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Case: 25/F DVT with PTE

Chief complain: Rt. Leg swelling with pain (3 days)
P. M. Hx: cerebral sinus thrombosis

V/S : 141/110 mmHg - 130/min - 20/min — 36.0°C - 99%
Lab.: CBC 8700-13.6-256000

AST/ALT 27/10 IU/L Protein/albumin 8.7/4.9 mg/DL, total bilirubin 1/3 mg/dL
BUN/cr 11/0.79 mg/dL

D-dimer 10.94 ug/mL FEU

CK-MB/Tnl 0.8/0.006 ng/ML

ABGA pH 7.40, pCO2 25.7, PO2 82.4, Bicarbonate 15.9, Sa02 96%







Which anticoagulant would you select for the
initial anticoagulation therapy ?

1. IV unfractionated heparin
2. SC Low molecular weight heparin
3. Rivaroxaban

4. Apixaban




Classification of anticoagulants

Route Class Mechanism Generic names
Unfractionated heparin Activates antithrombin I1I; Hebarin
(UFH) inhibits Thrombin (IIa) & Factor Xa P
Low molecular weight heparin Activates antithrombin I1I; Enoxaparin,
(LMWH) inhibits Factor Xa > Thrombin (I1a) Dalteparin
Parenteral
. . Activates antithrombin I1I; .
Synthetic pentasaccharide Selective Factor Xa inhibition Fondaparinux
Direct Thrombin Inhibitors Directly binds j[o and mhibits Argatroban
thrombin (I1a)
Vitamin K antagonists Inhibits vitamin K epoxide reductase Warfarin
(VKA) (Factors II, VII, IX, X)
- Rivaroxaban,
ra : el .
Direct oral anticoagulants Direct Xa inhibition Apixaban,
Edoxaban

(DOACs)

Direct I1a inhibition

Dabigatran




Timeline for VTE Treatment

Initial
(0-21 days)

Long-term
(~3 months)

Extension
(>3 months)

Thrombosis
burden

Highest clot propagation
and embolism risk

Clot stabilization
Endogenous fibrinolysis

Resolved or
organized clot

Treatment goal

Stop clot propagation

Treat index VTE

Prevent recurrence

Prevent PE Prevent early recurrence
Anticoagulation . . . Standard .
ot High intensity Tore e o Prophylactic dose
. Warfarin INR 2-3
TiteT Ty IV UFH/SC LMWH Warfarin INR 2-3 Reduced dose DOAC

Loading dose DOAC

Standard dose DOAC




Anticoagulation in VTE treatment

Initial Long-term Extension
(0-21 days) (~3 months) (>3 months)
IV or SC UFH or
Conventional SC LMWH VKA with PT monitoring
SC fondaparinux
Rlvljl.l('iozigbanl: S)mg Rivaroxaban 20mg qd | Rivaroxaban 10mg qd
Mono-therapy 10 L SweeRs
Apixaban 10mg . . . .
bid (1 week) Apixaban Smg bid Apixaban 2.5mg bid
IV UFH or Dabigatran 150mg bid
‘ SC LMWH
SR LT Edoxaban 60mg qd
(1 week)

(30mg qd if Ccr 30-50 ml/m or
body weight < 60kg)




Acute phase treatment of high-risk PE

Recommendations Class® Level®

It is recommended that anticoagulation with

UFH, including a weight-adjusted bolus injec-
tion, be initiated without delay in patients with
high-risk PE.

¥'S rombolyTic therapy IS recorm-

mended for high-risk PE. “~ . =
Surgical pulmonary emmbolectomy is recom-

mended for patients with high-risk PE, in whom I C
thrombolysis is contraindicated or has failed.”

Percutaneous catheter-directed treatment

should be considered for patients with high- 1a c

risk PE, in whom thrombolysis is contraindi-

cated or has failed.®

ESC guidelines. Eur heart J 2019



Early anticoagulation for acute PE
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Acute-phase treatment of
intermediate-or low-risk PE

= LMWH > UFH

withhout delay

mMmediate climic DOAC > Warfarin

If anticoagulation is initiated parenterally,

LYW iH or fondaparinux is recommended
262,309 — 311

(over UFH) for most patients.

Wwwhen oral anticoagulation is started in a
patient with PE who is eligible for a NO.AC

(apixaban, dabigatran, edoxaban, or rivaroxa-

bamn), a NOAC is recommended in preference
260.261.312 — 314
<A

Tt a W

VYW hen patients are treated with a WKWA, over-
lapping with parenteral anticoagulation is rec-
ommended until am INR. of 2.5 (range
2.0 — 3.0) is reached.?">-37¢

MNOACs are not recommended in patients with
severe renal imMmpairment, during pregnancy and
lactation, and in patients with antiphospholipid

- 260.261.312 — 314
antibody syndrome.

ESC guidelines. Eur heart J 2019



LMWH vs UFH for initial anticoagulation of
acute VTE

Outcomes No. of participants Relative risk Absolute risk difference
(studies) (95% CI)
All-cause 7908 (17 studies) 0.79 10 fewer per 1,000
mortality (0.66-0.95)
Recurrent VTE 7976 (17 studies) 0.72 15 fewer per 1,000
(0.58-0.89)
Major bleeding 6910 (20 studies) 0.67 5 fewer per 1000
(0.45-1)

Kearon et al., ACCP 9" Guideline. Chest 2012;141(2)(Suppl):e419S-3494S




Anticoagulant effects of heparin

AT I Clotting Without
Heparin
Clotting Ternary Complex
ATl Formation
Enzyme
/74 Heparin -
Clotting Dissociation of
ATl Heparin
Enzyme
+

//A Heparin

Pentasaccharide

sequence i I»Factor Xa
Unfractionated \

heparin
= —

Antithrombin
e —Thrombin G

Low- Pentasaccharide
molecular- sequence
weight »
heparin il—l:actor Xa

= - 2, =
Antithrombin

Binds to AT and catalyzes the inactivation
of factors Ila, Xa, IXa, XIa and XIIa

Major mechanism for anticoagulant effect, produced by only one-
third of heparin molecules (those containing the unique AT-binding
pentasaccharide)

Binds to Heparin cofactor II and catalyzes inactivation of factor
ITa

Requires high concentrations of heparin and is independent of the
pentasaccharide

Binds to factor IXa and inhibits factor X Activation

Requires very high concentration of heparin and is AT- and HCII-

independent




Theoretical advantage of UFH

Inactivation of Factor Ila, Xa, IXa, XIa, and XIla

Heparin inhibit thrombin, thereby interrupting thrombin-induced
platelet activation, which may reduce the release of platelet-derived

vasoconstrictors.

