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    Abstract  

  The utilization of appropriate transfusion 
therapy is a vital aspect in the prevention 
of morbidity in pediatric oncology patients. 
Practitioners must be cognizant of the risks 
and benefi ts of transfusion as well as the 
appropriate transfusion practices in immuno-
compromised patients. Here we review the 
evidence regarding transfusion management 
practices in pedia tric cancer patients with ane-
mia, thrombocytopenia and neutropenia as 
well as practice in managing potential transfu-
sion reactions. Where an evidence basis is 
lacking, we review consensus guidelines in 
both the pediatric and adult cohorts.  

2.1         Introduction 

 The utilization of appropriate transfusion therapy 
is a vital aspect in the prevention of morbidity in 
pediatric oncology patients. Practitioners must be 
cognizant of the risks and benefi ts of transfusion 
as well as the appropriate transfusion practices in 
immunocompromised patients. Here we review 
the evidence regarding transfusion management 
practices in pediatric cancer patients with ane-
mia, thrombocytopenia and neutropenia as well 
as practice in managing potential transfusion 
reactions. Where an evidence basis is lacking, we 
review consensus guidelines in both the pediatric 
and adult cohorts.  
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2.2     Anemia 

 Anemia is a defi ciency of red blood cells (RBCs) 
and secondarily hemoglobin (hgb) concentration 
leading to a reduced oxygen-carrying capacity. 
Anemia is widely prevalent in pediatric oncology 
patients at presentation and during the course of 
their treatment. Studies document an overall 
incidence of anemia in >50 % of children with 
malignancy at diagnosis and during the course of 
treatment; as many as 97 % of those with pedia-
tric leukemia have been reported to be affected 
(Green et al.  1998 ; Nachman et al.  1998 ; 
Hockenberry et al.  2002 ; Michon  2002 ). The spe-
cifi c hemoglobin concentration at which anemia 
becomes symptomatic is dependent on several 
variables including age, time over which anemia 
develops, and the clinical status of the patient 
and is usually unique to each individual patient. 
Understanding the etiology of anemia, its signs 
and symptoms and how it can be appropriately 
managed is essential to providing effective sup-
portive care in the pediatric oncology patient. 

 Anemia develops due to suppressed erythro-
poiesis secondary to marrow infi ltration with 
malignant cells, suppression related to chemo-
therapy, radiation therapy, or infection, impaired 
use of iron stores, and decreased endogenous 
erythropoietin (EPO) and blood loss secondary to 
hemorrhage, infection, repetitive blood sampling, 
and hemolysis (Groopman and Itri  1999 ; Cazzola 
 2000 ; Sobrero et al.  2001 ; Hockenberry et al.  2002 ; 
Stasi et al.  2003 ). Parvovirus B19, cytomegalovirus 
(CMV) and Epstein-Barr virus (EBV) have spe-
cifi cally been reported to suppress erythropoiesis 
(Alpert and Fleisher  1984 ; Almeida-Porada and 
Ascensao  1996 ; El-Mahallawy et al.  2004 ; Eid 
et al.  2006 ). Recognition of the major contributors 
toward anemia can provide insight into the expected 
course and potential optimal interventions. 

 Clinical symptoms of anemia include fatigue, 
weakness, loss of appetite, headache, dizziness, 
irritability, fainting and poor concentration while 
signs of anemia include tachycardia, tachypnea, 
dyspnea, fl ow murmurs and, in severe cases, con-
gestive heart failure (Cunningham  2003 ; Mock 
and Olsen  2003 ). The severity of signs and symp-
toms depends both on the degree of anemia and 

the rapidity of decline. With a gradual onset, 
patient physiology has time to undergo compen-
satory changes that minimize symptoms. For 
example, the newly diagnosed leukemia patient 
often presents with severe anemia yet minimal 
symptoms. The gradual onset of anemia allows 
for physiologic compensation through plasma 
expansion and increased cardiac output allowing 
the patient to maintain near- normal activity 
despite profound decrement in hemoglobin 
concentration. 

2.2.1     Red Blood Cell Transfusion 
Guidelines 

 The transfusion of packed red blood cells (PRBCs) 
is the primary treatment modality for anemia in 
pediatric oncology patients and provides rapid 
and relatively safe correction of anemia and its 
concurrent symptoms. Utilization of hemato-
poietic growth factors (i.e., recombinant erythro-
poietin, rhEPO) remains controversial and is 
discussed in Chap.   15    ; specifi c populations such 
as Jehovah’s Witnesses, whose religious practice 
forbids the transfusion of blood products, may be 
able to avoid transfusion in certain cases with the 
utilization of rhEPO. The potential risk-benefi t 
ratio of PRBC transfusion must be considered in 
each individual case and discussed with the 
patient and family; transfusion should therefore be 
avoided in the clinically stable child who is recov-
ering from chemotherapy-induced aplasia. 
Evidence-based guidelines on appropriate thresh-
olds for PRBC transfusion are lacking in the pedi-
atric oncology literature since the decision to 
transfuse should be individualized (Buchanan 
 2005 ; Wong et al.  2005 ). Factors to consider 
include the effect of anemia on quality of life (i.e., 
fatigue, patient preference), cardiovascular stabil-
ity, safety of procedures and sedation, the clinical 
condition of the patient, the presence or risk of 
bleeding, comorbidities such as infection and the 
anticipated length of suppressed erythropoiesis 
(Rossetto and McMahon  2000 ). Studies have 
demonstrated that adolescent and adult patients 
with higher hgb levels have improved quality of 
life measures (Hockenberry-Eaton and Hinds 
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 2000 ; Mock and Olsen  2003 ; Knight et al.  2004 ). 
Generally young children compensate for anemia 
better than adolescents and thus it is not uncom-
mon for adolescents to have a higher hgb thresh-
old at which they become symptomatic and at 
which transfusion should be considered (Davies 
and Kinsey  1994 ; Ruggiero and Riccardi  2002 ). 

