UZ
LEUVEN

Transfusion in the pediatric perioperative setting

Veerle Labarque

Pediatric Hemato-Oncology UZ Leuven
BAPA Refresher Course 2023

”Z 3000 Laven | telera 16332 10 UNIVERSITY HOSPITALS LEUVEN

Leuven



Overview

e Risk evaluation

e Children are not little adults

e Cut-off for transfusion
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Introduction

transfusions are not without hazards

N

we should weigh risk against benefit and choose the
right product for the right patient at the right time
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Metabolic consequences

e depends on volume and rate of transfusion

e hypocalcemia due to citrate in stored blood:

also depends on state of liver function

[> myocardial dysfunction in neonates (worsened if
halogenated anaesthetics)

e Hypomagnesemia E> ventricular tachycardia or

fibrillation
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Metabolic consequences

e Hyperkalaemia if irradiated or stored blood:

also depends of duration of storage (> 7 days)

[> has caused arrhythmias and death

e Acid-base disorders (temporarily)

e Hypothermia
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transfusions are not without hazards

N

we should weigh risk against benefit and choose the
right product for the right patient at the right time
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Perioperative transfusion and outcome

e Fawley et al. J Ped Surg 2018:

Transfusion during or within 72h of general/thoracic surgery was
associated with higher risk of wound infection or dehiscence.

e Chutarattanakul et al., Children 2022:

No difference in postop complications at 30 days post hip surgery

Higher complication rate if lower preop Hct
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Preoperative evaluation

Bleeding Risk Pre-existing anemia

Patient Surgery CPB Coagulopathy
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Bleeding risk

- Hemorrhage may occur in any surgical situation but most
notable in trauma, liver transplant, cardiac surgery, major
spinal surgery, cranial vault surgery and neurosurgery.

- Massive hemorrhage = exceeding circulating blood
volume in 24 hours or 50% in 3 hours

Think of (inherited) bleeding disorders !
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Preoperative iron deficiency

150= .
B Anemic

" Non-anemic
100=

50+

Number of Patients

Blood transfusion occurred more often in anemic than non-
anemic patients (11.5% vs 3.3% ASA 1-2; 21.4% vs 6.5% ASA 3-4)
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Preoperative iron deficiency

Retrospective study in pediatric cardiac surgery: AID is associated with cyanotic
heart disease and is independent risk factor for post-operative blood transfusion

Non-1D Absolute ID Functional ID  p-Value

n=122 n =102 n =90
MV {h)
Mean (SD) 34.43 48.21 33.2 (118.7g) 0178
(78.92) (212.87)
Median (IQR) 9 (5-23.25) 11 (6-22) 8 (5-15.75)
ICU stay (day)
Mean (SD) 3.87 (5.38) 4.68(10.63 3.74 (6.91) 0.696
Median (IQR) 2(1-4) 2(1-4) 2(1-4)
Hospital stay (day)
Mean (SD) 14.78 (9.15) 15.48 14.22 (9.88) 0.e52
(11.02)
Median (IQR) 13 (9.75-16) 13 (9-17) 12.5 (8-16)
ICU transfusion 50 (48.4%) 67 (65.7%) 39 (43.3%) 0.004
Mortality 0 1(1.0%) 0 0.353 )
Morbidity 17 (13.9%) 12 (11.8%) 11 (12.2%) 0.876
(AR 50 (41.0%) 42 (41.2%) 33 (36.7%) 0.677 J
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Preoperative iron deficiency

Iron Deficient Children
Ferritin Concentration < 20 ng/mL

<2 years 2 to <6 years 6 to <16 years

Caregiver concerns - |
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transfusions are not without hazards

N

we should weigh risk against benefit and choose the
right product for the right patient at the right time
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CHILDREN ARE
NOT LITTLE
ADULTS

Blood transfusion practice for
neonates and children has a lot
of commonalities to adult
practices

BUT

there are some important
differences / special
circumstances that are unique
to these groups.
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Children are not little adults

Normal hemoglobin levels change during early development until adolescence

m 6 mth—2yrs 12 18 yrs
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Children are not little adults

Hemoglobin levels differ between term and preterm neonates

Age

1.0-15kg | 1.5-2.0kg

‘ | 2weeks  163glL 148 gL
' ' T e
. F . 2months 88 g/L 94 g/L

Physiologic or early anemia of infancy

Anemia of prematurity

Higher risk for clinically significant anemia
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Children are not little adults

Blood volumes change during early development into adolescence and adulthood

\ ; | . '
Infant (> 3 months) Child Adolescent / Adult
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Children are not little adults

