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Anemia is present in over two-thirds of patients with malignant hematological disorders. The etiology of anemia
predominates from ineffective erythropoiesis frommarrow infiltration, cytokine related suppression, erythropoi-
etin suppression, and vitamin deficiency; ineffective erythropoiesis is further exacerbated by accelerated clear-
ance due to antibody mediated hemolysis and thrombotic microangiopathy. As the anemia is chronic in
nature, symptoms are generally well tolerated and often non-specific. Transfusion of red blood cells (RBCs) is a
balance between providing benefit for patients while avoiding risks of transfusion. Conservative/restrictive
RBC transfusion practices have shown equivalent patient outcomes compared to liberal transfusion practices,
and meta-analysis has shown improved in-hospital mortality, reduced cardiac events, re-bleeding, and bacterial
infections. The implications for a lower threshold for transfusion in patients with malignancies are therefore
increasingly being scrutinized. Alternative management strategies for anemia with IV iron and erythropoietin
stimulating agents (ESAs) should be considered in the appropriate settings.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Blood transfusion therapy is a key component of supportive care for
adults and children with malignant hematologic disorders such as
leukemia and recipients of hematopoietic stem cell transplants
(HSCT). Over two-thirds of patients with a hematologic malignancy
develop anemia [1], with the highest prevalence in childrenwith leuke-
mia (over 97%) and lymphoma (over 93%) [2]. The transfusion of red
blood cells (RBC) is a balance between the benefits of maintaining
oxygen delivery and the inherent risks from blood transfusion. We
have previously published reviews of blood transfusion practices in
adults [3] and in the elderly [4]; and here, we update blood transfusion
therapy in adults and children. We summarize the pathophysiology of
anemia in this setting, indications for red blood cell (RBC) transfusion,
current blood risks, special situations in RBC transfusion, and alternative
or adjunct therapy for anemia management such as erythropoietic
stimulating agents (ESAs) and iron therapy.Where possible, we provide
evidence-based guidelines for best practices.

2. Pathophysiology of anemia in patients with malignant
hematologic disorders

The anemia in this setting is multifactorial and includes production
defects, accelerated clearance, and hemorrhage. Causes of anemia
tanford University, 300 Pasteur
1 650 723 6037.
include leukemic infiltration of the bonemarrow at diagnosis or relapse,
chemotherapy and radiation therapies, suppression of the erythropoie-
tin response to anemia, infection/inflammation, shortened RBC survival,
or hemorrhage secondary to thrombocytopenia and/or consumptive
coagulopathies such as disseminated intravascular coagulation [5].

Anemia in patientswith leukemia ismost often due to underproduc-
tion of erythropoietic precursors, because of direct tumor infiltration of
the bone marrow or chemotherapies [6]. In patients undergoing HSCT,
radiotherapy and preparative myeloablative chemotherapy regimens
further challenge RBC precursor production. Ninety six percent of
adult patients receiving myeloablative chemotherapy preparations
require RBC support, compared to only 63% of patients receiving non-
myeloablative preparations [7].

Reduced and ineffective erythropoiesis in the form of renal dysfunc-
tion (reduced erythropoietin) and cytokinemediated anemia of chronic
disease (ACD) also contribute to anemia in patients with hematologic
malignancies. Tumor-released cytokines upregulate hepcidin [8,9]
which leads to sequestration of body iron stores in bone marrow
macrophages and reduced iron absorption from the alimentary tract.
Hepcidin degrades ferroportin receptors, which are responsible for
making iron available for erythropoiesis, through iron transport from
enterocytes and marrow macrophages into plasma [10].

Red cell precursors may also selectively be reduced: i.e. pure red cell
aplasia, due to ABO-incompatible HST [11], underlying lymphoprolifer-
ative disorder [12], certain drugs [13], and formation of antibodies to
erythropoietin [14]. Less frequent contributing causes of erythropoiesis
suppression include viral suppression of erythropoiesis as occurs with
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various infections including parvovirus B19. Renal insufficiency and
vitamin deficiencies such as iron, folate or vitamin B12may also contrib-
ute to anemia in adult patients, as illustrated in Fig. 1 [4].

Shortened RBC survival can also accompany the anemia of
underproduction in malignancy. Lymphoproliferative conditions such
as chronic lymphocytic leukemia, Hodgkin's and non-Hodgkin's lym-
phoma, and lymphoplasmacytic lymphoma are associated with warm
and cold reactive autoantibodies to RBCs [15]. Fludarabine and other
purine analogs also increase the frequency of autoimmune hemolytic
anemias (AHA) [16]. Laboratory findings in AHA typically include a
low hemoglobin, high lactate dehydrogenase (LDH), high bilirubin
(typically indirect), low haptoglobin, hemoglobinuria and positive
direct antiglobulin test (DAT) for IgG classically in a warm AHA and
complement (or C3d) in a cold AHA.