 Generally, severe anemia (i.e., hgb <7 g/dL) is 
the threshold utilized for PRBC transfusion in 
pediatric oncology patients although may not be 
required for the well-compensated patient reco-
vering from chemotherapy-induced aplasia 
(Table  2.1 ) (Ruggiero and Riccardi  2002 ; Marec- 
Berard et al.  2003 ). As expected, the need for 
PRBC transfusion is directly related to the inten-
sity of therapy (Tas et al.  2002 ; Marec-Berard 
et al.  2003 ; Ruccione et al.  2012 ). Management 
of moderate anemia (i.e., hgb >7 g/dL) should 
be individualized based on physical fi ndings, 
symptoms and patient preference; usually close 
monitoring is suffi cient. Particular clinical situa-
tions may alter the threshold for PRBC transfu-
sion: (1) the patient with planned surgery may 
require PRBC transfusion to minimize risks of 
induction anesthesia or blood loss; (2) the criti-
cally ill patient; (3) the patient with bleeding; 
(4) the patient with recent severe hemorrhage; 
and (5) the febrile patient with risk of sepsis and 
increased RBC and coagulation factor consump-
tion (Table  2.1 ). Evidence is lacking to guide spe-
cifi c transfusion thresholds for each of these 
clinical situations and therefore provider and 

institutional preference must be considered. 
Infants generally can be managed with the same 
hgb thresholds although underlying cardiopul-
monary status, ability to feed, and effect on 
growth and development should be specifi cally 
considered (Roseff et al.  2002 ; Gibson et al. 
 2004 ). Utilization of PRBC transfusion for 
increased hgb thresholds in pediatric oncology 
patients with solid tumors receiving radiotherapy 
as a means to increase radiosensitivity remains 
controversial; see Chap.   13     for a summary of the 
evidence and recommendations which should 
occur in discussion with radiation oncology. 
Patients with leukemia and hyperleukocytosis 
(white blood cell [WBC] count >100 × 10 9 /L) are 
at risk for leukostasis secondary to the increase in 
the cytocrit. Often a compensatory decrease in 
the hgb (erythrocrit   ) is seen and may aid in the 
prevention of symptom development. Therefore, 
PRBC transfusion must be avoided in the asymp-
tomatic patient with hyperleukocytosis; see 
Chap.   6     for a full discussion of PRBC transfusion 
with hyperleukocytosis.

2.2.2        Red Blood Cell Administration 

 Informed consent must be obtained prior to 
PRBC transfusion with a discussion of the risks, 
benefi ts and treatment alternatives to transfusion 
therapy. PRBCs are often stored in adsol (ade-
nine saline, AS) secondary to a longer storage 

    Table 2.1    Red blood cell transfusion guidelines and level of evidence   

 Clinical status  Description 
 Hemoglobin level 
for transfusion (g/dL)  Level of evidence a  

 Stable  Asymptomatic, imminent marrow 
recovery 

 <7  1C 

 Vital sign changes  Tachycardia, tachypnea, hypotension  <8  1C 
 Thrombocytopenia  Recent or active hemorrhage  8–10  1C 
 Procedure  Potential blood loss  8–10  1C 

 Anesthesia requirement  <7  1C 
 Oxygen requirement  Pulmonary or cardiac comorbidities  8–10  1C 
 Fatigue  Decreased quality of life, especially in 

adolescents 
 8–10  1B 

 Chronic anemia, infancy  Impact on growth or development  8–10  1C 
 Radiation therapy  Radiosensitizer  See text  2C 

  With permission from Agrawal et al. ( 2011 ) 
  a Per Guyatt et al. ( 2006 ); see Preface  
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life (42 days) with a resultant hematocrit of 
55–60 % due to the addition of 100 mL of AS 
per unit blood. All pediatric oncology patients 
should receive leukoreduced, irradiated PRBCs. 
Leukocytes are implicated as contributory to the 
majority of transfusion reactions; leukoreduction 
has been shown to signifi cantly reduce febrile 
nonhemolytic transfusion reactions (FNHTRs) as 
well as infection with viral, bacterial, and proto-
zoal pathogens, and specifi cally CMV transmis-
sion (van Marwijk Kooy et al.  1991 ; Chu  1999 ; 
Vamvakas and Blajchman  2001 ; Dzik  2002 ; 
Heddle  2004 ; King et al.  2004 ; Paglino et al. 
 2004 ; Yazer et al.  2004 ; Blumberg et al.  2005 ). 
Although leukoreduction decreases CMV trans-
mission, CMV-seronegative units are thought 
safer in at-risk populations; specifi cally for pedi-
atric oncology, consensus guidelines recommend 
CMV-seronegative units in patients receiving 
hematopoietic stem cell transplantation (HSCT) 
although this recommendation is controversial 
(Hillyer et al.  1994 ; Blajchman et al.  2001 ; Nichols 
et al.  2003 ; Gibson et al.  2004 ; Ljungman  2004 ; 
Vamvakas  2005 ). Additional studies have shown no 
difference in CMV transmission rates in HSCT 
patients receiving leukoreduced versus CMV-
seronegative PRBCs (Bowden et al.  1995 ; Thiele 
et al.  2011 ; Nash et al.  2012 ). PRBC irradiation 
is recommended in all immunocompromised 
patients to prevent transfusion-associated graft-
versus-host disease (TA-GVHD) by inactivating 
donor T-cell replication and engraftment in the 
host (Anderson et al.  1991 ; Moroff and Luban 
 1992 ; Dwyre and Holland  2008 ; Rühl et al.  2009 ). 
Similar to HSCT-related GVHD, TA-GVHD can 
present with fever, anorexia, vomiting, diarrhea, 
skin rash, as well as pancytopenia and hepatic 
dysfunction. Directed donation of PRBCs from 
family members is generally not recommended due 
to the cost and time required in addition to not 
being shown more safe in the prevention of trans-
fusion-associated infection (Strauss et al.  1990 ). 

