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A B S T R A C T

Background

Approximately 30% of adults undergoing non-cardiac surgery suMer from preoperative anaemia. Preoperative anaemia is a risk factor for
mortality and adverse outcomes in diMerent surgical specialties and is frequently the reason for blood transfusion. The most common
causes are renal, chronic diseases, and iron deficiency. International guidelines recommend that the cause of anaemia guide preoperative
anaemia treatment. Recombinant human erythropoietin (rHuEPO) with iron supplementation has frequently been used to increase
preoperative haemoglobin concentrations in patients in order to avoid the need for perioperative allogeneic red blood cell (RBC)
transfusion.

Objectives

To evaluate the eMicacy of preoperative rHuEPO therapy (subcutaneous or parenteral) with iron (enteral or parenteral) in reducing the need
for allogeneic RBC transfusions in preoperatively anaemic adults undergoing non-cardiac surgery.

Search methods

We searched CENTRAL, Ovid MEDLINE(R), Ovid Embase, ISI Web of Science: SCI-EXPANDED and CPCI-S, and clinical trial registries WHO
ICTRP and ClinicalTrials.gov on 29 August 2019.

Selection criteria

We included all randomized controlled trials (RCTs) that compared preoperative rHuEPO + iron therapy to control treatment (placebo, no
treatment, or standard of care with or without iron) for preoperatively anaemic adults undergoing non-cardiac surgery.

We used the World Health Organization (WHO) definition of anaemia: haemoglobin concentration (g/dL) less than 13 g/dL for males, and 12
g/dL for non-pregnant females (decision of inclusion based on mean haemoglobin concentration). We defined two subgroups of rHuEPO
dosage: 'low' for 150 to 300 international units (IU)/kg body weight, and 'high' for 500 to 600 IU/kg body weight.
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Data collection and analysis

Two review authors collected data from the included studies. Our primary outcome was the need for RBC transfusion (no autologous
transfusion, fresh frozen plasma or platelets), measured in transfused participants during surgery (intraoperative) and up to five days aCer
surgery. Secondary outcomes of interest were: haemoglobin concentration (directly before surgery), number of RBC units (where one unit
contains 250 to 450 mL) transfused per participant (intraoperative and up to five days aCer surgery), mortality (within 30 days aCer surgery),
length of hospital stay, and adverse events (e.g. renal dysfunction, thromboembolism, hypertension, allergic reaction, headache, fever,
constipation).

Main results

Most of the included trials were in orthopaedic, gastrointestinal, and gynaecological surgery and included participants with mild and
moderate preoperative anaemia (haemoglobin from 10 to 12 g/dL). The duration of preoperative rHuEPO treatment varied across the
trials, ranging from once a week to daily or a 5-to-10-day period, and in one trial preoperative rHuEPO was given on the morning of surgery
and for five days postoperatively.

We included 12 trials (participants = 1880) in the quantitative analysis of the need for RBC transfusion following preoperative treatment
with rHuEPO + iron to correct preoperative anaemia in non-cardiac surgery; two studies were multiarmed trials with two diMerent dose
regimens.

Preoperative rHuEPO + iron given to anaemic adults reduced the need RBC transfusion (risk ratio (RR) 0.55, 95% confidence interval (CI)

0.38 to 0.80; participants = 1880; studies = 12; I2 = 84%; moderate-quality evidence due to inconsistency). This analysis suggests that on
average, the combined administration of rHuEPO + iron will mean 231 fewer individuals will need transfusion for every 1000 individuals
compared to the control group.

Preoperative high-dose rHuEPO + iron given to anaemic adults increased the haemoglobin concentration (mean diMerence (MD) 1.87 g/

dL, 95% CI 1.26 to 2.49; participants = 852; studies = 3; I2 = 89%; low-quality evidence due to inconsistency and risk of bias) but not low-

dose rHuEPO + iron (MD 0.11 g/dL, 95% CI −0.46 to 0.69; participants = 334; studies = 4; I2 = 69%; low-quality evidence due to inconsistency
and risk of bias).

There was probably little or no diMerence in the number of RBC units when rHuEPO + iron was given preoperatively (MD −0.09, 95% CI −0.23

to 0.05; participants = 1420; studies = 6; I2 = 2%; moderate-quality evidence due to imprecision).

There was probably little or no diMerence in the risk of mortality within 30 days of surgery (RR 1.19, 95% CI 0.39 to 3.63; participants = 230;

studies = 2; I2 = 0%; moderate-quality evidence due to imprecision) or of adverse events including local rash, fever, constipation, or transient

hypertension (RR 0.93, 95% CI 0.68 to 1.28; participants = 1722; studies = 10; I2 = 0%; moderate-quality evidence due to imprecision).

The administration of rHuEPO + iron before non-cardiac surgery did not clearly reduce the length of hospital stay of preoperative anaemic

adults (MD −1.07, 95% CI −4.12 to 1.98; participants = 293; studies = 3; I2 = 87%; low-quality evidence due to inconsistency and imprecision).

Authors' conclusions

Moderate-quality evidence suggests that preoperative rHuEPO + iron therapy for anaemic adults prior to non-cardiac surgery reduces the
need for RBC transfusion and, when given at higher doses, increases the haemoglobin concentration preoperatively. The administration
of rHuEPO + iron treatment did not decrease the mean number of units of RBC transfused per patient.

There were no important diMerences in the risk of adverse events or mortality within 30 days, nor in length of hospital stay. Further, well-
designed, adequately powered RCTs are required to estimate the impact of this combined treatment more precisely.

P L A I N   L A N G U A G E   S U M M A R Y

The use of erythropoietin plus iron to correct anaemia before surgery to reduce the risk of blood transfusion

Background

Erythropoietin is a hormone produced by the kidneys. It stimulates the bone marrow to produce more red blood cells (RBCs).
Erythropoietin is frequently used to correct anaemia caused by a reduced number of red blood cells or low haemoglobin concentration in
cases of chronic renal failure. The haemoglobin in red blood cells carries oxygen around the body.

Adult patients undergoing non-cardiac surgery, such as bone (orthopaedic) surgery, have blood tests before surgery to check their general
health. Many individuals are found to be anaemic, which means they may need RBC transfusions with donor blood before, during, or aCer
surgery to increase their haemoglobin concentrations. Giving donor blood can cause an allergic reaction such as a rash, headache, fever,
raised blood pressure, temporary loss of kidney function, and blood clotting. If it is possible to diagnose the cause of the anaemia before
the operation, then erythropoietin can be used together with iron to treat most of the causes of anaemia.

Erythropoietin plus iron versus control treatment including placebo or iron for preoperative anaemic adults undergoing non-cardiac
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Review question

We wanted to know whether erythropoietin therapy in combination with iron before surgery is eMective in reducing the need for RBC
transfusions in the immediate recovery period in anaemic adults undergoing non-cardiac surgery, compared to not giving the treatment.

Erythropoietin therapy can be given by injection below the skin (subcutaneously) or into a vein (intravenously). Iron can be given by mouth
(delivered into the gut) or intravenously.

Study characteristics

We identified 12 randomized controlled trials involving a total of 1880 adult participants who were anaemic. The participants were
randomly1 assigned to a treatment group receiving erythropoietin and iron or a control group. The control group received either placebo
(dummy treatment) or no treatment with or without iron. We looked at the following outcomes: haemoglobin concentrations, need for
transfusion, the amount of RBC units transfused per participant, adverse events, and any deaths. Erythropoietin was given either in a low
dose (150 to 300 international units (IU)/kg body weight) or high dose (500 to 600 IU/kg body weight).

The evidence is current to August 2019.

Key results

We found that giving erythropoietin with iron supplementation reduces the need for RBC transfusions amongst participants (12 studies;
1880 participants).  Higher doses of erythropoietin with iron increased haemoglobin concentrations before surgery (7 studies; 1186
participants), but at lower doses any eMect was unclear. The number of units of RBCs required was not changed.

Adverse events did not diMer between study groups (10 studies; 1722 participants). Only two studies reported on deaths, with no apparent
diMerences between groups.

We are uncertain whether adults suMering from preoperative anaemia who were treated with erythropoietin and iron had shorter hospital
stays than adults with preoperative anaemia who did not receive preoperative treatment before surgery (3 studies; 293 participants).

Quality of the evidence

The quality of the evidence was moderate for the outcome need for RBC transfusion, due to some inconsistency between eligible trials; low
for haemoglobin concentration before surgery due to inconsistency between eligible trials and risk of bias; moderate for the amount of
RBC units transfused, due to diMerences in how studies measured the number of units; low for length of hospital stay due to inconsistency
in findings and imprecision of the studies; and moderate for mortality and adverse events and death, as only a small number of events
were reported.

Erythropoietin plus iron versus control treatment including placebo or iron for preoperative anaemic adults undergoing non-cardiac
surgery (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   rHuEPO with iron compared to control treatment with or without iron in preoperative anaemic adults undergoing non-
cardiac surgery

rHuEPO with iron compared to control treatment with or without iron in preoperative anaemic adults undergoing non-cardiac surgery

Patient or population: adult participants, irrespective of gender and type of non-cardiac surgery, with mild or severe preoperative anaemia
Setting: hospital (Europe, Canada, and South Korea)
Intervention: rHuEPO subcutaneously or intravenously with iron supplementation (enteral or parenteral)
Comparison: control treatment

Anticipated absolute effects* (95% CI)Outcomes

Risk with

control treatment

Risk with rHuEPO +
iron

Relative effect
(95% CI)

№ of participants
(studies)

Quality of the evi-
dence
(GRADE)

Transfusion (measured in participants
during or up to 5 days after operation)

444 per 1000 231 per 1000
(200 to 262)

RR 0.55
(0.38 to 0.80)

1880
(12 RCTs)

⊕⊕⊕⊝

MODERATE 1

Subgroup Hb concentration immedi-
ately prior to surgery (g/dL)

rHuEPO high (500 to 600 IU/kg BW)

The mean Hb - rHuEPO high 500
to 600 IU/kg BW

ranged across control groups

from 10.7 to 12.4 g/dL.

MD 1.87 (1.26 higher to
2.49 higher)

- 852
(3 RCTs)

⊕⊕⊝⊝

LOW1 2

Subgroup Hb concentration immedi-
ately prior to surgery (g/dL)

rHuEPO low (150 to 300 IU/kg BW)

The mean Hb - rHuEPO low 150
to 300 IU/kg BW

ranged across control groups

from 11.9 to 12.1 g/dL.

MD 0.11 (0.46 lower to
0.69 higher)

- 334
(4 RCTs)

⊕⊕⊝⊝

LOW1 2

Number of RBC units transfused per
participant (intraoperative to 5 days
postoperative)

The mean number of RBC units
ranged across control groups
from

1.28 to 2.69.

MD 0.09 lower
(0.23 lower to 0.05
higher)

- 1420
(6 RCTs)

⊕⊕⊕⊝

MODERATE3

Mortality (within 30 days after surgery) 45 per 1000 54 per 1000
(18 to 165)

RR 1.18
(0.39 to 3.63)

230
(2 RCTs)

⊕⊕⊕⊝

MODERATE4
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Adverse events (number of participants
with any adverse event)

88 per 1000 81 per 1000
(59 to 111)

RR 0.93
(0.68 to 1.28)

1722
(10 RCTs)

⊕⊕⊕⊝

MODERATE4

Length of hospital stay The mean length of hospital stay
ranged across

control groups from 7 to 13.

MD 1.07 lower (4.12
lower to 1.98 higher)

- 293
(3 RCTs)

⊕⊝⊝⊝

LOW1 4

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BW: body weight; CI: confidence interval; Hb: haemoglobin; IU: international unit; MD: mean difference; RBC: red blood cells; RCT: randomized controlled trial; rHuEPO:
recombinant human erythropoietin; RR: risk ratio

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.
Low quality: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low quality: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

1Downgraded 1 level due to inconsistency. Unexplained inconsistency, with widely diMerent point estimates.
2Downgraded 1 level due to risk of bias (study limitations) (sensitivity analysis).
3Downgraded 1 level due to diMerences between studies regarding counting units (imprecision).
4Downgraded 1 level due to imprecision: the 95% CI is consistent with both important benefit and harm.
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B A C K G R O U N D

Description of the condition

Anaemia is defined by the World Health Organization (WHO)
as a haemoglobin concentration of less than 12 g/dL in non-
pregnant adult women, and less than 13 g/dL in adult men
(WHO 2008). Anaemia before surgery (preoperative anaemia) is
common amongst adults undergoing non-cardiac surgery, with a
prevalence from 27%, reported in Baron 2014, to 39%, reported
in Musallam 2011. Preoperative anaemia is associated with an
increased requirement for red blood cell (RBC) transfusion and
postoperative morbidity and mortality (Jans 2014; Munoz 2008;
Munoz 2012; Musallam 2011). It is also associated with a prolonged
postoperative hospital stay and increased perioperative costs
(Shander 2010). The recently published German guidelines on the
diagnosis and treatment of preoperative anaemia investigated
the risk of anaemia before non-cardiac surgery, using the GRADE
system to assess the published evidence until early 2015 (German
S3 Guideline 2018). This meta-analysis showed that preoperative
anaemia increased the risk ratio for mortality by 3.97 (95%
confidence interval (CI) 2.54 to 6.19), the risk ratio to be transfused
by 3.57 (95% CI 2.59 to 4.92), and prolonged the length of hospital
stay aCer non-cardiac surgery by a median 4.01 days (95% CI −0.21
to 8.22). Haemoglobin concentrations of 10 g/dL were considered
to be standard liberal threshold concentrations for transfusion
(Blair 1986; McIntyre 2004). Allogeneic RBC transfusion, per se,
is an important risk factor for mortality, infection, pneumonia,
and sepsis (Jans 2014; Morton 2010). In addition, RBC resources
due to demographic changes are contemporaneously decreasing
(Greinacher 2011).

Description of the intervention

Pre- and intra-operative strategies to avoid transfusion are
recommended in the guidelines of the Network for the
Advancement of Transfusion Alternatives (NATA), Goodnough 2011,
and the guidelines of the European Society of Anaesthesiology
for the management of severe perioperative bleeding (Kozek-
Langenecker 2013). In the case of preoperative anaemia, guidelines
recommend the use of supplemental iron - oral or intravenous
- in preoperative iron deficiency. Treatment with erythropoiesis-
stimulating agents (ESA) is recommended when iron deficiency has
been either ruled out or corrected (Goodnough 2011).

Erythropoiesis-stimulating agents are recombinant erythropoietin
preparations with an amino acid sequence comparable to
endogenous human erythropoietin (Jelkmann 2013). Recombinant
human erythropoietin (rHuEPO) is the most frequently used
substance of the ESA group. ACer publications of both guidelines,
several studies were conducted addressing the application of
rHuEPO in combination with intravenous or oral iron in people
with preoperative anaemia in non-cardiac surgery (Feagan 2000;
Lin 2013; Weber 2005). These studies mainly focused on the
haemoglobin concentration and the proportion of participants
with the need for allogeneic RBC transfusion receiving the
intervention of interest.

rHuEPO acts as a growth factor on progenitor cells. It stimulates
the proliferation and diMerentiation of red cell precursors in
the bone marrow and can increase erythropoiesis, resulting
in increased haemoglobin concentrations and haematocrit in
anaemic people. ACer parenteral application of rHuEPO in

clinically relevant single doses of 50 international units (IU)/
kg body weight, the drug is eliminated at a first-order kinetic
rate followed by a rapid distribution phase (Jelkmann 2013).
ACer subcutaneous administration, peak plasma concentrations of
rHuEPO are achieved aCer 12 to 18 hours, but the slow absorption
allows for about 30% lower drug requirements compared to an
intravenous application (Jelkmann 2013).

