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Indikationen für eine OAK
• Nicht-ischämische Herzkrankheiten (41%)


- Vorhofflimmern ist heute die häufigste Indikation für eine OAK


• venöse Thromboembolien (14%)


• ischämische Herzkrankheiten (13%)


• übrige Diagnosen (31%)

- dilatative Kardiomyopathie


- kardialer Thrombus nach Myokardinfarkt


- arterielle Thrombosen



“Blutverdünnende” Substanzen

Antiplatelet drugs

Glycoprotein IIb/IIIa 
inhibitors

Abciximab, Eptifibatide, Tirofiban, Roxifiban, Orbofiban
P2Y12 inhibitors 
(ADP receptor)

Thienopyridines: Clopidogrel, Prasugrel, Ticlopidine 
Nucleotide/nucleoside analogs: Cangrelor, Elinogrel, Ticagrelor

Prostaglandin analogue 
(PGI2)

Beraprost, Iloprost, Prostacyclin, Treprostinil

COX inhibitors Aspirin, Aloxiprin, Carbasalate calcium, Indobufen, Triflusal
Thromboxane inhibitors Thromboxane synthase inhibitors: Dipyridamole (+Aspirin), Picotamide 

Receptor antagonists: Terutroban
Phosphodiesterase 
inhibitors

Cilostazol, Dipyridamole, Triflusal
Other Cloricromen, Ditazole, Vorapaxar

Anticoagulants

Vitamin K antagonists 
(inhibit II, VII, IX, X)

Coumarins: Acenocoumarol Coumatetralyl Dicoumarol Ethyl biscoumacetate Phenprocoumon Warfarin 1,3-
Indandiones: Clorindione Diphenadione Phenindione Other: Tioclomarol

Factor Xa inhibitors 
(with some II inhibition)

Heparin group 
glycosaminoglycans 
(bind antithrombin)

LMWH: Bemiparin, Certoparin, Dalteparin, Enoxaparin, Nadroparin, Parnaparin, Reviparin, 
Tinzaparin 
Oligosaccharides: Fondaparinux, Idraparinux 
Heparinoids: Danaparoid, Dermatan sulfate, Sulodexide

Direct Xa inhibitors Xabans: Apixaban, Betrixaban, Darexaban, Edoxaban, Otamixaban, Rivaroxaban
Direct thrombin (IIa) 
inhibitors

Bivalent: Hirudin, Bivalirudin, Desirudin, Lepirudin 
Univalent: Argatroban, Dabigatran, Melagatran, Ximelagatran

Other Antithrombin III, Defibrotide, Protein C (Drotrecogin alfa), Ramatroban, REG1

Thrombolytic drugs/

fibrinolytics

Plasminogen activators: r-tPA (Alteplase, Reteplase, Tenecteplase), uPA (Saruplase, Urokinase), Anistreplase, Monteplase, Streptokinase, Other 
serine endopeptidases: Ancrod, Brinase, Fibrinolysin

Non-medicinal Citrate, EDTA, Oxalate

https://en.wikipedia.org/wiki/Antiplatelet_drug
https://en.wikipedia.org/wiki/Adenosine_diphosphate_receptor_inhibitor
https://en.wikipedia.org/wiki/Ticlopidine
https://en.wikipedia.org/wiki/Nucleoside
https://en.wikipedia.org/wiki/Cangrelor
https://en.wikipedia.org/wiki/Elinogrel
https://en.wikipedia.org/wiki/Prostaglandin_analogue
https://en.wikipedia.org/wiki/Prostacyclin
https://en.wikipedia.org/wiki/Iloprost
https://en.wikipedia.org/wiki/Prostacyclin
https://en.wikipedia.org/wiki/Treprostinil
https://en.wikipedia.org/wiki/Aloxiprin
https://en.wikipedia.org/wiki/Carbasalate_calcium
https://en.wikipedia.org/wiki/Indobufen
https://en.wikipedia.org/wiki/Triflusal
https://en.wikipedia.org/wiki/Thromboxane_inhibitors
https://en.wikipedia.org/wiki/Dipyridamole
https://en.wikipedia.org/wiki/Acetylsalicylic_acid/dipyridamole
https://en.wikipedia.org/wiki/Picotamide
https://en.wikipedia.org/wiki/Thromboxane_receptor_antagonist
https://en.wikipedia.org/wiki/Terutroban
https://en.wikipedia.org/wiki/Dipyridamole
https://en.wikipedia.org/wiki/Triflusal
https://en.wikipedia.org/wiki/Ditazole
https://en.wikipedia.org/wiki/Vorapaxar
https://en.wikipedia.org/wiki/Vitamin_K_antagonist
https://en.wikipedia.org/wiki/Thrombin
https://en.wikipedia.org/wiki/Factor_VII
https://en.wikipedia.org/wiki/Factor_IX
https://en.wikipedia.org/wiki/Factor_X
https://en.wikipedia.org/wiki/Acenocoumarol
https://en.wikipedia.org/wiki/Coumatetralyl
https://en.wikipedia.org/wiki/Dicoumarol
https://en.wikipedia.org/wiki/Ethyl_biscoumacetate
https://en.wikipedia.org/wiki/Phenprocoumon
https://en.wikipedia.org/wiki/Warfarin
https://en.wikipedia.org/wiki/1,3-Indandione
https://en.wikipedia.org/wiki/Clorindione
https://en.wikipedia.org/wiki/Diphenadione
https://en.wikipedia.org/wiki/Phenindione
https://en.wikipedia.org/wiki/Tioclomarol
https://en.wikipedia.org/wiki/Factor_Xa
https://en.wikipedia.org/wiki/Bemiparin_sodium
https://en.wikipedia.org/wiki/Certoparin_sodium
https://en.wikipedia.org/wiki/Dalteparin_sodium
https://en.wikipedia.org/wiki/Enoxaparin_sodium
https://en.wikipedia.org/wiki/Nadroparin_calcium
https://en.wikipedia.org/wiki/Parnaparin_sodium
https://en.wikipedia.org/wiki/Reviparin_sodium
https://en.wikipedia.org/wiki/Tinzaparin_sodium
https://en.wikipedia.org/wiki/Fondaparinux
https://en.wikipedia.org/wiki/Idraparinux
https://en.wikipedia.org/wiki/Danaparoid
https://en.wikipedia.org/wiki/Dermatan_sulfate
https://en.wikipedia.org/wiki/Sulodexide
https://en.wikipedia.org/wiki/Apixaban
https://en.wikipedia.org/wiki/Betrixaban
https://en.wikipedia.org/wiki/Darexaban
https://en.wikipedia.org/wiki/Edoxaban
https://en.wikipedia.org/wiki/Otamixaban
https://en.wikipedia.org/wiki/Rivaroxaban
https://en.wikipedia.org/wiki/Direct_thrombin_inhibitor
https://en.wikipedia.org/wiki/Direct_thrombin_inhibitor#Bivalent
https://en.wikipedia.org/wiki/Hirudin
https://en.wikipedia.org/wiki/Bivalirudin
https://en.wikipedia.org/wiki/Desirudin
https://en.wikipedia.org/wiki/Lepirudin
https://en.wikipedia.org/wiki/Argatroban
https://en.wikipedia.org/wiki/Melagatran
https://en.wikipedia.org/wiki/Ximelagatran
https://en.wikipedia.org/wiki/Defibrotide
https://en.wikipedia.org/wiki/Protein_C
https://en.wikipedia.org/wiki/Drotrecogin_alfa
https://en.wikipedia.org/wiki/Ramatroban
https://en.wikipedia.org/wiki/REG1
https://en.wikipedia.org/wiki/Thrombolytic_drug
https://en.wikipedia.org/wiki/Fibrinolytic
https://en.wikipedia.org/wiki/Plasminogen_activator
https://en.wikipedia.org/wiki/Recombinant_tissue_plasminogen_activators
https://en.wikipedia.org/wiki/Tissue_plasminogen_activator
https://en.wikipedia.org/wiki/Reteplase
https://en.wikipedia.org/wiki/Tenecteplase
https://en.wikipedia.org/wiki/Saruplase
https://en.wikipedia.org/wiki/Urokinase
https://en.wikipedia.org/wiki/Anistreplase
https://en.wikipedia.org/wiki/Monteplase
https://en.wikipedia.org/wiki/Streptokinase
https://en.wikipedia.org/wiki/Serine_endopeptidase
https://en.wikipedia.org/wiki/Ancrod
https://en.wikipedia.org/wiki/Brinase
https://en.wikipedia.org/wiki/Fibrinolysin
https://en.wikipedia.org/wiki/Anticoagulant#Anticoagulants_outside_the_body
https://en.wikipedia.org/wiki/Ethylenediaminetetraacetic_acid


Entwicklung der Antikoagulanzien



Wirkungsprinzipien

Vitamkin K-abhängige Gerinnungsfaktoren: II, VII, IX, X



Indikationen und Dosis
Table 13 NOACs and approved/studied doses across indications

Stroke prevention in atrial fibrillation (SPAF)

Standard dose Comments/dose reduction

Apixaban30 2! 5 mg 2! 2.5 mg if two out of three: weight <_60 kg, age >_80 years,

serum creatinine >_133mmol/(1.5 mg/dL) [or if CrCl 15–29 mL/min]

Dabigatran28 2! 150 mg / 2! 110 mg No pre-specified dose-reduction criteriaa

Edoxaban31 1! 60 mg 1! 30 mg if: weight <_60 kg, CrCl <_50 mL/min, concomitant therapy

with strong P-Gp inhibitor (see chapter 5)

Rivaroxaban29 1! 20 mg 1! 15 mg if CrCl <_50 mL/min

Treatment of DVT/PE

Initial therapy Remainder of treatment phase

Apixaban330 2! 10 mg, 7 days 2! 5 mg, no dose reduction

Dabigatran331 Heparin/LMWH No pre-specified dose-reduction criteriab

Edoxaban332 Heparin/LMWH 1! 60 mg, same dose reduction as for SPAF (see above)

Rivaroxaban333,334 2! 15 mg, 21 days 1! 20 mg, no dose reductionc

Long-term prevention of recurrent DVT/PE (i.e. after 6 months)

Standard dose Comments/dose reduction

Apixaban335 2! 2.5 mg

Dabigatran336 2! 150 mg No pre-specified dose-reduction criteriad

Edoxaban not specifically studied

Rivaroxaban337 1! 10 mg e

VTE prevention post-major orthopaedic surgery

Standard dose Comments/dose reduction

Apixaban338 2! 2.5 mg

Dabigatran339,340 1! 220 mg f

Edoxaban341,342 1! 30 mg Not approved in Europe (only studied in Asia)

Rivaroxaban343–346 1! 10 mg

Stroke prevention post-PCI (with concomitant atrial fibrillation)g

Standard dose Comments/dose reduction

Apixaban To be determined (pending results of AUGUSTUS trial)

Dabigatran141 150 mg BID or 110 mg BID þClopidogrel or Ticagrelor; no dose reduction

Edoxaban To be determined (pending results of ENTRUST-AF PCI trial)310

Rivaroxaban308 15 mg OD (þClopidogrel) Dose reduction to 10 mg OD if CrCl 30–49 mL/min
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..bleeding tendency. The 10 mg loading dose is not part of the official
labelling (which may change in the near future). Taken together, a
strategy with at least a single NOAC dose >_4 h before cardioversion
(>_ 2 h after apixaban loading dose) appears safe and effective in

patients with AF of >_ 48 h duration, provided that a TOE is per-
formed prior to cardioversion. The alternative is starting anticoagula-
tion with a NOAC for at least 3 weeks followed by cardioversion
(without TOE unless high risk patient or deemed non-adherent).

Secondary prevention of atherothrombotic events post-ACS (without AF)

Standard dose Comments/dose reduction

Rivaroxaban171 2.5 mg BID In addition to Aspirin ± P2Y12 inhibitor

Secondary prevention of atherothrombotic events in stable CAD (without AF)h

Standard dose Comments/dose reduction

Rivaroxaban347 2.5 mg BID In addition to Aspirinh

ACS, acute coronary syndrome; CAD, coronary artery disease.
aSmPC: 2! 110 mg if age >_80 years, concomitant verapamil, increased risk of GI bleeding.
bSmPC: 2! 110 mg if age >_80 years, concomitant verapamil, increased risk of GI bleeding (based on PK/PD analyses; not studied in this setting).
cSmPc: 15 mg if risk of bleeding outweighs risk for recurrent DVT and PE (based on PK/PD analyses; not studied in this setting).
dSmPC: 2! 110 mg if age >_80 years, concomitant verapamil (both based on PK/PD analyses; not studied in this setting).
eSmPc: 1! 20 mg in patients. At high risk of recurrence.
fSmPc: 1! 150 mg if CrCl 30–50 mL/min; concomitant verapamil, amiodarone, quinidine; age >75 years.
gAs outlined in detail in chapter 14, both PIONEER AF-PCI as well as RE-DUAL PCI were powered for safety and were underpowered to determine non-inferiority for indi-
vidual efficacy endpoints.
hAs studied in COMPASS; approval of this indication and regimen is pending.

