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70% increase in hospital-acquired VTE rates

2001-2007

200% increase in rates of pulmonary embolism 
2001-2014

130% increase in hospital-acquired VTE rates

2008-2019

>200% increase in 
hospital-acquired 

VTE rates!! 



Background
Although the rate of venous thromboembolism (VTE) recurrence is low among 
pediatric patients with provoked VTE, children who have persistent 
prothrombotic risk factors, such as central venous catheters, thrombophilia 
and cancer after initial treatment have been shown to have increased risk for 
recurrent VTE.
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2016;175(1):133-40.
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Kids-DOTT



Objective

To characterize the use and outcomes of secondary anticoagulation 
in patients <21 years old with provoked VTE, via the multinational 
Kids-DOTT trial



Methods

• Secondary analysis of patients enrolled in the Kids-DOTT trial who 
received secondary anticoagulation

• Definitions:
• Secondary anticoagulation was defined as anticoagulant use beyond 

the initial treatment period of 6-12 weeks for the purpose of secondary 
VTE prevention, as captured in case report forms.

▪ Chronic- anticoagulation began within 2 weeks of the prescribed 
treatment course

▪ Episodic- anticoagulation began > 2 weeks after end of 
prescribed treatment course



Preliminary Results

➢ The median age was 12.9 (IQR 7.6, 15.5) and 
the majority (67%) were white.

➢ The most common index VTE anatomical site 
was upper extremity +/- PE in subjects who 
received secondary anticoagulation versus 
lower extremity +/- PE in those who received 
no secondary anticoagulation. 



➢ Low molecular weight heparin was the most 
frequently used anticoagulant at 78%.

➢ The most common indication for secondary 
anticoagulation was presence of central venous 
catheter.

➢ Of the 18 subjects receiving secondary 
anticoagulation, none had clinically relevant bleeding 
or recurrent VTE during or after course of secondary 
anticoagulation. 

Preliminary Results



Conclusions

• The use of secondary anticoagulation is low among patients <21 years 
old with provoked VTE. 

• Among those who received secondary anticoagulation for persistent 
or recurrent prothrombotic risk factors, the risks of recurrent VTE and 
clinically relevant bleeding are low.

• Focused study of use and outcomes of chronic and episodic 
secondary anticoagulation is warranted to inform future practice on 
secondary VTE prevention in children, adolescents, and young adults 
with a history of provoked VTE.
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Antiphospholipid Antibodies (aPL)

aPL

LAC ACA

β2GPI

• Heterogeneous antibody population with unique 

and overlapping specificities

• Primarily cofactor-dependent in humans: β2GPI, 

prothrombin, PS/PT, others 

• May arise in response to viral peptides in animal 

models

• aPL are found in association with several 

autoimmune disorders, but most common in 

normal individuals (2-4%)

• APS prevalence ~50 cases/100,000



Case 1: Postoperative VTE/Isolated IgM aPL

• 77-year-old woman presents for an opinion concerning duration of anticoagulation 

• Cervical discectomy and fusion six months previously

– Not given anticoagulant prophylaxis

– Sat in chair immediately after surgery, ambulatory and discharged the following day

• One week postop presented with R calf and chest discomfort; evaluation showed peroneal and 

soleal vein DVT and PE involving lobar, segmental and subsegmental arteries-placed on 

apixaban

• Seen in follow up by hematologist: anti-β2GPI IgM 87 SMU, aCL IgM 66 MPL

– Switched to warfarin

– aPL three months later: β2GPI IgM 106 SMU, aCL IgM 74 MPL

• Saw another hematologist after 6 months: recommended D/C anticoagulation



Revised “Sapporo” Criteria for APS
• Clinical

– Vascular thrombosis—one or more clinical episodes

– Pregnancy morbidity

• Three or more consecutive spontaneous abortions before 10th week

• One or more unexplained deaths beyond 10 weeks

• One or more premature births at or before the 34th week of gestation because of 

eclampsia or severe preeclampsia or severe placental insufficiency

• Laboratory

– LAC on 2 or more occasions at least 12 weeks apart, detected by ISTH guidelines

