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pediatric thrombosis is a 
phenomenon recognized worldwide

• Thrombotic events are increasingly recognized in the 
pediatric population.

•According to recent reports from the United States, the 
frequency of pediatric VT increased 300%, from 34 /10,000 
admissions in 2001 to 106 /10,000 admissions in 2019.



Drug Class of 
Anticoagulants

A. Parenteral

Unfractionated heparin (UFH)

LMWH: (enoxaparin, dalteparin, …)

Fondaparinux: (synthetic LMWH, Indirect Xa inhibitor)

Bivalirudin (Direct thrombin inhibitor)

B. Oral

Vitamin K antagonist (warfarin)

DOACs (rivaroxaban, apixaban, edoxaban, dabigatran)



















DOACs have several potential advantages

• Oral administration

• Predictable effect

• Fewer drug-drug and drug-diet interactions

• Wide therapeutic window

• Lack of need for routine laboratory monitoring

• Do not interact with other coagulation factors resulting 
in predictable PK.
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What happens 
when you give 
UFH in cirrhosis

a) Baseline aPTT already prolonged

• UFH further prolongs PTT and You cannot 
interpret aPTT

• Risk of underdosing if you reduce UFH 
because aPTT “looks high”.

b) Low antithrombin

• UFH effect is blunted (heparin resistance)

• aPTT may not rise appropriately despite 
therapeutic dosing



Test Use in cirrhosis

aPTT ❌ Unreliable

Anti-Xa ✅ Best test

How to monitor UFH in liver disease

Target anti-Xa for UFH : 0.3–0.7 IU/mL (institution-dependent)

📌Anti-Xa measures actual heparin activity, independent of:



Clearance of 
UFH

UFH is cleared mostly by the 
reticuloendothelial system (liver/spleen), not 
renal.

Renal impairment has minimal effect on UFH 
pharmacokinetics.

No dose adjustment is needed for renal 
impairment in most cases.

UFH is preferred in severe renal dysfunction 
because it is not renally accumulated and 
reversible with protamine.



Patient comorbidities may affect monitoring UFH. A patient with 
an active infection may have a large burden of inflammatory 
mediators that elevate the aPTT. In this case, the anti-Xa may be 
considered more reliable and indicative of the degree of 
anticoagulation.

Adjusting UFH, particularly in critically ill patients 
requires assessment of the clinical scenario and may 
warrant the use of multiple coagulation tests.













UFH vs LMWH in liver disease

UFH LMWH

Monitoring test Anti-Xa Usually none

AT dependence High Less

Reversibility Protamine (complete) Partial

Use in unstable/ICU ✅ ⚠️

Renal failure Preferred Avoid if severe







Maintenance of 
Anticoagulation

Warfarin has been drug of choice for long-term 
anticoagulation. 

The onset of effect of warfarin and the time to 
therapeutic effect are partially dependent on its PK 
properties and half-life of coagulation factors.

The average elimination half-life of warfarin, is 
approximately 30 hours. warfarin must be dosed 
daily for 4 to 5 days to reach steady state.

For dose adjustment of VKA, therapeutic level of INR 
should be maintained between 2-3.





Warfarin Maintenance

• Warfarin should be started on day 1-2 of heparin therapy. Heparin should be continued for a 
minimum 5 days. When the target INR is 2 for 2 consecutive days and at least 5 days of heparin are 
completed, heparin can be discontinued.

• For extensive DVT with or without PE, warfarin should be started on day 5 of heparin therapy.

• Children with mechanical heart valves require an INR between 2.5-3.5.

• Once the patient has two INRs between 2-3 (or 2.5-3.5 for mechanical valves)/weekly, the INR 
determinations could be carried out every 2 weeks. If the INR remains stable, the INR could be 
determined once monthly.

• Children with a thrombotic event and a persistent, significant, predisposing factor (e.g., continued 
presence of a central venous catheter, persistence of an APLA) may be placed on low-dose warfarin 
(0.1 mg/kg) target INR: 1.5-2.0 following 3 months of treatment with full-dose warfarin until the 
predisposing factor is present.







Example: Current regimen:

5 mg every day

Total weekly dose = 35 mg

INR is slightly low (e.g., 1.7) → increase by ~10%

New weekly dose:

35 mg + 10% = 38.5 mg/week

How to prescribe it:

Instead of “just one extra pill,” you spread the increase across the week.

6 mg on 3 days

5 mg on 4 days
= 38 mg/week



INR monitoring and Warfarin in Liver disease

• Baseline PT&INR is often elevated among patients with cirrhosis, making INR an 
unreliable test for monitoring VKA therapy in patients with cirrhosis.

• INR is not a predictor of bleeding or not reliable to monitor the efficacy of 
hemostasis in patients with cirrhosis.

• In Liver disease, thrombin generation tests or TEG may perform better 
indication for predicting bleeding risk than INR.

• In general, target INR for patients with cirrhosis is a goal INR of 1.0 higher than 
baseline, if the baseline INR is >1.5. 













