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REFERENCES TO OFF-LABEL USAGE(S) 
OF PHARMACEUTICALS OR INSTRUMENTS

• Nothing to disclose

• Nothing to disclose

DISCLOSURE OF RELEVANT FINANCIAL RELATIONSHIP(S) 
WITH INDUSTRY
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Learning Objectives: 3 questions 

To determine whether thrombophilia test 
results will….. 

• help explain the thrombosis mechanism? 

• inform management decision making?

• impact treatment duration?
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First patient
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75 y/o female 
Three weeks ago, she underwent left total knee 
arthroplasty and recovered well. She then noted new 
pain and swelling of the left leg.  

Past history: Hypertension, osteoarthritis

Examination:  Comfortable

BP 144/80 P 97

COR: no JVD or RV Lift.  No murmurs

Extr: left leg edema
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Ultrasound Results

Blue is bad
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75 year old female with left popliteal DVT.  After 3 months 
of apixaban, what are your recommendations?

1. Stop apixaban

2. Stop apixaban and begin low dose aspirin

3. Continue apixaban at 5 mg twice daily

4. Continue apixaban but reduce dose to 2.5 mg twice daily

5. Stop apixaban and obtain thrombophilia Testing
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Our Patient
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Treatment vs. Extended Phase
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3
 m

o
n
th

s Extended

CHEST 2021; 160:e545-e608
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Who gets Extended Phase

• In the setting of a transient risk factor (major or minor), we 
recommend against offering extended-phase anticoagulation.

CHEST 2021; 160:e545-e608
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The ASH Choosing Wisely® campaign: five 
hematologic tests and treatments to 

question
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ASH Recommendations
1. ….transfuse the minimum number of RBCs to relieve symptoms of 

anemia…

2. ….do not order thrombophilia testing for VTE occurring in 
association with a transient risk factor

3. ….do not routinely insert IVC filters

4. ….do not administer FFP or PCC except in emergency 
circumstances

5. ….limit surveillance CT scans in asymptomatic patients after 
curative intent lymphoma treatment…

Blood 2013;122:3879
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75 year old female: DVT following TKA

Will the thrombophilia test results 

• explain the thrombosis mechanism? 

• inform management decisions?

• impact treatment duration?

No

No

No
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75 year old female with left popliteal DVT.  After 3 months 
of apixaban, what are your recommendations?

1. Stop apixaban

2. Stop apixaban and begin low dose aspirin

3. Continue apixaban at 5 mg twice daily

4. Continue apixaban but reduce dose to 2.5 mg twice daily

5. Stop apixaban and obtain Thrombophilia Testing
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Second patient
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55 y/o female 
One week of exercise intolerance now not able to 
climb one flight of stairs.  This morning, she is not able 
to take deep breath.  

Past history: G4 P4, PCOS (on OCPs)

Examination:  Comfortable

BP 150/80 P 77

COR: no JVD or RV lift

Extr: no edema
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55 y/o female

• Admission Labs:  

Hgb 13.4 (13.2 – 16.6)

WBC 10.0 (3.4 – 9.6)

Platelet 188 (135 – 337)

Creatinine 0.9

PT INR 1.1 (<1.2)

aPTT 28 (26 – 33)

Ddimer 5730 (<500)
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55 year old female treated conservatively and does well 
and is discharged from the hospital on Xarelto.  After 3 
months of uneventful AC, what are your recommendations?

1. Repeat CTA for residual thrombus

2. Assess Fibrin D-dimer

3. Stop rivaroxaban

4. Stop rivaroxaban and begin low dose aspirin

5. Continue rivaroxaban at 20 mg

6. Continue rivaroxaban but reduce dose to 10mg

7. Thrombophilia Testing
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Who gets Extended Phase

• In the absence of transient provocation (unprovoked VTE or provoked 
by persistent risk factor), we recommend offering extended-phase 
anticoagulation with a reduced dose DOAC (apixaban or 
rivaroxaban).

CHEST 2021; 160:e545-e608
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Provoked Unprovoked



©2018 MFMER  |  3796742-23
Haematologica 2007;92:199

Recurrent VTE Rates: 
Provoked vs Unprovoked
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Oral Contraception
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Provoked Unprovoked
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How do you 
incorporate the initial 
thrombotic event?
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Cumulative Recurrence of DVT vs PE
After Incident PE
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Cumulative Recurrence of DVT vs PE
After Incident DVT
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Recurrence Rates after 
Anticoagulant Discontinuation

• If Calf DVT, then rates are reduced 

by 50%!

