a
nd

 
m

od
er

at
el

y 
st

ro
ng

Ty
pe

 I
R

ob
us

t a
nd

 st
ro

ng
Ty

pe
 I

R
ob

us
t a

nd
 st

ro
ng

Ty
pe

 I
R

ob
us

t a
nd

 st
ro

ng
Ty

pe
 I

R
ob

us
t a

nd
 st

ro
ng

Ty
pe

 I
R

ob
us

t a
nd

 st
ro

ng

M
ol

ec
ul

ar
 w

ei
gh

t (
kD

)
28

9-
44

0
30

-6
0

16
5

15
0

15
0

26
5

75
0

In
iti

al
 d

is
tri

bu
tio

n 
vo

lu
m

e 
(L

)
6

3.
4

3.
5

3.
5

3.
4

3.
5

3.
16

Pl
as

m
a 

ha
lf-

lif
e 

(h
)

1
6

20
16

20
60

15

La
bi

le
 ir

on
 re

le
as

e
++

+ 
± 

 
-

-
-

-
-

D
ire

ct
 ir

on
 d

on
at

io
n 

to
 

tra
ns

fe
rr

in
 (%

 in
je

ct
ed

 
do

se
)

5-
6

4-
5

1-
2

1-
2

<1
1-

2
<1

Te
st

 d
os

e 
re

qu
ire

d
N

o
Ye

s/
N

o 
(*

)
Ye

s
N

o
N

o
Ye

s
N

o

Ir
on

 c
on

te
nt

 (m
g/

m
L)

12
.5

20
50

50
10

0
50

30

M
ax

im
al

 si
ng

le
 d

os
e 

(m
g)

12
5 

20
0

20
 m

g/
kg

15
 m

g/
kg

 
(m

ax
 1

,0
00

 m
g  

     
  

in
 o

ne
 in

fu
si

on
)

20
 m

g/
kg

20
 m

g/
kg

51
0

Pr
em

ed
ic

at
io

n
N

o
N

o
TD

I o
nl

y
N

o
N

o
TD

I o
nl

y
N

o

Li
fe

-th
re

at
en

in
g 

A
D

E 
(x

10
6  d

os
es

)
0.

9
0.

6
3.

3
??

??
11

.3
??

L
eg

en
d:

 A
D

E:
 a

dv
er

se
 d

ru
g 

ef
fe

ct
; T

D
I: 

to
ta

l d
os

e 
in

fu
si

on
; (

*)
 O

nl
y 

in
 so

m
e 

co
un

tri
es

 in
 th

e 
Eu

ro
pe

an
 U

ni
on

.

Iron therapy in orthopaedic surgery

Blood Transfus 2012; 10: 8-22  DOI 10.2450/2011.0061-11

008-22_061-11.indd   13 19/12/2011   14.28.50



14

has been consistently proven in a variety of clinical 
settings39. All intravenous iron agents are colloids 
with spheroid iron-carbohydrate nanoparticles. For 
most compounds, each particle consists of an iron-
oxyhydroxide core (Fe [III]) and a carbohydrate shell 
that stabilises the iron-oxyhydroxide core. However, 
the structure of iron isomaltoside 1000 is somewhat 
different as the linear oligosaccharide isomaltoside 
1000 allows for the formation of a matrix with 
interchanging iron and carbohydrate. 

Complexes can generally be classifi ed as labile 
or robust (kinetic variability), and as weak or strong 
(thermodynamic variability), with all possible 
intermediates. Each iron product is taken up into the 
reticuloendothelial system, where the carbohydrate is 
degraded for iron to become bioavailable. Although 
the effi cacy of intravenous iron is directly related 
to the amount of iron administered, differences in 
core size and carbohydrate chemistry determine 
pharmacological and biological differences between 
the different iron complexes. These include clearance 
after injection, iron release in vitro, early evidence of 
iron bioactivity in vivo, and maximum tolerated dose 
and rate of infusion, as well as effects on oxidative 
markers, propensity for inducing hypophosphataemia, 
and propensity to cause transient proteinuria 
following administration40-45.

Experience/evidence on the use of intravenous 
iron in orthopaedic patients
Non-elective surgery

In two preliminary studies, including 15 patients 
with hip fracture, post-operative transfusion 
requirements were significantly reduced by the 
administration of intravenous iron dextran plus 
erythropoietin46,47. Recently, the safety and utility 
of iron sucrose, an intravenous iron formulation 
with lesser and milder side effects than iron dextran, 
for the treatment of acute anaemia in patients with 
pertrochanteric and subcapital hip fracture was 
assessed in six studies. 

