S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Series

Blood Transfusion 2

Alternatives to blood transfusion

Donat R Spahn, Lawrence T Goodnough

The use of alternatives to allogeneic blood continues to rest on the principles that blood transfusions have inherent
risks, associated costs, and affect the blood inventory available for health-care delivery. Increasing evidence exists of a
fall in the use of blood because of associated costs and adverse outcomes, and suggests that the challenge for the use
of alternatives to blood components will similarly be driven by costs and patient outcomes. Additionally, the risk—
benefit profiles of alternatives to blood transfusion such as autologous blood procurement, erythropoiesis-stimulating
agents, and haemostatic agents are under investigation. Nevertheless, the inherent risks of blood, along with the
continued rise in blood costs are likely to favour the continued development and use of alternatives to blood transfusion.
We summarise the current roles of alternatives to blood in the management of medical and surgical anaemias.

Introduction

Although the safety of blood has improved substantially
since the 1980s, when HIV was discovered to be blood
transmissible,' blood transfusion is an independent risk
factor for adverse patient outcomes.? Blood transfusions
have been associated with increased mortality,’ increased
length of hospital stay related to infections and sepsis,*and
multi-organ system dysfunction.” A recent meta-analysis®
of 19 prospective, randomised trials comparing restrictive
versus liberal transfusions in more than 6000 patients
found that adherence to restrictive blood transfusion
decreased hospital mortality and postoperative infections.
Erythrocyte damage related to duration of blood storage’
might partly account for these observed adverse patient
outcomes. Canine models suggest that old blood has a
propensity to haemolyse in vivo, releasing vasoconstrictive
cell-free haemoglobin;® and post transfusion, patients have
decreased deformability of the erythrocyte membrane
related to duration of blood storage’ Finally, potential
known and unknown risks such as transmission of blood-
borne pathogens are still concerns;® therefore, blood
transfusions need to be restricted.

The detection, assessment, and treatment of preopera-
tive anaemia are important in the planning of strategies to
minimise allogeneic blood transfusions.” Anaemia is the
most important risk factor for transfusion,” and 30% of
surgical patients present preoperatively with anaemia.’
Additionally, preoperative anaemia (haemoglobin of
100-120 g/L in women and 100-130 g/L in men) has been
independently associated with increased mortality and
morbidity in patients undergoing non-cardiac surgery.’
The successful management of preoperative anaemia
decreases blood transfusions in patients undergoing
orthopaedic" and cardiac surgery.” The use of algorithm-
guided treatment of patients with trauma,” and in patients
undergoing orthopaedic** and cardiac surgery®* has
been associated with decreased transfusion needs and
improved patient outcomes such as complications, length
of hospital stay, and mortality.

Strategies to decrease perioperative blood losses are
also important, including meticulous surgical technique,
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use of autologous blood salvage, acute normovolaemic
haemodilution, and avoidance of coagulopathy and hypo-
thermia.” In addition to blood and patient safety issues,
cost needs to be considered: in the USA, when all the
activities involved in blood transfusion are considered,
the estimated price of transfusion of one blood unit is
between US$700-$1200." These costs vary among coun-
tries. The administration costs associated with blood
transfusion are estimated to be three to five times higher
than the purchase costs. We summarise strategies that
enable patients to minimise or avoid blood transfusions
in the management of surgical and medical anaemias.

Surgical patients

Preoperative management

Preoperative planning is essential to reduce or avoid
perioperative allogeneic transfusion. A thorough patient
history is the best method to discover clinically impor-
tant disorders in haemostasis—eg, bleeding related to
previous surgical and dental procedures, epistaxis, menor-
rhagia, excessive bleeding with major trauma, and easy
bruising or joint or muscle swelling after minor trauma.
Figure 1shows the principles of patient blood management
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and the use of alternatives to blood. For most non-cardiac
surgery procedures, intra-operative tests of the coagulation
system are not necessary except in the event of unexpected
and substantial bleeding. The most important predictor of
need for blood transfusion during surgery is the patient’s
baseline red blood cell volume. Figure 2 shows how
preadmission testing should take place as far in advance
as possible (eg, 30 days) of elective surgery to allow time
for adequate identification, assessment, and management
of anaemia.®® The most frequent, treatable cause of
anaemia is iron deficiency” The assessment of anaemia
should also consider unexpected diagnoses, including
chronic kidney disease or occult malignant disease. This
approach needs close collaboration among the patients’
primary care physicians, surgeons, anaesthesiologists,
and the medical director of the institution’s pre-admission
testing programme, so that investigation of the elective
surgical patient takes place far enough in advance (up to
30 days) to allow management of unexpected anaemia.
Pharmacological alternatives to blood components are
important in patient blood management in the surgical
setting (figure 2) and in patients with medical anaemias
such as anaemia associated with chronic inflammatory
disease, chemotherapy-induced anaemias in patients with
cancer, and anaemia associated with end-stage chronic
kidney disease. The use of erythropoiesis-stimulating
agents was first approved to increase the concentration of
haemoglobin in patients with chronic kidney disease.”
Erythropoiesis-stimulating agents were then approved for

