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Background: Perioperative anemia has been associated with increased
risk of red blood cell transfusion and increased morbidity and mortality
after surgery. The optimal approach to the diagnosis and management of
perioperative anemia is not fully established.

Objective: To develop consensus recommendations for anemia management
in surgical patients.

Methods: An international expert panel reviewed the current evidence and
developed recommendations using modified RANDDelphi methodology.
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Results: The panel recommends that all patients except those undergoing
minor procedures be screened for anemia before surgery. Appropriate ther-
apy for anemia should be guided by an accurate diagnosis of the etiology.
The need to proceed with surgery in some patients with anemia is expected to
persist. However, early identification and effective treatment of anemia has
the potential to reduce the risks associated with surgery and improve clinical
outcomes. As with preoperative anemia, postoperative anemia should be
treated in the perioperative period.
Conclusions: Early identification and effective treatment of anemia has
the potential to improve clinical outcomes in surgical patients.

Keywords: anemia, management, surgery

(Ann Surg 2023;277:581–590)

A s many as one third of patients undergoing elective surgery
are anemic preoperatively.1 The presence of preoperative

anemia, even if mild, has been associated with the increased risk
of red blood cell (RBC) transfusion and increased morbidity and
mortality after surgery.2,3 In addition, transfusion of RBCs has
been consistently associated with worsened clinical outcomes.4

Timely identification and appropriate management of
anemia in the surgical population is necessary to optimize
patient outcomes. Moreover, it has been suggested that clini-
cians should prioritize the management of anemia as a disease
independent of RBC transfusion thresholds.5 The etiology of
preoperative anemia can be multifactorial, but almost two
thirds of anemic elective surgical patients have iron-deficiency
anemia (IDA). At the same time, as many as one third of
nonanemic elective surgical patients are also iron deficient. The
approach to the diagnosis and management of anemia in sur-
gery has been evolving as more data have become available,
both on pathophysiology and on how the underlying mecha-
nism should influence therapy.

In recent years, heterogeneity has been observed in
clinical trials of iron therapy for anemia management in sur-
gical patients. Some randomized controlled trials (RCTs) have
shown that iron therapy is beneficial,6–9 whereas others have
reported a lack of benefit.10,11 There is a need for clinical
guidelines on anemia to be based on all the available data,
including the most recent studies. An expert panel was con-
vened by the Society for the Advancement of Patient Blood
Management (SABM). Current evidence was reviewed to
determine the prevalence, etiology, diagnosis, and management
of anemia in surgical patients, including outcome measures.
The objective of the panel was to develop clinical
recommendations for the treatment of anemia in surgical
populations, using modified RAND Delphi methodology.

METHODS

International Consensus Conference on Anemia
Management in Surgical Patients Panel

A group of experts in patient blood management (PBM)
selected a multidisciplinary panel to participate in the Inter-
national Consensus Conference on Anemia Management in
Surgical Patients (ICCAMS). Fourteen individuals with
expertise in anemia management and/or PBM and surgery
were selected based on academic qualifications, subject matter
expertise, and relevant clinical experience. All panel members
reviewed the literature and established consensus recom-
mendations on the diagnosis and management of anemia in
patients undergoing surgery. Eight additional individuals

reviewed the manuscript and contributed to its development.
The roles of each individual are shown in the Supplemental
Digital Content (Part 3; Supplementary Table 1), Supple-
mental Digital Content 1, http://links.lww.com/SLA/E285.

Literature Review
Searches were performed using PubMed on January 11,

2021. The following search string was used: (anemia [tiab] OR
anaemia [tiab]) AND (surgery [tiab] OR surgical [tiab]). The
results were restricted to articles published in the preceding
10 years. “Publication type” filters were applied in 3 different
ways: clinical trial or RCT (200 hits), systematic review (103
hits), and consensus development conference or guideline or
practice guideline (19 hits). Thus, all types of clinical trials,
systematic reviews, and guidelines were considered. To include
additional relevant literature (including observational or retro-
spective studies and articles published before 2011), reference
lists of review and guideline publications were reviewed, and
panel members provided input.

Initial screening, based on titles and abstracts, was per-
formed to select relevant articles. Inclusion criteria for clinical
trials were clinical study performed in patients undergoing
surgery and presentation of data on the prevalence, impact, or
management of preoperative or perioperative anemia. Pre-
clinical studies (those conducted in vitro or in animals) and
those focused on cancer treatment (except surgery for color-
ectal cancer) were excluded. For reviews and guidelines, the
principal inclusion criterion was sufficient focus on the prev-
alence, impact, or management of anemia around the time of
surgery.