– aCL antibody of IgG or IgM isotype in serum or plasma, in medium or high titer (>40 

GPL or MPL, or the 99th percentile) on 2 or more occasions at least 12 weeks apart, 

measured by standardized ELISA

– Anti-β2GPI antibody of IgG or IgM isotype in serum or plasma (in titer > 99th percentile), 

present at two or more occasions, at least 12 weeks apart, measured by standardized 

ELISA

Definite APS requires at least one clinical and one laboratory criteria

Miyakis et al. JTH 4:295, 2006



EULAR 2023 APS Criteria (Ann Rheum Dis 82:1258, 2023) 

Entry Criteria
At least one clinical criteria (D 1-6) PLUS a positive aPL test (LAC or moderate/high levels of ACA or anti-β2GPI (G or M) within 3 years

D1. Macrovascular (Venous thromboembolism) D2. Macrovascular (Arterial Thrombosis)
With high risk VTE profile 1 With high-risk CVD profile 4
Without high risk VTE profile 3 Without high-risk CVD profile 2

D3. Microvascular D4. Obstetric
Suspect livedo racemosa, livedoid vasculopathy, aPL 
nephropathy, pulmonary hemorrhage

2
≥ 3 Consecutive pre-fetal (≤ 10 wk) or fetal (10-16 wk) deaths 1

Established livedoid vasculopathy, aPL nephropathy, 
myocardial disease, pulmonary/adrenal hemorrhage

5
Fetal death (16-33 wk) in absence of PEC or PI with severe features 1

PEC or PI (<3 4 wk) with severe features w/ or w/o fetal death 3

PEC AND PI (< 34 wk) with severe features w/ or w/o fetal death 4

D5. Cardiac Valve D6. Hematology

Thickening 2 Thrombocytopenia (lowest 20-130 x 109/L) 2
Vegetation 4

D7. APL test by coagulation-based functional assay (LAC) D8. aPL test by solid-phase assay (persistent)

Positive LAC (single-one time) 1 Moderate or high positive IgM (aCL and/or aβ2GPI) 1

Positive LAC (persistent) 5 Moderate positive IgG (aCL and/or aβ2GPI) 4
High positive IgG aCL or aβ2GPI 5
High positive IgG aCL and aβ2GPI 7Classify as APS (for research purposes) if at least 3 points each from clinical and laboratory domains
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Clinical Importance of IgM Isotype in APS?

• Del Ross et al, Thromb Res 136:883, 2015; retrospective analysis of 106 patients

– Overall thrombosis rate: VTE 41.5%, ATE 45.3%, PE 10.4%, microvascular 2.8%

– Overall frequency of IgG and IgM antibodies did not differ (P = 0.88)

– 13 patients (12.3%) positive for isolated IgM aPL (all positive for aCL and aβ2GPI)

• All medium to high levels, and 100% persistent over mean follow up of 10.2 years

• Higher incidence of cerebrovascular disease (46.1% vs 30.0%; NS)

• Higher mean age at time of thrombosis (P = 0.002)

• Higher incidence of retinal thrombosis (P = 0.005, OR 27.6)

• Urbanski et al, Stroke 49:2770, 2018; Retrospective analysis of 168 APS patients, mean follow up 92.5 months

– 24 (14.3%) had isolated IgM (9 IgM aCL, 2 isolated IgM aβ2GPI)

– IgM antibodies were persistent, and remained isolated in 70.8% 

– Stroke more frequently led to APS diagnosis in isolated IgM aPL patients (OR 3.1, 95% CI 1.3-11.5, P = 0.018)

– Use of antiplatelet agents alone (APA) was more common in isolated IgM APS (14/20 vs 28/134; P < 0.0001)

• In patients presenting with stroke, APA alone used in 9/10 isolated IgM vs 10/33 non-isolated IgM (P = 0.002)



Clinical Importance of IgM Isotype in APS? (Urbanski et al)