Chest 2016;149;315

• If Second unprovoked, then rates 

are increased by 50%!
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And the Consequences!!
Recurrent PE

• Case fatality rate ~ 15%

Recurrent DVT

• Case fatality rate ~   2%

Major Bleeding

•Case fatality rate ~   9%
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EINSTEIN Choice
Secondary Preventions Trial

3365 patients

Rivaroxaban 20 mg/day

Aspirin 81 mg/day 

Patients:  Sympt proximal DVT/PE; completed 6-12 mos AC

N Engl J Med 2017;376:1211

1◦ endpoint: composite sympt VTE recurrence or fatal PE

Rivaroxaban 10 mg/day
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EINSTEIN Choice
Secondary Prevention Trial

N Engl J Med 2017;376:1211
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EINSTEIN Choice VTE Risk

N Engl J Med 2017;376:1211
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VTE Recurrence favors Rivaroxaban

N Engl J Med 2017;376:1211

HR (riva 20 vs. asa), 0.34 (0.20 - 0.59) p<0.001

HR (riva 10 vs. asa), 0.26 (0.14 - 0.47) p<0.001 
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Major Bleeding Rates Low and Similar

N Engl J Med 2017;376:1211

Major Bleeding Rates:    Riva 20 =  0.5%, 

Riva 10 = 0.4%, 

ASA = 0.3%
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N Engl J Med 2017;376:1211

EINSTEIN Choice

Provoked Unprovoked
Recurrent VTE*

Riva 10 mg

ASA 100 mg

Riva 20 mg

0.9%

3.6%

1.4%

1.5%

5.6%

1.8%

*Event rates are @ 1 year
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N Engl J Med 2017;376:1211

EINSTEIN Choice

Provoked Unprovoked
Major Bleeding*

Riva 10 mg

ASA 100 mg

Riva 20 mg

0.5%

0.3%

0.3%

0.4%

0.2%

0.9%

*Event rates are @ 1 year
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55 year old female: Extensive PE

Will the thrombophilia test results 

• explain the thrombosis mechanism? 

• inform management decisions?

• impact treatment duration?

Maybe

No

No
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55 year old female treated conservatively and does well 
and is discharged from the hospital on Xarelto.  After 3 
months of uneventful AC, what are your recommendations?

1. Repeat CTA for residual thrombus

2. Assess Fibrin D-dimer

3. Stop rivaroxaban

4. Stop rivaroxaban and begin low dose aspirin

5. Continue rivaroxaban at 20 mg

6. Continue rivaroxaban but reduce dose to 10mg

7. Thrombophilia Testing
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Third patient



23 year-old D1 College Basketball Player

• June 2021 COVID 19  Loss of smell/taste, malaise 
and fatigue for 1 – 2 weeks.  Afterwards, he 
noted difficulty resuming athletics.

• Jan 2022 Progressive exertional dyspnea. Not able to 
play more than 2 - 3 minutes at a time.  

• April 2022 “Exercise induced asthma”; treated with 
inhalers and steroids

• June 2022 No longer able to walk across the room.



June 2022



Left Femoral Vein 



23 year-old male

• Admission Labs:  

Hgb 15.4 (13.2 – 16.6)

WBC 11.0 (3.4 – 9.6)

Platelet 103 (135 – 337)

Creatinine 0.9

PT INR 1.1 (<1.2)

aPTT 37 (26 – 33)

Ddimer 7650 (<500)



Mechanical Thrombectomy
(without Lytic therapy)

Post procedural: 
Enoxaparin 1 mg/kg BID



23 year-old D1 College Basketball Player

• July 2022 Discharged from hospital on Eliquis

• Oct 2022 He can walk/jog for 30 minutes, leisurely pace.

Mayo Clinic Evaluation.



VQ Spect CT October 2022
Perfusion imaging Ventilation imaging



“Multiple bilateral perfusion defects
“New” peripheral wedge-shaped pulmonary infarction”



Transthoracic Echo
• Moderately enlarged right ventricle

• Moderately reduced right ventricular systolic function

• Estimated RVSP 32 mmHg (systolic BP 150 mmHg).
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23 year old male

Will the thrombophilia test results 

• explain the thrombosis mechanism?