Panel Survey
Statements were developed by selected members of the

panel (A.S., J.M., A.H., S.O., and M.M.). A multiple-choice
format was chosen for collecting responses to each statement,
and a 5-point Likert scale was applied where appropriate. All
panel members completed the survey before attending a virtual
meeting.

Achievement of Consensus
In March 2021, the panel members attended the virtual

ICCAMS meeting. The survey responses were discussed, and the
RAND Delphi (modified) process was used to establish con-
sensus. Consensus was defined according to the survey results,
with a minimum agreement threshold of 75% of respondents
agreeing (strongly agree/agree) or disagreeing (strongly disagree/
disagree) with a survey statement.

During the meeting, discussions were focused on the sur-
vey questions with discordant responses. Statements for which
there was consensus agreement or disagreement were not dis-
cussed unless specific questions were raised. Panel members were
given an opportunity to change their responses and, where
required, adjustments were made to the statements. All changes
were agreed by vote. Where further clarification was needed,
minor revisions to the consensus statements were made during
manuscript development.

Role of the Funding Source
ICCAMS was a virtual meeting with no venue or travel

costs. Literature search and manuscript development costs and
project development and management fees were funded by
SABM via grants received from American Regent, Pharma-
cosmos, Vifor, and Zuellig Pharma. Consulting fees/honoraria
were offered to the authors.
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CONSENSUS STATEMENTS

Prevalence and Outcomes

Consensus Statements: Prevalence

� Anemia is common in surgical populations.

� Prevalence of anemia varies across surgical populations.

Supporting Evidence: Prevalence
In the general surgical population, anemia prevalence

rates vary according to age and sex.12 The prevalence of ane-
mia is markedly higher among females than males between the
ages of 18 and 49 years, whereas the highest prevalence rate in
both sexes is observed in the oldest age group (70 y or older).
In a large meta-analysis that included 949,455 surgical patients
from 24 studies, preoperative anemia had a prevalence rate of
39.1%.3 In 13 studies where preoperative anemia was defined
according to World Health Organization (WHO) criteria
[hemoglobin (Hb) <13 g/dL for males or Hb <12 g/dL for
females], the prevalence rate was 29.9%.3 Similarly, in an
analysis of 18 studies including > 650,000 surgical patients, the
mean prevalence of preoperative anemia was approximately
35%.13

The prevalence of anemia may be influenced by
underlying illness and therefore differs between populations
undergoing particular types of surgery.14 Muñoz et al13 com-
pared prevalence rates between surgical settings; as shown in
Figure 1, the highest prevalence rates were observed in gyne-
cologic and vascular surgery, whereas the lowest rates were
observed in orthopedic and urologic surgery. Prevalence of
anemia in specific types of surgery has been reported in
numerous clinical studies; further details on these studies can be
found in the Supplemental Digital Content (Part 4; Evidence
spreadsheet), Supplemental Digital Content 2, http://links.lww.
com/SLA/E286.

Consensus Statements: Outcomes

� Low preoperative Hb concentration is a risk for increased
transfusion of blood components and/or poor clinical outcomes.

� The relationship between anemia and outcomes is important in
all types of surgery (elective, urgent, and emergency).

� Patients should be educated about the impact of anemia.
� Patients should be educated about the relationship between

anemia and RBC transfusion and the impact of increased RBC
transfusion.

Supporting Evidence: Outcomes
Preoperative anemia: Data from large observational

studies, including over 600,000 surgical patients, have shown that
preoperative anemia is an independent risk factor for post-
operative morbidity and mortality, as well as prolonged length of
hospital stay.13 Preoperative anemia was also identified as an
independent predictor of perioperative allogeneic blood trans-
fusion (ABT). Similar results were reported in a separate meta-
analysis that included 24 studies: preoperative anemia was
associated with increased short-term mortality and increased rates
of stroke, acute kidney injury, and infection postoperatively.3

Subsequently, published systematic review articles have shown
that anemia is associated with increased risk of surgical site
infection, and that it is an independent risk factor for unplanned
critical care admission after major surgery.15,16

In a large retrospective study including over 300,000
noncardiac surgery patients aged 65 years or above, each per-
centage-point decrease in the hematocrit value from the normal
range was associated with a 1.6% (95% CI, 1.1%–2.2%) increase in
30-day postoperative mortality.17 Mortality increased similarly
with increases in hematocrit levels above the normal range. A
subsequent retrospective analysis of 7679 patients undergoing
nonemergency, noncardiac surgery showed that preoperative
anemia is independently associated with increased mortality.18 The
authors also observed that anemia increases the risk of transfusion.
Two Austrian benchmark studies, conducted in cardiac, orthope-
dic, and abdominal surgery, showed that the preoperative Hb level
was one of the main predictors of RBC transfusion.19,20 In a study
of nonagenarians undergoing nonelective, nontrauma-related sur-
gery, preoperative anemia was shown to be an independent risk
factor for RBC transfusion.21 However, anemia had no significant
impact on morbidity or mortality.21

Overall, there is strong evidence of correlations between
anemia and a range of clinical outcomes. However, the panel
acknowledged that anemia is not a confirmed cause of these
outcomes; it is possible that anemia is a marker of other
underlying morbidities that impair outcomes.