Heparin may cause modest endothelium-dependent vasodilation.

Gurewich V et al. Am Heart J 1968;76;784,;794
Tangphao O et al. Clin Pharmacol Ther 1999;66:232-238
Sternberg WC et al. J Vasc Surg 1993; 17:318-327.




Theoretical disadvantage of UFH

- Variability of anticoagulant response e i v e, ey e, e
= Heterogeneity of pentasaccharide i T ® W
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UFH vs LMWH

UFH LMWH
Mechanism Inhibits ITa & Xa Mainly inhibits Xa
(Ratio 1:1) (Ratio 1:2 to 1:4)
Half-life Short (1-2 hours) Long (3—6 hours)
Bioavailability Low & Variable High & Predictable
Monitoring aPTT (Required) Not required
(Anti-Xa if needed)
Renal Impairment Safe Use with caution
(Hepatic metabolism) (Renal clearance)
Heparin induced Higher risk Lower risk

thrombocytopenia

Reversibility

Fully reversed by Protamine

Partially reversed by Protamine




UFH recommendations

Check total body weight, CBC, PT/aPTT prior to initiating heparin
therapy.

Heparin efficacy is related to dose regardless of route.

The initial dose is more important than the aPTT in predicting efficacy.

Achieve aPTT ratio > 1.5 within 24 hours.

Although optimal initial dosing for bolus and continuous infusion

remain uncertain, use a protocol (fixed dose vs. weight based)




Monitoring of heparin treatment

aPTT Anti-Xa Assay
. . Measures clotting time of Measures inhibition of
Principle - e .
intrinsic + common pathways factor Xa by heparin
. Multiol . . . . .
What it reflects ultiple coagulation factors Direct heparin activity

(VIIL, IX, XI, XII, etc.)

(anti-Xa level)

Therapeutic range

Typically 1.5-2.5 X control

UFH: 0.3—0.7 IU/mL

Variability

High (affected by patient factors)

Lower (more stable)

Key influencing factors

Factor deficiencies, inflammation,
liver disease, lupus anticoagulant

Anti-thrombin level

Effect of lupus anticoagulant

Prolonged (false elevation)

Minimal effect

Effect of high factor VIII

Shortened — underestimates heparin effe
ct

Minimal effect

Accuracy in critical illness Reduced Better
Heparin resistance,
Best use cases Routine UFH monitoring unreliable aPTT,

ICU patients




aPTT: therapeutic range

324 THE BEW EMCGLAND JOURMAL OF MEDICINE

Aug. 17. 1972

A PROSPECTIVE STUDY OF THE VALUE OF MONITORING HEPARIN TREATMENT
WITH THE ACTIVATED PARTIAL THROMBOPLASTIN TIME

Diur Basv, M.D., Avexaxper Gawus, M.B., MR A C.P., Jack Hirsu, M.D., F.R.A.C.P, anp
Jouw Cane, M.D., Pu.D., M.R.A.C.P.

Abstract Two hundred and thirty-four patients
treated with continuous intravencus Infusions of
heparin ware studled prospectively to seek a relation
between the activated partial thrombopiastin time
{APTT) and racurrant vancus thromboesmbolism or
bBleeding during treatment. One hundred and sixly-
two patients were treated for venous thromboem-
balism and the ramaining 72 for other diseases.
The heparin dose was adjusled to keep the APTT
batween 1% and 2% timas conlrol levals. The
five patients with wvenous thromboembolism in

whom recurrence devaloped had a significanHy
Inwar ARPTT than natianis: without recurranca avan

162 VTE patients -
- S recurrence in lower aPTT level
- aPTT 1.5-2.5 times control:
no recurrent VITE

bolism during heparin treatment appears 1o be rare
il the APTT is prolonged to 1% times or more control
values at all times.

These data provided the foundation for an empiric aPTT therapeutic
range of 1.5-2.5 times control.




Recommended dosing for UFH in VTE

treatment
Route Bolus dose Maintenance dose
Continuous IV Fixed dose 5,000 units 1,250-1280 units/h
infusion Weight based 80 units/kg 18 units/kg/h
Fixed dose 333 units/kg 250 units/kg q12h
Subcutaneous
Adjusted dose 5000 units 17500 units q12h adjusted to aPTT

e Optimal 1nitial dosing for bolus and continuous infusion remain uncertain.

e Monitoring is optional in those receiving SC weight based heparin therapy.

J Thromb Thrombolysis 2016;41:165-186




Continuous IV vs intermittent SC heparin

Randomized, DB trial in the 1nitial treatment of 115 patients with proximal DVT.
IV heparin bolus of 5000 IU
— IV heparin (29,760/24 hr) vs SC heparin (15,000 q12hr)

High recurrence in SC heparin and sub-therapeutic aPTT

Recurrence VTE (%)
27.8
24.5
17.6
4.8
0 1.6
IV heparin (n=57) SC heparin (n=58) All
aPTT < lower Imit aPTT 2 lower limit

Hull RD, et al. N Engl J Med 1986;315:1109-1114




The Weight-based Heparin Dosing Nomogram
Compared with a "Standard Care” Nomogram

« Patients were randomized to the weight-based nomogram (starting dose, 80 units/kg body
weight bolus, 18 units/kg per hour infusion) or the standard care nomogram (starting dose,

5000-unit bolus, 1000 units per hour infusion)

Standard Weigh-based p value
First aPTT* on therapy >1.5 times control, % 32 86 <0.001
aPTT >1.5 times control within 24 hours, % 77 97 0.002
aPTT in therapeutic range within 24 hours, % 75 89 0.08
Recurrent VTE, n of n (%) 8/32(25) 2/41(5) 0.02

Raschke RA, et al.

Ann Intern Med. 1993;119:874-881.




Heparin dosing normogram

The ACCP recommend that each institution define its own therapeutic aPTT range based

upon the responsiveness of the aPTT reagent and coagulometer in use.