 Determination of the goal hgb should direct 
the volume of PRBCs transfused and is depen-
dent on the patient’s clinical status, potential for 
ongoing blood loss and time to recovery from 
myelosuppressive chemotherapy. Generally 
10–20 mL/kg of PRBCs are transfused, rounding 

to the nearest unit to avoid blood product wast-
age and historically given over 4 h although this 
practice is not well studied in hemodynamically 
stable children. In the patient without ongoing 
blood loss or alloimmunization, the expected rise 
in hgb is dependent on the hematocrit concentra-
tion of the PRBC product; for an AS preserved 
unit, the hgb is expected to increase by approxi-
mately 2 g/dL for each 10 mL/kg of PRBCs 
transfused (Davies et al.  2007 ). Anecdotal teach-
ing that repeat hgb measurement must wait a cer-
tain period of time for reequilibration is poorly 
studied and likely unnecessary (Glatstein et al. 
 2005 ; Davies et al.  2007 ). Patients with severe 
chronic anemia (i.e., hgb <5 g/dL) are potentially 
at risk for transfusion-associated circulatory 
overload (TACO) due to the theoretical concern 
for cardiogenic pulmonary edema with transfu-
sion in the patient with existing compensatory 
increase in plasma blood volume to near-normal 
levels. Variable practice exists, including slow 
transfusion of 5 mL/kg over 4 h, sometimes with 
the addition of a diuretic agent such as furose-
mide. Limited evidence suggests more liberal 
transfusion rates such as 2 mL/kg/h can be safely 
used in those patients without underlying evi-
dence of hemodynamic instability or cardio-
pulmonary compromise (Jayabose et al.  1993 ; 
Agrawal et al.  2012 ).   

2.3     Thrombocytopenia 

 Thrombocytopenia is a common side effect of 
intensive pediatric oncology therapy with poten-
tial risks for morbidity, dependent on the rate of 
platelet drop and seen more commonly when the 
platelet count is <20 × 10 9 /L (Belt et al.  1978 ; 
Rintels et al.  1994 ). Petechiae, spontaneous 
hemorrhage and mucosal bleeding are common 
with platelet count <20 × 10 9 /L while the risk 
for severe spontaneous or life-threatening 
hemorrhage is rare (Slichter and Harker  1978 ; 
Consensus Conference  1987 ; Gmür et al.  1991 ; 
Contreras  1998 ; Norfolk et al.  1998 ; Schiffer 
et al.  2001 ; Athale and Chan  2007 ). Thrombo-
cytopenia occurs most commonly secondary to 
suppressed thrombopoiesis from chemotherapy, 
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radiation therapy or infection. Thrombocytopenia 
at diagnosis in leukemia patients can be secon-
dary to marrow infi ltration as well as splenic 
sequestration in those with splenomegaly. 
Increased platelet consumption can occur due to 
hemorrhage and sepsis with secondary dissemi-
nated intravascular coagulation (DIC). Frequent 
platelet transfusion increases the risk of develop-
ing platelet antibodies and subsequent refractori-
ness to further transfusion; therefore, as with 
PRBC transfusion, the risks and benefi ts of plate-
let transfusion must be considered in each indi-
vidual case prior to the decision to transfuse. 

2.3.1     Platelet Transfusion 
Guidelines 

 Platelet transfusion guidelines generally recom-
mend prophylactic transfusion at threshold levels 
depending on the underlying risks of bleeding 
(Table  2.2 ). Although no specifi c pediatric oncol-
ogy guidelines have been published, the American 

Society of Clinical Oncology (ASCO) practice 
guidelines incorporate clinical trials in pediatric 
oncology (Schiffer et al.  2001 ). Factors that must 
be considered when deciding to transfuse plate-
lets include: (1) cause of thrombocytopenia; (2) 
time to expected resolution; (3) rapidity of plate-
let count drop; (4) clinical condition of the patient 
including fever, infection, mucositis, coagulo-
pathy or bleeding; (5) history of severe hemor-
rhage; (6) recent surgical procedure or planned 
surgery; and (7) concomitant medications such as 
amphotericin, enoxaparin and tyrosine kinase 
inhibitors   .

   Prospective, randomized trials in adolescents 
and adults with acute leukemia have reported that 
prophylactic transfusion can be safely given for a 
platelet threshold of 10 × 10 9 /L in clinically stable 
patients (Gmür et al.  1991 ; Heckman et al.  1997 ; 
Rebulla et al.  1997 ; Wandt et al.  1998 ). 