The importance of educating patients preoperatively
about anemia and its correlation with postsurgical outcomes was
recognized by the panel. Improved education is associated with
increased adherence to treatment for anemia and may encourage
dietary improvements, potentially leading to higher Hb levels at
the time of surgery.22–25

The results of clinical studies investigating outcomes asso-
ciated with preoperative anemia in specific types of surgery are
presented in the Supplemental Digital Content (Parts 1, Supple-
mental Digital Content 3, http://links.lww.com/SLA/E287 and 4,

FIGURE 1. Prevalence of pre-
operative anemia: variations
across surgical settings. This figure
has been adapted from Muñoz
et al13 (publisher: SIMTI Servizi Srl) in
accordance with the terms and con-
ditions of the Creative Commons
Attribution license. Adaptations are
themselves works protected by copy-
right. So, to publish this adaptation,
authorization must be obtained both
from the owner of the copyright in the
original work and from the owner of
copyright in the translation or
adaptation.
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Supplemental Digital Content 2, http://links.lww.com/SLA/E286).
Perioperative and postoperative anemia: Blood loss is an

important cause of perioperative anemia, and surgical bleeding
increases the risks of morbidity and mortality because of the
need for RBC transfusion and the occurrence of hemorrhagic
shock or ischemia.26–29 In addition, if perioperative anemia
remains undiagnosed and untreated, the patient may be placed at
risk of negative outcomes including those described below for
postoperative anemia.26

Postoperative anemia has been associated with worsened
clinical outcomes. A recent study of patients with colorectal cancer
reported that postoperative anemia was associated with increased
RBC transfusion, longer length of hospital stay, impaired quality
of life scores, and lower overall survival at 5 years.30 In a retro-
spective analysis of 300 surgical patients who had declined RBC
transfusions, the odds of death increased by a factor of 2.5 for each
1 g/dL decrease in postoperative Hb below 8 g/dL.31 A study of
coronary artery bypass graft (CABG) patients showed that
decreased postoperative Hb levels were associated with increased
all-cause mortality.32 Postoperative anemia was also associated
with an increased incidence of cardiovascular events. In orthopedic
surgery, hospital stay has been shown to be prolonged when the
severity of postoperative anemia is increased.33 As with pre-
operative anemia, the panel acknowledged that postoperative
anemia is not a confirmed cause of worsened clinical outcomes and
that it could instead be a marker of other underlying morbidities.

Screening and Diagnosis

Consensus Statements: Screening

� The prevalence of preoperative anemia and its association
with worse clinical outcomes justify screening all patients for
anemia before surgery, except those undergoing minor
procedures.

� Screening for preoperative anemia should not be restricted to
patients undergoing elective surgery.

� It is never too late to start anemia evaluation in patients
undergoing elective or urgent surgery.

Supporting Evidence: Screening
The most commonly used criteria for defining anemia are

the WHO definitions (Hb <12.0 g/dL for women or <13.0 g/dL
for men). However, it has been suggested that these should be
updated.34 A range of Hb cutoff levels for anemia has been used
in studies. In an observational study of > 4000 adults undergoing
elective cardiac surgery, a preoperative Hb concentration
<13.0 g/dL was reported as the optimal threshold in women.35

Similarly, in a review by Muñoz et al13, a Hb level <13.0 g/dL
for both men and women was advocated for preoperative ane-
mia, whereas the WHO criteria were considered acceptable for
postoperative anemia. This approach was echoed in interna-
tional consensus guidelines on the management of surgery-
related anemia.1 Adoption of the 13.0 g/dL threshold in both
sexes has also been suggested in recent reviews of perioperative
anemia and PBM.36,37 Therefore, the panel supports defining
anemia by a Hb level <13.0 g/dL in both men and women. To
allow time for a response to therapy, at least 4 weeks before
surgery has been suggested as the optimal time frame for
evaluation.37,38 However, treatment as little as 1 day before
surgery [intravenous (IV) iron, subcutaneous erythropoietin
alpha, vitamin B12, and oral folic acid) has been shown to be
effective in reducing transfusion of allogeneic blood products in
cardiac surgery patients with preoperative anemia.39

Opinions of the Panel: Screening
The panel agreed that the optimal time before surgery to

screen for anemia is at least 4 weeks. However, shorter time frames
such as in the case of urgent or emergent surgery should not
preclude evaluation. The results of tests performed shortly before
surgery may enable treatments with a rapid onset of action (eg, IV
iron) to be administered preoperatively, and they may also help
define the need for anemia treatment postoperatively.