After evaluation of the safety of iron sucrose 
administration in a small number of patients with 
pertrochanteric hip fracture, the effectiveness of 
pre-operative intravenous 200-300 mg iron sucrose 
on the reduction of transfusion requirements and 
on post-operative morbidity-mortality in patients 
with pertrochanteric or subcapital hip fractures 

was prospectively investigated48-50. No adverse 
reactions to iron administration were observed, but 
pre-operative iron sucrose reduced the percentage 
of transfused patients, compared to a control group. 
This reduction in allogeneic blood transfusion rate was 
signifi cant in patients with subcapital hip fracture (15% 
vs. 36.8%, respectively; p=0.059) or with admission 
Hb >12 g/dL (26.3% vs. 41.3%, respectively;                                         
p <0.05). These results were recently confi rmed by 
a randomised controlled trial of patients receiving 
600 g iron sucrose pre-operatively, which was 
associated with a signifi cant reduction in allogeneic 
blood transfusion rate in patients with subcapital hip 
fracture (14.3% vs. 45.7%, respectively; p=0.04) 
or with admission Hb >12 g/dL (18.3% vs. 30%, 
respectively; p=0.049)51. 

In addition, there were lower post-operative 
infection and 30-day mortality rates, plus a trend 
towards shorter hospital stay, in patients receiving 
iron sucrose49,50 (Table II). On the other hand, data 
from patients with admission Hb ≤12 g/dL suggested 
that a benefi t could be obtained if iron sucrose and 
rHuEPO were jointly administered.

The effects of this combined therapy was 
explored in a prospective study including patients 
with pertrochanteric or subcapital hip fracture 
who received 600 mg iron sucrose (plus 40,000 IU 
rHuEPO subcutaneously if Hb <13 g/dL; the cut-off 
for rHuEPO use in orthopaedic surgery) and a restrictive 
transfusion protocol (transfusion trigger: Hb <8 g/dL 
and/or symptoms of acute anaemia)52. Once again, 
the treatment resulted in a signifi cant reduction of 
both the percentage of postoperatively transfused 
patients (54 vs. 19%, respectively), the number of 
transfused units (1.7±1.3 vs. 0.6±1.1 units per patient, 
respectively), and the postoperative infection rate 
(31 vs. 13%, respectively), when compared to a 
control group. In addition, there was a trend to lower 
30-day mortality, and no adverse reactions to iron 
administration were found (Table II). 

As this protocol was adopted by the authors' 
institution as standard of care for hip fracture patients, 
2 years later they prospectively audited the adhesion 
to the protocol for anaemic patients in everyday 
clinical practice53. Only 81 out of 196 anaemic 
patients received rHuEPO (41%). Overall, 103 out 
of 196 patients (52.5%) received at least one unit of 
allogeneic blood (2.1±1.0 units per patient). However, 
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there were signifi cant differences in peri-operative 
allogeneic blood transfusion rates between groups 
(42% vs. 60%, for those with or without rHuEPO, 
respectively; P=0.013) (Table II). Haemoglobin 
levels on post-operative days 7 and 30 were higher 
among those receiving rHuEPO, who also presented 
with higher Hb levels on post-operative day 30 than 
on admission (12.7±1.0 g/dL vs. 11.9±0.8 g/dL, 
respectively; P=0.030). Administration of rHuEPO 
did not increase post-operative complications or 
30-day mortality rate. Only three mild intravenous 
iron adverse effects were witnessed. Therefore, in 
anaemic patients with hip fracture managed with 
peri-operative intravenous iron and a restrictive 
transfusion protocol, pre-operative administration 
of rHuEPO is associated with reduced allogeneic 
blood transfusion requirements. However, appropriate 
training, education and awareness are needed to avoid 
protocol violations and to limit further exposure to 
allogeneic blood transfusion and its related risks.

Finally, it worth noting that the use of a restrictive 
transfusion trigger (Hb <8 g/dL or Hb <9 g/dL if 
cardiac disease), which was a corner stone in this 
protocol, is supported by data from several randomised 
controlled trials showing that in euvolaemic surgical 
patients a restrictive transfusion threshold did not 
result in an increase of mortality, morbidity, or length 
of hospital stay54-56. The exception is the study by of 
Foss et al.57, but it was not designed to assess this 
objective and lacked statistical power to do so.  