Figure 12 Cardioversion work-flow in atrial fibrillation patients treated with NOACs, depending on the duration of the arrhythmia and prior anti-
coagulation. TOE, transoesophageal echocardiography.
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Kardiale Ursache eines Schlaganfalls

• Vorhofflimmern


• Klappenerkrankungen


• Kontraktionsstörungen/Wandaneurysmen mit Thromben


• Akuter Myokardinfarkt (inflammatorisch)


• Persistierendes foramen ovale (PFO)

Die Ursache eines Schlaganfalls liegt in 30% im Herzen



Limitationen innerhalb Fachgebiet
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..valvular AF’ refers to AF in the absence of a mechanical prosthetic
heart valve or moderate to severe mitral stenosis (usually of rheum-
atic origin) (Table 1),3,5,6 which were exclusion criteria for all Phase III
NOAC vs. warfarin trials in AF. In order to avoid confusion, the term
‘non-valvular’ has been eliminated in the 2016 ESC guidelines on the
management of patients with AF, and reference is made to the spe-
cific underlying valvular heart disease (VHD).3,6 However, the term is
still found in the individual SmPCs of each of the NOACs due to the
original wording used in the exclusion criteria of the clinical trials on
which their regulatory approval was based.

Based on these new developments, a novel classification has recently
been suggested where a functional EHRA (Evaluated Heartvalves,
Rheumatic or Artificial) categorization is proposed, depending on the
type of OAC use in patients with AF.6 In this scheme, EHRA Type 1
refers to AF patients with VHD needing therapy with a vitamin K antag-
onist (VKA), including in particular moderate–severe mitral stenosis of
rheumatic origin and mechanical prosthetic valve replacement. In con-
trast, EHRA Type 2 valvular heart disease refers to VHD patients need-
ing thromboembolic prevention therapy for AF with a VKA or a
NOAC, including essentially all other native valvular stenoses and insuffi-
ciencies as well as mitral valve repair, bioprosthetic valve replacements
and transaortic valve intervention (TAVI).6 Patients with EHRA Type 2
valvular heart disease were variously included in these trials and NOACs
demonstrated a comparable relative efficacy and safety vs. warfarin in pa-
tients with vs. without valvular disease, except for a higher risk of bleed-
ing with rivaroxaban vs. warfarin in patients with valvular heart disease in
a post hoc analysis of the ROCKET-AF trial.6–12 Non-vitamin K antagonist
oral anticoagulants may therefore be used in such patients (Table 1).3,6,13

Atrial fibrillation in patients with biological valves or after valve re-
pair constitute a grey area, even though these patients were included
in some of the landmark NOAC trials.6,7,9,10 Since most of these pa-
tients do not require long-term oral anticoagulation following their
valve procedure, the use of a NOAC for the management of con-
comitant AF is considered to be a valid option. One exception may
be AF in the presence of a biological mitral prosthesis implanted for
rheumatic mitral stenosis. Although mitral valve flow is normalized
post-mitral valve replacement in these patients, their atria usually re-
main large and severely diseased. As such, VKA may be the preferred
option over NOACs in these patients, but more data are needed.

There are no prospective data available yet on NOACs in patients
after percutaneous aortic valve interventions [percutaneous translu-
minal aortic valvuloplasty or transcatheter aortic valve implantation
(TAVI)] in the presence of AF. Percutaneous transluminal aortic val-
vuloplasty or TAVI usually requires single or even transient dual anti-
platelet therapy (DAPT).5 The addition of an anticoagulant increases
the bleeding risk, and the optimal combination and duration is the
subject of ongoing studies, in analogy to the situation in acute coron-
ary syndrome (ACS) patients (see chapter 14).

In hypertrophic (obstructive) cardiomyopathy (HCM), AF is associ-
ated with a high rate of thromboembolism. There is limited experience
with NOACs in this condition.14,15 In contrast to patients with AF in
the setting of mechanical valves or rheumatic mitral stenosis, however,
there does not seem to be a mechanistic rationale why NOACs should
be inferior to warfarin in HCM. On the contrary, AF in HCM shares
many similarities of HFpEF related AF, for which there has been no indi-
cation that NOAC would be inferior to VKA.16–18 Moreover, NOACs

Table 1 Selected indications and contraindications for non-vitamin K antagonist oral anticoagulant therapy in atrial
fibrillation patients

Condi!on Eligibility for NOAC therapy 
Mechanical prosthe!c valve Contraindicated 

Moderate to severe mitral stenosis 
(usually of rheuma!c origin) 

Contraindicated 

Mild to moderate other na!ve valvular 
disease (e.g., mild-moderate aor!c 
stenosis or regurgita!on, degenera!ve 
mitral regurgita!on etc.) 

Included in NOAC trials 

Severe aor!c stenosis 
Limited data (excluded in RE-LY)  
Most will undergo interven!on 

Bioprosthe!c valve (a"er > 3 months 
post opera!vely) 

Not advised if for rheuma!c mitral stenosis 

Acceptable if for degenera!ve mitral 
regurgita!on or in the aor!c posi!on 

Mitral valve repair (a"er > 3 months 
post opera!vely) 

Some pa!ents included in some NOAC trials 

PTAV and TAVI 
No prospec!ve data yet 
May require combina!on with single or dual 
an!platelet therapy 

Hypertrophic cardiomyopathy Few data, but pa!ents may be eligible for NOACs 

Hatched—limited data.
PTAV, percutaneous transluminal aortic valvuloplasty; TAVI, transcatheter aortic valve implantation.
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VHF ist eine progressive Erkrankung

Paroxysmal
Persistierend

Permanent

Trigger abhängig 
(Initiierung)

Substratabhängig 
(Erhaltung)

Zeitachse
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Alternativen zur Antikoagulation?
• Pulmonalvenenisolation (PVI)


- Kathetergestützt


- Komplikationsrate 5-8%


- Erfolgsrate 70-80% inkl. Re-Ablation


• Vorhofsohrverschluss (LAAC)

- Kathetergestützt


- Komplikationsrate 2-3%


- Erfolgsrate 77% (PROTECT AF, PREVAIL)

Symptomatisch, Rhythmuskontrolle, 
KEINE Schlaganfallreduktion 

Asymptomatisch, Schlaganfallreduktion



CHA2DS2-VASc Score

Letter Clinical Characteristic Points

C Congestive Heart Failure 1
H Hypertension 1

A2 Age ≥75 2

D Diabetes Mellitus 1
S2 Stroke/TIA/TE 2
V Vascular disease 1
A Age 65-74 1

Sc Sex category (female) 1
Maximum score 9

LV = left ventricular; TIA = transient ischemic attack; TE = thromboembolism; vascular disease 
= prior myocardial infarction, peripheral artery disease, or aortic plaque

Points Annual Adjusted Stroke Rate
0 0% low risk
1 1.3% intermediate
2 2.2%

high risk

3 3.2%
4 4.0%
5 6.7%
6 9.8%
7 9.6%
8 6.7%
9 15.2%

(N
)O

AK



HAS-BLED Score

Letter Clinical Characteristic Points

H Hypertension 1

A Abnormal renal &/or liver 
function (1 point each) 1 or 2

S Stroke history 1

B Bleeding 1

L Labile INRs 1

E Elderly (Age ≥65) 2

D Drugs or alcohol (1 point each) 1 or 2

Maximum score 9

Points Annual Adjusted Bleeding Rate

0 1.13%

1 1.02%

2 1.88%

3 3.74%

4 8.70%

5 12.50%

Any 1.56%



Aspirin vs NOAK
• AVERROES trial (Apixaban vs ASS bei VHF)

Connolly SJ et al. N Engl J Med. 2011 Mar 3;364(9):806–17. 

�Double-blind study 

�VKA unsuitable  

�M F/U 1.1 years.  

NEJM February 10, 2011 

•DMC recommended early study termination at 1st 
analysis of efficacy – May 28, 2010 

• 4 SD x 2 in favour of apixaban 

•Long-term open-label apixaban follow-up* 

•94% patients received apixaban 5 mg BID 

•91% patients received aspirin ≤162 mg daily 

•Median follow-up: 1.1 year 



Dabigatran (Pradaxa)

SJ Connolly et al. N Engl J Med 2009; 361:1139-1151

RE-LY Studie
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Table 3. Safety Outcomes, According to Treatment Group.*

Event Dabigatran, 110  mg Dabigatran, 150  mg Warfarin
Dabigatran, 110  mg,  

vs. Warfarin
Dabigatran, 150  mg,  

vs. Warfarin
Dabigatran,  

150  mg vs. 110  mg

Relative Risk  
(95% CI) P Value

Relative Risk  
(95% CI) P Value

Relative Risk  
(95% CI) P Value

no. of  
patients %/yr

no. of  
patients %/yr

no. of  
patients %/yr

Major bleeding 322 2.71 375 3.11 397 3.36 0.80 (0.69–0.93) 0.003 0.93 (0.81–1.07) 0.31 1.16 (1.00–1.34) 0.052

Life threatening 145 1.22 175 1.45 212 1.80 0.68 (0.55–0.83) <0.001 0.81 (0.66–0.99) 0.04 1.19 (0.96–1.49) 0.11

Non–life threatening 198 1.66 226 1.88 208 1.76 0.94 (0.78–1.15) 0.56 1.07 (0.89–1.29) 0.47 1.14 (0.95–1.39) 0.17

Gastrointestinal† 133 1.12 182 1.51 120 1.02 1.10 (0.86–1.41) 0.43 1.50 (1.19–1.89) <0.001 1.36 (1.09–1.70) 0.007

Minor bleeding 1566 13.16 1787 14.84 1931 16.37 0.79 (0.74–0.84) <0.001 0.91 (0.85–0.97) 0.005 1.16 (1.08–1.24) <0.001

Major or minor bleeding 1740 14.62 1977 16.42 2142 18.15 0.78 (0.74–0.83) <0.001 0.91 (0.86–0.97) 0.002 1.16 (1.09–1.23) <0.001

Intracranial bleeding 27 0.23 36 0.30 87 0.74 0.31 (0.20–0.47) <0.001 0.40 (0.27–0.60) <0.001 1.32 (0.80–2.17) 0.28

Extracranial bleeding 299 2.51 342 2.84 315 2.67 0.94 (0.80–1.10) 0.45 1.07 (0.92–1.25) 0.38 1.14 (0.97–1.33) 0.11

Net clinical benefit out-
come‡

844 7.09 832 6.91 901 7.64 0.92 (0.84–1.02) 0.10 0.91 (0.82–1.00) 0.04 0.98 (0.89–1.08) 0.66

*  Data are shown for all patients who had at least one event. All analyses were based on the time to the first event. Hemorrhagic stroke was a subcategory of stroke in the efficacy analysis 
and in the safety analysis is also counted as major, life-threatening bleeding and as part of intracranial bleeding.

† Gastrointestinal bleeding could be life threatening or non–life threatening.
‡ The net clinical benefit outcome was the composite of stroke, systemic embolism, pulmonary embolism, myocardial infarction, death, or major bleeding.
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Rivaroxaban (Xarelto)

Patel et al. N Engl J Med 2011;365:883-91

ROCKET AF Studie
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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P = 0.07). In addition, in the intention-to-treat analy-
sis throughout the trial, there were 582 deaths in 
the rivaroxaban group and 632 deaths in the war-
farin group (4.5% and 4.9% per year, respectively; 
hazard ratio, 0.92; 95% CI, 0.82 to 1.03; P = 0.15).

Selected Subgroup Analyses
The effect of rivaroxaban, as compared with war-
farin, in both efficacy and safety analyses was con-
sistent across all prespecified subgroups (Fig. 3, 
4, and 5 in the Supplementary Appendix). Fur-

thermore, the effect of rivaroxaban did not differ 
across quartiles of the duration of time that INR 
values were within the therapeutic range accord-
ing to study center (P = 0.74 for interaction) (Ta-
ble 5 in the Supplementary Appendix). Within 
the highest quartile according to center, the haz-
ard ratio with rivaroxaban versus warfarin was 
0.74 (95% CI, 0.49 to 1.12).

