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General mechanisms of coagulation and targets of anticoagulants

(Section I)

Position Paper of the ESC Working Group on Thrombosis — Task Force on Anticoagulants in

Heart Disease

Raffaele De Caterina'*; Steen Husted?*; Lars Wallentin®*; Felicita Andreotti***; Harald Arnesen>**; Fedor Bachmann®**;
Colin Baigent”**; Kurt Huber®**; Jargen Jespersen®**; Steen Dalby Kristensen'®**; Gregory Y. H. Lip''**; Joao Morais'2**;

Lars Hvilsted Rasmussen'**; Agneta Siegbahn'4**; Freek W. A. Verheugt'®>**; Jeffrey I. Weitz'6**
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Neue orale Antikoagutantien
Was spricht fur sie?

Orale Verabreichung / Bessere Compliance

Rascher Wirkungeintritt / Postoperative Verabreichung
Direkter Wirkungsmechanismus

Inibition von freien und gebundenen Flla/FXa

Keine Interferenz mit Nahrungsaufnahme

Geringe Medikamenten-Wechselwirkung

Kein Monitoring; auBer bei ............

Keine HIT Gefahr



Neue orale Antikoagutantien
Welche Indikationen?

Table 1. Overview about the ongoing approval process in context with clinical indications

Prophylaxis of
Prophylaxis of VTE stroke and
following elective sy stemic embaolism
hip and knee Treatment and in patients with
replacement secondary nonvalvular atrial Acute coronary
surgery prophylaxis of VTE fibrillation syndrome
Dabigatran etexilate/Pradaxa U.5. FDA EMA U.S. FDA EMA 5. FDA EMA U.S. FDA EMA
v v v v v v L%
Rivaroxaban,/ Xarelto LL5. FDA EMLA LS. FDA EMA L.5. FDA EMLA U.5. FDA EMaA
v v v v v v ) v
Apixoban/Eliquis L.5. FDA EMA LLS. FDA EMA LS. FDA EMLA LL5. FDA EMA
o v & %] o o & 5
Edoxaban/ Lixiano LL5. FDA EMA LLS. FDA EMA LS. FDA EMLA LS. FDA EMA
& L] & & & & & &

EMA, European Medicines Agency; FDA, Food and Drug Administrafion; VTE, venouws thromboembelism [deepvein thrombosis /pulmonary embolism).

Curr Opin Anesthesiol 2014; 27:409-419



Novel oral anticoagulants for

thromboprophylaxis after orthopaedic surgery

Daniel ]. Quinlan, MBBS, Research Fellow *,
Bengt 1. Eriksson, MD, PhD, Professor ™"

@ Crosshark

Parameter Dabigatran Rivaroxaban Apixaban Edoxaban
Target Thrombin Factor Xa Factor Xa Factor Xa
Oral bioavailability 6.5% 80% 50% 50%

Dosing in orthopaedic
surgery

Pro-drug

Tenax (D)

Half-life (h)

Renal clearance
Metabolism

Protein binding
Potential drug
interactions

Fixed, once-daily

Yes
2-3

12-14

80% (unchanged)

Esterases

35%
Potent P-gp inhibitors
and inductors

Fixed, once-daily

No

2-4

5-9 (healthy subjects)
11-13 (elderly patients)
67% (33% unchanged)

Fixed, twice-daily

25% (unchanged)

Fixed, once-daily

Mo
1-3

9-11

35% (unchanged)

CYP3A4/A5 (major),
CYP2J2 (minor)
92-95%

Potent inhibitors of
CYP3A4 and P-gp

CYP3A4

87%
Potent inhibitors of
CYP3A4 and P-gp

CYP3A4

~50%
Potent inhibitors of
CYP3A4 and P-gp

Best Practice & Research Clinical Haematology 2013; 26:171



Novel oral anticoagulants for
thromboprophylaxis after orthopaedic surgery

@ Crosshark

Daniel ]. Quinlan, MBBS, Research Fellow*,

Bengt 1. Eriksson, MD, PhD, Professor ™"

Dabigatran
RE-MODEL
RE-MOBILIZE
RE-NOVATE
RE-NOWATE Il
Overall

Rivaroxaban
RECORD1
RECORDZ2
RECORD3
RECORD4

Overall

Apixaban
ADVANCE-1
ADVAMNCE-2
ADVAMCE-3

Overall

Risk ratio (95% CI)
0.97 (0.82-1.13)

—a 1.23 (1.03-1.47)
— s 0.90 (0.63-1.29)

— 0.88 (0.63-1.22)

N 1.03 (0.931.15)*

S 0.30 (0.18-0.51)

_ 0.21 (0.13-0.35)

— 0.51(0.39-0.65)

— 0.69 (0.51-0.92)
— 0.46 (0.39-0.54)t

— 1.02 (0.781.32)

—a 0.62 (0.51-0.74)

_ 0.36 (0.23-0.56)
0.67 (0.58-0.77)%

0.1

Favors Oral Drug

1.0

10.0
Favors Enoxaparin

Best Practice & Research Clinical Haematology 2013; 26:171



Drug characteristics

 Dabigatran RELY)™"

2012 focused update of the ESC Guidelines for the
management of atrial fibrillation

Mechanicm Oral direct thrombin inhibitor Oral direct factor Xa inhibitor Oral direct factor Xa inhibitor
Bioavailabilicy, % ] 60-80 50

Time to peak levels.h 3 3 3

Half-life, h 12-17 313 9-14

Excretion BO% renal 3 liver, 113 renal 25% renal, 75% faecal

Dose 150 mg b.i.d. 20 mg od. Smgbid

Dase in renal impairment | 110 mg b.i.d. 15 mg o.d. (if CrCl 30-49 mU/min) [ 2.5 mg bid.

Special considerations

Intestinal absorption is pH-dependent and is
reduced in patients taking proton pump inhibitors

Higher levels expected in patients
with renal or hepatic failure

Increased risk of bleeding in patients taking

Activity lower in fasted patients so

verapamil/amiodarone/quinidine/ketoconazole should be taken after food

Study characteristics

Study design Randomized, open-label Randomized, double-blind Randomized, double-blind
MNumber of patents 18111 14264 18201
Follow-up period, years 2 1.9 1.8

Randomized groups Dose-adjusted warfarin vs. blinded doses of

dabigatran (150 mg bid. [ 10 mg b.id.)
Baseline patient characteristics

Dose-adjusted warfarin vs.
rivaroxaban 20 mg o.d.