[Standard dose Heparin]
SPTT DOSE (IU/kg) aPTT(sec) U= F/U aPTT
Initial dose 80 bolus, then 18 /hr 5,000iu (XV-HEPA 25KU 1cc) Al7ES
o 40 V bolus & 3cc/hr(120iu/hn) 22 | © =
<35sec (<1.2x)" 80 bolus, then 4/r _

| 40< <50 2cc/hr(80iu/hr) 52 oAt =

35455ec (12-1.5%) 40bolus,then 2/hr 502 <75 SAAE 27 (no change) A
46-T0sec (1.523%) No change 75< ¢85 Tecthr(A0iurhr) 23 6AIZt S
7190sec (2.3-3x) Decrease infusion rate by 2/hr . TR ST M7=
o 855 <110 2cc/hr(80iu/hr) ZHe oNT =
>90sec (>3x) Hold infusion 1 hr, then 60271 201 22| = _
decrease infusion rate by 3/hr 110< 3cc/hr(120iu/hr) 2k oAzt =

Goldman—Cecil textbook of medicine

Asan Medical center protocol




Challenges in using IV UFH

100
Delayed heparin initiation and aPTT
80
monitoring
: : P -
Inappropriate dose adjustments DTT'esrc>e;1t5 X60

(insufficient escalation for low aPTT and | ool 4

excessive, prolonged reduction for high 20-
aPTT) led to sub-therapeutic 0

, , {2 3 4 5 6 7T 8 9 0
anticoagulation.

Days after Starting Heparin

Wheeler Arch Int Med 1988;148:1321




Heparin resistance

« Common operational definitions:
Failure to reach target aPTT despite > 35,000 units/day of UFH

* Causes:
1) anti-thrombin deficiency; congenital, acquired ( sepsis, surgery, ECMO, etc.)
2) Increased heparin-biding proteins: acute phase reactant (inflammation, trauma, etc)
3) Elevated factor VIII/fibrinogen : aPTT shortening -> pseudo-resistance
4) Increased heparin clearance: obesity, hyperdynamic circulation

 Management: Check anti-Xa to differentiate true or pseudo-resistance
Replace anti-thrombin if anti-thrombin deficiency
Switch to direct thrombin inhibitor (Argatroban)




Recommended dosing for LMWH in VTE

Prophylaxis Dose | Intermediate Dose | Treatment Dose
Enoxaparin or g(()) ﬁz zg (cll(;Zh or ~‘(‘)(.)5nllngg/sk(jg %1(321(1112h 0}' ;nSg /igg/?((g: géz(llld
Dalteparin 000 IUSC qd 5,O((s)gl({,Eesdcp(tlsl)2h or 21(())(()) IIEJ//II{{z 2% ((11(112h
Tinzaparin 4,500 TU SC qd (notLriglllitt;‘igai o 175 IU/kg SC qd
Nadroparin 2,850-3,800 IU qd N3(;98r2(c) tgi-igsgcll)z h 86 IU/kg SC ql2h
Bemiparin 3,500 IU SC qd Limited data 115 IU/kg SC qd




LMWH Use by GFR

GFR (mL/min) Recommendation Clinical Notes
> 60 Standard dosing No adjustment needed
30-59 Standard dosing (caution) Consider monitoring in high-risk
patients
: Drug accumulation
<30 Dose reduction or UFH

— 7 bleeding risk

Indication

Normal Renal Function

GFR <30 mL/min

Prophylaxis (enoxaparin)

40 mg SC once daily

30 mg SC once daily

Treatment (enoxaparin)

1 mg/kg SC q12h

1 mg/kg SC once daily




Monitoring of LMWH

Routine monitoring of LMWH is generally not required; however, Anti-Xa
assay is strongly recommended for specific patient populations, including those

with renal impairment (CrCl <30 mL./min), extreme body weights (<40 kg or

>140-150 kg), pregnancy., and pediatrics.

Prophylactic dosing: 0.2 — 0.5 IU/mL
Twice-daily (BID) dosing: 0.6 — 1.0 IU/mL
Once-daily (QD) dosing: 1.0 — 2.0 IU/mL

Blood samples should be drawn at the peak concentration, typically 3 to 5
hours after the subcutaneous dose, once the drug has reached a steady state
(usually after the 3rd or 4th dose).




Warfarin Mechanism of Action

Warfarin
R-warfarin S-warfarin
CYP1A1 —
CYP1A2 l CYP2C9 S
CYP3A4 —
e R Antithrombotic
itamin K reguctase —_—
-= T effect
— [
\ =T
/ N -
/ \ (=)
' \ “
\ S
Oxidized vitamin K Reduced vitamin K o
‘ 1 (=)
‘.\ / O, and CO; -lg
. \. /;/’,/'/ — .
Y, =3 Protein C/S
PP o
5 . Functional Protei -
/ N\, coagulation
/ Vitamin-K-dependent \ faocigt"; ° [OTSIN L 2 3 4 = 6 4 8
carboxylase \ 11, VI 1X, X C,S Observation Time (Days)

Since decreased factor II levels are most important for clinical efficacy,
warfarin’s benefits are delayed for several days after it is initiated.



Conversion from Heparin to Warfarin

We recommend early initiation of VKA (eg,

same day as parenteral therapy is started)

over delayed initiation, and continuation of

parenteral anticoagulation for a minimum

of 5 days and until the INR is 2.0 or above
for at least 24 h (Grade 1B).

Time to peak antithrombotic effect of

warfarin is delayed 96 hours (despite INR)

1. ACHIEVING A THERAPEUTIC BEANGE

DAY INR RECOMMENDED DOSE (MG)
5
2 5
3 <1.5 10
1.5-1.9 5
2.0-3.0 2.5
=3.0 L]
4 <1.5 10
1.5-1.9 T5
2.0-3.0 5
3.0-4.0 2.5
=410 0
5 <1.5 10
1.5-1.9 7.5
2.0-3.0 5
3.0-4.0 2.5
=40 0
4] <1.5 12.5
1.5-1.9 10
2.0-3.0 5

3.0-4.0 .5

LINR-INTEENATIONAL NORMALIZED RATIO GOAL

2to 3 target 2.5 Venous thromboembolism (treatment and prevention),

atrial fibrillation, bioprosthetic heart valve

25t0 3.5 target 3.0 Mechanical prosthetic heart valve (except low-risk
patients with bileaflet aortic valwves)
Anti-phospholipid syndrome with recurrent
thromboembolism

Goldman—-Cecil textbook of medicine




Warfarin induced skin necrosis

A rare (0.01-0.1%) but life-threatening complication
(mortality 15-20%), typically occurring within 3 to 10
days of starting warfarin therapy.