Malignancies and targeted therapies have also been associated with
microangiopathic hemolytic anemia (MAHA) and disseminated
intravascular coagulation (DIC). While acute DIC is uncommon presen-
tation for most hematologic malignancies, urokinase-like plasminogen
Fig. 1. Evaluation and management of anemia. Once the blood count demonstrates anemia, an
uration levels indicate absolute iron deficiency, iron therapy is indicated. When ferritin and/or
filtration rate (GFR) determination may indicate chronic kidney disease (CKD). When ferritin
iron deficiency versus inflammation/chronic disease is necessary. A clinical response to a ther
would indicate the anemia of chronic disease, suggesting that ESA therapy be considered. Repr
activator has been found in blasts of acute promyelocytic leukemia
(APL) which often lead to DIC prior to widespread treatment with all-
trans retinoic acid [17,18]. Chemotherapy agents such as cisplatin,
bleomycin, daunorubicin, and calcineurin inhibitors used in HSCT
patients such as cyclosporine and tacrolimus have been shown to
independently lead to drug-induced MAHA [19].

3. Clinical manifestations of anemia

The signs and symptoms of anemia vary based on the acuity of the
anemia, the compensatory change in blood volume and the compensa-
tory change in the patient's cardiovascular system. Chronic anemia is
generally well tolerated due to compensatory expansion of intravascu-
lar plasma volume, increased cardiac output, vasodilatation, increased
blood flow due to decreased viscosity, and not least, increased RBC 2,3
diphosphoglycerate (DPG) with a right shift of the oxygen dissociation
curve. Symptoms of anemia are often non-specific and can include
fatigue, pallor, dizziness, headaches, vertigo, tinnitus, dyspnea,
evaluation should begin with an assessment of iron status. When ferritin and/or iron sat-
iron saturation values rule out absolute iron deficiency, serum creatinine and glomerular
and/or iron saturation values are in determinant, further evaluation to rule out absolute
apeutic trial of iron would confirm absolute iron deficiency. No response to iron therapy
oduced with permission From Goodnough LT, Schrier A. Am J Hematol 2014;89:88–96 [4].
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faintness, and inactivity. Fatigue specifically has been linked to poor
quality of life [20]. Children can additionally experience poor feeding,
irritability, change in behavior and poor school performance. Cardiac
enlargement and evidence of congestive heart failure may present
with bruits, flow murmurs, and a gallop rhythm in severe anemia.

The traditional therapy for cancer-related anemia has been RBC
transfusions. However, blood transfusions have been identified as one
of the most over-used (and inappropriate) therapeutic interventions
by national accreditation (Joint Commission) and medical societies
such as the American Board of Internal Medicine [21], the American
Medical Association and the American Society of Hematology.i Guide-
lines have been published by the AABB [22] and the National Cancer
Center Network (NCCN) [23] for RBC transfusion therapy as well as
alternative anemia therapies such as IV iron and ESA therapy [24].
Additional guidelines specific to pediatric [25] and adult [3] clinical
settings have been published, and will be reviewed.
4. Blood transfusion risks

Transfusion-transmitted infections prompted concern by patients
and healthcare providers since the 1980s, with the recognition of
transfusion–transmission of HIV and hepatitis C virus (HCV) [26].
These risks have decreased substantially and responses to emerging
pathogens transmitted by blood transfusion have been rapid (Fig. 2).
Between 2007 and 2011, transfusion-related acute lung injury (TRALI)
caused the highest percentage (43%) of fatalities reported to the FDA,
followed by hemolytic transfusion reactions (23%) caused by non-ABO
(13%) or ABO (10%) incompatible blood transfusions [27].

RBC transfusion is associated with a number of potential side effects
including common one such as febrile non-hemolytic and mild allergic
reactions, HLA and RBC antigen alloimmunization, bacterial and viral
infection transmission, and transfusion associated graft vs. host disease
(TA-GVHD). The morbidity and mortality risks associated with
transfusion-transmitted CMV infection and TA-GVHD in the immuno-
compromised patient are beyond the scope of this review, and the
interested reader in adverse outcomes specific to immunocompromised
hosts can reference relevant reviews [28,29].