use in patients undergoing elective surgery on the basis
of prospective randomised trials that showed reduced
allogeneic blood transfusions in patients undergoing
orthopaedic surgery. Management of anaemia with
erythropoiesis-stimulating agents or iron in patients
undergoing orthopaedic™" or cardiac™” surgery is recom-
mended as a blood-conservation strategy. However, the
safety of erythropoiesis-stimulating agents in surgical
settings has been reasessed after a post-approval study*
showed that patients scheduled for elective spine surgery
who received preoperative erythropoiesis-stimulating
agents had higher rates of thrombosis (assessed with
Doppler evaluation) than patients who received placebo.
The role and the safety of erythropoiesis-stimulating
agents in the management of preoperative patients with
anaemia who are undergoing cardiovascular surgery are
unresolved issues. Two European trials®* with 76 and
320 patients showed no differences in mortality, thrombotic
events, or serious adverse events between patients given
erythropoiesis-stimulating agents and patients given
placebo; a substantial reduction in blood transfusions was
evident. A US study” also concluded that erythropoietic
stimulation was well tolerated despite some late deaths in
patients given erythropoietic stimulating agent. How-
ever, data from this study led the US Food and Drug
Administration to restrict the use of erythropoiesis-
stimulating agents in the USA in the elective surgical
setting to non-vascular, non-cardiac patients undergoing
major elective surgery. Similarly, approval for perisurgical

Manage anaemia

Optimise erythropoiesis Minimise blood loss
« Identify, assess, and treat anaemia « Identify and manage bleeding risk (past and
« Consider preoperative autologous blood donation family history)
£ | . Consider erythropoiesis-stimulating agents if « Review medications (antiplatelet, anticoagulation
® nutritional anaemia is ruled out or treated treatment)
§. « Refer for further assessment if necessary « Minimise iatrogenic blood loss
&' « Unmanaged anaemia (haemoglobin in women « Procedure planning and rehearsal
<120 g/L, haemoglobin in men <130 g/L) isa
contraindication for elective surgery
« Time surgery with optimisation of red blood « Meticulous haemostasis and surgical techniques
M cell mass « Blood-sparing surgical techniques
% « Anaesthetic blood-conservation strategies
5 «» Acute normovolaemic haemodilution
§ « Cell salvage and reinfusion
2 « Pharmacological and haemostatic agents
= « Avoid coagulopathy
« Manage nutritional or correctable anaemia « Monitor and manage bleeding
M (eg, avoid folate deficiency, iron-restricted « Maintain normothermia (unless hypothermia
"% erythropoiesis) indicated)
& | - Treatment with erythropoiesis-stimulating agents « Autologous blood salvage
g‘ if appropriate « Minimise iatrogenic blood loss
é « Be aware of drug interactions that can cause - Management of haemostasis and anticoagulation
anaemia (eg, ACE inhibitor) « Awareness of adverse effects of medications
(eg, acquired vitamin K deficiency)

Figure 1: Patient blood management

These recommendations apply in the perisurgical period enable treating physicians to have the time and methods to provide patient-centred and
evidence-based patient blood management to minimise allogeneic blood transfusions. Modified from Goodnough and Shander, by permission of the

American Society of Anesthesiologists.
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use of erythropoiesis-stimulating agents in the European
Union has been restricted to elective orthopaedic surgical
patients. Erythropoiesis-stimulating agents remain a
valuable means for patients with special requirements,
such as Jehovah's Witness patients, for whom blood
transfusion is not an option.”® However, until additional
safety data are available, the off-label use of erythropoiesis-
stimulating agents in patients undergoing cardiac or
vascular surgery cannot be supported.