• No difference in relapse-free survival 

between IgM-APS and non-isolated 

IgM APS

• Decreased relapse (thrombosis) free 

survival in both isolated IgM-APS, 

non-isolated IgM APS and the pooled 

cohort in patients on APA alone vs 

APA + VKA

Urbanski et al, Stroke 49:2770, 2018



(Non)sense of Detecting IgM aCL and aβ2GPI in APS

• 1008 patients/8 European centers (259 APS thrombosis, 
204 non-APS thrombosis)

• 3.5-4.5% of thrombotic APS patients had isolated IgM 
aCL or aβ2GPI antibodies

• 2.5% of patients classified as non-APS thrombosis had 
isolated IgM aCL or aβ2GPI positivity

• No significant difference between overall IgM aCL or 
aβ2GPI levels in patients versus controls in 3 of 4 assays

• IgM positivity was not associated with thrombosis in 
multivariate logistic regression analysis including age, 
sex, LAC, IgG and IgM

• IgM aPL were significantly associated with obstetric APS

Chayuoa et al JTH 18:169, 2020



Case 1: Summary

• Isolated IgM aPL are uncommon in APS 

• There is insufficient data to consider isolated IgM aPL insignificant

• Using classification schemes for APS as diagnostic tools or therapeutic guides 
may be misleading

• Recommendations for this patient:

– Continue warfarin anticoagulation

– Periodic reassessment of aPL levels



Case 2: An Asymptomatic Patient with aPL

• 53-year-old man with medically intractable epilepsy for six years 

• Strong family history of coronary artery disease. 

• Imaging studies suggested an epileptic focus in the orbital/anterior-mesial 

temporal regions

• Distant history of antiphospholipid antibodies

• Antiphospholipid testing

– Positive LAC (dilute Russel’s viper venom time, hexagonal phospholipid assay)

– aCL IgG and IgM each > 150 GPL/MPL units, aCL IgA 21.2 APL

– anti-β2GPI IgG and IgM each >150 SGU/SMU

• Does this patient require prophylactic anticoagulation?



Absolute Risk of Thrombosis with aPL

Triple positive: 5.3%/year

Pengo et al. Blood 118:4714, 2011 Ruffatti et al Ann Rheum Dis  70:1083, 2011

Any aPL 1.86%/year

Aspirin did not reduce incidence of thrombosis



APLASA: Aspirin for Primary Thrombosis Prophylaxis

Erkan et al. Arthritis Rheum 56:2382, 2007



Arnaud et al, Autoimm Rev 13:281, 2014

Aspirin for Primary Prevention: Meta-analysis



Definitions of medium-high antiphospholipid antibody (aPL) titres, and of high-risk and low-risk aPL profile

• Medium-high aPL titres

– Anticardiolipin (aCL) antibody of IgG and/or IgM isotype in serum or plasma present in titres >40 IgG phospholipid (GPL) units or >40 IgM 
phospholipid (MPL) units, or >the 99th percentile, measured by a standardized ELISA. 

– Anti β2 glycoprotein I antibody of IgG and/or IgM isotype in serum or plasma in titre >the 99th percentile, measured by a standardized ELISA.

• High-risk aPL profile

– The presence (in 2 or more occasions at least 12 weeks apart) of lupus anticoagulant (measured according to ISTH guidelines), or of double 
(any combination of lupus anticoagulant, aCL antibodies or anti β2 glycoprotein I antibodies) or triple (all three subtypes) aPL positivity, or 
the presence of persistently high aPL titres

• Low-risk aPL profile

– Isolated aCL or anti β2 glycoprotein I antibodies at low-medium titres, particularly if transiently positive.