Minor procedures such as cataract surgery or other sur-
geries where testing requirements are waived because of no blood
loss can be undertaken in patients with anemia, therefore there is
no requirement for this population to be screened. However,
because of the high frequency of anemia in the general population,
patients undergoing all other types of surgery should be screened
preoperatively. Screening may be beneficial by providing an
opportunity to treat previously undiagnosed anemia, regardless of
the setting. The importance of screening is heightened in those
undergoing major surgery with at least moderate risk of clinically
significant blood loss, those with risk factors for anemia or poor
tolerance of anemia, and those unable to receive blood products.

Consensus Statements: Diagnosis

� All patients with anemia should be evaluated for the cause of
anemia—wherever possible, early enough preoperatively to
enable sufficient time for treatment to be successful.

� It is important to identify iron deficiency, including in patients
with anemia of inflammation (or anemia of chronic disease).

� Patients with IDA should be evaluated for the cause of the
iron deficiency, whereas patients with anemia and normal iron
studies should be evaluated for coexisting causes of anemia
(ie, renal disease, primary hematologic disease, and nutrition
deficiency).

� Evaluation for iron deficiency should include iron studies
(serum iron, total iron binding capacity, transferrin saturation
(TSAT), serum ferritin); if available, reticulocyte Hb content
and/or serum hepcidin should be considered in inflammatory
states.

� The most important criteria for defining absolute iron
deficiency were ferritin <30 ng/mL and/or TSAT <20%;
ferritin <100 ng/mL may define iron deficiency in inflamma-
tory states. If available, either a reticulocyte Hb <29 pg or a
serum hepcidin level <20 µg/L also suggest the presence of
iron deficiency in inflammatory states.

Supporting Evidence: Diagnosis
In a study of 3342 patients undergoing major elective

surgery, the overall prevalence of anemia was 36%.40 Of the
patients with anemia, 62% had absolute iron deficiency and
another 5% had low iron stores.40 Therefore, all patients with
anemia should be screened for iron deficiency. In some circum-
stances (eg, planned surgery associated with large blood loss), it
may also be appropriate to evaluate nonanemic surgical patients
for iron deficiency.41 Patients with anemia who are not iron defi-
cient should be evaluated for other causes of anemia (eg, renal
disease, primary hematologic disease, nutritional deficiencies).
Determination of whether anemia is microcytic, normocytic, or
macrocytic (in patients with reticulocyte production index <2)
may help identify likely causes.42 Wherever possible, evaluations
should be performed early enough preoperatively to enable suffi-
cient time for treatment to be successful. In patients undergoing
urgent/emergency procedures, blood samples for evaluation and
classification of anemia should be drawn preoperatively, with the
aim of testing promptly (preoperatively if possible).
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Iron deficiency is considered to be present if ferritin <30 ng/mL
and/or TSAT <20%. It has been considered uncommon in patients
with anemia of inflammation (or anemia of chronic disease), but this
may be attributable to difficulties using the usual iron parameters in
this setting. Because ferritin is an acute-phase reactant in inflamma-
tory states, ferritin levels are often elevated independent of iron status
therefore a higher cutoff (<100 µg/L) is needed to define IDA in these
settings.43 Also in inflammatory states, serum iron and total iron-
binding capacity are generally low, limiting the utility of TSAT for
diagnosing IDA.44 This may be explained by the potential for
inflammation to dysregulate iron homeostasis.45,46 The key regulator
of iron homeostasis is hepcidin, a peptide that is produced primarily
by hepatocytes. Increased hepcidin levels decrease iron absorption
from the gut and iron release from macrophages and hepatocytes. In
inflammatory states, hepcidin levels generally increase as a response
to inflammatory cytokines and the net effect is decreased iron avail-
ability for erythropoiesis.45,47,48 Patients with inflammatory disorders
and iron deficiency exhibit lower levels of hepcidin than those with
“pure” anemia of inflammation and, consequently, hepcidin levels
can help distinguish between IDA and other anemias where there is
no iron deficiency.49 The serum hepcidin level may be more reliable
than ferritin or TSAT for identifying iron deficiency. For example, in
patients discharged from the intensive care unit, a low hepcidin level
(<20 µg/L) identified iron deficiency in 37% of patients in contrast to
6% identified by iron tests alone.50