Since the 1980s, preoperative autologous donation has
been a common practice in elective surgical settings
such as total joint replacement. In 1992, more than 6% of
the blood transfused in the USA was autologous.”
Subsequent improvements in blood safety have been
accompanied by a decreased interest in preoperative
autologous donation.” Nevertheless, preoperative autolo-
gous donation remains a potential strategy for patients
undergoing elective surgery because of its conservation
of allogeneic blood inventory, its value in patients with
red blood cell alloantibodies, and the potential to limit
exposure to emerging blood pathogens. The most recent
example of an emerging blood pathogen is the West Nile
virus, in which the Centers for Disease Control and
Prevention recommended deferral of elective surgery or
use of preoperative autologous donation pending imple-
mentation of a screening test for the pathogen. However,

preoperative autologous donation is not recommended
in procedures that are unlikely to need transfusion (eg,
vaginal hysterectomy, transurethral resection of the
prostate, and rhinoplasty)—ie, the less than 10% of cases,
for which cross-matched blood would not be ordered.

The increased costs associated with preoperative autol-
ogous donation, the reduced risk of infection associated
with allogeneic blood transfusions, and advances in
surgical techniques to reduce blood loss have made
preoperative autologous donation poorly cost effective.
In a controlled trial of non-anaemic patients who pre-
donated two autologous blood units before total hip
replacement surgery, none of the patients, including the
control cohort, received allogeneic blood; however, two-
thirds of the patients in the preoperative autologous
donation cohort received their autologous blood, for
an additional cost of $758 per patient.” Preoperative
autologous donation might be appropriate for substantial
procedures (eg, total hip revision or scoliosis repair) and
for patients with serologic alloantibodies to blood.*

Management of blood loss anaemia

Perioperative autologous blood procurement

Acute normovolaemic haemodilution is the removal of
whole blood from a patient while the circulating blood
volume is restored with an acellular fluid shortly before

Haemoglobin <120 g/L for females
Haemoglobin <130 g/L for males

lYes

| Assessment necessary |

v

| Iron status? |

v ! v

No No action needed

SF <30 pg/Lor SF 30-100 pg/L or SF >100 pg/L or
TSAT <20% or both TSAT <20% or both

TSAT >20% or both

Serum creatinine
Glomerular filtration rate

A ¢

Rule out iron deficiency Abnormal

Normal Vitamin B, or folic
acid or both

A 4

Iron deficiency
Consider referral to

|
v v

Low |

v v

Normal

No response | Anaemia of chronic Folic acid or vitamin B,,
>
disease treatment or both

« Oral iron in divided doses
« Intravenous iron if intolerance to oral iron,

gastroenterologistto  [#— Response Chronic kidney disease
rule out malignant
disease
¢ Consider referral to
A nephrologist
Iron therapy

v

gastrointestinal uptake problems (hepcidin), or short
time before surgery

Erythropoiesis-
stimulating agent
treatment

Figure 2: Algorithm for the detection, assessment, and management of preoperative anaemia
SF=serum ferritin. TSAT=transferrin saturation. Modified from Goodnough and colleagues,* by permission of Oxford Journals.
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substantial surgical blood loss. Blood units are reinfused
in the reverse order of collection because the first unit
collected and the last unit transfused have the highest
concentration of red blood cells, coagulation factors, and
platelets. The benefit of acute normovolaemic haemo-
dilution is the reduction of blood loss when whole blood is
shed perioperatively at lower haematocrit values achieved
with acute normovolaemic haemodilution. Because blood
collected by acute normovolaemic haemodilution is stored
at room temperature in the operating room and is
returned to the patient within 8 h of collection, platelets
and coagulation factors remain functional. Additionally,
unit testing is not essential. Acute normovolemic haemo-
dilution is cheaper but equivalent to preoperative
autologous donation in selected clinical settings (eg,
patients with a high preoperative haemoglobin concen-
tration undergoing a surgical procedure with a high
expected blood loss such as a revision hip replacement),
for reduction of allogeneic blood transfusions.” Other
outcomes including anaesthesia and surgery times, intra-
operative haemodynamic values, and length of hospital
stay were also similar for preoperative autologous dona-
tion and acute normovolaemic haemodilution. Low-
volume acute normovolaemic haemodilution did not
reduce allogeneic blood for patients undergoing cardiac
value replacement surgery.”” Except for patients under-
going open heart coronary artery bypass surgery and
Jehovah’s Witnesses, there is no presently defined role for
acute normovolaemic haemodilution.

As with preoperative autologous donation and acute
normovolaemic haemodilution, the safety and efficacy
of autologous blood salvage has undergone scrutiny. A
controlled study in patients undergoing cardiothoracic
surgery showed little efficacy when transfusion require-
ments and clinical outcomes were followed.** Collection
of the equivalent of one blood unit is possible for less
expensive methods with unwashed blood, but at least
two blood units need to be recovered with a cell-saver
instrument with washed blood in order to achieve cost-
effectiveness. Therefore, this technology is useful in
cost savings and blood-inventory conservation for
patients with substantial blood loss.*** However, the
above cost calculations only took into account the
product cost and not the costs related to administration
of blood.” If full costs of blood administration are
considered, autologous blood procurement becomes
more cost effective.”

