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After participating in this educational activity, participants 
should be able to:

• Apply evidence-based literature to current red blood cell (RBC) 
and platelet transfusion practices in neonates.

• Recognize the current knowledge gaps within neonatal RBC and 
platelet transfusion practices.

• Identify current and future approaches for further development 

of pediatric transfusion guidelines.

Learning Objectives



Audience Participation Questions

1.  The PLaNeT-2 Study demonstrated all of the following except:

a. Death or major bleeding occurred more often in patients in a lower platelet 

transfusion threshold group, OR 1.57 (1.06-2.32).

b. Death or major bleeding occurred more often in infants 26% vs. 19% in high 

platelet threshold group.

c. Nearly 40% of patients received a platelet transfusion prior to 

randomization.

d. Platelets transfused in the trial were only plasma-based, without platelet 

additive solutions or pathogen reduction technologies applied. 

e. Harmful effects occurred in neonates regardless of a high or low baseline 

risk of death or bleeding.
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Audience Participation Questions 

2.  The Age of Red Blood Cell Study (ARIPI) RCT in pre-term infants demonstrated that 

(< 7 days versus standard issue) may not be associated with increased morbidity

in neonates (ie. Composite outcome NEC, ROP, BPD, IVH, death).  Several caveats

to the study were published:  All of the following except are published caveats to 

the study:

a. Hemoglobin threshold for the RBC transfusions were not specified or 

standardized during the study.

b. Age of RBCs of most of the units were greater than 23 days old, mean 14.6 days 

hence centers with conservative transfusion practices would be a challenge.

c. Anemia has been associated with an increased risk for NEC and not RBC 

transfusion therefore a liberal transfusion threshold may mask this outcomes.

d. The same additive solution was used for all RBC transfusions there for this is not 

generalizable. 
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Audience Participation Questions 

3.  All of the following were demonstrated in the TOP and ETTNO studies except:  

a. No difference in death/neurodevelopmental disability at  24 months between   
restrictive and liberal transfusion groups.

b. Most infants in both groups were transfused, just variable number of 
transfusions     (6+/-4.3 vs 4.4+/-4.0 in TOP).

c. Permissive anemia with hemoglobins 7-8 gm/dL, depending upon the post-
natal age,  is safe, but will increase the number of transfusions, and potential 
donor exposures.

d. There is a limited ability to assess the detrimental effects associated with RBC 
transfusion since both arms of the study received transfusion.

e. Many patients in the TOP and ETTNO study were transfused for hemoglobin 
levels less than 7 gm/dl especially during the first week of life. 
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How/when do I treat neonates with anemia and thrombocytopenia?
Fact, “Fiction”, and the Future

Definitions: 

• Fact: RCT and high quality evidence

to support practice recommendations

• “Fiction”: Gaps in the evidence where 

expert opinion and consensus          

opinion is made due to little or no data to 

support evidenced based-practice 

recommendations.

• Future: Where do we go from here?  aabb.org  |  10



Impression: Recovery from Failure to Thrive 

Neonatal 
Transfusion 

Medicine 
We are here

Neonatal Transfusion Medicine 
Growth Spurts (high velocity)

1.   NIH-supported networks
2. Homogeneous populations
3. Neonatologists, 

Anesthesiologists, Ped 
Surgeons, Neurosurgeons, 
and Cardiac Surgeons -
focused on sub-populations 
of infants

4. Almost all of these 
hospitalized patients receive 
blood products at some pt.

21ST CENTURY 
Neo T. Medicine



Which boxes do I check? 

When do I transfuse?

10.0

29.7



Neonatal RBC and Platelet Transfusions

Patel et al., J Pediatr, 2021

From NHLBI REDS-III study
Vein-to-Vein Database
N=60,243 infants from 7 US centers



Preterm Infants versus Term Infants



Prematurity:  Definitions and Co-morbidities 

15

Necrotizing Enterocolitis (NEC)

Intraventricular Hemorrhage (IVH)

Retinopathy of Prematurity (ROP)

• Extremely Low Birth Weight 
(ELBW) Infants: < 1,000 grams

• Very Low Birth Weight (VLBW) 
Infants: ≤ 1500 grams

Anemia of Prematurity

Bronchopulmonary Dysplasia (BPD)



Modified from Patel RM, et al. Trans Med Rev. 2016

Cellular Blood Products (RBCs and Platelets)

Variability of Donor and Products can Impact Recipients 

Product 

Recipient 

Vein-2-Vein Databases Can Help Derive Evidence   &  All Pediatric Recipients Aren’t Created Equal 