 What platelet threshold is appropriate for 
patients undergoing procedures, for those with a 
history of hemorrhage and in those with potential 
concurrent bleeding risk factors such as fever, 

   Table 2.2    Platelet transfusion guidelines and level of evidence   

 Clinical scenario  Description 
 Platelet count for 
transfusion (×10 9 /L)  Level of evidence a  

 Stable  Asymptomatic, imminent marrow recovery  <10  1B 
 Procedures  Diagnostic LP  50–100 (see text)  1B 

 Subsequent LP  <20  1C 
 Bone marrow aspiration  Not indicated  1C 
 Minor surgery: central line placement, 
bronchoscopy with lavage, sinus aspiration, 
endoscopy with biopsy 

 <50  1C 

 Major surgery: CNS or solid tumor 
resection or biopsy 

 <100  1C 

 Signs/symptoms 
or underlying diagnosis 

 Minor bleeding: epistaxis, mild mucosal 
bleeding 

 <20  1C 

 Major bleeding: hemoptysis, hemorrhagic 
cystitis, GI, CNS, tumor necrosis 

 <100  1C 

 Fever  <20  2C 
 APL induction  <50  1C 
 Newborns  <20–50  1C 
 Radiation  <20–50  2C 
 DIC  <50  1C 
 Coagulopathy  <50  1C 

   LP  lumbar puncture,  CNS  central nervous system,  GI  gastrointestinal,  APL  acute promyelocytic leukemia,  DIC  
disseminated intravascular coagulation 
 With permission from Agrawal et al. ( 2011 ) 
  a Per Guyatt et al. ( 2006 ); see Preface  
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infection, and coagulopathy has not been well 
studied. Similarly, social factors such as distance 
to clinic and ease of accessing care must also be 
considered when determining the need for plate-
let transfusion (Benjamin and Anderson  2002 ). 
Although defi nitive evidence is lacking, con-
sensus panels have concluded that platelets 
>50 × 10 9 /L and >20 × 10 9 /L are suffi cient for 
major and minor surgical procedures, respec-
tively (Norfolk et al.  1998 ; Rebulla  2001 ; Schiffer 
et al.  2001 ; BCSH  2003 ). Risk of bleeding has 
been found to correlate most with a history of 
severe hemorrhage rather than platelet count 
(Friedmann et al.  2002 ). 

 What platelet threshold should be utilized for 
lumbar puncture in pediatric oncology patients is 
poorly studied. One large retrospective study 
concluded that a platelet threshold of >10 × 10 9 /L 
was suffi cient for lumbar puncture (LP) although 
only 3.8 % of patients had platelet count 
<20 × 10 9 /L at the time of LP (Howard et al. 
 2000 ). A follow-up study analyzing risk factors 
for traumatic LP concluded that African American 
race, age <1 year, prior traumatic tap within 2 
weeks, prior LP with platelets <50 × 10 9 /L, lack 
of general anesthesia, platelet count <100 × 10 9 /L, 
interval of <15 days between LPs and a less expe-
rienced practitioner were all signifi cant (Howard 
et al.  2002 ). What effect this analysis has on prac-
tice is unclear. The study was also confounded by 
a high rate of traumatic (29.3 %; ≥10 RBC/μL) 
and bloody (10.4 %; ≥500 RBC/μL) LPs (Howard 
et al.  2002 ). Based on this ana lysis the authors 
conclude that a platelet count >100 × 10 9 /L 
should be the threshold for diagnostic LP and the 
procedure be performed by the most experienced 
practitioner (Howard et al.  2002 ). Data on the 
prognostic signifi cance of traumatic LP and theo-
retical potential of introduction of leukemic 
blasts into the cerebrospinal fl uid are controver-
sial although multiple studies have shown it to be 
a risk factor for poor outcome (Gajjar et al.  2000 ; 
Bürger et al.  2003 ; te Loo et al.  2006 ). Whether a 
lower platelet count in the hands of an experi-
enced practitioner remains a risk factor for trau-
matic LP is unknown. 

 Unlike LP procedures, bone marrow aspira-
tion and biopsy can be performed without regard 

to platelet count as long as pressure is applied to 
the area after the procedure (BCSH  2003 ). For 
patients undergoing central line placement, adult 
studies have shown that platelet counts >30–
50 × 10 9 /L are safe (Stellato et al.  1985 ; Coit 
and Turnbull  1988 ; Lowell and Bothe  1991 ; 
Barrera et al.  1996 ; Doerfl er et al.  1996 ; Ray and 
Shenoy  1997 ; Loh and Chui  2007 ). No similar 
studies have been reported in pediatric patients. 
Additionally, the need for a particular platelet 
count for some post-procedure time period 
to prevent development of bleeding has not 
been reported.  

2.3.2     Platelet Administration 

 Platelets for transfusion come as either pooled 
platelet concentrates (PPCs) or as an apheresis 
unit. PPCs are aggregated from red blood cell 
donations and contain ≥5.5 × 10 10  platelets. Four 
to six platelet units are combined to make a 
PPC. On the other hand, an apheresis platelet unit 
is obtained from a single donor and is the equiva-
lent of 6–10 PC units (i.e., ≥3 × 10 11  platelets). 
Transfusion with apheresis platelets minimizes 
exposure to multiple blood donors although 
whether this decreases the risk of alloimmuniza-
tion and therefore is of benefi t in patient popula-
tions requiring frequent transfusion such as 
pediatric oncology is controversial (NEJM  1997 ). 
Apheresis platelet units undergo leukodepletion 
during the collection procedure, whereas PPCs 
must be subsequently fi ltered. Leukodepletion 
has been shown to decrease the risk of alloim-
munization in both PPCs and apheresis units 
(NEJM  1997 ). Risk of bacterial contamination is 
low with both PPCs and apheresis units and has 
not been found to be signifi cantly different 
(Schrezenmeier et al.  2007 ). Storage of platelet 
units at 20–24 °C with gentle horizontal agitation 
has been found safe up to 5 days after collection; 
longer storage times increase the risk for bac-
terial proliferation and cytokine-mediated reac-
tions (Schiffer et al.  1986 ; Klein et al.  1997 ). 