Cardiac surgery

In cardiac surgery, perioperative assays for platelet count,
haemoglobin concentration, and coagulation abnor-
malities are obtained, and treatment should be guided by
results. Point-of-care devices to monitor coagulation,
coupled with treatment algorithms for pharmacological
and transfusion treatment, have roles in liver transplan-
tation, cardiac,®* and trauma® surgery. In a prospective
randomised study in patients undergoing aortic surgery

with clinically relevant coagulopathic bleeding after
cardiopulmonary bypass, the administration of fibrino-
gen guided by thrombelastometry decreased overall
transfusion needs from 13 to 2 units of allogeneic blood
products (p<0-001) and increased the percentage of
patients who avoided all allogeneic blood products from
0-45% (p<0-001).%

For patients with qualitative platelet function abnor-
malities, desmopressin promotes platelet aggregation
through the release of von Willebrand factor from the
endothelium and was initially approved for the treatment
of von Willebrand disease. Meta-analyses of clinical trials
in patients without von Willebrand disease undergoing
surgery have shown a trend in reducing the need for
allogeneic blood transfusions® with only a small reduction
in blood transfusions” with desmopressin treatment. In
particular, patients with impaired platelet function® or
those on platelet inhibitors® might benefit from treat-
ment with desmopressin. The drug also improves platelet
function in the presence of hypothermia and acidosis.”
Initial concerns regarding increased thrombotic compli-
cations were not confirmed in more recent meta-
analyses.” The routine use of desmopressin as a
prophylactic agent is still debated in cardiac surgeries,
and is not presently recommended.”

Point-of-care testing-based transfusion algorithms
show promise in the identification of real-time coagu-
lopathies that can be given targeted treatment.” A retro-
spective cohort study done at University Hospital Essen,
Germany, reviewed 3865 patients undergoing cardiac
surgery and the incidence of intraoperative allogeneic
blood transfusion before and after implementation of
point-of-care testing assays including activated clotting
time, thromboelastometry, and whole-blood impedance
aggregometry (also called multiple electrode aggre-
gometry). Algorithm implementation after point-of-care
testing allowed for the transfusion of plasma, platelets,
fibrinogen concentrate, and prothrombin complex
concentrate only after abnormal point-of-care testing
values were obtained. Findings showed a significant
decrease in blood and plasma transfusions, a significant
increase in platelet, fibrinogen concentrate, and pro-
thrombin complex concentrate administration, and
reduction by 50% of rates of re-operation for bleeding and
for thrombotic complications.

Antifibrinolytic agents have been used to reduce blood
loss in patients undergoing complex open heart pro-
cedures. Antifibrinolytics inhibit the physiological fibrino-
Iytic pathway, which is responsible for limiting and
dissolving clots. Aminocaproic acid reduces blood loss and
blood transfusions in patients undergoing cardiac sur-
gery.” Aprotinin was removed from the market in 2007,
but a re-investgation of the Blood Conservation Using
Antifibrinolytics in a Randomized Trial (BART) study* and
other data have led to a reversal of this decision and plans
exist for the reintroduction of aprotinin in Canada and the
European Union for patients undergoing cardiac surgery.*
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A Cochrane review concluded that antifibrinolytics provide
worthwhile reductions in blood loss and allogeneic blood
transfusions; and that although aprotinin seems to be
slightly more effective, the lysine analogues seem to have
no serious adverse events.” A meta-analysis of studies
including more than 10000 patients has shown that the
lysine analogue tranexamic acid reduces the need for
transfusion in patients undergoing surgery.® In a clinical
trial (CRASH 2) of 20000 patients with trauma,” early
administration of 1 g tranexamic acid before an 8-h infusion
of another gram resulted in a decrease in mortality and
thrombotic complications, if treatment was started within
the first 3 h after trauma.

Fibrinogen has a central role in the formation of
the platelet plug.* Recent recommendations call for a
minimum fibrinogen concentration of 1-5-2-0 g/L in
surgical patients®* and for a fibrinogen concentration of
more than 2-0 g/L in postpartum bleeding.” Treatment
with fibrinogen concentrates is more effective than
conventional treatment with plasma in the repletion of
fibrinogen concentrations in patients with haemor-
rhage.” In a prospective randomised study in patients
undergoing coronary artery bypass surgery 2 g of
fibrinogen decreased blood loss and the decrease in
haemoglobin postoperatively.” Finally, in a prospective
randomised study in patients undergoing aortic surgery
with clinically relevant coagulopathic bleeding after
cardiopulmonary bypass, administration of fibrinogen
guided by thrombelastometry decreased overall trans-
fusion needs from 13 to 2 units of allogeneic blood
products (p<0-001).* Although reports have been
published on the use of fibrinogen concentrate as a
haemostatic agent, evidence for the usefulness of this
treatment is not yet conclusive in all surgery specialties.