Increasing evidence suggests that a far greater number of patients
now have adverse clinical outcomes (increased morbidity and mortali-
ty) associatedwith unnecessary blood transfusions [30–32]. Table 1 lists
risks that include not only known transmissible pathogens for infectious
disease, transfusion reactions, TRALI, errors in blood administration, and
circulatory overload; but also potential, as yet undefined risks such as
immunomodulation (e.g., peri-operative infection or tumor progres-
sion), unknown risks (such as the recently-emerging pathogen of new
variant Creutzfeldt-Jakob disease); [33] and potential risks associated
with storage lesions from blood transfusions to patients in clinical
settings such as cardiac surgery [34,35].

Awareness of blood risks and costs has led providers to institution-
based initiatives in Patient Blood Management, with the adoption of
guidelines that limit the use of blood transfusion [3]. Patient Blood
Management encompasses an evidence-based approach that is multi-
disciplinary (transfusion medicine specialists, surgeons, anesthesiolo-
gists, and critical care specialists) and multiprofessional (physicians,
nurses, pump technologists and pharmacists) [36]. Preventative
strategies are emphasized: to identify, evaluate, and manage anemia
in medical [4,37] and surgical [38] patients, use of pharmacologic
interventions [24] and the avoidance of unnecessary diagnostic testing
to minimize iatrogenic blood loss; [39] and to establish clinical practice
guidelines for blood transfusions.
i http://www.choosingwisely.org/doctor-patient-lists/american-society-of-
hematology/.
5. Red blood cell (RBC) transfusion therapy

5.1. Pediatric patients

5.1.1. Level 1 evidence
A single randomized, prospective multi-center trial to evaluate a

hemoglobin ‘trigger’ in children was performed by Lacroix et al. in
2007 [40]. In this study, over 600 children admitted to the pediatric
intensive care units (ICU) at 19 centers in four countries were random-
ized to either a restrictive-strategy group where hemoglobin threshold
was set at 7 g/dl or a liberal-strategy transfusion groupwhere hemoglo-
bin threshold was set at 9 g/dl. The authors found that the restrictive
strategy resulted in a 44% decrease in the number of RBC transfusions
without increasing rates of new or progressivemulti-organ dysfunction,
the primary outcome of the study. A number of secondary outcomes,
including sepsis, transfusion reactions, nosocomial respiratory infec-
tions, catheter-related infections, adverse events, length of stay in the
ICU and hospital and morality were no different between the groups.
The authors recommend a restrictive RBC transfusion strategy in
pediatric patients who are stable in the ICU [40].

Other randomized trials investigating hemoglobin thresholds have
been completed or are underway in neonates [41–43]. The Prematures
in Need of Transfusion (PINT) study suggested that liberal RBC transfu-
sions were beneficial to neurocognitive outcomes of premature infants
at 18–22 months, in contrast to Bell's randomized clinical trial in Iowa
which showed poorer neurologic outcomes at 7–10 year follow-up for
those premature infants who were transfused liberally [40,41]. The
Transfusion of Prematures (TOP) trial is underway to address these
conflicting results [42].

Evidence from robust randomized controlled trials is otherwise
lacking in childrenwith hematologicmalignancies, leading to heteroge-
neity in practice between different centers and those among patient
groups [5,44]. In a survey of pediatric centers from Children's Oncology
Group, 60% of centers used a transfusion trigger of hemoglobin 8 g/dl,
whereas 25% of centers used 7 g/dl [44]. Clinicians should consider
RBC transfusion for children prior to radiation therapy.

5.2. Directed donation

A patient's family may seek out alternatives to transfusions from
volunteer community blood donors due to concerns about blood safety.
A directed blood donor is an individual, usually a relative, or friendwho
donates blood specifically for a patient in advance of a scheduled trans-
fusion or procedure. Directed donor units are no safer than allogeneic
RBC units, with similar rates of infectious disease marker positivity
compared to volunteer community donor units when controlling for
first time blood donor status [45]. Several potential risks must be
consideredwhen a biologic familymemberwishes to serve as a directed
donor to a child who may later need a hematopoietic stem cell
transplant from a family member, including TRALI and RBC and HLA
alloimmunization. These risks should be adequately explained to
families wishing to proceed with directed donation. In addition, the
practitioner must discuss cost, timing of donation, and special needs of
the patient such as ABO/Rh blood type compatibility and CMV seroneg-
ative status, which may not be met by the directed donor/family
member. Cellular blood components from blood relatives should be
irradiated to prevent TA-GVHD.

