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Hemoglobin as a trigger for RBC transfusion                   
in preterm infants: Maybe Not!
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• Discuss limitations of hemoglobin as a surrogate for 

tissue oxygenation and trigger for RBC transfusion.

• Explore consequences of permissive severe anemia; 

and what may occur when below those critical levels. 

• Examine donor RBC variability and the potential 

impact on recipient morbidity and mortality. 

Objectives

3

Limitations of infant’s hemoglobin as a surrogate 

for tissue oxygenation and trigger for RBC 

transfusion

4

Transfusion Thresholds

Take home messages TOP and ETTNO trials: 
- Permissive anemia with hemoglobins between 7-8 gm/dl, depending 

upon the post-natal age, is safe. 
- RBC transfusion at hemoglobin levels above these levels does not 

harm the patient, but will increase number of transfusions, and 
potential donor exposures.

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
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Hemoglobin: imprecise surrogate marker for oxygen 

delivery to tissues and as a trigger for RBC transfusion 

Transfusion decision making requires  

consideration of the following:  

• Anemia tolerance – linked to active 

pathology and physiologic reserve

• Relative risk from anemia 

attributable oxygen delivery failure 

vs. inherent hazards of transfusion 

• Difference in donor RBC physiology 

from that of patient RBCs

Current approaches to transfusion    

decision making                                      

(e.g. hemoglobin thresholds) DO NOT : 

• Differentiate between patients with 

similar anemia, but dissimilar 

pathology/physiology

• Guide transfusion timing and amount 

(volume) to efficacy-based goals 

(other than resolution of hemoglobin 

thresholds)

Markham C et al. Pediatric Clinics of North America, 2017-10-01, Volume 64, Issue 5, Pages 991-1015

Impact of Hematocrit on Systemic Oxygen Transport

Hematocrit

Oxygen 

transport

Flow
Oxygen 

content

Anemic hypoxia Hyperviscosity

Impact of Hematocrit on Systemic Oxygen Transport

Hematocrit

Oxygen 

transport

Flow
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content

Anemic hypoxia Hyperviscosity
“Sweet spot”

https://rk.md/2017/oxygen-delivery-equation/

Potential role of 

transfusion approaches 

or tolerance of anemia

Potential role of oxygen 

saturation targets

Arterial Oxygen 
Content 

https://rk.md/2017/oxygen-delivery-equation/

Potential role of oxygen 

saturation targets

Arterial Oxygen 
Content 

Askie et al. NeOProM collaboration. JAMA. 2018

Oxygen targeting and outcomes
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Askie et al. NeOProM collaboration. JAMA. 2018

Oxygen targeting and outcomes

https://rk.md/2017/oxygen-delivery-equation/

Potential role of 
transfusion approaches 

or tolerance of anemia 

(permissive anemia)

Arterial Oxygen 
Content 

Randomized Trials of Transfusion Thresholds

Patel and Josephson. Neonatal Transfusion. Avery’s Disease of Newborn. 10th ed.

22 to 28 weeks’ gestation or birth weight ≤ 1000g

Randomized 1824 infants

Age High Threshold Low Threshold

Week of 

life

Resp. 

Support

No Support Resp. 

Support

No Support

1 13.0 / 38 12.0 / 35 11.0 / 32 10.0 / 29

2 12.5 / 37 11.0 / 32 10.0 / 29 8.5 / 25

 3 11.0 / 32 10.0 / 29 8.5 / 25 7.0 / 21

Hemoglobin (g/dl) / Hematocrit (%)

TOP Trial TOP Trial – Primary Outcome
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Franz et al. JAMA. 2020

Infants transfused 20ml/kg PRBCs 

ETTNO Trial ETTNO Trial – Primary Outcome

Transfusion thresholds in US centers

Patel et al. J Pediatr. 2021

From NHLBI REDS-III study: 2013-2016
N=60,243 infants from 7 US centers

High

From NHLBI REDS-III study: 2013-2016
N=60,243 infants from 7 US centers

Low

Transfusion thresholds in US centers

Patel et al. J Pediatr. 2021

From NHLBI REDS-III study: 2013-2016
N=60,243 infants from 7 US centers

Severe 
anemia
Hb ≤ 8 
g/dL

Transfusion thresholds in US centers

Patel et al. J Pediatr. 2021

Potential consequences of permissive severe anemia: 

what may occur when below those critical levels? 
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Transfusion Thresholds

Take home messages TOP and ETTNO trials: 
- Permissive anemia with hemoglobins between 7-8 gm/dl, depending 

upon the post-natal age, is safe.  
- RBC transfusion at hemoglobin levels above these levels does not 

harm the patient, but will increase number of transfusions, and 
potential donor exposures.