One of the first investigations examined the safety and eMicacy
of rHuEPO in reducing the need for allogeneic blood transfusion
in non-cardiac surgery (Canadian OPESG 1993). They proved
rHuEPO reduced the need for perioperative allogeneic transfusion
without any increased risk of deep venous thrombosis, high blood
pressure, or other adverse experiences (Canadian OPESG 1993).
When anaemic participants scheduled for primary hip arthroplasty
received rHuEPO with oral iron application, starting four weeks
before surgery, rHuEPO reduced the overall need for perioperative
allogeneic transfusion as well as increased the haemoglobin
concentration. The incidence of thromboembolic events did
not diMer amongst the diMerent regimens. rHuEPO treatment
supplemented with oral or intravenous iron in preoperative
anaemic participants undergoing major orthopaedic surgery led
to increased haemoglobin concentration in the postoperative
period and reduced transfusion rates (Weber 2005). Concomitantly,
rHuEPO treatment did not aMect postoperative recovery (time
to ambulation, time to discharge, and infection rate). However,
postoperative recovery was impaired when participants were
transfused.

Similar to the findings for non-cardiac surgery, the use of
rHuEPO with intravenous iron in anaemic participants before
oM-pump coronary bypass surgery confirmed an increase of
the haemoglobin concentration and a decrease of allogenic
blood transfusion in the rHuEPO-treated group (Weltert 2010).
A Cochrane Review evaluated the eMicacy of rHuEPO, pre- and
perioperatively, in reducing allogeneic blood transfusions and
improving haemoglobin, quality of life, recurrence rate, mortality,
and survival following colorectal surgery. The authors concluded
that there was insuMicient evidence to support a recommendation
for pre- and perioperative rHuEPO for any mentioned outcome
apart from haemoglobin concentrations, but also concluded that
the occurrence of thrombotic events did not increase (Devon 2009).

Iron deficiency and anaemia mediated by chronic diseases are
common causes of preoperative anaemia. Early preoperative
oral iron supplementation may be suitable to refill iron stores
(Casalduero 2008). Due to gastrointestinal side eMects and poor
intestinal absorption, parenteral iron application can be indicated.
In the case of persisting iron deficiency despite adequate iron
application, or in the case of severe preoperative anaemia, the use
of rHuEPO should be considered. In most of the investigations and
clinical practice, rHuEPO application is primarily supplemented by
oral or parenteral iron (Canadian OPESG 1993; Na 2011). It has been
suggested that people may develop a functional iron deficiency
postoperatively due to a surge in circulating inflammatory
cytokines (Lin 2013). In this state of iron-restricted erythropoiesis,
iron stores are normal but unavailable for erythropoiesis, and
intravenous iron is required to restore concentrations of accessible
transferrin-bound iron (Lin 2013). The role of iron therapy without
rHuEPO in people with preoperative anaemia was  addressed in
a recent  Cochrane Review (Ng 2015). This review identified only
three trials of preoperative iron therapy, finding no reduction in

Erythropoietin plus iron versus control treatment including placebo or iron for preoperative anaemic adults undergoing non-cardiac
surgery (Review)
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the proportion of participants who received an allogeneic blood
transfusion compared to no iron therapy.

How the intervention might work

Depending on the degree and cause of preoperative anaemia,
a weekly administration over four weeks prior to operation in
anaemic participants was typically used in the clinical trials (Weber
2005). rHuEPO has a half-life of one day, but the eMect is evident
only five days later when the induced red cell proliferation is mature
enough for release into the circulation (Fisher 2003). People should
receive iron supplementation throughout the course of rHuEPO
therapy to optimize both the response to rHuEPO therapy and RBC
production in the presurgical setting (Goodnough 2011).

An internal turnover of 20 mg of iron per day is required for
erythropoiesis in the bone marrow (Munoz 2008), which is available
by iron recycling from ageing erythrocytes and by daily exchange
within iron-containing enzymes and iron stores (Steinbicker 2013).
An amount of 1 mg to 2 mg is compensated by iron absorption from
the diet. Oral iron supplementation may be less eMective due to
insuMicient absorption of iron and increased gastrointestinal side
eMects. Nevertheless, in the context of supportive iron therapy in
preoperative anaemic patients undergoing rHuEPO treatment, iron
is still administrated orally in a daily dose of 200 mg (Feagan 2000).
Recent investigations recommended the parenteral application of
iron in the case of rHuEPO treatment in preoperative anaemic
patients, to bypass the reduced absorption of oral iron (Ralley
2014). People diagnosed with preoperative anaemia due to iron
deficiency or chronic disease may respond better to preoperative
treatment with intravenous iron, depending on the timescale
before surgery, tolerance of iron, and iron status (Goodnough
2011). In case of an insuMicient increase in haemoglobin, additional
treatment with rHuEPO may be indicated.

Why it is important to do this review

One of the main therapeutic strategies to avoid allogeneic
RBC transfusion in preoperative anaemic people is preoperative
treatment with rHuEPO and iron. This strategy aims to normalize
the haemoglobin concentration and red cell mass.

The recommendations of rHuEPO and iron in the NATA guidelines
(Goodnough 2011), as well as partly in the European Society
of Anaesthesiology guidelines (Kozek-Langenecker 2017), are
based on a limited number of randomized controlled trials in
participants with preoperative anaemia. The major clinical impact
of preoperative anaemia and the associated socioeconomic burden
suggest that a contemporary update of the evidence for the use
of rHuEPO in combination with iron would be appropriate. This
Cochrane Review should add systematic evidence on the use of
rHuEPO + iron therapy in people with preoperative anaemia, as well
as safety data. It will also assess the influence of gender on the
treatment of preoperative anaemia and provide evidence to update
and strengthen existing recommendations.

There are currently several studies which are partly summarized
in systematic reviews investigating the use of rHuEPO and iron
in people with diMerent causes of anaemia, or people scheduled
for autologous blood donation. However, there are a limited
number of studies investigating rHuEPO with iron supplementation
in the case of preoperative anaemia (Alsaleh 2013; Lin 2013).
Recommendations for rHuEPO in preoperative anaemia are

therefore based mainly on studies of rHuEPO augmented with
preoperative autologous blood donation (Goodnough 2011;
Kozek-Langenecker 2017). This existing gap between current
recommendations based on a limited body of evidence, and clinical
practice, requires a current evaluation of the body of evidence of
rHuEPO in conjunction with iron supplementation in preoperative
anaemic people.

O B J E C T I V E S

To evaluate the eMicacy of preoperative rHuEPO therapy
(subcutaneous or parenteral), in combination with iron (enteral or
parenteral), in reducing the need for allogeneic RBC transfusions in
preoperatively anaemic adults undergoing non-cardiac surgery.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomized controlled trials (RCTs). We also planned
to include trials published only in abstract form, even if insuMicient
information was available;  however, we did not identify any
relevant abstracts.

Types of participants

We included trials enrolling preoperative adult participants (older
than 17 years), irrespective of gender and type of non-cardiac
surgery, with mild to severe anaemia (WHO criteria on haemoglobin
concentrations: males < 13 g/dL, females < 12 g/dL; WHO 2008;
decision of inclusion based on mean haemoglobin concentrations).

We excluded studies that focused on perioperative anaemia in
pregnant women undergoing, for example, caesarean section.

Types of interventions

We included all trials where rHuEPO + iron (enteral or parenteral)
of any dose was initiated preoperatively at any time from the
decision to operate up to preoperatively on the day of surgery. We
accepted any dose or duration of rHuEPO + iron. Where rHuEPO was
started preoperatively (including directly before incision/surgery),
administration of additional intra- and postoperative rHuEPO was
accepted.

We accepted trials comparing active rHuEPO treatment to control
treatment (placebo or no treatment/standard of care, including the
administration of iron).

Types of outcome measures

Primary outcomes

1. Need for allogeneic RBC transfusion (no autologous transfusion
or other transfusions like haemostatic blood products in the
form of fresh frozen plasma or thrombocytes), measured in
participants during or up to five days aCer operation.

Secondary outcomes

1. Haemoglobin concentration (g/dL) preoperatively (directly
before surgery).

2. Number of allogeneic RBC units transfused per participant (one
unit contains 250 to 450 mL of RBC) during or up to five days aCer
operation.
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3. Mortality (within 30 days aCer surgery)

4. Adverse events (renal dysfunction, delirium, heart failure,
cardiac arrest, atrial fibrillation, venous thromboembolism,
systemic infection, wound infections and haematomas,
hypertension, allergic reaction or local rash likely due to rHuEPO
administration, headache, fever, constipation), measured in
numbers of participants with adverse events between day of
surgery and discharge from hospital.

5. Length of hospital stay.

Search methods for identification of studies

We searched for studies using the systematic and sensitive search
strategies described in Chapter 4 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2019).

Electronic searches

We ran searches in the following databases.

1. Cochrane Central Register of Controlled Trials (CENTRAL) (first
search Issue 7, 2018; second search Issue 8, 2019).

2. Ovid MEDLINE(R), Ovid MEDLINE(R) In-Process & Other
Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid
OLDMEDLINE(R) (first search 1946 to 17 July 2018, second search
to 29 August 2019).

3. Embase Classic + Embase (OvidSP) (first search 1947 to 17 July
2018, second search to 29 August 2019).

4. ISI Web of Science: Science Citation Index Expanded (SCI-
EXPANDED) (first search 1970 to 17 July 2018, second search to
29 August 2019).

5. ISI Web of Science: Conference Proceedings Citation Index -
Science (CPCI-S) (first search 1990 to 17 July 2018, second search
to 29 August 2019).

6. US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (clinicaltrials.gov).

7. World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) (apps.who.int/trialsearch).

For our detailed search strategies, see Appendices.

We did not apply restrictions to language or publication status. We
developed a subject-specific search strategy in MEDLINE and used
that as a basis for the search strategies in the other databases listed.
All search strategies are shown in Appendix 1; Appendix 2; Appendix
3; Appendix 4; Appendix 5; Appendix 6.

Searching other resources

We searched the following conference proceedings electronically
and manually for the years not included in CENTRAL.

1. American Society of Anesthesiology (ASA) (2014 to 2019).

2. European Society of Anaesthesiology (2014 to 2019).

3. German Society of Anaesthesiology and Intensive Care (DGAI)
(2014 to 2019).

We scanned the reference lists and citations of included trials and
any relevant systematic reviews identified for further references to
additional trials. When necessary, we contacted trial authors for
additional information.

Data collection and analysis

Selection of studies

Two review authors (LK, AH) independently scanned the retrieved
titles and abstracts of all studies and applied the predefined
selection criteria to identify all potentially eligible studies. If
a decision on inclusion could not be made based on review
of the title and abstract, we obtained the full-text manuscript
to assess eligibility. Any disagreements in the selection process
were resolved through consensus with all review authors. We
documented the number of studies identified, excluded, and
included, with reasons at every stage of searching and screening, in
suMicient detail to complete a PRISMA flow diagram (Moher 2009).

Data extraction and management

Two review authors (CvH, LK) extracted data relevant to each study
using a predefined, standardized data extraction form. We listed
all necessary information, including general information, study
characteristics, participant characteristics, type of intervention
or control, and outcome in the  Characteristics of included
studies  tables. Any disagreements were resolved by discussion
amongst all review authors. When information was unclear, we
attempted to contact the study investigators for further details.
We entered data into Review Manager 5 soCware (Review Manager
2014), and one review author (AH) checked the data entry for
accuracy.

Assessment of risk of bias in included studies

Two review authors (LK, CvH) independently assessed the risk
of bias (methodological quality) of all eligible studies using the
methods suggested in Chapter 8 of version 5.1 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).

We considered the following 'Risk of bias' domains.

1. Random sequence generation (selection bias)

2. Allocation concealment (selection bias)

3. Blinding of participants, personnel (performance bias)

4. Blinding of outcome assessment (detection bias)

5. Incomplete outcome data (attrition bias)

6. Selective outcome reporting (reporting bias)

7. Other sources of bias

We assessed each domain as at low, high, or unclear risk of bias
(Higgins 2011). We recorded this judgement in 'Risk of bias' tables
in Characteristics of included studies and presented a summary
'Risk of bias' figure. To improve the transparency of the judgements,
we included quotations from the full-text article or supplemental
information from the trial author in the 'Notes' section of the 'Risk
of bias' tables.

Overall 'Risk of bias' summary

We summarized the risk of bias for each study based on
our assessment of the following domains: random sequence
generation, blinding of participant and personnel, and incomplete
outcome data. We classified each study as 'low risk of bias' when
we judged all of these items as 'low risk of bias'. If we judged at least
one item as 'high risk of bias', or all items as 'unclear risk of bias',
then we classified the overall risk of bias for the study as 'high risk of
bias'. In the remaining cases, we classified the study as 'unclear risk
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of bias'. We used the overall study-level 'Risk of bias' judgements
for sensitivity analyses.

Measures of treatment e;ect

We carried out statistical analysis using Cochrane's statistical
soCware, Review Manager 5 (Review Manager 2014).

For dichotomous data (e.g. RBC transfusion), we used the risk ratio
(RR), obtained from the intervention and control event rates.

For continuous outcomes (e.g. preoperative haemoglobin
concentration), we used the mean diMerence (MD) or standardized
mean diMerence (SMD), estimated from means and standard
deviations (SDs) of the intervention and control groups.

Unit of analysis issues

Cluster-randomized trials

We planned to include cluster-randomized trials in the analyses
along with individually randomized trials. However, we did not
identify any relevant cluster-randomized trials in the current
review.

Multiarmed studies

We overcame a unit of analysis error for studies that could
contribute multiple comparisons to the same outcome by dividing
the shared group into two groups with smaller sample size,
and including two reasonably independent comparisons in the
presented data. We included two studies with two comparisons in
this review (Christodoulakis 2005; Feagan 2000).

Dealing with missing data

In the case of missing data, we contacted the relevant trial authors
to obtain further information. We planned that if we did not receive
the information required (e.g. missing SD), we would calculate,
or estimate, missing data using the methods described in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2019). In the current review, there were no missing outcome data,
such as SDs required for meta-analysis. If there were missing
participants in the study groups, we performed available-case
analysis (used data on only those whose results are known). We
have not imputed missing participant data.

Assessment of heterogeneity

We classified heterogeneity following the interpretation specified
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2019).

In the case of trials being suMiciently similar in clinical and
methodological design, we included them in a meta-analysis.

We evaluated the extent of heterogeneity by visually examining

the forest plots, and used the I2 statistic to quantify it. We used

the I2 statistic to assess substantial heterogeneity. The I2 statistic
describes the percentage of total variation across trials that is due
to heterogeneity rather than sampling error. We considered there

to be substantial statistical heterogeneity if I2 was greater than 50%
(Higgins 2019).

If substantial heterogeneity was suggested in the overall analysis,
we investigated possible causes of the heterogeneity via subgroup

analysis by dose (high versus low). If this did not explain the
statistical heterogeneity, we would perform a sensitivity analysis
excluding studies at high risk of bias (Table 1). We presented all
meta-analyses using the fixed-eMect model as sensitivity analysis in
a tabular format (Table 2)

Assessment of reporting biases

If there were 10 or more studies in a meta-analysis, we investigated
reporting biases (such as publication bias) using funnel plots.
We assessed funnel plot asymmetry visually. If visual assessment
suggested asymmetry, we performed exploratory analyses such
as Rücker's arcsine test for dichotomous data and trim and fill
sensitivity analysis to investigate it. We used the R package meta
(version 4.9-4) for analysis (Schwarzer 2018).

Data synthesis

We estimated summary statistics by fixed-eMect and random-
eMects meta-analysis using inverse-variance estimators for RR and
MD. We presented results as summary RRs and MDs with the
z statistic, P value, and 95% confidence interval (CI) in tables

and forest plots. When I2 was greater than 50% amongst trials,
and the trial estimates were in diMerent directions, we evaluated
heterogeneity. We did not present orphan studies (comparisons
with only a single included study) in analysis with forest plots.

Subgroup analysis and investigation of heterogeneity

If we identified heterogeneity (I2 > 50%), we investigated it using
subgroup analysis and sensitivity analysis. We carried out the
following subgroup analyses.