Trauma
Patients with blunt or penetrating trauma and massive
haemorrhage need complex resuscitation to address
dilutional and consumptive coagulopathies that are often
accompanied by hypothermia and acidosis.* Point-of-care
testing has enabled analysis of these coagulation abnor-
malities in the setting of major trauma. Rugeri and
colleagues™ did a prospective observational study in which
90 patients with trauma underwent standard coagulation
assays along with thrombelastometry. Their data showed
the ability of point-of-care testing technology to rapidly
detect in-vivo coagulopathic changes in these patients.
Rapid thrombelastography was shown to be better than
conventional coagulation tests in the prediction of
transfusion needs in nearly 2000 trauma patients.” A
meta-analysis concluded that point-of-care testing had a
substantial effect on the amount of bleeding in massively
transfused patients, but did not show improvement in
morbidity or mortality.”* More studies are needed to
further investigate the role of point-of-care testing in the
diagnosis and treatment of coagulopathy in patients with
trauma. Further studies are also needed to assess the
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appropriateness and optimisation of early goal-directed
treatment in patients with coagulopathic trauma, and to
find out if component-specific treatment could improve
present transfusion protocols, reduce transfusion-asso-
ciated complications, and improve coagulopathy-related
morbidity and mortality.

Prothrombin complex concentrates are increasingly
used off-label in trauma and surgical settings associated
with coagulopathy.” Targeted treatment with prothrombin
complex concentrates with rotation thrombelastometry-
based algorithms has shown significant reductions in
transfused blood components.” Nevertheless, the role of
prothrombin complex concentrates in perioperative-
related bleeding remains uncertain.” To avoid thrombotic
complications, care should be taken to avoid excessive
treatment via accurate monitoring of patients’ coagu-
lation status.

Inherited and acquired coagulopathies

A history of bleeding episodes or physical signs of bleeding
mandate a full bleeding workup and consultation with a
haematologist to assess platelet numbers and function and
the presence of inherited or acquired coagulation factor
deficiencies. The patient’s medication profile can reveal
inhibitory drugs, such as aspirin or aspirin-containing
compounds, non-steroidal anti-inflammatory drugs, war-
farin, chronic steroid use, platelet inhibitors, oral anti-
thrombin or Xa anticoagulants, or low molecular weight
heparin. The history might also reveal acquired coagulation
disorders associated with parenchymal liver disease, renal
failure, or myeloproliferative syndromes.

Prothrombin complex concentrates, one-factor concen-
trates, and recombinant coagulation factors are approved
for use in patients with inherited coagulation factor
deficiencies. Some of these products have been approved
as haemostatic agents in patients with acquired coagu-
lopathies, such as the management of acute reversal of
warfarin coagulopathy , alongside vitamin K treatment.”
Prothrombin complex concentrates that contain all four
(I, IX, X, and VII) of the vitamin K-dependent clotting
factors are approved internationally, including the USA.
Three-factor prothrombin complex concentrates are
approved only for the replacement of factor IX; therefore,
the use of these three-factor prothrombin complex
concentrates for reversal of warfarin is controversial.””

The safety of prothrombin complex concentrates
compared with plasma is a subject of debate.” In the
setting of emergency reversal of warfarin coagulopathy, a
review of eight clinical studies” identified a thrombo-
embolic event rate of 0-9% associated with treatment with
prothrombin complex concentrates. These thrombotic
events arose during emergency reversal of anticoagulation
in patients with a high thrombosis risk attributable to
underlying disease. Guidelines from several medical
societies on the use of prothrombin complex concentrates
for acute warfarin reversal have been published” and have
recommended that prothrombin complex concentrates be
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given as an alternative to fresh frozen plasma. The most
recently updated guidelines from the American College of
Chest Physicians” recommend treatment with pro-
thrombin complex concentrates instead of plasma for
acute reversal of warfarin coagulopathy. The uncertain
role of prothrombin complex concentrates in comparison
with treatment with plasma for acute warfarin reversal is
partly attributable to the variability in the contents
and amount of clotting factors in these preparations;”
regulatory approval status for different countries; scarcity
among hospital formularies, particularly in small com-
munity hospitals; and potential risks of thrombogenicity
in patients with an underlying disease who have a high
thrombotic potential.