EULAR Recommendations

In asymptomatic aPL carriers (not fulfilling any vascular or obstetric APS classification criteria) with a high-
risk aPL profile with or without traditional risk factors, prophylactic treatment with low - dose 
aspirin ( LDA ) (75 – 100 mg daily) is recommended

Tektonidou et al. Ann Rheum Dis 78:1296, 2019



Case 2: Summary

• This patient had “high-risk” aPL profile

• Despite this, he may have had aPL for many years without thrombosis, 
demonstrating the deficiencies in using aPL levels alone for risk stratification

• No significant secondary cardiovascular risk factors

• Our recommendations for this patient: consider low dose aspirin



Case 3: Direct FXa Inhibitor or VKA

• 36 year-old woman developed ileofemoral DVT six months previously

• No provoking factors or significant PMH. Not obese, no smoking

• Treated with apixaban in urgent care, and released

• Laboratory at 3 month follow up visit:

– β2 glycoprotein 1 IgG 143 SGU, aCL IgG 56 GPL

– Testing for LAC could not be completed due to FXa inhibitor treatment

• Referred for opinion about need further anticoagulation

• Question—should she remain on apixaban or switch to warfarin



Trial of Rivaroxaban vs Warfarin in High-Risk APS (TRAPS)

Pengo et al, Blood 132:1365, 2018

• Randomized, open label study: Rivaroxaban 20 mg/d vs warfarin (INR 2.0-3.0)
• Triple positive APL patients



Recurrent Thrombosis/Stroke in APS: VKA vs Rivaroxaban

Ordi-Ros et al, Ann Int Med 171:685 2019



Apixaban vs Warfarin in APS

Woller, Blood Adv 6:1661, 2022



Case 3: Summary
• FDA recommendation: Increased Risk of Thrombosis in Patients with Triple Positive Antiphospholipid 

Syndrome treated with Direct-acting oral anticoagulants (DOACs). DOACs are not recommended for 
use in patients with triple-positive antiphospholipid syndrome (APS). For patients with APS 
(especially those who are triple positive [positive for lupus anticoagulant, anticardiolipin, and anti-
beta 2-glycoprotein I antibodies]), treatment with DOACs has been associated with increased rates of 
recurrent thrombotic events compared with vitamin K antagonist therapy

• Double positive? Single positive? LAC only? Prior venous thrombosis?

– Data unclear

• If patient doing well on FXa inhibitors?

– Unclear how long a thrombosis-free course of treatment is needed for reassurance   

• This patient

– Double positive (cannot R/O triple positive, since on FXa inhibitor)

– Has been on FXa inhibitor for a relatively short time (~6 months)

– Switch to warfarin was recommended



A Comparison of Bleeding Events Among 
Patients on Apixaban, Rivaroxaban, and 

Warfarin for Atrial Fibrillation and/or 
Venous Thromboembolism

Jordan Schaefer, MD, MSc

AC Forum Presentation, 1/11/24 
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Objectives

38

• Apixaban, rivaroxaban, and warfarin are some of the most commonly used oral 
anticoagulants1,2

• Apixaban and rivaroxaban have been compared to warfarin for the indications 
of atrial fibrillation and venous thromboembolism3-6

• Limited direct comparative efficacy studies

• Limited data in a non-trial setting

• We sought to compare patient characteristics and outcomes with use of these 
three anticoagulants



Methods-Michigan Anticoagulation Quality 
Improvement Initiative 

39

• Warfarin registry
• 6 clinics

• DOAC registry
• 4 clinics

• Enrollment:
• Jan 2009 – June 2023

• Data collection:
• Trained abstractors
• Predefined forms
• Random chart audits



Study Design

Apixaban vs Rivaroxaban vs Warfarin for Afib 

or VTE, w/ 3+ months of follow-up

Study cohort

Valvular Afib, 
other anticoag, 
<3 months f/u 

Apixaban 

N=3,527

Warfarin 

N=3,527
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Propensity match, 1:1-3:1

Rivaroxaban 

N=1,395

Warfarin 

N=4,185
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Apixaban 

N=1,395

Rivaroxaban 

N=1,395
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Methods-Propensity Match
• Demographics
−Age, sex, BMI, alcohol/tobacco use

• Indication
−Atrial fibrillation, venous 

thromboembolism

• Co-morbidities

• Coagulation History
−History of recent bleeding (≤ 30 days)
−Remote bleeding (>30 days)
−History of systemic embolism
−History of stroke/TIA
−History of venous thromboembolism
−History of gastrointestinal bleeding

−Myocardial infarction

• Medications
• Aspirin dose
• Estrogen
• Antiplatelet therapy
• NSAIDs

• Duration of follow-up

• HAS-BLED (modified)