Pathogenesis: Protein C/S deficiency creates a temporary
“pro-thrombotic” window, leading to small vessel thrombosis

Prevention: Heparin bridging
avoid high initial “loading dose” of warfarin
Treatment: Immediate discontinuation of warfarin,
vitamin K/FFP, activated protein C
switch to heparin

About 40% of survivors require surgical debridement or skin
grafts.

painful, hemorrhagic skin lesions
that can rapidly progress to full-
thickness tissue necrosis




Warfarin vs DOACs

Warfarin (VKA) DOACs
Mechanism Inhibits Vitamin K epoxide Direct Factor Xa or Thrombin (I1a)
reductase inhibition
Onset of Action Slow (3-5 days) Rapid (1-4 hours)
Dosing Variable (Adjusted by INR) Fixed (Once or twice daily)
Monitoring Required (Routine INR tests) Not required (Routine)

Dietary Interaction

High (Vitamin K intake)

Minimal to None

Drug Interaction

Extensive (Multiple pathways)

Fewer (P-gp/CYP3 A4 mediated)

Renal Impairment

Preferred in severe CKD/
Dialysis

Dose adjustment or avoid
(Drug-specific)

Reversibility

Vitamin K, PCC, FFP

Specific agents
(Idarucizumab, Andexanet alfa)

Bleeding Risk

Higher risk of Intracranial Bleed

Lower risk of Intracranial Bleed




Anti-factor Xa activity:
rivaroxaban vs enoxaparin

Anti-factor Xa actwity (na/mL enoxaparin)

—— Rivaroxaban (n = 11)
- Enoxaparin (n = 10)
-4 - Co-administration (n = 10)

I 1 1|
< 5 8 10 12 1 16 18 20 22 24
Time (hours)

Kubitza D et al. Br J Clin Pharmacol 2010;70-703-712




The pharmacokinetic properties of DOACs

Dabigatran Rivaroxaban
Gut esterase-mediated — ~20% Gue o ~65%
hydrolysis @
T 3 -
3 _'“—’W tio = 12-17h : — ‘ — Rivaroxaban ———— L= 59h(young)

s, 11130 (edderly)

Bio-availability:
6% (without food) ‘
>809% (with rfood)

Bio-availability 3-79% ~-80% = ~359¢

Apixaban Edoxaban

Gut
~ - ~50%
@ - & ety

=3 -
- e —— Edoxaban — tia=9-11h
A xaban

Bio-availability 62% \8\ ~50%

Rivaroxaban and edoxaban: pH-dependent absorption
Apixaban: pH-independent absorption

distal small bowel and ascending colon (55%)




Drug interaction of DOACs

Rivaroxaban Rivaroxaban

RifAMPin (Inducers of CYP3A4 (Strong) and P-glycoprotein) Rifabutin (CYP3A4 Inducers (Moderate))
Apixaban Api){aban _
RifAMPin (Inducers of CYP3A4 (Strong) and P-glycoprotein) Rifabutin (CYP3A4 Inducers (Moderate))
Eﬂgﬁg;ﬁ Mo interactions of Risk Level A or greater identified.

Dabigatran Etexilate

RIfAMPIn (P_glycoprotein/ABCE1 Inducers) Mo interactions of Risk Level A or greater identified.

Itraconazole (Inhibitors of CYP3A4 (Strong) and P-glycoprotein) Voriconazole (CYP3A4 Inhibitors (Strong))
Rivaroxaban Rivaroxaban
Iltraconazole (Inhibitors of CYP3A4 (Strong) and P-glycoprotein) Voriconazole (CYFP3A4 Inhibitors (Strong))
Apixaban Apixaban

Awvoid combination Monitor therapy A Mo known interaction

Consider therapy

) . Mo action needed NMore about Risk Ratings v
modification

Drug Interactions — UpToDate



https://www.uptodate.com/drug-interactions/?source=responsive_home#di-druglist
https://www.uptodate.com/drug-interactions/?source=responsive_home#di-druglist
https://www.uptodate.com/drug-interactions/?source=responsive_home#di-druglist

DOAC vs warfarin in VTE

1.2

0.8
0.6
0.4
0.2

DOAC vs Warfarin (HR)
0.89 .84

1.09
0.89
0.73
I i l I I

Dabigatran Rivaroxaban Edoxaban Apixaban

0.31

B VTE recurrence ™ Major bleeding




Rivaroxaban vs warfarin in high-risk patients with
antiphospholipid syndrome

"As treated” analysis ITT analysis
TRAPS
Randomized controlled trial of Rivaroxaban ) : ) :
vs Warfarin in APS Rivaroxaban ~ Warfarin Rivaroxaban ~ Warfarin

Qutcome, n M=3%) (h=61) HR(95%CI) (h=59) (n=461) HR(95%C) P

High-risk APS patients
. té._posgﬁe Thromboembolic events, | 11(19) 200 | 67015305 | 01| 13 20 | 74017329 | 008
- aB2GPI positive major bleeding, and
; vascular death
Arterial thrombosis 7112) 0 - - 7012 0 - -
Warfarin lschemic stroke 4 0 40) 0
biso3 =0] Myocardia infarction 36 0 36 0
Venous thromboembalism 0 0 112) 0
Events on Events on
Ri ban: 19% rfarin:
aroxanan 7 Ll Major bleeding 1) 28 | 2505138 |3 | 4 21 | 2308129 | 3
L.
Stopped early for excess of events on Rivaroxaban Death 0 0 - - 12 0 - -

Pengo V et al. Blood (2018) 132 (13): 1365-1371.