1. DiMerent dosages of rHuEPO:
a. low dose (150 IU to 300 IU subcutaneous/kg body weight);

b. high dose (500 IU to 600 IU subcutaneous/kg body weight).

If administration of rHuEPO was reported in bolus dose of
international units (IU), we calculated the IU per kg body weight by
dividing the bolus unit/70 kg (body weight for a mean adult).

We compared subgroups for qualitative interaction (direction of
eMect reversed) and quantitative interaction (magnitude of eMect
diMers). We assessed the Review Manager 5 calculated interaction
z statistic with P value to declare a diMerence between subgroups
(Review Manager 2014).

Sensitivity analysis

We conducted sensitivity analysis to test the robustness of the
eMect estimates based on methodological quality as determined
by overall study-level 'Risk of bias' judgements. We conducted the
analysis by including only those RCTs with high methodological
quality (studies that were classified as having a 'low risk of bias'
based on the approach outlined in the Assessment of risk of bias in
included studies section. We identified only one trial at low risk of
bias for all domains (Higgins 2019).

Summary of findings and assessment of the certainty of the
evidence

We presented the main results of the review in 'Summary of
findings' tables, including a rating of the quality of evidence. The
assessment of the quality of evidence was based on the principles
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of the GRADE Working Group (www.gradeworkinggroup.org)
(Guyatt 2008; Guyatt 2011; Schünemann 2009).

We created one primary 'Summary of findings' table using
GRADEpro GDT for the following outcomes (GRADEpro GDT).

1. Need for allogeneic RBC transfusion (no autologous transfusion
or other transfusions like haemostatic blood products in the
form of fresh frozen plasma or thrombocytes), measured in
participants during or up to five days aCer operation.

2. Haemoglobin concentration preoperatively (directly before
surgery).

3. Number of allogeneic RBC units transfused per participant (one
unit contains approximately 450 mL of blood) during or up to five
days aCer operation.

4. Mortality (within 30 days aCer surgery).

5. Length of hospital stay.

6. Adverse events (renal dysfunction, delirium, heart failure,
cardiac arrest, atrial fibrillation, venous thromboembolism,
systemic infection, wound infections and haematomas,
hypertension, allergic reaction or local rash likely due to
erythropoietin administration, headache, fever, constipation),
measured in numbers of participants with adverse events
between day of surgery and discharge from hospital.

Two review authors (AH, LK) independently assessed the quality
of the body of evidence for each outcome. The assessments
reflect five factors: risk of bias (study limitations), publication bias,
indirectness, imprecision, and inconsistency. We appraised the
quality of evidence only for relative treatment eMects and not for
treatment rankings.

The GRADE assessment resulted in one of four levels of 'quality':

• High quality: we are very confident that the true eMect lies close
to that of the estimate of the eMect.

• Moderate quality: we are moderately confident in the eMect
estimate: the true eMect is likely to be close to the estimate of the
eMect, but there is a possibility that it is substantially diMerent.

• Low quality: our confidence in the eMect estimate is limited: the
true eMect may be substantially diMerent from the estimate of
the eMect.

• Very low quality: we have very little confidence in the eMect
estimate: the true eMect is likely to be substantially diMerent
from the estimate of eMect.

R E S U L T S

Description of studies

Results of the search

The results of the literature search process are presented in a
PRISMA flow chart (Figure 1). We performed the first search on 17
July 2018, and retrieved 6336 records through the database search
and 5 additional records through other sources. ACer removal
of duplicate studies, 3427 records remained for assessment. We
excluded 3413 of these records by reading the title or abstract.
We reviewed the remaining 14 records, excluding two studies that
did not meet the inclusion criteria of preoperative anaemia, and
including 12 studies in the synthesis of the review. All included
studies were published in English.
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Figure 1.   Study flow diagram.
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We performed an updated second search on 29 August 2019
including all records since the first search. We found 2700 additional
records in this updated search. ACer removal of duplicates, 1937
retrieved titles and abstracts were screened for their eligibility for
inclusion in the review. No new records were found in this updated
search.

Included studies

We included 12 RCTs (1880 participants) that evaluated the use
of preoperative rHuEPO + iron to treat preoperative anaemia
in adults undergoing non-cardiac surgery (Bernabeu-Wittel 2016;
Christodoulakis 2005; Dousias 2003; Feagan 2000; Heiss 1996;
Kettelhack 1998; Kosmadakis 2003; Larson 2001; Moonen 2008; Na
2011; Qvist 1999; Weber 2005). A detailed description of the trials
is provided in the Characteristics of included studies section. All
included studies were published in English, one excluded study
were published in russian (Gerasimov 2012).

Details on rHuEPO with iron administration

Two of the included studies reported data from two diMerent dosing
regimens of rHuEPO (Christodoulakis 2005; Feagan 2000).
If administration of rHuEPO was reported as a bolus IU, we
calculated the IU per kg body weight with division of the bolus
through the assumed body weight of a mean adult with 70 kg.

Seven studies reported low rHuEPO dosage (Feagan 2000; Heiss
1996; Kettelhack 1998; Kosmadakis 2003; Larson 2001; Na 2011;
Qvist 1999), and five studies reported rHuEPO dosage subgroup for
the analysis of the outcomes (Bernabeu-Wittel 2016; Dousias 2003;
Feagan 2000; Moonen 2008; Weber 2005).

Duration of the administration of rHuEPO ranged from daily
dosages for 10 days, Christodoulakis 2005, to weekly dosages for
four weeks (Feagan 2000; Larson 2001; Moonen 2008).

Additional iron was given intravenously in four studies (Bernabeu-
Wittel 2016; Kettelhack 1998; Kosmadakis 2003; Na 2011), and
orally in eight studies (Christodoulakis 2005; Dousias 2003; Feagan
2000; Heiss 1996; Larson 2001; Moonen 2008; Qvist 1999; Weber
2005). Participants in two studies received rHuEPO with iron and
additional folic acid (Christodoulakis 2005; Heiss 1996).

Comparators

In six trials, participants in the comparator arm received control
treatment with saline (Bernabeu-Wittel 2016; Feagan 2000;
Kettelhack 1998; Kosmadakis 2003; Na 2011; Qvist 1999). In
six trials, participants in the comparator arm received standard
care or no treatment (Christodoulakis 2005; Dousias 2003; Heiss
1996; Larson 2001; Moonen 2008; Weber 2005). Intravenous
iron was given to participants of three trials (Bernabeu-Wittel
2016; Kettelhack 1998; Kosmadakis 2003). Oral iron was given to
participants in seven trials (Dousias 2003; Feagan 2000; Heiss 1996;
Larson 2001; Moonen 2008; Na 2011; Qvist 1999), and additional
folic acid was given in two studies (Christodoulakis 2005; Heiss
1996). In one trial, participants in the control arm received the usual
standard of care, including oral or intravenous iron (Weber 2005).

Surgical procedures

Participants undergoing colorectal cancer surgery were analysed
in four trials (Christodoulakis 2005; Heiss 1996; Kettelhack 1998;
Qvist 1999). Participants of five trials obtained joint replacement

or arthroplasty in orthopaedic surgery (Weber 2005), such as hip
joint arthroplasty (Bernabeu-Wittel 2016; Feagan 2000), hip or knee
replacement (Moonen 2008), or bilateral total knee replacement
(Na 2011). Gastrointestinal surgery was performed in one trial
(Kosmadakis 2003), and participants received hysterectomy in two
trials (Dousias 2003; Larson 2001).

Setting

Five trials were multicentre trials (Bernabeu-Wittel 2016;
Christodoulakis 2005; Feagan 2000; Kettelhack 1998; Weber 2005).

One study was conducted in a community hospital in Canada
(Feagan 2000), 10 studies in Europe (Bernabeu-Wittel 2016;
Christodoulakis 2005; Dousias 2003; Heiss 1996; Kettelhack 1998;
Kosmadakis 2003; Larson 2001; Moonen 2008; Qvist 1999; Weber
2005), and one study in South Korea (Na 2011). All studies were
carried out in hospitals.

Inclusion and exclusion criteria of participants

The criteria for inclusion and exclusion of participants in the
included studies varied widely (see Characteristics of included
studies). All studies reported preoperative anaemia as an inclusion
criterion. The proportion of female and male participants varied in
the trials. In three trials, only female participants were investigated
(Dousias 2003; Larson 2001; Na 2011).

Study sample size

The overall sample size ranged from 30 participants, Heiss 1996,
to 733 participants, Weber 2005. Six studies reported a sample
size calculation for their primary outcome (Bernabeu-Wittel 2016;
Feagan 2000; Kettelhack 1998; Larson 2001; Moonen 2008; Na 2011).
The remaining six studies did not report any sample size calculation
for their primary outcome (Christodoulakis 2005; Dousias 2003;
Heiss 1996; Kosmadakis 2003; Qvist 1999; Weber 2005); it is possible
that these trials were underpowered. The primary endpoints are
listed in the Characteristics of included studies section.

Source of funding

Financial support was provided by government funding in one trial
(Bernabeu-Wittel 2016).

Two trials explicitly stated that there was no funding (Moonen 2008;
Na 2011), and three trials reported industry funding (Feagan 2000;
Qvist 1999; Weber 2005). The remaining trials did not mention the
source of funding in their publications (Characteristics of included
studies). The authors of four trials declared their conflicts of interest
(Bernabeu-Wittel 2016; Moonen 2008; Na 2011; Weber 2005); the
authors of the remaining trials did not report this information.

Reported outcomes

All 12 included studies reported at least one primary and secondary
outcome of interest for this review. The primary outcome 'need
for  allogeneic RBC transfusion' of this review was reported as
transfusion rate (Weber 2005), transfusion incidences (Na 2011),
indication of blood transfusions (Kosmadakis 2003; Larson 2001),
need for blood transfusion (Christodoulakis 2005; Dousias 2003;
Feagan 2000; Heiss 1996; Kettelhack 1998; Moonen 2008; Qvist
1999), and the percentage of participants who received RBC
transfusion (Bernabeu-Wittel 2016).
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Excluded studies

We excluded one study because it did not include surgical patients
(Gerasimov 2012), and one study because the population did not
include individuals with anaemia (Stowell 2009)

For details, see Characteristics of excluded studies.

Studies awaiting classification

There are no studies awaiting classification.

Ongoing studies

We identified no ongoing studies.

Risk of bias in included studies

We estimated the risk of bias of each of the included studies as
described in the 'Risk of bias' tables (Characteristics of included
studies). The results of the quality assessments are presented
graphically in Figure 2. The overall risk of bias concerning selection
bias (random sequence generation), performance bias (blinding
of participants and personnel), and attrition bias (incomplete
outcome data) was low in more than 50% of the included studies
(Figure 3). For selection bias (allocation concealment), detection
bias, and other bias, we judged risk of bias to be low for only
approximately 20% of the included studies. For reporting bias, we
assessed the risk of bias as low for only 10% of the included studies.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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See Figure 2; Figure 3.

Allocation

All 12 included studies reported random sequence generation.
However, only three trials suMiciently described the methods to
generate the allocation sequence (Bernabeu-Wittel 2016; Moonen
2008; Na 2011). We assessed risk of selection bias as unclear due to
insuMicient reporting on allocation sequence for more than 75% of
the analysed studies (Figure 3).

Blinding

Participants and personnel were blinded in six trials (Bernabeu-
Wittel 2016; Feagan 2000; Heiss 1996; Kettelhack 1998; Kosmadakis
2003; Qvist 1999), and in one trial it was unclear whether blinding
was used (Moonen 2008). Four studies were open-label, and
blinding was not performed (Dousias 2003; Larson 2001; Na
2011; Weber 2005). In two trials, blinding was unclear due to
unblinded providers for the transfusion decision, Christodoulakis
2005, and diMerent preoperative haemoglobin concentrations in

the treatment and control groups, Moonen 2008. The risk of
performance bias across all studies was less than 50% (Figure 3).

Incomplete outcome data

All 12 included studies assessed data for each primary and
secondary outcome, including attritions and exclusions and
reasons for them. In addition, the numbers of analysed and
randomized participants in the treatment and control groups were
reported. We found no attrition bias due to incomplete outcome
data (Figure 3).

Selective reporting

Only one study published a study protocol in advance (Bernabeu-
Wittel 2012). The published study report included all expected
outcome parameters of the protocol, and the study was reported
as prespecified. For all other trials, a study protocol was not pre-
published, and it remains unclear if the published reports included
all expected outcomes (Figure 3). For the primary outcome, we
visually analysed the funnel plot for publication bias (Figure 4).
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Figure 4.   Funnel plot of comparison: 1 rHuEPO versus control treatment, outcome: 1.1 Transfusion.

0.01 0.1 1 10 100

RR

0

0.5

1

1.5

2

SE(log[RR])

 
Other potential sources of bias

Other potential sources of bias included non-reported funding, or
reported funding by medical companies that gave input into the
design and reporting of the study (Feagan 2000), as well as missing
conflict of interest declaration of the investigators. Three studies
reported funding as well as conflicts of interest of the investigators,
with no important concerns about bias not addressed in the studies
(Bernabeu-Wittel 2016; Moonen 2008; Na 2011). It remains unclear
whether there were other potential sources of bias in more than
75% of studies (Figure 3).

E;ects of interventions

See: Summary of findings 1 rHuEPO with iron compared to control
treatment with or without iron in preoperative anaemic adults
undergoing non-cardiac surgery

The eMects of interventions by primary and secondary outcomes,
including the subgroup analysis, are shown in the analyses
and  forest plots for each outcome, as well as in Summary of
findings 1 for the main comparison of rHuEPO + iron versus control
for preoperative anaemia in non-cardiac surgery. Two multiarmed
studies were included, and the control group for analysis was split
accordingly (Christodoulakis 2005; Feagan 2000).

Primary outcome

Need for allogeneic RBC transfusion

Twelve studies reported the proportion of participants with
preoperative anaemia who received allogeneic RBC transfusions
in each group up to five days aCer operation (Bernabeu-Wittel
2016; Christodoulakis 2005; Dousias 2003; Feagan 2000; Heiss 1996;
Kettelhack 1998; Kosmadakis 2003; Larson 2001; Moonen 2008;
Na 2011; Qvist 1999; Weber 2005). Overall, these trials enrolled
1880 participants (100% of the participants included in the review),
of which 1109 (59%) were allocated to the rHuEPO + iron group
and 771 (41%) to control. Eight trials investigated allogeneic RBC
transfusion as a primary outcome, whilst four trials reported
transfusion as a secondary outcome (Dousias 2003; Larson 2001; Na
2011; Qvist 1999).

The administration of rHuEPO + iron reduced the need
for allogeneic RBC transfusion in anaemic participants (risk ratio
(RR) 0.55, 95% confidence interval (CI) 0.38 to 0.80; participants

= 1880; studies = 12; I2 = 84%; Analysis 1.1; Figure 5). This means
that when rHuEPO + iron was given, 231 (200 to 262) fewer of 1000
individuals received no RBC transfusion compared to control. We
rated the quality of evidence as moderate due to inconsistency
(Summary of findings 1).
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Figure 5.   Forest plot of comparison: 1 rHuEPO versus control treatment, outcome: 1.1 Transfusion.
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The estimated eMect for need for allogeneic blood cell transfusion
was preserved in a sensitivity analysis including only studies at low
risk of overall bias (RR 0.79, 95% CI 0.61 to 1.01; 5 studies; Table 1).

Visual assessment of the funnel plot for transfusion (12 studies,
including two substudies), revealed asymmetry by two studies
(Figure 4). Rücker's arcsine test did not suggest funnel plot
asymmetry (P = 0.11), and trim and fill sensitivity analysis did not
change the conclusion.

Secondary outcomes

Haemoglobin concentration (g/dL) preoperatively (directly
before surgery)

Four trials with 334 participants using low-dose administration
of rHuEPO + iron, Kettelhack 1998; Larson 2001; Na 2011; Qvist

1999,  and three trials with 852 participants using high doses of
rHuEPO + iron reported a pre-surgery haemoglobin concentration
(g/dL) (Dousias 2003; Moonen 2008; Weber 2005).

