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Appendix 1: Anti-Xa Assay-based protocol used for this study 

A. UFH ECMO Dose Adjustment Protocol in Pediatric Non-Bleeding Patients <18 Years:
1) Pre-cannulation Check baseline, ACT, Anti-Xa assay, fibrinogen, PTT, PTT ratio, INR, platelets, and (ATIII if applicable) using the same sample. Check ACT level, if ACT is less than 300 sec, then administer heparin bolus 50-100 Units/Kg IV (Maximum 5000 Units) for the pre-cannulation procedure. If ACT is more than 300 sec then no UFH bolus is given
2) Priming of the circuit If packed red blood cells (PRBCs) are added to prime the circuit then add 100 Unit of UFH for every adult unit of PRBCs 
3) Activated Clotting Time (ACT) Tells us the clotting time This is affected by all of the clotting factors and inhibitors of the clotting cascade (such as Heparin)
Goal is 180-220 sec
-    Pre-cannulation ACT < 300 sec 
· Once 1st Anti-Xa assay result is attained start following the protocol
4) Anti-Xa assay Tells us the effect of UFH, which inhibits thrombin (Factor IIa) and Factor Xa, so this informs us how much UFH is inhibiting Factor Xa
Goal is 0.3-0.7 U/mL
· Check baseline (pre-cannulation)
· Check after 6 hours of initiating heparin continuous infusion and follow the protocol
· In case of any bleeding check Anti-Xa assay, ACT and AT III levels and switch to bleeding protocol
5) Antithrombin III (AT-III)
Goal is > 80% 
For patients labeled as high risk for clotting or thrombus formation (coagulopathy) it is recommended to maintain AT III level > 80%
· Check baseline (pre-cannulation)
· Check after 6 hours of initiating heparin continuous infusion and follow the protocol
6) Fresh Frozen Plasma (FFP)
Administer FFP (15-20 mL/kg) for sub-optimal AT-III (supplemental) and follow the protocol
7) Platelets
Goal is:          Age < 1 month:  >100×109/L          Age > 1 month:  >80 ×109/L 
· Check baseline (pre-cannulation)
· Check every 8 hours for 3 times, then every 12 hours, and PRN
· If needed, administer platelet transfusion over 1 hour maximum 
8) UFH maintenance dose
Do not start UFH infusion until INR < 2 and correct the following parameters prior to starting UFH infusion to be:
	Parameter
	Age < 1 month:
	Age > 1 month

	Hemoglobin level
	12-14 g/dl
	10-12 g/dl

	Platelet counts
	>100×109/L
	> 80×109/L

	AT III 
	50-80%
	≥ 80%

	Fibrinogen
	> 100 mg/dL
	> 100 mg/dL


· Initial maintenance 25 u/kg/hr
· Do not adjust UFH dose until the 1st level of Anti-Xa assay is obtained or unless the patient is bleeding upon the discretion of the primary team  
· When UFH infusion rate reaches ≥ 50 Units/Kg/hr, consider heparin resistance and contact the primary team and ECMO team


9) For Acquired Von Willebrand syndrome (VW antigen, VWF ristocetin cofactor activity, FVIII activity, and PTT mixing studies) once in the beginning

UFH ECMO Dose Adjustment Protocol in Pediatrics Non-Bleeding Patients < 18 Years ᵠ¥
	Anti-Xa Assay (U/mL)
	Heparin Dose Adjustment 

	0-0.09
	Increase heparin infusion rate by 15% & contact ECMO specialist team
Give UFH bolus 25-50 unit/kg 
check Anti-Xa assay after 8hrs then q8hrs thereafter

	0.1-0.29
	Increase heparin infusion rate by 10%
Give UFH bolus 25-50 unit/kg 
check Anti-Xa assay after 8hrs then q8hrs thereafter

	Within target
(0.3-0.7)
	No change 
check Anti-Xa assay q8hrs x 3 within target, then q12hrs thereafter 

	0.71-0.79
	Decrease heparin infusion rate by 15 %
check Anti-Xa assay after 8hrs then q8hrs thereafter 

	>0.8
	Hold Heparin infusion for 2 Hours, contact primary team and the ECMO specialist.
Repeat Heparin assay after 2 hours and follow the protocol as per Heparin assay result. 