Other laboratory parameters have also been suggested as
candidates for identifying iron deficiency in inflammatory states.
Reticulocyte Hb content is an early marker of iron deficiency that
can identify patients who may respond to iron supplementation
and is unaffected by inflammation.43,51–53 A reticulocyte Hb con-
tent below 29 pg per cell is suggestive of IDA. The soluble trans-
ferrin receptor (sTfR) may also be useful because it is elevated in
IDA and not by inflammation.53,54 The ratio of sTfR and log of
ferritin (ferritin index) has been used to identify IDA.53–55 At this
point, hepcidin, reticulocyte Hb, and sTfR testing are not readily
available in many hospitals. However, as these tests become more
generally available, they may become useful in clinical practice.

Several algorithms for the evaluation of anemia have
been published, all of which have different strengths and
weaknesses.1,37,56,57 We suggest using the algorithm published in 2017
by Muñoz et al,1 as it has the benefit of simplicity and highlights the
wide range of factors that can cause or contribute to anemia. Also, it
is focused only on diagnosis and classification, meaning that it is not
complicated by recommendations on treatment.

Management

Consensus Statements: Treatment of Preoperative
Anemia

� The aim of treating preoperative anemia is to improve Hb
concentration and this may decrease RBC transfusion.

� Therapy should be tailored to the etiology of anemia.

Supporting Evidence: Treatment of Preoperative Anemia
As described above, preoperative anemia is associated with

worsened clinical outcomes. Existing evidence also shows that
treating this condition with iron therapy and/or erythropoiesis-
stimulating agents (ESAs) may increase Hb levels and decrease
RBC transfusion rates see the sections, Supporting Evidence: Pre-
operative Iron Therapy, and Supporting Evidence: Preoperative
Treatment With ESAs. The data suggest that treatment of anemia

should be initiated some time (eg, several weeks) before surgery to
enable the full effects to be attained.58,59 However, there are dif-
ferences between treatment modalities in their speed of onset, and
combination therapy with IV iron, subcutaneous erythropoietin
alpha, vitamin B12, and oral folic acid has been shown to be
effective in the immediate perioperative period.39

Opinions of the Panel: Treatment of Preoperative
Anemia

The treatment target in patients with preoperative anemia is
usually to restore the Hb level to the normal range. The exact target
Hb level may be affected by the clinical setting (eg, lower in patients
with renal disease) or by demographic characteristics. Additional
data are needed to assess the impact of anemia treatment on clinical
outcomes. The optimal time frame to begin treating preoperative
anemia before surgery is as soon as possible after surgery is sched-
uled, ideally at least 3 to 4 weeks in advance. However, a short time
frame before surgery should not preclude treatment.

Consensus Statements: Preoperative Iron Therapy

� Iron therapy should be administered as treatment for
preoperative IDA, except when it is contraindicated.

� IV iron is preferable to oral iron in preoperative IDA.
� Preoperative oral iron therapy should be started as early as

possible.
� Preoperative IV iron therapy should be started as early as

possible.
� Administration of IV iron is generally well tolerated and does

not increase the patient’s risk of infection.

Supporting Evidence: Preoperative Iron Therapy
A systematic review and meta-analysis of preoperative IV iron

in patients undergoing major surgery concluded that this intervention
significantly decreases the blood transfusion rate and provides a sig-
nificant but modest increase in Hb concentration preoperatively and
>4 weeks postoperatively when compared with placebo or oral iron
(Fig. 2).58 Positive results were also reported in a systematic review
and meta-analysis of perioperative iron therapy in acute major non-
cardiac surgery.60 Patients receiving IV iron had lower 30-day mor-
tality, reduced ABT and a lower risk of postoperative infection.
However, most of the evidence was from small observational studies,
meaning that the analysis was not sufficiently powered to formally
recommend iron therapy. According to the authors of a compre-
hensive, narrative review, meta-analyses have demonstrated that
preoperative treatment with IV iron increases Hb levels, reduces
transfusion of RBCs, and improves patient outcomes.61

Other analyses have reported uncertainty regarding the
effectiveness of iron therapy while citing a need for improved
evidence. For example, in a systematic review and meta-analysis,
Shah et al62 reported no conclusive evidence that IV iron
improves clinically important outcomes in nonelective surgery. A
Cochrane review of iron therapy for preoperative anemia con-
cluded that iron therapy did not produce a clinically significant
reduction in the proportion of patients receiving an ABT com-
pared with no iron therapy.63 Compared with oral iron, IV iron
was associated with greater increases in Hb and ferritin, but the
evidence for this was not considered reliable.