Dose-adjusted warfarin vs. apixaban
5 mg b.d.

Age, years 71.5+ 8.7 {mean £ 5D) 73 (65-78) [median (interquartile | 70 (63-76) [median (interquartile range)]
range}]
Male sex, % 63.6 613 64.5

European Heart Journal (2012) 33;2719



2012 focused update of the ESC Guidelines for the
management of atrial fibrillation

‘ Atrial fibrillation ‘

Mo {i.e. non-valvular AF)

<B5 years and lone AF (including females)

L

Assess risk of stroke
(CHA,DS,-VASc score)

Oral anticoagulant therapy

T T

| |

| |
‘Assess bleeding risk
{HAS-BLED score)

Consider patient values

and prelerences

T T

| |

| |
g ¥ ¥ ¥
Mo antithrombotic MNOAC VKA
therapy

Fig. 1. Flow diagram from the 2012 European Society of Cardiclogy focused update guideline on atrial fibrllation. Initial focus on identifica-
ne < 63 and lone AF [irrespective of sex] or CHAZ;DS-VAS : = ). Female patients who aged
| by virtue of their sex) are still low risk and no antithrombotic therapy should be

tion of ‘truly low-risk’ patients (i
< 65 and have lone AF (but still have a CHA,DS-VASe

considered.

J Thromb Haemost 2013; 11 615-26



2012 focused update of the ESC Guidelines for the
management of atrial fibrillation

& The HAS-BLED =score allows clinicians to make an Informed as-

Table 9 h to th b hylaxis in patients T . .
Approach to thromboprophylaxis in patien sessment of bleeding risk and, importantly, makes them think of

One ‘clinically relevant
non-major risk factor

aspirin 75325 mg daily.
Preferred: OAC rather
than aspirin.

ith AF

" the correctable risk factors for bleeding. In patients with a
ks CHA_DS_-VASc | Recommended HAS-BLED score =3, caution and regular review are recom-
tegory score antithrombotic therapy mended, as well as efforts to correct the potentialy reversible
One ‘major’ risk risk factors for bleeding. A high HAS-BLED score per se

I'aTtor or =1 dinically >1 OAC should not be used to exclude patients from OAC therapy.
;?SE";:EGT;"-WDF The NOACs offer better efficacy, safety, and convenience com-
e : pared with OAC with VEKAs. Thus, where an OAC is recom:-

er OAC or

mended, one of the MNOACs—either a direct thrombin
inhibitor (dabigatran) or an oral factor Xa inhibitor (e.g. rivarox-
aban, apixaban }—should be considered instead of adjusted-dose

%‘ﬁ;ﬁ'}[‘ﬁﬂ VKA (INR 2-3) for most patients with AF
Mo risk fact 0 antithrombotic therapy. There is insufficient evidence to recommend one NOAC over
0 s ors
Preferred: no another, although some patient characteristics, drug compliance
antithrombotic therapy

rather than aspirin.

and tolerability, and cost may be important considerations in the

choice of agent

European Heart Journal (2012) 33;2719



Standard Gerinnungstest und NOAK

TPZ (Quick) Fibrinogen AT

Antikeagulans Dosierung PTT TZ D-Dimere
O INR derived Clauss I[la Xa
Argatroban Prophylaxe® T i T2 Tt T ! /1 - -+
(Argatas) Therapie o oal e e M il (R o
Lepirudin Prophylaxe" 1 =/l jie Tt /1 o/l A +
tefudany) Therapie e RS R i ! 1 e -
Prophylaxe @ @ @ @ < |- +
[Bradaxas) Therapie® @ @ @ @ @ = =
Fondaparinux Prophylaxe - A Ans - © o - - +
(Arixira=) Therapie /1 =+ & it i ik = = S
Prophylaxe @ @ @ e @ L
(Xarelto®) Therapie? @ @ @ < @ =
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Thromboseprophylaxe - Rivaroxoban 10 mg/die

. . Rivaroxoban PT % INR PT sec aPTT -s aPTT - R

Diagnose Uhrzeit ng/ml NW: >70% NW: < 1.20 NW: < 32.0 NW: < 1.12 Krea

Knie-TP sx 19:30 177.70 47% 1.66 23.3 32.4 1.13 0.96
06:00 28.20 83% 1.12 15.4 30.8 1.08

HUft Prothese 19:30 106.70 47% 1.57 22.0 47.1 1.64 1.08
06:00 43.30 65% 1.28 17.7 38.6 1.34

Knie-TP sx 19:30 126.90 52% 1.49 20.7 43.5 1.52 0.84
06:00 29.80 80% 1.13 15.6 33.5 1.17

Knie-TP Wechsel 19:30 162.00 30% 2.25 31.6 56.5 1.98 0.69
06:00 26.24 62% 1.32 18.3 43.6 1.52

HUft Prothese 19:30 117.50 48% 1.58 21.9 44.1 1.54 0.98
06:00

Knie-TP sx 19:30 64.10 52% 1.48 20.5 36.6 1.28 0.68
06:00 25.00 83% 1.11 15.2 31.8 1.11

Knie-TP sx 19:30 241.89 31% 2.18 30.6 50.4 1.76 0.89
06:00 73.81 53% 1.46 20.3 44 1.54

Knie-TP sx 19:30 46.20 56% 1.41 19.6 34.1 1.19 0.82
06:00 < 25,0 74% 1.18 16.3 32.3 1.13

HUft Prothese 19:30 49.70 61% 1.32 18.4 32.5 1.14 0.86
06:00 29.50 70% 1.22 16.9 34.2 1.20




Guidance on the emergent reversal of oral thrombin and factor Xa
Inhibitors
Scott Kaatz,!* Peter A. Kouides,? David A. Garcia, Alex C. Spyropolous,* Mark Crowther,>

Jim D. Douketis,® Anthony K. C. Chan,® Andra James,” Stephan Moll,% Thomas L. Ortel,”
Elizabeth M. Van Cott,'° and Jack Ansell'!

