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Paediatric Intensive Care in UK

29 NHS units in the UK and Ireland

Nearly 20000 admissions/year

60% emergency work

Half <1 year of age



Oxygen delivery

DO2 = {([Hb] x SaO2 x 1.39) + (PaO2 x 0.0031)} x CO

where
DO2 = oxygen delivery
[Hb] = haemoglobin concentration
SaO2 = arterial oxygen saturation of haemoglobin
PaO2 = partial pressure of oxygen in blood
CO = cardiac output



Increasing Hb

DO2 = {[Hb] x SaO2 x 1.39 + (PaO2 x 0.0031)} x CO

↑[Hb]
↑CO

↑DO2



Increasing Hb

But
Cannot increase [Hb] indefinitely

↑haematocrit ↑viscosity

↓CO



How common is anaemia?

• 32.9% of all patients anaemic on admission
• 18% develop anaemia after 48 hours of admission
• 48.6% given transfusion at any stage in PICU



First Hb value

Final Hb value

Maximum Hb value

Minimum Hb value

First, final, minimum and maximum laboratory haemoglobin levels from patients admitted to P/NICU at Great Ormond Street Hospital London in 2016



TRIPICU



TRIPICU

• Non-inferiority trial
• Stable critically ill children admitted to PICU
• 320 randomised to be transfused at 70 g/L
• 317 randomised to be transfused at 95 g/L

• Primary outcome: new or progressive multi-organ dysfunction



TRIPICU



TRIPICU



Disease specific thresholds
Cyanotic heart disease 

- SpO2 75%
- therefore need for higher [Hb] to preserve DO2
- Hb > 12 g/L?

Sickle cell disease

Pulmonary hypertension
- 10 g/L?

SvO2 50%

SpvO2 95%

SaO2 75%



TRACT



TRACT
Children with Hb between 40-60 g/L

and asymptomatic

Immediate transfusionNo immediate transfusion

30 ml/kg whole blood
(15 ml/kg PRBC)

20 ml/kg whole blood
(10 ml/kg PRBC)

Primary outcome 28 day mortality

Children with Hb<40 g/L
or (<60 gl/L and symptomatic)



TRACT

Initial increase in Hb
But did not persist to 28 or 180 days

Hazard ratio at 28 days 0.54 (0.22-1.36)
p-value 0.19



TRACT

Hazard ratio at 28 days 0.76 (0.54-1.08) 
p-value = 0.12



Mechanisms against transfusion 

Inflammatory effect
- Products of cell lysis
- DAMPs

- Interactions with endothelium



Mechanisms against transfusion

Volume effect



Mechanisms against transfusion

Decrease in oxygen affinity
- Reduced 2,3 DPG in stored blood



Mechanisms against transfusion

Hyperoxia effect



Hb thresholds?

May not be the best number to guide transfusion…

Neunhoffer et al
Ped Crit Care Med; 19(4):318-327
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May not be the best 
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Long term effects

Each 1 sd increase in Hb associated with
a 0.28 sd increase in motor development scores
a 0.24 sd increase in mental development scores 



Anaemia at PICU discharge

Anaemia at PICU discharge

No anaemia at PICU discharge

Bar plot showing distribution of anaemia at PICU according to age
3185/6210 (51.3%) with anaemia at discharge 
Prevalence of anaemia greater in children > 6 months



Anaemia at hospital discharge



Long term treatments

Iron
- deficiency common problem
- side effects
- poor compliance with supplements

Folic acid
- deficiency rarer?

Erythropoeitin
- Use in renal patients in particular



Future research questions

Too many!!!

• ICU wide strategy – including unstable and cardiac patients
• Effects of transfusion on delivery/affinity
• Type of blood – rejuvenation?
• Personalisation? Physiology based thresholds?
• Post-ICU anaemia and treatment



Summary

• Restrictive transfusion strategy safe in PICU for most patients

• Need to develop strategy for unstable/cardiac patients

• Hb may not be best target

• Need to tackle anameia post ICU



Questions