5.3. Dosage of and rate of RBC transfusion in children

The standard dose for RBC therapy in children is 10 to 15ml per kg of
child's actual bodyweight infused over 3 to 4 h, taking care tomaximize
the use of each blood unit entered. The hemoglobin should increase by
2 g/dl for each 10 ml per kg of packed RBCs transfused of units stored
in additive solution (AS) [46]. The rate of RBC transfusion has not
been well studied in children, but practitioners should take into

http://www.choosingwisely.org/doctor-patient-lists/american-society-of-hematology/
http://www.choosingwisely.org/doctor-patient-lists/american-society-of-hematology/
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consideration the severity of anemia, its onset, any ongoing blood
loss and their cardiovascular health. Traditionally, children with
gradual onset of severe anemia should be transfused at a slow rate
(i.e. 1 ml/kg/h) to prevent transfusion associated circulatory overload
(TACO). A recent randomized clinical trial showed that in 43 children
without evidence of cardiac failurewith severe anemia, none developed
signs of circulatory overload with RBC transfusion at rates of 1 ml/kg/h
or 3 ml/kg/h [47]. In children with evidence of cardiac failure,
practitioners should transfuse slowly and prescribe diuretics if
necessary [48].

5.4. End-of-life management of anemia

Patients receiving palliative care also have anemia, but there is no
good evidence about best transfusion practice in children. Commonly,
children with advanced cancer in the last month of life complain of
fatigue, and their families report significant suffering because of this
fatigue [49]. The cause of fatigue is multifactorial, and can include phys-
iological, psychological and situational factors, including anemia and
disrupted sleep [50]. Studies in adults have shown that treatment of
anemia with either RBC transfusion or erythropoietin reduced fatigue
and enhanced quality of life [49]. In children, erythropoietin improved
anemia but failed to improve quality of life [51]. Further studies are
needed in pediatric palliative care to address best treatment of anemia.

5.5. Adult patients

5.5.1. Reassessment of the transfusion trigger
Moderate anemia has few associated symptoms, due to significant

compensatory mechanisms that preserve oxygen transport in the
setting of a reduced Hb. Important physiological compensatory mecha-
nisms include increased blood flow due to decreased blood viscosity,
increased oxygen unloading to tissues due to increased red cell
diphosphoglycerate (DPG), maintenance of blood volume due to
increased plasma volume, and redistribution of blood flow [52]. Symp-
tomatic manifestations occur only when the Hb is below two-thirds of
normal (i.e., less than 9 to 10 g/dl) as basal cardiac output increases in
the anemic patient and is manifested clinically by symptoms of
increased cardiac work [53]. The historical practice was to correct
moderate anemia with red blood cell transfusions in order to treat
these signs and symptoms or to transfuse blood prophylactically.
Subsequently, reflected in one publication that stated ‘when the
concentration of hemoglobin is less than 8 to 10 g/dl, it is wise to give
a blood transfusion before operation’ [54].

This re-adjustment of the transfusion trigger fromaHbof 10 g/dl to a
somewhat lower threshold was accompanied by the realization that in
populations such as Jehovah'sWitness patients that decline blood trans-
fusions because of religious beliefs, morbidity and mortality do not
occur until the hemoglobin is very low [55]. Data from Jehovah's
Witness patients indicate that the critical level of hemodilution, defined
as the point at which oxygen consumption (VO2) starts to decrease
because insufficient oxygen delivery (DO2), is achieved at a Hb level of
approximately 4 g/dl [56].

For patients known to have cardiovascular disease (CVD) who are
anemic, postoperative mortality has been reported to be increased
significantly, when compared with patients not known to have CVD
[57]. Management of anemia and the transfusion trigger should there-
fore be different for these patients. A post-hoc analysis of one study
[58] was accompanied by an editorial observing that “survival tended
to decrease for patients with pre-existing heart disease in the restrictive
transfusion strategy group, suggesting that critically ill patients with
heart and vascular disease may benefit from higher Hb” [59]. A
previously published clinical practice set of guidelines concluded “the
presence of coronary artery disease likely constitutes an important fac-
tor in determining a patient's tolerance to low Hb” [60]. A retrospective,
analysis on 79,000 elderly patients (N65 years of age) hospitalized with
acute myocardial infarction in the United States found that blood
transfusion in patients whose admission hematocrit values were less
than 33% were associated with significantly lower mortality rates [61].
A more aggressive use of blood transfusion in the management of
anemia in elderly patients with cardiac disease is warranted [4,62].

5.5.2. Level 1 evidence
There are an increasing number of controlled, randomized trials

providing Level I evidence for blood transfusion practices. A previous
systematic review of the literature to year 2000 identified 10 trials



Table 1
Transfusion-associated adverse events.