Anticoagulation in patients with
antiphospholipid antibody syndrome

Patients with definite APS

Arterial thrombotic event
(ischemic stroke,

Triple positive APS
with both venous or

Venous thrombotic event
(PE/DVT)

systemic embolism)
with any positivity
(single, double or tripie)

ESC, ASH,
EULAR®,
BSH, ISTH

Use VKAS
(acenocoumarol, warfarin)
DOACs not recommended (in
particular Rivaroxaban®)

* EULAR recommends to not use Rivaraxaban
** DOACs are suggested over no anticoagulation

ESC, ASH,
EULART,
BSH**,
NICE®™™

myocardial infarction, arterial thrombotic event A

; Single/
Tn?!e double

positive g
positive

VKAs as first choice

EULAR, BSH, ISTH™"""

Patients already on DOACs with stable anticoagulation

Unwilling 1o undergo INR monitoring
Low adherence to VKAs {i.e. low TiTR)
Contraindications to VKASs (i.e. alilergy)

Serious adverse events with VKAs

=** for other situations follow BSH recommendations

SEES not in non-adherent patients to VKA

-

DOACs may be considered

Pastori D, et al. Front. Cardiovasc. Med. 2021 8:715878




LMWH vs warfarin in patients with
cancer-VTE

Recurrent VTE

Study or subgroup LMWH VKA Risk Ratio Weight Risk Ratio
nit n/™ M-H Random,25% Cl M-H,Random,35% Cl
Deitcher 2006 4461 3730 = Enoxaparin 6.6 % 066006 274]
Hull 2006 7/100 16/100 — Tinzaparin 189 % 0440.19, 1.02]
Lee 2003 27/336 53/336 - _ 702 % 051 033,079
Meyer 2002 271 375 —Enoxaparin 43% 0707[0.12, 409 ]
Total (95% CI) 568 541 - O 51 0 35 O 74 35, 0.74 ]
Total events: 40 (LMWH), 75 (VKA) * [ * 9 Ve )
Heterogeneity: Tau? = 0.0; Chi? = 0.37, df = 3 (P = 0.95); I =0.0%
Test for overall effect 2 = 3.59 (P = 0.00033)
01 02 0% 2 5 10

Favours LMWH

Favours VEA

Akl EA et al. Cochrane Database Syst Rev 2011




DOAC vs LMWH in patients with cancer-VTE

9.1% 111%
Dalteparin 3.6% 4.8% 73% DOACs
DOACS D““epa”” DOACS Dalteparin
RR=1.55(1.19-2.03) RR=0.74 (0.52-1.06) RR=0.68 (0.54-0.86)
p=0.001 p=0.110 p=0.001
*More evident in studies with Gl cancers

Sabatino, J. et al. J Am Coll Cardiol CardioOnc. 2020;2(3):428-40



Risk of recurrence and extended
anticoagulation

Estimated risk for long-term Risk factor category Examples®
recurrence? for index PE
Indefinite treatment with a VKA is recommended for
patients with antiphospholipid antibody syndrome.
Exten nti ion sh nsi
+ Minor surgery (generalanaesthesia for <30 min) xtended anticoagulation should be considered for
+ Admission to hospital for <3 days with an acute illness patients with no identifiable risk factor for the index
* Oestrogen therapylcontraception
Transient or reversible factors « Pregnancy or puerperium PE event.
associated with I0-fold increased risk  + Confined to bed out of hospital for 23 days with Extended anticoagulation should be considered for
for first (index) VTE an acute illness . . s : .
Incermedate (3-8% per year) « Leg injury (without fracture) associated with reduced patients with a persistent risk factor other than anti-
mobility for 23 days hospholipid antibody syndrome
* Long-haul flight PISSRIOIE Sy '

Extended anticoagulation should be considered for

+ Inflammatory bowel disease

e = [ patients with a minor transient/reversible risk factor

No identifiable risk factor for the index PE event.

A reduced dose of apixaban or rivaroxaban should be
considered after the first 6 months.

ESC guidelines. Eur heart J 2019




Recommendations for anticoagulation therapy
by recurrence risk

Transient or reversible Persistent
Major
Minor * Minor surgery (GA <30 mins) » Congestive heart failure
* Pregnancy or postpartum period * Obesity (BMI >30 kg/m?)
* Hormonal therapy (Oral - Inherited thrombophilia
contraceptives, HRT) » Inflammatory Bowel Disease (IBD)

» Long-distance travel (e.g., >8 hours)
e Minor leg injury with reduced
mobility




Two-Phase VTE Risk Model
(Unprovoked VTE)

Annual Risk (%)

—@®— Recurrent VTE Risk

After Stopping Major Bleeding Risk

i

On Anticoagulati
1
1

5-10%/year 3-5%/year ——

e - ! 0.5-1 %/year

0 5 10 15 20 25 30 35
Time after Index VTE (months)




Thrombosis potential model

Hereditary risk Acquired risk
factors factors
Antithrombin deficiency @ @ Advanced age
Protein C deficiency Previous VTE

Protein 5 deficiency Cancer
Factor V Leiden Obesity
Prothrombin gene mutation Infrinsic thrombosis
risk
® Triggering
i
factors
surgery
Immobilization
Pregnancy
. Estrogens
THOMDOSIS oy | p—
threshold
Y

Thrombosis potential

Provoking factor
| Thrombosisthreshold ) L
Provoking + hereditary factor + age
Provoking factor
/ Age

Hereditary factor

v

Time in years

Rosendaal, F.R. Lancet 1999; 353: 1167-1173




Thrombophilia testing: who

| DWT andf/or PE

}

Thrombophilia testing
after first episode®
|

| 1

MNot routinely recommended: Recommended in most cases:

- In-n::lisu::rirninat-e:l_j,.-r im all = Young age (=40 yvears old)
patients after first VTE e Strong family history of

episode thrombosis (especially in
= N patients with overt firsti-degree relatives).
provoking factors?P unprovoked, and/or
recurraent DWVT/PE
-
Positive for deficiency of
antithrombbin 1, protein G,

protein S, and/or combined
homozygous mutations

+

In asymptomatic
first-degree relatives, test for
same abnormality before
planmned hormone therapy
oOr pregnancyc

Goldman-Cecil Medicine



Prevalence of hereditary thrombophilia and
VTE risk

25

20

20

0

Factor V

Leiden
mutation

® Europeans

6.2

0 1

[
Factor 11 Protein C
mutation deficiency

Asians

18

1

Protein S
deficiency

5.6
1

Antithrombin
deficiencdy

5
Factor V

Leiden
mutation

Relative risk of VTE
16

Factor 11 Protein C Protein S  antithrombin
mutation deficeincy deficeincy deficiency




Thrombophilia testing: when

Optimally, 1t should be performed in clinically stable patients after
completion of oral anticoagulation following a thrombotic episode.