Apixaban Dabigatran Rivaroxaban
Direct factor inhibition Xa lla Xa
Bioavailability (Fre) 80% 6% 80%
Peak action (fnax) 1-3 hr 1-3 hr 1-3 hr
Protein binding 84% 35% 92-95%
Renal clearance 25% 80% 33%
Elimination half life with creatinine 15.1 hr 13.8 hr 8.3 hr
clearance > 80 ml/min
Elimination half life with creatinine 14.6 hr 16.6 hr 8.7 hr
clearance 50-79 ml/min
Elimination half life with creatinine 17.6 hr 18.7 hr 9.0 hr
clearance 30—49 ml/min
Elimination half life with creatinine 17.3 hr 27.5 hr 9.5 hr

clearance < 30 ml/min

Am. J. Hematol. 2012; 87:141-145



Interferenzen mit Pharmaka

Dabigatran:
P-Glycoprotein Inhibitoren: Potenzierung der Wirkung
P-Glycoprotein Induktoren: Herabsetzung der Wirkung

Rivaroxaban + Edoxaban:
P-Glycoprotein Inhibitoren + CYP3A4 Inhibitoren: Potenzierung der Wirkung
P-Glycoprotein Induktoren + CYP3A4 Induktoren: Herabsetzung der Wirkung

Apixapan
CYP3A4 Inhibitoren: Potenzierung der Wirkung
CYP3A4 Induktoren: Herabsetzung der Wirkung



The current status of bridging anticoagulation

1. Blutungsrisiko bei Fortsatztung der OAK

2. Thomboembolierisiko bei Unterbrechung der OAK

3. Sicherheit und Effizienz der Alternativtherapie

BJH 2014; 164 619-629



The current status of bridging anticoagulation

Operative bleeding risk

Low (2-day risk of major
bleed of <2 %)

High (2-day risk of major
bleed 24 9)*

Cardio-respiratory
procedure/
surgery

Dental surgery

General surgery

Orthopedic surgery

Urological/
Gynecological
surgery

Others

= Bronchoscopy £ biopsy

* Non-coronary angiography

o Atrial fibrillation ablation

o Pacemaker/cardiac
defibrillator insertion

e Simple dental extractions

e Abdominal hemia repair

e Abdominal hysterectomy

o Axillary node dissection

= Biopsies: cutaneous, bladder,
thyroid, breast and lymph node

e Carpal tunnel repair

* Cholecystectomy

* Hemorrhoidal surgery

# Hydrocele repair

» Gastrointestinal endoscopy

e Skin cancer excision

s Arthroscopy

e Dilatation and curettage

e Central venous catheter removal

s Cataract surgery

s Coronary artery bypass

e Multiple tooth extractions

¢ Endoscopically guided fine needle
aspiration

* PEG placement

s Polypectomy. variceal reatment, biliary
sphincterectomy. pneumatic dilatation

¢ Colon resection

e Major cancer surgery

s Hip and knee arthroplasty
¢ Surgery of shoulder, foot and hand
¢ Kidney biopsy

e Transurethral prostate resection

¢ Abdominal aorta aneurysm repair

e Laminectomy

+

Table 10 Clinical characteristics comprising the
HAS-BLED bleeding risk score

Letter|  Clinical characteristic Points awarded

Hypertension I

A Abno_r'm;ll nen:_LI and liver lorl
function (I point each)

§ | Stroke I

B | Bleeding I

L | Labile INRs I

E | Elderly (e.g.age =65 years) I

D | Drugs or alcohol {1 point each) lorl

Maximum 9 points

Intern Emerg Med (2013) 8:477-484




The current status of bridging anticoagulation

Table 1. ACCP risk stratification of patients prescribed oral anticoagulation therapy according to anticoagulation indication (Douketis ef al,

2012).
Thromboembolic risk Mechanical heart valve Atrial fibrillation Venous thromboembolism
High Any mitral valve prosthesis CHADS, score of 5 or 6 Recent (within 3 months) VTE
(>10% annual risk) Any caged-ball or tilting Recent (within 3 months) Severe thrombophilia (e.g. PS, PC,
disk aortic valve prosthesis stroke or TIA Antithrombin deficiency,
Recent (within 6 months) Rheumatic valvular heart antiphosphoshoplipid antbodies,
stroke or TIA disease multiple abnormalities)
Moderate Bi-leaflet aortic valve CHADS; score of 3 or 4 VTE within the past 3-12 months
(5-10% annual risk) prosthesis and one or (assuming no prior stroke Non-severe thrombophilia [e.g.
more of the following risk or TIA) heterozygous F5 R506Q (factor V Leiden)

Low
(<5% annual risk)

factors: AF, prior stroke or
TIA, hypertension,
diabetes, congestive heart
failure, age >75 years

Bi-leaflet aortic valve CHADS, score of 0 or 2
prosthesis without atrial {assuming no prior stroke
fibrillation and no other or TIA)

risk factors for stroke

or F2 G20210A (prothrombin gene
mutation)]
Recurrent VTE
Active cancer (treated within 6 months
or palliative )

VTE =12 months previous and no other
risk factors

Tab.4 Thromboembolierisiko verschiedener Interventionen.

hohes Thromboserisiko

Endoprothetik

hiiftnahe Frakturen
groBe abdominelle Eingriffe

Tumorchirurgie

mittleres Thromboserisiko

obere Extremitdt und sonstige Eingriffe untere Extremitat
OP Viszeralchirurgie, Gynikologie, Urologie (> 30 min)
OP Lunge, Thoraxwand, Mediastinum

Varizen-OP

GefaBchirurgie

BJH 2014; 164 619-629

niedriges Thromboserisiko

Viszeralchirurgie, Gynikologie, Urologie (< 30 min)
Metallentfernung
gelenknahe OPs ohne Immaobilisierung

DMW 2014;139

: 1301-1306



The current status of bridging anticoagulation

Thromboembolic
Risk: NWVAF,
MHV, VTE
[
I ]
: . Lowy
High Intermediate Category E
L, K
all -
[ |
High Bleed Risk: Low Bleed Risk: High Bleed Risk: Low Bleed Risk:
Category A Category B Category C Category D
| &+ ’ "
Bridcing gy Consider -
ridging Mo Bridging Bridging** No Bridging

=

Figura 1. Suggested periprocedural heparin bridging strategies for patients on chronic VKA based on pﬂhunt thromboembaolic and procedural bleed risk. Data from
the gth edition ACCP Guidelines: all grade 2C, except infermediate TE fsk.” *"For high-blead risk procedures: wait a full 48-72 hours before reinitiating postprocedural heparin
(LMWH) bndging (especially treatment dose): stopwiso increase in pastprocedural heparin (LMWH) dose from prophylactic dose first 24-48 hours fo intermediatarestment
dosa; no postprocedural haparin (LWMWH) bridging in very high bleed risk proceduras {ie. major neurosurgical or cardiovascular surgeries) but use of mechanical prophylaxis.