 As with PRBCs, platelets should be dosed 
by weight with 10 mL/kg of either PPCs or an 
apheresis product resulting in an increase of 
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50–100 × 10 9 /L (Roseff et al.  2002 ; Fasano and 
Luban  2008 ). Determination of response as well 
as clinical status of the patient can guide future 
transfusions; generally patients are not given 
more than one apheresis unit although those with 
a poor response to transfusion or active bleeding 
may require higher doses. Platelets are transfused 
over 30–60 min although more rapid infusion 
rates have been found safe and effective (Norville 
et al.  1997 ). Although considered a risk factor, a 
direct relationship between number of transfused 
platelet units and incidence of platelet refractori-
ness has not been consistently shown in the liter-
ature (Howard and Perkins  1978 ; Dutcher et al. 
 1981 ; Schiffer et al.  2001 ). Platelet refractoriness 
is defi ned as an insuffi cient platelet increment 
after transfusion on at least two occasions and is 
the most signifi cant long-term complication of 
platelet transfusion (Schiffer  1991 ). ABO incom-
patibility has been shown to be a risk factor in 
development of platelet refractoriness (Carr et al. 
 1990 ). HLA-matched platelets and crossmat-
ching have been shown effective in improving 
platelet increment in patients found refractory 
(Duquesnoy et al.  1977 ; Heal et al.  1987 ; Kickler 
et al.  1988 ; Welch et al.  1989 ; O’Connell et al. 
 1992 ; Friedberg et al.  1993 ,  1994 ; Gelb and 
Leavitt  1997 ). As with PRBCs, platelets should be 
irradiated to prevent TA-GVHD in immunocom-
promised patients, while CMV seronegativity 
may be unnecessary in the apheresis product for 
the CMV-seronegative patient (Luban et al.  2000 ; 
Nichols et al.  2003 ; Dwyre and Holland  2008 ).   

2.4     Granulocyte Transfusion 

 Patients with prolonged neutropenia are at 
increasing risk of infection and secondarily lack 
neutrophils to eradicate infection. Therefore it 
has been theorized that frequent granulocyte 
transfusion may be an effective method to fi ght 
serious infection in the severely neutropenic 
patient without imminent count recovery. 
Although theoretically promising and potentially 
shown benefi cial in small observational studies, 
consistent data are lacking and some meta- 
analyses have failed to show a signifi cant benefi t 

(Vamvakas and Pineda  1997 ; Bishton and Chopra 
 2004 ; Robinson and Marks  2004 ; Grigull et al. 
 2006 ; Sachs et al.  2006 ; van de Wetering et al. 
 2007 ; Seidel et al.  2008 ; Massey et al.  2009 ; 
Peters  2009 ). 

 In the patient with severe, refractory or pro-
gressive bacterial or fungal infection and severe 
neutropenia likely to continue >1 week, granulo-
cyte transfusion can be considered (Bishton and 
Chopra  2004 ). Donors should be mobilized with 
G-CSF and dexamethasone with a goal transfu-
sion dose of >1.0 × 10 9  cells/kg in the pediatric 
patient transfused daily for a minimum of 4–7 
days (Chanock and Gorlin  1996 ; Klein et al.  1996 ; 
Massey et al.  2009 ). Granulocyte transfusion 
should be ABO compatible and crossmatched as 
well as irradiated to prevent TA-GVHD (Bishton 
and Chopra  2004 ). CMV- seronegative products 
should be used in CMV- seronegative patients 
to prevent CMV transmission (Bishton and 
Chopra  2004 ).  

2.5     Risks of Blood Product 
Therapy and Their 
Management 

    In the past, clerical error leading to ABO- 
incompatible blood transfusion and secondary 
acute hemolysis, as well as infectious complica-
tions, were the most common transfusion reac-
tions (Williamson et al.  1999 ; Linden et al.  2000 ; 
Myhre and McRuer  2000 ; Stainsby et al.  2006 ). 
Now, due to improved blood safety, transfusion-
related acute lung injury (TRALI) has become 
most common in the adult literature due to 
increased recognition, and generally noninfec-
tious causes are much more common (Bolton-
Maggs and Murphy  2004 ; Stainsby et al.  2006 ). 
Reactions to transfusion may range from mild to 
life- threatening and the clinician must be able to 
promptly recognize the potential severe reaction 
in the face of common transfusion-related symp-
toms such as fever. Acute reactions are defi ned as 
occurring within 24 h while delayed reactions 
occur beyond the acute period. Potential  reactions 
include acute and delayed hemolysis, FNHTR, 
allergic reactions, TRALI, TACO, TA-GVHD 
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and infectious complications. In the chronically 
transfused, alloimmunization to PRBC transfu-
sion must be considered in addition to iron 
 overload. Management of transfusion reactions 
is generally based on best practice and consen-
sus guidelines rather than an evidence basis 
(Table  2.3 ). 

2.5.1     Hemolytic Transfusion 
Reactions 

 Acute hemolytic transfusion reactions (AHTRs) 
present with fever, chills, nausea and vomiting as 
well as anxiety and discomfort. Additional signs 
and symptoms include dyspnea, hypotension or 
shock, oliguria, hemoglobinuria, hemoglobine-
mia and disseminated intravascular coagulation 
(DIC). AHTRs generally occur secondary to IgM 
antibodies to anti-A and anti-B isohemagglutinins 
but may additionally develop due to other IgM 
and IgG antibodies. Bystander hemolysis can sec-
ondarily lyse recipient red blood cells. AHTR is 
generally due to ABO incompatibility but may 
also occur with other immune and nonimmune 
causes including RBCs damaged by blood warm-
ers, incorrectly prepared frozen PRBCs, bacterial 
contamination, as well as autoimmune and drug- 
induced causes of hemolysis. Delayed hemolytic 
transfusion reactions (DHTRs) present with 
milder symptoms including low-grade fever, 
jaundice, and a lower than expected posttransfu-
sion hgb increment and are due to previously sen-
sitized patients without detectable antibody at the 
time of crossmatch. DHTR occurs with IgG 
antibody- mediated complement fi xation, mani-
festing as extravascular hemolysis.