Warfarin can elevate anti-thrombin levels into the normal range in patients
who do have an inherited deficiency state.

The direct oral anticoagulants can interfere with testing for lupus
anticoagulant.

Blood should be drawn at least 2 weeks after stopping warfarin and at least
48 to 72 hours after stopping a direct oral anticoagulant.




Case: 25/F DVT with PTE

ABD037 Lupus anticoagulantscreeni...  Positive

ABOD3S Lupus anticoagulantscreeni...  Positive

ABOOTY Protein C (Qni[ChemR-l].Blood 92 70 140 %

ABOOTS Factor Il (Qn)[ChemR-]Blood 119 79 131 %

ABODT6 FactorV (Qn)[ChemR-].Blood 83 62 139 %

AB0020 Factor VIl (Qn)[ChemR-]Blo... 63 30 130 %

AB0024 Protein S{Function) (Qn)[Che... 83 65 140 % 2 EWSDAN 21001 085

AB0033 Antithrombin Il (Qn)[ChemR... 33 80 120 % ABO03S Antithrombin Il (QnilChemR.. 47
ABOD41 ACA lgG (Ql).Blood Negative Ne.. U/mL

ABO04Z ACA oM (Q) Blood Negative Ne... U/mL

AB0035 B2-GPHaG (Ql),Blood Negative Ne... U/mL

ABO0S7 B2-GPI-gM (Ql).Blood Negative Ne.. U/mL

Sl L HUSTAN 20210201 135336

AB0037 Lupus anticoagulant screeni. .

AB0039 Lupus anticoagulant screeni. .

Negative

Negative

)]

120

7




Case: 25/F genetic study

MESH 2B S5

RE=LULT :
Mutat ions of SERFIMC1 gene: Detected (Positiwve)

Genetic Yariations Obserwved

Base Change &8 Change Oesignation Mutat ionsPol vmorphi sm
CL.aAs1 A=G p.val327= Homozyaous Polymorphism € rsha77 0
c.10114=G p.GIN337= HomozZwgaous Polvmorphism ( rs5272 )
C.37r7C=4 p.&lalZGasp Heterozwgous Known

+ Mucleotide number= cOMAE 2|22 S sULICH GenBank Accession Mo, MM_0004332.37,
Enown mutation2| H5F = Web-based database2! HGMO (The Human Gene Mutat ion Database,
zhttp: AAwww  hamd . of Lac . uk=1S E£FATSIsSL|CH.

INTERFREETATIOM

EZHrbe| YRS antithrombin deficiency )2F BERE0| S 2122 MlidE = SHHOFF 2&ESdsULCH
SERPINC1T ST &2 exon 22| Y2 |+=ME 24T 23 28| 2EN|IE 3v7H 7} A2 ®|ZEE|H, aslanine 0]
dspartate B E[EE = missense mutation 0] EEESSULICH 0l FHHAME 2E0FE EHol S s SHHO|

LI CH Haematologica
2014 Mar:99{3):561-9, 1,



Case: 25/F 15t pregnant state

I

Al &
Al EH0|

—_

2025.10
1

: 2 Al Al apixaban -> dalteparin 10000 IU SQ QD
2026.0 :

: dalteparin 10000 IU SQ QD

I

2026.03.03 D-dimer 9.47 («—0.27) anti-thrombin 40%, anti-Xa activity 0.37 (0.3-0.6)

dalteparin 12500 IU SQ QD
2026.03.10 D-dimer 12.03, anti-Xa activity 0.55 IU/mL

dalteparin 15000 IU =&

2026.03.16 dyspnea D-dimer > 35.2, anti-Xa activity 0.44 1U/mL

anti-thrombin 3000 IU (== 12]), enoxaparin 80mg bid
2026.03.25 D-dimer 2.5, anti-thrombin 79%, anti-Xa activity 0.77
2026.04.07 D-dimer 0.75 anti-thrombin 46% anti-Xa acitivty 0.57




VTE recurrence prediction model

performance
Model Target C-statistic Clinical Utility
Population (Range)
Women 0.61 Best for identifying low-risk
[NBEITEIER. (Unprovoked) (0.54-0.68) women (<3%/yr)
0.60 Accuracy drops significantly in
DASH Score Men & Women (0.53-0.72) elderly (65+)
Vienna (VPM) Men & Women 0.58 ~ 0.61 Good for .l-year risk; may
underestimate long-term
Vienna CAT Cancer Patients 0.68 ~ 0.69 Reliable perfo.r mance 1 cancer
specific VTE
VTE-PREDICT | General VIE | 0.70~073 | ‘'lghdiscrimination; considers

bleeding risk




Bleeding prediction model

Model Target Population Key Predictors (Score) High-Risk Threshold
Active Cancer (+2),
HTN (Male +1),
: Anemia (+1.5), > 2 Points
VTE-BLEED | - Stable VIE Patients Hx of Bleeding (+1.5), (Major Bleeding ~12%)
Age >60 (+1.5),
Renal Failure (+1.5)
General HTN, Renal/Liver dz, Stroke, Bleeding Hx, L .
- >
HAS-BLED (Commonly AF) abile INR, Elderly, Drugs/Alcohol (+1 each) 2 3 Points
: : . .
IMPROVE Inpatients (Pro Ulcer (+4.5), Bleeding Hx (+4), Low Platelets > 7 Points

phylaxis)

(+4), Renal/Liver failure (+2.5)

(Risk ~7.9%)




Integrated Approach
(VTE-PREDICT Model)

VTE-Predict CALCULATORS E-LEARNING MANUAL ABOUT CONTACT EN

A Please note that this calculator version website is not yet MDR-approved, thus not intended for medical use.