’ ‘Basl.eti on individua!l patiant- and procedural-retated risk factors for thrombosis and bleading.

Blood 2012; 120(15):2954-2962



TABLE 6. Timing of Discontinuation of New Oral
Anticoagulants Before Standard Risk Procedures

Creatinine Clearance Dabigatran Rivaroxaban Apixaban
=50 mL/min 24 h 24 h 24-36 h
30-50 mL/min 48 h 48 h 48 h
<30 mL/min 5d

13,42

Additional duration of discontinuation may be needed for high-nisk procedures.”™

Baumann Kreuziger; J Trauma Acute Care Surg. 2012,;73:983

Standart bleeding risk procedure:

CrCl Dabigatran Rivaroxaban Apixaban
> 50 ml/min/1,73 m? 48 h 24 h 24 h
30-50 ml/min/1,73 m? 72 h 48 h 48 h
< 30 ml/min/1,73 m? 96 h
High bleeding risk procedure:

CrCl Dabigatran Rivaroxaban Apixaban
> 50 ml/min/1,73 m? 48 h 48 h 48 h
30-50 ml/min/1,73 m?> 96 h 96 h 96 h

< 30 ml/min/1,73 m? 144 h

Gonsalves; Mayo Clin Proc 2013; 88(5):495-511



Table 4. Preoperative interruption of new oral anticoagulants: a suggested management approach

Low bleeding risk surgeryt High bleeding risk surgeryt
(2 or 3 drug hali-lives between {4 or 5 drug hati-lives betwean
Drug (doss)” Patient renal function last dose and surgery) last dose and surgery)
Dabigatran {150 mg iwice daily)
tym = 1417 MNormad or mild impairment Last dose: 2 days bolore surgary Last dose: 3 days bafore surgary
{CrC] = 50 mLfmin}) {skip 2 dosos) [ship 4 doses)
lyn=168-18h Moderate impaiment Last dose: 3 days batore surgery Last dose: 4-5 days before surgary

Rivaroxaban (20 mg once daily)
tim=88h

1.|_|2 =8h
tim=08-10h

Apixaban (5 mg twice daily)
tim=7-8h

tyz = 17-18h

(GGl 30-50 mimin)

Morma! or mild impaimmant
{CGrCl = 50 mbL/min)
moderate impaiment
{CrCl 30-50 mLimin}
Seovere impairment
{CrCl 15-20.2 mL{min)

Mormal or mild impairmant
(CGrCl = 50 mLfmin}

Moderate impaiment
{CGrCl 30-50 mLSmin)

{skip 4 doses)

Last dose: 2 days before surgery
(skip 1 dos&)

Last dose: 2 days belore surgery
(skip 1 dosa)

Last dose: 3 days before surgary
(skip 2 doses)

Last dose: 2 days balore surgery
{skip 2 dosos)

Last dose: 3 days before surgery
{skip 4 dosos)

{=kip -8 dozas)

Last dose: 3 days baefore surgary
{skip 2 doses)

Last dosa: 3 days betore surgary
{skip 2 doses)

Last dosa: 4 days before surgary
{skip 3 doses)

Last dosa: 3 days before surgary
{=kip 4 doses}

Last dose: 4 days before surgary
{skip & dosas)

“Esfimated {y= based on renal chearance.

faiming for mild to moderate residual anticoagulant effect at surgery (< 129:-25%).
$Aiming for no or minimal residual anticocagulant effect (< 39:-6%:} at surgery.
&Pationts recaiving nvarcxaban, 15 mg once daily.

Table 5. Postoperative resumption of new oral anticoagulants: a

suggested management approach

Drug Low bleeding risk surgery High bleeding risk surgery
Dabigatran Resume on day after surgery Resuma 2-3 days after surgery
(24 h postoporativa), {48-72 h postoparativa),
150 meg twice daily 150 mg twice daily*
Rivaroxaban Resume on day after surgery Resuma 2-3 days after surgery
{24 h postoparative), {48-72 h postoperativa),
20 mg cnce daily 20 mg once dailyt
Apixaban Resume on day after surgery Resume 2-3 days aftar surgery
(24 h postoperative), {48-72 h postoparativa),
5 mg twice daily 5 mg twice dailyt

*For pationts at high risk for thromboembelism, congider administenng a reduced
dose of dabigatran (eg, 110-150 mg once daily) on the evening after surgery and on
thie following day (first postoperative day) after surgery.

+Consider a reduced dose (ie, ivarmxaban 10 mg once a day or apixaban 2.5 mg
twice a day) in patients at high risk for thromboembolism.

Blood 2012; 120(15):2954-2962



Table & Preoperative interruption of new oral anticoagulants: a suggested management approach®™*

Drug (dosesit Renal function Low bleeding risk surgery+ (2 High bleeding risk surgeryg (4
ar 3 drug halfives between or 5 drug half-lives between
last dose and surgery) last dose and surgery)

Dabigatran (150 mg twice daily)

Half-life, 12-17 h Normal or mild impairment (CrClz Last dose: 24 h before surgery Last dose: 48-72 h before surgery
50 mL/min}
Half-life, 13-23 h Moderate impairment (CrCl 30-4%9 mUmin)  Last dose: 48-72 h before surgery Last dose: 96 h before surgery
Rivaroxaban (20 mg once daily)
Half-life, 5-9 h (healthy) Normal or mild impairment (CrCl= Last dose: 24 h before surgery Last dose: 48-72 h before surgery
50 mL/min}
Half-life, 313 h moderate impairment (CrCl 30-4% mU/min) Last dose: 48 h before surgery Last dose: 72 h before surgery
Apixaban (5 mg twice daily)
Half-life, 7-8 h Normal or mild impairment (CrClz Last dose: 24 h before surgery Last dose: 48-72 h before surgery
50 mLU/'min)
Halife, 17-18 h Moderate impairment (CrCl 30-4% mU/min) Last dose: 48 h before surgery Last dose: 72 h before surgery

{Estimated half-life based on calculated renal clearance using the Cockcroft—Gault equation. $Aiming for mild to moderate residual anticoagulant effect
at surgery («12-25%). §Aiming for no or minimal residual anticoagulant effect («3-6%) at surgery. CrCl, creatinine clearance.