ᵠIf patient starts to bleed according to the definition below; HOLD heparin infusion for 2 hours, take a sample and check ATIII then restart Heparin at the previous rate by following the heparin ECMO bleeding protocol according to heparin assay. If Heparin infusion was held for more than 2 hours (procedure, surgery) check ATIII (and correct if needed) then resume Heparin at the previous rate
¥This protocol is based on normal Antithrombin III range. Physicians may always use their own clinical judgment with regard to initiation and holding UFH peri-operatively


FFP transfusion:
· AT III target level ≥ 80%
· FFP (ml) = 15-20 x weight (kg) [Round it to the nearest 200 mL] and check AT III 4 hours from transfusion time (first replacement) then every 6 hours following each replacement
· If AT III level is within the target range, check the next level after 12 hours
· If Anti Xa assay is within therapeutic range and AT III below target, replace AT III as per protocol

Blood product transfusion parameters:
Replace the following blood product in case of:
	Parameter
	Age < 1 month:
	Age > 1 month
	Blood product

	Hemoglobin level
	<12 g/dl
	<10 g/dl
	10 mL/kg

	Platelet counts
	<100,000
	< 80,000
	10 mL/kg

	AT III within
	≤80%
	15-20 mL/kg

	Fibrinogen
	<100 mg/dL
	10 mL/kg




B. UFH ECMO Dose Adjustment Protocol in Pediatric Bleeding Patients < 18 Years or High-risk Bleeding
· Definition of bleeding either of the following:
· Bleeding results in hemodynamic instability AND a drop in Hg ≥ 2 g/24hr
· Bleeding resulting in hemodynamic instability AND requirement to transfuse of PRBCs ≥ 2 units
· Chest tube output ≥ 5 mL/Kg/hr
· Definition of high-risk bleeding: 
· History of arterial hypertension
· Veno-arterial ECMO
· Post Cardiac surgery
· Post cardiopulmonary bypass
· At 24 hrs post-ECMO initiation, reassess the patient to consider changing to the non-bleeding protocol in the absence of bleeding risk.

1) Pre-cannulation Check ACT Level, if ACT is less than 300 sec, then administer UFH bolus 50-100 Units/Kg IV Max 5,000 Units for the pre-cannulation procedure. If ACT is more than 300 sec, then no heparin bolus is given
2) Priming of the circuit If PBRCs are added to prime the circuit then add 100 Units of UFH for every unit of Adult PRBC primed.  
3) Activated Clotting Time (ACT) Tells us the clotting time- this is affected by all of the clotting factors and inhibitors of the clotting cascade (such as Heparin)
Goal is 160-180 sec 
- Check baseline (pre-cannulation) until ACT < 200 sec then initiate heparin continuous infusion
· Once 1st Anti-Xa assay is attained start following the protocol
4) Anti-Xa Assay Tell us the effect of UFH which inhibits thrombin (Factor IIa) and Factor Xa, so this tells us how much heparin is inhibiting Factor Xa
Goal is 0.2-0.4 U/mL
· Check baseline (pre-cannulation)
· Check after 4 hrs of initiating heparin continuous infusion and follow the protocol
· In case of the patient stopped bleeding check Anti-Xa assay, ACT and AT III levels and switch to non-bleeding protocol (chest tube output < 2 mL/kg/hr for a continuous 6 hrs upon the discretion of the primary team)
5) Antithrombin III (AT-III)
Goal is >80%
· Check baseline (pre-cannulation)
· Check after 4 hrs of initiating heparin continuous infusion and follow the protocol
· For patients labeled as high risk for clotting or thrombus formation (coagulopathy) it is recommended to maintain AT III level > 80%
6) Fresh Frozen Plasma (FFP)
Administer FFP (15-20 mL/kg) for sub-optimal AT-III (supplemental) and follow the protocol
7) Platelets
Age < 1 month: >120×109/L              Age > 1 month: >100×109/L
· Check baseline (pre-cannulation)
· Check every 8 hrs for 3 times, every 12 hours and PRN
· If needed, administer platelet transfusion over 1 hour maximum 
8) UFH maintenance dose
Correct the following parameters prior to starting heparin infusion to be:
	Parameter
	Age < 1 month:
	Age > 1 month

