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Association of RBC transfusion, anemia, and necrotizing 
enterocolitis in very-low-birth-weight infants 

In a secondary, prospective, multicenter observational cohort study, 
598 very-low-birth-weight (<1500 g) infants, within 5 days of birth, 
were evaluated. Multivariable analysis found that severe anemia but 
not RBC transfusion, was associated with an increased risk of 
necrotizing enterocolitis (adjusted HR ratio, 5.9; 95% CI, 2.0-18.0; p < 
0.001). 

Patel RM, Knezevic A, Shenvi N, et.al. JAMA 2016;315:889-97. 



Iron in teenage blood donors 

• Iron depletion, and eventually deficiency, remains an 
underappreciated risk of blood donation, particularly for teenaged 
donors. Preliminary data presented from the multicenter trial, 
“Comparison of the History of Donation and Iron Levels in Teen Blood 
Donors” (CHILL) study showed 16-18-year-old blood donors had a 
28.6% rate of low ferritin and were 3.3 to 4.7 times more likely to 
have ferritin levels less than 26 ng/mL and 2.1-2.6 times more likely 
to have ferritin levels less than 12 ng/mL, than 19-49-year-old blood 
donors. 

Bloch EM, Mast AE, Josephson CD, et al. Teenage blood donors: are we asking too little and taking too much? Pediatrics 2017;139: pii: e20162955.  
Eder AF, Hillyer CD, Dy BA, et al. Adverse reactions to allogeneic whole blood donation by 16- and 17-year-olds. JAMA 2008;299:2279-86. 
Halterman JS, Kaczorowski JM, Aligne CA, et al. Iron deficiency and cognitive achievement among school-aged children and adolescents in the United States. Pediatrics 2001; 107:1381-6. 



Outcomes related to the use of frozen plasma (FP) or pooled SD-
treated plasma in critically ill children and the predictors of 
plasma transfusion in pediatric ICUs around the world 

In a secondary analysis of a prospective, observational study, 
investigators of the PLASMA TV study examined whether the use of 
FFP/FP24, compared with SD-treated plasma, was associated with INR 
reduction or ICU mortality in critically ill children. The authors reported 
lower ICU mortality in the SD-plasma (14.5%) versus the FFP/FP24 
(29.1%) groups. Upon adjusted analysis, SD plasma transfusion was 
independently associated with reduced ICU mortality (OR, ratio, 0.40; 
95% CI, 0.16-0.99). Based on these results, the authors suggested that 
SD plasma use in critically ill children may be associated with 
improved survival. 

 
Camazine MN, Karam O, Colvin R, et al. Pediatr Crit Care Med 2017;18:e215-23 



Meta-analyses 

Data regarding the safety of restrictive versus liberal transfusion 
strategies were assessed from 61 studies (16 RCTs and 45 
nonrandomized studies). No evidence of a difference in the rate of 
mortality was found (eight RCTs; risk ratio, 1.24). Similarly, no 
difference was observed for necrotizing enterocolitis (five RCTs; risk 
ratio, 1.45). Finally, no difference was found for other outcomes, 
including rates of retinopathy of prematurity, chronic lung disease, or 
intraventricular hemorrhage. 

Keir A, Pal S, Trivella M, et al. Adverse effects of red blood cell transfusions in neonates: a systematic review and metaanalysis. Transfusion 2016;56:2773-80. 



Association of preoperative anemia with 
postoperative mortality in neonates 
Using data from the 2012 and 2013 pediatric databases of the 
American College of Surgeons’ National Surgical Quality Improvement 
Program, preoperative anemia was identified as an independent risk 
factor for mortality, with 2.6 times higher odds of mortality in neonates 
with anemia than in those without. 

Goobie SM, Faraoni D, Zurakowski D, et al. Association of preoperative anemia with postoperative mortality in neonates. JAMA Pediatr 2016;170:855-62. 



British Journal of Haematology, 2016, 175, 784–828 



Intrauterine transfusions 



Key practice points 

1. Fetal blood counts should be rapidly available using near patient 
analysers and a blood film should subsequently be made to confirm 
the count and underlying diagnosis. 