Table 8 Postoperative resumption of new oral anticoagulants: a suggested management approach

Drug Low bleeding risk surgery High bleeding risk surgery

Dabigatran Resume 24 h after surgery, 150 mg twice daily Resume 48-72 h after surgery, 150 mg twice dailyt
Rivaroxaban Resume 24 h after surgery, 20 mg once daily Resume 48-72 h after surgery, 20 mg once daily+
Apixaban Resume 24 h after surgery, 5 mg twice daily Resume 4872 h after surgery, 5 mg twice daily:

Table 7 Recommendations for NOAC use for VTE prophylaxis in the setting of neuraxial anaesthesia

Dabigatran, 150 mg or Rivaroxaban, Apixaban, 2.5 mg
220 mg daily 10 mg daily twice daily
Time of last NOAC dose before catheter insertion or remaval 24 h 24h 24 h
Time of NOAC dose after catheter insertion MRt 22-26 h 26-30h
Time between removal of catheter and next NOAC dose 6h é6h &h

+Dabigatran is not recommended in patients undergoing anaesthesia with postoperative indwelling catheters. NOAC, new oral anticoagulants; VE,
venaus thromboembolism.

Internal Medicine Journal 2014 44:525 - 536



OP und Dabigatran (Pradaxa®)

Bestimmung Anti-IIa oder ECA-Test Test flir Dabigatran (Pradaxa®): je nach Wert ist folgendes

Vorgehen empfohlen:

[Dabigatran] < 30 ng/ml

OP kann durchgeftihrt werden

1) Aufschub fur 12 h; dann neu bestimmen,;

oder
2) Aufschub nicht moglich; PCC* bei starker Blutung

1) Aufschub fir 12 - 24 h; dann neu bestimmen

oder
2) Aufschub nicht méglich; Dialyse vor OP in Betracht
ziehen; PCC* bei starker Blutung

1) Uberdosierung: hohes Blutungsrisiko
2) Dialyse vor OP in Betracht ziehen

Archives of Cardiovascular Disease (2013) 106, 382 -393




OP und Rivaroxaban (Xarelto®)/ Apixaban (Eliquis®)

Bestimmung Anti-Xa Test fur Rivaroxaban (Xarelto®) oder Apixaban (Eliquis ®): je nach Wert
ist folgendes Vorgehen empfohlen:

[Rivaroxaban] < 30 ng/ml OP kann durchgefiihrt werden

1) Aufschub far 12 h; dann neu bestimmen
oder
2) Aufschub nicht moglich; PCC bei starker Blutung

1) Aufschub fur 12 - 24 h; dann neu bestimmen
oder
2) Aufschub nicht moglich; PCC bei starker Blutung

1) Uberdosierung: hohes Blutungsrisiko

Archives of Cardiovascular Disease (2013) 106, 382 -393



Checkliste: Vorgehen bei lebensbedrohlicher
Blutung unter DOAK

1. Sicherung der Vitalparameter

>
>
>

Lokalisation und Schweregrad der Blutung
Sicherung Vitalparameter, hamodynamische Stabilisierung
Blutstillung falls méglich

2. Ahamnese

VVVYVYYY

Alter

Kdrpergewicht

DOAK

Zeitpunkt und Dosis der letzten Einnahme
Medikamentenanamnese

3. Labor

VVVVYY

Blutbild

PT

aPTT

Anti-Xa bzw. anti-IIa Aktivitat/ECA
Kreatininclearance nach Cockroft Gault



Therapie

Dabigatran/Pradaxa®

« Aktivkohle: bis maximal 2-3 h nach Einnahme

« Tranexamsaure (Ugurol®, Tranex®): Bolus 10-15 mg/kg, dann 1-5 mg/kg/h (max. 24 h)
« Hamodialyse/-filtration erwagen (fir ca. 4 h)

« PCC (Confidex®) 20 - 40 IU/kg keine Antagonisierung!!!

« rVIIa (Novoseven®) 90 ug/kg CAVE arterielle Thrombosen!!!

Rivaroxaban/Xarelto® Apixaban/Eliquis®

« Aktivkohle: bis maximal 2-3 h nach Einnahme

« Tranexamsaure (Ugurol®, Tranex®): Bolus 10-15 mg/kg danach 1-5 mg/kg/h (max. 24 h)
« PCC (Confidex®) 20 - 40 IU/kg keine Antagonisierung!!!
« rVIIa (Novoseven®) 90 ug/kg CAVE arterielle Thrombosen!!!



Guidance on the emergent reversal of oral thrombin and factor Xa
Inhibitors
Scott Kaatz,!* Peter A. Kouides,? David A. Garcia, Alex C. Spyropolous,* Mark Crowther,>

Jim D. Douketis,® Anthony K. C. Chan,® Andra James,” Stephan Moll,% Thomas L. Ortel,”
Elizabeth M. Van Cott,'° and Jack Ansell'!

TABLE Illl. Suggestions for Reversal of New Oral Anticoagulants

Apixaban Dabigatran Rivaroxaban
Oral activated charcoal Yes Yes Yes
Hemodialysis No Yes Mo
Hemoperfusion with Possible Yes Possible
activated charcoal
Fresh frozen plasma No No MNo
Activated factor Vlla Unclear Unclear Unclear
3-factor PCC Unclear Unclear Unclear
4-factor PCC Possible Possible Possible

TABLE Il. Types of Studies Evaluating Reversal of New Oral Anticoagulants

Apixaban Dabigatran Rivaroxaban

Oral activated charcoal MNo data In vitro Mo data
Hemodialysis Mo data Human Mo data

volunteers
Hemoperfusion with Mo data In vitro Mo data

activated charcoal
Fresh frozen plasma MNo data Mouse model No data
Activated factor Vlla No data Rat model Rat and baboon
model

3-factor PCC No data No data Mo data
4-factor PCC No data Human volunteers Human

and rat model volunteers

Am. J. Hematol. 2012; 87:141-145



Direkte Antagonisten far NAOKSs

> Dabi g atran: aDabi-Fab (idarucizumab) (schiele et al. Blood 2013 121:3554-3562)
> Da bigatra n: S195A-I1a (Sheffield et al JTH 2014; 12: 1110-5)
> Antl Xa : Andexa net_a Ifa (PRT 4445) (Lu et al. Nature Medicine 2013; 4:446-451)

> Antl Xa/IIa : Per977 (Perosphere)



Danke fiir Thre Aufmerksambkeit !