I. Infectious agents

Transfusion-transmitted disease routinely tested Estimated risk per unit
Hepatitis B virus (HBV; 1970 [surface antigen]; 1986–1987
[core antibody]); 2009 [nucleic acid] 1:1,000,000
Human immunodeficiency virus (HIV; 1985 [antibody];
200 [nucleic acid]) 1:2,000,000
Hepatitis C virus (HCV; 1986–1987 [alanine
aminotransferase];

1990 [antibody]; 1999 [nucleic acid]) 1:2,000,000
Human T-cell lymphotropic virus (HTLV; 1988 [antibody]) Very rare
West Nile virus (WNV; 2003 [nucleic acid]) Very rare
Bacteria (in platelets only; 2004) 1:20,000
Trypanosomacruzi (2007 [antibody]) Very rare
Syphilis Very rare
Cytomegalovirus (CMV) (for patients at risk) Rare
Transfusion-transmitted disease not routinely tested Very rare
Hepatitis A virus (HAV)
Parvovirus B19
Dengue fever virus (DFV)
Malaria
Hepatitis E
Babesia sp
Plasmodium sp
Leishmania sp
Brucella sp
New variant Creutzfeldt-Jakob disease (nvCJD) prions
Unknown Pathogens

II. Transfusion-associated adverse reactions events

ABO incompatible blood transfusions 1 in 60,000
Symptoms 40%
Fatalities 1 in 600,000
Delayed serologic reactions 1 in 1600
Delayed hemolytic reactions 1 in 6700
Transfusion-related acute lung injury (TRALI) 1 in 20,000
Graft-versus-host disease Very rare
Post-transfusion purpura Very rare
Febrile, nonhemolytic transfusion
reactions
Red blood cells 1 in 200
Platelets 1 in 5–20
Allergic reactions 1 in 30–100
Transfusion-associated circulatory overload (TACO) 1 in 12
Anaphylactic reactions (IgA deficiency) 1 in 150,000
Iron overload Estimated 80–100 U

for adults
Transfusion-related immunosuppression (TRIM) Unestablished
Storage Lesions Unestablished
Modified From Goodnough LT. Lancet 2013;391:1791–2.
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[63]. The authors concluded at that time that the existing evidence
supported the use of restrictive transfusion triggers in patients who
were free of serious cardiac disease. A Cochrane systematic review of
prospective randomized trials to 2012 [31] compared “high” versus
“low” Hb thresholds of 19 trials involving a total of 6264 patients. The
authors found that 1) “low” Hb thresholds were well tolerated; 2) red
blood cell transfusions were reduced by 34% (CI 24 to 45%) in patients
randomized to the “low” Hb cohorts; and 3) the number of red blood
cell transfusions was reduced by 1.2 units (CI 0.5 to 1.8 units) in the
“low” Hb cohorts. A more recent meta-analysis found that a restrictive
red blood cell transfusion strategy aiming to allow a hemoglobin
concentration as low as 7 g/dl reduced cardiac events, re-bleeding,
bacterial infections, and mortality [32].

There are six key randomized, clinical trials in adult patients that
compare ‘restrictive’ vs. ‘liberal’ RBC transfusion strategies in various
clinical settings (Table 2). The Transfusion Requirements in Critical
Care (TRICC) trial [64] found that intensive care patients could tolerate
a restrictive transfusion strategy (Hb range 7 to 9 g/dl, 8.2 g/dl on
average) as well as patients transfused more liberally (Hb range 10 to
12 g/dl, 10.5 g/dl on average), with no differences in 30 day mortality
rates. In contrast, a retrospective study of 2393 patients [65]
consecutively admitted to the ICU found that an admission hematocrit
b25%, in the absence of transfusion, was associated with long-term
mortality; so that there may be hematocrit levels below which the
transfusion risk to benefit imbalance reverses.

The TRACS (Transfusion Requirements after Cardiac Surgery) trial
[66] was a large, single center study of patients randomized to receive
either restrictive (hematocrit N 24%) or liberal (hematocrit N than
30%) red blood cell transfusions postoperatively. Thirty day all-cause
mortality was not different (10% vs. 11%, respectively) between the
two cohorts. The FOCUS trial found that elderly (mean N80 years of
age) patients who underwent repair of hip fracture surgery, tolerated
a Hb trigger without red blood cell transfusions postoperatively to as
low as 8 g/dl (or higher with transfusions, if symptomatic) [67]. More
recently, a single center prospective study [68] of patients with upper
gastrointestinal (UGI) bleeding demonstrated that patients randomized
to a restrictive (Hb b 7 g/dl) vs. a liberal (Hb b 9 g/dl) Hb threshold for
blood transfusions, had significantly improved outcomes, including
mortality at 45 days and rates of re-bleeding.