• inform management decisions?

• impact treatment duration?
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Our patient
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Is this simply COVID 19?



Mayo Clinic Enterprise Data
• 54,354 COVID-19 PCR confirmed patients
• 1/1/2020 – 12/31/2020
• 8% hospitalized (92% outpatient)

Thromb Res 2021;207:150



Thromb Res 2021;207:150Days
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VTE event rate
• 30-fold increase
• 132 (vs. 5) per 1000 pt-yrs

VTE event type
• DVT 36%
• PE 52%
• DVT/PE 11%



Mayo Enterprise Numbers
VTE  stratified by Age Quartile
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Thromb Res 2021;207:150Age QuartilesOur Patient
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Thromb Res 2021;207:150

VTE following COVID 19 Infection

• Hospitalized Patients

• 5.6% developed VTE while hospitalized

• 2.6% had VTE following dismissal

• Ambulatory patients

• VTE rate 0.02%
Our Patient
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23 year-old male

• Admission Lab:  

Hgb 15.4 (13.2 – 16.6)

WBC 11.0 (3.4 – 9.6)

Platelet 103 (150 – 337)

Creatinine 0.9

PT INR 1.1 (<1.2)

aPTT 37 (26 – 33)

Ddimer 7650 (<500)



©2018 MFMER  |  3796742-60

Lupus Anticoagulant and APS
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Antiphospholipid Antibody Syndrome

Clinical
Arterial thrombosis

Venous thrombosis

Pregnancy loss

Laboratory
Lupus anticoagulant

Antiphospholipid Abs

b2GP1 Abs

J Thromb Haemost 2006;4:295
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Look for Clues!

• Baseline prolongation of clotting assays

• Thrombocytopenia

• Recurrent fetal demise

• Unexplained arterial thrombosis

• Valvular vegetations (nonbacterial thrombotic endocarditis)

• DOAC treatment failure

• Note!  Do not screen for APS on all patients prior to starting 
DOAC therapy
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How do you test/interpret 
testing for a lupus 
anticoagulant?
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4 easy steps
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Is the clotting time (PT, aPTT, 
DRVVT, TT) prolonged?

Step 1.
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Prolonged Clot Time

Mix (1:1) with 

plasma

Corrects

Factor Deficiency
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Mix (1:1) with 

plasma

Does not Correct…

“inhibited”

Prolonged Clot Time
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Is there heparin or DTI 
present?

Step 2.

DTI: direct thrombin inhibitor
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Heparin or DTI present?

aPTT 37 sec (23-33 s)

mix 35 sec

Thrombin Time 22 sec (18-25 s)

Interpretation:  No anticoagulant present

DTI: direct thrombin inhibitor
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Is the inhibited assay 
phospholipid dependent?

Step 3.
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Mix (1:1) with 

plasma

Doesn’t correct

Add excess 

phospholipid

“Improves”

Lupus anticoagulant

Prolonged Clot Time
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Our Patient

aPTT 37 sec (23-33 s)

mix 35 sec

Phospholipid 30 sec

Saline control 45 sec

Interpretation:  Lupus Anticoagulant

DTI: direct thrombin inhibitor
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Dilute Russel Viper Venom Time (DRVVT)

X

Fibrinogen Fibrin

ThrombinProthrombin

Xa 

Va

Russel viper

Xa VVa

Confounders:
DOAC Xa inhibitor (apixaban, rivaroxaban)

DOAC thrombin inhibitor (dabigatran)

Warfarin
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Our Patient

DRVVT (normal < 1.2)

Screen ratio 3.1

Mix ratio 2.8

Confirm ratio 2.7

Interpretation:  Lupus Anticoagulant

DTI: direct thrombin inhibitor
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The more you 

explain it, 

the more I don't 

understand it.
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Impact of Anticoagulant Therapy on 
Lupus Anticoagulant Testing

• PT*

• aPTT

• DRVVT*

• Thrombin Time

• Staclot Test*

• ELISA

Assay Heparin Warfarin

++-

High dose+++

+High dose

-+++

-

--

High dose

*reagents neutralize up to 1 IU/ml of heparin

Dabigatran

+

++

++

+++

-

±

Riva/Apixa

+

+

+

-

-

±
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Diagnosis

• LAC:  Phospholipid-dependent clotting assays

• aCL Abs: ≥ 40 GPL or MPL units

• b2GP1 Abs: ≥ 40 units

• Persistently positive for at least 12 weeks

AJR 1998:170:285

Antiphospholipid Antibody 

Syndrome
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23 year old male

Will the thrombophilia test results 

• explain the thrombosis mechanism?