2012 focused update of the ESC Guidelines for the
management of atrial fibrillation

CHADS; score Table 10 Clinical characteristics comprising the
HAS-BLED bleeding risk score
c Congestive heart failure (1 point)
Letter| Clinical characteristic® Points awarded
H Hypertension (1 point) Congestive heart failure/LV dysfunction |
- H | Hypertension I
Hypertension |
A Age 75 years or older (1 point) Age 275 7 A Abnormal renal and liver lorl
function (| point each)
D Diabetes mellitus (1 point) el s !
Stroke/TIA/thrombo-embolism 1 § | Swoke !
: B | Bleedin I
s, Previous stroke or transient Vascular disease: ! 8
ischaemic attack (2 points). Age 65-T4 | L | Lahile INRs |
Sex category (i.e. female sax) | E | Elderly {e.g. age =65 years) I
':-mgﬁ.mm’i.m,m p,m':n:,:'. | Maximum score ? D | Drugs or alcohol (1 point each) lorl
or transient ischaemic attack, which scores double, hence Maximum 9 points
the "2'). A score of O is classified as low risk, 1-2 moderate - pe
risk, and 2 3 = high risk CHA,DS,-VASC Patients (n=7329)  Adjustad stroke
e ECO rate (lyear)”
Patients (%year) 0 | 0%
CHADS, score (n=1733) (95% confidence
interval) [ 4 13%
0 120 19 (1.2-30) 2 1230 22%
| 463 18(20-18) 3 1730 37%
1 523 40 (3.1-51) 4 1718 40%
3 317 59 (46-73) 5 1159 6.7%
4 120 85 (63-111) b 679 9.8%
5 65 125 (82-17.5) 7 134 9.6%
6 5 182 (105-27.4) B2 67%
9 14 152%

European Heart Journal (2012) 33;2719



Therapieoptionen

Dabigatran

Aktivkohle: < 2 h nach Einnahme

Tranex: Bolus 10-15 mg/kg
danach 1-5 mg/kg/h

Hamodialyse/-filtration

Proteinbindung: ~ 35 %
PCC 30 - 50 IU/kg KG

cave: keine Antagonisierung !!!

FEIBA 30-50 IU/kg KG

cave: keine Antagonisierung !!!
FFP: @; cave: Volmenbelastung

Novoseven: @; cave: art.

Thrombosen

Forcierte Diurese: @;

1.

Rivaroxaban/Apixaban

Aktivkohle: < 3 h nach Einnahme

Tranex: Bolus 10-15 mg/kg
danach 1-5 mg/kg/h

Hamodialyse/-filtration: @;
Proteinbindung: 85 - 95%

PCC 30 - 50 IU/kg KG

cave: keine Antagonisierung !!!

FEIBA 30-50 IU/kg KG

cave: keine Antagonisierung !!!
FFP: @; cave: Volmenbelastung

Novoseven: @ cave: art.

Thrombosen

Forcierte Diurese: @;



Procedere bei Blutung unter
NOAK

. Anamnese: Alter, KG, welches NOAK, wann letzte

Einnahme, Dosis, weitere Medikamenteneinnahme.

Indikation zur Antikoagulation
Lokalisation und Schweregrad der Blutung

Labor: BB, ( ) ECT, dTT, anti Xa, anti IIa



Notfall — OP und Dabigatran

[Dabigatran] < 30 ng/ml

OP kann durchgefiihrt werden

Aufschub der OP fur 12 h; dann neu dosieren
oder

Aufschub nicht moglich; PCC bei starker Blutung

Aufschub der OP fiir 12 - 24 h; dann neu dosieren
oder

Aufschub nicht maoglich;

Eingriff hinauszégern , Dialyse vor OP in Betracht
ziehen; PCC bei starker Blutung

Uberdosierung; hohes Blutungsrisiko
Dialyse vor Eingriff in Betracht ziehen

Archives of Cardiovascular Disease (2013) 106, 382 -393




Notfall — OP und Rivaroxaban

[Rivaroxaban] < 30 ng/ml

OP kann durchgeflihrt werden

Aufschub der OP fur 12 h; dann neue dosieren
oder

Aufschub nicht mdglich; PCC bei starker Blutung

Aufschub der OP fir 12 - 24 h; dann neu dosieren
oder

Aufschub nicht moglich;
Eingriff solang wie mdglich hinauszégern,
PCC bei starker Blutung

Uberdosierung; hohes Blutungsrisiko

Archives of Cardiovascular Disease (2013) 106, 382 -393




Table 3. Periprocedural anticoagulation and bridging protocol

Day Intarvention
Praprocedural
intervention
~Tto—-10 Assess for penoparative bridging anticoagulation; classify
patients as undergoing high-bleeding nsk or low-
blseding risk procedurs; check basedine labs {Hgh,
platelat count, creatinine, INR)
=7 Siop aspirin {or other antiplaielat drugs)
—5or —8 Siop warfarin
—a Sian LMWH at therapautic or infermediate dosa®
—1 Last preprocedural dose of LMWH administered no loss
than 24 h bofore start of surgary at half the total daily
dose; assess INR before the procedure; proceed with
surgery if INR < 1.5, INR = 1.5 and < 1.8, considar
low-cose oral vitamin K reversal (1-2.5 mg)
Day of procedural
intarvention
Oor +1 Rezume maintenance dose of warfann on evening of or
moming afier procaduret
Postprocedural
intervention
+1 Low-bleading risk: restart LMWH at provious dose; resume
warkarin thesapy
High-bleading risk: no LMWH administration; resume
warfarin therapy
+2or+3 Low-bleeding nsk: LMWH administration continued
High-bleeding nisk: restart LMWH at previous dosa
+4 Low-bleeding risk: INR testing (discontinus LMWH i
INR = 1.9}
High-bleading risk: INR tesfing (discontinue LMWH if
INR = 1.9}
+7to+10 Low-bleeding risk: INR 1esting

High bleading risk: INR testing

“LMWH regimens inclode encoaparnin 1.5 mofkg once daily or 1.0 makg twice
daily subcutaneously; daleparn 200 [Ukg once daily or 100 IUkg twice daily
subcutaneocusty: and tinzaparin 175 ILUkg once daily subcutansously. Infermediata-
dosa LMWH (ie, nadroparin 2850-5700 U twice daily subcutaneously; enoxaparin
40 mg twice daily subcutaneously) has been less studied in this setfing

tLoading doses (ie, 2 times the dailly maintenance dose) of warfarin have also

been used.