The MINT trial [69] was a pilot, feasibility study of liberal
(hemoglobin ≥ 10 g/dl) versus restrictive (hemoglobin b 8 g/dl)
transfusion thresholds, was initiated for a planned enrollment of 200
patients with symptomatic coronary artery disease (acute coronary
syndrome or stable angina undergoing cardiac catheterization), but
was terminated at the end of 18 months after enrollment of only 110
patients; of eligible screened patients, only 12% were enrolled
(Table 2). The primary, composite outcome (death, myocardial infarc-
tion or revascularization) occurred in 10.9% of the liberal transfusion
cohort, compared to 25.9% of the restrictive cohort (p = 0.054); and
mortality occurred in 1.8% and 13.0%, respectively (p = 0.032). The
MINT trial [69] provides evidence that a more liberal transfusion
practice to maintain hemoglobin thresholds above 10 g/dl represents
prudent management of high risk patients with symptomatic coronary
artery disease. Finally, a most recently published trial [70] of lower
(b7 g/dl) vs. higher (b9 g/dl) hemoglobin thresholds for transfusion
in patients with septic shock, found equivalent 90 day mortalities (43
vs 45%, respectively) for patients in the two cohorts.

One of the important limitations of prospectively, randomized
clinical trials is that patients who are both eligible and who agree to
participate in the study may not be particularly reflective of all patients
in these clinical settings. Only 41% of the patients whowere determined
to be eligible for the TRICC trial [64] and 56% of patients eligible for the
FOCUS trial [67] were actually enrolled in the studies, leading to
concerns over selection bias; did the treating physicians accurately
predict which patients would survive the study, and not enroll the
others, thereby ensuring that no differences in survival outcomes
would be found between treatment groups?

Another limitation is the interpretation of the ‘transfusion trigger’ in
these studies. The mean pretransfusion Hb for patients in the ‘restric-
tive’ red cell transfusion arm of the TRACS trial was 9.1 g/dl (Table 2).
Similarly, the mean Hb for patients in the ‘restrictive’ arm of the TRICC
trial was 8.5 g/dl, yet some have interpreted this study to advocate
that a Hb of 7 g/dl is appropriate for use as the transfusion trigger in crit-
ical care patients.

5.6. Clinical practice guidelines

The number of published clinical practice guidelines for red blood
cell [5,22,60,71–86] transfusions attests to the increasing interest and
importance of appropriate blood utilization by professional societies
and health care institutions (Table 3). The selection of a discrete Hb
as a ‘trigger’ for RBC transfusion has been controversial. The guidelines
generally acknowledge the necessity of considering patient co-
variables or other patient-specific criteria for making transfusion
decisions. Among published guidelines, it is generally agreed that
transfusion is not of benefit when the Hb is greater than 10 g/dl, but
may be beneficial when the Hb is less than 6–7 g/dl [22,74–76,79–84].



Table 2
Six key clinical trials of blood transfusion in adults.

Clinical setting
(Ref)

Hemoglobin
threshold (g/dl)

Age (years) Patients transfused Deviation from
transfusion protocol

Mean hemoglobin at
transfusion (g/dl)

Participation of
eligible patients

Intensive care [64] 7 vs 10 57.1 ± 18.1
58.1 ± 18.3

67%
99%

1.4%
4.3%

8.5 ± 0.7a

10.7 ± 0.7a
41%

CT surgery [66] 8 vs 10 58.6 ± 12.5 vs 60.7 ± 12.5 47%
78%

1.6%
0.0%

9.1 (9.0–9.2)
10.5 (10.4–10.6)

75%

Hip fracture repair [67] 8 vs 10 81.5 ± 9.0 vs 81.8 ± 8.8 41%
97%

9.0%
5.6%

7.9 ± 0.6
9.2 ± 0.5

56%

Acute upper GI bleeding [68] 7 vs 9 NA 49%
86%

9.0%
3.0%

7.3 ± 1.4
8.0 ± 1.5

93%

Symptomatic coronary artery disease [69] 8 vs 10 74.3 ± 11.1 vs 67.3 ± 13.6 28.3%
NAb