Data from 2006 show that the rates of adverse reactions to
IV iron are low, at around 40 per million doses of low-molecular
weight iron dextran and 130 per million doses of high-molecular
weight iron dextran administered in the United States.64 The
reported reactions included dyspnea, chest pain, and hypo-
tension. Some reactions (eg, anaphylaxis) are potentially life-
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threatening, but these are rare (the incidence of anaphylaxis has
been reported to be <4 per million doses).65 A recent meta-
analysis reported an increased risk of infection with IV iron
versus “no iron or oral iron,” but the extent of this increase was
modest [relative risk, 1.16 (95% CI, 1.03–1.29)] and statistical
significance was not observed when comparing IV iron with “no
iron” alone or “oral iron” alone.66

Use of iron therapy in patients undergoing specific types of
surgery has been investigated in numerous clinical studies and
reviews. The placebo-controlled PREVENTT trial (whose design
has been called into question) reported that preoperative IV iron
before major abdominal surgery was not superior to placebo in
reducing perioperative RBC transfusions or mortality, but Hb
levels 8 weeks and 6 months after surgery were increased (in line

FIGURE 2. Meta-analysis of pre-
operative intravenous (IV) iron
for preoperative correction of
anemia in patients undergoing
major surgery: comparisons of
the effects of IV iron therapy
versus placebo/standard care or
oral iron on proportion of par-
ticipants receiving allogeneic
blood transfusion (A, B); pre-
operative hemoglobin levels (g/
dL; C, D); and hemoglobin levels
>4 weeks postoperatively (g/dL;
E). A, Comparison with placebo/
standard care. B, comparison
with oral iron. C, Comparison
with placebo/standard care. D,
Comparison with oral iron. E,
Comparison with placebo/
standard care. This figure has
been adapted from Elhenawy
et al58 (publisher: BioMed Central
Ltd, part of Springer Nature) in
accordance with the terms and con-
ditions of the Creative Commons
Attribution license. Adaptations are
themselves works protected by
copyright. So, to publish this adap-
tation, authorization must be
obtained both from the owner of the
copyright in the original work and
from the owner of copyright in the
translation or adaptation.
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with meta-analyses) and the hospital readmission rate was
lower.10,67 Details of the publications can be found in the Sup-
plemental Digital Content (Parts 1, Supplemental Digital Con-
tent 3, http://links.lww.com/SLA/E287 and 4, Supplemental
Digital Content 2, http://links.lww.com/SLA/E286).

Opinions of the Panel: Preoperative Iron Therapy
The available data suggest that iron therapy as a treatment for

preoperative anemia should be limited to patients with IDA. Iron
therapy is contraindicated only in patients with an allergy to iron,
and septic patients should have their infection controlled before iron
therapy is commenced. Both oral and IV iron have been used to treat
preoperative anemia. However, in general, IV iron may be preferable
to oral iron due to high frequency of adverse effects, noncompliance,
poor intestinal absorption in patients with inflammation, and the
need for prolonged treatment (to ensure sufficient iron stores) asso-
ciated with oral therapy.1,58 Recent data suggest that IV iron therapy
is typically well tolerated and effective.58,60,61 Treatment with IV iron
(or oral iron) would ideally be started at least 3 weeks in advance of
surgery to allow sufficient time for restoration of iron stores and for
other treatment(s) in case of inadequate response.

The panel members perceived the risk of oxidative stress
observations with IV iron to be low and of minimal clinical rele-
vance. The potential for IV iron to increase the risk of infection
appears to be relatively modest, and the available data may be
confounded by factors such as variability in transfusion practices.66

Panel members believed that the possibility of hypophosphatemia
in patients receiving IV iron is a question requiring more study.68

Consensus Statements: Preoperative Treatment With ESAs

� ESAs have a role in the preoperative treatment of anemia in
surgery.

� If ESAs are used, supplemental iron should also be given.
� If ESAs are used, postoperative prophylactic treatment for

thromboembolism should be considered.

Supporting Evidence: Preoperative Treatment With ESAs
Anemia of inflammation (or anemia of chronic disease) is

characterized by the failure of circulating erythropoietin concen-
trations to increase appropriately in response to a reduction in
Hb.45 Inflammatory mediators inhibit erythropoietin production by
the kidney and limit the responsiveness of erythropoietin receptors,
leading to a reduction in erythropoiesis.45 The original rationale for
ESA therapy was that increased erythropoiesis would result in
higher Hb concentrations, reducing the need for RBC transfusions.
Almost 3 decades ago, ESAs were approved for treating pre-
operative anemia in patients undergoing orthopedic surgery and
other surgical procedures. However, in 2007, the Food and Drug
Administration issued a Black Box Warning for ESAs based on
data from clinical trials suggesting the increased risk of death and
other adverse events in patients with renal failure or cancer.69,70 As
a result, the perioperative use of ESAs to treat anemia has declined.