Recombinant activated factor VII complexes directly
with tissue factor released from the subendothelium at
sites of vascular disruption. Recombinant activated
factor VII also binds to activated platelets, which con-
centrates factor X activation to sites of tissue injury.
Approved indications of recombinant activated factor VII
are treatment of bleeding episodes (or prevention of
bleeding from invasive procedures) in patients with
congenital haemophilia A or haemophilia B who have
inhibitors to factors VIII or IX; patients with congenital
factor VII deficiency; and in patients with acquired
haemophilia. Additionally, in the European Union, recom-
binant activated factor VII is approved for patients with
inherited qualitative platelet defects. However, these
approved indications accounted for only 3121 (4-2%) of
73747 cases reported to use recombinant activated factor
VII in the USA from 2000-08. A systematic literature
review found little evidence of efficacy for five off-label
clinical settings (intracranial haemorrhage, cardiac sur-
gery, trauma, liver transplantation, and prostatectomy),
with no mortality reduction associated with use of
recombinant activated factor VII in these settings.®

The safety profile of recombinant activated factor VII
suggests an increased risk of thrombotic arterial events
that might be under-reported by treating physicians. Levi
and colleagues® analysed 35 randomised trials with
4468 patients including patients with haemophilia with
inhibitors to factors VIII or IX, and off-label settings such
as trauma, liver transplantation, and patients with gastro-
intestinal bleeding caused by cirrhosis. Investigators
found that 11-1% of patients had thromboembolic events.
Rates of venous thromboembolic events were similar for
patients who received recombinant activated factor VII
(5-3%) compared with patients given placebo (5-7%);
however, arterial events were significantly higher (5-5% vs
3-2%, p<0-003) in patients older than 75 years of age who
were receiving recombinant activated factor VII than in
patients given placebo.

New alternatives in development

Factor XIII is activated by thrombin and crosslinks soluble
fibrin monomers into insoluble fibrin strands. Additionally,
activated factor XIII protects the developing clot from

fibrinolysis and has important roles in wound healing.”
Low concentrations of factor XIII (<60% in neurosurgery
and <70% in cardiac surgery) are associated with post-
operative haemorrhage, and replacement treatment has
been shown to reduce postoperative bleeding.®” Factor
XIII also decreased transfusion needs in patients at high
risk of intraoperative bleeding.®® Therefore, the peri-
operative monitoring and targeted replacement of factor
XIII concentrations is a promising approach to decrease
transfusion needs and postoperative bleeding. Factor XIII
has been recommended as a haemostatic agent to stabilise
clots in patients bleeding after cardiac surgery, when other
treatments have not yielded satisfactory results.” The
source of factor XIII varies according to local availability:
factor XIII concentrate, cryoprecipitate, or plasma. Human
recombinant factor XIII is approved and has been
successfully used in the treatment of congenital factor XIII
deficiency® but is not yet approved for patients with
acquired factor XIII deficiency.”” More data are needed to
justify the routine use of human recombinant factor XIII
as a haemostatic agent.

The use of topical haemostatics continues to evolve and
enter clinical practice at a rapid rate.”” Although reports
exist of antibody formation against bovine coagulation
factors with cross-reactivity to human coagulation factors
resulting in coagulopathy, this has not been seen with
products containing (recombinant) human thrombin.”
These agents can be especially useful when access to the
bleeding site is difficult.”” A controlled study in patients
undergoing cardiac surgery has shown that use of topical
haemostatics can result in less blood loss and fewer
transfusions.”

Medical anaemias
Anaemia of chronic disease
The Circular of Information for the Use of Human Blood
and Blood Components identifies four haematinics that
should be given instead of a blood transfusion, when
appropriate: iron, folate, vitamin B,,, and erythropoietin.”
With molecular biology, our understanding of the patho-
physiology of anaemia of chronic disease has improved
substantially. While sequestration of iron has long been
known to be central to the pathogenesis of the anaemia
of chronic disease, it is now known that the regulation of
iron homoeostasis is through hepcidin, as the central
regulator of gastrointestinal iron absorption, iron storage
in macrophages, and resultant plasma iron concen-
tration.™ Iron sequestration mediated by hepcidin is a
common cause of iron-restricted erythropoiesis in
patients with inflammation. Hepcidin acts to sequester
iron by inhibiting the exit of storage iron from hepatocytes
and macrophages into plasma, and also absorption of
dietary iron from duodenal enterocytes. Hepcidin binds
and degrades the iron exporter ferroportin, and thereby
reduces the iron available for erythropoiesis.