	Hemoglobin level
	12-14 g/dl
	10-12 g/dl

	Platelet counts
	>120×109/L
	> 100×109/L

	AT III within
	50-80%
	≥ 80%

	Fibrinogen
	> 100 mg/dL
	> 100 mg/dL


· 20 Units/Kg/hr. The maximum initial rate is 1,000 units/hour
· Do not adjust UFH dose upon the discretion of the primary team until the 1st level of Anti-Xa assay is obtained

9) For Acquired Von Willebrand syndrome (VW antigen, VWF ristocetin cofactor activity, FVIII activity, and PTT mixing studies) once in the beginning

UFH ECMO Dose Adjustment Protocol in Pediatrics Bleeding Patients < 18 Yearsᵠ
	Anti-Xa Assay (U/mL)
	Heparin Dose

	0-0.09
	Increase heparin infusion rate by 15% & Contact ECMO specialist team 
Give UFH bolus 25-50 unit/kg 
check Anti-Xa assay after 8hrs then q 8 hrs thereafter 

	 ​0.1-0.19
	Increase heparin infusion rate by 10%
Give UFH bolus 25-50 unit/kg 
check Anti-Xa assay after 8hrs then q8hrs thereafter

	Within target
(0.2-0.4)
	No change
check Anti-Xa assay q8hrs x 3 within target, then q12hrs thereafter

	0.41-0.79
	Decrease heparin infusion rate by 10 %
 check Anti-Xa assay after 8 hrs then q 8 hrs thereafter

	>0.8
	Hold Heparin infusion for 2 Hours, contact primary team and the ECMO specialist.
Repeat Heparin assay after 2 hours and follow the protocol as per Heparin assay result


ᵠIf bleeding increased or aggravated; HOLD heparin infusion for 2 hours, take a sample and check ATIII then restart Heparin at the previous rate by following the heparin ECMO bleeding protocol according to heparin assay. If Heparin infusion was held for more than 2 hours (procedure, surgery) check ATIII (and correct if needed) then resume Heparin at the previous rate
¥This protocol is based on normal Antithrombin III range. Physicians may always use their own clinical judgment with regard to initiation and holding UFH peri-operatively

FFP transfusion:
· AT III target level ≥ 80%
· FFP (ml) = 15-20 x weight (kg) [Round it to the nearest 200 mL] and check AT III 4 hours from transfusion time (First replacement) then every 6 hours following each replacement
· If AT III level is within the target range, check the next level after 12 hrs
· If Anti-Xa assay is within therapeutic range and AT III below target, replace AT III as per protocol

Blood product transfusion parameters:
Replace the following blood product in case of:
	Parameter
	Age < 1 month:
	Age > 1 month
	Blood product

	Hemoglobin level
	<12 g/dl
	<10 g/dl
	10 mL/kg

	Platelet counts
	<100 109/L
	< 80 109/L
	10 mL/kg

	AT III within
	≤80%
	15-20 mL/kg

	Fibrinogen
	<100 mg/dL
	10 mL/kg


For patients on ECMO with NO bleeding accept platelet level ≥ 50×10 9/L  




Definitions
1. Disseminated intravascular coagulation: 
International Society on Thrombosis and Hemostasis (ISTH) as “an acquired syndrome characterized by the intravascular activation of coagulation with loss of localization arising from different causes”. ISTH provides a scoring system to diagnose disseminated intravascular coagulation (39).
	A. Risk assessment
	Does the patient have an underlying disorder known to be associated with overt DIC? 
· If yes, proceed with this algorithm 
· If no, do not use this algorithm

	B. Order global coagulation tests: (prothrombin time, platelet count, fibrinogen, fibrin-related marker) 
 
	Score the test results as follows: 
1. Platelet count:
· 50,000 to 100,000 per mm3, 1 point
· 50,000 per mm3, 2 points
2. Elevated fibrin-related marker (e.g., d-dimer, fibrin degradation products): 
· no increase, 0 points 
· moderate increase, 2 points
· strong increase, 3 points
3. Prolonged prothrombin time: 
· <3 sec, 0 points
· ≥3 sec but <6 sec, 1 point
· ≥6 sec, 2 points
4. Fibrinogen level: 
· ≥1 g per liter, 0 points
· <1 g per liter, 1 point

	C. Score Calculation
	· ≥5 points: compatible with overt DIC; repeat scoring daily
· <5 points: suggestive of non-overt DIC; repeat scoring within next 1 to 2 days


Scoring system for diagnosis of disseminated intravascular coagulation established by International Society on Thrombosis and Hemostasis.