Discussion

In this randomized trial, we compared rivaroxa-
ban with warfarin for the prevention of stroke or 
systemic embolism among patients with nonval-
vular atrial fibrillation who were at moderate-to-
high risk for stroke. In both the primary analy-
sis, which included patients in the per-protocol 
population, and in the intention-to-treat analysis, 
we found that rivaroxaban was noninferior to war-
farin. In the primary safety analysis, there was no 
significant difference between rivaroxaban and 
warfarin with respect to rates of major or nonma-
jor clinically relevant bleeding.

As prespecified in the statistical-analysis plan, 
we analyzed the trial data in a variety of ways be-
cause we anticipated that some patients would 
discontinue the study treatment and we wished to 
evaluate both noninferiority and superiority. Al-
though an intention-to-treat analysis is the stan-
dard method for assessing superiority in a ran-
domized trial, noninferiority is best established 
when patients are actually taking the randomized 
treatment.16-19 Thus, the primary analysis was per-
formed in the per-protocol population during re-
ceipt of the randomly assigned therapy. In the 
intention-to-treat population, we found no signifi-
cant between-group difference in a conventional 
superiority analysis. In contrast, in the analyses 
of patients receiving at least one dose of a study 
drug who were followed for events during treat-
ment, we found that rivaroxaban was superior to 
warfarin. The difference between these results 
reflects the fact that among patients who discon-
tinued therapy before the conclusion of the trial, 
no significant difference in outcomes would have 
been anticipated, and none was seen.

The most worrisome complication of antico-
agulation is bleeding. Rates of major and nonma-
jor clinically relevant bleeding, the main measure 
of treatment safety, were similar in the rivaroxa-
ban and warfarin groups. Bleeding that proved 
fatal or involved a critical anatomical site occurred 
less frequently in the rivaroxaban group, mainly 
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Figure 1. Cumulative Rates of the Primary End Point (Stroke or Systemic 
Embolism) in the Per-Protocol Population and in the Intention-to-Treat 
 Population.
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In conclusion, in this trial comparing a once-
daily, fixed dose of rivaroxaban with adjusted-
dose warfarin in patients with nonvalvular atrial 
fibrillation who were at moderate-to-high risk for 
stroke, rivaroxaban was noninferior to warfarin 
in the prevention of subsequent stroke or sys-
temic embolism. There were no significant dif-
ferences in rates of major and clinically relevant 
nonmajor bleeding between the two study groups, 
although intracranial and fatal bleeding occurred 
less frequently in the rivaroxaban group.
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Table 3. Rates of Bleeding Events.*

Variable
Rivaroxaban
(N = 7111)

Warfarin
(N = 7125)

Hazard Ratio
(95% CI)† P Value‡

Events Event Rate Events Event Rate

no. (%)
no./100 

 patient-yr no. (%)
no./100 

 patient-yr

Principal safety end point: major and nonmajor 
clinically relevant bleeding§

1475 (20.7) 14.9 1449 (20.3) 14.5 1.03 (0.96–1.11) 0.44

Major bleeding

Any 395 (5.6) 3.6 386 (5.4) 3.4 1.04 (0.90–1.20) 0.58

Decrease in hemoglobin ≥2 g/dl 305 (4.3) 2.8 254 (3.6) 2.3 1.22 (1.03–1.44) 0.02

Transfusion 183 (2.6) 1.6 149 (2.1) 1.3 1.25 (1.01–1.55) 0.04

Critical bleeding¶ 91 (1.3) 0.8 133 (1.9) 1.2 0.69 (0.53–0.91) 0.007

Fatal bleeding 27 (0.4) 0.2 55 (0.8) 0.5 0.50 (0.31–0.79) 0.003

Intracranial hemorrhage 55 (0.8) 0.5 84 (1.2) 0.7 0.67 (0.47–0.93) 0.02

Nonmajor clinically relevant bleeding 1185 (16.7) 11.8 1151 (16.2) 11.4 1.04 (0.96–1.13) 0.35

* All analyses of rates of bleeding are based on the first event in the safety population during treatment.
† Hazard ratios are for the rivaroxaban group as compared with the warfarin group and were calculated with the use of Cox proportional-hazards 

models with the study group as a covariate.
‡ Two-sided P values are for superiority in the rivaroxaban group as compared with the warfarin group.
§ Minimal bleeding events were not included in the principal safety end point.
¶ Bleeding events were considered to be critical if they occurred in intracranial, intraspinal, intraocular, pericardial, intraarticular, intramuscular 

(with compartment syndrome), or retroperitoneal sites.
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events from the time of randomization until 
January 30, 2011. All reported P values for non-
inferiority are one-sided, and all reported P val-
ues for superiority are two-sided. All statistical 
analyses were performed with the use of SAS 
software, version 9.0 (SAS Institute).

R esult s

Patients and Follow-up
From December 19, 2006, through April 2, 2010, 
we recruited 18,201 patients at 1034 clinical sites 
in 39 countries. A total of 9120 were assigned to 

the apixaban group and 9081 to the warfarin 
group. The two groups were well balanced with 
respect to baseline characteristics (Table 1). The 
median age was 70 years; 35.3% of the patients 
were women, and the mean CHADS2 score was 
2.1. (The CHADS2 score, an index of the risk of 
stroke in patients with atrial fibrillation, ranges 
from 1 to 6, with higher scores indicating a 
greater risk of stroke.) Approximately 57% of the 
patients had previously received a vitamin K an-
tagonist, and 19% had had a previous stroke, 
transient ischemic attack, or systemic embolism.

Data on vital status at the end of the trial were 
missing for 380 patients (2.1%). The absence of 
data on vital status was due to withdrawal of 
consent in the case of 92 patients in the apixaban 
group (1.0%) and 107 patients in the warfarin 
group (1.2%) and was due to loss to follow-up in 
the case of 35 patients in the apixaban group 
(0.4%) and 34 in the warfarin group (0.4%).

Study Drugs
A reduced dose of apixaban (2.5 mg twice daily) or 
placebo was administered in 428 patients in the 
apixaban group (4.7%) and 403 in the warfarin 
group (4.4%). Fewer patients in the apixaban group 
than in the warfarin group discontinued a study 
drug before the end of the study: 25.3% of the pa-
tients in the apixaban group, with 3.6% of the dis-
continuations due to death, versus 27.5% of pa-
tients in the warfarin group, with 3.8% due to 
death (P = 0.001). Patients in the warfarin group had 
an INR in the therapeutic range (2.0 to 3.0) for a 
median of 66.0% of the time and a mean of 62.2% 
of the time, after the exclusion of INR values dur-
ing the first 7 days after randomization and during 
study-drug interruptions.

Primary Outcome
The primary outcome of stroke or systemic em-
bolism occurred in 212 patients in the apixaban 
group (1.27% per year) as compared with 265 pa-
tients in the warfarin group (1.60% per year) 
(hazard ratio in the apixaban group, 0.79; 95% 
confidence interval [CI], 0.66 to 0.95; P<0.001 for 
noninferiority and P = 0.01 for superiority) (Table 
2 and Fig. 1A). The rate of hemorrhagic stroke 
was 49% lower in the apixaban group than in the 
warfarin group, and the rate of ischemic or un-
certain type of stroke was 8% lower in the apixa-
ban group than in the warfarin group (Table 2). 
Fatal or disabling stroke occurred in 84 patients 
in the apixaban group (0.50% per year) as com-
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Figure 1. Kaplan–Meier Curves for the Primary Efficacy and Safety Outcomes.

The primary efficacy outcome (Panel A) was stroke or systemic embolism. 
The primary safety outcome (Panel B) was major bleeding, as defined accord-
ing to the criteria of the International Society on Thrombosis and Haemo-
stasis. The inset in each panel shows the same data on an enlarged segment 
of the y axis.
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events from the time of randomization until 
January 30, 2011. All reported P values for non-
inferiority are one-sided, and all reported P val-
ues for superiority are two-sided. All statistical 
analyses were performed with the use of SAS 
software, version 9.0 (SAS Institute).

R esult s

Patients and Follow-up
From December 19, 2006, through April 2, 2010, 
we recruited 18,201 patients at 1034 clinical sites 
in 39 countries. A total of 9120 were assigned to 

the apixaban group and 9081 to the warfarin 
group. The two groups were well balanced with 
respect to baseline characteristics (Table 1). The 
median age was 70 years; 35.3% of the patients 
were women, and the mean CHADS2 score was 
2.1. (The CHADS2 score, an index of the risk of 
stroke in patients with atrial fibrillation, ranges 
from 1 to 6, with higher scores indicating a 
greater risk of stroke.) Approximately 57% of the 
patients had previously received a vitamin K an-
tagonist, and 19% had had a previous stroke, 
transient ischemic attack, or systemic embolism.

Data on vital status at the end of the trial were 
missing for 380 patients (2.1%). The absence of 
data on vital status was due to withdrawal of 
consent in the case of 92 patients in the apixaban 
group (1.0%) and 107 patients in the warfarin 
group (1.2%) and was due to loss to follow-up in 
the case of 35 patients in the apixaban group 
(0.4%) and 34 in the warfarin group (0.4%).

Study Drugs
A reduced dose of apixaban (2.5 mg twice daily) or 
placebo was administered in 428 patients in the 
apixaban group (4.7%) and 403 in the warfarin 
group (4.4%). Fewer patients in the apixaban group 
than in the warfarin group discontinued a study 
drug before the end of the study: 25.3% of the pa-
tients in the apixaban group, with 3.6% of the dis-
continuations due to death, versus 27.5% of pa-
tients in the warfarin group, with 3.8% due to 
death (P = 0.001). Patients in the warfarin group had 
an INR in the therapeutic range (2.0 to 3.0) for a 
median of 66.0% of the time and a mean of 62.2% 
of the time, after the exclusion of INR values dur-
ing the first 7 days after randomization and during 
study-drug interruptions.

Primary Outcome
The primary outcome of stroke or systemic em-
bolism occurred in 212 patients in the apixaban 
group (1.27% per year) as compared with 265 pa-
tients in the warfarin group (1.60% per year) 
(hazard ratio in the apixaban group, 0.79; 95% 
confidence interval [CI], 0.66 to 0.95; P<0.001 for 
noninferiority and P = 0.01 for superiority) (Table 
2 and Fig. 1A). The rate of hemorrhagic stroke 
was 49% lower in the apixaban group than in the 
warfarin group, and the rate of ischemic or un-
certain type of stroke was 8% lower in the apixa-
ban group than in the warfarin group (Table 2). 
Fatal or disabling stroke occurred in 84 patients 
in the apixaban group (0.50% per year) as com-
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Figure 1. Kaplan–Meier Curves for the Primary Efficacy and Safety Outcomes.

The primary efficacy outcome (Panel A) was stroke or systemic embolism. 
The primary safety outcome (Panel B) was major bleeding, as defined accord-
ing to the criteria of the International Society on Thrombosis and Haemo-
stasis. The inset in each panel shows the same data on an enlarged segment 
of the y axis.
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(at P<0.05) between treatment and subgroups 
defined according to status with respect to pre-
vious receipt of a vitamin K antagonist (warfa-
rin vs. both edoxaban groups), concurrent aspirin 
use (warfarin vs. low-dose edoxaban group), and 
concurrent amiodarone use (warfarin vs. low-dose 
edoxaban group) (Fig. S3 in the Supple mentary 
Appendix). The reduction in major bleeding with 
edoxaban as compared with warfarin was signifi-
cantly greater among patients who received a dose 
reduction at randomization than among those 
who did not receive a dose reduction (Fig. S4 in 
the Supplementary Appendix).

OTHER SAFETY OUTCOMES
The rates of adverse events and serious adverse 
events were similar in the three groups (Table S1 
in the Supplementary Appendix). The proportions 
of patients with an elevated level of liver enzymes 
or with hepatocellular injury were also similar in 
the three groups.

COMPARISON OF EDOXABAN REGIMENS
In the intention-to-treat analysis, the rate of 
stroke or systemic embolic event was lower with 
high-dose edoxaban than with low-dose edoxa-
ban (P<0.001); this difference was driven by a 
relative reduction in the incidence of ischemic 
stroke of 29% with high-dose edoxaban (236 vs. 
333 events), which more than offset a higher inci-
dence of hemorrhagic stroke (49 events, vs. 30 
events with low-dose edoxaban), although the 
hemorrhagic strokes had more severe sequelae 
than the ische mic strokes. As compared with 
high-dose edoxaban, low-dose edoxaban was asso-
ciated with significantly lower rates of bleeding, 
including major bleeding, intracranial bleeding, 
and major or clinically relevant nonmajor bleed-
ing. There were no significant differences between 
the two edoxaban groups in the rates of death 
from cardiovascular causes and death from any 
cause.