Pre-surgery haemoglobin concentrations (g/dL) were increased
when a high dose of rHuEPO + iron was given (mean diMerence

(MD) 1.87, 95% CI 1.26 to 2.49; participants = 852; studies = 3; I2 =
89%; low-quality evidence), compared to unchanged preoperative
haemoglobin concentration (g/dL) when a low dose of rHuEPO +
iron was given (MD 0.11, 95% CI −0.46 to 0.69; participants = 334;

studies = 4; I2 = 69%; low-quality evidence) (Analysis 1.2; Figure 6).

There is a diMerence between both dose regimens (Chi2 = 166.54, df
= 1; P < 0.001).
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Figure 6.   Forest plot of comparison: 1 rHuEPO versus control treatment with or without iron, outcome: 1.2
Haemoglobin concentration immediately prior to surgery (g/dL).
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Number of allogeneic RBC units

Six studies involving 1420 participants investigated the number
of RBC units transfused per participant (where one unit contains
approximately 250 to 450 mL of blood; intraoperative and
postoperative transfusion, up to five days aCer operation) in each
treatment group (Bernabeu-Wittel 2016; Christodoulakis 2005;

Feagan 2000; Heiss 1996; Qvist 1999; Weber 2005). There was
no diMerence in the number of allogeneic RBC units transfused
between the rHuEPO + iron and control groups (MD −0.09, 95% CI

−0.23 to 0.05; participants = 1420; studies = 6; I2 = 2%; Analysis
1.3; Figure 7). We rated the quality of evidence as moderate due to
imprecision.

 

Figure 7.   Forest plot of comparison: 1 rHuEPO versus control treatment with or without iron, outcome: 1.3 Number
of RBC units transfused per participant (intraoperative to 5 days postoperative).
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Mortality

Two studies involving 230 participants reported mortality (within
30 days aCer surgery) (Bernabeu-Wittel 2016; Heiss 1996). There

was no diMerence in mortality between groups (RR 1.19, 95% CI 0.39

to 3.63; participants = 230; studies = 2; I2 = 0%; Analysis 1.4; Figure
8). We rated the quality of evidence as moderate due to imprecision.

 

Figure 8.   Forest plot of comparison: 1 rHuEPO versus control treatment with or without iron, outcome: 1.4
Mortality (within 30 days aMer surgery).
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One study reported one-year survival of 80.6% of participants in
the rHuEPO + iron group compared to 59.3% of participants in the
control group (Kosmadakis 2003).

Adverse events

Ten studies reported adverse events. No adverse events were
reported in two studies (Dousias 2003; Na 2011). There was no
diMerence in adverse events between rHuEPO + iron and control

groups (RR 0.93, 95% CI 0.68 to 1.28; participants = 1722; studies

= 10; I2 = 0%; Analysis 1.5; Figure 9). We rated the quality of
evidence as moderate due to imprecision. One trial reported a local
rash that was likely due to rHuEPO administration (Christodoulakis
2005). Fever and constipation may have been associated with
rHuEPO administration in one trial (Kettelhack 1998), whilst three
participants suMered from transient hypertension aCer rHuEPO
administration (Heiss 1996; Kosmadakis 2003).

 

Figure 9.   Forest plot of comparison: 1 rHuEPO versus control treatment with or without iron, outcome: 1.5 Adverse
events (number of participants with any adverse event).
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Length of hospital stay (days)

Three trials involving 293 participants investigated length of
hospital stay (days) (Bernabeu-Wittel 2016; Kosmadakis 2003;

Larson 2001). rHuEPO + iron did not clearly reduce the length of
hospital stay (MD −1.07, 95% CI −4.12 to 1.98; participants = 293;

studies = 3; I2 = 87%; Analysis 1.6; Figure 10). We rated the quality of
evidence as low due to imprecision.

 

Figure 10.   Forest plot of comparison: 1 rHuEPO versus control treatment with or without iron, outcome: 1.6 Length
of hospital stay.
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D I S C U S S I O N

Summary of main results

We included 12 RCTs (1880 participants) that evaluated
preoperative rHuEPO with iron to correct preoperative anaemia in
non-cardiac surgery. Preoperative anaemia treatment was mainly
investigated in orthopaedic surgery (five studies: Bernabeu-Wittel
2016; Feagan 2000; Moonen 2008; Na 2011; Weber 2005), and
gastrointestinal surgery (five studies: Christodoulakis 2005; Heiss
1996; Kettelhack 1998; Kosmadakis 2003; Qvist 1999). Two trials
were performed in women scheduled for hysterectomy (Dousias
2003; Larson 2001). rHuEPO with iron was mainly compared to
placebo, whilst four studies investigated rHuEPO + iron versus
control treatment with oral iron only (Christodoulakis 2005;
Dousias 2003; Larson 2001; Weber 2005). Two trials compared
rHuEPO with iron to no treatment (Moonen 2008), or to control
treatment with iron supplementation (Qvist 1999).

All included studies reported the proportion of participants
requiring RBC transfusion. The  risk of transfusion is probably
reduced up to five days postoperatively when rHuEPO + iron  is
given to preoperatively anaemic adults (RR 0.55, 95% CI 0.38 to

0.80; participants = 1880; studies = 12; I2 = 84%; moderate-quality
evidence due to inconsistency).

A high dose of rHuEPO + iron may result in increased pre-surgery
haemoglobin concentrations (g/dL) (MD 1.87, 95% CI 1.26 to 2.49;

participants = 852; studies = 3; I2 = 89%; low-quality evidence due
to inconsistency and risk of bias). In the low-dose rHuEPO + iron
regimen, pre-surgery haemoglobin concentration (g/dL) may not
diMer between groups (MD 0.11, 95% CI −0.46 to 0.69; participants =

334; studies = 4; I2 = 69%; low-quality evidence due to inconsistency
and risk of bias).

There is probably no diMerence in the number of allogeneic RBC
units transfused between rHuEPO + iron and control groups (MD

−0.09, 95% CI −0.23 to 0.05; participants = 1420; studies = 6; I2 = 2%;

moderate-quality evidence due to diMerent counting system of the
units).

Mortality within 30 days of surgery is probably not aMected when
rHuEPO + iron is administered to preoperatively anaemic adults
before non-cardiac surgery compared to control (RR 1.19, 95% CI

0.39 to 3.63; participants = 230; studies = 2; I2 = 0%; moderate-
quality evidence due to imprecision).

There is probably no diMerence in adverse events between rHuEPO
+ iron and control (RR 0.93, 95% CI 0.68 to 1.28; participants =

1722; studies = 10; I2 = 0%; moderate-quality evidence due to
imprecision).

We are uncertain if the administration of rHuEPO + iron compared
to control influences length of hospital stay (days) (MD −1.07, 95%

CI −4.12 to 1.98; participants = 293; studies = 3; I2 = 87%; low-quality
evidence due to inconsistency and imprecision).

Overall completeness and applicability of evidence

The evidence that rHuEPO + iron reduces the need for allogeneic
RBC transfusion in preoperatively anaemic patients remains
limited. The generalizability of the results to all kind of operations
in non-cardiac surgery is limited because most included trials were
in orthopaedic, gastrointestinal, and gynaecological surgery. We
are uncertain if the results apply to other surgical fields. Potential
diMerences in patient characteristics in terms of  age, gender,
comorbidity or malignancies in diMerent areas than non-cardiac
surgery may alter the generalizability.

In general, participants in the included studies had mild to
moderate preoperative anaemia (haemoglobin from 10 to 12 g/dL).
We thus cannot be certain that rHuEPO + iron would be eMective in
avoiding transfusion in patients with a haemoglobin concentration
< 10 g/dL, or whether it would be even more eMective in those
patients.
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It may appear contradictory that rHuEPO reduces the need for
allogeneic RBC transfusion, but there is no indication of a diMerence
between groups in the number of RBC units administered.
It is possible that despite their higher starting haemoglobin
concentration, there may have been some unknown clinical reason
for some individuals to receive more units when transfusion was
required in the rHuEPO + iron group, but the amount of RBC units
per participant  in total remained unchanged. Alternatively, the
result could be explained by the 'in practice' administration of
complete units of RBCs rather than the exact volume of RBCs each
individual needed. The available information in these reports on
the transfusion protocols used was insuMicient to support or refute
this supposition.

Two diMerent rHuEPO treatment regimens were investigated in
the studies. For low-dose rHuEPO, no changes in presurgical
haemoglobin concentration (g/dL) were observed. Nevertheless,
data were insuMicient to conclude that low-dose rHuEPO is less
eMicient compared to the high-dose regimen. One reason might
be that transfusion, as well as haemoglobin concentration (g/dL),
are direct and clinically relevant parameters for the eMiciency of
rHuEPO, but they did not directly reflect the pharmacological-
kinetic  stimulation of erythropoiesis. However, both outcomes
are of high clinical relevance and are oCen used as primary
and secondary outcomes in clinical trials, especially in anaemic
patients in the perioperative setting.

The duration of preoperative rHuEPO treatment was inconsistent
across the trials. In four studies, rHuEPO was given either once a
week, Dousias 2003; Moonen 2008; Weber 2005, or twice a week,
Larson 2001, whereas in all the other trials, rHuEPO was given daily
over a 5-to-10-day period. In one trial, preoperative  rHuEPO was
given on the morning of surgery and for five days postoperatively
(Na 2011). As yet no conclusion can be drawn either in favour of a
weekly or daily dose regimen of preoperative rHuEPO or a defined
continuous administration over the first postoperative days.

Concomitant iron supplementation was mainly given orally
(200 mg/d); intravenous iron was administered in three trials
(Christodoulakis 2005; Kettelhack 1998; Kosmadakis 2003). We
were unable to determine whether iron should be given
intravenously or orally for the best eMect, or if it is necessary at all
as long as iron deficiency is not proven preoperatively.

Furthermore, the applicability of the results is mainly limited
because the cause of anaemia was not analysed preoperatively.
Besides the reticulocyte counts, parameters of iron metabolism
such as transferrin, ferritin, etc. were defined as secondary
outcomes in six trials (Christodoulakis 2005; Heiss 1996;
Kosmadakis 2003; Larson 2001; Na 2011; Qvist 1999). None of the
studies stratified their intervention related to the cause of anaemia.

According to the current meta-analysis of all trials, there are
still insuMicient primary and secondary outcome data to stratify
the analysis of these outcomes for gender, diMerent participant
populations, or age (e.g. elderly patients aged > 65 years).

Quality of the evidence

We assessed the quality of the evidence for all primary and
secondary outcomes using the GRADE approach (Guyatt 2008;
Guyatt 2011; Schünemann 2009). This assessment was based
on evaluation of the risk of bias (study limitations), publication

bias, imprecision, inconsistency, and indirectness of the evidence
(Summary of findings 1).

For the primary outcome need for allogeneic RBC transfusion, the
overall quality of evidence was moderate, meaning there might be
an important bias in our estimate of the eMect of rHuEPO + iron
on this outcome. The risk of publication bias remained unclear,
but not serious. We found no pre-published study protocols
without consecutive publication. Due to missing study protocols
of already published trials, we cannot rule out selective outcome
reporting (Figure 4, see funnel plot for publication bias in primary
outcome).  Based on small confidence intervals in the trials, and
an adequate number of events as well as participants, the clinical
decision-making thresholds did not cross the line between in favour
of treatment or control treatment, therefore we did not downgrade
the  quality of evidence for imprecision.  Inconsistency of eMect
estimates, or heterogeneity of evidence, was illustrated by a wide

variance of point estimates and large I2 values.

The high I2 value for the primary outcome may represent
substantial heterogeneity. Assuming that the intervention eMects
would diMer between the included studies, we used the random-
eMects model and subgroup analysis to explore heterogeneity.
Due to the minimal numeric and clinically important diMerences
between high and low dose, we did not present the subgroups of
low and high dose for the primary outcome.

The quality of evidence for presurgical haemoglobin concentration
was low due to the findings mentioned above regarding evidence
quality and to study limitations in sensitivity analysis.

We assessed the overall quality of evidence for the secondary
outcome number of transfused allogeneic RBC units as moderate
(Summary of findings 1). Imprecision was present because the
width of the confidence interval was consistent with both important
benefit and harm.

The quality of evidence for the outcomes mortality and adverse
events was moderate, downgraded because of imprecision due to
a small number of events leading to wide confidence intervals.

The quality of the evidence for the outcome length of hospital stay
was low. Inconsistency or heterogeneity was supported by a wide

variance of point estimates, high I2 values, and heterogeneity of
eMect estimates. The quality of the evidence was also downgraded
due to imprecision with a width of confidence interval including
both no eMect and appreciable harm.

Potential biases in the review process

The strengths of this review lie in the robust and comprehensive
methodology employed to search the literature in important
databases and assess and analyse all relevant trials. We followed
the recommendations specified in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2019). Search
strategies were generated by the review group and approved by
Cochrane Anaesthesia. The review group consists of several experts
in the field (CvH, LK) who are in contact with those continuing
clinical research in the field. Screening of the literature search
was performed independently by at least two review authors. The
meta-analysis was done following the best clinical and systematic
review methodology according to the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2019). A clinician and
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methodologist of the review group were involved during all stages
of the review process.

Furthermore, when there was insuMicient reporting of data to
allow inclusion and assessment of trials in diMerent languages,
we contacted authors directly to obtain the necessary data or
translated the study review into English (e.g. Gerasimov 2012).

Agreements and disagreements with other studies or
reviews

The results of this systematic review are in line with recent
recommendations and findings of national and international
guidelines in preoperative anaemia (German S3 Guideline 2018;
Goodnough 2011; Kozek-Langenecker 2017). Regardless of the
type of surgery, the German GRADE methodology-based guideline
identified 14 RCTs for the outcome haemoglobin concentration,
and 13 RCTs for the outcome transfusion requirements aCer
treatment of preoperative anaemia with rHuEPO (German S3
Guideline 2018). Similar to our findings, the authors of that
guideline reported a reduced risk (odds ratio 0.32, 95% CI 0.20
to 0.50; P < 0.001) for anaemic patients undergoing cardiac-
or non-cardiac surgery receiving RBC transfusion when rHuEPO
with iron supplementation was given preoperatively (German S3
Guideline 2018). Additionally, an MD of 0.96 (95% CI 0.55 to
1.37) for presurgical haemoglobin concentration aCer rHuEPO
treatment with iron was identified in the meta-analysis of anaemic
patients before cardiac- or non-cardiac surgery (German S3
Guideline 2018). However, similar to our findings, the German
guideline group suggested the treatment of preoperative anaemia
with rHuEPO only aCer the diagnostics have identified the
cause of anaemia (e.g. renal insuMiciency) due to the quality of
the evidence (German S3 Guideline 2018). If concomitant iron
deficiency was present, treatment with rHuEPO in combination
with iron was recommended (German S3 Guideline 2018). In the
recommendations for the "management of severe perioperative
bleeding", the European Society of Anaesthesiology confirms a
diagnosis of the cause of anaemia and appropriate therapy (Kozek-
Langenecker 2017).