   Evaluation of a potential AHTR should 
include each blood unit transfused. Laboratory 
evaluation involves repeat crossmatch, perfor-
mance of a direct antibody test (DAT; direct 
Coombs), as well as measurement of hgb, uri-
nalysis, and plasma-free hgb or haptoglobin. 
With a more insidious DHTR leading to extravas-
cular hemolysis, laboratory assessment should 
include hgb, reticulocyte count, DAT, indirect 
bilirubin and lactate dehydrogenase. Management 
of an AHTR is based on best practice and includes 

immediately stopping the transfusion, providing 
fl uid support, and monitoring perfusion and urine 
output. Vasopressor support may be required as 
well as management of DIC with platelets and 
fresh frozen plasma (FFP). Transfusion of addi-
tional PRBCs should be avoided due to the poten-
tial for continued bystander hemolysis but can be 
given in the symptomatic patient or if with con-
tinued active bleeding.  

2.5.2     Infection and Sepsis 

 Transfusion-transmitted viral infections have 
markedly decreased with improved donor screen-
ing and viral testing measures; current estimated 
rates of transmission include approximately <1 in 
1.5 million for HIV, 1 in 300,000 for hepatitis B 
virus, and <1 in 2 million for hepatitis C virus 
(Busch et al.  2005 ; Dodd  2007 ; Dwyre et al. 
 2011 ). Advanced serologic screening measures 
have decreased the window period in which viral 
transmission has recently transpired but without 
positive testing measures, although, false- 
negative tests can still occur (Dwyre et al.  2011 ). 
Posttransfusion hepatitis is generally caused by 
viruses including hepatitis A, B, C and E in addi-
tion to CMV and EBV. CMV transmission can 
lead to primary infection in the previously CMV-
seronegative recipient or reactivation in the 
 previously infected recipient. CMV can lead to a 
mononucleosis-type syndrome and immunocom-
promised patients are at risk for more severe 
manifestations including nephritis, retinitis, 
interstitial pneumonitis, colitis and cytopenias 
(Rubin et al.  1985 ). Additional rare transmission 
of human T-lymphotropic retrovirus, human her-
pesvirus-8 and variant Creutzfeldt-Jakob disease 
has been noted (Dodd  2007 ). Parvovirus B19 is 
not routinely screened and can cause a prolonged 
reticulocytopenia and anemia in patients with 
underlying hematologic malignancies (Kaur and 
Basu  2005 ). 

 Bacterial infection must be considered in the 
patient with a new fever or fever increase ≥1 °C 
from the previous 24 h during transfusion. Blood 
contamination can occur at the time of collection 
or during processing and has decreased 
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 signifi cantly with improved blood collection and 
screening procedures (Wagner  1997 ; Kuehnert 
et al.  2001 ; Stainsby et al.  2006 ; Dodd  2007 ). 
Bacterial infection is much more common with 

platelets compared to PRBCs since they are 
stored at room temperature and risk of contami-
nation has been directly correlated to storage 
time (Morrow et al.  1991 ). Fatal infection is more 

   Table 2.3    Management guidelines for transfusion reactions and level of evidence   

 Type  Clinical features 
 Lab/imaging 
fi ndings  Management 

 Level of 
evidence a  

 Acute hemolytic 
transfusion reaction 
(AHTR) 

 Immediate onset; fever, 
anxiety, hypotension, 
DIC, renal failure 

 ↑Indirect bilirubin 
Hematuria 

 Stop transfusion  1C 

 ↑LDH/AST  ICU support 
 ↓Haptoglobin  Fluid resuscitation 
 ↑Plasma-free hgb  Vasopressor support 
 +DAT  FFP, platelets for DIC 

 Avoid PRBC transfusion 
 Diuretics to maintain urine 
output once BP stabilized 

 Febrile nonhemolytic 
transfusion reaction 
(FNHTR) 

 During or within 4 h 
of transfusion; fever, 
chills, rigors, nausea/
vomiting, headache 

 None  Stop transfusion  1C 
 Rule out AHTR and bacterial 
contamination/sepsis 
 Antipyretics 
 Restart transfusion if serious 
adverse reactions ruled out 

 Allergic transfusion 
reaction 

 Immediate for severe 
reaction with anaphylaxis 
(i.e., bronchospasm, 
hypotension); during 
or following transfusion 
for mild reaction 
(i.e., urticaria, pruritus) 

 None  Stop transfusion  1C 
 Severe reaction: epinephrine, 
diphenhydramine, H2 
blocker, consider steroid 
 Mild reaction: 
diphenhydramine 

 Delayed hemolytic 
transfusion reaction 
(DHTR) 

 >24 h from transfusion 
and within 2 weeks; 
fever, chills, jaundice, 
malaise; can be 
asymptomatic 

 ↓Hgb vs expected 
posttfn increment 

 Usually no treatment 
required 

 1C 

 ↑Bilirubin  Potential repeat tfn 
 ↑LDH  Screen for new red cell 

antibodies  +DAT 
 +Red cell 
alloantibodies 

 Transfusion-related 
acute lung injury 
(TRALI) 

 Within 6 h of transfusion; 
dyspnea, hypoxemia, 
fever, hypotension, 
noncardiogenic 
pulmonary edema 

 +CXR with diffuse 
infi ltrates 

 Oxygen  1C 
 Vasopressor support 
 Mechanical ventilation 
 Unclear benefi t for 
corticosteroids 