DISCUSSION

In this trial, both edoxaban regimens were non-
inferior to well-managed warfarin (median time 
in the therapeutic range, 68.4% of the treatment 
period) for the prevention of stroke or systemic 
embolic event; the high-dose edoxaban regimen 
tended to be more effective than warfarin. The 
rate of ischemic stroke was similar with high-
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Figure 1. Kaplan–Meier Curves for the Primary Efficacy and Principal Safety 
End Points.

Panel A shows the cumulative event rates for stroke or systemic embolism 
in the intention-to-treat population (all patients who underwent random-
ization) during the overall study period (i.e., beginning from the time of 
randomization to the end of the double-blind treatment period); data from 
the overall study period, rather than the treatment period only, were used 
in the superiority analyses of efficacy. Panel B shows the principal safety 
outcome of major bleeding, defined according to the criteria of the Inter-
national Society on Thrombosis and Haemostasis,10 in the safety popula-
tion during the treatment period. The Kaplan–Meier curve was drawn with-
out interval censoring for treatment interruptions. The inset in each panel 
shows the same data on an enlarged segment of the y axis.
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(at P<0.05) between treatment and subgroups 
defined according to status with respect to pre-
vious receipt of a vitamin K antagonist (warfa-
rin vs. both edoxaban groups), concurrent aspirin 
use (warfarin vs. low-dose edoxaban group), and 
concurrent amiodarone use (warfarin vs. low-dose 
edoxaban group) (Fig. S3 in the Supple mentary 
Appendix). The reduction in major bleeding with 
edoxaban as compared with warfarin was signifi-
cantly greater among patients who received a dose 
reduction at randomization than among those 
who did not receive a dose reduction (Fig. S4 in 
the Supplementary Appendix).

OTHER SAFETY OUTCOMES
The rates of adverse events and serious adverse 
events were similar in the three groups (Table S1 
in the Supplementary Appendix). The proportions 
of patients with an elevated level of liver enzymes 
or with hepatocellular injury were also similar in 
the three groups.

COMPARISON OF EDOXABAN REGIMENS
In the intention-to-treat analysis, the rate of 
stroke or systemic embolic event was lower with 
high-dose edoxaban than with low-dose edoxa-
ban (P<0.001); this difference was driven by a 
relative reduction in the incidence of ischemic 
stroke of 29% with high-dose edoxaban (236 vs. 
333 events), which more than offset a higher inci-
dence of hemorrhagic stroke (49 events, vs. 30 
events with low-dose edoxaban), although the 
hemorrhagic strokes had more severe sequelae 
than the ische mic strokes. As compared with 
high-dose edoxaban, low-dose edoxaban was asso-
ciated with significantly lower rates of bleeding, 
including major bleeding, intracranial bleeding, 
and major or clinically relevant nonmajor bleed-
ing. There were no significant differences between 
the two edoxaban groups in the rates of death 
from cardiovascular causes and death from any 
cause.

DISCUSSION

In this trial, both edoxaban regimens were non-
inferior to well-managed warfarin (median time 
in the therapeutic range, 68.4% of the treatment 
period) for the prevention of stroke or systemic 
embolic event; the high-dose edoxaban regimen 
tended to be more effective than warfarin. The 
rate of ischemic stroke was similar with high-
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Figure 1. Kaplan–Meier Curves for the Primary Efficacy and Principal Safety 
End Points.

Panel A shows the cumulative event rates for stroke or systemic embolism 
in the intention-to-treat population (all patients who underwent random-
ization) during the overall study period (i.e., beginning from the time of 
randomization to the end of the double-blind treatment period); data from 
the overall study period, rather than the treatment period only, were used 
in the superiority analyses of efficacy. Panel B shows the principal safety 
outcome of major bleeding, defined according to the criteria of the Inter-
national Society on Thrombosis and Haemostasis,10 in the safety popula-
tion during the treatment period. The Kaplan–Meier curve was drawn with-
out interval censoring for treatment interruptions. The inset in each panel 
shows the same data on an enlarged segment of the y axis.

The New England Journal of Medicine 
Downloaded from nejm.org on December 17, 2013. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 
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Vergleich der NOAK

Yao X et al. Journal of the American Heart Association. 2016:13;5

0.67, 95% CI 0.46–0.98, P=0.04). The reduction was driven
mainly by the lower risk of hemorrhagic stroke (HR 0.35, 95%
CI 0.14–0.88, P=0.03).

Dabigatran was associated with similar risk of stroke or
systemic embolism compared with warfarin (HR 0.98, 95% CI
0.76–1.26, P=0.98). No significant differences were found in
the risk of ischemic stroke or hemorrhagic stroke, but the risk
of hemorrhagic stroke was numerically lower in dabigatran
patients (HR 0.56, 95% CI 0.30–1.04, P=0.07).

Rivaroxaban was associated with similar risk of stroke or
systemic embolism compared with warfarin (HR 0.93, 95% CI
0.72–1.19, P=0.56). No significant differences were found in
the risk of ischemic stroke or hemorrhagic stroke, but the risk
of hemorrhagic stroke was also numerically lower in

rivaroxaban patients compared with warfarin (HR 0.61, 95%
CI 0.35–1.07, P=0.08) (Figure 2).

Safety Outcomes
Apixaban was associated with lower risks of major bleeding
(HR 0.45, 95% CI 0.34–0.59, P<0.001), intracranial bleeding
(HR 0.24, 95% CI 0.12–0.50, P<0.001), and gastrointestinal
bleeding (HR 0.51, 95% CI 0.37–0.70, P<0.001) compared
with warfarin.

Dabigatran was associated with lower risks of major
bleeding (HR 0.79, 95% CI 0.67–0.94, P<0.01) and intracra-
nial bleeding (HR 0.36, 95% CI 0.23–0.56, P<0.001) than
warfarin use. There was no significant difference in the risk of

Event Rate per 100 person-years Hazard Ra!o (95% CI) p value

Figure 2. Forest plot depicting the hazard ratio for each pairwise propensity-matched medication
comparison (dabigatran, rivaroxaban, and apixaban each vs warfarin) for stroke and systemic embolism (S/
SE), ischemic stroke, and hemorrhagic stroke. NOAC, non–vitamin K oral anticoagulant.

DOI: 10.1161/JAHA.116.003725 Journal of the American Heart Association 7
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gastrointestinal bleeding (HR 1.03, 95% CI 0.84–1.26,
P=0.78) between dabigatran and warfarin users.

Rivaroxaban was associated with similar risk of major
bleeding (HR 1.04, 95% CI 0.90–1.20, P=0.60) compared with
warfarin but lower risk of intracranial bleeding (HR 0.51, 95%
CI 0.35–0.75, P<0.001) and higher risk of gastrointestinal
bleeding (HR 1.21, 95% CI 1.02–1.43, P=0.03) (Figure 3).

Subgroup Analyses
In the comparison of apixaban and warfarin, the main findings
were broadly consistent in all subgroup analyses. The only
significant interaction found was for dose used in the major
bleeding end point (P=0.04). Regular-dose apixaban was
associated with lower risk of major bleeding compared with
warfarin, whereas reduced-dose apixaban was associated with
similar risk of major bleeding (Table 3).

In the comparison of dabigatran and warfarin, 2 significant
interactions were found for major bleeding outcomes:
CHA2DS2-VASc score (P<0.001) and previous warfarin expe-
rience (P<0.01). Dabigatran was associated with lower risk of
major bleeding in patients with CHA2DS2-VASc 2 or 3 but
similar risk in patients with CHA2DS2-VASc ≥4. Dabigatran
was also associated with lower risk of major bleeding in
warfarin-na€ıve patients but had similar risk for warfarin-
experienced patients (Table 4).

In the comparison of rivaroxaban and warfarin, significant
interactions were found for previous warfarin experience for
both effectiveness and safety end points (both P<0.01). In
warfarin-na€ıve patients, rivaroxaban was associated with
similar risk of both stroke or systemic embolism and major
bleeding; however, in warfarin-experienced patients, rivarox-
aban was associated with elevated risk of both outcomes
(Table 5).

Event Rate per 100 person-years Hazard Ra!o (95% CI) p value

Figure 3. Forest plot depicting the hazard ratio for each pairwise propensity-matched medication
comparison (dabigatran, rivaroxaban, and apixaban each vs warfarin) for major, intracranial, and
gastrointestinal bleeding. NOAC, non–vitamin K oral anticoagulant.
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NOAK Meta-Analyse
• Knapp 30’000 Patienten


• Indikation: OAK bei VHF


• Bessere efficacy (alle 4 NOAK)


• Bessere safety (alle ausser Rivaroxaban)


• Reduzierte Gesamtmortalität (alle 4 NOAK)


• Unterschiede bei den NOAK!

Lancet 2014; 383:955-62
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Baseline Charakteristika

a) Connolly SJ et al. NEJM 2009;361:1139–51 | b) Patel MR et al. NEJM 2011;365:883–91 | c) Granger CB et al. NEJM 
2011;365:981–92 | d) Giuliano RP et al. NEJM 2013;369:2093

  Baseline Characteristics 



Schlussfolgerung	
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Schlußfolgerung: 

ü Bisher gibt es keine vergleichenden Untersuchungen, die eine wissen-
schaftlich begründete Präferenz für eine der neuen oralen Antikoagulan-
tien rechtfertigen würde.  

ü Hinsichtlich der Blutungskomplikationen scheint Apixaban günstiger als 
Dabigatran, Rivaroxaban und Edoxaban zu sein.  

ü Generell haben alle NOAK´s in Metaanalysen hinsichtlich von Hirnblu-
tungen einen Vorteil gegenüber von Vitamin K Antagonisten (VKA). 

ü Allerdings sind gastrointestinale Blutungen unter einer NOAK Behand-
lung häufiger als bei VKA. 

ü Auch schließen wir uns den ESC Empfehlungen an, die generell vom 
NOAK-Einsatz bei Kreatinin-Clearance < 30 ml/Min. abraten. 

ü Im Klinikum Karlsburg bevorzugen wir zur Zeit Apixaban (Eliquis®), weil 
keine Interaktionen mit häufig verordneten Antiarrhythmika bestehen 
(siehe unten).  

ü Generell sollte man sich für ein NOAK entscheiden, dessen Pharmakoki-
netik (Dosierung und Interaktionen) und Pharmakodynamik genau kennt 
und nur mit diesem arbeiten. Allerdings bringen unsere Patienten ihre 
Vormedikation mit, so dass wir alle NOAK´s genau kennen müssen. 

 

 

Merke: 

Die Zulassung beschränkt sich bisher auf  

Ø das „nicht-valvuläre Vorhofflimmern,  
Ø Beinvenenthrombose und  
Ø Lungenembolie.  

 

NOAK´s sind nicht zugelassen  

Ø zur Antikoagulation nach künstlichen Herzklappenersatz 
Ø bei valvulären Vorhofflimmern sowie  
Ø bei mechanischen Herzunterstützungssystemen (z.B. LVAD).  

 

 

 

 



Unterschiede in der Elimination
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Große Unterschiede in der  Pharmakokinetik 

Die NOAK´s unterscheiden sich erheblich hinsichtlich ihrer hepatischen 
und renalen Elimination! 

 

Bei allen NOAK´s sind wichtige Medikamenteninteraktionen zu beachten! 
Hier am Beispiel von Dabigatran und Rivaroxaban: 

 

 



Pharmakokinetik

Steffel J et al. Eur Heart J. 2018 Apr 21;39(16):1330–93. 
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..the use of either apixaban or edoxaban may be preferable in these
patients. Apixaban is least renally cleared (27%), and the dose is
reduced by 50% in rather stringent conditions according to its dose
reduction algorithm; furthermore the relative safety of apixaban vs.
warfarin has been demonstrated to increase with decreasing renal
function.197 Edoxaban is 50% renally cleared, but its dose reduction
to 50% is applied more rapidly and was tested in a large subgroup.
Rivaroxaban has an intermediate renal clearance (33%), and its dose
is reduced less (by 25%) under similar conditions as edoxaban. In the
US (but not in Europe), a low dose dabigatran 75 mg BID regimen has
been approved for patients with severe CKD (a CrCl of 15–29 mL/
min), based on pharmacokinetic simulations. Further randomized trial
data are urgently required for these difficult to treat patients.

