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OBJECTIVES FOR PEDIATRIC PATIENT 
BLOOD MANAGEMENT

STo discuss the challenges of peri-operative bleeding & blood 
transfusion in children having non-cardiac surgery.

STo outline recent international evidence-based guidelines for PBM 
for pediatrics for non-cardiac surgery.

STo briefly introduce the concept of translating guidelines to practice 
and the goals of a pediatric PBM program. 

@sgoobie1

PEDIATRIC PERIOPERATIVE TRANSFUSIONS BY TOP 20 
NON-CARDIAC SURGERIES

*Children ages 0-21 years who 
underwent elective, non-cardiac 
surgery over a one-year period at 
a single institution.

*Resulting data set: 32,348 
patients over approximately 80 
variables (2071-2018)
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GOALS OF INTRAOPERATIVE BLEEDING 
MANAGEMENT IN THE PEDIATRIC PATIENT
S Restore/maintain O2 delivery to vital organs & tissues.
S Maintain hemodyamic stability and normovolemia.
S Achieve hemostasis, prevent and treat hyperfibrinolysis and dilutional 

coagulaopathy.
S Avoid hypotension, hypothermia, acidosis, hypocalcemia, hyperkalemia, & 

coagulopathy.
S Avoid over-transfusion and transfusion-related side effects.

@SGoobie1 
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SChildren who received a RBC 
transfusion (6987/114,935) had an 
associated increased risk for 
S 30-day mortality (2.8% vs. 1.4%)*
S Complications: 

§ wound infection (6.5% vs. 5.2%)*
§ pulmonary  (31.3% vs. 19.9%)*
§ neurologic (1.0% vs. 0.3%)*
§ cardiac (1.1% vs. 0.4%)*
§ septic (2.7% vs. 1.5%)*
§ prolonged hospital LOS; 5d (IQR: 4-9) vs 3d 

(IQR: 1-8)* 

Transfusion. 2016.

* All p</=0.001 
*ACS NSQIP 2012 and 2013 Peds databases 

6% of pediatric patients in 
US hospitals receive a 
blood transfusion
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Goobie SM Pediatric Anesthesia 25 (2015) 1182-83.

On one hand, a blood transfusion may be 
clinically necessary for life and maintaining 

vital organ perfusion.

However, alternatives to blood product 
transfusion in our pediatric patients may be 
the safest choice to avoid transfusion-related 

adverse events. 
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✘No specific 
recommendations for the 

pediatric patient.

Both bleeding and transfusion of allogeneic blood products independently 
increase morbidity, mortality, length of stay and hospital costs. 
(Grade B evidence)

ü Some specific 
pediatric  

recommendations.
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www.SABM.org

Patient blood management programs aim to improve clinical outcomes by 
using multimodal blood conservation strategies and avoiding unnecessary 
exposure to blood components. 

https://onlinelibrary.wiley.com/doi/10.1111/pan.13574
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1. Preoperative screening for anemia is recommended in children at high risk for 
blood loss, at least 3-4 weeks prior to surgery, to allow sufficient time to 
diagnosis and manage anemia. Suggest surgery be postponed to optimize 
unless the surgery is of an urgent nature or must be performed sooner.

2. Guidelines are established for the consideration and use of oral and 
intravenous iron, and erythropoiesis stimulating agents in all pediatric patients 
including neonates to prevent or mitigate pre-existing or hospital acquired 
anemia. 

Preoperative Anemia  

https://onlinelibrary.wiley.com/doi/10.1111/pan.13574


4/5/21

6

@sgoobie1

S We identified all children aged 1 -
18 y (n=51,622) and neonates 
(n=2617) with a recorded 
preoperative Hct in 2012, 2013, 
and 2014 ACS NSQIP Peds 
databases. 

S The primary endpoint was the 
incidence of in-hospital mortality. 

24% of children were 
anemic preoperatively.

A&A 2016 Faraoni, DiNardo, Goobie

There is a 60% higher odds of a blood 
transfusion among children/neonates 

with anemia.

Mortality increased in 
children with preoperative 

anemia compared to 
children without anemia by 

2 fold 
(OR 2.16, P<0.01) ; 
independent of exposure 
to blood transfusion. 

Incidence of neonatal 
anemia in US 

Hospitals =32% as 
defined as 
Hct < 40%. 

Mortality higher ; OR 2.62 
(P<0.001) in neonates with 

preoperative anemia 
compared to non-anemic 

neonates.

JAMA Pedaitr 2016
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3.  Specific measures to reduce blood loss and improve hemoglobin 
concentration in the pediatric population should be employed.