• Landmark randomized trials of neonatal transfusion thresholds, growth 

factors and RBC storage were published in last 5-12 years

Randomized Control Trials 

Highest Level of Evidence for Recipient Population & Intervention Studied 



RBC Transfusion Thresholds

Take home messages TOP and ETTNO trials:
• No difference in death/neurodevelopmental disability at            

24 months between restrictive and liberal transfusion 
groups

• Most infants in both groups were transfused, just variable 
number of transfusions (6+/-4.3 vs 4.4+/-4.0 in TOP)

- Limited ability to assess detrimental effects associated 
with RBC transfusion 

• Permissive anemia with hemoglobins 7-8 gm/dL, depending 
upon the post-natal age, is safe, but will increase the 
number of transfusions, and potential donor exposures



RBC:  Beyond TOP and ETTNO 

• Growing body of literature showing 

– RBC transfusions have pro-inflammatory effects in 

preterm neonates

– Inflammatory responses and neonatal outcomes 

influenced by donor factors (sex and age), transfused 

product characteristics (timing of irradiation, washing), 

and recipient (sex, degree of anemia).





Effect of storage of red cells on survival

Carson JL et al. JAMA. 2016
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Questions of Patient Blood 
Management

Questions of RBC transfusion 
negatively impacting recipients



Platelets 



Platelet Variability of Donor and Products can Impact Recipients 

Modified from Patel RM, et al. Trans Med Rev. 2016

Whole blood 

derived/Buffy Coat, 

pathogen reduced, 

PAS, Apheresis 

Platelets

Leukoreduced

Platelet

?



<50x109/L

<25x109/L

Death or major bleeding: 26% vs. 19% in high- vs. low threshold group, OR 1.57 (1.06-2.32) 



Effects consistent across subgroups

Fustolo-Gunnick et al. Blood. 2019
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“Fiction”



Variation in donor RBCs

Patel RM, et al. Trans Med Rev. 2016



• Undiagnosed immunodeficiencies – out of caution  some 

institutions irradiate all cellular products transfused to 

neonates and infants.  

• Other institutions selectively irradiate products transfused to 

neonates weighing < 1200 g. 

• The 2020 Guidelines on Irradiation from the British Society for 

Haematology Guidelines Transfusion Task Force state that  

routine irradiation is not required for cellular products 

transfused to preterm or term infants unless those infants 

received intra-uterine transfusions.

• Neonates or children with known or suspected cellular 

immunodeficiencies, undergoing BMT,  and receiving directed 

donor products require irradiated cellular blood products.  

• Impact of irradiation storage duration on outcomes in infants 

and children has not been studied in detail, though 

metabolomic changes are evident in the RBC unit.  

• The British Society Guidelines recommend that irradiated 

RBCs are transfused within 24 hours of irradiation if the 

fetal/neonatal recipient is at risk for hyperkalemia (e.g. large 

volume transfusion, exchange transfusion, intra-uterine 

transfusion).

Irradiation of Cellular Blood Products, Prevention of TA-GVHAD  



• Small patients receiving large volumes

– Fatal cardiac arrhythmia 

• Related to: 

– Storage time

– Irradiation

– Patient hypovolemia

– Rate and dose

• Neonatal death

– s/p cardiac surgery with post-op bleeding

– Used all of the neonatal blood (group O, 
fresh, CPD)

– Received one 32 day old CPD unit

• Neonatal death

– 5 day old “fresh” unit

– Irradiated 48 hours previously

Hall, Transfusion, 1993 & Baz, Transfusion Medicine, 2002 & wikipedia images



Transfusion thresholds in US centers

Patel et al. J Pediatr. 2021

From NHLBI REDS-III study
N=60,243 infants from 7 US centers

What about infants 33-36 weeks GA?



Manufacturing RBCs Products= Aliquoting 

• Goals when approaching infant RBC transfusion 
• Minimize donor exposure

• Minimize exposure to large doses of
• Adenine and other solutes

• Potassium

• Other “standard” targets
• Minimize viral transmission

• Minimize risk of transfusion-associated                                                                     
graft versus host disease 

• Concerns of age of blood and the “storage 

lesion” effects



Adenine and other solutes in additive solutions

• Adenine → phosphoribosyl transferase → metabolizes 95% of 
adenine

• Adenine → xanthine oxidase →dihydroxyadenine (DOA) insoluble 
precipitate → crystals can block renal tubules and cause liver 
toxicity

• Mannitol is a large molecule that has high osmolality
– Pulls water into vessels

– Concern about causing osmotic diuresis and compromising cerebral blood 
flow in neonates

• Hyperglycemia can occur with transfusion of blood products
• Other risks

– Hypernatremia:  Sodium in the blood product

– Hypocalcemia:  Citrate & phosphate chelate patient’s calcium



Clinical studies support low volume transfusions with additive RBC units

• Six studies

– Different age of product, type of solution, dose 

transfused

– No evidence of hyperglycemia, hypoglycemia, 

hypocalcemia, hyperkalemia, hyponatremia

Luban et al. Curr Op Hematol, 2002





Platelet Variability of Donor and Products can Impact Recipients 

Modified from Patel RM, et al. Trans Med Rev. 2016

Whole blood 

derived/Buffy Coat, 

pathogen reduced, 

PAS, Apheresis 

Platelets

Leukoreduced

Platelet

?