2. There must be good communication between the Blood Services, 
hospital transfusion laboratories and clinical staff to ensure timely 
provision of correct blood components for red cell and platelet IUTs. 
It is essential to communicate with the hospital where the baby is 
subsequently delivered so that appropriate (irradiated) components 
can be ordered. 



Recommendations 

• Red cells specific for intrauterine transfusion (IUT) should be used 
whenever possible. Fetal Medicine Units in conjunction with Hospital 
Transfusion teams should develop local written protocols and provide 
education regarding the hierarchy of possible alternatives for 
emergency IUT (Appendix 3) (1C). 

• Maternal blood should NOT be used for IUT due to the risk of 
transfusion-associated graft-versus-host disease (TA-GvHD) (1B). 



Transfusions to neonates 



Blood warming during 
EBT should not be 
uncontrolled, … 



Recommendations 

1. Neonatal intensive care units (NICUs) should have local protocols 
for exchange blood transfusion (EBT) procedures. There should be 
early contact with the local hospital transfusion laboratory, which 
will contact the Blood Services to request specific red cells suitable 
for neonatal exchange transfusion (1C). 

2. If an exchange blood transfusion is required, a double volume 
procedure should be undertaken (1C). 



Haemodilution for polycythaemia  
(‘partial exchange transfusion’) 

Recommendation: 

The use of haemodilution (partial exchange 
transfusion) for treatment of polycythaemia is not 
supported by evidence, and not recommended in 
the asymptomatic patient (1A). Its use in the 
symptomatic patient requires clinical judgement 
to assess the risks and benefits (2C). 



Table I. Suggested transfusion thresholds for preterm neonates.* 



Recommendations 

1. Studies to date support restrictive transfusion thresholds (2B) and 
suggested Hb thresholds for top-up transfusions are given in Table I.  

2. Transfusion volumes of 15 ml/kg are generally recommended for 
non-bleeding neonates (2C).  

3. The routine use of EPO or darbepoeitin alfa is not recommended in 
preterm infants to reduce transfusion (1B). 

4. Where the term neonate (1B) or preterm neonate (2C) does not 
require resuscitation, undertake delayed cord clamping. 

 



Table II. Suggested thresholds of platelet count for neonatal platelet transfusion. 



FFP Recommandation 

1. There is no evidence to support the routine use of fresh frozen 
plasma (FFP) to try to correct abnormalities of the coagulation 
screen alone in non-bleeding neonates (1C). 

2. FFP may be of benefit in neonates with clinically significant bleeding 
(including massive blood loss) or prior to invasive procedures with a 
risk of significant bleeding, and who have an abnormal coagulation 
profile, defined as a PT or APTT significantly above the normal 
gestational and postnatal age-related reference range (taking into 
account local reference ranges where available) (2C). 

3. FFP should not be used for simple volume replacement or routinely 
for prevention of IVH (1B). 



Example neonatal paedipack allocation algorithm 





Transfusions to infants and children 



Key practice point 

• Transfusion volumes for non-bleeding infants and children, excluding 
those on chronic transfusion programmes, should generally be 
calculated to take the post-transfusion Hb to no more than 20 g/l 
above the transfusion threshold (see Section 6.1.2 for calculation), 
usually a maximum of one unit. Where arterial or central venous 
access is available (e.g. in theatres) use regular Hb estimation to 
ensure the smallest necessary volume is transfused 

• In order to reduce the requirement for red cell transfusions in 
paediatric intensive care, minimize blood sampling and use near 
patient testing where possible as for neonates. 

 



Paediatric intensive care 

Recommendation:  

Use an Hb threshold of 70 g/l pre-transfusion in 
stable noncyanotic patients (1B). If the child is 
unstable or has symptomatic anaemia a higher 
threshold may be considered (2C). 



Stem cell transplant/oncology 

Recommendations  

There is insufficient evidence to make recommendations for 
pre-transfusion Hb thresholds in paediatric haematology / 
oncology patients and those undergoing stem cell 
transplantation (2C).  

Patients with chronic anaemia due to red cell aplasia may 
require an Hb threshold of 80 g/l (2C). 



Surgery (non-cardiac) 

Recommendations  

The preoperative Hb should be optimised by treating iron deficiency 
anaemia (1C).  