Hospital-Acquired Anemia 

4. Recommend to minimize the frequency and volume of blood sampling for 
diagnostic laboratory testing … and provide for a safe return of discard or void 
volumes.

5. Transfusion guidelines for all blood components should be weight and age 
appropriate, based on both laboratory & physiologic clinical criteria, not based on 
a Hb concentration alone, and use restrictive transfusion thresholds for 
allogeneic RBC transfusion when supported by published evidence and expert 
consensus.
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Valentine et al. Pediatr Crit Care Med 2018; 19:884–898
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6. Consider non-invasive techniques for monitoring of  hemoglobin … 
whenever possible.

Pediatric PBM monitoring guidelines 

7. Strategies are routinely applied to …. monitor and maintain adequate end 
organ tissue perfusion and oxygenation.

8. Point-of-care test-guided transfusion algorithms for pediatric  surgical and 
critically ill patients are available and used to guide blood component therapy 
when time permits.
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10. Strategies are routinely applied to maintain hemostasis and include 
avoiding hemodilution, avoiding hypothermia, avoiding acidosis, preventing & 
treating metabolic derangements, careful blood pressure control to avoid 
unplanned hypotension and maintaining adequate end organ tissue perfusion 
& oxygenation.

9. Written guidelines for monitoring and managing perioperative bleeding are 
established, based on evidence and expert consensus and are weight and age 
appropriate.

11. Pediatric massive hemorrhage guidelines incorporating a massive 
transfusion protocol based on age/weight should be readily accessible and 
available.
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Once the MTP is activated, the Blood Bank perform the following:
1. Ensure availability and thawing of appropriate blood products; RBCs and FFP -coolers. 
Platelets -separate container 
2. If crossmatched blood is not available, emergency release units will be issued.
3. Blood bank will “keep ahead” with products in volumes, appropriate for patient’s weight –
i.e. continue thawing/preparing products in 1:1:1 ratio (per table).

Consider 
Tranexamic acid: 

10 -30 mg/kg (Max. 2g) over 15 min 
& 

5-10 mg/kg/h infusion.

Transfuse: 
RBCs + FFP + Plts at a ratio of 1:1:1 units of 
each. Transfused volume and rate should 
match blood loss volume and rate. 

PRBC 10-20mL/kg
FFP 10-15 mL/kg
Plts 2-3 mL/kg or 1U/10kg
Cryo* 5 ml/kg or 1U/5 kg

*Indications for Cryoprecipitate: Fibrinogen 
<150 mg/dL or for rapidly falling fibrinogen. 
Alternatively consider Fibrinogen 
Concentrate ( 50 mg/kg).
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Hypocalcemia: 
Consider if ionized Ca < 1.14 mmol/L
CaGlu 30-50 mg/kg or
CaCl 10-20 mg/kg (central line only)

Hyperkalemia: Consider if K> 5.5 mEq/L+EKG changes or K>6 mEq/L) 
CaGlu  50-100 mg/kg
NaBicarb 1mEq/kg
Insulin Regular 0.1unit/kg  and D50 1ml/kg

Hypomagnesemia:
Consider if Mg< 1.5mg/dL 
M g sulfate 50 mg/kg

Acidosis:
Consider if pH <7.2 
NaBicarb dose
1-2 mEq/kg/dose 

Maintain Normothermia:
Bair hugger, warm fluids, Warm room

Control bleeding. Treat hypovolemia aggressively. Maintain CO/BP.  Avoid hemodilution and dilutional anemia/coagulopathy.

Pediatric Massive Hemorrhage Guidelines 

Maintain: 
Hb 7-8 g/dL 
(neonates Hb 9-10 g/dL)
Fibrinogen 150-200
PT/PTT< 1.5 x normal
Plts 50,000-100,000

Frequent Labs  (stat and q hourly); ABG, Hb, Hct, lytes, Fibrinogen, Plts, PT, PTT. 

1. Call the Blood Bank XXXX to request specific products* or activate the MTP. Order blood products or MTP in powerplan.
2. The Blood Bank Physician is available 24/7 by pager, pager XXXX
3. Provide info: Pt’s name, gender, MR number, weight (exact or estimated), location, attending’s contact number
4. Provide a blood sample for type and cross (3cc pink top tube)- send to the Blood Bank ASAP
5. Call the Clinical Lab XXXX to alert the lab to anticipate frequent blood samples /ensure expedited turn-around time.