Oral anticoagulant therapy in patients with a CrCl of

!15 mL/min and on dialysis

Numerous observational studies yielded conflicting results for VKA
regarding efficacy without a clear consistent benefit of VKA in patients
with severe renal dysfunction,192–194,203 Most studies confirmed a sig-
nificantly lower incidence of stroke and embolism under warfarin, but
also a markedly increased bleeding risk.192–194 The only registry that

assessed the net benefit found no changes in overall-mortality for war-
farin in dialysis-dependent patients.193 Of note, the use of warfarin in
patients with end-stage renal failure may in some cases result in calci-
phylaxis, a painful and often lethal condition caused by calcification and
occlusion of cutaneous arteries and arterioles.204–208

The efficacy and safety of NOACs in patients with end-stage renal
dysfunction and on dialysis is unclear and subject to ongoing studies.
Registry data have shown a higher incidence of hospitalization or death
from bleeding in dialysis-dependent patients started on off-label dabiga-
tran or rivaroxaban compared with VKA.209 In the US (but not in
Europe) apixaban 5 mg BID is currently approved in chronic, stable
dialysis-dependent patients. However, plasma levels with apixaban
5 mg BID were recently shown to be supra-therapeutic.210 Levels simi-
lar to those in patients with normal renal function on the respective
NOACs were found for apixaban 2.5 mg BID in a small number
of patients on dialysis,210 for edoxaban 15 mg OD (in Japanese patients
with severe renal insufficiency)211 and rivaroxaban 10 mg OD in end-
stage renal disease patients.212 It needs to be kept in mind, however,
that plasma levels are a surrogate endpoint. In the absence of hard end-
point studies (which are currently ongoing, e.g. NCT02942407,
NCT02933697), the routine use of NOACs in patient with severe

Table 6 Absorption and metabolism of the different NOACs

Dabigatran158,182 Apixaban183 Edoxaban184 Rivaroxaban185,186

Bioavailability 3–7% 50% 62% 15 mg/20 mg: 66% without food,

80–100% with food

Prodrug Yes No No No

Clearance non-renal/renal

of absorbed dose

20%/80% 73%/27% 50%/50% 65%/35%

Plasma protein binding 35% 87% 55% 95%

Dialysability 50–60%

(in part dialysable)

14%

(in part dialysable)

n.a.

(in part dialysable)

n.a.

(in part dialysable)

Liver metabolism:

CYP3A4 involved

No Yes [elimination,

moderate contribution

("25%)a]

Minimal (<4% of

elimination)

Yes (hepatic elimination "18%)131

Absorption with food No effect No effect 6-22% more; minimal

effect on exposure

þ39% more (see above)

Absorption with H2B/PPI -12% to 30% (not

clinically relevant)

No effect No effect No effect

Asian ethnicity þ25%166 No effect No effect No effect

Elimination half-life 12–17 h 12 h 10–14 h 5–9 h (young)

11–13 h (elderly)

Other Dyspepsia (5–10%) Intake of 15 mg/20 mg with

food mandatory

aHepatic metabolism in total of "25%, mostly via CYP3A4, with minor contributions of CYP1A2, 2J2, 2C8, 2C9, and 2C19.
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Alter = Blutungsrisiko



Medikamenteninteraktionen



Medikamenteninteraktionen

ESC 2018

Table 3 Effect of drug–drug interactions and clinical factors on NOAC plasma levels (‘area under the curve’)

1340 J. Steffel et al.
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The hatched colour coding indicates no clinical or PK data available, and recommendations are based on the respective NOAC SmPC (where available) or expert opinion.
White: No relevant drug–drug interaction anticipated.
Yellow: Consider dose adjustment or different NOAC if 2 or more ‘yellow’ factors are present (see Figure 3).
Orange: Consider dose adjustment or different NOAC (see Figure 3).
Red: contraindicated/not recommended.
Brown: Contraindicated due to reduced NOAC plasma levels.
Blue: The label for edoxaban mentions that co-administration is possible in these cases, despite a decreased plasma level, which are deemed not clinically relevant. Since not
tested prospectively, however, such concomitant use should be used with caution, and avoided when possible.
BCRP, breast cancer resistance protein; NSAID, non-steroidal anti-inflammatory drugs; H2B, H2-blockers; PPI, proton pump inhibitors; P-gp, P-glycoprotein; GI,
gastrointestinal.
aBased on in vitro investigations, comparing the IC50 for P-gp inhibition to maximal plasma levels at therapeutic dose, and/or on interaction analysis of efficacy and safety end-
points in the Phase-3 clinical trials.29,30 No direct PK interaction data available.
bDose reduction based on published criteria (see Table 13, Figure 3).
cAge had no significant effect after adjusting for weight and renal function.
dData from Phase I study. Evidence from Re-DUAL PCI indicate safety in the (small) subgroup on dabigatran and ticagrelor.141
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NOAK und Nierenfunktion

Steffel J et al. Eur Heart J. 2018 Apr 21;39(16):1330–93. 

95 ml/min

50 ml/min

40 ml/min

30 ml/min

15 ml/min

Dialysis

Dabigatran RivaroxabanCrCl

20 mg

15 mg

2x 150 mg

Apixaban

2x150 mg or
2x110 mg *

60 mg #

Edoxaban

30 mg

15 mg 30 mg 2x2.5 mg

2x5 mg / 
2x2.5 mg $

60 mg

Figure 4 Use of non-vitamin K antagonist oral anticoagulants according to renal function. *2! 110 mg in patients at high risk of bleeding (per
SmPc). #Other dose reduction criteria may apply (weight <_60 kg, concomitant potent P-Gp inhibitor therapy). $2! 2.5 mg only if at least two out of
three fulfilled: age >_80 years, body weight <_60 kg, creatinine >_1.5 mg/dL (133mmol/L). Orange arrows indicate cautionary use (dabigatran in moder-
ate renal insufficiency, FXa inhibitors in severe renal insufficiency, edoxaban in ‘supranormal’ renal function); see text for details.

Table 8 Calculation of the Child-Turcotte-Pugh score and use of NOACs in hepatic insufficiency

Parameters 1 point 2 points 3 points

Encephalopathy No Grade 1–2 (suppressed with medication) Grade 3–4 (refractory/chronic)

Ascites No Mild (diuretic-responsive) Moderate–severe (diuretic-refractory)

Bilirubin <2 mg/dL 2–3 mg/dL >3 mg/dL

<34 lmol/L 34–50 lmol/L >50 lmol/L

Albumin >3.5 g/dL 2.8–3.5 g/dL <2.8 g/dL

>35 g/L 28–35 g/L <28 g/dL

INR <1.7 1.71–2.30 >2.30

Child–Pugh category Dabigatran Apixaban Edoxaban Rivaroxaban

A (5–6 points) No dose reduction No dose reduction No dose reduction No dose reduction

B (7–9 points) Use with caution Use cautiously Use cautiously Do not use

C (10–15 points) Do not use Do not use Do not use Do not use
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NOAK bei Leberinsuffizienz

Steffel J et al. Eur Heart J. 2018 Apr 21;39(16):1330–93. 
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Figure 4 Use of non-vitamin K antagonist oral anticoagulants according to renal function. *2! 110 mg in patients at high risk of bleeding (per
SmPc). #Other dose reduction criteria may apply (weight <_60 kg, concomitant potent P-Gp inhibitor therapy). $2! 2.5 mg only if at least two out of
three fulfilled: age >_80 years, body weight <_60 kg, creatinine >_1.5 mg/dL (133mmol/L). Orange arrows indicate cautionary use (dabigatran in moder-
ate renal insufficiency, FXa inhibitors in severe renal insufficiency, edoxaban in ‘supranormal’ renal function); see text for details.
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Therapeutische Breite I

Reilly PA et al. J Am Coll Cardiol. 2014;63(4):321

dataset (183 patients with ischemic stroke/SEE events
on-treatment, 3,304 patients without event), the Hosmer-
Lemeshow goodness-of-fit test was p ¼ 0.217, indicating
a good fit. The slope of the concentration response curve for
ischemic stroke/SEE was steepest at low concentrations
(Figs. 1 and 2). A comparison of benefit and risk based on
the logistic regression curves for major bleeding and
ischemic stroke/SEE is shown in Figure 2 for a 72-year-old
male patient with prior stroke and diabetes, together with
the predicted median concentrations and 10th and 90th
percentiles, for DE 110 and DE 150.

A Cox regression splines analysis of time to first major
bleed with trough concentration, age, and CHADS2 score as

covariates showed that, compared with the median trough
concentration of 88 ng/ml, adjusted for age and CHADS2
score, the rate of major bleeding doubled at a concentration
of 210 ng/ml (Fig. 3). Similarly, a Cox regression analysis
of time to first ischemic stroke/SEE, with trough concen-
tration, age, and CHADS2 score as independent covariates,
showed that the relative risk of ischemic stroke/SEE was
increased by 50% at a concentration of 28 ng/ml compared
with the risk at median trough concentrations (59 ng/ml)
(Fig. 3).

Discussion

In this exposure response analysis from the RE-LY trial, the
risks of major bleeding and ischemic stroke/SEE after
dosing with DE 110 or DE 150 in patients with AF were
related to trough concentrations of dabigatran. Significant
factors affecting dabigatran plasma concentrations were age,
CrCl, weight, and sex. Of these, all but weight are inde-
pendent risk factors for stroke and bleeding risk in patients
with AF.

The magnitude of the effect of dabigatran plasma
concentrations on outcomes in AF patients in RE-LY
depends strongly on demographic factors, most impor-
tantly increasing age. In multivariate analyses, age was the
strongest independent covariate for prediction of a relation-
ship between plasma concentration and outcome events, but
age >75 years is also directly related to the risk of strokes
and bleeds in AF patients. As can be seen from Figure 1 and
Table 1, plasma concentrations increase approximately 67%
in patients age >75 years compared with those <65 years,
but major bleed risk and stroke risk increase 2- to 3-fold.
The effect of age on dabigatran exposure is likely due to the
decreasing renal function in the elderly. Concentrations are
increased 1.8-fold and 1.2-fold for patients with CrCl of 30
or 50 ml/min, respectively, compared with the median CrCl
of 69 ml/min in RE-LY patients. In RE-LY, approximately

Figure 2
Probability of Major Bleeding Event and Ischemic
Stroke/SEE Versus Trough Plasma Concentration of
Dabigatran

Calculated for 72-year-old male atrial fibrillation patient with prior stroke and
diabetes. Lines and boxes at the top of the panel indicate median dabigatran
concentrations in the RE-LY trial with 10th and 90th percentiles.
Conc.¼ concentration;DE¼ dabigatranetexilate; SEE¼ systemic embolic event(s).

Figure 3 Cox Regression Analyses of Ischemic Stroke/SEE and Major Bleeding Versus Trough Plasma Concentration of Dabigatran

The graphs show the hazard ratio (HR) of risk of event versus median trough dabigatran concentration (vertical line) in patients with median CHADS2 score (2.0) and median age
(71 years). Note log2 scale for concentrations. CI ¼ confidence interval; other abbreviations as in Figure 2.

Reilly et al. JACC Vol. 63, No. 4, 2014
Dabigatran Exposure Response in AF Patients February 4, 2014:321–8
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Therapeutisches 
Fenster Blutung

Ischämie

Beeinflussung des Plasmaspiegels durch:

•Nierenfunktion

•Lebensalter

•Körpergewicht


Fehlende Messung der Gerinnungshemmung suggeriert 
falsche Sicherheit
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Auch bei Edoxaban besteht eine erhebliche Dosisvariabilität. Hier scheinen die 
niedrigeren Dosierungen sicherer zu sein. 

Wie bei den VKA´s  gibt es offensichtlich auch bei den NOAK´s einen dosisab-
hängigen – auch schmalen - optimalen therapeutischen Korridor, der sich zwi-
schen Embolie und Blutung befindet. 

 
Nach Fuster el al., Eur Heart J. 2006 Aug;27(16):1979-2030

Therapeutischer Bereich von VKA  –
Monitoring des INR-Wertes
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Dosisanpassung
• Nicht bei allen Präparaten getestet



• The SAMe-TT2R2 score

Qualität der OAK

Apostolakis S et al. Chest 2013;144:1555–1563

1560 Original Research

to detect its own “outliers” irrespective of the center’s 
achieved mean TTR. 

 Despite the multiple risk factors that have been 
shown to correlate with TTR in previous studies, our 
analysis developed a model (with the acronym SAMe-
TT 2 R 2 ) based on six simple clinical variables with good 
discriminatory performance, especially for extreme 
TTR outliers (below the fi fth percentile). The scheme 
was developed and validated in the AFFIRM cohort 
and further validated externally from “real world prac-
tice” in a small registry of patients receiving anticoag-
ulant therapy. 