Hepcidin production is regulated under normal
conditions by iron stores and erythropoietic activity.

www.thelancet.com Vol 381 May 25, 2013



Series

Increased plasma and storage iron stimulate hepcidin
production, which in turn inhibits dietary iron absorp-
tion. Conversely, iron deficiency and increased erythro-
poietic activity (eg, myelodysplastic syndromes or
haemolytic anaemias) suppress hepcidin to very low
concentrations, which allows increased absorption of
dietary iron and release of iron storage and increased
haemoglobin synthesis.” The mechanisms by which
erythropoiesis affects hepcidin production are not well
understood, but both direct and indirect effects of
anaemia and erythropoiesis might play a part. Candidate
mediators include soluble factors released by erythroid
precursors, and decreased circulating or stored iron.®
Hypoxia can change hepcidin production directly
through hypoxia-inducible factor or indirectly via
increased erythropoietin production and erythropoiesis.”
Hepcidin concentrations are high in several inflammatory
diseases including rheumatological diseases, inflam-
matory bowel disease, infections, critical illness, and
malignant diseases.” Increased hepcidin concentrations
cause the retention of iron in macrophages and entero-
cytes, leading to hypoferraemia, iron-restricted erythro-
poiesis, and decreased responsiveness to treatment with
erythropoiesis-stimulating agents. The development and
commercial availability of an accurate and reproducible
immunoassay for human hepcidin has improved our
understanding of the pathogenic role of hepcidin in a
range of iron disorders, and in the future, might be
useful in the identification of patients with iron-restricted
erythropoiesis who are intolerant or unresponsive to oral
iron, and for whom treatment with IV iron might be
needed to correct the anaemia.”””

Several clinical trials were undertaken in an attempt to
show improved clinical outcomes in patients given
erythropoiesis-stimulating agents for anaemia associated
with inflammation, such as chronic kidney disease or
cancer (table).***' Aggressive management of anaemia
in the cohorts given erythropoiesis-stimulating agents
was associated with increased morbidity (thrombosis or
cardiovascular events) and increased mortality. Literature
reviews and meta-analyses of trials of erythropoiesis-
stimulating agents for both approved and off-label
oncology settings have analysed survival and other safety
outcomes.” The mechanisms behind the association
between increased morbidity and mortality outcomes
and erythropoiesis-stimulating agents are unclear. One
hypothesis is that erythropoiesis-stimulating agents
stimulate disease progression or thrombosis or both by
activation of erythropoietin receptors present on tumour
cells or associated vascular endothelium.” However,
other investigators have found no evidence that erythro-
poietin receptors are functionally expressed on tumours*
or are present on non-haemopoietic cells.”

On the basis of this evidence, use of erythropoiesis-
stimulating agents in chronic kidney disease and cancer
has been affected by updates in guidelines®™” and revised
labels that show safety concerns® for target haemoglobin
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concentrations. In these patients, treatment with erythro-
poiesis-stimulating agents should only be initiated when
concentrations of haemoglobin are less than 100 g/L or in
patients with symptomatic anaemia. In this setting, a
low dose of erythropoiesis-stimulating agent is given to
produce red cell responses sufficient for patients to avoid
allogeneic blood transfusions. In clinical practice, the
increased risks of death and thromboembolic events
should be balanced against the benefits of reduced
exposure to blood transfusions with long-term treatment
with erythropoiesis-stimulating agents, and needs to take
into account each patient’s clinical circumstances and
preferences.” Strategies to extend the labelled indications
for erythropoiesis-stimulating agents into other patient
populations such as in congestive heart failure have
been unsuccessful; in a recent study, treatment with
erythropoiesis-stimulating agents did not improve clinical
outcomes in patients with systolic heart failure and mild
to moderate anaemia."™

Iron-restricted erythropoiesis

The most common cause of inappropriate blood trans-
fusion on medical services is the transfusion of patients
for iron-deficiency anaemia. Absolute deficiency of
storage iron is the most common cause of iron-restricted
erythropoiesis, especially in young children, pregnant
women, premenopausal women, and elderly people.™
11% of men and 10-2% of women aged 65 years and