Maintenance of Anticoagulation with DOACs

• There is a safety concern in patients with cirrhosis due to increased 
drug levels in patients with severely reduced hepatic function and 
potential of drug-induced liver injury with these drugs.

• In general, DOACs are not recommended for use among patients with 
advanced cirrhosis.

• Compared with traditional anticoagulation with warfarin, use of DOAC 
is associated with similar or lower risk for bleeding in patients 
with cirrhosis.





DOACs half-life, clearance, and monitoring

Drug Target Half-life Dosing
Renal 
Clearance

Monitoring
Reversal 
Agent

Dabigatran
Direct thrombin 
(IIa)

12–17 h BID ~80% None Idarucizumab

Apixaban Factor Xa ~12 h BID ~25% None Andexanet alfa

Rivaroxaban Factor Xa
5–9 h (young)
11–13 h 
(elderly)

QD ~33% None Andexanet alfa

Edoxaban Factor Xa 10–14 h QD ~50% None Andexanet alfa
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Betrixaban

• Adults: Betrixaban is FDA-approved in adults for VTE prophylaxis in high-risk medically ill 
hospitalized patients (initial dose 160 mg, then 80 mg once daily for 35–42 days). 

for 35–42 days). 

• Pediatrics: There is no labeled pediatric indication for betrixaban. Safety and efficacy in 
children have not been established, and it is not approved for use in patients <18 years. 



Thromboprophylaxis

• Both dabigatran and rivaroxaban are FDA approved for 

secondary prophylaxis after initial therapy for VTE.

• Additionally, rivaroxaban is approved for primary prophylaxis in 

pediatric patients 2 years or older with congenital heart 

disease after the Fontan procedure and is dosed lower in this 

setting

J Am Heart Assoc. 2021;10(22):e021765. doi:10.1161/JAHA.120.021765





When to Interrupt and Restart
DOAC Therapy During Elective Procedures





Switching Between Anticoagulants

1. VKA to DOAC

2. DOAC to VKA

3. DOAC to DOAC

4. DOAC to parenteral anticoagulant

5. Parenteral anticoagulant to DOAC





Algorithm for Switching Between Anticoagulants











Do NOT bridge in:

• Stable atrial fibrillation
• Remote VTE (>3–6 months ago)
• Routine switch from VKA → DOAC
• DOAC interruption for minor procedures

Bridging in low–moderate risk patients
increases bleeding risk without reducing thrombosis

Transitioning a patient from a warfarin to DOAC
When Bridging is NOT Needed



1. Very High Thrombotic Risk Patients
Bridging is considered when interrupting VKA would expose the patient to high risk of 
thrombosis.

Mechanical heart valves
• Mitral valve prosthesis
• Older-generation aortic valves

• Recent venous thromboembolism (VTE)
• VTE within ≤ 3 months

• Severe thrombophilia
• Antiphospholipid syndrome (especially triple-positive)
• Protein C, protein S, or antithrombin deficiency with prior thrombosis

• Recent arterial thrombosis
• Stroke or systemic embolism within ≤ 3 months

Transitioning from a warfarin to DOAC
When Is Bridging Needed?



• Stop warfarin 5 days before interruption
- Start LMWH when INR < 2.0 with therapeutic dose:
- Enoxaparin 1 mg/kg SC every 12 h or 1.5 mg/kg SC once daily

• Before Procedure
Last LMWH dose:
• 24 h before (once-daily dosing)
• 12 h before (twice-daily dosing)

• After Procedure Resume LMWH
• 24 h (low bleeding risk)
• 48-72 h (high bleeding risk)
• Restart VKA simultaneously
• Stop LMWH once INR is therapeutic

How to Bridge when the patient is on warfarin (If Indicated)
Preferred Agent: Low-molecular-weight heparin (LMWH)



• overlap (“bridging”) is needed, because warfarin has a delayed onset, while DOACs have a short half-

life.  Warfarin takes 5–7 days to become fully therapeutic. DOACs wear off within 12–24 hours. Without 
overlap, patients are under-anticoagulated.

• General Principles
✔ Start warfarin while the patient is still on the DOAC.
✔ Continue DOAC until INR is therapeutic.
✔ Check INR just before the next DOAC dose (to avoid DOAC interference).

• Step-by-Step Protocol
Day 0
Start warfarin (usual starting dose 5 mg, adjust for age, comorbidities, liver disease)
Days 1–5
Continue DOAC at full therapeutic dose
Monitor INR just before DOAC dose
Stopping the DOAC
Stop DOAC when INR ≥ 2.0 (≥ 2.5–3.0 for mechanical valves) on two consecutive measurements.
After stopping DOAC, continue warfarin alone.

Transitioning from a DOAC to warfarin (VKA)



Transitioning from a DOAC to warfarin (VKA)

Step Action

1 Start warfarin

2 Continue DOAC

3 Check INR before DOAC dose

4 Stop DOAC when INR ≥ 2

5 Continue warfarin