Blood 2012; 120(15):2954-2962



‘New’ direct oral anticoagulants in the perioperative
setting

Georg Breuer®, Dominik R. Weiss®, and Juergen Ringwald®

Low bleeding risk: High bleeding risk:
(minimal bleeding, uncritical Incaﬂzatinn, easy to manags) {risk of bleeding not acceptable, relevant bleeding could not be precluded)

Dahigatran
[Pradaxa)
EFR = 30 mifmin

[pr..im; 5 Dablgatran (Pradaxa)

Dablgatran (Pradaxa) EFR 60-78 mifmin

Dihigatran
|Praden)

GFRBOLTE mijmin

EFR < &80 mi/min

v

Surgbry e e e

[Pradem)

EFA « 8 mipmin ay Az soon as posaible - cave GFR < 50 mljmin

—Sdays -Sdays -2days -1

Rivaroxaban {Xarelto) |

|
Rttt Gy |
|
1

v

Surqmy— — — — —

A=z zoon as possible -cave GFR < 50 mifmin

—3days -2days -1day

Rivaroxaban (Xareo)

Apixaban (Elguis)

SUrgery —— ——

Apizaban {(Eliquis}

Apixaban (Eliquis)

L

SUME Y —— — —

—2days -1 day A3 so0n 23 possible

—1 day As goon ag possible

Curr Opin Anesthesiol 2014, 27; 409-419



Anwendung von Rivaroxaban
SGAR-Guidelines fiir die Anastesiologie (2013)

Spinal- und Epiduralanasthesie, sowie tiefe Blocke

10 mg Rivaroxaban 201 15 mg Rivaroxaban
Letzte Rivaroxaban-Dosierung Katheter setzen oder zichen* " Nichste Rivaroxabar- Letzte Rivaroxaban-Dosierung | Katheter setzen oder ziehen* Nichste Rivaroxaban-
" ol Daosierung 8 ! + Dosierung
A 6h 6h
\ warten warten
*Nach traumatischer Punktion sollte die Verabreichung von Rivaroxaban fiir 24 Stunden aufgeschoben werden *Nach traumatischer Punktion sollte die Verabreichung von Rivaroxaban fiir 24 Stunden aufgeschoben werden
Abbildung 2a: Rivaroxaban 10 mg, Zeitintervall fir die Spinal- und Epiduralanasthesie Abbildung 2b: Rivaroxaban 15/20 mg

Management vor invasiven Verfahren und chirurgischen Eingriffen

-3 -2 -1 Tag0 1 1

*
¢ @ @ @

Abbildung 4

www.sgar-ssar.ch



Uberbriickung

Standard f

® Sekundarpravention nach VTE ® Vorhofflimmern ® Dilatative Kardiomyopathie
® Status nach anteriorem Myokardinfarkt mit linksvantrikuldrer Dysfunktion ® Kongestive Herzinsuffizienz
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2013 121: 3554-3562
Prepublished online March 8, 2013;
doi: 10 1182/blood-2012-11-468207

A specific antidote for dabigatran: functional and structural
characterization

Felix Schiele, Joanne van Ryn, Keith Canada, Corey Newsome, Eliud Sepulveda, John Park, Herbert
Nar and Tobias Litzenburger
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PER977 is a synthetic small molecule (~500Da) that:

* Reverses oral apixaban, rivaroxaban, and dabigatran, as well as s.c.
fondaparinux and LMWH in vivo

» Reduces blood loss, reversing the anticoagulant activity of apixaban
and rivaroxaban in a rat tail transection assay

* Reverses apixaban and rivaroxaban in human blood ex vivo

» Has validated assays for stability measurements and determining plasma
concentrations

= Survives heating above sterilization temperatures to 200°C
» |s stable for more than 1 year

* No hERG binding in vitro; neither CYP substrate nor inhibitor; no plasma
protein binding; no liver cell metabolism in vitro

o
2 Q') © 2012 PEROSPHERE INC.



PRT4445/ Andexanet alfa
FXa Inhibitor Antidote

Recombinant Factor Xa inhibitor antidote
Portola has worldwide rights to develop and commercialize andexanet alfa.

Acts as a Factor Xa decoy that binds and sequesters direct Factor Xa
inhibitors in the blood. Once bound to andexanet alfa, the Factor Xa
inhibitors are unable to bind to and inhibit native Factor Xa. The native Factor
Xa is then available to participate in the coagulation process and restore
hemostasi

Positive pharmacodynamic and safety data from a Phase 2 study evaluating
andexanet alfa with Eliquis® (apixaban) were presented in an oral session at
the XXIV Congress of theISTH in Amsterdam in July 2013. This study is
ongoing to evaluate the administration of andexanet alfa bolus plus extended-
duration infusion.

A Phase 2 study evaluating andexanet alfa and XARELTO® (rivaroxaban) is
ongoing.

Separate studies evaluating andexanet alfa with Lovenox® (enoxaparin),
Lixiana® (edoxaban) and betrixaban (Portola) are planned



‘TABLE 4. Suggested Approaches to Switching to and From the NOAS for Purposes of Therapeutic Anticoagulation®*
MO, of choice Mpproach and timing of conversion
From VKAs to NOAs
Dabigatran Discontinue VKA and start dabigatran when the INR is <2

