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In the 

Beginning…

 Give heparin bolus for initiation

 Wait for ACT to reach 300 seconds

 Start heparin at no specific 

protocol units/kg/hr

 Do hourly ACTs

 Titrate heparin to maintain ACTs 

180-200



2011-2016 Phase I –

standardized order sets

 Give heparin bolus for initiation

 Wait for ACT to reach 300 seconds

 Start heparin at no specific protocol 

units/kg/hr

 Do hourly ACTs

 Titrate heparin to maintain ACTs 180-200

 Send daily ATIII levels to SLU at 0200.  

Treat ATIII levels less than 70%.

 Send PTT or FDP/fibrinolysis panel as 

needed.



Corrective 

Action for 

ACT OOR

Check bag and rate dialed in on pump.

If low, consider excessive urine output or platelet infusion.

Increase heparin rate by 5-10 u/kg/hr.

Send antiXa level and fibrinogen.

If fibrinogen level low, give FFP.

Heparin bolus if 10% increase in rate doesn’t fix the problem.  Bolus is 
half the current hourly drip rate and administered from separate 
source of heparin.



Functional Tests

 Anti Xa measures the amount of 

heparin indirectly in a person’s blood 

by measuring its inhibition and 

Factor Xa activity.

 It is not a functional test; the result 

does not tell us how heparin is 

working.  It’s simply how much 

Factor Xa has been inhibited.  

 ATIII levels are also not functional 

tests.  It simply tells how much 

antithrombin is present in the blood. 

 Platelet counts are also another 

example of a non-functional test.  

 PTT is a function test.  It checks the 

function of the coagulation factors, 

but it’s biggest flaw is it is a diffuse 

test.  There are many coagulation 

factors, and any one of them or 

combination of them could affect the 

PTT result.  

 TEG/rotem also functional tests.





Antithrombin 

III (ATIII)
the third leg of the triangle



Phase II – 2016 

ACT only used 
until heparin 

started
PTT drawn q 6 h

Anti Xa done at 
600 and 1400 
(still have to 
send to SLU)

ATIII q day
CBC q 6h for 1st

24, then q 12

Fibrinogen q 12 
for 1st 48, then q 

day



23% pre

9% post



27

37





Survival Rates with Heparin Dosing

For each interval of 10 

units/kg of heparin the survival 

rate increases dramatically 

from 30 u/kg/hr to 70 u/kg/hr.  

For each increase of 10 units 

of heparin/kg/hr, the 

probability of survival was 

predicted to increase by 56%. 

Tight control of ACTs, PTTs or 

both was associated with less 

intracranial hemorrhage.   



Bivalirudin
Direct Thrombin Inhibitor

Enzymatic clearance (80% 
enzymatic, 20% renal)

Short half-life (25 
minutes)

No reversal



Bivalirudin – Direct Thrombin Inhibitor



Heparin Induced 

Thrombocytopenia in the 

Pediatric Population

REVIEW OF LITERATURE

 One prospective and two 

retrospective studies

 Prospective study found a rate of 1.1% 

in the NICU setting

 Retrospective study #1 found HIT rate 

of 2.3% in PICU setting

 Retrospective study #2 found HIT rate 

of <1% in a tertiary pediatric hospital

Spadone D, Clark F, James E (1992)  Heparin 
induced thrombocytopenia in the newborn.  J 
Vasc Surg 15:306-311.

Schmugge M, Risch L, Huber AR, BennA, 
Fischer JE (2002)  Heparin-induced 
thrombocytopenia-associated thrombosis in 
pediatric intensive care patients.  Pediatrics 
109:e10.

Newall F, Barnes c, Ignjatovic V, Monagle P 
(2003)  Heparin-induced thrombocytopenia.  
J Pediatr Child Health 39:289-292.



The Anti-Coagulation Recipe

Three Ingredients

PTT

Anti-Xa

ATIII
This Photo by Unknown Author 

is licensed under CC BY-NC-ND

http://ahomemakersdiary.blogspot.com/2011/07/baking-ingredientsbaking-supplies-in.html
https://creativecommons.org/licenses/by-nc-nd/3.0/






ATIII Replacement

• <70%

• Heparin infusion >50 
u/kg/hr

• Anti-Xa below goal

Must meet all the 
requirements:



What happened?

 I followed the recipe 
perfectly!

 I asked for help from 
the experts!

 My patient is bleeding!

 My circuit is clotted!

 Are there other tests I 
should send? 

 What factors do I need 
to give?

 Do I need to give a 
heparin bolus?

This Photo by Unknown Author is licensed under CC BY

http://lovebigbakeoften.blogspot.com/2009/05/twd-failure.html
https://creativecommons.org/licenses/by/3.0/


This Photo by Unknown Author is licensed under CC BY-ND

http://theculinarychronicles.com/2009/11/25/the-barefoot-contessa-does-it-again/
https://creativecommons.org/licenses/by-nd/3.0/


This Photo by Unknown Author is licensed under CC BY-SA-NC

http://www.eatmedaily.com/2008/12/rachael-ray-postpones-vocal-cord-surgery/
https://creativecommons.org/licenses/by-nc-sa/3.0/


Lessons We’ve Learned….So Far

 We had a lot of head bleeds prior to 2016.  
We still have head bleeds but our data 
correlates with the Gandhi data.  Our 
heparin rates were too low using just ACTs, 
and we still need to obtain tighter controls.  

 We see a lot of clots early, but do few 
interventions.

 Our kids are sicker and on for longer and 
longer runs.

 Our lab sucks!  Why can’t we do antiXa’s at 
our own facility?

 We do less heparin changes but we still are 
too slow to reach therapeutic levels from 
initiation.This Photo by Unknown Author is licensed under CC BY-NC-ND

http://opinionsandexpressions.wordpress.com/2008/07/08/the-studies-reloaded/
https://creativecommons.org/licenses/by-nc-nd/3.0/


Lessons We’ve Learned…So Far

 Neonates need higher PTT ranges (60-80) 

because of their immature coagulation system 

and liver. We usually won’t get a therapeutic 

antiXa without raising PTT limits.

 Hyperbilirubinemia causes lower antiXa values 

and may need to adjust accordingly.

 Bivalirudin is a bitch!  Everything clots 

instantly. Clots even form instantly inside the 

heart if it isn’t performing well.

 ELSO data and big data in general can hopefully 

drive some deep dive learning and AI to help 

clinicians predict or treat coagulation.
This Photo by Unknown Author is licensed under CC BY-NC-ND
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https://creativecommons.org/licenses/by-nc-nd/3.0/
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