 Previous studies have explored only a few possible 
predictors of TTR, including inception status, race, 
and sex.  10,12   Other studies have extensively examined 
the effect of individual predictors such as cancer.  11   In 
our analysis, we evaluated the impact of multiple clin-
ical and demographic factors. Our results in patients 
are in agreement with previous large “general” cohorts 
(patients with and without AF), including the Veterans 
Affairs Study to Improve Anticoagulation (VARIA) 
registry.  17   As in our study, the VARIA investigators 
concluded that female sex, minority status, and multiple 
comorbidities negatively affected TTR. Hospitaliza-
tions and alcohol abuse further emerged as important 
predictors in the VARIA registry. 

 It is beyond the scope of the current analysis to 
identify the pathophysiology underlying the associa-
tion between clinical factors and quality of anticoagu-
lation. The observation that women have lower TTR 
than men is a common fi nding in every study that 
investigated TTR predictors, although the precise 
reason(s) remain unclear. Also, women are known to 
be at higher risk of AF-related stroke regardless of 
warfarin use, which may be related to poorer antico-
agulation control in women, and thus, TTR may be 
a focus for intervention.  18   In our cohort, younger 
patients experienced worse TTR, perhaps as a result 
of compliance parameters associated with the more 

decision-making by identifying those patients with AF 
who would do well on VKA (SAMe-TT 2 R 2  score  5  0-1) 
or, conversely, those (ie, SAMe-TT 2 R 2  score  !  2) who 
would be at risk of suboptimal anticoagulation control. 

 Discussion 

 In this analysis we have shown that common clin-
ical and demographic factors can infl uence the quality 
of oral anticoagulation, making it feasible to identify 
patients who are less likely to keep within the target 
INR range. Second, we have incorporated these fac-
tors into a simple score (SAMe-TT 2 R 2 ) that can predict 
poor INR control and could potentially aid decision-
making in the management of patients with AF. 

 Because the most important determinant of anti-
coagulation control is the (local) available anticoagu-
lation services, we did not use specifi c TTR cutoff 
points but rather percentiles of TTR values. This 
gives the opportunity for every anticoagulation unit 

 Table 5— Acronym and Defi nition of the 
SAMe-TT 2 R 2  Score  

Acronym Defi nitions Points

S Sex (female) 1
A Age ( ,   60 y) 1
M Medical history  a  1
e
T Treatment (interacting drugs, eg, 

amiodarone for rhythm control)
1

T Tobacco use (within 2 y) 2
R Race (nonwhite  ) 2
Maximum points 8

 a Defi ned as more than two of the following: hypertension, diabetes, 
coronary artery disease/myocardial infarction, peripheral arterial dis-
ease, congestive heart failure, previous stroke, pulmonary disease, and 
hepatic or renal disease. SAMe-TT 2 R 2   5  sex female, age  ,   60 years, 
medical history (more than two comorbidities), treatment (interacting 
drugs, eg, amiodarone for rhythm control), tobacco use (doubled), 
race (doubled).

 Table 6— Mean TTR in the Development and Validation Cohorts Stratifi ed by the SAMe-TT 2 R 2  Score  

SAMe-TT 2 R 2  Score

Derivation Cohort Internal Validation Cohort External Validation Cohort

No. Mean TTR SD No. Mean TTR SD No. Mean TTR SD

0 180 0.69 0.16 191 0.66 0.16 51 0.70 0.13
1 356 0.67 0.17 353 0.65 0.18 60 0.66 0.17
2 308 0.64 0.18 244 0.63 0.17 59 0.66 0.16
3 104 0.61 0.18 131 0.59 0.22 54 0.65 0.17
4 65 0.56 0.19 65 0.58 0.19 43 0.64 0.15
5 31 0.45 0.20 23 0.57 0.28 15 0.56 0.19
6 12 0.50 0.22 9 0.55 0.19 4 0.66 0.27
7 3 0.28 0.24 3 0.23 0.14 … … …
8 2 0.41 0.04 … … … … … …
Total 1,031 0.64 0.18 1,061 0.63 0.19 286 0.66 0.16

See Table 1 and 5 legends for expansion of abbreviations.

Downloaded From: http://journal.publications.chestnet.org/ by David Kinnison on 11/07/2013

More than two of the following: hypertension, diabetes, coronary artery disease/myocardial infarction, peripheral arterial 
disease, congestive heart failure, previous stroke, pulmonary disease, and hepatic or renal disease.

Prediction of poor INR control 

SAMe-TT2R2 score 0-1	 → good


SAMe-TT2R2 score ≥︎2		 → poor



Wahl des NOAK

Steffel J et al. Eur Heart J. 2018 Apr 21;39(16):1330–93. 
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..dabigatran Cmax and AUC was reduced to þ23% and þ27%, respec-
tively, compared with dabigatran given alone. As per the dabigatran
SmPC, this staggered intake is the recommended administration strat-
egy for starting with the loading dose of ticagrelor. Concomitant
administration of 90 mg ticagrelor BID (maintenance dose) with
110 mg dabigatran increased the adjusted dabigatran AUC and Cmax by
26% and 29%, respectively, compared with dabigatran given alone.
These data are based on a Phase I study; the use of ticagrelor and dabi-
gatran post-percutaneous coronary intervention (PCI) as studied in the
RE-DUAL PCI study is discussed in detail later (see chapter 14).141

Of note, ‘herbal’ medicines are frequently underestimated regard-
ing their potential for interaction, including the potent CYP3A4 and
P-gp inducer St. John’s wort, although relevant interactions have
been published (also outside the anticoagulation field).169 Due to the
relevant decrease in NOAC levels, the concomitant use of St. John’s
wort is not recommended.

Pharmacodynamic interactions
Apart from the pharmacokinetic interactions, co-administration
of NOACs with other anticoagulants, platelet inhibitors (e.g.
aspirin, clopidogrel, ticlopidine, prasugrel, ticagrelor, others), and
non-steroidal anti-inflammatory drugs increases the risk of bleed-
ing.170–172 Therefore, such combinations should be carefully balanced
against the potential benefit in each clinical situation. Co-
administration of NOACs with dual antiplatelet drugs requires active
measures to reduce time on triple therapy (see chapter 14).

Polypharmacy
Polypharmacy is a well-established risk factor for adverse events
resulting from drug–drug interactions.173–175 In ROCKET-AF and
ARISTOTLE, patients concomitantly taking several (>_5 or >_9) medi-
cations experienced similar outcomes and consistent treatment
effects of either NOAC relative to warfarin.174,175 Although reassur-
ing, these findings are derived from post hoc analyses with many limita-
tions. In addition, concomitant use of strong CYP3A4 inhibitors (e.g.
ketoconazole, ritonavir) or inducers (e.g. phenytoin, rifampicin) was
not allowed. Conversely, event rates with warfarin also increase in
patients with polypharmacy, likely not only due to interactions but
also due to the higher baseline risk of these patients. While polyphar-
macy in itself is not a contraindication for the use of NOACs, special
care needs to be taken when treating these vulnerable patients
(Tables 3–5; Figure 3).

6. Non-vitamin K antagonist oral
anticoagulants in patients with
chronic kidney disease or
advanced liver disease

Kidney and liver function both play an important role in the metabo-
lism and elimination of NOACs.

Figure 3 NOAC selection based on drug–drug interactions and/or risk of bleeding. Use of plasma level measurements to guide dosing is generally
discouraged and should only be used in rare cases of potentially substantial interactions or special situations, and only in centres with great experi-
ence in the performance and interpretation of such assays as well as the care of NOAC-treated patients.

2018 EHRA Practical Guide on NOACs in AF 1347
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Wechsel von OAK zu NOAK

Steffel J et al. Eur Heart J. 2018 Apr 21;39(16):1330–93. 
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has proven to minimize the risks of stroke and bleeding125 while, con-
versely, inadequate transitioning was associated with increased stroke
rates.126,127 Whether the half-dose bridging regimen also applies to
transitioning of NOACs other than edoxaban is unknown.

When concomitant administration of a NOAC during the initiation
of the VKA is not deemed appropriate, initiation of the VKA can be per-
formed after switching the NOAC to LMWH (see below), which may
be considered especially in patients with a high thromboembolic risk.

Non-vitamin K antagonist oral
anticoagulant to parenteral anticoagulants
The parenteral anticoagulant [unfractionated heparin (UFH) and
LMWH] can be initiated when the next dose of the NOAC would
be due.

Parenteral anticoagulant to non-vitamin
K antagonist oral anticoagulant
Intravenous UFH: NOACs can usually be started 2 (to 4) h after
intravenous UFH (half-life 2 h) is discontinued.

Low molecular weight heparin: NOACs can be initiated when the
next dose of LMWH would be due. Care should be taken in patients
with renal impairment where the elimination of LMWH may be
prolonged.

Non-vitamin K antagonist oral
anticoagulant to non-vitamin K
antagonist oral anticoagulant
The alternative NOAC can be initiated when the next dose of the ini-
tial NOAC is due, except in situations where higher than therapeutic
plasma concentrations are expected (e.g. in a patient with impaired
renal function). In such situations, a longer interval in between
NOACs is recommended.

Aspirin or clopidogrel to non-vitamin K
antagonist oral anticoagulant
The NOAC can be started immediately and aspirin or clopidogrel
stopped, unless combination therapy is deemed necessary (see
chapter 14).

5. Pharmacokinetics and drug–
drug interactions of non-vitamin K
antagonist oral anticoagulants

Treatment with VKAs requires careful consideration of multiple food
and drug–drug interactions. Despite fewer interactions with the

Figure 2 Switching between vitamin K antagonists and non-vitamin K antagonist oral anticoagulants and vice versa. TE, thromboembolic.

1338 J. Steffel et al.
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Absetzen vor elektiven Interventionen

Steffel J et al. Eur Heart J. 2018 Apr 21;39(16):1330–93. 
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patient has to be instructed about the normal post-procedural course
and the measures to be taken in case of bleeding. The physician/dentist
(or an informed colleague) has to be accessible in such a case.

Low bleeding risk

For invasive procedures with a low bleeding risk (i.e. low frequency of
bleeding and/or minor impact of bleeding; Table 11), it is recom-
mended to take the last dose of a NOAC 24 h before the elective
procedure in patients with normal kidney function (Table 12, Figure 8).
For patients on dabigatran and a CrCl <80 mL/min a graded interrup-
tion should be considered. For patients taking a FXa inhibitor and
with a CrCl of 15–29 mL/min the last NOAC should be taken 36 h or
more before surgery (Table 12). In patients taking concomitant drone-
darone, amiodarone or verapamil, it may be advisable to add an extra
24 h of interruption, especially if the thromboembolic risk is not very
high (CHA2DS2-VASc <_3).168 Conversely, for some procedures (e.g.
cardiac device implantations, see below) a shorter interruption may
be warranted, including intake of the last dose the morning of the day
before the procedure. The PAUSE trial will provide more information
on the relation between last intake, preprocedural plasma level and,
most importantly, clinical outcome.271

High bleeding risk

In case of invasive procedures that carry a high risk for major bleeding
(i.e. with a high frequency of bleeding and/or important clinical
impact), it is recommended to take the last NOAC dose 48 h or lon-
ger before surgery. Again, the decision to halt therapy for longer
should take into account the patient‘s thromboembolic vs. bleeding
risk as well as concomitant therapy with antiarrhythmic drugs as
described above. Moreover, in patients with impaired renal function

longer interruption of the NOAC intake is required, especially for
dabigatran (Table 11, Figure 8). In cases with combined factors that
make prediction of NOAC clearance unclear, measurement of
NOAC plasma levels may be considered, and only go ahead with the
planned surgical intervention when the level is considered low
enough (chapter 7, Table 9). However, it needs to be clearly stated
that such an approach is without evidence base, including the deter-
mination of ‘safe’ NOAC levels in this setting as well as waiting for
levels to drop into that range whilst accepting the inherent risk of
thromboembolism during that time.

