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What’s the big deal, anyway?

…“Just give the kid aspirin, right?”
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• Lastly…

 We cardiologists love to deal with anticoagulation
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• Virchow’s triad (aka. every single ventricle patient)

• Some guidelines exist, but mostly expert opinion 
with modest strength of evidence (at best)

• Everyone does/wants something different… 
….consistency is hard to achieve, patterns hard to 
observe, experience hard to gather

• Each patient is unique and deserves/requires 
specified patient-centric care

• Lastly…

 We cardiologists love to deal with anticoagulation



Poll Question
Do single ventricle patients at your center remain 
on aspirin lifelong?

a. Lifelong

b. Stop after some time post-surgery (any stage)



Poll Question
Are single ventricle patients at your center maintained on 
thromboprophylaxis more than aspirin as a routine 
(excluding treatment for thrombosis)? Select all that apply.

a. Stage 1 always

b. Stage 1 sometimes

c. Stage 2 always

d. Stage 2 sometimes

e. Fontan always

f. Fontan sometimes



How to best approach antithrombotic management

Collaborative decision making based on care pathways and protocols:

• Protocols written in an evidence- AND experience-based multidisciplinary manner

• Find the middle ground that surgeons, primary cardiologists, and ICU can agree upon.
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in single ventricle patients

Champions for consistent, yet patient-centric, management:

• Collaboration with invested colleagues in hematology

• Collective learning (cardiologists learn from hematologists, hematologists learn from cardiologists)

• This will be the hardest piece to achieve

Multidisciplinary outpatient care:

• Interstage programs, single ventricle care programs, Fontan multidisciplinary care teams

• Includes care for thrombosis and thrombosis prevention



How to best approach antithrombotic management

Collaborative decision making based on care pathways and protocols:

• Single ventricle-specific protocols for thromboprophylaxis, both long-term and post-operative

• Take into account the experience of your center (evidence-based protocols are great, but great 
evidence does not exist)
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in single ventricle patients

Champions for consistent, yet patient-centric, management:

• Make a friend in hematology and foster a mutually beneficial relationship between disciplines.

• Identify a pharmacist champion who understands SV patients and anticoagulation (or willing to learn)

• Will need to learn/identify patients that require more-specified management (off protocol).

• Single ventricle patients require patient-centric management of new thrombosis events

Multidisciplinary outpatient care:

• If outpatient anticoagulation management services exist, try to integrate cardiology.

• Integrate these services with your multidisciplinary teams at each stage of palliation.

BUILD RELATIONSHIPS

I acknowledge: these things are WAY easier said than done!



The content that is about to be 

shared might be considered 

sensitive for some members of 
the community.

Please feel free to take a break 
or step away, if needed.

Sensitive Material



Stage 1



Antithrombotic management after Stage 1
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What do the guidelines say?
What are the most recent guidelines?

Yes, our most-recent guidelines for thrombosis prevention after stage 1 are from 2013
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Antithrombotic management after Stage 1

Risk factors for thrombosis of shunts:

• Heterotaxy

• Other congenital anomaly

• Smaller BTT shunt size

• Infection

Emphasis on historic reports of luminal 
narrowing of PTFE shunts being caused by 
organized thrombus or fibrotic proliferation

Evaluation of 155 infants/children who had takedown of mBTT shunt 
(all patients prescribed aspirin)

Histopathologic analysis: 

23% with >50% narrowing

What are the risk factors? What do we know?

Grouped RVPA and AP shunts together
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Antithrombotic management after Stage 1

What are the other details?

• Reasonable to give low-dose heparin after shunt

• Probably recommend treatment dose heparin if risk factors for 
thrombosis, CA-VTE, or stented shunt

• May consider LMWH+ASA (or clopidogrel) if high risk for thrombosis

Okay, so what do we do?

Wait, what about clopidogrel?

• PICOLO trial (2008) randomized patients to receive clopidogrel vs. 
placebo (88% on concomitant ASA)

• No difference in mortality or shunt thrombosis

• No difference in bleeding

DAPT is generally not recommended for shunts
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Antithrombotic management after Stage 1
What have we learned over 10 years?

Most studies have evaluated “aspirin resistance”

ASA

ASA binds and blocks 

the AA binding site

• Aspirin binds and permanently blocks the 
binding site for AA on the COX-1 enzyme

• However, ASA has a circulating half-life of 
20 min

• Any platelets generated after aspirin is 
cleared, will not be inhibited

• Aspirin does not last for 7 days, rather, its 
effect lasts for the life of the platelet (well, 
the platelets in circulation for the 20 min 
after aspirin is given)

…more on this later
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Antithrombotic management after Stage 1
What have we learned over 10 years?