• Charlson Co-morbidity index



Data Analysis
• Patients followed from enrollment until:

• Lost to follow-up

• Anticoagulation clinic discharge

• End of study

• Death

• Event rates compared by Poisson regression



Outcomes
• Thrombosis

• Stroke/TIA
• Pulmonary embolism
• Deep vein thrombosis
• Other thrombosis

• Bleeding
• Major bleeding

• Fatal
• Life threatening
• Intracranial or intraspinal

• Non-major
• Emergency room visits
• Hospitalizations
• Blood transfusion
• Death



Results-Patient Characteristics

13,435 patients

3,536 on apixaban, 1,395 on rivaroxaban, 8,504 
on warfarin

Mean ± SD age: 67 ± 15 years

51.1% male



Results
Table 1: Patient Characteristics Before Matchinga

Anticoagulant Apixaban

N=3,536

Rivaroxaban

N=1,395

Warfarin

N=8,504

DOAC doseb (%)

Reduced dose 18.3 10.0 /

Standard dose 81.7 90.0 /

Aspirin (%) 33.5 29.4 39.0
Demographics

Age, y mean (sd) 70.5 (13.2) 64.8 (15.1) 65.4 (15.4)
Male  (%) 50.0 49.9 51.8
BMI > 30 kg/m2 (%) 49.2 50.3 48.5
Alcohol or drug use 6.1 7.2 4.9
Current tobacco use 7.2 9.3 8.0
Former tobacco use 37.7 35.1 32.1



Results
Table 1: Patient Characteristics Before Matchinga

Anticoagulant Apixaban

N=3,536

Rivaroxaban

N=1,395

Warfarin

N=8,504

Indication (%)

AF/Aflutter 71.0 48.9 54.1
DVT/PE 29.9 52.3 47.3
Both 0.8 1.2 1.4

TTR (warfarin) mean (sd) / / 60% (20%)

Other mean (sd)
Follow-up Months 27 (24.1) 26.5 (27.1) 28.9 (33.6)
Modified HAS-BLEDc 2.7 (1.4) 2.2 (1.4) 2.5 (1.4)
Charlson Comorbidity Index 4.8 (2.1) 4.0 (2.2) 4.5 (2.5)
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Strengths/Limitations
• Strengths

− Large, robust data set
− Bleeding/thrombosis outcomes 
− Real-world data 

• Limitations
− Observational data, selection bias 

potential
− Potentially underpowered
− Geographically limited
− Data on MI may not be well captured
− No data on adherence



Conclusions
• For patients on oral anticoagulation for AF and/or VTE

− Bleeding was highest with rivaroxaban, followed by warfarin, and then apixaban.

− Thrombosis was higher with apixaban compared to warfarin, seemingly largely 
driven by “other” thrombotic events. 

− Thrombotic event rates were otherwise similar between apixaban, rivaroxaban, 
and warfarin. 

− We observed apixaban to be associated with lower mortality than rivaroxaban 
and warfarin. 

• While these findings should be confirmed with randomized studies, they may have 
implications for anticoagulant selection.
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Webinar Archive on YouTube
@AnticoagForum

https://www.youtube.com/@AnticoagForum



The THSNA Summit is a collaboration of the 13 leading non-profit organizations in the fields of Thrombosis and Hemostasis. The Summit 
provides a focused forum for over 1,000 attendees with an interest in bleeding and clotting disorders to network, learn, and share across 
disciplines and disease states. The educational programming is organized in a series of plenary presentations, educational track sessions, oral 
abstract presentations and digital poster sessions.

When you register, please note that you are associated with AC Forum!

Don’t wait, rates increase March 4!



Join us for our first 
in-person Boot Camp 

since 2019!

• Meet faculty 
• Ask questions 
• Network with other attendees
• Engage in robust discussions during our 

daily Chalk Talks

This meeting provides a comprehensive 
curriculum that covers the essential 

aspects of anticoagulation, disease state, 
and drug management. We anticipate a 

minimum of 11 contact hours.

Registration will open soon!
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