2. Thromboembolic Complications and Hemorrhagic Complications:
Definitions of mechanical thromboembolic complications and hemorrhagic complications are all developed by the Extracorporeal Life Support Organization (ELSO).
Mechanical Complications: “Complications requiring intervention, such as change of equipment or circuit components”. 
Oxygenator failure: “Requiring change due to clot formation or gas exchange failure or blood leak”. 
Pump failure: “Requiring hand cranking or pump exchange, this refers to the equipment 
Circuit change: Entire circuit (with exception of cannulas) changed due to clot formation or mechanical failure”. 
Clot in any of circuit component: “Circuit component (e.g. pigtails, connectors, bridge, arterial or venous tubing) requiring change due to clot formation or mechanical failure of the component, not equipment”. 
Hemofilter clots: “Clots in hemofilter causing hemofilter to need to be changed or to fail”. 
CNS infarction: “CT or US or MRI demonstrating localized ischemic change”. 
CNS diffuse ischemia: “CT or US or MRI demonstrating diffuse ischemic change”. 
Hemorrhagic complications:
Surgical site bleeding: “Bleeding from a surgical site other than mediastinal or peripheral cannulation site and requiring PRBC transfusion (>20ml/kg/24 hrs of PRBCS or >3U PRBCS/24 hrs in neonates and pediatrics or >3U PRBCS/24 hrs in adults), and/or surgical intervention”. 
Peripheral cannulation site bleeding: “Peripheral cannulation site such as the neck, groin, or axilla requiring PRBC transfusion (>20ml/kg/24 hrs of PRBCS or >3U PRBCS/24 hrs in neonates and pediatrics or >3U PRBCS/24 hrs in adults) and/or, surgical intervention (includes intravascular hemostatic agent deployment). A reperfusion cannula is a type of peripheral cannulation site”. 
Mediastinal (central) cannulation site bleeding: “Bleeding from cannulations positioned via the mediastinum and requiring PRBC transfusion (>20ml/kg/24 hrs of PRBCS or >3U PRBCS/24 hrs in neonates and pediatrics or >3U PRBCS/24 hrs in adults, and/or surgical intervention”. 
GI hemorrhage: “Upper or lower GI hemorrhage requiring PRBC transfusion (>20ml/kg/24 hrs of PRBCS or >3U PRBCS/24 hrs in neonates and pediatrics or >3U PRBCS/24 hrs in adults), and/or, endoscopic intervention, and/or hemostatic agent deployment”. 
Intra/extra parenchymal CNS Hemorrhage: “CT or US or MRI indicating bleeding that might be intraparenchymal, subdural or subarachnoid”. 
Intraventricular CNS hemorrhage:  “ ≥3 Grade 2 IVH on US, CT or MRI”. 
Pulmonary hemorrhage: “Requiring PRBC transfusion (>20ml/kg/24 hrs of PRBCS or >3U PRBCS/24 hrs in neonates and pediatrics and >3U PRBCS/24 hrs in adults)” (40).
3. Acquired Von Willebrand Syndrome: “Described by loss of the large multimers
of the von Willebrand factor (VWF). These high molecular weight (HMW) multimers of VWF mediate the binding of platelets to injured endothelium. High shear forces cause the HMW molecule to uncoil and thereby make it susceptible to cleavage by the protease a disintegrin and metalloproteinase with thrombospondin type 1 motif 13 (ADAMTS13), ADAMTS” (38).
Non-surgical site bleeding: Bleeding from location other than Mediastinal, peripheral, cannulation sites or surgical sites.
Survival to discharge: admission days from the first day run of ECMO till discharge from the hospital. 