[ 1. fetal hemoglobin ]
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[2. cardiac reserve ]

[3. Increased metabolism ]
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Pre-transfusion testing for < 4 months

 Neonatal ABO red cell antigens may be poorly expressed

* Corresponding ABO red cell antibodies are not usually
well-developed, due to naivety of immune system — even
after multiple transfusions

 Maternal IgG ABO antibodies may be detectable in
neonatal plasma, due to transport across placenta from
second trimester onwards
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/ \ i DAT = Positive DAT = Positive
DAT = Negative DAT = Negative

— T . Maternal antibodies = Megative Maternal antibodies = Positive
Maternal antibodies = Negative Maternal antibodies = Positive
Check for ABO Phenotype the
incompatibility baby for the
between mother and [M——| MNeg corres ponding
fetus antigen
Blood compatible

with the ABO type of
mather and baby

can be issued Consider elution
without further studies and testing to see Positive
testing until the baby if maternal/ABO
is four months old. antibody can be eluted
\ / No from baby's cells*™
A 4 Yes
Blood compatible with
the ABO type and
antibody status of Y
mother and baby can Haemolysis L
be issued by IAT Suspected? :
crossmatch against Pas for rele-.ralnt antlngen —
neonatal plasma or ‘/// ~——_ blood mmpafftde with the
matermal plasma up T ABO type antibody status
until four months old * Yes — Check for No - No further of mather and baby can be

antibodies to low issued by IAT crossmatch

investigations required

frequency antigens by against neonatal plasma or
testing maternal plasma maternal plasma up untl
* If using paedipacks only the first unit of the donor set requires against infant red cells four months old *
crossmatching by 1AT

¥

Pos — IAT cross match against Neg - Blood compatible with
** Although this represents ideal practice, an elution is not generally neonatal plasma or maternal the ABO type of mother and
required unless there is haemalysis together with diagnostic uncertainty plasma up until four months old * baby can be issued by IAT
as to whether maternal antibodies are the cause Select units based on national Y . Y
' guidelines regarding low crossmatch against neonatal
frequency antibodies. plasma or maternal plasma
DAT, direct antiglobulin test. IAT, indirect antiglobulin test up until four months old * or
issue O neq paedipacks
electronically




How to transfuse children?

e Volume: not in units but in ml (10-20 ml/kg)

e Rate: 5 ml/kg/hr (start @ 1 ml/kg/hr)
through 22-25 gauge

e Target post-transfusion level of 7-9.5 g/dI

e [rradiated blood if < 1200 g; possible
immunodeficiency (e.g., T-cell, 22g11);...
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transfusions are not without hazards

N

we should weigh risk against benefit and choose the
right product for the right patient at the right time
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Transfusion for (perop) blood loss

Acute blood loss of >10% blood volume

Acute blood loss of >15% blood volume
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Cut-off for transfusion in critically ill children

e Lacroix et al., NEJM 2007 (TRIPICU):

- stable, critically ill children between 3 days and 14 years

- at least one Hb of 9.5 g/dL or less within the first 7 days on PICU
- restrictive (Hb of < 7.0 g/dL) vs liberal (Hb of > 9.5 g/dL)

no difference on MODS, mortality, infections, ventilation, stay on
ICU between restrictive and liberal transfusion policy
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Cut-off for transfusion in critically ill children

e Willems et al., Crit Care Med 2010 (TRIPICU):

- subanalysis cardiosurgical patients, not remaining cyanotic

restrictive policy was not associated
with difference in MODS

e Cholette et al., Pediatr Crit Care Med 2011:

- single-ventricle (cavopulmonary connection)
- restrictive (Hb of < 9.0 g/dL) vs liberal (Hb of > 13.0 g/dL); 48 hrs postop

{no benefit of liberal transfusion policy J
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Cut-off for transfusion in critically ill children

 Duan et al., Pediat Cardiology 2021
- meta-analysis in pediatric cardiac surgery patients
- restrictive (Hb 7.0 - 9.0 g/dL) vs liberal (Hb 9.0 - 13.0 g/dL)

a N

shorter ventilator duration with
liberal strategy in cyanotic patients
but not better in mortality, infection,
PICU stay length

| UZ
' | LEUVEN



Cut-off for transfusion in critically ill children

hematocrit level < 25% (Hb +/- 8.5 g/dl) during CPB is associated
with adverse developmental outcomes in infants

140

P=0.008

:

L

P=0.36

i
T +

Lower Higher
Hematocrit

Psychomotor
Development
Index
(N=109)