Personal Risk Profile &

Gender F= Currently using anticcagulation >3 . Pulmonary embaolism =+
Age 30 years months Associated with estrogen therapy +
Platelet aggregation inhibitor - Associated with surgery, trauma or
MSAIDs = immobilization B
History of venous
thremboembolism B

History of cancer - BMI 30 kg/m2 Systolic blood pressure 140 mmHg
History of bleeding = Hemoglobin 10 mmaol/L

History of stroke =

1-year risk

risk [REVEEN w.v}

Future treatment @

Current .year risk of recurrent venous thromboembolism Future treatment @
Type of ai
Rivaroxabai
(o) (o)
6.4% 0.0% 6.4% 5.6% 18
Current rick @ Reduction with treatment @

Current risk @ Reduction with treatment @ 5-years NNT@ . .
print i Copy

Current 5.ysar risk of clinically relevant bleeding

Current 5.year risk of clinically relevant bleeding
0 5 10 15 20 10 5 a0 a5 50 -
Percentage [ 5 10 15 20 25 30 35 a0 a5 50
Farcantage
2.0% 0.0% o o
Current risk @ Reduction with treatment @ 2.0% 5.3% 19

Current risk @ Increase with treatment @ 5-years NNH @




Case fatality of recurrent VTE and
major bleeding

Systematic review

° 13.7

14
12
10
8
j 3.6
2 _
0
During anticoagulation After anticoagulation Bleeding
Recurrent VTE

Carrier M, et al. Ann Intern Med. 2010;152:578-589.



Recommendations for anticoagulation
therapy by recurrence risk

COR LOE RECOMMENDATIONS

1. In patients with a first acute PE and

no major reversible risk factor,
continuing anticoagulation beyond
the initial treatment phase (3-6
months) into the extended treat-
ment phase® is beneficial to prevent
recurrent VTE."™

. In patients with a first acute PE due

to a major reversible risk factor,
stopping anticoagulation at the end
of the initial treatment phase (3-6
months) is recommended over
continuing anticoagulation into the
extended treatment phase in order
to optimize the net clinical benefit
of recurrent VTE versus bleeding.”

. In patients with a first PE due to a

persistent risk factor, continuing
anticoagulation at the initial treat-
ment phase (2-6 months) into the
extended treatment phase is
reasonable in order to prevent
recurrent VTE.®

Ia -

8. In patients with a first acute PE due
to a minor reversible risk factor,
shared decision-making about
stopping anticoagulation at the end
of the initial treatment phase (3-6
months) versus continuing anti-
coagulation into the extended
treatment phase is reasonable in
order to optimize the net clinical
benefit of recurrent VTE versus
bleeding.?

2026 AHA/ACC/ACCP Guideline for the Evaluation and Management of Acute Pulmonary Embolism in Adults



Recommendations for extended anticoagulation
therapy

RECOMMENDATIONS

4. For patients with a PE who are

offered anticoagulation beyond the
initial treatment phase (3-6
months) into the extended treat-
ment phase, treatment with a
DOAC, unless contraindicated, is
recommended over a VKA to reduce
the risk of bleeding.”®

. For patients with a PE and with

cancer who are offered anti-
coagulation beyond the initial
treatment phase (3-6 months) into
the extended treatment phase,
either a DOAC or LMWH is recom-
mended over VKA to reduce the risk
of recurrent VTE.'91®

6. For patients with a PE and without
cancer offered anticoagulation
beyond the initial treatment phase
(3-6 months) into the extended
treatment phase, but have a
contraindication to DOAC, VKA is
recommended over aspirin or no
therapy to reduce the risk of
recurrent VTE.1®18

. For patients with a PE who are
offered anticoagulation beyond the
initial treatment phase (3-6 months)
into the extended treatment phase,
treatment with half-dose apixaban
or rivaroxaban is recommended to
reduce the risk of bleeding.5-%19:2°

2026 AHA/ACC/ACCP Guideline for the Evaluation and Management of Acute Pulmonary Embolism in Adults




Reduced doses of DOACSs for extended
treatment: recurrent VTE

Cumulative incidence (%)

Recurrent VTE

Rivaroxaban 20 mg vs ASA
HR 0.34 (95% CI1 0.20-0.59)

ASA 100 mg od

Rivaroxaban 10 mg vs ASA
HR 0.26 (95% CI 0.14-0.47)

Rivaroxaban 20 mg od [

Rivaroxaban 10 mg od

1

90 120 150 180 210 240 270 300 330 367
Days

30 60

EINSTEIN CHOICE

Cumulative event rate (%)

—_
o

{1 HR0.33 (95% CI 0.22-0.48)

1 HR0.36 (99% Cl 0.25-0.53)

QO =2~ N W R OO N 0 ©
1 1 1 1 1 1 1 1

Recurrent VTE

Apixaban 2.5 mg vs placebo

Placebo
Apixaban 5 mg vs placebo

Apixaban 2.5 mg B?_.—l'"':rﬂ

Apixaban 5 mg BD
7 8 9 10 11 12

1 2 3 4 5 6
Months

AMPLIFY-EXT

Weitz JI et al, N Engl J Med 2017; 376:1211-1222.

Agnelli G etal. N Engl J Med 2013; 368: 699-708.




Reduced doses of DOACSs for extended
treatment: Bleeding

Cumulative Incidence (%)

M. at Risk
Rivaroxaban, 20 mg
Rivaroxaban, 10 mg
Aspirin, 100 mg

90+

50+

70

60

50

40+

30—

20+

10+

0

Major Bleeding

075

b~

AT

PEE

PEE

024

0.1+

Fivarexaban, 20 mg

A Rivaroxaban, 10 mg

Aspirin, 100 mg

|

0.0
1

30 &0

r T T T T 1T T T T T T T T 1
90 120 150 180 210 240 Z70 300 330 300 390 420 450 480

1

0 60 90 130

L]
150 180

1107 1051 1063 1048 1036 1024 963
1126 1103 1080 1070 1058 lO46 98B
1131 1096 1075 1058 1040 1023 970

1 I 1
330 360

I L L] 1
10 240 ZF0 300 19 420 450 4ED

Diays
E1E EOL 780 712 G642 449 10 ] o [1]

513 E12 7D 733 653 469 ] ] o 4]
ED0 791 TEE 709 645 445 5 2 2 4]

EINSTEIN-CHOICE

Mo. at Risk

Cumulative Event Rate (%6)

Apicaban, 2.5 mg

Apixaban, 5 mg
Placebo

100+

804

60+

40

204

240
211
223

Mayjor or Clinically Relevant

Non-major Bleeding

10+

Apixaban, 5 mg

Apixaban, 2.5 mg

2 3 4 5 & 7 & 9
Months
786 758 737
751 716 6&9
749 687 651

AMPLIFY-EXT

354
331
298

Weitz Jl et al, N Engl J Med 2017; 376:1211-1222.

Agrelli Getal. N Engl J Med 2013; 368: 699-708.