• inform management decisions?

• impact treatment duration?

Yes
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23 year old male

Will the thrombophilia test results 

• explain the thrombosis mechanism?

• inform management decisions?

• impact treatment duration?

Yes
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TRAPS
Rivaroxaban vs. Warfarin in APS

120 patients

Rivaroxaban 20 mg/day 

Warfarin, INR 2 - 3

Patients:  “Triple positive” APS (ACLA > 40 U, b2GP1 > 40 U, Lupus Anticoagulant)

(Non-inferiority design, Sample size 536, assuming 6% annual event rate)

Blood. 2018;132:1365

1◦ endpoint composite: Thromboembolism, Major bleed, Vascular Death
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Early trial termination!

Blood. 2018;132:1365
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Rivaroxaban vs Warfarin in APS
Spanish Trial

Intension to treat

Ann Intern Med 2019; 171:685-694.

Rivaroxaban
(n=95)

Warfarin
(n=95)

P-value

All events 12.6% 6.3% 0.150

Arterial 11.6% 3.2% 0.04

Venous 2.1% 3.2% 0.65

Stroke 10.5% 0% 0.001
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In patients with antiphospholipid 

syndrome, we suggest warfarin

(Target INR 2.5) 

DOACs should be avoided especially 

if positive for lupus anticoagulant 

CHEST 2021; 160:e545
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23 year old male

Will the thrombophilia test results 

• explain the thrombosis mechanism?

• inform management decisions?

• impact treatment duration?

Yes

Yes

Yes
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If you do test, how often will 
you find something?

• Special Coagulation Laboratory database

• 3621 Mayo Clinic patients (1995 – 2005) with leg 
DVT ± PE

• Percent positive test results 25%

• “Strong” thrombophilia 10%

J Gastroenterol. 2013;48:1111
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What will you find?
• Antiphospholipid syndrome 5.2%

• Lupus anticoagulant 3.8%

• Factor V Leiden 15.8%

• Heterozygous 15.1%

• Prothrombin G20210A 5.2%

• Heterozygous 4.9%

• Protein C deficiency 0.2%

• Protein S deficiency 0.9%

• Antithrombin deficiency 1.3%

J Gastroenterol. 2013;48:1111
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Splanchnic Veins Cerebral Veins/Sinuses Renal Veins

Atypical Thrombus Locations
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Atypical DVT: what’s wrong with organ?

• Cerebral Cancer, trauma, infection, surgery

• Portal Cancer, cirrhosis, surgery

• Splenic Cancer (MPN), pancreatitis, surgery

• Mesenteric Cancer, IBD, surgery, infection

• Renal Cancer, nephrotic/nephritic syndrome

• Gonadal Cancer, PID

• Retinal Atherosclerosis risk factors
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Atypical DVT; What will you find?
• Antiphospholipid syndrome 5.9%

• Lupus anticoagulant 3.8%

• Factor V Leiden 10.9%

• Heterozygous 10.3%

• Prothrombin G20210A 5.0%

• Heterozygous 4.3%

• Protein C deficiency 0.3%

• Protein S deficiency 3.5%

• Antithrombin deficiency 1.5%

J Gastroenterol. 2013;48:1111

Leg DVT

5.2%

3.8%

15.8%

15.1%

5.2%

4.9%

0.2%

0.9%

1.3%
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Just One More Question!!!
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Last Quick Questions

• When should you test?

• How much is testing?
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Test Interpretation Caveats
If you see this…. Watch for….

Antithrombin Deficiency Heparin consumption

Nephrotic syndrome

Liver disease 

Protein C Deficiency Warfarin effect

Liver disease

Protein S Deficiency Warfarin effect

Hormonal effect 

(pregnancy, OCPs, HRT)
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“Thrombophilia” Testing: 
Bottom Line

• Choose carefully who you offer testing to

• Do not obtain for patients with a provoked event

• Yield is relatively low (25%)

• 1 in 10 will have a severe thrombophilia (10%)

• Results may or may not change management