Elective surgery 
In a recent consensus statement on the 

management of peri-operative anaemia, the panel 
suggests intravenous iron administration during 
the peri-operative period for patients undergoing 
orthopaedic surgery who are expected to develop 
severe post-operative anaemia13. To this end, in the 
NATA guidelines on the detection, evaluation, and 
management of pre-operative anaemia in patients 
undergoing elective orthopaedic surgery, the panel 
recommends that elective orthopaedic surgical 
patients have a Hb level determination 28 days before 
the scheduled surgical procedure if possible as well 
as further laboratory testing to evaluate those with 
anaemia for nutritional defi ciencies, chronic renal 
insuffi ciency, and/or chronic infl ammatory disease14. 
Finally, both panels recommend that nutritional 

defi ciencies, with or without anaemia, be treated13,14.
Following these recommendations, we evaluated 

the effi cacy of intravenous iron sucrose administration 
(1,000±400 mg over 3-5 weeks) for the correction 
of pre-operative anaemia in 84 patients who were 
scheduled for major elective surgery (30 colon cancer 
resections, 33 abdominal hysterectomies, 21 lower 
limb arthroplasties)58. In the orthopaedic patients, 
administration of intravenous iron caused a signifi cant 
increase of Hb levels (1.8±1.1 g/dL; p <0.001) and 
anaemia was resolved in 67% of patients. 

No life-threatening adverse effects were seen, 
and the overall transfusion rate was only 21%. These 
results were somewhat better than those reported by 
Theussinger et al.59 who observed a Hb increment of 
1.0±0.6 g/dL 2 weeks after the start of intravenous 
iron treatment, and suggested administration of 
intravenous iron 2-3 weeks before the scheduled 
surgical procedure.

From these results, we concluded that because of 
the low incidence of side effects and the rapid increase 
of Hb levels, intravenous iron is a safe, effective drug 
for treating pre-operative anaemia in these populations 
of patients. However, quite often we do not have such 
a time frame to investigate anaemia and implement 
the appropriate treatment. In this regard, we evaluated 
the effects of perioperative administration of iron 
sucrose (2x200 mg intravenously, one dose 24 hours 
before surgery and the other 24 hours after surgery) 
plus folic acid and vitamin C until discharge, on 
transfusion requirements in patients undergoing 
total knee replacement. In addition, patients with 
a preoperative Hb <13 g/dL received one dose of 
rHuEPO (40,000 IU subcutaneously, 24 hours before 
surgery), and allogeneic blood transfusion was given 
if the post-operative Hb value was lower than 8 g/dL 
or there were clinical symptoms of acute anaemia 
(Hb <9 g/dL for patients with active cardiac disease). 
No adverse effects of iron sucrose or rHuEPO 
administration were seen and, overall, only 4% of 
patients required allogeneic blood transfusion60. No 
major differences in peri-operative blood counts 
or iron metabolism parameters were observed 
between sub-groups of patients, but stimulation of 
erythropoiesis seemed to be more pronounced in 
those patients receiving rHuEPO. Interestingly, the 
allogeneic blood transfusion rate in patients with a 
pre-operative Hb <13 g/dL (9%) was no different from 
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that reported with the pre-operative administration of 
rHuEPO at the dosage of 4x40,000 IU (10.8%)32. 

We also evaluated the effectiveness of this blood-
saving protocol on recovery from post-operative 
anaemia in another series of 148 patients undergoing 
total knee replacement. 

Mean Hb loss at post-operative day 7 was 3.6 g/dL, 
but only seven patients were transfused (5%). 

Pre-operatively, 66 (45%) patients did not have 
enough stored iron to compensate for this Hb loss 
(ferritin <100 ng/mL). 

On post-operative day 30, only 15% were anaemic: 
71% of Hb loss and 92% of pre-operative Hb had been 
recovered, and iron stores were increased, although 
erythropoietic response was higher in patients 
receiving erythropoietin (p<0.05)61. 

This protocol does, therefore, seem to reduce 
allogeneic blood transfusion requirements and may 
hasten the recovery from post-operative anaemia in 
patients undergoing total knee replacement, although 
further studies are needed to ascertain which patients 
may benefi t from extended intravenous iron and/or 
rHuEPO administration.

As stated above, the results of several randomised 
controlled trials suggested that the administration of 
oral iron was not effective in correcting anaemia after 
orthopaedic surgery33-38. Similarly, one interrupted 
randomised controlled trial in cardiac surgery patients 
and a small group of orthopaedic patients showed 
that post-operative administration of intravenous 
iron, alone or in combination with rHuEPO, was not 
associated with a greater increase in Hb concentration 
than placebo62. 