- What happens if you go below the permissive anemia 
hemoglobin threshold between 7-8 gm/dl?   

- Is it still safe?

RBC Transfusion and Necrotizing 

Enterocolitis (NEC) in VLBW infants

• Patel et al. JAMA 2016 published a prospective, multi-center birth cohort 

study, of VLBW infants (≤1500g), identified the severity of anemia prior to 

RBC transfusion as being an independent risk factor for NEC.  

• Further, a sub-group analysis of a 2017 case-crossover study also found 

that infants with anemia were at higher risk of NEC than infants who were 

not anemic. 

Garg P,  J Perinat Med. 2018. 
Hay S, Zupancic JA, et al. Semin Perinatol. 2017
Le VT et al. PLoS One 2017

Patel RM et al. JAMA. 2016

• 4565 longitudinal measurements of Hb (median 7 per infant), the rate of NEC was significantly 

increased among VLBW infants with severe anemia in a given week compared with those who 

did not have severe anemia.

• Estimates adjusted for birth weight, SNAP score, breastfeeding, antibiotic exposure, and center

• Findings consistent in additional analyses controlling for early respiratory illness severity and in 

propensity score analyses (covariate adjustment and inverse probability of treatment weighting)

Severe anemia associated with NEC Effect of anemia on intestinal hypoxia

Hemoglobin 8 g/dL
Hematocrit 24%

Arthur et al. Transfusion. 2019

anemic

control

Macrophages mediate barrier alterations

Clod = clodronate
(depletes macrophages)

Arthur et al. Transfusion. 2019 MohanKumar et al. AJP Gastro. 2020

Severity of anemia and gut permeability
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Change in gut oxygenation by baseline MES-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

Donor RBC variability and the potential impact on 

recipient morbidity and mortality
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Variation in donor RBCs

Patel RM, et al. Trans Med Rev. 2016

Variation in donor RBCs

Donor

Variability:  Anticoagulant, 

preservative, timing of 
leukoreduction

Pre-storage 

RBC unit

Variability:  

Age, gender, 
CMV status

Irradiation
Variability: When to wash,  

based on age of blood, age 
after irradiation or patient 

characteristics

Aliquoting

Volume 

Reduction

Washing

Variability: Site of irradiation 

(supplier or hospital) and when 
to expire unit after irradiation.

Variability: Time to outdate 

after aliquoting and method 
of aliquoting (syringe or bag)

Variability: When to volume 

reduce and method of 
reduction.

Variability: When to 

expire unit

Storage
x x  x

Patel RM, et al. Trans Med Rev. 2016

Effect of RBC donor characteristics in Adults

Edgren et al. JAMA. 2019
Murphy et al. J Pediatr. 2018

RBC donor sex in preterm infants

Any major morbidity: death, BPD, IVH, PVL, ROP, SIP, or NEC
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Interaction between RBC donor sex 
and number of transfusions

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 of 56 infants) 

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

exclusively male RBCs  donors

Primary results

Patel RM. et al. 

Individual Components

Patel RM. et al. 

Donor sex and adverse outcomes
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Donor age and adverse outcomes
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Patel RM. et al. 

Donor sex, age and adverse outcomes
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Age 39 years Age 49 years Age 58 years

Patel RM. et al. 

Conclusions

• 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

Patel RM. et al. 

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 

Potential Recommendations based on   
Emory Neonatology Guideline Development 

Conclusions:   Fact or Fiction?

47

• At this moment in time it is both a “home run” and “loud foul”, for RBC transfusion 
in preterm infants in the 21st century, just need to continue to “play ball”.

• An amazing accomplishment: 2 RCTs conducted & Level 1 evidence-based, lower 
hemoglobin thresholds defined in preterm infants, that do not harm 
neurodevelopment or cause death & decrease the number of transfusions.

• Still, there is much to learn and understand, as using hemoglobin alone isn’t a 
good correlative biomarker to predict regional saturation of oxygen in different 
tissue beds. 

• Caution must be applied when using lower transfusion thresholds, below those 
studied in RCTs, as consequences of severe anemia may lead to increased 
morbidity and mortality.

• Characteristics of RBCs transfused (donor and special processing post- donation) 
may play a role in patient outcomes (either protective or harmful), more research 
required. 48

Any questions? 

Time to Giggle!!
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