Jonas et al, Journal of Thoracic Cardiovascular Surgery 2003

Lower Higher
Hematocrit

Mental
Development
Index
(N=112)
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Hemorrhagic Transfuse RBC : plasma : platelets in ratio of 2:1:1 or 1:1:1
shock' until bleeding is no longer life threatening (d ]
Critically ill child
. ~ Hb < 5 g/dL Transfuse RBC*
or child at risk for 9/ _[ 0] ~ General critically ill O —
critical illness :
Consider RBC | Bt opatative o —
— Hb 5-7 g/dL? — transfusion based on P
No hemorrhagic | ment %4 56
SR ragic. e oo : — Respiratory failure (excluding severe PARDS) (2 I o GanEhaion
— Sepsis / recent septic shock 0 —
Hemodynamically stable” ——
— Non-life threatening bleeding 0O —
— Hb =7 g/dL
Not hemo-| Use clinical — Requiring renal replacement therapy [d e REG haa
dynamical iudgment® ¢
©) Strong recommendation, moderate st?ble 7 s — Acute brain injury — ifHb 7-10 g/dL

quality pediatric evidence, 18

() Strong recommendation, low quality
pediatric evidence, 1C

© Weak recommendation, low quality
pediatric evidence, 2C

) Consensus panel expertise

1. Severe bleeding in patients at risk of exsanguination

2. Sickle cell disease patients with Hb 2 5 g/dL and acute chest
syndrome (ACS) should undergo transfusion. Deteriorating patients
with ACS should undergo exchange transfusion, those who are not
deteriorating should undergo simple transfusion. Sickle cell patients
undergoing procedures that require general anesthesia should be
transfused RBC to achieve a target Hb of 10g/dL, not HbS <30%

3. The post-transfusion goal should be o relieve the indication for transfusion
and not necessarily achieve a normal Hb for age. A reasonable Hb goal
post-transfusion s a range between 7 g/dl and 9.5 g/dl

4. Administration of RBC transfusion should be based on evidence of
inadequate cardiorespiratory support or decreased systemic and/or
ragional oxygen delivery

5. Refer to expert guide as provided in TAX| supplement

6. Insufficient evidence to support recommending Hb concentration
transfusion thresholds

7. Hemodynamically stable = Mean Arterial Pressure not < 2 standard
deviations below normal mean for age AND cardiovascular support
(pressors/inotropes and fluids) not increasad for at least 2 hours

| Oncologic diagnoses or those undergoing

Consider RBC transfusion
hematopoietic stem cell transplant '

if Hb < 7-8 g/dL

g Allo- or auto-immune
hemolytic anemia

— Severe PARDS Use clinical judgment® © 0}

— ECMO/VAD*

.
Uncorrected congenital _ | Transfuse RBC to maintain Hb 7-9 g/dL

_ Cardiac _| heart disease Ldependmg on their cardiac reserve QJ
disease E : z
— Biventricular repair No transfusion 0
| Single ventricle, No transfusion if Hb > 8 g/dL and

| adequate oxygenation (for their cardiac
lesion) and normal end organ function @

stage 1 palliation

| Single ventricle,
stage 2 or 3 palliation

No transfusion if Hb > 9 g/dL (c ]

— Use clinical judgment® ©
There is no evidence that transfusion

. above 10 g/dL is beneficial
— Pulmonary hypertension — (d]

Valentine et al. Pediatr Clin Care Med 2018

| Congenital or acquired
myocardial dysfunction




Preop transfusion in sickle cell patients

transfusion for Hb 10 g/dl or HbS < 30% depends on genotype,

previous history, type of surgery

Low risk Moderate risk High risk
Dental extractions Head and neck surgery Cardiac surgery (eg, valve replacement)
Ophthalmologic procedures (ie, laser surgery, Orthopedic surgery (eg, total hip replacement)  Intrathoracic surgery

cataract surgery)
Hernia repair Urologic surgery Brain surgery
Dilation and curettage Cholecystectomy Transplant surgery (heart, lung, liver, kidney)
Wound debridement Splenectomy Major vascular surgery (eg, aorta repair)
Endoscopy Hysterectomy Major spine surgery
Superficial tissue biopsy (eg, breast biopsy) Uterine ablation Surgeries requiring prolonged general

Caesarian section

Appendectomy

anesthesia >4 hours (eg, Whipple procedure)

Oyedeji et al. Hematology Am Soc Hematol Educ Program 2021
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Take home messages

transfusions are not without hazards

N

we should weigh risk against benefit and choose the
right product for the right patient at the right time
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Thank you for your attention...
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