Choices:  apheresis or whole blood donors, buffy coat platelets

ABO compatible or identical platelets are ideally selected for transfusion into 
pediatric patients, in an attempt:

1) to minimize the passive transfer of incompatible plasma 
2) to minimize the destruction of platelets expressing incompatible antigens
3) to minimize transfusion reaction rates (including febrile and allergic reactions).   

ABO Compatible or Incompatible Platelets 



“Contraindicated for preparation of platelet components 
intended for neonatal patients treated with phototherapy 
devices that emit a peak energy wavelength less than 425 
nm, or have a lower bound of the emission bandwidth “

TAKE HOME POINTS:

• PI inactivate T-cells in platelet unit, does not require irradiation. 

• No increased rates of transfusion reactions have been reported in 

children transfused with pathogen reduced platelets, though increased 

platelet utilization, need for more platelet transfusions 

• Paucity of data currently exists regarding the experience of pathogen 

reduced platelets in preterm neonates

. 
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Future RBC



Guo et al. Stat Methods Med Res. 2018
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P o s t - t r a n s f u s i o nP r e - t r a n s f u s i o n

18 RBC transfusions (N=14 infants, mean GA 28 wks)

Mes-S02= mesenteric regional saturation of oxygen
AUC=area under the curve  

Near-Infared spectroscopy (NIRS)

Variability in clinical and physiologic response to RBC 

transfusion: Focus on Recipient and Not Just Hemoglobin 

Measurements



Change in gut oxygenation by baseline rSO2

Patel et al. PAS 2021

P = 0.0003 for pre-transfusion rSO2 x time interval interaction

• Pre-transfusion baseline oxygenation is associated with response to RBC transfusion
• The lower the baseline oxygenation is the greater the response to transfusion



RBC Transfusion in Neonates                           
Variations can occur at many levels

Patel RM, et al. Trans Med Rev. 2016
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Recipient Sex Differences, Anemia, and Transfusion



Donor RBC variability and the potential 

impact on recipient morbidity and mortality



Retrospective:

Female blood was associated 

with preterm vulnerability to 

neonatal morbidities 

Retrospective: 

No difference found with 

outcomes in newborn infants due 

to donor sex or donor age 



N=56 (31%) infants received 
RBCs from exclusively female 
donor

Primary outcome: composite of 
death, NEC stage II or higher, ROP 
stage III or higher, or moderate-
to-severe BPD.

Primary outcome incidence:
- 21% (12 if 56 infants) 

exclusively female RBCs 
donors
- 45% (56 of 125 infants) 

exclusively male RBCs  donors

• Prospectively collected, retrospectively analyzed 

• RBCs from female donors, compared to male donors, associated 
with a lower risk of adverse outcomes

• Lowest risk with older, female donors, but effect diminishes with 
increasing number of transfusions



REDS III Database – V2V 
Study



Future Platelets
Inflammation ???

Bleeding 



• Key Questions regarding platelet 
transfusions:

• What are the mechanisms underlying the 
increased mortality and morbidity 
associated with platelet transfusions in 
neonates?

• Do factors related to the donor, product, 
or recipient influence the effects of 
platelet transfusions in neonates?

• What platelet products are we transfusing 
neonates with and have we really studied 
the impact?

<50x109/L

<25x109/L

Death or major bleeding: 26% vs. 19% in high- vs. low threshold group, OR 1.57 (1.06-2.32) 



Potential adverse effects of platelet transfusion

• Several observational studies have shown an 
association between the rate or number of 
platelet transfusions and higher mortality and 
morbidity. 

• Studies limited by confounding from illness severity 

• Pre-clinical studies suggest adult platelets can 
tip the unique neonatal primary hemostatic 
system toward a pro-thrombotic state.

• Platelets are also central mediators of 
inflammation and contain pro-inflammatory 
factors that are released during storage.