Target control Reference, year Clinical outcomes
(haemoglobin g/L)
Surgery
SPINE <130 Stowell, 2009% Increased thrombosis
Chronic kidney disease
Dialysis vs predialysis >130vs 100 Besarab, 1998% Decreased 0OS
CHOIR 135vs 113 Singh, 2006 Decreased OS
CREATE 130-150 vs 105-115  Drueke, 2006 Decreased OS
TREAT 130vs 90 Pfeffer, 2006% Decreased 0S
Oncology
Chemotherapy
Lymphoma >140-150 (F,M) Hedenus, 2003% Decreased 0OS
Breast (BEST) >140 Leyland-Jones, 2005*  Decreased OS
Breast (PREPARE) >130 Untch, 2011% Increased thrombosis
Radiotherapy
Head and neck (ENHANCE) =140-150 (F,M) Henke, 2003¥ Decreased OS
Head and neck >155 Overgaard, 2007 Decreased disease-free
(DAHANCA) survival
Chemotherapy and radiotherapy
(Gynecologic Oncology) >140 Thomas, 2008 Decreased OS
No or palliative treatment
Non-small cell lung =140 Wright, 2007 Decreased OS
Non-myeloid cancer 2130 Smith, 2008 Decreased OS
0S=overall survival. F=female. M=male. Reproduced from Goodnough and Shander,* by permission of the
International Anesthesia Research Society.
Table: Post-approval clinical trials of erythropoiesis-stimulating agents
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older are anaemic, with an overall rate of more than 20%
at age 85 years and older. Of older people with anaemia,
a third are nutritionally deficient, with absolute iron
deficiency being the most common aetiology of these."”
Ageing is a pro-inflammatory state, in which iron
absorption in the elderly might be impaired because of a
hepcidin-mediated effect.

Blood loss (eg, in females with menses, gastrointestinal
lesions, or community blood donors) is the main cause
of iron deficiency and is important, not only because of
its prevalence, but because proper diagnosis and manage-
ment of the bleeding lesion is important.” Therapeutic
management, after any pathological cause of blood loss
has been considered, is focused mainly on repletion of
iron stores. Most patients with iron deficiencies respond
well to oral iron treatment, but intravenous iron might be
necessary when hepcidin-mediated mechanisms inhibit
oral iron absorption in the presence of inflammation.”

Iron-restricted erythropoiesis can happen with absolute
iron deficiency, functional iron deficiency, or, as described
above, under anaemia of chronic disease and iron seques-
tration.” Most individuals with an absolute iron deficiency
without inflammation respond well to oral iron treatment,
but intravenous iron might be necessary in patients with
inflammation-mediated hepcidin effects.” Functional
iron deficiency can arise in patients with substantial
erythropoietin-mediated erythropoiesis or upon treatment
with erythropoiesis-stimulating agents, seen by a reduc-
tion in transferrin saturation in patients with cancer and
in patients with chronic kidney disease undergoing
dialysis treatment. Functional iron deficiency can be
ameliorated with IV iron treatment” An algorithm
approach for the assessment and management of anaemia
based on initial assessment of iron status has been
recommended by a consortium of European societies for
patients scheduled for elective surgery (figure 2).°

IV iron has been recommended for the management of
anaemia in patients with chronic kidney disease who
are unresponsive to erythropoiesis-stimulating agents.”
Studies in patients with cancer with chemotherapy-
induced anaemia who are given erythropoiesis-stimulating
agents found significant improvements in haemoglobin
concentrations and hematopoietic responses in patients
given IV iron compared with those receiving oral iron or
no iron."™ The low but defined risks of IV iron, along with
current labelled indications that restrict use in patients
with end-stage renal disease for various preparations,
have ensured that the role of IV iron outside the setting of
renal dialysis patients remains in evolution.

Conclusions

Since the recognition that non-A, non-B hepatitis, and
HIV were transmissible by blood transfusion, the benefit/
risk profile and use of alternatives to blood have been
driven by risks related to blood transfusion. The role of the
alternatives to blood need to be better defined by patient-
centred treatment plans based on anticipated perioperative

blood loss and likelihood of blood transfusion The
presence of preoperative anaemia, the type of surgical
procedure, the likelihood of coagulopathy, and patient
comorbidities will further affect the need for blood
transfusion or its alternatives. The successful use of point-
of-care testing suggests that more targeted treatment can
improve patient outcomes such as multi-organ system
failure associated with trauma and blood transfusions."
In this context, randomised prospective trials are needed.
The success of the CRASH 2 study” that used early anti-
fibrinolytic treatment in patients with trauma, suggests
that more targeted treatments to address associated
coagulopathies such as prothrombin concentrates (II, VII,
IX, and X), fibrinogen concentrates, recombinant factor
VlIa, or recombinant XIII might be of value in specific
patient settings. Potential future areas of research include
point-of-care testing coupled with therapeutic algorithms.
Quality indicators measuring patient outcomes (ie,
hospital stay and mortality) need to be used so that the
alternatives to blood transfusion can be more effectively
assessed and incorporated into clinical practice.
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