Extended treatment of VTE with reduced-dose versus
full-dose DOACSs in patients at high risk of recurrence

RENOVE was a non-inferiority, investigator-initiated, multicentre, randomised, open-label,
blinded endpoint trial done in 47 hospitals in France.

Symptomatic recurrent VTE Net clinical benefit

100, —Low-dose group

7 —Full-dose group 100
% 07 100, 2 y
= - < 207
) " u
z 5 204 £
£ 154 Adusted HR132 (95% Cl067-2:60); : =
g nor-inferiority p=0-23 = c 157 Adisted HRO7 (95% C1053-086)
a c 154 Adjusted HR 0-61 (95% (1 0-48-0-79) u
2 s 2
z 10+ a L
3 I 2 101
3 2 101 :
5 u
: o B |
E s g 5
= g G 5
Ej ______,,—-—-—'—'_'_,_,_J—'a':_u:_l: 2 f
o w
Do 6 oo 1 1'4 3‘0 3'6 4'2 i 5'4 60 0 0 [ 1 T T T T T 1
L 4] Z I I I I I I I I I T -
Number at risk ) 0 6 12 18 4 33 3w 4 48 54 60 0 é o1 ¥ 0 % £ 4 s 60
Number at risk ) Timesince randomisation (manths)
(number cznsored) Number at risk
. Dby wiey s 0 f ot . _ (number censored)
Low-doseqoup 1383 37 1284 154 100 By 76 B3 W60 T oseeqep 363 ma ;e oms 0o BB 69 s 0 1 53 numbercensord ,
[D] |:B:| ':93] [220] I333:' [474:' It43| IFSDII [gF :l [115?] I:BM:I (0) (22) [94:, ,:214] (324) ,:458] [61;] ,:;491 ,:931] (1100) (1234) Lw-dcsegroup 1383 1338 1250 107 98? 343 74 539 355 183 5
Fuldosegroup 1385 1365 1200 1161 107 87 733 S5 3@ M3 7 Fulldosegroup 1385 137 1225 1087 953 826 665 519 34 184 63 O (2 (@ @ (@) (452) (610) (40) (320) (1087) (1217)
(0) (200 (93) (1) (3|2 (48 (s95) (777) (086) (157) (1209 (0) (17) (88) (208) (332) (446) (594) (711) (B98) (1047) (1168)  Fulldosegroup 1385 137 123 1086 951 B3 G0 S5 ®OB B2

(0) (7) (88) f(206) (328) (442) (390 (705) (8B9) (1036) (1157)




Extended Reduced-Dose Apixaban for Cancer-
Associated VTE: API-CAT trial

A Recurrent Venous Thromboembolism Noninferior
3 1009 30 Adjusted subhazard ratio Full-dose apixaban
= 904 with reduced vs. full dose,
v 259 076 (95% Cl, 0.41-1.41) ,_I—'I
= 80
s 2.0 P=0.001 for noninferiority
E 704 % Reduced-dose
o 604 1.5+ apixaban
2
- 504 1.0-
=
40
E 0.5
J 304
T 204 0.0+ I 1 T 1
= 0 3 6 9 12
E 104
] 0 f T T T
0 3 6 9 12
Months since Index Event
No. at Risk
Full-dose apixaban 200 834 771 722 659
Reduced-dose 866 820 769 722 660

apixaban

B Clinically Relevant Bleeding

Bleeding |

<3 1005 20- Adjusted subhazard ratio
= 90 with reduced vs. full dose, Full-dose apixaban
8 ol 159 075(95%Cl,0.58-0.97)
E P=0.03
= 704 104
E Reduced-dose
o 90 apixaban
2 5 P
E 50+
= _
E 40 0 f f f 1
g 304 O 3 6 9 12
-E' 20
=" . —
E 104
'1}:' /J—’_’—’—_
al 0 T I T T
0 3 [ 9 12
Months since Index Event
No. at Risk
Full-dose apixaban 900 796 725 682 593
Reduced-dose 66 795 736 662 619

apixaban

Mahe |, et al. N Engl J Med 2025:392:1363-7/3.




Real-life treatment of VTE with DOACs: The
influence of recommended dosing and regimens

« The RIETE registry to compare the outcomes in patients with VTE receiving DOACs

Patients receiving DOACs at non-recommended N :m m
doses and/or regimens experienced a higher rate of £ sreeenennns
E oo R Shpttioy
VTE recurrences (adjusted HR: 10.5; 95 %CI: == J=
1.28-85.9) and a similar rate of major bleeding o gremesneesnaassas 1:'“1-.
Y et |
(adjusted HR: 1.04; 95 %CI: 0.36-3.03) or death
(adjusted HR: 1.41; 95 %CI: 0.46-4.29) than those I e
receiving the recommended doses and regimens. — mg.m: z 3’ : u)’ :
[ s s I R

Trujillo—Santos J, et al. Thromb Haemost 2017; 117: 382-389



Recurrent VTE

» Cancer, APS, non-adherence, Off-label sub-therapeutic DOAC

» vasculitis, inflammatory conditions, paroxysmal nocturnal
hemoglobinuria, pregnancy, and vascular compression or other
vascular abnormalities, HIT, anti-thrombin deficiency, sub-theraeputic

drug levels

» Management option:
Reduced dose DOAC -> full-dose DOAC
Increasing the dose of LMWH by 20-25%
Alternate anticoagulant regimen
adding a vena cava filter to LMWH

2026 AHA/ACC/ACCP/ACEP/CHEST/SCAI/SHM/SIR/SVM/SVN Guideline for the Evaluation and
Management of Acute Pulmonary Embolism in Adults




Take home messages

Selection Dosing

Most patients without contra-
indications(severe renal impair | Rivaroxaban 15mg bid —-20mg qd —10mg qd
ment, during pregnancy and la | Apixaban 10mg bid — Smg bid — 2.5mg bid

octatinn)

“VTE recurrence risk is not static; it evolves over time
and should be periodically reassessed”

DOACs

“Prediction is difficult—response is essential in VTE management. ”

unly 10r nign risK rr . iy e
aPTT 1.5-2.5 times control within 24hr
UFH CKD (GFR <15) or ESRD on Dose: 30000 1U/day

HD

Triple positive APS
Warfarin | CKD (GFR < 15) or ESRD on
HD

Early initiation and a minimum of S days and
until the INR is 2.0 or above for at least 24 h
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