However, iron sucrose (3 mg/kg/day) was shown 
to be a more effective oral iron for restoring post-
operative Hb levels after spinal surgery in children63. 

More recently, the effect of post-operative 
administration of 300 mg of intravenous iron sucrose 
on allogeneic blood transfusion requirements in 
patients undergoing total hip replacement was 
evaluated64. 

Compared with patients in a previous series not 
given iron therapy, the group given iron showed 
a lower transfusion index (1.68 vs. 0.96 units 
per patient, respectively), and a trend to a lower 
transfusion rate (73% vs. 46%, respectively). 
This reduction could not be related to changes in 
transfusion practice, since there were no differences 

in pre-transfusion Hb levels between the two groups. 
The percentage of transfused patients in this study 

was higher than that reported in other studies65, most 
probably due to the high prevalence of pre-operative 
anaemia (37%) in this series. However, it is worth 
noting that admission Hb levels for non-transfused 
patients were lower in the iron group than in the 
control group (12.7±0.9 g/dL vs. 14.0±1.2 g/dL, 
respectively; p=0.017), suggesting an erythropoietic 
effect of iron. Additionally, since 65% of transfusions 
were given on the third or fourth post-operative day or 
later, an extended post-operative iron administration 
schedule or a higher dose might be useful for further 
reducing late post-operative allogeneic blood 
transfusion.

This possibility was examined in a subsequent 
series of patients undergoing total hip or knee 
replacement who were given 600 mg intravenous iron 
post-operatively; the haematological and transfusion 
data of these patients were compared to those from 
patients receiving 300 mg66. 

All patients were operated on by the same surgeon, 
using the same implants, and received the same 
antibiotic and anti-thrombotic prophylaxis. 

There were no differences between groups 
regarding age, gender distribution or co-morbidity, 
but there were a higher proportion of hip procedures 
and slightly lower preoperative Hb in the 300 mg 
intravenous iron group (but not post-operatively). 

Compared to patients receiving 300 mg intravenous 
iron (n=53), those receiving 600 mg (n=169) had a 
lower allogeneic blood transfusion rate (12.4% vs. 
26.4%, respectively; p=0.028) and index (0.55±1.0 
unit per patient vs. 0.25±0.7 units per patient, 
respectively; p=0.015), without differences in 
pre-transfusion levels (7.8±0.7 g/dL vs. 7.9±0.8 g/
dL, respectively; p=0.658), spent a shorter time in 
hospital (8.9±3.4 days vs. 8.0±2.2 days, respectively; 
p=0.018), and had a trend to a lower post-operative 
infection rate (7.5% vs. 1.6%, respectively; p=0.058). 
No adverse reactions to iron administration were seen. 

Post-operative administration of 600 mg of 
intravenous iron does, therefore, seem to be safe 
and more effective than that of 300 mg for reducing 
allogeneic blood transfusion requirements in patients 
undergoing total hip or knee replacement.

 A large, randomised controlled trial to confi rm 
these results is warranted.
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Lower or higher intravenous iron doses in 
orthopaedic patients?

Although iron sucrose is the most frequently used 
intravenous iron compound in the reviewed studies, 
the main disadvantage of this compound is the need 
for multiple infusions as the maximum weekly dose 
should not exceed 600 mg (200 mg intravenously, 
1-3 times per week). The availability of stable 
parenteral iron compounds allowing for higher dose 
infusion (ferric carboxymaltose [≤15 mg/kg body 
weight, up to 1000 mg intravenously], LMW iron 
dextran or iron isomaltoside 1000 [≤20 mg/kg body 
weight intravenously]) may greatly facilitate iron 
replacement therapy in orthopaedic patients. The use 
of these stable compounds has benefi ts for both the 
patient (less disruption of life, less time away from 
home/work, fewer injections, fewer side effects, etc.) 
and for hospital/health service (fewer visits, reduced 
physician and nurse time, improved out-patient 
management, better cost-effectiveness, etc.).

Are there any other advantages from the use of 
higher doses of intravenous iron? The benefi ts of high 
doses (total dose infusion) have been highlighted in 
several studies. We compared data from a study by 
Gisbert et al67 who used iron sucrose (2x200 mg/week) 
in 22 anaemic patients with infl ammatory bowel 
disease (Hb <10 g/dL), and those from a study by 
Kulnigg et al.68 who used ferric carboxymaltose 
(up to 2000 mg, 1-2 infusions) in a similar group of 
137 patients with infl ammatory bowel disease. A Hb 
increase ≥2 g/dL or normalisation of Hb level was 
observed in 77% of patients in both groups, without 
differences in the incidence of side effects (0% vs. 
1.5%). However, the duration of the study was 26 
week for patients receiving iron sucrose and only 12 
weeks for those given ferric carboxymaltose. 