1.8%
9.1%

7.9 ± 0.8
9.3 ± 7.9

12.2%

Sepsis trial [70] 7 vs 9 67 vs 67 64% vs 99% 5.9% vs 2.2% 7.7 vs 9.3 82%

Updated From Goodnough LT, Schrier A. Am J Hematol 2014;89:88–96 [4].
a Average daily hemoglobin.
b NA: not available.
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An editorial [87] recently summarized the implications of these trials
and meta-analyses with a call for a target Hb level for transfusion,
stating that ‘it is no longer acceptable to recommend that we transfuse
using vague approaches such as clinical judgment or in the hope of
alleviating symptoms’. However, this approach would use transfusion
to treat laboratory numbers, rather than patients; and would risk
over-interpreting available evidence for a ‘transfusion trigger’ and risk
under-estimating both the heterogeneity of anemias (e.g., acute versus
chronic) and the heterogeneity of patients (i.e., co-morbidities). Given
the increasing evidence that shows that blood transfusions are poorly
effective and possibly harmful, the guiding principle for transfusion
therapy should be that ‘Less is More’. The AABB recently published
recommendations for the American Board of Internal Medicine's
Choosing Wisely campaign advocating single unit RBC transfusions for
nonbleeding hospitalized patients [88]. Additional units should only
be prescribed after reassessment of the patient.
5.7. Blood utilization

Both the pediatric [89] and adult hospital [36] at Stanford University
Medical Center have reduced blood use by using computerized
physician order entry process for blood transfusions [90,91]. The hemo-
globin concentration threshold for blood transfusions decreased after
Table 3
Clinical practice guidelines.

Red blood cell transfusion

Year Society Recom

1988 NIH Consensus Conference b7 g/d
1992 Am Coll Physicians (ACP) No nu
1996/2006 AmerSocAnesth (ASA) b6 g/d

No nu
1997/1998 Can Med Assoc (CMA) No nu

1998 Coll Amer Path (CAP) 6 g/dl
2001/2012 Br Com Stand Haematol No nu

7–8 g/

2001 Australasian Soc Blood Trans 7 g/dl
2007/2011 Soc Thor Surg (STS)

SocCardvascAnesth (CVA)
7 g/dl
8 g/dla

2009 ACCM
SCCM

7 g/dl
7 g/dl

2011 SABM 8 g/dl
2012 National Blood Authority, Australia No nu
2012 AABB 7–8 g/
2012 KDIGOc No nu
2012 National Cancer Center Network (NCCN) 7–9 g/

From Goodnough LT. Lancet 2013;391:1845–54 [3].
a For patients with acute blood loss.
b For patients with symptoms of end-organ ischemia.
clinical effectiveness teams instituted physician education and clinical
decision support in July 2010, via best practices alerts (BPA) at the
time of electronic physician order entry (POE) [90]. Fig. 3 shows a sub-
sequent analysis of trends in blood use at Stanford Health Center (SHC).
Overall blood component transfusions increased yearly until 2009; after
the (BPA) was implemented in July, 2010; however, RBC transfusions
have decreased 29% through 2013, importantly, over this same interval
[92]. Clinical patient outcomes (length of stay, 30 day readmission rate,
mortality) were associated with hospital-wide and particularly in
medical and surgical patients receiving RBC transfusion support follow-
ing clinical decision support (CDS) for restrictive transfusion practice.
6. Special considerations for transfusion of red blood cells

6.1. Adjunct or alternative therapies: erythropoietin simulating agent (ESA)
and iron therapy

The hemoglobin threshold at which to transfuse RBCs or consider
adjunct therapies such as erythropoietic stimulating agents (ESAs)
should be individualized as different patients tolerate varying degrees
of anemia differently. While even moderate chronic anemia is well
tolerated by some patients, interval increases in hemoglobin lead to
decreased fatigue and improvements in quality of life in adults [93].
mendations Reference

l (acute) JAMA 1988;260:2700 [71]
mber Ann Int Med 1992;116:393–402 [72]
l (acute)
mber

Anesth 1996;84:732–747 [73]
Anesth 2006;105:198–208 [74]

mber Can Med Assoc J 1997;156: S1–24 [60]
J Emerg Med 1998;16:129–31 [75]

(acute) Arch Path Lab Med 1998;122:130–8 [76]
mber
dla

Br J Haematol 2001;113:24–31 [77]
http://www.bcshguidelines.com/documents/
BCSH_Blood_Admin_-_addendum_August_2012.pdf [78]
http://www.nhmrc.health.gov.au [79]

or Ann ThoracSurg 2007;83:S27–86 [80]
Ann ThoracSurg 2011;91:944–82 [81]
Crit Care Med 2009;37:3124–57 [82]
J Trauma 2009;67:1439–42 [83]
Trans Med Rev 2011;232–246 [84]

mber http://www.nba.gov.au/guidelines/review.html [86]
dl or 8 g/dlb Ann Int Med 2012;157:49–58 [22]
mber Kid Int 2012;2:311–316 [85]
dl JNCCN 2012;10:628–53 [5]

http://www.bcshguidelines.com/documents/BCSH_Blood_Admin_-_addendum_August_2012.pdf
http://www.bcshguidelines.com/documents/BCSH_Blood_Admin_-_addendum_August_2012.pdf
http://www.nhmrc.health.gov.au
http://www.nba.gov.au/guidelines/review.html