A perioperative Hb transfusion threshold of 70 g/l should be used in 
stable patients without major comorbidity or bleeding (1C).  

Tranexamic acid should be considered in all children undergoing 
surgery where there is risk of significant bleeding (1B).  

Red cell salvage should be considered in all children at risk of significant 
bleeding undergoing surgery and where transfusion may be required, 
providing there are appropriately trained staff (2C). 



Platelets transfusion 

Recommendations 

 

• Given a lack of studies in paediatrics, 
recommendations for platelet transfusions in 
critically ill children or those with 
haematological/oncological malignancies who 
develop severe thrombocytopenia are drawn from 
the wider adult literature and recommendations 
(2C) (BCSH, 2016d; see Table III for suggested 
thresholds). 

• As pragmatic guidance, it is suggested that for 
most stable children prophylactic platelet 
transfusions should be administered when the 
platelet count is below 10 X 109/l, excluding 
patients with immune thrombocytopenia, 
thrombotic thrombocytopenic purpura/haemolytic 
uraemic syndrome and heparin-induced 
thrombocytopenia who should only be transfused 
with platelets for life-threatening bleeding (2B). 

Suggested thresholds of platelet counts 
for platelet transfusion in children. 



FFP and cryoprecipitate 

Key practice points  

• Transfuse FFP volumes of 15–20 ml/kg, using the higher volumes 
particularly in bleeding patients, and ensure monitoring of clinical 
outcome. However, care should be taken to avoid volume overload, 
particularly in vulnerable patients.  

• Transfuse cryoprecipitate volumes of 5–10 ml/kg, using the higher 
volumes particularly in bleeding patients, and ensure monitoring of 
clinical outcome and fibrinogen levels. 



Recommendations 

 

Prophylactic FFP should not be administered to nonbleeding children 
with minor prolongation of the prothrombin time (PT) (2B)/activated 
partial thromboplastin time (APTT) including prior to surgery, although 
it may be considered for surgery to critical sites (2C).  

Prophylactic cryoprecipitate should not be routinely administered to 
non-bleeding children with decreased fibrinogen including prior to 
surgery. It may be considered for fibrinogen <1 g/l for surgery at risk of 
significant bleeding or to critical sites (2C). 



Disseminated intravascular coagulation 

FFP may be beneficial in children with DIC who have a significant 
coagulopathy (PT/APTT >1.5 times midpoint of normal range or 
fibrinogen <1.0 g/l) associated with clinically significant bleeding or 
prior to invasive procedures (2C).  

Cryoprecipitate may be given if the fibrinogen is <10g/l despite FFP, or 
in conjunction with FFP for very low or rapidly falling fibrinogen (2C). 

 



Warfarin 

FFP should not be used for urgent warfarin 
reversal unless four factor prothrombin complex 
concentrate is unavailable (1B). 



Thrombotic thrombocytopenic purpura and 
haemolytic uraemic syndrome 

 

Urgent plasma exchange with SD FFP is indicated for TTP (1B) and some 
forms of atypical HUS (2C).  

SD FFP infusion (in the acute phase) and intermediate purity Factor VIII 
(e.g. BPL 8Y) should be used to treat congenital TTP (1C). 



Inherited bleeding disorders 

 

FFP should not be used in the management of inherited factor 
deficiencies other than in a few exceptional circumstances where 
specific factor concentrates are not available (1B).  

Cryoprecipitate should not be used for congenital hypofibrinogenaemia 
unless fibrinogen concentrate is unavailable (1C). 



Granulocyte transfusions 

 

Granulocyte transfusions may be considered 
for treatment of refractory infections in 
children with severe neutropenia (2C). 



Emergency situations Recommendations 

 

It is recommended that recipients under 1 year of age be transfused 
with components with neonatal/infant specification (1C).  

In order to avoid delays in blood provision, if specific components are 
not available in an emergency, use preagreed hierarchies of alternative 
components and communication pathways (1C). 



Group selection of plasma-based components. 



Transfusion volumes 

 

In order to prevent over-transfusion of blood components all 
prescriptions should be ordered and prescribed in millilitres rather than 
units although some hospitals may have local protocols allowing 
transfusion in units for larger, older children. 