A number of RCTs of ESAs in surgical patients have been
published, and the results have been summarized in 4 recent meta-
analyses.59,71–73 One of these, published by Van Remoortel et al73,
included 20 RCTs comparing preoperative ESA treatment
(administered with oral or IV iron) versus placebo, usual care or
no treatment in surgical patients. ESAs reduced the percentage of
patients receiving transfusion and increased Hb concentrations,
but safety data were not reported. The meta-analysis of Cho
et al71 included 32 RCTs (4750 patients) and showed that pre-
operative treatment of surgical patients with ESAs alone or in
combination with iron were associated with reduced RBC

transfusions and increased preoperative and postoperative Hb
levels in comparison with placebo. No increase in thromboem-
bolic events was noted in this analysis. Analysis of data from 4719
patients in 25 RCTs comparing ESAs plus iron with iron therapy
alone showed that ESAs reduced the likelihood of RBC trans-
fusion without increasing the risk of thromboembolic events.72

Finally, in a Cochrane review, Kaufner et al59 identified 12 RCTs
(1880 participants) comparing preoperative ESAs plus iron with
either placebo, no treatment, or standard care with or without
iron in noncardiac surgery. Treatment with ESAs plus iron
reduced the use of RBC transfusion and, at higher ESA doses
(500–600 IU/kg), increased Hb concentration. There were no
differences between the treatments in adverse events or mortality
at 30 days.

Details of clinical studies and reviews of ESA therapy in
patients undergoing specific types of surgery identified by our lit-
erature search can be found in the Supplemental Digital Content
(Parts 1, Supplemental Digital Content 3, http://links.lww.com/
SLA/E287 and 4, Supplemental Digital Content 2, http://links.lww.
com/SLA/E286). The use of iron therapy and ESAs, according to
clinical indications, is supported by several international guidelines
[Supplemental Digital Content (Part 2), Supplemental Digital
Content 4, http://links.lww.com/SLA/E288].1,37,56,74–76

Opinions of the Panel: Preoperative Treatment With ESAs
The available data suggest that ESAs are effective in treating

perioperative anemia in surgery patients, including cardiac surgery.
ESAs are particularly suitable for types of anemia that are not
related to iron deficiency (eg, anemia of inflammation). Case-by-
case consideration of the risks and benefits of ESA utilization is
important because the time available to treat anemia before surgery
may vary. In addition, there is no standard ESA treatment proto-
col; the dose and duration of ESA treatment, as well as the route
and dose of supplemental iron have varied across studies. If ESAs
are used, the treatment duration should be limited to the minimum
clinically required, and concomitant IV iron should be given (partly
as a means of reducing the risk of thrombocytosis). Concern
regarding thromboembolic events remains, although the increase in
risk appears to be small,77 and an RCT of ESA in critically ill
patients showed that the incidence of thromboembolic events was
not increased in those receiving prophylactic anticoagulation.78

Therefore, postoperative prophylactic anticoagulation therapy (a
combination of pharmacologic therapy and intermittent pneumatic
compression) should be considered for individuals receiving ESAs
perioperatively. The importance of such therapy may be increased
in cardiac surgery patients because of the need for aspirin treatment
to be discontinued before the surgical procedure. Future studies
should help to refine the optimal ESA treatment protocol.

Consensus Statements: Perioperative Transfusion of RBCs

� RBC transfusion for the treatment of anemia adds risk.

� The interaction of anemia and RBC transfusion contributes to
poor outcomes.

� Transfusion and anemia represent safety concerns.
� RBC transfusion may be considered for severe, symptomatic

postoperative anemia where clinical need cannot be met by
volume replacement or hematinic medication alone.