Rivaroxaban or apixaban  Discontinue VKA and initiate rivaroxaban or apixaban when the INR falls to <3 or <2, respectively
From NOAs 1o VEKAs
Dabigatran Transition to VKAs depends on CrCh:
CrCl =50 mUmin/l.73 m?, start VKA 3 d before stopping dabigatran
CrCl 230 to <50 mbmin/1.73 m?, start VKA 2 d before stopping dabigatran
CrCl 15-30 mU/min/l.73 m?, start VKA | d before stopping dabigatran
(VKA effect on INR truly reflected only after dabigatran stopped for =2 d)
Rivaroxaban Transition to VKAs depends on CriCh:
CrCl 250 mUmind| 73 m”, start VKA 4 d before stopping rivaroxaban
CrCl =30 to <50 mbmin/1.73 m’, start VKA 3 d before stopping rivaroxaban
Crl 15-30 mUmin/1 73 m?, start VKA 2 d before stopping rivaroxaban
(WK effect on INR truly reflected only after nvaroxaban stopped for =1 d)
Apixaban Bue 1o insufficient data; based on the package insert, apixaban should be discontinued and warfarin coinitiated along
with a bridging parenteral anticoagulant until a therapeutic INR is achieved
From NOAs 1o parenteral anticoagulants
Dabigatran Parenteral anticoagulation should be initiated a minimum of 12 h (CrCl >30 mL/mind| 73 m?) or 24 h (CrCl <30 mi/min/
1.73 m?) after the last dose of dabigatran
Rivaroxaban or apixaban  Discontinue rivarcxaban or apixaban and initiate parenteral anticoagulation at the time the next dose of rivaroxaban or

apixaban is due
From parenteral anticoagulants to NOAs
Dabigatran Initiate dabigatran <72 h before the next regularly scheduled dose of the discontinued subcutaneous anticoagulant

Coentinueus UFH: inftiate dabigatran at the ime of discontinuation of the continuous infusion
Rivarcxaban or apixaban Inftiate rivarcxaban or apixaban <2 h before the next regularly scheduled dose of the discontinued subcutaneous

anticoagulant
* Continuous UFH: initiate rivaroxaban or apixaban at the time of discontinuation of the continuous infusion

*CrCl = creatinine clearance; INR. = intemational normalized ratio; MOA = new orl anticoagulant; LUFH = unfractionated bepanm VKA = witamin K antagonist
4| conversion factor: To convert Gl values to mlsim?, multiply by 00167,

Gonsalves; Mayo Clin Proc 2013, 88(5):495-511



Prevention of VTE in Orthopedic
Surgery Patients

Antithrombotic Therapy and Prevention of Thrombosis,
O9th ed: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines

Thromboseprophylaxe bei Hiift bzw. Knieprothese

- Empfohlen: NMWH fur 10 - 14 Tage; - bis 35 Tage (Grad 2B)

— Alternativ: Fondaparinux, Apixaban, Dabigatran, Rivaroxaban,
UFH (Grad 2B)

- OAK oder ASS (Grad 2C)

ACCP guidelines Chest 2012



Novel oral anticoagulants for @czmmﬂ
thromboprophylaxis after orthopaedic surgery

Daniel ]. Quinlan, MBBS, Research Fellow?,
Bengt 1. Eriksson, MD, PhD, Professor >

* Department of Radiology, Kings College Hospital. London, United Kingdom
b Department of Orthopaedics, University of Gothenburg, Sahlgrenska University Hospital, Malndal, Sweden

Patients undergoing major orthopaedic surgery, including total hip arthroplasty, total knee
arthroplasty and hip fracture surgery, are at high risk of developing post-operative deep vein throm-
bosis (DVT) and pulmonary embolism (PE), collectively known as venous thromboembolism (VTE).
With contemporary surgical techniques and current methods of VTE prophylaxis, about 1-3% of pa-
tients develop a symptomatic DVT and 0.2-1.1% a PE within 35 days of surgery [ 1-3]. In view of these
risks, current guidelines, including those issued by the American College of Chest Physician (ACCP) and

Best Practice & Research Clinical Haematology 2013; 26:171



Comparative risk of venous thromboembolism between total
knee and hip replacement: a 10-year nationwide population-

based study in Taiwan

C.-H. LEE,*+ T.-C. LIN,+ C.-L. CHENG,t C.-Y. YANG,i L.-J. LIN*f and Y.-H. KAO YANGT§
*Department of Internal Medicine, National Cheng Kung University Hospital; tinstitute of Clinical Pharmacy and Pharmaceutical Sciences,
College of Medicine, National Cheng Kung University; {Department of Orthopedics, National Cheng Kung University Hospital; and §Health

Outcome Research Center, National Cheng Kung University, Tainan, Taiwan

Major orthopedic surgery has been identified as a um-
formly high-risk event in relation to venous thromboem-
bolism (VTE). The American College ol Chest Physicians
(ACCP) guideline in 2008 states that the incidence of
VTE is approximately 40-60% following major orthope-
dic surgery without thromboprophylaxis [1]. However,
our previous population-based study showed that the
crude incidence of VTE is only 159 cases per 100 000
persons., which is much lower than in Caucasian popula-
tions [2]. We also showed that the overall pharmacologic
thromboprophylaxis rate was only 2.2% in Taiwanese

patients undergoing tofal knee arthroplasty and that the

The overall incidence rates of symptomatic VTE were
4.6 and 4.0 per 1000 patienis after major knee and hip

surgery, respectively. Among these VTE events, 73.8%
were attributable to DVT, 21.2% to PE, and 4.9% to
coexisting DVT and PE. The time course of symptomatic
VTE following surgery is shown in Fig. 1.
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A
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J Thromb Haemost 2013; 11:1930-2



Novel oral anticoagulants for @Cmmm
thromboprophylaxis after orthopaedic surgery

Daniel ]. Quinlan, MBBS, Research Fellow*,
Bengt 1. Eriksson, MD, PhD, Professor ™"

Parameter Dabigatran Rivaroxaban Apixaban Edoxaban
Approval status in orthopaedic =100 countries =100 countries =50 countries Only in Japan
surgery
Dose regimen 220 or 150 mg 10 mg once-daily 2.5 mg twice-daily = 30 or 15 mg_once-daily
once-daily? {Japan only}"
First dose post-surgery
Time {(h) 1-4 610 12-24 G-8
Dosage 110 mg {75 mg 10 mg 25 mg 30 mg (15 mg for
for CrCl 30-50 Crd 30-50 mL/min)
mL/min)
Duration of prophylaxis
Hip arthroplasty 28-35 days 35 days 32-38 days 11-14 days
Knee arthroplasty 10 days 12 days 10-14 days 11-14 days
Hip fracture surgery Not approved Mot approved Mot approved 11-14 days
Use with neuraxial anaesthesia
Minimum time between 34% 18-26 (22-26%) 20-30 (26-309) 12

last dose and removal of

indwelling catheter (h)

Minimum time to next dose 2 G 3 2
after removal of indwelling

catheter (h)

Best Practice & Research Clinical Haematology 2013; 26:171