 Bacterial sepsis  Usually of immediate 
onset if severe GNR; 
fever, chills, rigors, 
hypotension, DIC, 
oliguria, shock 

 +Bcx from patient 
and/or transfusion 
bag 

 Stop transfusion  1C 
 Fluid resuscitation 
 ICU support 
 Vasopressors 
 Empiric antibiotics with 
ceftaz/tobra 

   DIC  disseminated intravascular coagulation,  bili  bilirubin,  LDH  lactate dehydrogenase,  AST  aspartate aminotransfer-
ase,  DAT  direct antiglobin test [Coombs],  ICU  intensive care unit,  FFP  fresh frozen plasma,  PRBC  packed red blood 
cell,  BP  blood pressure,  hgb  hemoglobin,  CXR  chest radiograph,  GNR  Gram-negative rods,  Bcx  blood culture 
 Adapted from Agrawal et al. ( 2011 ) 
  a Per Guyatt et al. ( 2006 ); see Preface  
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likely due to Gram-negative endotoxin produc-
tion as compared to the more commonly seen 
Gram-positive organisms (Arduino et al.  1989 ). 
Transfusion should be stopped in the event of 
fever or signs or symptoms of sepsis.    The patient 
should be treated immediately with volume 
resuscitation, broad spectrum antibiotics and a 
transfusion workup commenced including blood 
cultures of the transfusion bag.  

2.5.3     Allergic Reactions/
Anaphylaxis 

 Allergic reactions are common, complicating 
1–5 % of transfusions and more likely with plate-
let or plasma transfusion (Couban et al.  2002 ). 
Reactions are type I hypersensitivity mediated 
and usually mild with cutaneous manifestations 
although systemic symptoms related to anaphy-
laxis are possible and usually occur within min-
utes of transfusion commencement. Transfusion 
should be held once allergic symptoms manifest; 
diphenhydramine is usually suffi cient to manage 
cutaneous symptoms. In the case of systemic 
symptoms consistent with anaphylaxis, the trans-
fusion should not be restarted and the patient may 
require additional medications including epineph-
rine, steroids and fl uid expansion. Any patient 
with a systemic reaction should be evaluated for 
IgA defi ciency. Prophylaxis with diphenhydr-
amine in the patient with a pre vious reaction has 
not been shown benefi cial although it is often uti-
lized (Wang et al.  2002 ; Sanders et al.  2005 ; 
Geiger and Howard  2007 ; Kennedy et al.  2008 ). 
It is reasonable to consider prophylactic cortico-
steroids prior to transfusion in the patient with 
multiple reactions; if symptoms continue, or if 
the patient is IgA defi cient, washed blood prod-
ucts should be utilized.  

2.5.4     Febrile Nonhemolytic 
Transfusion Reactions 

 FNHTR is defi ned as a temperature increase of 
≥1 °C associated with transfusion and not attrib-

utable to any other cause. FNHTR was common 
prior to the advent of leukoreduction due to pyro-
genic cytokines released from leukocytes during 
storage (Heddle et al.  1993 ; King et al.  2004 ; 
Paglino et al.  2004 ; Yazer et al.  2004 ). A recent 
study of transfusions in a pediatric intensive care 
unit reported a 0.9 % rate of FNTHRs (Gauvin 
et al.  2006 ). FNHTR is a  diagnosis of exclusion 
and therefore transfusion should be halted until 
an AHTR has been ruled out. Additional diag-
nostic considerations should include bacterial 
contamination and TRALI. Fever related to 
FNHTR can occur during or up to 4 h after the 
completion of transfusion and is self-limited. 
Antipyretics can be provided for comfort and the 
transfusion restarted once the patient has defer-
vesced and more serious causes have been ruled 
out. The utilization of antipyretics to prevent the 
development of FNHTR has shown little benefi t, 
even in the patient with a history of FNHTRs 
(Wang et al.  2002 ; Sanders et al.  2005 ; Geiger 
and Howard  2007 ; Kennedy et al.  2008 ). Notwith-
standing, prophylactic antipyretics can be consi-
dered in the patient with multiple FNHTRs 
although may not be effectual; washed blood 
 pro ducts can be considered with continued 
FNHTR.  

2.5.5     Transfusion-Related Acute 
Lung Injury 

 TRALI is an increasingly recognized life- 
threatening complication which occurs after 
transfusion of plasma-containing blood products 
(Popovsky  2000 ; Bolton-Maggs and Murphy 
 2004 ; Stainsby et al.  2006 ). In a 2004 consensus 
conference, TRALI was defi ned as acute lung 
injury occurring within 6 h of transfusion without 
any other potential causes (Kleinman et al.  2004 ; 
Andreu  2009 ). Symptoms of TRALI include dys-
pnea, tachypnea and fever; signs include hypo-
tension, hypoxemia and bilateral infi ltrates on 
chest radiograph without fl uid overload 
(Kleinman et al.  2004 ). A paucity of data exist in 
pediatric patients although it appears that the 
pathogenesis and course are similar to adult 
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patients, with the majority recovering in 48–96 h 
after the precipitating event (Sanchez and Toy 
 2005 ; Church et al.  2006 ). Although the patho-
physiology of TRALI is yet to be clearly delin-
eated, passive transfer of antibody leading to 
neutrophil activation in the lung is thought the 
most likely mechanism, exacerbated in those 
with existing lung injury and therefore less likely 
in pediatric patients (Popovsky  2000 ; Goldman 
et al.  2005 ). Fresh frozen plasma is the most 
likely contribu ting blood product, especially 
when the donor is an antibody-positive multipa-
rous female (Eder et al.  2007 ). Increasing platelet 
age at time of transfusion has also been noted as 
a risk factor (Silliman et al.  2003 ). 