In another study, García-Erce et al.69 evaluated 
the impact of administering multiple doses 
of intravenous iron sucrose (300 mg/session) 
compared with high doses of LMW iron dextran 
or ferric carboxymaltose (500 mg or more/session) 
in 47 patients with IDA caused by a variety of 
conditions. It was found that patients receiving 
the higher dose administration achieved similar 
post-treatment Hb levels (increase in Hb of 2 g/
dL or Hb ≥12 g/L) but much more rapidly (21 
vs. 39 days). Moreover, the higher dose was also 
associated with higher ferritin levels (271 ng/mL 

vs. 116 ng/mL), which may be important to delay 
the recurrence of IDA70.

More recently, Evstatiev et al. also found that 
higher doses of intravenous iron in patients with 
inflammatory bowel disease were superior, in a 
comparative clinical trial of the effi cacy and safety 
of standardised ferric carboxymaltose doses (n=240) 
with respect to individually calculated iron sucrose 
doses (n=235)71. At week 12 after the initiation of iron 
therapy, the response rate (defi ned as an increase in 
Hb of >2 g/dL) (66.1% vs. 54.1%), the proportion 
of non-anaemic patients (72.8% vs. 61.8%), and 
full adherence to the treatment regimen (92.5% vs. 
79.1%) were all signifi cantly greater in the ferric 
carboxymaltose group than in the iron sucrose group. 
In addition, there was no signifi cant difference in 
treatment-related adverse events between the two 
groups (13.9% vs. 11.3%).

These results endorse the use of high dose 
infusion regimens and may explain the benefi t of 
administering high doses of intravenous iron to 
patients with iron defi ciency and infl ammation (faster 
and more complete response). What, however, is the 
underlying mechanism? It has been postulated that 
while the bone marrow requires 20-30 mg iron/day for 
erythropoiesis, only a small proportion of the infused 
iron is delivered in a ferric form into the plasma 
and taken up by transferrin. According to data from 
in vitro studies, approximately 45 mg of iron can 
be sustained in the plasma after the administration 
of 1,000 mg of iron administered intravenously. 
Meanwhile, most of the administered iron dose is 
taken up by the macrophages. The iron overload of 
the macrophages in the reticulo-endothelial system 
may induce over-expression of ferroportin (thereby 
by-passing the hepcidin block) allowing iron to enter 
the bone marrow, transported by transferrin, to sustain 
the erythropoiesis20. In addition, in autoimmune 
diseases, iron loading of macrophages may inhibit 
pro-infl ammatory immune effector pathways, thus 
reducing disease activity72.

What are the true risks of intravenous iron 
therapy?

Although almost no severe adverse drug effects 
have been reported, the numbers of patients included 
in the studies evaluating the role of intravenous iron 
for treating anaemia in orthopaedic surgical patients 
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are not big enough to draw definite conclusions 
regarding the safety of intravenous iron compounds in 
this clinical setting. However, according to an analysis 
of data from the Food and Drug Administration 
(FDA) (2001-2003; 30x106 doses), the incidence 
of life-threatening adverse drug effects (2.2 per 
million doses), including deaths (0.4 per million 
doses), associated with the use of four intravenous 
iron preparations (iron gluconate, iron sucrose, 
HMW iron dextran, and LMW iron dextran), is 
much lower than that associated with the use of 
allogeneic blood transfusion (10 and 4 per million 
units, respectively)73,74.

It must be borne in mind that all intravenous 
preparations have been reported to cause anaphylactoid 
reactions characterised by nausea, hypotension, 
tachycardia, chest pain, dyspnoea (lung oedema), 
and bilateral oedema of the hands and feet, and 
should not be misinterpreted as anaphylaxis40,44. 
However, iron dextran complexes may cause well-
known dextran-induced anaphylactic reactions, 
which are signifi cantly more frequent with HMW 
iron dextran than with LMW iron dextran. Although 
the exact mechanism of the anaphylactic reaction to 
iron dextran has not yet been clarifi ed, it seems to be 
related to the antibody-mediated release of mediators 
by mast cells. HMW iron dextran is not commercially 
available in Europe, the National Comprehensive 
Cancer Network recommends against the use of 
HMW iron dextran and the FDA has altered the 
labelling of HMW iron dextran to warn that it is not 
clinically interchangeable with LMW iron dextran75,76. 