Most studies have evaluated “aspirin resistance”

*study of all patients <18 requiring heart surgery

Okay, so aspirin is probably good
and

we probably should test/titrate it…
… but there still is no concensus.

Do we use VerifyNow?

Do we use TEG?

What about ROTEM?

And still no specific 
evidence or guidance 
for stage 1 single 
ventricle patients



So, what 
do we do 

at 
Children’s 
Hospital 

Colorado?

RVPA (Sano) shunts:

• Aspirin only

• Aggressive treatment with LMWH if concomitant thrombosis (most-commonly CA-VTE)

• Strict adherence to guidelines recommending 6-12 weeks of treatment for CA-VTE

…mBTT (and central) shunts are a different story

Children’s Hospital Colorado aortopulmonary shunt thromboprevention protocol:

• Start Bivalirudin infusion 2-6 hours after surgery (once bleeding risk is deemed reduced)

• Target aPTT 50-70 for shunt prophylaxis and maintain for minimum 5 days post-op

• Start aspirin 5-10 mg/kg/dose BID once enteral access is achieved

• Convert bivalirudin to enoxaparin (target anti-Xa 0.5-1) until stage 2

But why bivalirudin?!?

• Specific, potent, and reversible inhibitor of thrombin

• Binds circulating and clot-bound thrombin

• Inhibits thrombin-mediated platelet activation and aggregation

• Immediate onset of action and very short half life (20 min, protease degradation)



So, what 
do we do 

at 
Children’s 
Hospital 

Colorado?

We maintain all our AP shunt patients on BID aspirin and enoxaparin through the interstage

• Current experience of 13 consecutive patients on this protocol

• Bridged with bival for any other surgeries (g-tube), shunt/PA stent, or NPO (NEC)

• No shunt thrombosis (nor other thrombosis)

• No bleeding

• All patients make it to stage 2

RVPA (Sano) shunts:

• Aspirin only

• Aggressive treatment with LMWH if concomitant thrombosis (most-commonly CA-VTE)

• Strict adherence to guidelines recommending 6-12 weeks of treatment for CA-VTE

…mBTT (and central) shunts are a different story

Children’s Hospital Colorado aortopulmonary shunt thromboprevention protocol:

• Start Bivalirudin infusion 2-6 hours after surgery (once bleeding risk is deemed reduced)

• Target aPTT 50-70 for shunt prophylaxis and maintain for minimum 5 days post-op

• Start aspirin 5-10 mg/kg/dose BID once enteral access is achieved

• Convert bivalirudin to enoxaparin (target anti-Xa 0.5-1) until stage 2

…(yes, BID aspirin, we will come back to this)



Stage 2
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Antithrombotic management after Stage 2
No longer at risk for shunt 
thrombosis or related 
complications:

However, now with 
passive venous blood flow 

via cavopulmonary 
connection

Phew, you made it to the Glenn

Secondary analysis of PHN SVR trial data

57 of 549 infants with thrombosis (21.2%)
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Antithrombotic management after Stage 2
No longer at risk for shunt 
thrombosis or related 
complications:

However, now with 
passive venous blood flow 

via cavopulmonary 
connection

What do the guidelines say?

Emphasis on chylothorax as a risk factor for thrombosis:

• Loss of endogenous anticoagulant proteins (Protein C, S, and AT) 
…results in relative hypercoagulable state

• In addition to cavopulm/PA thrombosis risk, now at increased risk 
for cerebral sinus venous thrombosis (and associated stroke)

General recommendation is the same: aspirin for all…

However, if patient has draining chylothorax,

recommendation is to monitor coagulation status

(clotting studies, antithrombin, and anti-Xa level)

Recommendations for workup looking for VTE 
(both as cause and consequence of chylothorax) 
and provide prophylactic anticoagulation 

but with what?…

Okay, so there is a chylothorax, 

what do we do?
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Antithrombotic management after Stage 2

Recommendations for workup looking for VTE 
(both as cause and consequence of chylothorax) 
and provide prophylactic anticoagulation 

but with what?…

Okay, so there is a chylothorax, 

what do we do?

Some recommend fairly aggressive anticoagulation with enoxaparin:

Single institutional protocol: 

Therapeutic anticoagulation with enoxaparin for 6 weeks after Stage 2 

• 71 infants studied

• 4 with thrombosis

• 3 with clinically significant bleeding

But are there other anticoagulant options?