When participants in cardiac- and non-cardiac surgery were
merged, two meta-analyses identified a reduced risk in RBC
transfusion aCer preoperative administration  of  rHuEPO in
combination with iron compared to placebo with or without iron
(Cho 2019; Kei 2019): the RR of RBC transfusion was 0.57 (95%
CI 0.46 to 0.71; participants = 4179; RCTs = 25) without increase
in   mortality (RR 1.31, 95% CI 0.8 to 2.16) or incidence of severe
adverse events (e.g. deep vein thrombosis) (RR 1.28, 95% CI 0.95
to 2.31) (Kei 2019); and (RR 0.59, 95% CI 0.47 to 0.73; participants
= 4750; studies = 28) without any diMerence in thromboembolic
events (RR 1.02, 95% CI 0.78 to 1.33; studies = 28) (Cho 2019).
However, both meta-analyses included studies of participants who
were not preoperatively anaemic, but who received rHuEPO and
iron (Cho 2019; Kei 2019).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Preoperative recombinant human erythropoietin (rHuEPO) therapy
(subcutaneous or parenteral) in combination with iron (enteral

or parenteral) in preoperatively anaemic adults probably reduces
the need for  allogeneic red blood cell (RBC) transfusion during
and aCer non-cardiac surgery compared to standard treatment/
no treatment. We assessed the evidence as of moderate  quality
due to  inconsistency between study results. The same combined
agents may increase preoperative haemoglobin concentration (g/
dL), but this is only evident at the higher dose, based on low-
quality evidence. Nevertheless, when participants were transfused
perioperatively, there was no diMerence in the number of units of
allogeneic RBC concentrates administered.

The rate of adverse events did not appear to be higher when
using the combined therapy, and both hospital length of stay and
mortality were unchanged.

A major concern of our findings is that most of the investigations
into  rHuEPO in preoperative  anaemia were done without
diagnosing the underlying cause of anaemia before treatment. If
the cause of preoperative anaemia is known, then specific targeted
treatment can be commenced within four to six weeks before
surgery.

Implications for research

Additional well-designed, adequately powered randomized
controlled trials are required to determine the eMicacy and safety
of preoperative rHuEPO therapy with iron supplementation in
patients undergoing non-cardiac surgery. The trials should include
anaemic patients with mild to severe preoperative chronic or
renal anaemia and concomitant iron deficiency, as determined
through preoperative diagnosis of the cause of anaemia. Outcome
measurements should include some measures of haematological
parameters of erythropoiesis. Transfusion, as a primary outcome,
requires strict transfusion protocols and the adherence of the
definitions of anaemia and transfusion thresholds.

To  warrant a diMerentiated  use of rHuEPO, possible non-
haematopoietic eMects of rHuEPO, such as the potential impact
on angiogenesis and cancer growth or rare severe cutaneous
reactions, should be addressed in further investigations.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Design: RCT

Multicentric: yes

Sample size calculation: yes

Setting: hospital in Spain

Participants Number assessed for eligibility: 306

Number randomized: 303

Number analysed: 100/103/100

Dropout rate: N/A

Inclusion criteria:

1. age at least 65 years

2. osteoporotic hip fracture requiring surgical repair

3. Hb concentrations of 90 to 120 g/L

4. signed informed consent form

Exclusion criteria:

1. marrow diseases that could interfere in the erythropoietic process

2. blood coagulation diseases

3. current treatment with anticoagulants

4. documented allergy or intolerance

5. contraindication to rHuEPO use or IV iron or both

6. rheumatoid arthritis

7. another demonstrated origin of inflammatory anaemia

8. uncontrolled arterial hypertension

9. current or previous treatment with rHuEPO or IV iron for at least 3 months

10.chronic renal failure receiving haemodialysis or peritoneal dialysis

Interventions Experimental group (N = 100): preoperative single dose of 1 g of iron (FCM, short intravenous infusion
over 15 minutes) plus 40,000 IU of subcutaneous rHuEPO (rHuEPOFE arm)

Bernabeu-Wittel 2016 
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Control group 1 (N = 103): 1 g of intravenous FCM plus subcutaneous placebo (FE arm)

Control group 2 (N = 100): intravenous and subcutaneous placebo (placebo arm)

Outcomes Primary outcome:

1. percentage of participants who received allogeneic RBC transfusion (dichotomous)

Secondary outcomes:

1. number of RBC transfusions per participant (dichotomous)

2. Hb concentrations 24 and 72 hours after surgery, at discharge, and after 60 days (continuous)

3. all-cause mortality (dichotomous)

4. all Adverse events (dichotomous)

5. health-related quality of life (assessed by the Short Form-36 Version 2 for acute participants, which
was administered basally and 60 days after discharge)

Notes Trial registration: Eudra-CT 2009-015865-30; ClinicalTrials.gov identifier NCT01154491

Funding: yes, declared(financially supported by the Ministry of Health, Consumption, Social Policy,
and Equity of the Spanish Government (Experiment Number TRA-2009). The Internal Medicine Depart-
ment received a grant for clinical investigation from ViforFarma SL in 2010.

COI: All authors declare their absolute independence from funders.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The randomization assignment list was stratified by centres and performed by
unequal blocks technique.

Allocation concealment
(selection bias)

Low risk Central conceal allocation (pharmacy)

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Only 1 responsible person in the pharmacy

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Blinding will be done by masking the syringes of rHuEPO/placebo and iron in-
fusion in the Pharmacy Service.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Intention-to-treat and per-protocol analyses were performed.

Selective reporting (re-
porting bias)

Low risk Protocol available (Bernabeu-Wittel 2012), no bias detected.

Other bias Low risk COI declared; funding declared.
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Methods Design: RCT

Multicentric: yes

Sample size calculation: no

Setting: hospital in Greece

Participants Number assessed for eligibility: 223

Number randomized: 204: 68/69/67

Number analysed: 204

Dropout rate: 19

Inclusion criteria:

1. Hb > 9 < 12 g/dL

2. colorectal cancer surgery

3. age > 17 years

Exclusion criteria:

1. severe concomitant disease

2. thromboembolic disease

3. uncontrolled hypertension

4. active infection

5. autoimmune haemolysis

6. androgen therapy

7. blood transfusion

8. agents that could suppress haemopoiesis within the last 30 days

9. pregnant women

10.postop haemorrhage

Interventions Experimental group:

1. N = 69 group 1 (rHuEPO 150 IU/kg bodyweight), all received iron (200 mg/day orally) for 10 days before
surgery

2. N = 67 group 2 (rHuEPO 300 IU/kg bodyweight), all received iron (200 mg/day orally) for 10 days before
surgery

Control group:

1. N = 68 only iron (200 mg/day orally) for 10 days before surgery

For the analysis we split the control group into 34 participants for each subgroup.

All participants received folic acid (15 mg/day) for the first 10 days after randomization.

Outcomes Primary outcome:

1. allogeneic RBC transfusion: units of blood transfusions perioperatively (continuous)

Secondary outcomes:

1. haematocrit (continuous)

2. Hb (1 day before surgery) (continuous)

3. reticulocyte count (continuous)

4. blood loss (continuous)

5. transferrin, ferritin, iron (continuous)

Christodoulakis 2005  (Continued)
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Time points: 1 day before surgery, 1 day after surgery, 15 days after surgery

Notes Multiarmed trial: both arms of the experimental group were analysed separately; both study arms be-
long to the low-dose regimen in this review. Amount of RBC transfusion: postoperative not analysed.

Hb: standard deviation not known; no part of the analysis.

Adverse events

1. 2 withdrawn: 1 local rash in 150 IU/kg bodyweight group and 1 allergic to iron in the control group

2. 5 postoperative fatalities: 2 in 150 IU/kg bodyweight group (embolism and cardiac arrest), 3 in 300 IU/
kg bodyweight group (cardiac arrest)

3. not related to the study medication: 6 in 150 IU/kg bodyweight group, 1 in 300 IU/kg bodyweight group,
and 0 in control group

Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization reported, not described in detail, no sample size calculation
(power analysis).

Allocation concealment
(selection bias)

Unclear risk Not described in detail

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Unblinded providers make transfusion decision.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not reported

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Modified ITT population (91.5%)

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Unclear risk COI not reported.

Christodoulakis 2005  (Continued)

 
 

Study characteristics

Methods Design: RCT

Multicentric: no

Sample size calculation: no power analysis, small sample size

Setting: hospital in Greece

Participants Number assessed for eligibility: 50
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Number randomized: 50: 23/27

Number analysed: 50

Dropout rate: 0

Inclusion criteria:

1. mildly anaemic women

2. Hb > 9 to 12 g/dL

3. age 30 to 60 years

4. body weight 50 to 80 kg

5. ferritin > 50 ng/mL

6. total hysterectomy for leiomyomas

7. absence of major medical illness

Exclusion criteria:

1. not reported

Interventions Experimental group:

1. N = 23 rHuEPO (rHuEPO, 600 IU/kg bodyweight) once a week for 3 weeks + iron oral 200 mg

Control group:

1. N = 27 iron oral 200 mg

Outcomes Primary outcome:

1. allogeneic RBC transfusion: intraoperative and postoperative (dichotomous)

2. Hb concentration: perioperative (continuous)

Secondary outcomes:

1. reticulocyte count (continuous)

2. ferritin concentration (continuous)

3. length of hospital stay (continuous)

Notes Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Only women with ferritin > 50, randomization was done by using a random
number generator

Allocation concealment
(selection bias)

Unclear risk Not described in detail

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Both operator and participants were unaware of their grouping: controls were
given similarly looking subcutaneous injections with normal saline on the
same day. No blinding

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not described in detail

Dousias 2003  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk Not detected

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Unclear risk COI not reported.

Dousias 2003  (Continued)

 
 

Study characteristics

Methods Design: RCT

Multicentric: yes (17)

Sample size calculation: yes

Setting: community hospital in Canada

Participants Number assessed for eligibility: 408

Number randomized: 216

Number analysed: 201: 44/79/78

Dropout rate: 15

Inclusion criteria:

1. undergoing primary hip arthroplasty

2. Hb concentration 9.8 to 13.7 g/dL

3. did not pre-donate blood

Exclusion criteria:

1. rheumatoid arthritis

2. bleeding gastrointestinal tract/ICB

3. iron deficiency

4. seizures

5. blood dyscrasias

6. uncontrolled hypertension

7. revision arthroplasty

8. use of red cell salvage

Interventions Experimental group:

1. Group 1 N = 44 rHuEPO (40,000 U) starting 4 weeks before surgery once a week

2. Group 2 N = 79 rHuEPO (20,000 U) starting 4 weeks before surgery once a week

Control group:

1. N = 78 intravenous iron placebo injection starting 4 weeks before surgery once a week

Multiarmed trial. Both experimental arms were analysed separately in the low- and high-dose groups in
this review; we split the control group into 39 participants for each subgroup.

Feagan 2000 
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Mean Hb from meta analysis by Alsaleh 2013

All participants received oral iron supplementation, 450 mg/d, for 42 or more days before surgery.

Outcomes Primary outcome:

1. transfusion: perioperative transfusion (dichotomous)

Secondary outcomes:

1. thromboembolic diseases (dichotomous)

2. reticulocyte count (continuous)

3. Hb concentration (continuous)

4. serious adverse events (dichotomous)

5. ferritin concentration (continuous)

6. iron concentration (continuous)

7. iron binding capacity (continuous)

Time point: day of surgery, 1, 3, 5 days after surgery

Notes Funding: reported, sponsored by Janssen-Ortho

Inclusion criteria: the inclusion criteria differed slightly from the World Health Organization definition
of anaemia. As only patients with preoperative anaemia were included, and the respective baseline
of haemoglobin concentration fulfilled the WHO criteria, we decided to include this study in the meta-
analysis.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Patients were screened for eligibility 7 weeks before surgery. 6 weeks be-
fore surgery, eligible participants were randomly assigned to 1 of 3 treatment
groups. Randomization: computer-generated schedule using a block size of 13
and an allocation ratio of 3:5:5

Allocation concealment
(selection bias)

Unclear risk Not described in detail

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Participants, surgeons, and nurses were unaware of treatment assignments
and laboratory results.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk During the trial, the study co-ordinator at the data co-ordinating centre, who
was aware of the participant's Hb concentration, authorized administration of
study drug before each visit. This person had no contact with participants and
did not assess outcomes.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Described in detail

Selective reporting (re-
porting bias)

Unclear risk Protocol not available.

Other bias Unclear risk COI for each author not reported. The study was funded by Janssen-Ortho, Inc,
which had input into the design, conduct, and reporting of the study.

Feagan 2000  (Continued)
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Study characteristics

Methods Design: RCT

Multicentric: no

Sample size calculation: not reported

Setting: hospital in Germany

Participants Number assessed for eligibility: 30

Number randomized: 30: 20/10

Number analysed: 17/10

Dropout rate: 3

Inclusion criteria:

1. diagnosis of resectable primary colorectal cancer

2. age between 18 and 80 years

3. moderate anaemia with Hb concentration of 9 to 13 g/dL

Exclusion criteria:

1. severe concomitant disease

2. history of thromboembolic disease

3. systemic haematologic disease

4. blood transfusions within the last 30 days

5. pregnancy

Interventions Experimental group:

1. N = 17 (3 dropouts) rHuEPO (150 IU/kg bodyweight) every 2 days beginning 10 days before surgery
until second postoperative day

Control group:

1. N = 10 placebo every 2 days beginning 10 days before surgery until second postoperative day

All participants received 5 mg folate and 200 mg ferrous sulphate by mouth each day until operation.

Outcomes Primary outcomes:

1. allogeneic RBC transfusion (dichotomous)

2. Hb concentration (continuous)

Secondary outcomes:

1. ferritin (continuous)

2. transferrin iron saturation (continuous)

3. iron (continuous)

4. reticulocyte count (continuous)

5. blood loss (continuous)

Notes Hb at time of discharge from hospital

1. Hb at hospital admission: 12.2 g/dL ( +/−0.39) vs 12.6 g/dL (+/−0.74)

Heiss 1996 
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2. Hb at discharge from hospital: 11.8 g/dL (+/−0.48) vs 10.8 g/dL (+/−0.34)

Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization performed, but not described in detail.

Allocation concealment
(selection bias)

Unclear risk Not described in detail

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Both participant and investigator were blinded for the performed application
by use of preparations of rHuEPO or placebo with identical features and differ-
entiated by successive numbers. The application was performed in the outpa-
tient clinic.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not reported

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Described in detail

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Unclear risk COI not reported.

Heiss 1996  (Continued)

 
 

Study characteristics

Methods Design: RCT

Multicentric: yes

Sample size calculation: yes

Setting: hospital in Germany

Participants Number assessed for eligibility: planned to randomize 212

Number randomized: 109: 52/57

Number analysed: 102: 48/54

Dropout rate: 7: 4/3

Inclusion criteria:

1. cancer of the colon scheduled for right hemicolectomy

2. age over 35 years

3. anaemia with an Hb concentration at first visit > 8.5 g/dL and ≤ 13.5 g/dL

4. no preoperative blood transfusion

Kettelhack 1998 
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Exclusion criteria:

1. cardiopulmonary disease

2. hypertension not controlled medically

3. metabolic or endocrine disorders

4. second malignancy other than in situ cervical cancer

Interventions Experimental group:

1. N = 48, rHuEPO (epoetin beta, 20,000 IU) for a minimum of 5 (maximum 10) preoperative days and
until postoperative day 4

Control group:

1. N = 54, placebo for a minimum of 5 (maximum 10) preoperative days and until postoperative day 4

The indication for allogeneic RBC transfusion was set at an Hb concentration of 7.5 g/dL or lower. Oral
iron supplementation was carried out in case of iron deficiency, and on postoperative day 1 all partici-
pants were given 40 mg iron sulphate IV. The last follow-up visit was 3 months after operation.

Outcomes Primary outcome:

1. allogeneic RBC transfusion (dichotomous)

Secondary outcome:

1. time needed after operation to achieve 95% of the individual baseline Hb value, and to assess the
clinical tolerability of epoetin beta (dichotomous)

Time points:

1. the baseline Hb concentration was defined as the value at study entry. The time taken (in days) after
operation for Hb concentration to reach 95% of the baseline concentration was noted.

Notes Funding: not reported
Financial disclosures/COI: not reported

Inclusion criteria: the inclusion criteria differed slightly from the WHO definition of anaemia. As only
patients with preoperative anaemia were included, and the respective baseline of haemoglobin con-
centration fulfilled the WHO criteria, we decided to include this study in the meta-analysis.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization performed, not described in detail.

Allocation concealment
(selection bias)

Unclear risk Not described in detail

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Blinding performed, but not described in detail.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Blinding performed, but not described in detail.