 TRALI is a diagnosis of exclusion and patients 
with mild symptoms may improve without 
TRALI being recognized. Patients will require 
oxygen support and some will need mechanical 
ventilation and vasopressor support. Cortico-
steroids may be of benefi t as with other causes of 
acute lung injury but are unproven in TRALI 
(Barrett and Kam  2006 ). Recognition of TRALI 
is vital in order to provide the appropriate medi-
cal management and also to potentially screen for 
neutrophil-specifi c antibodies.  

2.5.6     Transfusion-Associated 
Circulatory Overload 

 TACO is also becoming increasingly recognized 
although is a rare phenomenon in pediatric 
patients with normal underlying cardiorespira-
tory function. TACO is defi ned as cardiogenic 
pulmonary edema and is due to too large a trans-
fusion volume or too rapid a transfusion rate 
(Eder et al.  2007 ). Clinical signs and symptoms 
of TACO include dyspnea, tachypnea, hypo-
xemia and hypertension as compared to the hypo-
tension seen in TRALI. Hypertension is due to a 
positive fl uid balance with pulmonary and sys-
temic overcirculation and therefore unlike 
TRALI, the patient with TACO should be man-
aged with aggressive diuresis. In the patient not 
responding to diuresis, other potential diagnoses 
should be entertained.  

2.5.7     Transfusion-Associated 
Graft-Versus-Host Disease 

 In the immunocompromised patient, nonirradi-
ated blood and platelet products can lead to 
TA-GVHD, especially in the setting of histo-
compatible donor T cells. Manifestations of 
TA-GVHD are similar to GVHD seen secondary 
to allogeneic HSCT and include fever, anorexia, 
vomiting and diarrhea, and skin rash of variable 
presentation and severity. Pancytopenia and 
hepatic dysfunction may be present. The patient 
should be diagnosed by skin biopsy, liver biopsy 
or bone marrow aspirate and may require life- 
saving HSCT.  

2.5.8     Iron Overload 

 Total body iron is closely regulated in order to 
maintain a steady state load of 35–45 mg/kg 
(Shander et al.  2009 ). Iron absorption from food 
intake is extremely limited (i.e., 1 mg/day) as are 
mechanisms of iron excretion; therefore, when 
patients receive frequent PRBC transfusion with 
the receipt of approximately 1 mg of iron per 
1 mL of transfused blood, iron overload can 
occur, resulting in non-transferrin-bound iron 
(i.e., free iron) and subsequent free iron deposi-
tion in tissues, specifi cally parenchymal cells of 
the liver, heart, pancreas and endocrine tissues 
(Shander et al.  2009 ; de Ville de Goyet et al. 
 2013 ). Free iron may also be associated with 
oxidative damage due to generation of free 
oxygen radicals, likely accentuated in the setting 
of concomitant chemotherapy delivery (Shander 
et al.  2009 ). 

 Iron overload leads to a higher incidence of 
organ failure and mortality in populations that are 
chronically transfused and has also been noted as 
a risk factor for mortality in oncology patients 
with myelodysplastic syndrome (MDS) and in 
those receiving HSCT (Ballas  2001 ; Cazzola and 
Malcovati  2005 ; Darbari et al.  2006 ; Malcovati 
et al.  2006 ; Armand et al.  2007 ; Garcia-Manero 
et al.  2008 ; Fenaux and Rose  2009 ; Shander et al. 
 2009 ; Alessandrino et al.  2010 ). In pediatric 
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oncology, studies have shown that transfusion 
burden increases with increased therapy intensity 
in both hematologic malignancies and solid 
tumor patients leading to iron overload in more 
than half of patients although the effect of this 
iron overload on subsequent toxicities is poorly 
quantifi ed (Emy et al.  1997 ; Eng and Fish  2011 ; 
Ruccione et al.  2012 ; de Ville de Goyet et al. 
 2013 ). Quantifi cation of total body iron can be 
assessed by liver biopsy, measurement with a 
superconducting quantum interference device 
(SQUID) or more recently through proton mag-
netic resonance imaging (Fischer et al.  1999 ; 
Angelucci et al.  2000 ; Brittenham et al.  2001 ; St 
Pierre et al.  2005 ; Wood et al.  2005 ). 

 Iron overload may be a factor in late effects in 
long-term survivors of pediatric cancers and 
therefore all patients should be screened at the 
end of therapy for potential iron overload. 
Patients who have received >1 g of transfused 
iron (>4 units PRBCs) should be screened with a 
serum ferritin level and transferrin saturation 
(Halonen et al.  2003 ). For patients with serum 
ferritin levels persistently >1,000 ng/mL, mea-
surement of total body iron stores by proton MRI 
should be considered. In such cases chelation 
therapy or serial phlebotomy should also be a 
consideration, especially in the adolescent male.   

2.6     Summary 

 Blood product transfusion is a common practice 
in patients undergoing myelosuppressive ther-
apy.    That being said, an evidence basis for PRBC 
and platelet thresholds for transfusion are gener-
ally lacking and therefore consensus guidelines, 
assessment of each individual patient and the 
underlying clinical situation, as well as patient 
preference must all be routine considerations in 
the decision to transfuse. Prior to transfusion, the 
patient, family and practitioner must all be aware 
of the potential short- and long-term risks of 
transfusion. The practitioner should be able to 
determine the appropriate volume and prepara-
tive steps required for transfusion and the likely 
increment in hgb or platelet count after transfu-
sion. Any potential concerning reaction during a 

transfusion should be appropriately managed 
and assessed per standard guidelines, as 
described.     
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