Patient 
Weight*

Blood Products*
RBCs 
(units)

FFP (units) Platelet 
(units)

< 5 kg: 1 1 1
5 to 24.9 kg: 2 2 2

25-49.9 kg: 4 4 4
> 50 kg: 6 6 6

MTP products prepared:

Consider cell salvage 

Suggested criteria for activation:
• Hemodynamic instability with blood loss > ~ 40 mL/kg or unknown but large blood loss in <4 hours or large 

blood volume loss with anticipated ongoing bleeding.
• Severe thoracic, abdominal, pelvic or multiple long bone trauma, and/or major head trauma.
• Major gastrointestinal or surgical bleeding.

* Not standard with MTP to wash or send 
RBCs fresh unless specifically requested.

includes Massive Transfusion Protocol (MTP)

Consider
TEG/ROTEM to

guide
management

Treatment options Pattern 
recognition

R-Time/CT
(Thrombin
building)

If R-Time/CT prolonged 
àplasma (or PCC)

MA/MCF
(Clot firmness)

If MA/MCF is low, 
check FF/FIBTEM
àplatelets (if 

FF/FIBTEM normal) 
àfibrinogen/cryoppt
(if FF/FIBTEM low) 

LY30/ML
(Clot lysis)

If LY30 is >3%/ 
ML>15% 

(hyperfibrinolysis)
àTXA

Normal 
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12.  The use of antifibrinolytics should be considered for all 
pediatric patients at risk of significant bleeding including 
children undergoing major surgery.

13. The use of intraoperative cell salvage collection
and re-administration should be considered for all pediatric 
patients undergoing moderate/high blood loss surgery.

@sgoobie1

TXA dosage regime : 
10-30 mg/kg LD (2g max) and

5-10 mg/kg/h*

*based on PK modeling and simulation
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16. The decision to transfuse platelets should be based on both the platelet count and function 
and the etiology of the patient’s thrombocytopenia. Platelet transfusion volume should be 
calculated based on weight and desired increase in platelet increment   

17. The decision to transfuse fresh frozen plasma should be based on laboratory studies, 
including point of care viscoelastic testing if available, the patient’s clinical status and the etiology 
of the patient’s coagulopathy. FFP transfusion volume should be calculated based on weight and 
desired improvement in coagulation indices  

Restrictive Transfusion targets for ‘yellow products’

18. The decision to transfuse cryoprecipitate should be based on laboratory studies, including 
point of care viscoelastic testing if available, fibrinogen concentration, the patient’s clinical status 
and the etiology of the patient’s coagulopathy. Cryoprecipitate transfusion volume should be 
calculated based on weight and desired increase in fibrinogen concentration and improvement in 
coagulations indices. 

@sgoobie1
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PEDIATRIC PBM – NOW WHAT?

ü Identify patients at increased risk.
ü Identify areas that need improvement. 
ü Targeted interventions to reduce bleeding and decrease transfusion.
ü Quality improvement initiatives- requires dedication and care-giver education.
ü Translate evidence-based guidelines/recommendations into clinical practice.
ü Multi-discipline. Engage stakeholders. Educate.
ü Measure the change. Collect data. Audits. Feedback. Report Outcomes.

Goals: reduce variability, better allocation of resources, improve quality 
of care, improve safety and reduces costs

@sgoobie1

Preoperative Intraoperative Postoperative
Diagnosis and treat 
anemia

Careful blood pressure and fluid
management

Treat and tolerate anemia

Stimulate Erythropoiesis Restrictive vs liberal transfusion practice Restrictive transfusion strategy

Implementation of PBM 
program

Massive Hemorrhage Protocol/ 
Transfusion algorithms/POC testing

Transfusion algorithms

Optimize surgical technique Tolerate coagulopathy and treat with 
Vit. K

Antifibrinolytics Antifibrinolytics
Topical hemostatic agents Minimize iatrogenic blood loss

Consider recombinant coagulation 
products

Cell salvage
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PATIENT BLOOD MANAGEMENT FOR PEDIATRIC 
NON-CARDIAC SURGERY. TAKE HOME MESSAGE

SBleeding and transfusion is associated with increased morbidity & 
mortality in children.

SA blood transfusion can be life-saving or life-threatening.
SUse standardized evidence-based multimodal PBM guidelines.
SEvidence-based protocol driven care can reduce variability, improve 

quality of care, improve safety and reduce costs.
SFuture high-quality research in targeted PBM interventions focusing 

on patient centered outcomes is needed.

Will you change your practice?

https://onlinelibrary.wiley.com/doi/10.1111/pan.13574

@sgoobie1

FOR MORE INFORMATION, 
GO TO: SABM.ORG

24

https://onlinelibrary.wiley.com/doi/10.1111/pan.13574
http://www.sabm.org/