Fig. 3. Blood components issued to patients at Stanford Hospital & Clinics (SHC).
Transfusion of red blood cells, plasma, and platelets decreased by 24%, 10%, and 12%
respectively, from 2009 through 2013. Reproduced with permission, From Goodnough
LT, Shah N. The Next Chapter in Patient Blood Management: Real-time Clinical Decision
Support. Am J Clin Path 2014;142:741–747.
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ESAs were considered a safe therapeutic option to improve functional
status as they were shown to reduce transfusion requirement and
improve response. In early 2000s, however, studies began to show
that ESA therapy in experimental trials designed to target normal or
high-normal hemoglobin levels, were linked to tumor progression and
shortened survival [24]. Later trials failed to confirm these detrimental
effects and potentially showed a survival benefit [93,94]. A large meta-
analysis concluded that ESA therapy increased the baseline rate of
thrombosis present in cancer patients. The use of ESA versus RBC
transfusion in selected cancer patients such as those with chronic
kidney disease and those on palliative treatment continues under a
FDA Risk Evaluation and Mitigation and Strategy [5]. Current risk
mitigation strategies include using ESA therapy only for patients with
hemoglobin less than 10 g/dl [95]. Anemia can and should be treated
Fig. 4.NCCN guidelines. NCCN guidelines recommend iron therapy independent of ESAwith tho
iron alone while those with functional IDA (ferritin 30–800 ng/ml and transfusion saturation 2
at higher Hgb levels if there are available alternative to RBC that are
safer.

Optimization of iron status should be considered prior to ESA
treatment and simultaneously as iron works synergistically with ESA
to achieve an optimal biological response by increasing bioavailable
iron for erythropoiesis [94]. As illustrated in Fig. 4, NCCN guidelines rec-
ommend iron therapy independent of ESAwith thosewith absolute IDA
(ferritin b 30 ng/ml and transfusion saturation b 20%) benefiting from
iron alone while those with functional IDA (ferritin 30–800 ng/ml and
transfusion saturation 20–50%) benefitting from a combination of iron
and ESA.

In children, there are few randomized studies on the use of ESAs to
prevent or treat cancer associated anemia. These studies are difficult
to interpret given most have small patient cohorts, variable patient
populations, variable study designs and treatment dosing. Shankar
reviewed nine randomized trials in pediatrics and concluded that the
role of ESAs in treatment or prevention of anemia in children with
cancer remains unclear [96]. The existing pediatric data suggests that
use of ESAs can significantly decrease the need for RBC transfusions
and side effects are mild. However, there are no data to show improve-
ment of quality of life or cost-effectiveness of ESAs and their potential
role in promoting cancer cells' growth remains a significant concern in
children.
7. Conclusion

Level 1 evidence and meta-analysis of studies comparing restrictive
vs. liberal transfusion practices have demonstrated that clinical patient
outcomes are improved when fewer red cell transfusions are adminis-
tered. Future research is needed for the optimalmanagement of anemia
in patients with serious comorbidities such as cardiac disease and
whether fresh blood is associated with better clinical outcomes than
stored blood.
sewith absolute IDA (ferritin b 30 ng/ml and transfusion saturation b 20%) benefiting from
0–50%) benefitting from a combination of iron and ESA.
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Practice points

• Anemia is common in patients with hematologic malignancies, with
multifactorial etiologies.

• Level 1 evidence for transfusion “triggers” based on hemoglobin levels
have moved to a restrictive over liberal strategies such that RBC
transfusion is unlikely to be of benefit when the Hb is greater than
10 g/dl, but may be beneficial when the Hb is less than 6–7 g/dl.

• While treatment of moderate anemia has been shown to improve
quality of life, beneficial effects on clinical patient outcomes are
unknown.

• Iron restricted erythropoiesis should be identified and treated.
• Erythropoietin stimulating agents should be used cautiously in adults
with hematologic malignancies, in accordance with FDA boxed
warnings on label and the REMS program.

Research agenda

• Randomized controlled trails between restrictive versus liberal RBC
transfusion comparing outcomes in the hematology–oncology
population, particularly pediatric.

• Safety profile of ESA use in different subsets of oncology patients.
• Select patients who may have the biggest improvement in quality of
life (QOL) while investigating if ones with highest QOL changes have
identifiable improvement in clinical patient outcomes.
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