Kettelhack 1998  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk Planned to randomize a total of 212 participants. After enrolment of 109 par-
ticipants, recruitment was stopped to perform the planned interim analysis
presented here. Dropout 7: 4/3

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Unclear risk Funding, COI not reported.

Kettelhack 1998  (Continued)

 
 

Study characteristics

Methods Design: double-blind, placebo-controlled

Multicentric: no

Sample size calculation: no

Setting: hospital in Greece

Participants Number assessed for eligibility: 75

Number randomized: 63: 32/31

Number analysed: 63: 32/31

Dropout rate: 12

Inclusion criteria:

1. diagnosis of non-metastatic gastrointestinal malignancy (stomach, 15; colon, 38; rectum 22)

2. age between 40 and 90 years

3. moderate anaemia (Hb concentrations 8.5 to 13 g/dL)

Exclusion criteria:

1. severe concomitant disease

2. history of thromboembolic disease

3. pregnancy

4. history of hepatic or kidney dysfunction

5. systemic haematologic disease

6. blood transfusions within 30 days before surgery

7. Hb values > 13 or < 8.5 g/dL

Interventions Experimental group:

1. N = 31; rHuEPO (rHuEPO in a dose of 300 IU/kg bodyweight) plus 100 mg iron intravenously

Control group:

1. N = 32; placebo medication and intravenous iron daily for at least 7 days before and 7 days after the
operation

Outcomes Primary outcomes:

1. intraoperative blood loss (continuous)

The indication for allogeneic RBC blood transfusion was an Hb concentration of 8.5 g/dL or less.

Kosmadakis 2003 
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Secondary outcomes:

1. blood cell counts and serum chemistries were performed every second day until discharge (continu-
ous)

2. reticulocytes, ferritin, and iron were measured at admission, the day of operation, and at discharge
(continuous)

Notes Number transfusion: postoperative not in forest plot

Units RBC: only the total units declared

Adverse event/side effects: not related to study medication, therefore not in forest plot analysed

Survival for 1 year described, no mortality after 30 days of surgery; not analysed

LOS: standard error instead of SD reported; calculated into SD for analysis

Funding: not declared

Financial disclosures/COI: not declared

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was performed, but not described in detail.

Allocation concealment
(selection bias)

Unclear risk Not described in detail

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Blinding of investigator and participant was performed, but not described in
detail.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Blinding was performed, but not described in detail.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Described in detail

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Unclear risk No COI, funding declared.

Kosmadakis 2003  (Continued)

 
 

Study characteristics

Methods Design: RCT

Multicentric: no

Sample size calculation: yes

Larson 2001 
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Setting: hospital in Sweden

Participants Number assessed for eligibility: 31

Number randomized: 31: 15/16

Number analysed: 14/16

Dropout rate: 1

Inclusion criteria:

1. anaemic women with uterine myoma scheduled for hysterectomy

2. otherwise healthy women

3. Hb concentration less than 12 g/dL

Exclusion criteria:

1. not reported

The study has been dimensioned in order to detect a difference in increase of Hb concentration be-
tween groups of 1 g/dL, with a significance concentration of 5% and a power of 80%. With 15 partici-
pants in each group, these conditions would be met.

Interventions Experimental group:

1. N = 15 preoperative rHuEPO (5000 IU twice a week for 4 weeks + oral iron 100 mg twice a week)

Control group:

1. N = 16 oral iron 100 mg twice a day

Outcomes Primary outcomes:

1. Hb concentration, haematocrit (continuous)

2. platelets, white blood cells, serum iron, ferritin, iron saturation (continuous)

Secondary outcomes:

1. blood loss (continuous)

2. infections (dichotomous)

3. blood pressure (continuous)

Time points:

1. at each visit and on the day before the operation sample 1 was taken. Hb was also measured the day
of the operation.

2. sample 2 was taken 3 times: at baseline, the day before the operation, and at the final visit 2 weeks
postoperatively

Notes Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Prospective, open-label, randomized, parallel study; randomization not de-
scribed in detail

Allocation concealment
(selection bias)

Unclear risk Not described in detail

Larson 2001  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Open-label: the participants were checked at the outpatient clinic once a week
up to 2 weeks after the operation

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 1 participant randomized to experimental group was withdrawn as her Hb was
too high at baseline.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Unclear risk Funding not reported.

Larson 2001  (Continued)

 
 

Study characteristics

Methods Design: RCT

Multicentric: no

Sample size calculation: yes (based on retrospective data)

Setting: hospital in the Netherlands

Participants Number assessed for eligibility: 100

Number dropouts: 2

Number analysed: 100

Number classified in groups: 50/50

Inclusion criteria:

1. elective total hip replacement or total knee replacement for primary osteoarthritis

2. preoperative Hb concentration 10.0 g/dL to 13.0 g/dL

Exclusion criteria:

1. haematological diseases

2. coagulation disorders

3. known malignancy or infection

Interventions Experimental group (EPREX):

1. N = 50; 40,000 IU of rHuEPO (epoetin-alpha, weekly, beginning 3 weeks before; final injection imme-
diately after surgery) with oral iron (ferrofumerate 200 mg 3 times daily, beginning 3 days before the
first rHuEPO injection and finishing the day before surgery)

Control group (Bellovac):

1. N = 50; Bellovac autologous blood retransfusion at end of operation

Moonen 2008 
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Outcomes Primary outcome:

1. Hb concentration (continuous)

2. transfusion (dichotomous)

Notes Funding: no
Financial disclosures/COI: declared

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A total of 100 participants were enrolled, and all were randomly allocated to
the EPREX or Bellovac group by block randomization.

Allocation concealment
(selection bias)

Low risk Sealed envelopes labelled with a consecutive case number from 1 to 100

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk The preoperative Hb concentrations differed between groups, making blinding
difficult.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk The preoperative Hb concentrations differed between groups, making blinding
difficult.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 2 participants were evaluated according to the intention-to-treat principle.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

Moonen 2008  (Continued)

 
 

Study characteristics

Methods Design: open-label controlled

Multicentric: no

Sample size calculation: yes

Setting: hospital in South Korea

Participants Number assessed for eligibility: 138

Number randomized: 113: 56/57

Number analysed: 108: 54/54

Dropout rate/lost to follow-up: 5

Inclusion criteria:

Na 2011 
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1. women

2. Hb concentration of more than 10.0 g/dL and either a serum ferritin concentration of less than 100
ng/mL or a ferritin concentration of between 100 and 300 ng/mL with a transferrin saturation (TSAT)
of less than 20% on the mornings of the operation days

Exclusion criteria:

1. haematologic disease

2. thromboembolic disease

3. hepatic or renal disease

4. coagulation disorder

5. infection

6. malignancy

7. anticoagulant therapy

8. hypersensitivity to iron sucrose or rHuEPO, the use of iron or rHuEPO, and a history of a blood trans-
fusion within the previous 1 month

Interventions Experimental group

1. N = 54; 200 mg of iron sucrose intravenously over 1 h and 3000 IU of rHuEPO-b subcutaneously during
surgery and during the postoperative period

Control group

1. N = 54; no treatment

Outcomes Primary outcomes:

1. allogeneic RBC transfusion (dichotomous)

2. Hb concentration (continuous)

3. iron variables (continuous)

4. postoperative bleeding amount (continuous)

5. number of units of RBCs transfused and incidences (continuous)

Time points:

1. 1 or 2 units of blood were transfused to participants in both groups according to postoperative Hb
concentration (between 6.0 and 7.0 g/dL or between 5.0 and 6.0 g/dL, respectively)

Notes Funding: no

Financial disclosures/COI: declared

Only patients with preoperative iron deficiency anaemia were included, and rHuEPO was started pre-
operatively (shortly before skin incision). Additionally, rHuEPO plus iron was allowed by the study pro-
tocol when postoperative Hb concentrations fell below 8 g/dL (no exclusion criterion).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was performed.

Allocation concealment
(selection bias)

Low risk Sealed-envelope method used.

Blinding of participants
and personnel (perfor-
mance bias)

High risk Open-label, blinding: no (because of the typical dark brown colour of the iron,
double-blinding could not be confirmed)

Na 2011  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Blinding: no (because of the typical dark brown colour of the iron, dou-
ble-blinding could not be confirmed)

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Dropout rate/lost to follow-up described in detail.

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Low risk COI was declared.

Na 2011  (Continued)

 
 

Study characteristics

Methods Design: RCT

Multicentric: no

Sample size calculation: not reported

Setting: hospital in Denmark

Participants Number assessed for eligibility: 100

Number randomized: 81: 38/43

Number analysed: 81: 38/43

Dropout rate: 19: 11/8

Inclusion criteria:

1. scheduled for colorectal surgery due to cancer and Hb concentration of < 8.5 mmol/L

Exclusion criteria:

1. history of haematologic, cardiopulmonary, thromboembolic, endocrine, or neurologic diseases

2. infectious or chronic inflammatory diseases

3. administration of drugs with a known effect on erythropoiesis and blood transfusion within 1 month
prior to study entrance

4. preoperative Hb < 8.5

Interventions Experimental group:

1. N = 38; preoperative rHuEPO (300 IU/kg bodyweight four days before surgery + iron orally; rHuEPO 150
IU/kg bodyweight daily for 7 days before surgery)

Control group:

1. N = 43; injections of placebo + oral iron daily

Outcomes Primary outcomes:

1. Hb concentration (continuous)

Qvist 1999 
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Secondary outcomes:

1. blood loss (continuous)

2. allogeneic RBC transfusion (dichotomous)

3. transferrin (continuous)

4. ferritin (continuous)

5. iron (continuous)

Notes Funding: reported (Janssen-Cilag, Copenhagen, Denmark, for the supply of test medicine and for their
financial support)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization performed, but not described in detail.

Allocation concealment
(selection bias)

Unclear risk Not described in detail

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Blinding, but not described in detail

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Blinding, but not described in detail

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Described in detail

Selective reporting (re-
porting bias)

Unclear risk No protocol available.

Other bias Unclear risk Janssen-Cilag, Copenhagen, Denmark, for the supply of test medicine and for
their financial support, which made this study possible - potential conflict of
interest

Qvist 1999  (Continued)

 
 

Study characteristics

Methods Design: open randomized controlled

Multicentric: yes (phase IV trial was conducted in the Netherlands, France, Germany, Sweden, Bel-
gium, and Australia)

Sample size calculation: no

Setting: hospitals in the Netherlands, France, Germany, Sweden, Belgium, and Australia

Participants Number assessed for eligibility: 733

Number randomized: 733: 246/487

Weber 2005 
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ITT: 704: 237/467

Number analysed: 695: 235/460

Dropout rate: 38: 11/27

Inclusion criteria:

1. patients scheduled for elective major orthopaedic surgery (hip, knee, or spine; primary or revision)

2. preoperative Hb concentration between 10 and 13 g/dL

Exclusion criteria:

1. patients with clinically relevant diseases and clinically relevant cardiovascular dysfunction, according
to the discretion of the investigator

Interventions Experimental group:

1. N = 460; rHuEPO (epoetin alfa 40,000 IU subcutaneously once a week for 3 weeks before surgery and
on the day of surgery; oral iron daily for 3 weeks before surgery)

Control group:

1. N = 235; iron orally or intravenously, if this was part of the usual standard of care in that hospital

Outcomes Primary outcomes:

1. Hb concentration (continuous)

2. allogeneic RBC transfusions (preoperative and postoperative; type of transfusion; numbers of partic-
ipants transfused and numbers of units transfused) (dichotomous)

3. time to ambulation (continuous)

4. time to discharge from hospital (continuous)

5. postoperative infections (dichotomous)

6. therapeutic antibiotic use and safety (dichotomous)

Secondary outcome:

1. clinically relevant diseases and clinically relevant cardiovascular dysfunction, according to the discre-
tion of the investigator (dichotomous)

Points:

1. all participants, irrespective of their group allocation, received blood transfusions when needed

2. blood transfusions were only given according to an Hb-based transfusion trigger, as laid down in the
hospital transfusion protocol

3. blood volume alone was not a reason for transfusion. If no transparent local protocol was available,
transfusion with packed cells could only be given during and after surgery if the Hb was 8.0 g/dL.

4. before any blood transfusion, the Hb concentration was recorded. At study entry, just before surgery,
1 day after surgery, at discharge from hospital, and at follow-up (planned at 4 to 6 weeks after surgery)

Notes Funding: declared (Ortho Biotech)

Financial disclosures/COI: declared

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomized in blocks of 9 patients per hospital by telephone-operated inter-
active voice randomization system in a ratio of 1:2

Weber 2005  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Not described in detail

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk No blinding

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk No blinding

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Dropouts were reported. An ITT analysis was performed in all participants
who were included in the trial and had a study evaluation on the day before
surgery. The on-treatment population was defined as those participants in-
cluded in the trial who underwent surgery.

Selective reporting (re-
porting bias)

Unclear risk Protocol not available.

Other bias Unclear risk Funding Ortho Biotech

Weber 2005  (Continued)

AEs: adverse events
COI: conflict of interest
epoetin: erythropoietin
FCM: ferric carboxymaltose
FE: iron
GIT: gastrointestinal tract
Hb: haemoglobin
ICB: intracerebral bleeding
ITT: intention to treat
IU: international unit
IV: intravenous
LOS: length of hospital stay
RBC: red blood cells
RCT: randomized controlled trial
rHuEPOFE: erythropoietin and iron
rHuEPO: recombinant human erythropoietin
SD: standard deviation
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Gerasimov 2012 No surgery

Stowell 2009 Preoperative anaemia was not an inclusion criterion. The primary endpoint was the incidence of
deep vein thrombosis after surgery.
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Comparison 1.   rHuEPO versus control treatment with or without iron

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Transfusion (measured in participants
during or up to 5 days after operation)

12 1880 Risk Ratio (M-H, Random,
95% CI)

0.55 [0.38, 0.80]

1.2 Haemoglobin concentration immedi-
ately prior to surgery (g/dL)

7 1186 Mean Difference (IV, Ran-
dom, 95% CI)

0.97 [0.07, 1.87]

1.2.1 rHuEPO low 150 to 300 IU/kg body
weight

4 334 Mean Difference (IV, Ran-
dom, 95% CI)

0.11 [-0.46, 0.69]

1.2.2 rHuEPO high 500 to 600 IU/kg body
weight

3 852 Mean Difference (IV, Ran-
dom, 95% CI)

1.87 [1.26, 2.49]

1.3 Number of RBC units transfused per
participant (intraoperative to 5 days post-
operative)

6 1420 Mean Difference (IV, Fixed,
95% CI)

-0.09 [-0.23, 0.05]

1.4 Mortality (within 30 days after
surgery)

2 230 Risk Ratio (M-H, Fixed,
95% CI)

1.19 [0.39, 3.63]

1.5 Adverse events (number of partici-
pants with any adverse event)

10 1722 Risk Ratio (M-H, Fixed,
95% CI)

0.93 [0.68, 1.28]

1.6 Length of hospital stay 3 293 Mean Difference (IV, Ran-
dom, 95% CI)

-1.07 [-4.12, 1.98]
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Analysis 1.1.   Comparison 1: rHuEPO versus control treatment with or without iron,
Outcome 1: Transfusion (measured in participants during or up to 5 days aMer operation)

Study or Subgroup

Bernabeu-Wittel 2016
Christodoulakis 2005 (1)
Christodoulakis 2005 (2)
Dousias 2003
Feagan 2000 (3)
Feagan 2000 (4)
Heiss 1996
Kettelhack 1998
Kosmadakis 2003
Larson 2001
Moonen 2008
Na 2011
Qvist 1999
Weber 2005