Hold that thought!



Stage 3
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Antithrombotic management after Stage 3

Post-operative thromboprevention 
recommendations are not different

(again, aspirin for all)

Prophylaxis with warfarin/LMWH may be reasonable for 3-12 months after the Fontan.

Long-term therapy with warfarin/LMWH may be reasonable if anatomic or hemodynamic risk factors.

Prophylaxis after the Fontan may be reasonable in adolescence/adulthood.

What is so special about the Fontan?

The difference:

We are now looking to the future… 

adolescence,

adulthood, 

complications

…No, just aspirin may be not be good enough
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… perhaps, warfarin monotherapy is as good as aspirin…

  … however, we have all taken care of Fontan patients who have thrombosis 
 while on aspirin alone (whether immediate post-op or years later)

So, is aspirin good enough or what?!?

Are we back to warfarin or are we still doing aspirin?
“Maybe Fontans need more than 
aspirin, but I can’t subject them 

to lovenox or warfarin for the rest 
of their lives!”

“If only there was something 
easier, then I would choose more 

than aspirin.”



DabigaTran (direct thrombin inhibitor) Pradaxa

RivaroXaban (Xa inhibitor)   Xarelto

ApiXaban (Xa inhibitor)   Eliquis

EdoXaban (Xa inhibitor)   Savaysa

BetriXaban (Xa inhibitor)   Bevyxxa

#DisforDirect

(the artists formerly known as the Novel Oral AntiCoagulants, NOACs)

Please remember, I have no financial interests 
in any DOAC or other antithrombotic agent

Antithrombotic management after Stage 3
Here come the DOACs!

First DOAC was FDA approved in 2010:

• Dabigatran was approved for stroke prevention in adults with atrial fibrillation (2010)

• Followed by Rivaroxaban (2011), Apixaban (2012), and Edoxaban (2015) for atrial fib

• Eventually, all approved for treatment of adult VTE (betrixaban in 2017 for prophy only)



Initial clinical trials in AF and VTE:
Equally or more effective than VKA and similar or lower risk of bleeding than VKA
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Please remember, I have no financial interests 
in any DOAC or other antithrombotic agent



The How of DOACs

Bhat, Blood (2024)

AT
UFH

LMWH

Fonda

Two mechanisms of DOAC action:

• Xa inhibition (direct)

• Thrombin (IIa) inhibition (direct)

The heparins (UFH, LMWH, fondaparinux):

• Xa inhibition (indirect, antithrombin as a cofactor)

Warfarin inhibits Vitamin K oxide reductase (VKOR):

• Impairs vitamin K activation → reduces II, VII, IX, X activation

Please remember, I have no financial interests 
in any DOAC or other antithrombotic agent



The How of DOACs

Bhat, Blood (2024)

AT
UFH

LMWH

Fonda

Two mechanisms of DOAC action:

• Xa inhibition (direct)

• Thrombin (IIa) inhibition (direct)

Similar mechanism to bivalirudin 
(parenteral DTI)

*binds circulating and clot-bound 
thrombin (? thrombolytic effect)

● Bivalirudin



The who/what/when/where/why of 
DOACs in children
Rivaroxaban, Dabigatran, Apixaban…
 … first to be studied in children (non-CHD)

EINSTEIN-Jr (rivaroxaban) and DIVERSITY (dabigatran) trials

• Non-inferior treatment (compared to heparins or VKA)

• Equivalent safety profile without serious bleeding

• Both FDA approved for VTE in children (2021)

(without CHD)

PREVAPIX-ALL (apixaban) trial:

• Compared DOAC vs no anticoagulation for prevention of VTE in 
ALL patients at high risk

• No significant treatment benefit, but secondary analysis 
demonstrated reduced VTE in obese patients with ALL

• Major bleeding infrequent (both groups), but more epistaxis

Please remember, I have no financial interests 
in any DOAC or other antithrombotic agent



UNIVERSE Study:
Multicenter RCT, 2-part, open-label study of rivaroxaban vs. ASA 
112 pts randomized 2:1, over 35 sites (10 countries)

All Fontan patients
Similar safety and fewer thrombotic events

ENNOBLE-ATE Trial:

Multicenter RCT, open-label, phase 3 study of edoxaban vs. SOC AC

168 patients randomized 2:1, over 48 sites (14 countries)

44% pts after Fontan, 22% KD, 4% pts with heart failure, 30% other

Lower rate of clinically-relevant bleeding and thrombotic events
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SAXOPHONE Study:

Multicenter RCT, open-label, phase 2 study of apixaban vs. SOC AC

192 patients randomized 2:1, over 33 sites (12 countries)

74% single ventricle pts, 14% KD, 12% other cardiac disease

Lower rate of bleeding (there were no thrombotic events)

Please remember, I have no financial interests 
in any DOAC or other antithrombotic agent



• 219 children, median age 6.8 years (0.3-19) 
• 79% prophylaxis and 21% treatment
• Dose was adjusted to apixaban levels in 25% of the pts
• 4 bleeding safety events (3 CRNM; 1 major, hemoptysis) 
• 95% effective (37/39 patients with follow-up imaging )

• 27 children, range 4 months to 15 years
• 70% of patients were single ventricle
• 15 pts for prophylaxis and 12 pts for treatment
• No new VTE, 10 of 12 treatment pts had improvement
• 2 CRNM bleeding events

Antithrombotic management after Stage 3
Real-world experience with DOACs

Remember I promised to mention other drugs for prophylaxis after the Glenn?

Apixaban and Rivaroxaban can be prescribed at doses appropriate for infants



So, what 
do we do 

at 
Children’s 
Hospital 

Colorado?

Before we talk about DOACs, back to aspirin for a minute:

… remember? we said we would come back to this

• Aspirin binds irreversibly to circulating platelets, but the half-life is 20 minutes

• Studies report highly variable rates of ”aspirin resistance”

• But are we performing/timing the tests appropriately?

Unpublished data in patients at Colorado receiving aspirin after Fontan:
• With “Peak” and “trough” TEG platelet mapping testing

• 87% (46/53) had waning antiplatelet effect at 24 hrs after 81 mg ASA (prior to a next dose)

 (Effective arachidonic acid inhibition on 81 mg confirmed with “peak” aspirin testing)

Our patients after Fontan are now routinely discharged on aspirin 81 mg BID



So, what 
do we do 

at 
Children’s 
Hospital 

Colorado?

Our patients after Fontan are now routinely discharged on aspirin 81 mg BID

Back to the DOACs after Fontan…

• We maintain aggressive treatment of thrombosis (eg. CA-VTE), initially with 
standard of care anticoagulation (warfarin or LMWH)

• After discharge, Fontan patients with thrombosis will follow up in outpatient Cardiac 
Thrombosis Clinic for consideration of conversion to DOAC for continued therapy

• At-risk patients will discharge after Fontan on DOAC therapy (with BID aspirin)

How do we identify at-risk patients?

Answer in the Zoom chat:
 At your centers, what are some criteria to 

identify at-risk or high-risk Fontan patients?



So, what 
do we do 

at 
Children’s 
Hospital 

Colorado?

How do we identify at-risk patients?

We take it one 
step further:

… THE RULE …

“One strike and 
you’re out”

Any 
complication 
after Fontan 

commits 
patient to 

lifelong DOAC 
prophylaxis



So, what 
do we do 

at 
Children’s 
Hospital 

Colorado?

Our patients after Fontan are now routinely discharged on aspirin 81 mg BID

Back to the DOACs after Fontan…

• We maintain aggressive treatment of thrombosis (eg. CA-VTE), initially with 
standard of care anticoagulation (warfarin or LMWH)

• After discharge, Fontan patients with thrombosis will follow up in outpatient Cardiac 
Thrombosis Clinic for consideration of conversion to DOAC for continued therapy

• At-risk patients will discharge after Fontan on DOAC therapy (with BID aspirin)

• Any Fontan patient with thrombosis converts to DOAC prophylaxis after treatment

But how do we, at Colorado, make this all happen?



How to best approach antithrombotic management

Collaborative decision making based on care pathways and protocols:

• Single ventricle-specific protocols for thromboprophylaxis, both long-term and post-operative

• Take into account the experience of your center (evidence-based protocols are great, but great 
evidence does not exist)

41

in single ventricle patients

Champions for consistent, yet patient-centric, management:

• Make a friend in hematology and foster a mutually beneficial relationship between disciplines.

• Identify a pharmacist champion who understands SV patients and anticoagulation (or willing to learn)

• Will need to learn/identify patients that require more-specified management (off protocol).

• Single ventricle patients require patient-centric management of new thrombosis events

Multidisciplinary outpatient care:

• If outpatient anticoagulation management services exist, try to integrate cardiology.

• Integrate these services with your multidisciplinary teams at each stage of palliation.