Supporting Evidence: Perioperative Transfusion of RBCs
RBC transfusion is the principal treatment for rapidly

increasing the Hb concentration in hemodynamically unstable
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patients with severe anemia. This intervention can be an effective,
potentially life-saving intervention in critical bleeding.79 However,
clinical data also show that RBC transfusions are associated with
adverse outcomes. A multivariate, retrospective analysis compared
11,855 surgical patients who received 1 U of RBCs intraoperatively
with propensity-matched individuals who received no transfusion.4

This minimal dose of RBCs was associated with significant
increases in mortality rates and a range of morbidity outcomes such
as pulmonary complications, renal dysfunction, sepsis, and length
of postoperative hospital stay. Broader analysis including patients
receiving larger quantities of RBCs showed that the risks of adverse
outcomes were dose dependent. A subsequent retrospective study,
involving >1.5 million patients undergoing noncardiac, non-
intracranial, nonvascular surgery, assessed whether transfusion of
1 U RBCs affects the likelihood of perioperative ischemic stroke or
myocardial infarction.80 Among patients receiving 1 U RBCs,
compared with those receiving no RBCs, the adjusted odds ratio
for perioperative stroke/myocardial infarction was 2.33 (95% CI,
1.90–2.86). The odds ratio increased with increasing dose, to a
maximum of 4.87 (95% CI, 3.86–6.14) in patients receiving ≥4 U
RBCs. These data suggest that reducing or limiting RBC trans-
fusion would be beneficial.

PBM programs have been associated with reduced RBC
transfusion, lower complication rates, and reduced mortality.81 Pre-
operative treatment of anemia is an essential component of PBM in
all types of surgery, and there is evidence that implementing multiple
PBM measures provides benefits including reductions in transfusion,
major complications, length of hospital stay, and mortality.36

Details of further studies and reviews of RBC transfusion,
including those focused on specific types of surgery, can be found in
the Supplemental Digital Content (Parts 1, Supplemental Digital
Content 3, http://links.lww.com/SLA/E287 and 4, Supplemental
Digital Content 2, http://links.lww.com/SLA/E286). Guidelines on
RBC transfusion thresholds identified by our literature search
are also presented in the Supplemental Digital Content (Part 2),
Supplemental Digital Content 4, http://links.lww.com/SLA/E288.

Opinions of the Panel: Perioperative Transfusion of RBCs
The panel recognizes the possible benefits of RBC therapy,

particularly in patients with life-threatening bleeding. However,
considering the associated risks, the panel recommends RBC
transfusion only as temporary therapy for severe anemia (Hb
levels below 7 g/dL), symptomatic anemia or active bleeding.
RBCs should not be used to treat anemia that can be corrected
with hematinic medications.

Consensus Statement: Postoperative Anemia

� The treatment of postoperative anemia should begin before
discharge.

Supporting Evidence: Postoperative Anemia
In a review of short-term perioperative iron therapy in

major orthopedic surgery, postoperative oral iron was not found
to increase Hb levels or reduce transfusion, but a risk of sig-
nificant gastrointestinal adverse effects was demonstrated.82

Conversely, there was evidence that IV iron (with or without
ESAs) may reduce the use of transfusion and/or accelerate
recovery from postoperative anemia, with few clinically relevant
adverse effects.82 In a previous systematic review and meta-
analysis of postoperative oral and IV iron therapy after elective
surgery, insufficient evidence was found to support the routine
use of postoperative iron therapy in all elective surgeries.83 IV
iron was associated with a statistically significant increase in Hb,

but it was questioned whether the extent of increase would be
clinically meaningful. Oral iron had no significant impact on Hb
versus control. The authors noted that much of the available
evidence was from patients without preoperative iron deficiency.

Two hundred one patients undergoing elective surgery with
functional IDA on the first postoperative day were included in a
randomized, placebo-controlled trial of IV iron.84 Active treatment
produced a significantly greater increase in the Hb level; significant
improvements in serum iron, iron saturation and serum ferritin;
and a significant reduction in the incidence of blood transfusion.

The results of clinical studies investigating the manage-
ment of postoperative anemia in specific types of surgery are
presented in the Supplemental Digital Content (Parts 1, Sup-
plemental Digital Content 3, http://links.lww.com/SLA/E287
and 4, Supplemental Digital Content 2, http://links.lww.com/
SLA/E286). Published guidelines are also summarized in the
Supplemental Digital Content (Part 2)], Supplemental Digital
Content 4, http://links.lww.com/SLA/E288.

CONCLUSIONS
Anemia is common in surgical patients and the need to

proceed with surgery in some patients with this condition is
expected to persist in the near future. However, anemia is asso-
ciated with worsened clinical outcomes and it may be a modifiable
risk factor. We report consensus recommendations from an inter-
national group of experts. The panel recommended that patients
should be screened for anemia before surgery, with accurate diag-
nosis of the etiology enabling initiation of the most appropriate
preoperative therapy. In patients with IDA, IV iron is generally
preferable to oral iron in the preoperative setting. As with pre-
operative anemia, postoperative anemia should be treated early (ie,
initiated before discharge from hospital). Given the high prevalence
of anemia, early identification and effective treatment of this con-
dition have the potential to improve clinical outcomes.
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