Patel et al. Transfusion. 2019
Kenton et al. J Perinatol. 2005
Sola-Visner and Bercovitz. Trans Med Rev. 2016
Ferrer-Marin et al. J Thromb Haemost. 2011



Potential Recommendations for                  
RBC and PLT Transfusion in                       

Preterm Infants:  Food for Thought!



Neonate 

or 

infant**

Hemorrhagic 

shock

No 

hemorrhagic 

shock

GA <29 weeks OR 

PMA <32 weeks

Respiratory support: 

Vent, CPAP, NC ≥ 1 

L/min or FiO2 >0.35

No or minimal 

respiratory support

(NC < 1 L/min and 

FiO2 ≤ 0.35)

1st week

3rd week 

or later

2nd week

Hb ≤ 11.0

Transfuse if

Hb ≤ 10.0 

Hb ≤ 8.5

1st week

2nd week

Hb ≤ 10.0

Hb ≤ 8.5

Hb ≤ 7.0
GA ≥ 29 weeks    OR

PMA ≥ 32 weeks

Transfuse if Hb ≤ 11.5

Per cardiorespiratory support

Major surgery

(if hypotension, may 

use above guideline)

None or NC ≤ 2 L

Vent, high FiO2 

NIPPV/CPAP

Cardiorespiratory 

support (no underlying 

cardiac disease) Consider if Hb < 9.5 to 10.5

NC > 2L /CPAP with low 

FiO2
Consider if Hb < 8.5 to 9.5

Transfuse RBCs rapidly and call blood bank about need for product

Aim to administer RBC : plasma/cryo : platelets in a 2:1:1 or 1:1:1 ratio (10-

15 ml/kg aliquot). Reassess and obtain repeat labs. Repeat transfusion in 

ratio until bleeding is no longer life-threatening.

Hb ≤ 7g/dL

Hb > 7g/dL

Chronic intrauterine anemia

**If > 4 months or > 50 weeks 

PMA, consider using more 

restrictive thresholds or TAXI 

guidelines

Hypotension / Shock Consider if Hb < 11.5

Transfuse if ongoing hemolysis 

if Hb < 8.5

More than 3 days post-op

Pre-op or ≤ 3 days post-op

Hemolytic anemia on room air

Use clinical judgement: If hydropic, consider 

isovolumetric exchange transfusion. Otherwise, 

consider serial small volume (5-7.5 ml/kg) 

transfusions

Consider if 

Hb < 10.5 to 

11.5

Transfuse if 

Hb < 10

Pre-ECMO or ECMO

Pulmonary hypertension (non-ECMO) or cardiac disease 

(congenital cyanotic heart disease, heart failure)

Week of life

Recommend transfusion in 

most circumstances. 

May use clinical judgement 

based on underlying cause, 

considering reticulocyte 

response and other factors, and 

decide to monitor and not 

transfuse. 

Gestational age or PMA

Strong 

recommendation

Weak recommendation

3rd week 

or later

• Transfuse 15 mL/kg over 3-4 hours for 

infants not in hemorrhagic shock

• Hemoglobin (Hb) in g/dL

Consider higher for 

severe illness (e.g. 

shock, FiO2 100%)

Persistent apnea, unexplained tachycardia, poor weight gain
Use clinical judgement: 

Consider transfusing based on 

underlying cause if Hb < 8.5. If 

otherwise well, Hb ≤ 7g/dL

Consider if 

Hb <11.5 –

13.5

Transfuse if 

Hb 10.5

Contact rmpatel@emory.edu with any questions or concerns. v1 8/2021 (Expires Aug 2026)

Potential Recommendations based on   
Emory Neonatology Guideline Development 











Conclusions: Coming of Age Party
Neonatal Transfusion Medicine

• Current day evidence for VLBW and ELBW infants has high grade RCTs in RBC 
and PLTs transfusion practices that can support guidelines.

• However, neonates are not just small children and preterm infants are not just 
small neonates. We still have a generalizability problem!!!

• Even with RCTs many questions remain regarding RBC products and special 
modification to those products for this population.

• Clinical/physiologic measures need to be investigated to help determine when, 
how much, and how fast to transfusion RBCs to neonates.

• Platelet products with different additive solutions and chemical treatments for 
PI must be rigorously tested in this vulnerable population especially as we learn 
more about the immunologic behavior of platelets.

• More information is needed to know when we should wash, irradiate, aliquot, 
store, chill platelets for this population. 



PAS – Hot Topic Symposia                              

Toronto, May 4, 2024

Title:  Advances in Neonatal Transfusion:  New Insights on WHEN and  

WHAT We should Transfuse.

Speakers:  Sola-Visner M, Kirpalani H, Josephson C, Patel R, Davenport P. 