BUILD RELATIONSHIPS



So, what 
do we do 

at 
Children’s 
Hospital 

Colorado?

Our patients after Fontan are now routinely discharged on aspirin 81 mg BID

Cardiac Antithrombosis Management Program

• Multidisciplinary consult service for the inpatient Heart Institute

• We provide consultation for:

But how do we, at Colorado, make this all happen?

Back to the DOACs after Fontan…

• We maintain aggressive treatment of thrombosis (eg. CA-VTE), initially with 
standard of care anticoagulation (warfarin or LMWH)

• After discharge, Fontan patients with thrombosis will follow up in outpatient Cardiac 
Thrombosis Clinic for consideration of conversion to DOAC for continued therapy

• At-risk patients will discharge after Fontan on DOAC therapy (with BID aspirin)

• Any Fontan patient with thrombosis converts to DOAC prophylaxis after treatment

Anticoagulant selection

Duration of anticoagulation

Aspirin responsiveness testing

Timing of repeat vascular imaging

Outpatient follow up plan



So, what 
do we do 

at 
Children’s 
Hospital 

Colorado?

Cardiac Antithrombosis Management Program

• Multidisciplinary consult service for the inpatient Heart Institute

• We provide consultation for:

But how do we, at Colorado, make this all happen?

Anticoagulant selection

Duration of anticoagulation

Aspirin responsiveness testing

Timing of repeat vascular imaging

Outpatient follow up plan

• CAMP consult is requested via 3 possible routes:

Review of active consult inpatients

Review of patients with new 
thromboses and/or requiring AC

Follow up consult notes as needed

• Consult notes in EHR within 24 hours

• CAMP Rounds (every 2 wks):

CAMP Consult Order (Epic EHR)

CAMP Secure Chat Group (Epic EHR)

Contact any CAMP team member directly



So, what 
do we do 

at 
Children’s 
Hospital 

Colorado?
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But how do we, at Colorado, make this all happen?



How to best approach antithrombotic management

Collaborative decision making based on care pathways and protocols:

• Single ventricle-specific protocols for thromboprophylaxis, both long-term and post-operative

• Take into account the experience of your center (evidence-based protocols are great, but great 
evidence does not exist)
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in single ventricle patients

Champions for consistent, yet patient-centric, management:

• Make a friend in hematology and foster a mutually beneficial relationship between disciplines.

• Identify a pharmacist champion who understands SV patients and anticoagulation (or willing to learn)

• Will need to learn/identify patients that require more-specified management (off protocol).

• Single ventricle patients require patient-centric management of new thrombosis events

Multidisciplinary outpatient care:

• If outpatient anticoagulation management services exist, try to integrate cardiology.

• Integrate these services with your multidisciplinary teams at each stage of palliation.

BUILD RELATIONSHIPS



So, what 
do we do 

at 
Children’s 
Hospital 

Colorado?

But how do we, at Colorado, make this all happen?

Cardiac
Thrombosis Clinic

Joint outpatient clinic with hematology at 
the Hemophilia and Thrombosis Center

HTC Medical Director: Michael Wang, MD

Co-Directors, Cardiac Thrombosis Clinic:

• John Kim, MD

• Beth Warren, MD

HTC Pharmacist: Tim Schardt, PharmD



Cardiac Thrombosis Clinic

• Scheduled monthly (most visits via telehealth)

• Frequent referral questions:

• Thrombophilia evaluation and follow up

• Duration of anticoagulation

• Alternatives to LMWH/VKA and conversion to DOAC

• Infant mechanical valve anticoagulation

• I stay away from and avoid addressing cardiology 
management issues, rather, I incorporate the 
physiologic/surgical considerations into thrombosis 
decisions.

Importantly, Beth has learned a lot of cardiology, 
while I have learned a lot of hematology!



How to best approach antithrombotic management

Collaborative decision making based on care pathways and protocols:

• Consistency with protocols (that everyone can agree on) will build experience and expertise

• We don’t have great evidence, but we have lots of experience… it’s okay to trust your experience

48

in single ventricle patients

Champions for consistent, yet patient-centric, management:

• Build a multidisciplinary team that includes a pharmacist willing to learn anticoagulation in SV patients

• Learn when to go off protocol and provide patient- and situation-specific managements

Multidisciplinary outpatient care:

• Integrate hematology with cardiology outpatient services

• Integrate outpatient thrombosis care with other multidisciplinary single ventricle program

SUMMARY



Thank you!

John.Kim@childrenscolorado.org

CAMP-Cardiology@childrenscolorado.org
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