Bridging
Preoperative bridging with LMWH or heparin is not recommended in
NOAC-treated patients since the predictable waning of the anticoa-
gulation effect allows properly timed short-term cessation of NOAC
therapy before surgery. On the contrary, the mixing of two anticoagu-
lants (although with similar pharmaco-dynamics and -kinetics) has
been associated with an increased bleeding risk.272 As demonstrated
in the BRIDGE trial for VKA, bridging with heparin/LMWH was associ-
ated with a significantly higher risk of major bleeding during cessation
of oral anticoagulation but did not reduce cardiovascular events.273

Dental surgery
Dental surgery is generally considered a procedure with minor bleed-
ing risk and with the possibility for adequate local haemostasis. Most
professional statements on dental surgery advise not to suspend
NOAC treatment and avoid the use of NSAIDs.274 However, recom-
mendations are often based on a low quality of evidence and mainly
rely on available pharmacological information.275 Dental extractions
can generally be performed safely in an outpatient facility by applying

Table 11 Timing of last non-vitamin K antagonist oral anticoagulant intake before start of an elective intervention

Dabigatran Apixaban – Edoxaban – Rivaroxaban

No important bleeding risk and/or adequate local haemostasis possible: perform at trough level

(i.e. 12 h or 24 h after last intake)

Low risk High risk Low risk High risk

CrCl >_80 mL/min >_24 h >_48 h >_24 h >_48 h

CrCl 50–79 mL/min >_36 h >_72 h >_24 h >_48 h

CrCl 30–49 mL/min >_48 h >_96 h >_24 h >_48 h

CrCl 15–29 mL/min Not indicated Not indicated >_36 h >_48 h

CrCl <15 mL/min No official indication for use

No bridging with LMWH/UFH

Resume full dose of NOAC >_24 h post-low bleeding risk interventions and 48 (–72) h post-high-bleeding risk interventions (see also Figure 8)

Patients undergoing a planned intervention should receive a written note indicating the anticipated date and time of their intervention,

and the date and time of the last intake of their NOAC (and any other medication)

Low risk: with a low frequency of bleeding and/or minor impact of a bleeding; high risk: with a high frequency of bleeding and/or important clinical impact. See also Table 12.
CrCl, creatinine clearance; LMWH, low molecular weight heparin; UFH, unfractionated heparin.

2018 EHRA Practical Guide on NOACs in AF 1359
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local haemostatic measures, without interrupting anticoagulation or
by just skipping the morning dose of the NOAC.276–279

Periprocedural management includes specific haemostatic techniques
including the use of oxidized cellulose or absorbable gelatin sponge,
sutures, tranexamic acid mouthwashes, or compressive gauze soaked
in tranexamic acid.

Device implantation procedures
Device implantations are generally considered procedures with a low
bleeding risk. For patients undergoing device implantation, prospec-
tive, and randomized data in VKA-treated patients have indicated
lower thromboembolic and bleeding rates if the VKA is continued in
an uninterrupted fashion.280 For NOAC-treated patients, the
recently presented BRUISE-CONTROL 2 trial demonstrated similar
bleeding and embolic rates in patients with a last intake 48 h before
the implantation for rivaroxaban/apixaban (and based on glomerular
filtration rate for dabigatran) vs. continued NOAC until the morning
of the procedure (Birnie et al., presented at AHA 2017). Therefore, a
standard strategy as for ‘low bleeding risk’ procedures with intake of
the last dose in the morning of the day before the procedure can be
recommended in most cases, followed by restarting one day after-
wards (Table 12 and Figure 8 ). An overview of data and recommenda-
tions can be found in the recent EHRA/HRS/APHRS consensus
document.281

Regional anaesthesia and pain medicine
Invasive procedures such as spinal anaesthesia, epidural anaesthe-
sia, and lumbar puncture require complete haemostatic function,
and fall under the ‘high bleeding risk’ category. European as well as
North American guidelines do not recommend neuraxial anaes-
thesia or deep blocks in the presence of uninterrupted NOAC
use and recommend interruption of NOACs for up to five half-
lives (corresponding to an interruption of 3 days in FXa-inhibitors
and 4–5 days for dabigatran).282,283 NOAC therapy can usually
be resumed 24 h after the intervention. On the other hand, ‘low
risk’ procedures (such as peripheral nerve blocks or peripheral
joint and musculoskeletal injections) do not necessarily require
NOAC interruption and if so for only a short period (e.g. two
half-lives).284

Lab testing before surgery or invasive procedures
Specific coagulation measurements (see chapter 7) prior to surgery
or invasive procedures provide a direct assessment of the (residual)
drug concentration285 and may be useful in high-risk interventions
and/or patients at risk for relevant residual drug concentrations such
as older age, renal impairment, or certain concomitant medication
(see chapter 5).168 However, as indicated, such an approach is with-
out evidence base, including the determination of ‘safe’ NOAC levels.
For the majority of patients and procedures, a ‘time-based’ interrup-
tion as outlined above appears safe.

When to restart a non-vitamin K
antagonist oral anticoagulant after an
invasive procedure?
After a procedure with immediate and complete haemostasis,
NOACs can generally be resumed 6–8 h after the end of the

Table 12 Classification of elective surgical interven-
tions according to bleeding risk

Interventions with minor bleeding risk

Dental interventions

Extraction of 1–3 teeth

Paradontal surgery

Incision of abscess

Implant positioning

Cataract or glaucoma intervention

Endoscopy without biopsy or resection

Superficial surgery (e.g. abscess incision; small dermatologic

excisions; . . .)

Interventions with low bleeding risk (i.e. infrequent or with low

clinical impact)

Endoscopy with biopsy

Prostate or bladder biopsy

Electrophysiological study or catheter ablation (except complex

procedures, see below)

Non-coronary angiography (for coronary angiography and ACS:

see Patients undergoing a planned invasive procedure, surgery

or ablation section)

Pacemaker or ICD implantation (unless complex anatomical set-

ting, e.g. congenital heart disease)

Interventions with high bleeding risk (i.e. frequent and/or with

high impact)

Complex endoscopy (e.g. polypectomy, ERCP with sphincterot-

omy etc.)

Spinal or epidural anaesthesia; lumbar diagnostic puncture

Thoracic surgery

Abdominal surgery

Major orthopaedic surgery

Liver biopsy

Transurethral prostate resection

Kidney biopsy

Extracorporeal shockwave lithotripsy (ESWL)

Interventions with high bleeding risk AND increased throm-

boembolic risk

Complex left-sided ablation (pulmonary vein isolation; some VT

ablations)

For each patient, individual factors relating to bleeding and thromboembolic risk
need to be taken into account, and be discussed with the operating physician.

1360 J. Steffel et al.
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Probleme mit (N)OAK
• Bei bis zu 44% aller Patienten bestehen Kontraindikationen für eine OAK.


• Die Abbrecherquote bei antikoagulierten Patienten beträgt 38% pro Jahr. 
(Komplikationen, Unverträglichkeit)


• INR-Wert bei 30-46% der Messungen ausserhalb des Zielbereichs (Interaktionen, 
alimentäre Vitamin-K-Schwankungen, schlechte Einnahmedisziplin)


• Die mittlere Rate anämisierender Blutungen unter OAK beträgt pro Jahr 1.4%. Bei 
Patienten über 80 Jahre steigt diese auf über 4% pro Jahr an.


• NOAK sind zwar z.T. effizienter als Vitamin-K-Antagonisten in Bezug auf die 
Senkung der CVI-Rate und einfacher einzustellen, die Blutungsproblematik ist 
jedoch kompliziert (keine Aktivitätsbestimmung, kein Antidot).



Blutungsrisiko unter OAK
• Blutungen unter OAK


- schwere Blutungen 2-22% pro Jahr


- fatale Blutungen 2-9% pro Jahr


- OAK-bezogener Tod

• 5% nach 1 Jahr

• 7% nach 2 und 3 Jahren


• Alter ist ein Risikofaktor für Blutungen

- Schlechtere Compliance


- Nutritiver Vitamin K Mangel


- Polypharmazie



Kumulatives Blutungsrisiko

Schulman S et al. NEJM 2009  |  Lip GYH et al. Europace 2011

OAK in aFib(N)OAK in TVT

Annual rates of major haemorrhage 
with warfarin

Cumulative risk of a first event of major 
bleeding and of any bleedingDabigatr an in venous thromboembolism

n engl j med 361;24 nejm.org december 10, 2009 2349

tic INR range 60% of the time — a rate that is 
consistent with good-quality management of war-
farin dosing.15

The rates of bleeding with dabigatran were 
similar to or lower than those with warfarin. There 
were 20 major bleeding events in the dabigatran 
group as compared with 24 in the warfarin group, 
and there were fewer episodes of nonmajor bleed-
ing with dabigatran than with warfarin. These 
findings are consistent with data on bleeding from 
the Randomized Evaluation of Long-Term Antico-
agulation Therapy trial (RE-LY; NCT00262600),8 in 
which open-label dabigatran and warfarin thera-
pies were compared in patients with atrial fibril-
lation. In the RE-LY trial, major bleeding and in-
tracranial bleeding were less frequent among 
patients receiving dabigatran (at a dose of 150 mg 
twice daily) than among those receiving warfarin, 
and in both the RE-LY trial and the current study, 
the incidence of non major bleeding was reduced 
with dabigatran. Clinically relevant nonmajor 
bleeding is an important factor to consider, since 
its management is time-consuming and costly16 
and since bleeding is the most important reason 
for the perception of decreased health and quality 
of life among patients treated with warfarin.17

In trials of the only previously available oral 
direct thrombin inhibitor, ximelagatran, nonin-
feriority with respect to warfarin was achieved in 
the treatment of recurrent venous thromboem-
bolism, and rates of major bleeding were similar 
in both treatment groups.18 However, toxic effects 
to the liver occurred with prolonged exposure to 
ximelagatran.19 In contrast, there was no evidence 
of hepatic toxic events associated with dabigatran 
in the current study or in studies in which it was 
used for other indications.7,8,20 Dyspepsia, which 
was observed in 3% of the patients in the dab-
igatran group, was the only adverse event attrib-
utable to dabigatran in our study. The mechanism 
for increased dyspepsia among patients receiving 
dabigatran therapy is currently unknown. None of 
the other adverse events differed significantly be-
tween the treatments.

In the current study, the average age of the 
patients was 55 years, more than 90% had a 
creatinine clearance that was higher than 50 ml 
per minute, and 95% of the study population was 
white. Therefore, additional studies should be per-
formed that involve patients whose baseline char-
acteristics differ markedly from this population. 
A limitation of the study is that the first dose of 

dabigatran, which has a rapid onset of effect, 
was given only after initial parenteral anticoagu-
lation therapy had been administered for a me-
dian of 9 days (interquartile range, 8 to 11). Thus, 
there are no data to support the use of dabiga-
tran monotherapy for acute venous thromboem-
bolism. We chose to treat patients in the dabiga-
tran group with initial parenteral anticoagulation, 
because treatment of acute venous thromboem-
bolism with ximelagatran alone appeared to be 
associated with a higher early rate of recurrent 
venous thromboembolism than did treatment with 
enoxaparin and warfarin.18 The median total du-
ration of parenteral therapy of 9 days is longer 
than the typical duration of treatment when war-
farin and heparin are started simultaneously; 
however, the duration of heparin therapy (5 days 
as compared with 10 days) has not been shown 
to influence the efficacy of long-term anticoagu-
lation.21,22

Our trial provides data to support dabigatran as 
a fixed-dose oral treatment for acute deep-vein 
thrombosis and pulmonary embolism. For pa-
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Figure 2. Cumulative Risks of a First Event of Major Bleeding and of Any 
Bleeding among Patients Randomly Assigned to Dabigatran or Warfarin.

The hazard ratio with dabigatran for major bleeding at 6 months was 0.82 
(95% CI, 0.45 to 1.48; P = 0.38), and the hazard ratio with dabigatran for any 
bleeding at 6 months was 0.71 (95% CI, 0.59 to 0.85; P<0.001).
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Any: HR 0.71 (0.59 to 0.85, p<0.001) 
Major: HR 0.82 (0.45 to 1.48, p=0.38)

of patients without prior exposure to anticoagulation since these
individuals are at the highest risk for bleeding and
thrombo-embolism.17 Observational studies are also subject to
selection bias and methodological differences.

Thus, to more fully interpret bleeding rates from real-world
observational cohorts of AF patients, it is important to know the
proportion of patients within the defined AF population taking
warfarin. This proportion reflects individual physician judgement
of VKA candidacy or eligibility, which is often subjective. Prospec-
tive registries that require written informed consent for partici-
pation are less likely to enroll the more acutely ill, medically
complex, or frail individuals, and thus will also underestimate the
bleeding that occurs in routine care. Indeed, rates reported from
these studies are significantly lower than rates of haemorrhage
from recent studies that have enrolled older individuals and
more first-time takers of warfarin (warfarin naı̈ve).34–38

Available data suggest that strokes in AF patients are more
severe than other types of stroke, and more often result in perma-
nent disability or death than in non-AF stroke.39 Given the severity
of these presumably ischaemic strokes, determination of a bleeding
risk threshold that would justify withholding anticoagulant therapy
is difficult.