The maximum prescribed volume should not be greater than the 
volume for equivalent adult transfusions. See Appendix 1 for further 
details including transfusion rates. 

 



Note: the formula has been adapted to the harmonized units for Hb in g/l 
(previously usually quoted as Hb in g/dl), which requires that the calculation 
includes a step of division by 10. As this is a change from previous practice, in 
order to prevent over-transfusion it is recommended that clinicians double-check 
that the final volume calculated is not more than 20 ml/kg for top-up 
transfusions. 







Studies by different authors on audit of 
different blood components 

RBC Red blood cell; FFP Fresh frozen plasma 
1. Mozes B, et.al. Transfusion. 1989;29:473–6.  
2. Tuckfield A, et.al.  Med J Aust. 1997;167:473–6.  
3. Hamoudi AC, et.al. Am J Clin Pathol. 1991;95:389–92.  
4. Hume HA, et.al.Transfusion. 1991;31: 52–8. 
5. Marti-Carvajal AJ, et.al. Salus. 2005;9:20–30.  
6. Jamal R, et.al. Malays J Pathol. 1998;20:35–40.  
7. Ghali WA, et.al. CMAJ. 1994;150: 1449–54. 
8. Makroo RN, et.al. Asian J Transf Sci. 2007;1:59–61 



Division of different number of hemocomponents into appropriate and inappropriate 
percentage of episodes. RCCs Red cell concentrates; PLT/PRP Platelet 
concentrate/platelet rich plasma; WB Whole blood; FFP Fresh frozen plasma 









Liebermann Transfusion 2014 



The evolution of pediatric transfusion practice 
during combat operations 2001-2013 
 

4,358 patients met inclusion criteria. Comparing EARLY vs. LATE, injuries from 
explosions, isolated or predominant head injuries, and ISS all increased. The 
proportion of TX+ patients also increased significantly (13.6% vs. 37.4%, p<0.001) 
as did the number of MT+ patients (2.1% vs. 15.5%, p<0.001). Transfusion of high 
PLAS:RBC and PLT:RBC ratios increased in both the TX+ and MT+ subgroups, 
although overall PLT and WB use was low. After adjusting for differences between 
groups, the odds of death was no different EARLY vs. LATE but decreased 
significantly in the MT+ patients with time as a continuous variable  

Conclusion: Transfusion practice in pediatric combat casualty care shifted towards 
a more hemostatic approach over time. All-cause mortality was low and remained 
stable overall and even decreased in MT+ patients despite more injuries due to 
explosions, more head injuries and greater injury severity. However, further study 
is required to determine the optimal resuscitation practices in critically injured 
children. 

 
Jeremy W. Cannon, et.al. Journal of Trauma and Acute Care Surgery, 2018 Publish Ahead of Print DOI: 10.1097/TA.000000000000186 



The evolution of pediatric transfusion practice 
during combat operations 2001-2013 









Results are presented as median [IQR] or as n (%). *Ratio Groups are 
annotated as PLAS,PLT relative to PRBC using two different cutoffs for 
classification as a HI ratio (1:1:2 and 1:1:1). PRBC, packed red blood 
cells; WB, whole blood; PLAS, plasma, PLT, platelets, CRYO, 
cryoprecipitate; TXA, tranexamic acid; RBC, red blood cells; ICU, 
intensive care unit; LOS, length of stay  



Multicenter study of crystalloid boluses and transfusion 
in pediatric trauma—when to go to blood?  

Conclusion: Almost half of pediatric 
trauma patients with elevated shock 
index require transfusion following 
two crystalloid boluses and the odds 
of requiring a transfusion plateau at 
this point in resuscitation. This 
supports consideration of blood 
with the second bolus in 
conjunction with shock index 
though prospective studies are 
needed to confirm this and its 
impact on outcomes.  

Level of Evidence: III  

 Stephanie F. Polites MD, et.al. Journal of Trauma and Acute Care Surgery, 2018 Publish Ahead of Print DOI: 10.1097/TA.0000000000001897  



Vielen Danke für Ihre Aufmerksamkeit 