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.33; Chi² = 73.15, df = 12 (P < 0.00001); I² = 84%
Test for overall effect: Z = 3.18 (P = 0.001)
Test for subgroup differences: Not applicable

rHuEPO+iron
Events

52
34
25

0
18

5
9

16
9
0
2

11
13
56

250

Total

100
69
67
23
79
44
20
52
31
15
50
54
38

467

1109

Control
Events

54
18
18

5
17
17

4
15
19

0
14
29
23

109

342

Total

100
34
34
27
39
39
10
57
31
16
50
54
43

237

771

Weight

10.2%
9.5%
9.3%
1.4%
8.7%
6.5%
6.5%
8.3%
8.2%

4.1%
8.4%
8.8%

10.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.96 [0.74 , 1.25]
0.93 [0.63 , 1.38]
0.70 [0.45 , 1.10]
0.11 [0.01 , 1.82]
0.52 [0.30 , 0.90]
0.26 [0.11 , 0.64]
1.13 [0.46 , 2.77]
1.17 [0.64 , 2.12]
0.47 [0.26 , 0.88]

Not estimable
0.14 [0.03 , 0.60]
0.38 [0.21 , 0.68]
0.64 [0.38 , 1.08]
0.26 [0.20 , 0.35]

0.55 [0.38 , 0.80]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours rHuEPO+iron Favours Control

Footnotes
(1) 150 IU/kg bodyweight - 2 dosage regimens reported - control group splits into 18 events (total 36) and 34 (total 68) total each
(2) 300 IU/kg bodyweight - 2 dosage regimens reported - control group splits into 18 events (total 36) and 34 (total 68) total each
(3) low dose - 2 dosage regimens reported - control group splits into 17,5 (total 35) events and 39 (total 78) total each
(4) high dose - 2 dosage regimens reported - control group splits into 17,5 (total 35) events and 39 (total 78) total each
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Analysis 1.2.   Comparison 1: rHuEPO versus control treatment with or without
iron, Outcome 2: Haemoglobin concentration immediately prior to surgery (g/dL)

Study or Subgroup

1.2.1 rHuEPO low 150 to 300 IU/kg body weight
Kettelhack 1998 (1)
Larson 2001
Na 2011
Qvist 1999
Subtotal (95% CI)
Heterogeneity: Tau² = 0.22; Chi² = 9.73, df = 3 (P = 0.02); I² = 69%
Test for overall effect: Z = 0.39 (P = 0.70)

1.2.2 rHuEPO high 500 to 600 IU/kg body weight
Dousias 2003
Moonen 2008
Weber 2005
Subtotal (95% CI)
Heterogeneity: Tau² = 0.25; Chi² = 18.03, df = 2 (P = 0.0001); I² = 89%
Test for overall effect: Z = 6.00 (P < 0.00001)

Total (95% CI)
Heterogeneity: Tau² = 1.37; Chi² = 194.29, df = 6 (P < 0.00001); I² = 97%
Test for overall effect: Z = 2.12 (P = 0.03)
Test for subgroup differences: Chi² = 16.75, df = 1 (P < 0.0001), I² = 94.0%

rHuEPO+iron
Mean

11.4
12.6
12.1

12.56

11.9
14.9
14.3

SD

1.15
1.3
1.3
2.3

0.7
1.1
1.2

Total

52
15
57
38

162

23
49

467
539

701

Control
Mean

11.9
12

12.1
11.59

10.7
12.4
12.3

SD

1.05
1.4
1.2

2.58

0.7
1.8
0.7

Total

57
16
56
43

172

27
49

237
313

485

Weight

14.9%
13.1%
14.8%
12.6%
55.4%

14.9%
14.4%
15.3%
44.6%

100.0%

Mean Difference
IV, Random, 95% CI

-0.50 [-0.91 , -0.09]
0.60 [-0.35 , 1.55]
0.00 [-0.46 , 0.46]
0.97 [-0.09 , 2.03]
0.11 [-0.46 , 0.69]

1.20 [0.81 , 1.59]
2.50 [1.91 , 3.09]
2.00 [1.86 , 2.14]
1.87 [1.26 , 2.49]

0.97 [0.07 , 1.87]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours Control Favours rHuEPO+iron

Footnotes
(1) 1 day before surgery , not directly

 
 

Analysis 1.3.   Comparison 1: rHuEPO versus control treatment with or without iron, Outcome
3: Number of RBC units transfused per participant (intraoperative to 5 days postoperative)

Study or Subgroup

Bernabeu-Wittel 2016
Christodoulakis 2005 (1)
Christodoulakis 2005 (2)
Feagan 2000 (3)
Feagan 2000 (4)
Heiss 1996
Qvist 1999
Weber 2005

Total (95% CI)
Heterogeneity: Chi² = 7.17, df = 7 (P = 0.41); I² = 2%
Test for overall effect: Z = 1.26 (P = 0.21)
Test for subgroup differences: Not applicable

Favours rHuEPO+iron
Mean

1.18
2.29
1.67
2.2
1.8

1.82
0.3

2.36

SD

1.2
2.77
2.34
0.4
0.8
0.8
5.7

1.95

Total

100
69
67
44
79
20
38

467

884

Control
Mean

1.28
2.69
2.69
2.1
2.1
1.8
1.6

2.41

SD

1.4
3.06
3.06
0.8
0.8

0.97
7.4

1.24

Total

100
34
34
39
39
10
43

237

536

Weight

14.5%
1.3%
1.4%

24.7%
20.2%
3.9%
0.2%

33.8%

100.0%

Mean Difference
IV, Fixed, 95% CI

-0.10 [-0.46 , 0.26]
-0.40 [-1.62 , 0.82]
-1.02 [-2.19 , 0.15]
0.10 [-0.18 , 0.38]

-0.30 [-0.61 , 0.01]
0.02 [-0.68 , 0.72]

-1.30 [-4.16 , 1.56]
-0.05 [-0.29 , 0.19]

-0.09 [-0.23 , 0.05]

Mean Difference
IV, Fixed, 95% CI

-4 -2 0 2 4
Favours rHuEPO+iron Favours Control

Footnotes
(1) 150 IU/kg bodyweight - 2 dosage regimens reported - control group splits into 2 groups
(2) 300 IU/kg bodyweight - 2 dosage regimens reported - control group splits into 2 groups
(3) high dose - two dosage regimens reported - control group splits into 2 groups
(4) low dose - two dosage regimens reported - control group splits into 2 groups
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Analysis 1.4.   Comparison 1: rHuEPO versus control treatment with
or without iron, Outcome 4: Mortality (within 30 days aMer surgery)

Study or Subgroup

Bernabeu-Wittel 2016
Heiss 1996

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.03, df = 1 (P = 0.87); I² = 0%
Test for overall effect: Z = 0.30 (P = 0.76)
Test for subgroup differences: Not applicable

rHuEPO+iron
Events

5
2

7

Total

100
20

120

Control
Events

4
1

5

Total

100
10

110

Weight

75.0%
25.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.25 [0.35 , 4.52]
1.00 [0.10 , 9.75]

1.19 [0.39 , 3.63]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours rHuEPO+iron Favours Control

 
 

Analysis 1.5.   Comparison 1: rHuEPO versus control treatment with or without
iron, Outcome 5: Adverse events (number of participants with any adverse event)

Study or Subgroup

Bernabeu-Wittel 2016
Christodoulakis 2005 (1)
Christodoulakis 2005 (2)
Feagan 2000 (3)
Feagan 2000 (4)
Heiss 1996
Kettelhack 1998
Kosmadakis 2003
Larson 2001
Moonen 2008
Qvist 1999
Weber 2005

Total (95% CI)
Total events:
Heterogeneity: Chi² = 8.63, df = 9 (P = 0.47); I² = 0%
Test for overall effect: Z = 0.42 (P = 0.68)
Test for subgroup differences: Not applicable

rHuEPO+iron
Events

12
3
3
3
4
5

20
4
0
8
0
2

64

Total

100
69
67
79
44
20
52
31
15
50
38

467

1032

Control
Events

11
1
1
3
3
3

15
13

0
10

0
1

61

Total

100
34
34
39
39
10
57
31
16
50
43

237

690

Weight

17.3%
2.1%
2.1%
6.3%
5.0%
6.3%

22.5%
20.5%

15.7%

2.1%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.09 [0.51 , 2.36]
1.48 [0.16 , 13.69]
1.52 [0.16 , 14.09]

0.49 [0.10 , 2.33]
1.18 [0.28 , 4.96]
0.83 [0.25 , 2.80]
1.46 [0.84 , 2.54]
0.31 [0.11 , 0.84]

Not estimable
0.80 [0.34 , 1.86]

Not estimable
1.01 [0.09 , 11.14]

0.93 [0.68 , 1.28]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours Control Favours rHuEPO+iron

Footnotes
(1) 150 IU/kg bodyweight - 2 dosage regimens reported - control group splits into 2 groups
(2) 300 IU/kg bodyweight - 2 dosage regimens reported - control group splits into 2 groups
(3) low - 2 dosage regimens reported - control group splits into 2 groups
(4) high - 2 dosage regimens reported - control group splits into 2 groups
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Analysis 1.6.   Comparison 1: rHuEPO versus control treatment
with or without iron, Outcome 6: Length of hospital stay

Study or Subgroup

Kosmadakis 2003 (1)
Larson 2001
Bernabeu-Wittel 2016

Total (95% CI)
Heterogeneity: Tau² = 5.96; Chi² = 15.29, df = 2 (P = 0.0005); I² = 87%
Test for overall effect: Z = 0.69 (P = 0.49)
Test for subgroup differences: Not applicable

rHuEPO+iron
Mean

10
6.4

8

SD

2.78
2.4
2.5

Total

31
15

100

146

Control
Mean

13
8.1

7

SD

5.01
7.1

2

Total

31
16

100

147

Weight

34.5%
25.5%
40.0%

100.0%

Mean Difference
IV, Random, 95% CI

-3.00 [-5.02 , -0.98]
-1.70 [-5.38 , 1.98]

1.00 [0.37 , 1.63]

-1.07 [-4.12 , 1.98]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours rHuEPO+iron Favours Control

Footnotes
(1) In publication Standard Error pubished; for analysis calculated in Standard Deviation ( SD=SEx√n)
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All studies Trials with low risk of bias for

random sequence generation,

blinding, incomplete outcome
data

Outcome Statistical method

Studies Effect esti-
mate (95% CI)

Studies Effect estimate
(95% CI)

Transfusion (measured in partici-
pants during or up to 5 days after
operation)

Risk ratio
(MH Random 95%
CI)

12 RR 0.55 (0.38;
0.80)

5 RR 0.79 (0.61;
1.01)

Hb concentration preoperatively

(directly before surgery)

Mean difference
(IV Random 95% CI)

7 MD 0.97 (0.07;
1.87)

2 MD −0.31 (−0.69;
0.08)

Subgroup Hb concentration im-
mediately prior to surgery (g/dL)

rHuEPO high (500 to 600 IU/kg
BW)

Mean difference
(IV Random 95% CI)

3 MD 1.87 (1.26;
2.49)

0 -

Subgroup Hb concentration im-
mediately prior to surgery (g/dL)

rHuEPO low (150 to 300 IU/kg
BW)

Mean difference
(IV Random 95% CI)

4 MD 0.11 (−0.46;
0.69)

2 MD 0.15 (−1.28;
1.58)

Number of RBC units transfused
per participant

(intraoperative to 5 days postoper-
ative)

Mean difference
(IV Random 95% CI)

6 MD −0.09
(−0.23; 0.05)

3 MD −0.09 (−0.27;
0.09)

Mortality

(within 30 days after surgery)

Risk ratio 2 RR 1.18 (0.39;
3.63)

1 RR 1.25 (0.35;
4.52)

Table 1.   Sensitivity analysis, risk of bias 
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(MH Random 95%
CI)

Adverse events (number of partic-
ipants
with any adverse event)

Risk ratio
(MH Random 95%
CI)

10 RR 0.97 (0.70;
1.34)

5 RR 0.92 (0.63;
1.33)

Length of hospital stay Mean difference
(IV Random 95% CI)

3 MD −1.07
(−4.12; 1.98)

2 MD 0.65 (0.05;
1.25)

Table 1.   Sensitivity analysis, risk of bias  (Continued)

BW: body weight; CI: confidence interval; Hb: haemoglobin; IU: international unit; IV: inverse variance; MD: mean diMerence; MH: Mantel-
Haenszel; RBC: red blood cells; rHuEPO: recombinant human erythropoietin; RR: risk ratio
 
 

Outcome Statistical hetero-

geneity (I2)

Fixed-effect (95%
CI)

Random-effects
(95% CI)

Transfusion (measured in participants during or up to 5
days after operation)

84% RR 0.52 (0.45, 0.59) RR 0.55 (0.38, 0.45)

Hb concentration preoperatively

(directly before surgery)

97% MD 1.58 (1.47, 1.70) MD 0.97 (0.07, 1.87)

Subgroup Hb concentration immediately prior to surgery
(g/dL)

rHuEPO high (500 to 600 IU/kg BW)

69% MD −0.11 (−0.39,
0.17)

MD 0.11 (−0.46, 0.69)

Subgroup Hb concentration immediately prior to surgery
(g/dL)

rHuEPO low (150 to 300 IU/kg BW)

89% MD 1.94 (1.81, 2.07) MD 1.87 (1.26, 2.49)

Number of RBC units transfused

per participant (intraoperative to 5 days postoperative)

0% MD −0.09 (−0.23,
0.05)

MD −0.09 (−0.23,
0.05)

Mortality (within 30 days after surgery) 0% RR 1.19 (0.39, 3.63) RR 1.18 (0.39, 3.63)

Adverse events (number of participants with any adverse
event)

0% RR 0.93 (0.68, 1.28) RR 0.97 (0.70, 1.34)

Length of hospital stay 87% MD 0.59 (−0.00, 1.18) MD −1.07 (−4.12,
1.98)

Table 2.   Sensitivity analysis (random-e;ects model/fixed-e;ect model) 

BW: body weight; CI: confidence interval; Hb: haemoglobin; IU: international unit; MD: mean diMerence; RBC: red blood cells; rHuEPO:
recombinant human erythropoietin; RR: risk ratio
 

 

A P P E N D I C E S

Appendix 1. Search strategies - MEDLINE

First search
Database: Ovid MEDLINE(OVID) ALL <1946 to July 17, 2018>
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1 exp anemia/ and (Preoperative Care/ or Preoperative Period/ or exp Perioperative Period/ or Blood Transfusion/ or exp Specialties,
Surgical/)

2 ((per?operat* or intraoperat* or intra operat* or preoperat* or pre operat* or pre clinical* or preclinical* or presurg* or surgical or surgery
or operat*) adj4 (an?emi* or period or transfusion*)).mp.

3 allogenic blood transfusion*.mp.

4 1 or 2 or 3

5 Receptors, Erythropoietin/ or Erythropoietin/ or Ferrous Compounds/ or Recombinant Proteins/

6 erythropoietin*.mp.

7 (((iron or ferric or erythropo*) adj3 (stimulating or agent* or preoperative or pre operative or supplement* or therapy or compound*)) or
(epoetin* or rhuepo or r-huepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or neorecormon or femiron or ferrex
or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or venofer)).mp.

8 5 or 6 or 7

9 ((randomized controlled trial or controlled clinical trial).pt. or randomi?ed.ab. or placebo.ab. or drug therapy.fs. or randomly.ab. or
trial.ab. or groups.ab.) not (exp animals/ not humans.sh.)

10 4 and 8 and 9

[mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word,
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

Second search
Database: Ovid MEDLINE(R) ALL <1946 to August 29, 2019>

1 exp anemia/ and (Preoperative Care/ or Preoperative Period/ or exp Perioperative Period/ or Blood Transfusion/ or exp Specialties,
Surgical/ or exp Surgical Procedures, Operative/ or su.fs.)

2 ((peroperat* or per operat* or intraoperat* or intra operat* or perioperat* or peri operat* or pre operat* or preoperat* or pre clinical*
or preclinical* or presurg* or surgical or surgery or operat*) adj5 (an?emi* or period or transfusion* or (h?emoglobin adj1 (level* or low
or concentration*)))).mp.

3 allogen?ic blood transfusion*.mp.