Definitions of bleeding
The incidence of bleeding with OAC varies widely in published
studies. Differences in study design, patient populations, and

quality of monitoring seem to have the most important roles in
explaining such differences. At least in part, the difference in
reported rates, however, can also be attributed to the diverse
classification of bleeding events (major, life-threatening, and
minor) adopted in each study. For example, large differences are
found in the various definitions as regards the decrease in haemo-
globin level required for a bleed to be considered as ‘major’.40

The various definitions appear to have different validities
depending on the clinical situation in which the antithrombotic
drug is being used, complicating the formulation of a single univer-
sal bleeding definition. This is particularly true now that several
trials have incorporated the rate of major bleeding as a component
of the primary study endpoints.

Heterogeneous definitions are frequently observed in the trials
assessing the benefits of antithrombotic drugs in acute coronary
syndromes (ACS), with the TIMI (thrombolysis in myocardial
infarction) and GUSTO being the two bleeding definitions most
commonly used in trials on ACS.41,42 Different definitions are
also used in studies on patients with other clinical conditions
(Table 2 ). The Academic Research Consortium has defined bleed-
ing clinical endpoints in Coronary Stent Trials, as shown in
Table 2 .55 However, most studies focusing on bleeding events in
AF patients have used broadly similar definitions for major bleed-
ing, as follows: fatal bleeding, bleeding requiring hospitalization or
transfusion of ≥2 units of packed red blood cells, or bleeding
with involvement of a critical site (i.e. intra-cranial, retroperitoneal,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Annual rates of major haemorrhage among patients taking warfarin

Study Year published Population (n) Major haemorrhage,
% per year

ICH % per year New to
warfarin, %

Age, mean

Randomised trials

AFI18 1994 AF (n ¼ 3691) 1.3 0.3 100 69

SPAF II19 (2 age strata) 1994 AF (n ¼ 715) 1.7 0.5 100 NR
AF (n ¼ 385) 4.2 1.8 100 80

AFFIRM20 2002 AF (n ¼ 4060) 2.0 0.6 NR 70

SPORTIF III21 2003 AF (n ¼ 3407) 2.2 0.4 27 70

SPORTIF V22 2005 AF (n ¼ 3422) 3.4 0.1 15 72

ACTIVE W23 2006 AF (n ¼ 6706) 2.2 NR 23 71

RE-LY24 2009 AF (n ¼ 18006) 3.4 0.74 51 72

ROCKET-AF25 Presented 2010 AF (n ¼ 14264) 3.5 0.7 37 73

Inception cohort

Landefeld and Goldman26 1989 All (n ¼ 565) 7.4 1.3 100 61

Steffensen et al.27 1997 All (n ¼ 682) 6.0 1.3 100 59F/66M

Beyth et al.28 1998 All (n ¼ 264) 5.0 0.9 100 60

Pengo et al.29 2001 AF (n ¼ 433) Age ≥ 75: 5.1 NA 100 68

Age , 75: 1.0

Hylek et al.30 2007 AF (n ¼ 472) 7.2 2.5 100 77

Non-inception cohort (prevalent warfarin use)

Van der Meeret al.31 1993 All (n ¼ 6814) 2.7 1.3 NR 66

Fihn et al.32 1996 All (n ¼ 928) 1.0 1.3 NR 58

ATRIA33 2003 AF (n ¼ 6320) 1.52 0.46 NR 71

Poli et al.34 2009 AF (n ¼ 783) 1.4 2.5 NR 75

Rose et al.35 2009 AF (n ¼ 3396) 1.9 NA 5 74
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tic INR range 60% of the time — a rate that is 
consistent with good-quality management of war-
farin dosing.15

The rates of bleeding with dabigatran were 
similar to or lower than those with warfarin. There 
were 20 major bleeding events in the dabigatran 
group as compared with 24 in the warfarin group, 
and there were fewer episodes of nonmajor bleed-
ing with dabigatran than with warfarin. These 
findings are consistent with data on bleeding from 
the Randomized Evaluation of Long-Term Antico-
agulation Therapy trial (RE-LY; NCT00262600),8 in 
which open-label dabigatran and warfarin thera-
pies were compared in patients with atrial fibril-
lation. In the RE-LY trial, major bleeding and in-
tracranial bleeding were less frequent among 
patients receiving dabigatran (at a dose of 150 mg 
twice daily) than among those receiving warfarin, 
and in both the RE-LY trial and the current study, 
the incidence of non major bleeding was reduced 
with dabigatran. Clinically relevant nonmajor 
bleeding is an important factor to consider, since 
its management is time-consuming and costly16 
and since bleeding is the most important reason 
for the perception of decreased health and quality 
of life among patients treated with warfarin.17

In trials of the only previously available oral 
direct thrombin inhibitor, ximelagatran, nonin-
feriority with respect to warfarin was achieved in 
the treatment of recurrent venous thromboem-
bolism, and rates of major bleeding were similar 
in both treatment groups.18 However, toxic effects 
to the liver occurred with prolonged exposure to 
ximelagatran.19 In contrast, there was no evidence 
of hepatic toxic events associated with dabigatran 
in the current study or in studies in which it was 
used for other indications.7,8,20 Dyspepsia, which 
was observed in 3% of the patients in the dab-
igatran group, was the only adverse event attrib-
utable to dabigatran in our study. The mechanism 
for increased dyspepsia among patients receiving 
dabigatran therapy is currently unknown. None of 
the other adverse events differed significantly be-
tween the treatments.

In the current study, the average age of the 
patients was 55 years, more than 90% had a 
creatinine clearance that was higher than 50 ml 
per minute, and 95% of the study population was 
white. Therefore, additional studies should be per-
formed that involve patients whose baseline char-
acteristics differ markedly from this population. 
A limitation of the study is that the first dose of 

dabigatran, which has a rapid onset of effect, 
was given only after initial parenteral anticoagu-
lation therapy had been administered for a me-
dian of 9 days (interquartile range, 8 to 11). Thus, 
there are no data to support the use of dabiga-
tran monotherapy for acute venous thromboem-
bolism. We chose to treat patients in the dabiga-
tran group with initial parenteral anticoagulation, 
because treatment of acute venous thromboem-
bolism with ximelagatran alone appeared to be 
associated with a higher early rate of recurrent 
venous thromboembolism than did treatment with 
enoxaparin and warfarin.18 The median total du-
ration of parenteral therapy of 9 days is longer 
than the typical duration of treatment when war-
farin and heparin are started simultaneously; 
however, the duration of heparin therapy (5 days 
as compared with 10 days) has not been shown 
to influence the efficacy of long-term anticoagu-
lation.21,22

Our trial provides data to support dabigatran as 
a fixed-dose oral treatment for acute deep-vein 
thrombosis and pulmonary embolism. For pa-
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Figure 2. Cumulative Risks of a First Event of Major Bleeding and of Any 
Bleeding among Patients Randomly Assigned to Dabigatran or Warfarin.

The hazard ratio with dabigatran for major bleeding at 6 months was 0.82 
(95% CI, 0.45 to 1.48; P = 0.38), and the hazard ratio with dabigatran for any 
bleeding at 6 months was 0.71 (95% CI, 0.59 to 0.85; P<0.001).
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(N)OAK + DAPT
• DAPT + OAK = 2-3 faches Blutungsrisiko


• Indikation für OAK re-evaluieren!


• HAS-BLED Score

- Hypertonie, Nieren- u. Leberfunktion, 

Stroke, Blutungsanamnese, labiler INR, 
Alter, Medikamente, C2


- optimieren des Blutungsrisikos (PPI, etc.)


- keine Abwägung gegen 
CHA2DS2-Vasc-Score


• Bisher WOEST-Schema



Die Qual der Wahl 3

Steffel J et al. Eur Heart J. 2018 Apr 21;39(16):1330–93. 
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..risk or a high (uncorrectable) bleeding risk. Conversely, procedural
and/or anatomical factors may drive longer triple therapy regimens.
Beyond those patients at very high ischaemic risk, early dual therapy
may well become the default strategy for most patients based on
PIONEER AF-PCI and RE-DUAL PCI (while awaiting results from
AUGUSTUS and ENTRUST-AF PCI).32,310

In a small subset of patients with a low stroke risk (CHA2DS2-
VASc of 0–1 in males or 1–2 in females, i.e. only ACS) and elevated
bleeding risk, one could opt to treat with DAPT only, without antico-
agulants, from the onset.307

Chronic coronary artery disease setting (!1 year post-

acute coronary syndrome/percutaneous coronary

intervention)

The 2017 ESC DAPT and 2016 AF guidelines recommend discontin-
uing any antiplatelet agent at 12 months after a PCI or ACS episode
(see following paragraphs) and to only consider keeping one antipla-
telet plus a (N)OAC beyond 12 months in patients at very high risk
of coronary events.3,32 Switching to NOAC monotherapy at an ear-
lier stage (e.g. at 6 months) could represent an alternative for patients
at low ischaemic- and high bleeding risk after a PCI for stable angina.

Independent of the chosen anticoagulation regimen and timing, the
patient needs to be discharged with a pre-specified planned down-
grade schedule of antithrombotic/antiplatelet agents to reduce the
longer-term risk of bleeding while protecting against coronary events.
Such a schedule should be prominently delineated in the discharge
letter, and reviewed at every following patient visit.

Scenario 2: management of the patient
with a recent acute coronary syndrome
(<1 year) who develops new-onset atrial
fibrillation
Current ACS guidelines recommend DAPT for up to 1 year after the
acute event in patients without indication for OAC, while high-risk
patients might require an even longer DAPT duration.318,319 They do,
however, also allow for shorter DAPT durations (3–6 months) in high
bleeding risk ACS patients.32,33,327 If AF develops during the first year
after an ACS and there is an indication for thromboembolic preven-
tion with anticoagulation, (N)OAC should be started and the need for
continuing DAPT carefully weighed against the increased bleeding
risk. Following a scheme as outlined above (Management from
discharge to 1 year post-ACS/PCI) appears reasonable in this setting.

Figure 11 Long-term treatment of patients on non-vitamin K antagonist oral anticoagulant therapy after elective percutaneous coronary interven-
tion or acute coronary syndrome. There are innumerable possible variations on this global theme, as discussed in the text. Patient characteristics and
institutional practices should be taken into account to individualize the approach to each and every single patient. This figure wants to create a ‘back-
bone’ as guidance for such tailored approaches. A: aspirin 75–100 mg OD; C: clopidogrel 75 mg OD; Tica: Ticagrelor 90 mg BID. *If triple therapy
needs to be continued after discharge clopidogrel is preferred over ticagrelor (due to lack of data).
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(N)OAK + DAPT
PIONEER AF-PCI: Rivaroxaban

sig. weniger Blutungen in den 2 Rivaroxaban Gruppen 
underpowered bzgl. ischämischer Ereignisse

RE-DUAL-PCI: Dabigatran

ENTRUST-AF-PCI: Edoxaban AUGUSTUS: Apixaban

WOEST: Marcoumar



Neue Risiken
• Erhöhtes Risiko für rezidivierende 

thrombotische Ereignisse unter NOAK 
beim Antiphospholipid-Syndrom (APS)


- Antikörper gegen


• Cardiolipin


• Anti-beta-2-Glycoprotein


• Umstellung auf Marcoumar



Komplexität



Digitale Hilfe?
• Input


- Indikationen


- Laborwerte


- Diagnosen
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Generelle Empfehlung
1. Schlaganfallrisiko abschätzen (CHA2DS2-VASc)


≥ 1 Punkt → (N)OAK


2. Blutungsrisiko abschätzen (HAS-BLED)

Modifizierbare Faktoren identifizieren und behandeln


Unkontrollierte Hypertonie, Anämia, Niereninsuffizienz, labiler INR, gleichzeitige 
Einnahme von Aspirin or NSAR, Alkoholmissbrauch, Thrombozytopenie, and erhöhtes 
Sturzrisiko


3. Bei zusätzlicher DAPT Rücksprache mit Kardiologe/Interventionalist


4. Jährliche Re-Evaluation



Welches NOAK für Welche Diagnose?

Lip G et al. JACC 2015;21:2282

  

A= Apixaban, D=dabigatran, E= edoxaban, R=rivaroxaban  A = Apixaban | D = Dabigatran | E = Edoxaban | R = Rivaroxaban
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