Regarding the newer iron formulations, ferric 
carboxymaltose has not yet been approved by 
the FDA because of a mortality safety signal and 
imbalance in serious adverse events and occurrence 
of hypophosphataemia (http://www.fda.gov/ohrms/
dockets/ac/08/briefi ng/2008-4337b1-01-fda.pdf). The 
FDA is continuing to evaluate ferumoxytol due to 
reports of serious cardiac disorders, to determine the 
need for any regulatory action (http://www.fda.gov/
Drugs/GuidanceComplianceRegulatoryInformation/ 
Surveillance/AdverseDrugEffects/ucm223734.htm). 
In addition, ferumoxytol interferes with magnetic 
resonance imaging which is frequently used for the 
diagnosis and follow-up of orthopaedic pathologies, 
and consequently does not seem to be an appropriate 
intravenous iron compound for orthopaedic patients. 

The iron isomaltoside 1000 regulatory application 
includes references to general intravenous iron 
documentation, including evidence from iron dextran 
treatment. The regulatory authorities have therefore 
placed iron isomaltoside 1000 in the B03AC06 
(iron trivalent, parenteral preparations, ferric oxide 
dextran complex) pharmacotherapeutic group 
of the Anatomical Therapeutic Chemical (ATC) 
classifi cation system. Nevertheless, they recognise 
the unique properties of iron isomaltoside 1000, the 
unique generic name iron isomaltoside 1000 (a non-
anaphylactic carbohydrate), and no requirement for 
a test dose application which is always the case with 
iron dextran. 

Overall, with the exception of HMW iron dextran 
(increased rates of severe side effects and deaths), 
it seems that the acute safety differences among 
intravenous iron products are small when the products 
are given at the recommended doses, although 
comparative trials are needed to be certain. 

Current information on the relationship between 
intravenous iron and infection, and between 
intravenous iron and oxidative stress deserves special 
consideration. Elemental iron is an essential growth 
factor for bacteria with many species expressing iron 
transport proteins that compete with transferrin, and 
it has long been suggested that patients with iron 
overload are at increased risk of infection77. However, 
in a population of patients undergoing peritoneal 
dialysis, the risk of peritonitis did not differ between 
patients who did or did not receive intravenous iron78. 
In addition, a meta-analysis of six observational 
studies (807 patients) revealed that the administration 
of intravenous iron to patients undergoing major 
orthopaedic surgery led to a signifi cant decrease in 
both transfusion rates (RR: 0.60; 95% confi dence 
interval [CI]: 0.50-0.72; p <0.001) and infection 
rates (RR: 0.45; 95%CI: 0.32-0.63; p <0.001)79. 
However, despite the absence of defi nitive clinical 
data, it seems sensible to avoid intravenous iron 
administration in the setting of acute infection, and 
to withhold intravenous iron in patients with pre-
treatment ferritin values >500 ng/mL13. On the other 
hand, the available evidence relating intravenous 
iron administration to atherogenesis is indirect, and 
there is little evidence that intravenous iron adversely 
affects survival in patients with dialysis-dependent 
chronic kidney disease. 
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In addition, intravenous iron therapy has 
not been associated with an increase in tumour 
incidence80. Nevertheless, the evidence argues 
for caution, not complacency, in prescribing 
intravenous iron40.

Key learning points
- Iron supplementation should be initiated as soon 

as iron defi ciency, with or without anaemia, is 
diagnosed.

- Pre-operative oral or intravenous iron may correct 
anaemia and reduce the number of transfused units 
and the percentage of transfused patients.

- Peri-operative intravenous iron reduces the 
frequency and volume of allogeneic blood 
transfusion in orthopaedic and trauma surgery, 
and may hasten the recovery from post-operative 
anaemia, while preserving iron stores. These 
effects seem to be increased by the addition of a 
single dose of recombinant human erythropoietin.

- Intravenous iron seems to decrease infection rate 
or mortality. Nevertheless, despite the absence of 
defi nitive clinical data, intravenous iron should not 
be given to patients with ongoing bacteraemia or 
iron overload. 

- With the exception of high molecular weight iron 
dextran (increased rates of severe side effects and 
deaths), it seems that the acute safety differences 
among intravenous iron products are small 
when they given at the recommended doses, and 
smaller that those associated with red blood cell 
transfusions.
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