4 1 or 2 or 3

5 Receptors, Erythropoietin/ or Erythropoietin/ or Ferrous Compounds/ or Recombinant Proteins/

6 erythropoietin*.mp.

7 (((iron or ferric or erythropo*) adj3 (stimulating or agent* or preoperative or pre operative or supplement* or therapy or compound*)) or
(epoetin* or rhuepo or r-huepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or neorecormon or femiron or ferrex
or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or venofer)).mp.

8 5 or 6 or 7

9 ((randomized controlled trial or controlled clinical trial).pt. or randomi?ed.ab. or placebo.ab. or drug therapy.fs. or randomly.ab. or
trial.ab. or groups.ab.) not (exp animals/ not humans.sh.)

10 4 and 8 and 9

11 exp anemia/ and (Preoperative Care/ or Preoperative Period/ or exp Perioperative Period/ or Blood Transfusion/ or exp Specialties,
Surgical/)

12 ((per?operat* or intraoperat* or intra operat* or preoperat* or pre operat* or pre clinical* or preclinical* or presurg* or surgical or surgery
or operat*) adj4 (an?emi* or period or transfusion*)).mp.

13 allogenic blood transfusion*.mp.

14 11 or 12 or 13
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15 Receptors, Erythropoietin/ or Erythropoietin/ or Ferrous Compounds/ or Recombinant Proteins/

16 erythropoietin*.mp.

17 (((iron or ferric or erythropo*) adj3 (stimulating or agent* or preoperative or pre operative or supplement* or therapy or compound*))
or (epoetin* or rhuepo or r-huepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or neorecormon or femiron or ferrex
or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or venofer)).mp.

18 15 or 16 or 17

19 ((randomized controlled trial or controlled clinical trial).pt. or randomi?ed.ab. or placebo.ab. or drug therapy.fs. or randomly.ab. or
trial.ab. or groups.ab.) not (exp animals/ not humans.sh.)

20 14 and 18 and 19

21 limit 20 to yr="1860 - 2017"

22 10 not 21

Appendix 2. Search strategies - Embase

First search
Database: Embase (OVID) <1974 to 2018 July 17>

1 exp anemia/ and (Preoperative Care/ or exp Preoperative Period/ or Perioperative Period/ or exp intraoperative period/ or Blood
Transfusion/ or exp surgery/)

2 ((per?operat* or intraoperat* or intra operat* or preoperat* or pre operat* or pre clinical* or preclinical* or presurg* or surgical or surgery
or operat*) adj4 (an?emi* or period or transfusion*)).mp.

3 allogenic blood transfusion*.mp.

4 1 or 2 or 3

5 erythropoietin receptor/ or Erythropoietin/ or ferrous ion/ or Recombinant Protein/

6 erythropoietin*.mp.

7 (((iron or ferric or erythropo*) adj3 (stimulating or agent* or preoperative or pre operative or supplement* or therapy or compound*)) or
(epoetin* or rhuepo or r-huepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or neorecormon or femiron or ferrex
or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or venofer)).mp.

8 5 or 6 or 7

9 ((crossover procedure or double blind procedure or single blind procedure).sh. or (crossover* or cross over*).ti,ab. or placebo*.ti,ab,sh. or
(doubl* adj blind*).ti,ab. or (controlled adj3 (study or design or trial)).ti,ab. or allocat*.ti,ab. or trial*.ti,ab. or randomized controlled trial.sh.
or random*.ti,ab.) not ((exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.))

10 4 and 8 and 9

Second search
Database: Embase <1974 to 2019 August 29>

1 exp anemia/ and (Preoperative Care/ or exp Preoperative Period/ or Perioperative Period/ or exp intraoperative period/ or Blood
Transfusion/ or exp surgery/ or su.fs.)

2 ((peroperat* or per operat* or intraoperat* or intra operat* or perioperat* or peri operat* or pre operat* or preoperat* or pre clinical*
or preclinical* or presurg* or surgical or surgery or operat*) adj5 (an?emi* or period or transfusion* or (h?emoglobin adj1 (level* or low
or concentration*)))).mp.

3 allogen?ic blood transfusion*.mp.

4 1 or 2 or 3

5 erythropoietin receptor/ or Erythropoietin/ or ferrous ion/ or Recombinant Protein/

6 erythropoietin*.mp.
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7 (((iron or ferric or erythropo*) adj3 (stimulating or agent* or preoperative or pre operative or supplement* or therapy or compound*)) or
(epoetin* or rhuepo or r-huepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or neorecormon or femiron or ferrex
or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or venofer)).mp.

8 5 or 6 or 7

9 ((crossover procedure or double blind procedure or single blind procedure).sh. or (crossover* or cross over*).ti,ab. or placebo*.ti,ab,sh. or
(doubl* adj blind*).ti,ab. or (controlled adj3 (study or design or trial)).ti,ab. or allocat*.ti,ab. or trial*.ti,ab. or randomized controlled trial.sh.
or random*.ti,ab.) not ((exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.))

10 4 and 8 and 9

11 exp anemia/ and (Preoperative Care/ or exp Preoperative Period/ or Perioperative Period/ or exp intraoperative period/ or Blood
Transfusion/ or exp surgery/)

12 ((per?operat* or intraoperat* or intra operat* or preoperat* or pre operat* or pre clinical* or preclinical* or presurg* or surgical or surgery
or operat*) adj4 (an?emi* or period or transfusion*)).mp.

13 allogenic blood transfusion*.mp.

14 11 or 12 or 13

15 erythropoietin receptor/ or Erythropoietin/ or ferrous ion/ or Recombinant Protein/

16 erythropoietin*.mp.

17 (((iron or ferric or erythropo*) adj3 (stimulating or agent* or preoperative or pre operative or supplement* or therapy or compound*))
or (epoetin* or rhuepo or r-huepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or neorecormon or femiron or ferrex
or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or venofer)).mp.

18 15 or 16 or 17

19 ((crossover procedure or double blind procedure or single blind procedure).sh. or (crossover* or cross over*).ti,ab. or placebo*.ti,ab,sh.
or (doubl* adj blind*).ti,ab. or (controlled adj3 (study or design or trial)).ti,ab. or allocat*.ti,ab. or trial*.ti,ab. or randomized controlled
trial.sh. or random*.ti,ab.) not ((exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.))

20 14 and 18 and 19

21 limit 20 to yr="1883 - 2017"

22 10 not 21

Appendix 3. Search strategies - CENTRAL

First search 17 July 2018

#1 MeSH descriptor: [Anemia] explode all trees

#2 MeSH descriptor: [Preoperative Care] explode all trees

#3 MeSH descriptor: [Preoperative Period] explode all trees

#4 MeSH descriptor: [Perioperative Period] explode all trees

#5 MeSH descriptor: [Blood Transfusion] explode all trees

#6 MeSH descriptor: [Specialties, Surgical] explode all trees

#7 #2 or #3 or #4 or #5 or #6

#8 #1 and #7

#9 ((per?operat* or intraoperat* or intra operat* or preoperat* or pre operat* or pre clinical* or preclinical* or presurg* or surgical or surgery
or operat*) near/4 (an?emi* or period or transfusion*)) or allogenic blood transfusion*

#10 #8 or #9

#11 MeSH descriptor: [Receptors, Erythropoietin] explode all trees
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#12 MeSH descriptor: [Erythropoietin] explode all trees

#13 MeSH descriptor: [Recombinant Proteins] explode all trees

#14 MeSH descriptor: [Ferrous Compounds] explode all trees

#15 erythropoietin* or ((iron or ferric or erythropo*) near/3 (stimulating or agent* or preoperative or per operative or supplement* or
therapy or compound*)) or epoetin* or rhuepo or r-huepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or
neorecormon or femiron or ferrex or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or
venofer

#16 #11 or #12 or #13 or #14 or #15

#17 #10 and #16 in Trials

Second search 29 August 2019

#1 MeSH descriptor: [Anemia] explode all trees

#2 MeSH descriptor: [Preoperative Care] explode all trees

#3 MeSH descriptor: [Preoperative Period] explode all trees

#4 MeSH descriptor: [Perioperative Period] explode all trees

#5 MeSH descriptor: [Blood Transfusion] explode all trees

#6 MeSH descriptor: [Specialties, Surgical] explode all trees

#7 MeSH descriptor: [Surgical Procedures, Operative] explode all trees

#8 #2 or #3 or #4 or #5 or #6 or #7

#9 #1 and #8

#10 ((peroperat* or per next operat* or intraoperat* or intra next operat* or perioperat* or peri next operat* or pre next operat* or
preoperat* or pre next clinical* or preclinical* or presurg* or surgical or surgery or operat*) NEAR (anemi* or anaemi* or period or
transfusion*))

#11 ((hemoglobin or haemoglobin) NEAR/1 (level* or low or concentration*)) or ((allogeneic or allogenic) next blood next transfusion*)

#12 #9 or #10 or #11

#13 MeSH descriptor: [Receptors, Erythropoietin] explode all trees

#14 MeSH descriptor: [Erythropoietin] explode all trees

#15 MeSH descriptor: [Recombinant Proteins] explode all trees

#16 MeSH descriptor: [Ferrous Compounds] explode all trees

#17 erythropoietin* or ((iron or ferric or erythropo*) near/3 (stimulating or agent* or preoperative or pre next operative or supplement* or
therapy or compound*)) or epoetin* or rhuepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or neorecormon or
femiron or ferrex or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or venofer

#18 #13 or #14 or #15 or #16 or #17

#19 #12 and #18 in Trials

#20 MeSH descriptor: [Anemia] explode all trees

#21 MeSH descriptor: [Preoperative Care] explode all trees

#22 MeSH descriptor: [Preoperative Period] explode all trees

#23 MeSH descriptor: [Perioperative Period] explode all trees

#24 MeSH descriptor: [Blood Transfusion] explode all trees
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#25 MeSH descriptor: [Specialties, Surgical] explode all trees

#26 #21 or #22 or #23 or #24 or #25

#27 #20 and #26

#28 ((per?operat* or intraoperat* or intra operat* or preoperat* or pre operat* or pre clinical* or preclinical* or presurg* or surgical or
surgery or operat*) near/4 (an?emi* or period or transfusion*)) or allogenic blood transfusion*

#29 #27 or #28

#30 MeSH descriptor: [Receptors, Erythropoietin] explode all trees

#31 MeSH descriptor: [Erythropoietin] explode all trees

#32 MeSH descriptor: [Recombinant Proteins] explode all trees

#33 MeSH descriptor: [Ferrous Compounds] explode all trees

#34 erythropoietin* or ((iron or ferric or erythropo*) near/3 (stimulating or agent* or preoperative or per operative or supplement* or
therapy or compound*)) or epoetin* or rhuepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or neorecormon or
femiron or ferrex or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or venofer

#35 #30 or #31 or #32 or #33 or #34

#36 #29 and #35 with Cochrane Library publication date Between Jan 1980 and Dec 2017, in Trials

#37 #19 not #36 in Trials

Appendix 4. Search strategies - Web of Science

First search 17 July 2018

#1 TS=(((per?operat* or intraoperat* or "intra operat*" or preoperat* or "pre operat*" or "pre clinical*" or preclinical* or presurg* or surgical
or surgery or operat*) NEAR/4 (an?emi* or period or transfusion*)) or allogenic blood transfusion*)

#2 TS=(erythropoietin* or epoetin* or rhuepo or r-huepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or
neorecormon or femiron or ferrex or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or
venofer or ((iron or ferric or erythropo*) NEAR/3 (stimulating or agent* or preoperative or “pre operative” or supplement* or therapy or
compound*)))

#3 TS=clinical trial* OR TS=research design OR TS=comparative stud* OR TS=evaluation stud* OR TS=(controlled NEAR (trial* or stud*)) OR
TS=follow-up stud* OR TS=prospective stud* OR TS=random* OR TS=placebo* OR TS=((single or double or triple or treble) or (mask* or
blind*)) OR TS=multicenter

#4 #3 AND #2 AND #1

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI Timespan=All years

Second search 29 August 2019

#1 TS=((peroperat* or "per operat*" or intraoperat* or "intra operat*" or perioperat* or "peri operat*" or "pre operat*" or preoperat*
or "pre clinical*" or preclinical* or presurg* or surgical or surgery or operat*) NEAR (anemi* or anaemi* or period or transfusion*)) or
TS=((allogeneic or allogenic) NEAR/1 "blood transfusion*")

#2 TS=(erythropoietin* or epoetin* or rhuepo or r-huepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or
neorecormon or femiron or ferrex or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or
venofer or ((iron or ferric or erythropo*) NEAR/3 (stimulating or agent* or preoperative or “pre operative” or supplement* or therapy or
compound*)))

#3 TS=clinical trial* OR TS=research design OR TS=comparative stud* OR TS=evaluation stud* OR TS=(controlled NEAR (trial* or stud*)) OR
TS=follow-up stud* OR TS=prospective stud* OR TS=random* OR TS=placebo* OR TS=((single or double or triple or treble) or (mask* or
blind*)) OR TS=(multicenter or multi-center)

#4 #3 AND #2 AND #1
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#5 TS=(((per?operat* or intraoperat* or "intra operat*" or preoperat* or "pre operat*" or "pre clinical*" or preclinical* or presurg* or surgical
or surgery or operat*) NEAR/4 (an?emi* or period or transfusion*)) or allogenic blood transfusion*)

#6 TS=(erythropoietin* or epoetin* or rhuepo or r-huepo or epogen* or Epo*in or procrit or EPO or eprex or binocrit or erypro or
neorecormon or femiron or ferrex or fergon or feosol or bifera or auryxia or palafer or vifor or ferinject or ferro or ferrum or monofer or
venofer or ((iron or ferric or erythropo*) NEAR/3 (stimulating or agent* or preoperative or “pre operative” or supplement* or therapy or
compound*)))

#7 TS=clinical trial* OR TS=research design OR TS=comparative stud* OR TS=evaluation stud* OR TS=(controlled NEAR (trial* or stud*)) OR
TS=follow-up stud* OR TS=prospective stud* OR TS=random* OR TS=placebo* OR TS=((single or double or triple or treble) or (mask* or
blind*)) OR TS=multicenter

#8 #7 AND #6 AND #5

#9 #8 Timespan=1900-2017

#10 #4 not #9

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=All years

Appendix 5. Search strategies - ClinicalTrials.gov

17 July 2018

375 Studies found for: (erythropoietin OR r-huepo OR rhuepo OR EPO) AND (anemia OR anaemia)

Appendix 6. Search strategies - WHO ICTRP

17 July 2018

1842 records for 1518 trials found for: preoperative anemia AND Erythropoietin OR EPO
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We made the following changes to the protocol (Kaufner 2016).

1. Title amended to make clear the population (adults).

2. Appendices search strategies updated. The initial literature search strategy in the protocol was developed by the review group and was
later updated and consented by the Cochrane Anaesthesia Review Group for the final search for this review.

3. Sensitivity analysis for risk of bias was performed with respect to blinding instead of generation of allocation sequence, incomplete
outcome data, and selective reporting bias.

4. Planned best-case/worst-case scenario sensitivity analysis was not performed.

5. Hazard ratio and standardized mean diMerence not reported.

6. Subgroup analysis based on participant characteristics (i.e., female vs. male) was not performed.

7. We presented all meta-analyses using the fixed-eMect model as sensitivity analysis additionally.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Anemia  [blood]  [*drug therapy];  Digestive System Surgical Procedures;  Erythrocyte Transfusion  [statistics & numerical data]; 
Erythropoietin  [*therapeutic use];  Gynecologic Surgical Procedures;  Hemoglobin A  [metabolism];  Iron  [*therapeutic use];  Length
of Stay;  Orthopedic Procedures;  Placebos  [therapeutic use];  Preoperative Care  [*methods];  Randomized Controlled Trials as Topic; 
Recombinant Proteins  [therapeutic use];  *Surgical Procedures, Operative  [mortality]
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MeSH check words

Adult; Female; Humans; Male
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